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APPENDIX 2

MODIFICATIONS OF RINSING EQUATIONS FOR FOUR-BOWL COUNTER-
CURRENT RINSING RANGE

With reference to Figure 4.11:

Coimp + £,5, = Cymy+ £, S,
Cimy + 1353 = Camz+ 125,
Comy + £4S4= Cams+ 355
C3m3 + f585 = C4m4+ f4S4

equation A2.1
In addition,

fy=fs+my-my
f3=f4+m2-m4
fo=f3+m;-my

fi=fb+my-my
equation A2.2
and
kCi, - C;
Si= 11
equation A2.3
Substituting equation A2.3 into A2.1 gives:
kC,-C kCy-C
Comg + f2k1-_12 = Cymy+ f1k0_—11

kC,-C kC,-C
C1m1 +’§ k2'1 - = CZ"’Z"L‘? k1-1 2

Com; + ’4kC,f_ ; Cs = Camg+ ’3ki2.; &
k -
CaMy + £sS5 = CyMyes f,,ilj,&

equation A2.4

Muttiplying equation A2.4 through (k-1) and collecting and rearranging terms gives:

Cylmyk - my - f, - £k) + CAfy) = Cof- f1k + mpk - my)
Cy(myk - m, - fok) + Coffok - Mok + My + £) + Cof-1) = 0
CoAmk - My - f3) + Coffyk - Mok + My +£3) + Cyf-£,) = 0
Ca(mak - My - £,k) + Cof- MK + My + f,) = - £:55(k-1)
equation A2.5

The matrix solution becomes:

-ku'a1 f2 0 0 C1 Cobg
b, kfs+a, -f3 0 Cz 0
0 b, kf4+ag -f C3 =0
0 0 b; ay Cs -fsSs(k-1)

equation A2.6

where a,=-mpk+m,+1,
bh=mpk - m, - f,,k



APPENDIX 3

DEPENDENCE OF RINSING PERFORMANCE ON NIP EXPRESSION
COMBINATION AND SPECIFIC WATER USE IN A FOUR-BOWL
COUNTER-CURRENT RINSE RANGE

Cloth speed 780 kg/h

Co 50 g/l NaOH (28,75 g/l Na)
k 0,15

Ss ogl Na

Case 1

my to m, = 0,8 lkg

5 ¢l c2 c3 c4 %removal s1 cloth  effluent
mass mass

0.000 28.750 28.750 28.750 28.750 0.000 28.750 23.000 0.000
0.500 26.746 23.721 19.153 12.254 5§7.377 26.393 9.803 13.960
1.000 20.871 14.332 8.904  4.399 8:4.699 19.481 3.519 19.481
1.500 16.479 9.075 4.608 1.913 93.346 14,313 1530 21.470
2.000 13.741 6.387 2.784  1.018 96.459 11.093 0.814 22.186
2500 11962 4.878 1.888 0.626 97.823 9.000 0.501 22499
3.000 10.732 3.946 1.390 0.427 98.515 7.553 0.342 22.659
3.500 9.387 3.326 1.084 0.313 98.911 6500 0.250 22.750
4.000 9.159 2.890 0.884 0242 99.158 5702 0.194 22.807
4.500 8.628 2568 0.744  0.195 99.322 5077 0156 22.844
5.000 8.201 2323 0.642 0.162 99.437 4574 0.130 22.871
5500 7.850 2131 0.566 0.138 99.520 4162 0.110 22.890
6.000 7557 1976 0507 0.120 99.583  3.817 0.096 22.904
6.500 7.309 1.850 0.460 0.106 99.631 3.525 0.085 22915
7.000 7.096 1.745 0422 0.095 99.670 3275 0.076 22.924
7.500 6.911 1.656  0.391 0.086 99.701 3.057 0.069 22.931

Case 2
m, to my = 0,65 kg

5 ¢l c2 c3 c4 Y%removal s1 cloth  effluent
mass mass

0.000 28.750 28.750 28.750 28.750 0.000 28.750 18.688 0.000
0.500 25455 21320 16.130 9.617 66.550 24.873 7.694 12437
1.000 18588 11450 6.435 2912 89.871 16.795 2330 16.795
1.500 14455 7.045 3.025 1.214 95.777 11932 0.971 17.898
2.000 12.076  4.968 1.939  0.648 97.746  9.133 0518 18.267
2500 10577  3.843 1.333 0405 98.591 7370  0.324 18.424
3.000 9555 3.141 0998 0.282 99.019 6.168 0.226 18.504
3.500 8818 2.681 0792  0.211 99.266 5300 0.169 18.551
4.000 8.261 2357 0.656 0.166 99.423 4645 0.133 18.580
4500 7.826 2118 0.561 0.136 99.527 4133 0.109 18.599
5.000 7477 1935 0.491 0.115 99.600 3.723  0.092 18.613
5500 7.191 1.791 04339 0.100 99.652 3386 0.080 18.623
6.000 6952 1675 0.397 0.088 99.694 3.105 0.070 18.630
6.500 6.750 1579 0.364 0.079 99.725 2867 0.063 18.636
7.000 6.576 1500 0.338 0.072 99.750 2.663 0.058 18.641
7500 6426 1432 0316 0.066 99.770 2486 0.053 18.645
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Case 3
mgy to m, = 0,5 kg

f5

0.000
0.500
1.000
1.500
2.000
2.500
3.000
3.500
4.000
4.500
5.000
5.500
6.000
6.500
7.000
7.500

Case 4

cl

28.750
23.196
15.825
12.265
10.342
9.159
8.361
7.787
7.356
7.091
6.750
6.529
6.345
6.189
6.055
5.939

c2

28.750
17.642
8.393
5.121
3.670
2.890
2.414
2,097
1.873
1.707
1.579
1.478
1.397
1.329
1.273
1.225

c3

28.750
12.088
4.119
2.025
1.251
0.884
0.679
0.553
0.469
0.409
0.364
0.331
0.304
0.283
0.265
0.250

My and my = 0,5 Vkg; m; to my = 0,8 Ukg

f5

0.000
0.500
1.000
1.500
2.000
2.500
3.000
3.500
4.000
4.500
5.000
5.500
6.000
6.500
7.000
7.500

cl

c2

c3

28750 28750 28.750

21.654
15.357
12.105
10.274
9.124
8.341
7.775
7.347
7.013
6.745
6.525
6.342
6.186
6.053
5.937

17.219
9.433
6.094
4.450
3.516
2.929
2.531
2.245
2.032
1.867
1.736
1.629
1.541
1.467
1.404

12.784
5.446
2.922
1.854
1.313
1.002
0.806
0.673
0.579
0.509
0.455
0.413
0.380
0.352
0.329

c4

28.750
6.534
1.662
0.684
0.374
0.242
0.174
0.134
0.109
0.091
0.079
0.070
0.063
0.057
0.053
0.049

c4

28.750
8.348
2.763
1.248
0.697
0.448
0.316
0.238
0.189
0.155
0.131
0.113
0.100
0.089
0.081
0.074

%removal

0.000
77.273
94.219
97.621
98.699
99.158
99.395
99.534
99.621
99.683
99.725
99.757
99.781
99.802
99.816
99.830

Y%removal

0.000
70.963
90.390
95.659
97.576
98.442
98.901
99.172
99.343
99.461
99.544
99.607
99.652
99.690
99.718
99.743

A3-2

s1

28.750
22.216
13.544
9.355
7.094
5.702
4.763
4.088
3.580
3.184
2.867
2.607
2.391
2.207
2.050
1.913

s1

28.750
20.402
12.994
9.168
7.014
5.661
4739
4.074
3.570
3.177
2.862
2.603
2.388
2.204
2.048
1.911

cloth
mass

18.688
5.227
1.330
0.547
0.299
0.194
0.139
0.107
0.087
0.073
0.063
0.056
0.050
0.046
0.042
0.039

cloth
mass

14.375
4.174
1.382
0.624
0.349
0.224
0.158
0.119
0.095
0.078
0.066
0.057
0.050
0.045
0.041
0.037

effluent
mass

0.000
11.108
13.544
14.033
14.188
14.254
14.288
14.308
14.321
14.329
14.336
14.340
14.344
14.346
14.349
14.351

effluent
mass

0.000
10.201
12.994
13.751
14.027
14.151
14.218
14.257
14.280
14.297
14.309
14.316
14.326
14.327
14.334
14.334



Case 5

mg to my = 0,8 I’kg; my = 0,5 kg

5

0.000
0.500
1.000
1.500
2.000
2.500
3.000
3.500
4.000
4.500
5.000
5.500
6.000
6.500
7.000
7.500

Case 6

[

28.750
23.863
18.276
14.813
12.654
11.211
10.187
9.425
8.837
8.639
7.989
7.673
7.408
7.181
6.985
6.814

c2

28.750
18.975
11.226
7.458
5.480
4.321
3.577
3.068
2.700
2.425
2.21
2.041
1.903
1.789
1.693
1.612

me = 0,5 Vkg; my to ms = 0,8 kg

5

0.000
0.500
1.000
1.500
2.000
2.500
3.000
3.500
4.000
4.500
5.000
5.500
6.000
6.500
7.000
7.500

ci

28.750
25.571
18.068
13.600
11.169
9.709
8.750
8.076
7.578
7.195
6.893
6.647
6.444
6.237
6.128
6.002

c2

28.750
22.679
12.407
7.490
5192
.3.595
3.217
2731
2.391
2.142
1.953
1.804
1.685
1.588
1.506
1.438

c3

28.750
14.088
6.481
3,576
2.284
1.614
1.224
0.977
0.810
0.691
0.603
0.536
0.483
0.441
0.406
0.378

c3

28.750
18.311
7.708
3.803
2.263
1.532
1.133
0.890
0.731
0.620
0.540
0.479
0.432
0.395
0.364
0.339

04_ B

28.750
9.200
3.288
1.527
0.859
0.550
0.386
0.289
0.227
0.185
0.155
0.133
0.117
0.104
0.093
0.085

c4

28.750
11.716
3.808
1.579
0.827
0.508
0.348
0.257
0.200
0.162
0.136
0.117
0.102
0.091
0.082
0.075

Y%removal

37.500
80.000
92.852
96.680

98.133 -

98.804
99.161
99.372
99.507
99.598
99.663
99.711
99.746
99.774
99.798
99.815

Y%removal

-60.000
34.798
78.808
91.213
95.398
97.173
98.063
98.570
98.887
99.098
99.243
99.349
99.432
99.494
99.544
99.583
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s1

28.750
23.001

16.428

12.354
9.814
8.116
6.911
6.015
5.323
5.090
4.325
3.954
3.642
3.375
3.144
2.943

s1

28.750
25.010
16.183
10.926
8.066
6.349
5.221
4.428
3.842
3.391
3.036
2.746
2.508
2.264
2.136
1.988

cloth
mass

14.375
4.600
1.644
0.764
0.430
0.275
0.193
0.145
0.114
0.093
0.078
0.067
0.059
0.052
0.047
0.043

cloth
mass

23.000
9.373
3.046
1.263
0.662
0.406
0.278
0.206
0.160
0.130
0.109
0.094
0.082
0.073
0.066
0.060

effluent
mass

8.625
18.400
21.356
22,236
22.571
22.724
22.807
22.856
22.889
24,432
22.924
22.930
22.943
22.948
22.952
22.955

effluent
mass

-8.625

5.002
11.328
13.112
13.713
13.967
14.096
14.168
14.215
14.243
14.269
14.282
14.294
14.038
14.310
14.311



APPENDIX 4
WASHING CHARACTERISTICS AND PERFORMANCE DEPENDENCE ON

WASH WATER CONCENTRATION FOR THREE DRAG-OUT COMBINATIONS
IN A FOUR-BOWL COUNTER-CURRENT RINSE RANGE

Cloth speed 780 kg/h

Co 50 g/l NaOH (28,75 g/l Na)
k 0,15

f 1,50 Vkg fabric

Case 1

mo to m, = 0,5 Vkg

s5 ¢l c2 c3 c4  %removal  s1 cloth  efluent
mass mass
0.00 12.26 5.12 2.03 0.68 97.63 9.35 0.34 14.03
1.00 12.84 5.94 2.95 1.66 94.23 10.03 0.83 15.05
2.00 13.41 6.76 3.88 2.64 90.82 10.70 1.32 16.05
3.00 13.98 7.59 4.81 3.61 87.44 11.37 1.81 17.06
4.00 14.56 8.41 5.74 4.59 84.03 12.06 2.30 18.08
5.00 15.13 9.23 6.67 5.56 80.66 12.73 2.78 19.09
6.00 15.71 10.05 7.60 6.54 77.25 13.41 3.27 20.11

Case 2
my to my = 0,65 kg

s5 c1 c2 c3 cA %removal s1 cloth effluent
mass mass

0.00 12.10 6.09 2.92 1.25 95.65 9.16 0.63 13.74
1.00 12.68 6.88 3.82 2.20 92.35 9.84 1.10 14.77
200 13.26 7.67 4.72 3.16 89.01 10.53 1.58 15.79
3.00 13.84 8.46 5.62 412 85.67 11.21 2.06 16.81
4.00 14.42 9.25 6.52 5.07 82.37 11.89 2.54 17.84
5.00 15.00 10.03 7.41 6.03 79.03 12.57 3.02 18.86
6.00 15.58 10.82 8.31 6.99 75.69 13.26 3.50 19.88

Case 3
rno tO m4 = 0,5 ng

s5 c1 c2 c3 c4 Y%removal s1 cloth effluent
mass mass

0.00 14.81 7.46 3.58 1.53 96.67 12.35 0.77 22.23
1.00 15.30 8.20 4.45 2.47 94.63 12.93 1.24 2327
2.00 15.78 8.94 5.33 3.42 92.57 13.49 1.71 24.28
3.00 16.27 9.68 6.20 4.37 90.50 14.07 2.19 25.32
4.00 16.75 10.42 7.08 5.31 88.46 14.63 2.66  26.34
5.00 1724  “41.16 7.95 6.26 86.39 15.21 3.13  27.38
6.00 17.72 11.90 8.83 7.21 84.33 15.77 3.61 28.39
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APPENDIX 5

COMMENTS ON ANALYTICAL METHODS AND OPERATIONAL
PROCEDURES FOR INDIVIDUAL PILOT PLANT EXPERIMENTS

Table A5-1 summarises the conditions of electrolysis for each experiment. The subsequent script
summarises selected analytical procedures and examines variations in the operational procedures for

individual experiments.

Table A5-1
Summary of Conditions of Electrolysis for Each Experiment
Expenment | Stage Anclyte iniial Anolyte Inital Catholyte | Volume Raw Total
Number Concentration Concentration Efflueny Faradays
Nanofiltrate Consumed
(g1 Na*) (g1 NaOH) (litres) (F)
1 carbonation Na,CO, 31 &8 67 16
electrolysis A nanofiltrate 2 118 S 10
electrolysis B nanofiltrate 2 12 x 13
2 carbonation Na,CO, 45 % 5 51
electrolysis A nanofiltrate 6 & D 38
electrolysis B nanofilrate 6 R 0 30
3 carbonation Na,CO, 45 8 285 8
electrolysis A nanofiltrate 12 121 S 72
electrolysis B nanofiltrate 12 131 S 66
4 carbonation Na,CO, 0 12 160 ¥
electrolysis A nanofiltrate 7 8 o) 78
electrolysis B nanofiltrate 7 108 o) 8,1
electrolysis C nanofiltrate 7 107 D 65
5 carbonation Na,CO/NaHCO, R =24 120 K
electrolysis A nanofiltrate 5 D 0 46
electrolysis B nanofilrate 4 QX 0 38
electrolysis C nanofitrate 6 14 0 28
6 carbonation Na,CO,/NaHCO, 2 106 160 2
7 carbonation Na,CO/NaHCO, el 50 120 41
electrolysis A nanofiltrate 5 162 S 53
electrolysis B nanofilrate 6 151 S 46
electrolysis C nanofiltrate 7 111 S 49
8 carbonation NaHCO, .t A4 120 3
electrolysis A nanofiltrate 8 160 S 8,
electrolysis B nanofiltrate 5 148 ) 5.1
electrolysis C nanofilrate 5 110 b 69
9 carbonation NaHCO, P} 104 120 3
electrolysis A nanofiltrate 8 172 D 83
electrolysis B nanofiltrate 6 126 S 74
10 carbonation NaHCO, 3 87 120 A
electrolysis A nanofiltrate 8 167 S 89
electrolysis B nanofiltrate 8 143 S 80
1 carbonation NaHCO, 0 104 160 5
electrolysis A nanofitrate 7 148 K] 10
electrolysis B nanofiltrate 7 153 < 3] 1
electrolysis C nanofiltrate 7 11 B 94
12 electrolysis A nanofiltrate 7 13 % 12
electrolysis B nanofirate 6 113 40 91
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Table A5-1 cit

t | Stage Ano Initial Anolyte Tnitial Catholyte Volume Raw Total
Nﬁpn?ggen Ve Concentration Concentration Effluent/ Faradays
Nanofiltrate Consumed
(g/1 Na*) (g1 NaOH) (litres) (F)
13 carbonation Na,COy/NaHCO 31 104 0 K¢l
electrolysis A nanofiltrate : 5 i 0 70
electrolysis B nanofiltrate 8 B 0 97
slectrolysis C nanofiltrate 8 100 D 11
14 electrolysis A nanofilrate 4 108 ) 69
electrolysis B nanofilirate 5 % 0 70
electrolysis C nanofilrate 6 87 B 78
15 carbonation NaHCO, 18 8 120 24
electrolysis A nanofilirate 5 87 20 58
electrolysis B nanofilrate 5 0 K 4] 55
electrolysis C nanofiltrate 5 78 A4 43
16 electrolysis A nanofiltrate 4 D0 D 41
electrolysis B nanofiltrate 5 65 D0 44
17 carbonation NaHCO, 2 9 120 17
18 carbonation NaHCO, . &9 120 7
electrolysis A nanofiltrate 41 62 40 . 3
electrolysis B nanofiltrate 48 94 43 41
19 electrolysis A | nanofitrate <) 5 0 0
electrolysis B nanofiltrate 37 8 20 2]
0 carbonation NaHCO, B ) &0 0
electrolysis A nanofiltrate X 107 2 10
electrolysis B nanofilrate P 172 18 15
21 electrolysis A nanofitrate 16 110 13 "
electrelysis B nanofiltrate 2 136 14 15
electrolysis C nanofilirate 15 160 13 18

Analytical Procedures

The procedures and methods used for analytical determination of the chemical parameters are summarised

below:

Total Carbon, Total Inorganic Carbon and Total Organic Carbon (TC, TIC, TOC)

Total carbon and total inorganic carbon concentrations were determined by the combustion of aliquots of
sample in the presence of oxygen at 900 ‘C and 150 °C respectively in a Beckman TC analyser. The
instrument was fitted with an infra-red detector to measure the carbon dioxide combustion product. Organic

carbon was determined by the difference. The analytical range of the detector was 0 to 600 mg/I for TC and
0 to 120 mg/l for TIC.
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Chemical Oxygen Demand

The standard wet chemistry method, involving chemical oxidation of oxidisable material by dichromate, was

used.

Metal lons

Sodium, calcium and magnesium concentrations were determined using atomic adsorption spectroscopy.
The calcium and magnesium standards were spiked with sodium salts to compensate for interferences by
sodium. Analytical ranges were 0 to 400 mg/l for Na, 0 to 50 mg/l for Ca, and 0 to 50 mg/l Mg.

Hydroxide, Carbonate and Bicarbonate

These anion species were determined by standard alkalinity titrations to two end points: pH 8,3 and pH 4,0
using HCI. Standard analytical equations were used to compute the concentrations of hydroxide, carbonate
and bicarbonate ions from the titration data.

Operation Procedures

Experiment 1

1) The initial cross-flow microfiltration tube length of 30 m was reduced to 20 m after experiment 1, because
velocities down the tube could not be maintained at acceptable levels.

2) The effluent used in experiment 1 was very dilute by comparison to the normal concentration.

3) Cross-flow microfiltration evaporative loss was 2 litres (3 %).

Experiment 2

1) Cross-flow microfiltration evaporative loss was 15 litre (20 %); nanofiltration evaporative loss was 2 litre
(4 %).
2) Gas line from anolyte system to absorption unit was kinked, inhibiting gas fiow.

Experiment 3

1) Cross-tlow microfiltration evaporative loss was 10 litre (13 %).

2) 180 litres of nanofiltrate was collected for laboratory fouling tests using Nafion 324.
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Experiment 4

1) Cross-flow microfiltration evaporative loss was 40 litre (25 %); nanofiltration evaporative loss was 4 litre
(4 %).

2) During nanofiltration, the module housing burst and approximately 60 | of feed was lost. The final feed
sample was viscous and it was considered probable that physical blockage of the membrane occurred.
This was evidenced by the reduction of nanofilter fluxes during experiment 4 to less than half of those
previously recorded.

3) The anolyte used to provide supplementary carbon dioxide for carbonation for experiments 1 to 3 was
sodium carbonate. From experiment 4 onwards, the solution was changed to a combination of sodium
carbonate and bicarbonate to tacilitate release ot gas during electrolysis.

Experiment 5

1) A pipe burst during cross-flow microfiltration resulted in the loss of approximately 10 litres of feed.
2) Cross-flow microfiltration evaporative loss was 5 litre (4 %); nanofiltration evaporative loss was 22 litre
(19 %).

Experiment 6

Only 40 litres of cross-flow microfiltrate was collected. Modifications were made to the cross-flow
microfiltration rig and the experiment was abandoned. The tube was shortened from 20 mto 12 m. The
reject flow rate was measured at 1,88 m/sec (Pjp = 200 kPa, Pt = 100 kPa). A clean water flux was

160 I/m2h (Pin = 160 kPa, Poyt = 100 kPa, bypass closed, reject flow velocity 0,68 n/sec).
Experiment 7

1) Because of problems with the cross-flow microfilier, most of the nanofiltration feed was not pretreated by
cross-flow microfiltration.

2) Approximately 20 litres of anolyte was lost because of a leak in the pump casing.
3) Nanofiltration evaporative loss was 20 litre (20 %).

Experiment 8

1) Cross-flow microfiltration evaporative loss was 35 litre (29 %); nanofiltration evaporative loss was 5 litre
(5 %).
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2) From experiment 8 onwards, the anolyte used to provide supplementary carbon dioxide for carbonation
was changed from a combination of sodium carbonate and bicarbonate, to a sodium bicarbonate

solution to facilitate most rapid release of carbon dioxide during electrolysis.
Experiment 9

1) Cross-flow microfiltration evaporative loss was 35 litre (28 %); nanofiltration evaporative loss was 10 litre
(13 %).

2) From experiment 9 onwards, the filtration aid during cross-flow microfitration was changed from
diatomaceous earth {15 ml/batch) to a mixture of limestone (25 ml) and diatomaceous earth (2 ml).

3) From experiment 9 onwards, the voltage drops across each section of each cell {anode-membrane;
membrane; cathode-membrane, anode-cathode) were monitored. Previously, only the volt drop across

one cell was recorded.
Experiment 10

During cross-flow microfiltration, a total of 50 litres (42 %) of feed was lost as a resuit of evaporation and a leak
in the gland of the pump.

Experiment 11

Cross-flow microfiltration evaporative loss was 20 litre (17 %); nanofiltration evaporative loss was 20 litre
(13 %).

Experiment 12

1) No carbonation using prepared solutions was required, since sufficient carbon dioxide was generated
during experiment 11 to neutralise the effluent.

2) Cross-flow microfiltration evaporative loss was 25 litre (29 %).

3) During experiment 12A, the relationship between electrolyte flows and cell voltage was investigated to
determine gas blinding effects. Current densities were held constant at 600 and 1 000 A/m2.
4) The anolyte pump was overheating.

Experiment 13

1) Aleak in the catholyte pump during experiment 13B resulted in the loss of approximately & litres of
NaOH.

2) Nanofiltration evaporative loss was 25 litres (20 %).
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Experiment 14

1) No carbonation was required since sufficient carbon dioxide was generated during experiment 13 to
carbonate the effluent.
2) Cross-flow microfiltration evaporative loss was 30 litre (20 %j); nanofiltration evaporative loss was 17 litre

(15 %}).
3) The catholyte pump was leaking during experiment 14A.

Experiment 15

Cross-flow microfiltration evaporative loss was 15 litre (13 %); nanofiltration evaporative loss was 9 litre (9 %).
Experiment 16

1) Nanofiltration evaporative loss was 10 litre (9 %).

2) The manifolds to the cell stack were modified to allow paralle! flow of electrolyte through each cell,

instead of series flow.

Experiment 17

1) The experiment was abandoned for the Christmas shutdown after the cross-flow microfittration stage.
2) The nanofiltration fluxes had been very low, and an attempt was made to clean the membrane. The
cleaning procedures used are listed in Table A5-2.

Table A5-2
List of Cleaning Procedures

Cleaning Solution Recycle Deionised Water Flux

Time After Cleaning (Vm2h
(h) at 1,6 MPa)

10 g/l NaOH + 5 g/l Kieralon! 0,5 6,7

0,1 % HyPO, 0,5 8,2

boric acid 0,5 8,2

10 g/l NaOH + 5 g/l Kieralon + EDTA 2,0 6,7

0.1 % H3PO, 0,5 6,7

distilled water 2,0 7.3

Kieralon + warm water (40 °C) 0,5 -

warm water 0,3 14,0

Note 1 - detergent used in scouring
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3)

4)

5)

Failing significant flux improvement, the nanofiltration membrane was replaced with a membrane which
had been used in previous trials at a different factory. The deionised water flux was 161 Um?h at

1,6 MPa.

After experiment 17, the anode from the first cell was sent back to the manufacturers to examine the
condition of the precious metal surface, including the thickness of the oxide layer. Visible signs of
surface wear were noted in certain areas where the anode had contacted the membrane. However, in
areas where the membrane had not been in contact with the anode, little wear was detected.

On dismantling the cell stack after experiment 17, a white scale was observed to have deposited on the
anode and cathode surfaces, and on the conducting plates. One cell was then operated using pure
sodium bicarbonate and uncleaned cell components. All the connecting surfaces of the electrodes and
conducting plate were then sanded to remove deposit. The experiment was repeated using sodium
bicarbonate.

After experiment 17, an investigation was carried out to compare the performance of the coated anodes
with other anodes. The manifolds were replaced to allow for single cell operation. The performance of

the cell was monitored using a combination of stainless steel anode and cathode.

Experiment 18

1)
2)

3)

4)

5)

6)

7)

The cell manifolds were modified to allow for two-cell operation using the coated anodes.

Up until experiment 18, the feed to the absorption column had been unmodified scouring effluent.
During experiment 18, it was hoped to investigate the performance of the treatment sequence against
scouring effluent which was spiked to simulate a background coricentration rinse water recycle system
(containing sodium bicarbonate). 125 g/l of commercial grade sodium bicarbonate was added to the
feed to the absorption column during experiments 18 and 19.

During experiment 18, the impeller of the pump feeding the absomtion column broke from the shaft and
was repaired.

After cross-flow microfiltration, a white powder precipitated in samples and was assumed to be sodium
bicarbonate.

The new nanofiltration membrane was used, but after the first pass all colour was not removed because
of incorrect positioning of the membrane in the module holder.

Until experiment 18, a voltage/current relationship was determined at the beginning and end of each
experiment. During experiment 18 and 19, the relationship was determined at reguiar intervals to allow
data to be collected which would enable limiting current densities to be calculated at various anolyte
concentrations.

Until experiment 18, all electrolysis experiments were conducted continuously from beginning to end.
Because of the high sodium concentrations in the anolyte during experiments 18 and 19, depletion
could not be achieved in one day. As a result, each experiment was run over several days.

AS5-7



8) After experiment 18B, the two PVC ball valves on the anolyte and catholyte tanks were replaced. Leaks
had occurred resulting from the elongation of the ball inside the valves under the prolonged conditions

of elevated temperature.
Experiment 19

1) No separate carbonation stage was required, since the generation of gas from experiment 18 had been
sufficient to achieve the required pH reduction.

2) A pipe burst during cross-flow microfiltration resulted in the loss of 30 litres of feed.

3) The new nanofiltration membrane was tested for rejection of a reactive dyestuff. Rejections were
incomplete, and it was assumed that the membrane was damaged. The original membrane was
reinstalled despite initial fluxes being low. Subsequent investigation revealed that the pH of the feed
was 9,7 and not below 8,6 as required. After reducing the feed pH using nitric acid, fluxes were
increased eightfold.

4) The electro-membrane from the second cell was removed and inspected. One small pin-hole was visible
through the polymer layers between the Teflon reinforcement, and the membrane turned brittle on
drying. It bulged towards the anode side, around the spacer mesh and between the frame and spacer
mesh. Markings on the electrodes suggested that the membrane had been in contact with both
electrodes at various times. Where the membrane had not contacted the electrodes (approximately
60 % of the total electrode area), there was a visible deposit of scale on the anode surface of the
membrane, while the polymer structure between the Teflon threads bulged toward the anode side. In
areas where the membrane was not in contact with the electrodes, no deposit or bulging was evident.

5) The spacer mesh was slightly deformed, bulging toward the anolyte.

6) For experiment 19B, a nickel anode was installed. At pH 6,9 a pale green precipitate was evident in the
anolyte, and at pH 6,2, the precipitate was black. After 11,1 F of electricity had been passed, the cell
was opened and the nickel anode was noted to be coated with a black deposit. Experiment 19B was

continued over 3 days. Therafter, the anolyte compartment had to be thoruoghly flushed to remove all
signs of the precipitate.

Experiment 20

1) During the carbonation stage, the anolyte volume decreased initially from 20 litres to 11 litres at 18,1 F,
while the catholyte volume increased from 32 litres initially to 43 litres during the same period.
Thereatter, the phenomenon reversed itself, with the anolyte volume suddenly increasing to 18 litres
and the catholyte volume decreasing to 32 litres during the subsequent 11 F.

2) A pale green precipitate was evident at pH 8,0, while a black precipitate formed at pH 7,6.
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Experiment 21
1) A pale green precipitate was evident at pH 7,8, while a black precipitate formed at pH 7,3.

2) The experiment was discontinued after 17,7 F because too little anolyte remained to enable
recirculation of the electrolyte through the cell.
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APPENDIX 6

PILOT PLANT INVESTIGATIONS

This Appendix contains:

Analytical and Physical Data for Each Stage of Each Experiment
Tables in this Appendix labelled A5 Table 1 to 92 have been reproduced from Appendix 5 of a report
entitled Pilot plant results for the recovery of sodium hydroxide from pretreated scour effluent at Da Gama

Textiles, King Williams Town, April 1987 which forms App 8, Part 3(b) of final report to the WRC, Pollution
Reserach Group (1989).

Calculations of Current Efficlency
Tables in this Appendix labelled A7 Table 1 to 56 have been reproduced from Appendix 7 of a report

entitled Pilot plant results for the recovery of sodium hydroxide from pretreated scour effluent at Da Gama

Textiles, King Wiiliams Town, April 1987 which forms App 8, Part 3(b) of final report to the WRC, Pollution
Reserach Group (1989).

Polarisation Data for Experiment 18B

Page A6-2

Data tor Cell Operation Using Scaled and Sanded Electrodes and Conducting Plates

Page A6-3

Ab-1



SAHPLE  ANALYSIS

35 L SO EFFLLENT THITIALLY, TOTAL = 67 (

1 LARDUMI 1L

0L AT 76/L HAX03
+ 1S L AT 103 HAH

CAMLYTE
ABSURBTION O -

NIIE ;

_n..H_ 2 = -
=
T

g g 7 A =3 = o "

tat
vyl

Tor. o |

)

5

1

I

)

3

[

3

3
1,6

'
)
'
'
ll
i
'
‘
'
'

0
0.0
7
0,01
0
0.00
1
0
u
MYA
[
6
0
5

m.
lo/1}
0
21
0
36,41

YR
2.4
1.7
29
5
0,61
N
0
391
o

i

3
L)
\
;
)
H

4.
49,9

*
L2
t
o
WU
o
)
B
[
2

€ —

10,7
0,1
11,9
J

3

U

=3 Y - - o~ «@

S = n=

(sS{cal | {g/1)
2
PA}
'Y
»
2
Aa
10
2%
0
1
7
§

) o v e o 0 ~

!
12,73
0
9,71
2.7
9,0
3.9
4
8.2
!
!
]
s
2

o

35,0
19,1
5

d

b
16,2 5
16,3
X

?

7

S 5 is<Z :
= & ==

3 23

0
0
R

1~ 0 0 o a8 — =

1
|
!
!
|
2
1
®
o
%
1
0,15
1

ot
2 .
¥ eSS oo = @ o o = =
¥

YOLTAGELY)

] -- mm e e e e e el e e -n

— o g s - o - - - mm e e ammmacamen
. 2.ty A H ~ o 5 ~ P
M - =T w3~ o Py Py - = = s o A T > - el e R R )
w bl N el BB USRI Y.

0
N
4.0
3
)

Y -|
=9 - - 2 e - 23

—_ - - 2 aQ - D
sgs < - ~ o o s = = o LR
== = = = w R )
[ -

SZ8BEEE8S

EFFLUENT F THE FOLLOWING COMPASITEON:

CURRENT
DENSITY
(A/5q.2)
10
an
00
1000
1500
1500
1500
1500
2000
2000
00
1500
0
50
1500
500

T
{h-in)
0,00
0,35}
v
2,40
S
3200
L]
Hi]
1)
Pa)

4
N
5,

G
9
9
0
TRANSFERRED 22 L FAUM THE ABSORPILON CULUN 10 CRUSS-FLiW  MICROFILTRATION

AED 32 L FRE
10

1
i
.
1
'
1
'
'
'
'
]
'
'
'
]
i

'
'
'
i
i
I
]
’
]
'
)
]
'
)
v
'
'
'
'
I
’
1
'
'
v
)

CATHXYTE
483,00
3
YIE
vl
TANLYIE
WCATHILYIE
1ABS.00L

AN YIE
TALYIE

ABS.COL.
M5S0,
ABS. L0

ANLYTE
CATRILYIE

'
)
1
i
i
'
\
Il
3
]
s

CINHENTS © DUSILS THIS EXPERIMENT TIE CAMHOLYIE TURMED SLIGHTLY BRG.



—— .

EXPERIMENT {: MICROFILTRATION

AS TABLE 2

FEED: I5L EFFLUENT FRON EXP | CARBOMATION, TOTAL = 6L

T M
0

POIMT REJECTION (3)
Na
3

SANPLE  AMALYSIS

(/1) 1 (g/1)

= 1= -
®RT =S
=2

-— o O
@ oo
-—
|
— o ™
= 1=
D L ]
» _—o
1 S 1
H !
H O
! )
[ —_— o o
H a2ad oo
H S
1 X - 1 —
1 =) T
. D - 1
2
!

X
8.3

— 1 a,
= 1 O et
> =~ =
o $ i =
—
w ~ 1
= ! -

PERN
{RECOVERY |
(1)
0.0

voL
(1)
73500
0.0

?
8.0 )FE€D
PERN

11

KE
(h-nin)

ADDED FURTHER 321 CARBONATED EFFLUENT FRON EXPERINENT 1 CARSONATION
[

0

11— (=2 ] (=]

== 2] ]

P =y oo =]

D o
” [— ] o o

S . .

—_— —-—

= -

e e e e
— o [— ] 1
= = ) = |

‘w P~ - w3 o™ [

o — - - “

}

EVAPORATIVE LOST ABOUT 2L.  COMPANY:

COMMENTS: MOTE:



POINT REJECTION (I)
95 1 80.8 1

'
1o~
' X ' 3
H 3 o~
‘ HEEN
! U,
i
=%
X [R-1
= 1
I
! e mm mmmmms ee oo —m

c
67

76 4
4

]
' ~ - o ey
3 - -
~ - v~

42
0.81
3
7

1
0
3%
3

L

an 2=
- o IA

—— .

SAMPLE  AMALYSIS

14.6 1
9

Yy

38.7 1
1

(

co
9/
)
0.1

oc
(g/1)
oy
0.2
10.5 }
0

2.6
4

(7
{o/1)
o
2.

Ic
{o/1)
H

0.5
13.1
i1

TR NNTY
8 2
]
CONPANY:

9
7

v
3
8.

—_ o a a o a [l

= —_— ~ X ~ x ~ x ~ x 1

> =~ -1 - " - 5 = '

=1 e~ N PO W cON feO M 2w - )

) - - — - - — " — [ 1

ey - - o ” < '

= - — - - oy - - )

— i

T TN T mm e e e e e e e e e n A et e e e
’ 1

0

8
36
S
3
91

PERM
RECOVERY
(1)

v o =] o
v - ~

30

= v o
- V

VovoL
P
-;._._--

i

EXPERINENT 1: NAMOFILTRATION

FEED: SSL FROM EXP 1 CROSS-FLOW WICROFILTRATION

. '
— 1 [
" _-D = = =
= ia= = = = E =2x |
wy 1) W ¥V} wi (¥ ¥) s s L]
- —. - ll-F IP - . ou o . W, a. l
[, — (X1 - — - o~ teny
= 1 . . . » 1
- s —— 1 (—J — — o~ =
- = - r »
o g2 OF :
3 = I !
2 S I8
e e mm s e mn - aw - - - —
-



16 L it
2 25 L SCOUR EFFLUENT

EXPERLHENT HO:1 ELECTROLYSIS OF EFFLUENT SARPLE A
25 L PERM FRON EXP | W

AS TABLE 4
ROLTTE -
CATHOLYTE :
ABSORBI T0W COL

Nat
wh
o

M @ oo oo~y - o
= o — — - — S o

==

=

et - m i - wm m— - -
w2 N ol — I —] ~N oo o w2 o o
b = Mmoo oo oo o
w 2%

V-] Qv M o -
o v - [P ) Qw

SAMPLE
[PAH
tg/1)

O~~~ o o~ @ o~
(=)

w-
taf1)

0

5

1

o - o4 - —_— -

wm o — o -— o —

- |z o R = =

— =] = o o = o
2=

o — o — o —

i
lg/1)

1,83

COHD
(s5/cn)
7
2
21
]
18}

7
12,71
7,1
2,6
6,9

), 3
0
0
25,04
A7
16,1
2.0
N6
16
5

Sl
A
21
A

6,11

8
0,71

VOLTABEIV)
RANE
76
0,91

AIAI ~
- ~ ~
m R w Moo R e I VRV G
£ NS R 8 T g T Vg

lmw 22322888 8888888
223

« =08 2¢ 8 2 53 =
uuho s s o S o9 =




SAPLE  ANALYSIS

s v e w -
= =) — S -~ —

[
0,31
3
0,9

5
181
S
S
2
2.0

~ ]

7

7
151

4
123
12

n o s - - ~
) o~ ~ = ~ =)

oo onma Lo =
= (M= =2Q A=

VOLTAGE(V)

S L SCOUR EFFLUENT

ELECTROLEIS OF EFFLUENT SAMPLE 8

RLFEPLNRM

EXPERIMENT WO | :

ALYTE :

CATHOLYTE 16 L OF NACH FROMEXP | CHLL A
ABSURBTION COL : 25 L FROM EXP ) CELL A

AS TABLE 5

C-H
0

CElL | M2BRAE
6 0
9

L i R TR I T SR
LI S R S - el

OVERALL

i PASSED
{F}
B,
'
6,
0,
1,
1,

2RERBRES B8

1ENSITY

(h-nin) }(A/5q.0}

g =2 = = 8
=1 (= — N —_—

PP
735 3% 3ii




LN Nl
ABSORBTION (L : 40 L SCUM EFFLLEMT INIVIALLY, TOTAL

LIDANEIS

HA N

NS

T A

YOLTAGE (V)

MOT. 2 5 v b Cadd L g 1 TN
. olgft) tayly 0 (il

was-
{o/1)

)

DERSITT & PASSD

1.0

13,01

2.2

13,

"
vy

45,9

11,%

2,51

0,01

40

£

10,0

S

173

0,%

1.2

2.4

0,4

S22

I L I Y I

7.4

340

B0

re

3,

'
'
]
i

15,4
40,0

CATHLYIE
485,00,

v
'
)
'

10,5

SO0,
AALYTE

61,0

9,0

0,70

%)

20000 10,1

CATHOLYTE
ABS.COL,

H
T
'
'

:
B
H

ANLYTE
AOLTTE

CATHOLYTES
ABS.CL

= €
<
.8

0.2, S

6,01

%5
g
91,0

<
)

o [

1

7
17,7
10,9

CAIRLYTE
AZS.0

ANOLYTE

43,0

8,3,

MALYIE -
CATIRLYTE

‘
1
t
i

0.0 4

10,0

15,4 1

— -~
o2

%N
8

3.9

]
1
'
1
]
'
'
)

0
0

9
u
!

2,9

s

7.9

(AR

0.0

CAIRLYIE

~ o

IR

)

oAz

1.6

74 0,0

321

9.1 3,0 10,6

0,0

AT THIS STAGE THE EFFLUENT IN THE ABSORPTION COLUMN WAS TRANSTERRED 10 CROSS-FLOW HICRUFILTRATION AND 35 L OF SCOUR EFFLLENT WAS ADDED T0 THE COLUMM |

80!

ANOLYTE
CATHOLYTE

~l - —

L1
[
2
1

0,01

3.0
0
3

30,0
J
4

4
2
1.1

]
'
»
1
»
'

S
0
83

[

R RC)



FEED: 75L EFFLUENT FRON EXP 2 CARBOMATION

EXPERIMENT 2: NICROFILTRATION

AS TABLE 7

] ! H
'
Vo i ~ :
- b :
1 1 H
H ' - - m-
T i )
B> ' ~ o~ !
Xx ' ]
) ' !
Vo ' :
T ’ 1
= ' !
= ' o
e e E LR S LR .
“ [} < o "
) '
e “
' ' !
) '
S S
s
—_— " n - o [}
Lad " . 1] o~ "
—_ i ' :
1 ' !
= ' ! - - - -
R e O P
= I =Y o |
o 1~ 3 ]
L )= 3 1
=0 ' i
) ' |
- g S,
H ' - o “
—_ '
= 1S H % i
— 1 v !
o r " I3
a ' |
B e e e em e m e em e
: . 8 z !
-3 | :
H ' '
H ' - ‘lll—
R R S
h
H © i s &2 ]
= i 1
'
| }
B .
1 ~O = ]
o i = - 1
— ' '
' \
h v _ t
f== - mmem )
a . o o '
X ' \
IE=3 [} 1
(=] » 1
' ! - |I|ll_
e .
' — reN ~ — O 1
| 2 i3 S o=
1 23 i3 = 23 :
' = H
fog mm T e e mmm e e e
"M) -1 — L - -1 "
i . g
g — o o 1
L) rey o~ O — 1
== 1
=3 1 3
= | )
e e .
I~ ieo ~ o~ @ !
-= : .
O 1 -] -y 1
13 ~ L} 1
U
1 1 1
[N 1 v -— o~ O 13
10— o . . . r
19 - -— - -y v
L -3 T 1
= |
| |
PR R LR R !
-— 1 o~ Lo - Y 1
S— 1 ]
> 1
= w \
) S 1 1
1 | '
L T e I,
—_ 1 TXTh s
el — [N- o~ v on v
> S~ ey o~ Lae o ] 13
— L -] 1 [
w D = ) i
— 1] 1
| '
N - )
w —_ 1 ~ v 1
Jur -~ R > . H
a 3 e 1 - - o “
M o “l — — — !
- ' |
= ) ”6 ~ v H
—_ H
e | * T ™ H
= 1w - ~0 vy L]
D o " — ]
= !
' '
: - e mm i am -
" " — “5 ~ ~ o~ '
= H 3 H
1 P e - ) i
[ 1 St )
1 [ 1
i ' i H
H I== == mm o e mm am e e o am ol
H 1 | )
, ) — 1 (--1 ) ]
A o= . I
’ 1~ TNy ~ -y 1}
1 I Cn . 1
T2 i
' | '
I m= mm e e e e me i me mn e o mm ]
' | s
i = im ~ - o~ 1
= A . H
1O~ 10 —_ H
— o 1 = H
1 ad ) 1
' ' i
H o= e e e e e m e me am am e am ol
i H i ] H
i —~ e o~
ol e iy Y SN
1 ad 1
1 13— ] 1
' = t
'O - 1
H 1
H 1
'
! ' '
' ' -
= a4 ~ - !
- [N % o o o '
’ 1 ' !
H H | i
Yo e e e e e e e dl e e am o oo ]
H =" a a |
i = £ g =% _
M ]
5 g 8 +8 H
— - » ~N O ~ O »
dm S~ 1 - wy 1
= - - 1
= !
- _|0|||||||||1|||||»|||_
~ i
= o ~o !
Q. D= e “
w S e H
Qe Q) 1
b H
& i !
)
v o o
4 o~ o =X S
o —_— i
= = !
i
_— e = . m= - —-— — - N
[*Y) “
pur !
= ax o ‘
[}
3 g2 = gz |
-d ad ) 1
P I = o !
T
—_ =R
o I i3% 8 n
. A i :
[ o~
= h = |
Ll -~ H
1
|

EVAPORATIVE LOSS 1SL .

CORMENTS



AS TASLE 9

© HANOF ILTRATION

EXPERTHENT 2

FEEB: SOL FRON EXPERINENT 2 CROSS-FLOM MICAOF [LTRATION

g

o

[
ni
58

c
S
0

ol
:
)
1
;
9!
9

0

CON
2

(aS/ca)

2

T 3 8 3

PERN.
RECOVERY
]
i

.00
1.30
3.00 }
0
2

TINE
{(h-sin)

1 \
_ : o 2
> 1o ) v
= 8 '

' i
x 1 ' - —— e -
B e e
=2
Do I3 ' ~ <
S5 e ' =~ =
vy x 1
= i
"7 !
L T
— io H ~ v
x R=1 1 (= -
x 18 i
= ' '
2 '

'

. B U O
| —

x i ~ i

a 1 on EN o o
H =
i

'
Vo~ 1w » - o
Vo= 4 t}
S im - -
— > Im ) o o~
=
H
o~ '
S —~ i - o o~
S g o ]
H —_
. s I8 & ~ =
-
= '
=2 |
- -
R L - o~ —
~ = A ]
o5 te o o
Y ==
=
1
R
o~ e ~ —
- = i 3
2w im - o o
S S -
|
Jmm = mm mm M= mm A ae mm e = e = am m am
VTS
i = rten L) (=)
o= | -~
>
= & |
'
VI hmm me o e e e me am mm e me e mm em —m oo
— ="

v - o o~ ol
2. = = —
~ -

w o a

|

B L e ST,

w —_ - o~ Q-
— o= 1 —_ .
= TN - =
x R 1= =
- ~
b3 [

'
[l
)

'

1

]

[l [l

1 —_ 1w o v v
= - -

: -~ —

i85 > A

I ~

i 4

Ly
i ]

' —_ - —_ -

i — . L
P~ - - >

1S o ze

' —

i '

1o e e e e e e e - mm s+ e mm —m am o
' '

' —_— - o v

' - H
1~ i

1= o~

H —

: '

I = o e mm e e am mm e mm mmem o = e e ad
' ]

i ' — i o v v
I — . o~
1S~ 1o ~
= o
] -~
i '

[ il L IR LT,
] o~ o~ o

: 5 2 S &

1

'

'

1

'

i

I

'

i

]

I

I

J_ ------------------
= £ legnmg=e =
Y s DRI
= o~ 1 = MM vy
S 9§ ZEgu3=gsg
s S~ 1 — - [aa)
S I3 - 272

'
{me 22 R T S
' ]
i 19 o o [=] =] v o
' = —_ 1P =
! = = ! ~ = - -
1 > —
' '
' '
P e = e e e e e e e o e me ol
i ]
’ w '
1 — i
E :
)
o= s = =
i @ [§v] wi w
nll -— L an o
'
1
'
)
1

COMHENTS: MOTE: EVAPORATIVE LOSS ASOUI 2L.



EXPERIMENT WO 2: ELECIROLYSIS (F EFFLLENT SNSPLE

CATHILYTE 15 L FROM EXP. 2 CARBUMATIIN
ABSORBTION COL : 25 L SCUR [FFLUENF

MOLYTE : 20 L FROH DXP. 2 W

AS TABLE 9

S P o v S n o
- = < o= -3 -3 = xR

R
@ 0 e o — A~ — O ~ o

m @ o — ~ e — -~ o — o™

=

<

oo —_ o o " oo oS o
=3 ~ oo —_—o D o2 o

AALYSIS
H03-
(9/1)

e - = o o 0 —

SANPLE
€03
(g/1)

1
1

0
2
8,0
0,0,
3
v
¢
9
53
0
2.8

- ~ o w ~ w o~ (%Y
= o ~ - ~ o - o L)

= — =Y -— o o — o o~
23
w o o =] o ) --) »
= - =) » - = “ = )
2=
“ — [~ “ ~
23 B

3

3

8,11
13,6

8
13,4

-
= —_
-
-
— = —
> <
e o R el LS I SR TP
] ~
< |2 13 2 2 R
= m = = = -
—
L il et e T S
> v
m oF
m o ” on m -~ o v ® v
- Eo - - - =
o] == === =
2

o © o~ VI — v w =
- ~ -~

FARADAY
| PASSED
(F)
0,
0,
0,
1,
2,

DERSITY
(h-nin) i (A/sq.0) !

2 828 888 § 88

T

eSd  e5d  pbg uig
8 3EE 535 gEg zen

DURING THIS EXPERIMENT A THISTED GAS LINE BAY WAYE THYIBITED C02 PASSAGE FROH THE AOLYTE TAMK 10 THE ABSORPTION COLUMN.



16 L AT 1006/L Nat

EXPERIMENT NO 2 : ELECTROLYSIS OF EFFLLENT SAMPLE B
ABSORBTIUN COL : 25 L FROM EXP. 2 OFLL A * S L SCOUR EFFLUENT

AMOLYTE : 20 L FROW EXP. 2 N

CATHOLYTE :

A7 TABLE 10

f
2 >
e CEE LR 3
= S =
g%
— - —-
+ =
£T
| mm mm ae s mm e an mm mm mm mm mm mm mm ae ma e am
— - -
- =
3%
mIII
PN - - DN e ~oy O
= ) F g = g v
3% w3 -8’2 2
M\IJ. @ — o e —_ o~
=
_ 2
(=3
= B e
g s nes nas ~aes
e = NS o xS S —o o
w =
ame T s
w 0= NN g =] oS o
g |82 =
ame agmv Qv
Lo o Lend o ~ o ”
) o £ =Y
—_ |2 e = ~ -
= =] - — - =) -
23
—_ oo 9 e vy =
w3 | = = e~ b S
—_ | " e & ®* =
o= M W w4 = v
=
- L 3 =2 o {3
2 o~
By
L]
- o w© -
5 oo o] g ) o s

3
18,$
6

2
<
-

s

(=1

VOLTAGE(V)
HEHBRANE
0,141
0,19

-]
g |7
= == R -

e

mmm = = N o2 2
=3 |8 g8 gmssssss

mmw ]

e 312 2 8mzTaET

DATE:




FRWE IS

htdainiiaed

IR T
ity

NE L O% ) HN- ol 02 Ket 1 CaM
g/t 1 (gl

fg/)

YOLUE |

Tenp.

VoLTAGELY)

W o e/ 1 ey

@ )

|D Ll
9
13,8

4,5

)

(o)

(/)

{a/h)

(fca) ) g/}

0,0

7,0

0,04

2.0

0,9
5.7

0,0

- o
— -
=

1.0

7.5
16,7

HIR
M6

i

5

0,8

301

n
-

94

10,1}

85,01

n
Y

i}

i
W

i H 01

15

081

2,91

16,0

0,0

5
3

55,00

6,20

3,0
12,6 1

0
15,51

10,6

240

9.9

[
0.5
2.7

LENT WAS CARBIRWTED IN THE ABSORPTTUN C(LH

L

i

.o ALEED 10 THE AHOLTTE R8O oS OF SCR ETF

EX-W

=P

9.6 1

T OVERALL
H

0.0

{f

ACED

TARALAT

'
'
'
'
'
i
[l
'
'
i
»
)
i

VOURRENT

HEENTY
{h-uin) }{Afsq.0)

oy

I
0,

[ ratd
ROGTE

CATHLYTE
AES.CIL.

'
i
i
'
)
I
'
"
'
'
'
1

10 CHF. ACDED 5 L SCUUR EFFLUENT T9 ABS COL.

> 2 19 v = - L Y Lo s 0

- - oy AN Tt D > s an e e =)

ER=) < o o ESR= S=gS S g IS e = - o ol & - = =

= s == =3 == === =
S

o~ - e D Mmooy ey ° o - @ - = o L2 -

~~ s [ a— v VI ool — 3 - > ) 3~ > = g o o
= o2z ag B R ] =S K s [ =

a0
00,0
1600,6 4
100
1o0,0
[400,0
1900,0

'
i
‘
i
'
i
)
i

< nz thFLUENT IN THE ABSORPTION CULLIN MAS TRARFERRED 10 THE CROSSfLOM NICROFILTER. 346

3 OF RAHCOJ 19 THE ANOLYTE (2 1)

+ H0 T0 CATHILYTE
;
1
’

= v oo - § - -- am -
5= O 2 2387 % & 1’27 2 = = = - o
= e N e 5 N S sel S = o o s &
R T Pt R

AL THIS STAGE 10 L BAS IRANSFERSED FR#

CATHOLTTE

A8S.COL.

CAIRILYTE

ABS. COL.
o
o

NLYIE

CATRLTT
MLYTE
5.0

VAT THIS STAGE 35 | NAS TRAMSFERRED 10 EXPERIMENT 3 CRUSSFLOW I,

TN /) 1 SCOUR EFFLUENT 10 ABS.COL.

(CATHLYTE
L ARE
AS.C0L
ALTIE
CATHLYIE

)
;
:
AQLTIE



AS TABLE 12

: BICROFILTRATION

EXPERIMENT 3

FEED: 750 CARBOMAIED EFFLUENT FROM EXPERINENT 3 CARBONATIuw

for. co2
25 0

Hy

%]

Ne

POINT REJECTION (1)
€00}

0¢

¢

1

(4

COND

- o~ -
. (=]
- .
= - @™

=
o~ o @
~ D o4
- D —
< o~ —

1.3

10.7
i5.4

3
3
7
71

flg
(ag/1)} (mg/1)} (g9/1)
26 1
n
46

145 )

SANPLE  ARALYSIS
1.1

Na
{9/1}

17.0 %

11.0

6.5 1
L
6.3

(g/1} icod
6.5

'
= tov oy @ o~
~ ey -
>
-~ 1

'
— -~ - -
-~ o @™
o>

SANPLE

13.C0 ADDED FURTHER 450 CARSOMATED .

)
;
1i.00 AGBED 6SL CARBONATED t}-

COMHENTS: NOTE: EVAPORATIVE LOSS AROUT 10%..



AS TABLE 13

EXPERINENT 3: NANOFILTRATION

FEED: SSL FROM EXPERINENT 3 CROSS-FLOW MICROFILTRATION

Lt
60 1
S

;
“ ;
o 1 Lel "
2 ;
| i
R .
o ) H
s .
g | = =
c i
=
e »
= ! B it e ke
;
;
_
1
_
i

POINT REJECTION (I)
661 761 8% 961 S8 891
0 1 3 6 6 [

COND
394
6

— — o oo
o . !
~ —
23 id S 5
= =2
S~ lw— o~
D — 0 »
M o~
-w ns M N
_ =
=g
- -_—— - ——
= ~ = il
—_w v @
w o™ N
=
. e —_—
"~ e ~
2 v v o~
= =

v o~ — 0

L1
(sa/1)} {ag/1)i (/1) 3 (9/1) 1

M -

M
3

Lzl

=z

e

=2 ~ &

- w

=

-

w —_ 1o m o

— o — = ) oy

O . LB - e—y

= & 1= ]

o
— o~ ~
oS i ]
D el —J L-ali N
O oo -
—_ e o
O v~ =~
S =
— iy - - o
O .. - O —
2=

}
9.6 1
3.3
4.6
4.9

)
331
20!

6

7

B et T
Tou — o~
x= I TV
=% "99 o™ o~
}

e & Mo o™ M e ™ [
= o~ -~ M B B -~ <
— Cd T e N e ) = )
o ~ -
- - - - - -
o o o ~
— -~ ~ =

PERN
RECOYERY

U)5m

= - x £ = =
&8 2 § Z E &BE
- w
. —— —— - L, O an ™ Qe a. [V E '
. Y P,
—_ o vy o v v v
1
w B N L I 1
1 - -
F=] " e 2] L) - ~
— -~ 1} ~
)
1

CONPANY:

CORMENTS:



E
8% | i =

8!

2

1
2

]
'
'
'
'
|
'
'
'
)
'
)
'
'
]
)
'
'
i
'
]
¥
'
i

12,4
9

7

7
n

?

7

0
n

8

]
'
1
1
'
'
'
t
'
'
.
'
)
i
.
'
'
)
]
'
'
.
'
)
]
0

15,0

1

1

0

2

3

[}

2

9

0

2
12,7

%) , oo n oo - S ™ 2 o -
@« m = -~ o o~ oo i O @ (= v
w mw = =
@ N ~ o v - o ]
M mm ~N e ey - oy - M - S Mo
© o~ o ~ o Y o oo
= o~ S o
= S o~ 3 o g S oy
=
- o v ” %) - ~
— %3 v =] o~ =) -

9
0.9
2,0,

1

2

3

L]
2,31

—_— - ~ - ~ — - o
2=

ca)
24
N
21,6
9
29
20
2
X
21

(S o~ o - ) - ES
- o - oc ] ~ o vy

o o - o

SR RS

0.7
15,1
5

= |82
m =

1Us
15
51
L3

(AP

471

L3

VOLTAGE(Y)

RAKE

0,19

0,191
15

0,124
01
01
2
0
10

CElL
6.4

m — oM oy — NN NN W O e ey —
M Wo &g el TP N O A - T e
RSN L R .4 ===

: ELECTROUYSIS OF EFFLUENY SAHPLE A

1]

L}

1

;

9:

i

431

ANOLYTE ;25 L NF PERM FRUM EXP_ 3
ABSORBTION COL : 25 L SCOUR EFFLUENT

= DT [ gpijEeseie mmEiEas eEEaR
= B 8z
ﬂ m ||||||m|»|||||||||| nllls ||||“/“|||||||||||||_/| e em e e

5 g Bz £33 P E g
3 3o J3Bs 335 385§




AS TABLE IS

EXPERIMENT W) 1S: ELECTROLYSIS (F EFFLUENT SAWPLE B

21 FROH EXP 3 W

AMOLYTE :

2 13U FROMEXP 3 0ELL A

CATHOLYTE

ABSORBTICN COL : 25 L FROW EXP CELL A + 25 L RAW SCOUR

MALYSIS

SAPLE
03

VOLTAGE(Y)

(@)

(oS/cn) | (g/1}

CeLL

1.8 14,3

0,01

041

SESBER

2410
0

i
'
'
I
'
'

0,0

.51
I

888

< R

o~ o~

0
5,51
5.6

0,0}
0,8

0,1}
1.6

0.7 1

271

0,3
4,3

Jda

5.8

8.7
351

~ o

28

23,6

2

~M NV -~ o —
VNV v -
DA E-Afpat i & S A A1

E3IE8ERAR

28 =

i ) -

4,15

Il
'
1
i
'
)

CATX YTE
1ABS.COL.



HAISIES

CLE

D IMITIALY 50 U FRAEXP 3 CELL 6 4 10 L SCOUR, TUIAL = 160 L.

: CARRMRATTON

50 L AT 406/L MA2DOT & SOG/L 1aHCWS

2L FRHEP S CELL B

EXPERIMENT M0 4
CATHILITE -
ABSEBTION 0L

ANLYIL -

AS TALE o

13,31
i
My

4,000
U]
i 1]

1.0
o
m

9.5
0
J
3
4
1,30
31
2
t

5,
80,
19
¥,
04
5
0,

At
<
)
.

P Ty Dy ~ r. s LI SN - 0 8 R
Y. dnaan L e
- Rl r3 N6 o LY Rt
= =
=T
I Y = co 2 o o =)
= 133 S3C i == gg3
P ] - = = = ol @ og
=3
<
!

1R

L - M e e ee mm e e ae e e m m e A am am
' e -3 L ) [T gwa

H PR SV ey N uS ef e - s RS
IR A
32

! t

'
’
)
'
i
'
'

'
i
'
|
'
'
'
)

0,01
0
o
U,
il
(K1Y
0,7 ¢
a0
o

W
oIy
8,

0
0
0
20
24,60
2,9
25,00 }
00
2,40

157
2
s,

i

R e e e e e A em e e e i m e e e mm mm am m mm e am e e
T e ~ e 0 o~ -~ = =
"c..ln s (=] < — (2] - - - -
25 -

! =

§ ot ad eo e e e e e e L am e tm e mm e mm il mm ek me el mm mm i am ad am ea mm em me e me m A e e e am
! \

: — = -1 < - 4 2 r << ka4 2

H T o ci E) - () o ) =~ - -
[ 2 - -
25

H H

§mm mm A e m e e e ma e mm e e e e m e mm em e e mm Mmoo e e me am me e mm A am am mm am mm em .
i = LTSRS S e

i = - o s g w == [Ny S 13
2= o1 -
HAGC

1

'

i

)

(aS/ca)

'
)
'
i
P
'
'
)
)
'
v
'
)
'
'
'
'
)
)
)
'
)
'
[

4,0

o6
16,2
H
10,1
9y
1,7
9.0
1.9
9,01
12,0
]
00

9
7
9,

:
VILUE |
(
G
12,0
0,0 !
9
13
80,0 4
47,5
14,5
&

2044
10 @

n
v

A0
61,00 ;

57,00

= 1= (=3 =

UTIAL 80 L 10 CAVSS-FLGH MICRS-FILTRALIK.

VolTas501V)

oy W o 1 o
M el =S S - o o =

i
TRANSFERRED |
]

“ivgeal

) 8 2
8 ax 88 @A

! FARACAY
PASED
i)
T
3
8
15,3
17

'
)
:
1
+
'
'
'
'
'
'
'
i
i
)
)
1
)
)
'

'
i
'
'
1
'
)
v
'
]

FEREEE53888¢=

TQURRENI
HESITY
U (hraun (tAfsq.al
80
0
ol
1000
1506 ¢
2000
2000
2200
240
00
4L ]
00
160}

43

28 88
=2

0
t}
(RIS

2 o o

1
5 T) ABS. TaMK.}

‘
'
'
]
)
'
)
i
'
i
v
)
'
)
'
'
'
i

i
R R4}

CATIELYTE
LYTE )
¥

A4LYTE
S

CATRLYTE
[2)
g

ABS.COL.
ARLYTE
CAfLYIE

WANGED 40 ¢
<
S
JANLYTE

'
)
1
'
)
1
.
'
'
'
'
I
¢
'
'
'
'
'
)
'
'
'
'
i
'
'
'
i
)
'
‘
I
)
i
’
'
»
[l
i
'
'
'
’
.
'

¥
ADUED FURTIER o0 L FECD 10 ABSORPTICN COLLEN.

TRAKSFERRED REMATHING 40 L TO OOF,



for. co2

POINT REJECTION (1)

]
—_— 1w
[ Z I .
—_— o I~
—_
'

HCO3-~ (10T, C02

'
1
) cm e me e e mn e e cm ammm e -
' 1
H Y]
i - =
' S e
1 o o ]
i =
' )
H M= me tmmmmm e mm o = am e - e
' ="
[} [} — N--3
H R
' o F -
= = ]
=
.
v e mm ma e am e mm m e e me e =
=4 =
“ = =
2 = 1
- o o ) -
- LX) 1 —
= =
- l
)
w —_ i
— o — 1 .
Qe x ~— 10~
= o '
At b —
' )
]
1 — 1
L= ]
1 o 1l
=
' '
J== mm = em e mm e mm e me mm e —m
1 '
o~
T =l
10 . o
1S o 1
' L o= 1
1 ' ’
H I== a- == mc mm mm e e mm cmmm am mm
' ' )
V [
1 o= 1.
] 10D~ 1wy
' 1= o» v
' [N
v ' .
) Ve e e e e e am e e am e ma
' v )
1 I =
' [ A
1 10D~ 1o
1 [ - 1
h v
' ' '
1 b= oo mm e e ee e -
' ) '
T o~ ey
' - iee
= o 1
1~ '
19 1]
1o & 1
o=~
' '
R -
1 '
[ [
I [
ra =
' ‘
' '
— a
- = 0 o~ -
~ =
> o~ S
= - <~
e S ' w
= -
=

PERYK.
8.3

RECOVERY
{x)
21.05 ADDED [00L FRON EXPERINEKT 4 CARBONATION AND KAN AT 200 fPa
21
43

FEED: 60L FROM EXPEREMENT 4 CARBOMAYION, TOTAL FEED VOLUME = 160L.

z i
H
H
=2 H E
= : ! [
1 o o (=) s 1
— v = = -
= H 1
= H
m 1 —— e @ a ll-ll . - = -
i . ——— -
(= (¥) 1
= ! ] ;
3
- 1 E e W
i 1 = i1 = ==Zaz
] ] T w ) W W oLa
- ! [ o o & Ay
= ! eem S s = x
~
= M “ — 1Q -y I v
—_ H 3 o "z } vy
w e ' w S S 3 v
o & H = I - IR
3 < 1 —_ = 1 ™~
- 3 | =~

'
:
’
1
'
t
;
»
oL,

91

100 4

0

SANPLE VERY THICK, AMALYSIS DIFFI

39.4
2.6 3

14.2
12

1591
12.1 1

171
[N ]

6.3 1

0 4l 36 0.5
S T T |

2.5
e ————— _________l________'-______:______‘__
EVAPORATIVE 0SS ABOUT QL.

COMMENTS: NOTE:



e

AS TABLE 18

NAKOFILTSATION

EXPERINENT 4:

FEED: 60U FROM EXPERIMENT 4 CROSS-FLOM RICROOF ILTRATION, TOTAL FEED YOLUME = 100L.

POTHI REJECTION (1)

SANPLE  ARALYSES

10T, C02: IS

PoCa

01 M i Ca i g iloT.cozi 1S

coo |

'8

1§

C03- (T0T. €02

(9/1)

2.

'
—_— ten M
—_ .
_~ I -
o 1=

E =

'
'
I -

L = ]

1690 —

1O o

] —

' '

|== == = o= = mm —m m-

] —_

— e =
- .
o i~ -
x &
Pl
'
—_
— 1o~ N
= 3

[ B~ I -

1o & 0

1 —_—

' )

Im= m= o= == am omm mm oo

1 1

i — 1

1o — ) .

I~ 1 o
o

(

—

00
/1

e
1

10.9 4

RECOVERY

s
9.1

o o

—

'

—_— e

—_
83

o

—

'

| == e == mmam oo ma
v '
i — o -
' - .
[ Y ]
1= o
v —
v '
i=m m= == cm e m- = aa
’ 1
1 — 1o o
' — .
1O~ I NN
= o
’ ~
1 ’
Imm me mm e et e e oo
' ]
] — 1w
1 - ey
e o 1
TR o~
18
1S @ 1
1 -
' '
Imm cm e oo e e mm aa
1
H
]
i
'
i

_
m “ o~ x
§ i ==

P 2=
N g
=i 728
T

' o

_

i
= i
= |

"

_

60
0

(i

0.00 (FEED

h-ain}

=
&
[x]
=
-
-
v
%3
=
o
S
2
x
-
—
=
-
o
[}
=
-
it
O
><
w
E=
o
ad
b
oc
= e e e e e e mm e me me = am e
w -
vy g
- o
—
Y o me e mm e e e e me am e me e v mm mm oam e A = e ;= e e
>
= -
- A
ad 2
ad
-
= - - _— - e e e am em et e ad mm e am o mm ma mm
= .=
g z
d n
rrA|||!..|-|c..|..|||||||||||..||A|-|.nnn-lnlununlnnnH.n
* x o~
=
R -
= a
=] .
< o e
e e e e e et e e e e B e e dm mm e e e mm e L
. = ~
- = S =
vy - —
a o ="
o — —
> —
= = I
“ a =3
M...-|||||||||-|-|||r|-..||||m||||||||||||||||||.ia|-I||
d
w = -~
& O
~ =
= wy M’
B e e e e e e e e e e e B e e e e e e e
o] =
— -~ - — o _ ~ o~ - N -
— 3 R <2 . v "
= - S ER-- N1 -3 2
£ <8°g833s3lg 3 Tglslglglss
e - - - - v o - - - - -
M mm e mm e e mm me mm —mmm S m e me e e e e e e e am
[SHR. 2 .
~ L - ) -
= = 8 2 3 x & &® 3 R 2 =
-
< —
w
¥ =
'IIll - -
- " = i e T T SIS
— S o om S R
- ol ” ) -
- o~ lad ~ - - vh ‘o ~ -1 R
=} =
-
= =
O m S T T e e e e e e e e T e e e e e e e e e
= =
- &
- = = = = * = = = a3 x -1
- Q - ad ad
[ AP . S~ - a o a a w &
= = T T
=) =3 o
< v
e 2 8 8 83 2 % 2 2 g g 1 2
= - o ) o o~ P : . : .
- — & o~
—
= =<

THE FINAL FEED WAS VERY THICI AMD PROSABLY CAUSED PHYSICAL BLOCKAGE OF THE MEMSRAME PORES.

CONNENTS:

EVAPORATIVE LOSS ABOUT 4L.



SAE  ARALYSIS

]
]
'
1
Il
)
'
)
]
b
'
‘

YOLTABE(V)

FARADAY
PASSED
(F)

: ELECTROLYSIS OF EFFLUENT SAMPLE A

30 L FROM EXP 4 N
IS L AT 100G/L NAGH

(Wsq.0}

i
A CURRENT
1DERSITY

1

ABSORBTION COL : 30 L SCOUR EFFLLENT

EXPERIMENT W0 4
ANOLYTE -
CATHOLYTE -
1 (h-ain}

AS TABLE 19

7.2
1
2
0
3
3
2
3

10,4
5
2
5
2
12,3

0,01
1
0,0

10,6
1,5

.51
350
2,80
3.0
2.5
0
123
321

2,91

0,0
48,5

0,0
8.5

2
531
2
L4
0,91
32

5

2
021
1,218
251
0,01
381

7
5,51
140
691
0,9

o 2

3 N

1.6

2,
o,
Sl.e
13,91
2,91

b
13,4
1.6
9.2
6
9
3
324
9

Q Q0

2 .
2R [KZRE2

Vi o~
IS8

2.0

0,05 ;
04
01
00

o o

7,0

VMo E NN N w» M VIO —_~
R e - G —-

i
b
)
'
'
1
b
'
i
1
)

~ - E-) o~ - v o =

~ v ~a ~ ~ ~ ~ o~

0
4.0

582888 88 SSR888 R8s

“mh_...-..u--u-u--.m.....--mm..-(.,.-----.--;--.”----.---mh.-l.
£28  EsdEid 4 eg elg
355 3%57%5 5 33 iif




TOT. 002 3 MNat

HO3-

SALE  ANLYSES

()

1C
(sSfca) & {g/1)

VOLTAGE(Y)

230 L FROM EXP 4 CELL A # 30 L RAW SOOUR EFFLUENT

: RUECTRULYSIS (F EFFLUENT SARALE 8

:J2 L FROMEXP 4 CELL A

ALYTE : DL FROMEXP A NF

EXPERTMENT N0 4
CATRLYTE

ABSORBTION CuL

AS TBLE 20

- —_

s NN v O €9 ;°I5-|N ‘-lnvtl‘\
s~ Y @5 e~ F ~ o ed
~Nge - e = R
o v oo - - S - = S =
o S o - S - —~ S =
~ o ou @ v o S Q. S ™ ey
-~ — 0 M - @ N

am™mao S o e o e oMo
o 3o S g o sSx o S es
o - =) -] ~ &~ =)
- v —_ - o v -
v o o ~ — o~ vy =)
- - — ~ o - ~ -

6,3
2.2
8.3
8
g4

1,8
z
9

3.4

72

oo o o~ o m o~ o ™~

R {22 s INY

& 2 e =

A6
03
06
0,01
®
®

o =)

R R R B < R R 22 " ey -
SR GNT E G M =g o< ol
=) - vy o — o — -r

ER3EERR8888 R&E8R g28




SKHALE  AALTSIS

o

YOLTAGE(V)

EXPERIMENT KO 21 : ELECTROLYSIS OF EFFLUENT SAWLE C

ANOLYTE : SO L FROM EXP 4 NF
CATHOLYTE : 12 L FROH EXP 4 CELIB
ABSORBTTON COU = 30 L RAM SCOWR EFFLUENT

AS TABLE 21

&~ o~ - - v
~N o= el vy ~ S oy~
> D] 5

- oo o~y "mo o
& - o~ ~N o~ - S vy

~ v oo Qo o CRCNCY
M - LR o~ -
o @ r~ o — oo e
>~ ) ~ S
S [ A=)

o~ o~ - o« o
—_ o - o o

~ v v ” =1
-~ o - o -

&8 ® 8 =z s 3

(=) o o o (-] =)

R QR R NNT Sy <

< vy ~ — ~o v

(=1 o — o~ - v ~

SEEEERR88 ERE888 g

8 IS ¥ JR y.n N .6.-.--.-

=
Ho S = e




S,

AS TABLE 2

EXPERIMENT MO S : CARBOWAT 10N

IS L AT 1006/1 MAGH

ANOLYTE = 50 L AT 406/L RAZCO3 AND SOG/L HAHDOS
ABSORBTION OO : IMITIALLY 60 L SCOUR EFFLUENT, TOTAL = 120 L.

CATHOLYTE

SAPLE  AMLYSIS
HO03-
(o)

ic

(ol 1}
(uS/ca) ¢ (g/1)

YOLTAGE(Y)
HOBRME,  CH

a1l

FARADA
ASSED
(F)

CURRENT
i3, 30
(A/s9.0)

TIHE
{h-ain)

5

o~

o

~o

P~

fe8

»

32

-

o

o~ — © o -
© PR =]
> 2 < =

9.1

bl
»
9.3

8.0
8,61

NN i oo
~ oo v
-~ — - =

X% 3

® w2 o o~ o
- — oy ~ —
=== ==

ADCED 60 L SOUUR EFFLUENT 0 ABSORPTTON COLLMH. ADDED A FURTIER 60 L OF EFFLUENT T0 THE ABSORPTION COLLMM.

~ " - ~

~ 9 o~ @
=1

- TN

23 R3

i5 se5d

2% 433

85
AL
S



POINT REJECTION (1)
K

- MICROFILTRATION

FEED: 60L FROW EXPERIMENT S CARSOMATION, TOTAL FEED = 120L.

EXPERINENT §

AS TABLE 23

) | '
1 1 - :
1 [ :
V- 1 :
1 v 1
H ! e nm mm mn ee mm ==
o~ | )
1= [} !
3 = :

. I v
— H i
=] ' '
= . e me e im = == mm am .-

' 1
— o o '
—

"V~ 10N o '

—_— O 1o — '
—~ I

i '

C03: | HCo3- iTol. coz}

™

G
(g/1} & (g/1) 1 {g/1) ¥ (o/1) & (mg/1)} (ag/1)i (af1) § (/1) ¢

SANPLE  ARALYSIS
Na

cop

Ic
(a/1)
3

COND }
{as/ca) |

FLUX
(1/a2/h)
1
200

PERN.
RECOVERY
(2)

1
i
]
i
1
’
i
]
i

112.00 PERM

CONMENTS: MOTE: EVAPORATIVE LOSS ABOUT SL.



LSO STE

AS TABLE 24

: NANOF ILTRATION

EXPERINENT §

FEED: 105L FAOM EXPERIMENT S CROSS-FLOW NICROF ILTRATION

T01. €02

M
LY
i
i
i
7B 38
H

POTHT REJECTION (I)

0
8
1

Poso s
b
P
P
P
b
P
1 1
1 1
P
b
b
P
P
P
P
b
P
P

]
0

ic
5

1S
{g/1)
1.7
8
s

{g/1)
Y
5.2
1.6

6

HCO3- JTOT. C02

'
= lown ~ -
Z
! e e e me e e e me e m o

o -
~N -

¢03:
I
1.8

2.\..
—_
~

L]
7
3

(/1) & (ag/1)i (ag/1)} (g/1)

[ N
~
o

&=

Ca

SAHPLE  AMALYSIS

1
I~ o - - i
L] ' . ~ < 1
= [ o !
: H
' '
B R R L R - - - ]
— il — >~ o~ '
e = '
S o= !
o '
= 1 ;

'

.8

3.9
0.6

0

~ = -
-

o« v o
- oo

on & INE=]
=

NN

w o~ ~ co
o o o~ on

pH

)_ \
-~ ’ 2Alv561 — Py scz (=] -3 ’
=0 mw e N =) >,
5 J ! $858-3-8=8 9lg%g 2g !
) - 1 —_ ~ - - v w - P2y ~
[V S— ' 1
— " - - - - - - - - - ]
= _
. T T
= 1) L—J o kol o P "~ P
ot 1 — m ™~ w - vy ~ L “
= W ] 1
=5 _ i :
wi D e ] 1
S35 | _
() 1 1
g ;
.- R
Ty © =3 (=3 =4
o s 2 8 8 2 8 3 8 wg |
s = '8 :
g = | :
; :
_ _
Rt T T PUS.
wh 1 1
— 1] [
" m “DH = == = b - -~ = x =} )
X @S £ S £ & § E E gz
ad w ad ad
I N [ reiit-~¢ a. a ao a a. a. a freglt 4 i
| : LEE
— [N -] o (=] o™~ (=] =
= :8 ] 3 ® :
1 == - o o~ - ~o -] o o — ”— “
E s = = !
! —_ £ ! N ]
_ ! !

EVAPORATIYE LOSS AGOUT 201 .

CONMENTS: NOTE:



o ~ 1
o = f— _ _
=3 _
—— Les] o~
EX
— |»n ~
-= 4
b4 -
3%
Fe e m m em em e e e mm em At am am e g am mo m == em = s
- = e o = Sgwv
2= i -
8BS |6~ - - - -
]
-
= e e e e e e e e e
s} o9 ces ~ee
C InS |KNe = ~s 3 it
3 g3
= 4 O — S o v 2w~
=
W ]
‘l o~ ,\JI Lde] Alﬂ |IH
= [y ) o 2} o -
2%
"9 -— o ~ — >
= = < S =3 = -—
23
2 |
t
— [ ~» — - [~ v
23
- - ~ o~ ~ SN oy
mm =25 A —“8=
< - = = be - -
% o = s ] < s M el

YU

(1
0.0
15

2

15

2
8.1
15

—— . %)

YOLTAGE(Y)

R R R e VR WD VI — D 0
- O w v ow NA N T T S AN~

o ~ “ o - v o
- - - -

| FARADAY
PASSED
(¥
0
0
2
3

: JDLFRMEPS W

NILYTE
CATHILYIE :

3 g=3 ["3888S8 33ssEBEsss
= 882

EXPERIMENT NO § : ELECTRILYSIS (F EFFLUENT SAWPLE A

ABSORBTION COL : 30 L SOOUR EFFLUENT

AS TABLE 25
SAPLE
1ANOLYTE

CATHILYTE
ABS.O0L



SUFLE  AMALYSIS

8
YOLTAGE(V)

(L | HMRAE

I OVERALL

0

i

| FARADAY
1 PAS
PR
]

)

I3 L FRON EXP S CRLL A&

A CURREHT
DENSITY
{h-sin) }(A/sq.8)

ABSORBFION €OL : 30 L FROM DXP 5 CELL A + 30 L SDOUR EFFLLENI
T

EXPERLMENT N0 S : ELECTRULYSIS F EFFLUENT

MOLYTE : 3D L FROM EXP S W

CATHOLYTE

AS TABLE 26

e ~ oo o

- o S xw o ywv

» D o ) ~ oM
wr S ey —_ O o~

o o~
o~

5.0
2
0.0
3
0
3
1,01

oD e o~ o - e %
) S - oo

0,4
0.0

7
41
0.3

W3
03!

@ ~ " o o o
=3 < < o~ o o~
~ @ - “ = oy
- - a “ = v

13,3
2.8
2.4
2.9
9
2
7
9y

- ~ o~ o — - @ ~ o
o~ o~ = ) - on ~ o~ o~

0

16
2
37
0
17
3

-
o«
MmN =@ —~Mm O v~ ®
-~ W oy - R e I W R R )
N S Zaw
= L R S ¥ - v ~ )
(=Y - o~ - - ~ - =)

S23EERE8888 EBg8g8Ss

i 4 3 23 # &5
5.8 3 333 5 if



SAHPLE ALYSIS

VOLTAGE(Y)

EXPERIMENT WD S : ELECIROLYSIS OF EFFLUENT SAMPLE C
121 FRod Exp 5 CELL 8

RNLYTE : 201 FROM EXP 5 NF
KESORSTION COL : 20 L SCOUR EFFLUENT

CATHOLYTE :

AS TALE 27

@™ — o ~ — [ )

-y - = S g

5,04

0,01

0,0
9
0
5
0
3

2.3

2,61

2,21
5
3

Qe M == =]

0

hi]

2

0

0
30
0,0
]

]

5

2
291

0,21

L3
0
2

501

-~ - — o~ @
) o -3 -~
=g S I =
@ e - =y ~a o — ~
= = b = ol = o~ =

i}
12
2
19
12
19,24
2,7
0

21
3
3
$

9410

4

L]

2

4

5

3

3
12,3
15,1

1
15,1
15,3

0

1

7
2,21
2,5
2,8

S8 ZEEEREE ER-R-3 8-




SHWE | MLTSIS

c-#

S 1e0 L.
1 MEMBRANE

VOLTAGE (V)

pal}

VERALL

(f)

: CARBOMATICH
50 L AT 406/L KAXCDS AND 506/L NAHLOZ
IS KA

th-sin) i{Afsq.0) |

ABSURBTION COL : 60 L SCOUR EFFLLENT INITIALLY, TOTAL

EXPERIMENT 10 5
CATHULYIE :

ANOLYTE :

AS TABLE 23

z - £ RE~ ~g- o g e

- o~ o~ o - o m o~ - - — o~
gy ;v - 7 M~ ~ - o - M
& =] = ] =

oo ~N O - _ - "o - v S~y
== 5 o5 o 5 5 =) =)
Heo ves gosg = =
o o M v e~ v - v N o - o
- o~ 8~ v v o - o — ” o —

o r~ o o - o =) oo Qo
- — =) = =) ~ —
< < o o S o3z e

=] o - - )
- o~ - —_ —_

~ ) Y ~ — - o~ ) " -
v = o~ o =] o~ o~ —_ ) ey
) -a Y ~ ~
- ) ~ - o~

B o 2 v = ~ = @
&3 R =2 % = < L e
[~ = = s = 9 -~
“9 - =4 [ =) = © @ £ 9
229 N e e 2 e ~= 9
=g vEg g5 = I& -
2 &

IR ]88 2 =]

(==Y oo - =)

i
i 10,8
11,1

= ~ o ~ @
o S o~ — ~ o
= ~ < =

S9ERE8F BE

20
20
2000

6.2

ADDED 50 L SCOUR EFFLUENT T0 ABSORPTICH COLUMM
ADDED 40 L SOOUR EFFLUENT TO ASORPTION COLLHN

H
i
)
1
:
i
1
)

™ w i T B
EVI Evl E B — H
=28 S38 Egzs R =g
mmm:::mmm::mm-::mmm:::mmm;



L)

AS TADLE 29a

EXPERIMENT §: MICROFILTRATION

160L FROM EXPERIHENT & CARBONATION

FEED:

POINT REJECTION (I}

“cond !

] ]
) —_
] = =
v~ o
—_— o
~—
'
— -
v

HCO3- iTOT. €02

Hg Co3- 310
(o/1) 4 (ag/1): (ma/1)3 (9/1) ¢ {g/1)

co3

Ca

SANPLE AMALYSIS

[ il
ey~ ]
~ [ )
= [R% IV !
]
) i
' '
) i
L v )
a ek H
=3 g '
o y— )
i 1
' '

0c
(o/1) 1 tg/b) 1 Lo/}

o
H =~
:

== n——— - - --
—_ o '
= < H
Q. ) o~ ]
— o '
—_ }
r 1
i R R -
T = i e '
i - e~ = 1
2 o '
13 l .
= ] 1
o - “ 1
' ' |
i M e e e e e e ce e e o ae aa
1 lw o H
1 '
1 = I H
1 a tes ~ i
i i

b
(/a2

RECOVERY
(1)

1
1
1
i
'
H
H
'
H
| g e ~—~ o
Voo o~ =<
] =] — V — ~
] D= — ' -
1 1
. i g
Imm e e e e 8
1 (¥¥) 1 -
[ 1
i g T £x =

v

ad Wl

| o~ dry =
i ! - S
1 — 1}
! . = 18 LS B8
T2 = o worm@m o~
v B -4 b N ~ -
| £
3 H

COMPANY:

COMNENTS:



AS TADLE 29%

EXPERINENT 6: MAMOFILTRATION

FEED: 40U FROM EXPERINENT ¢ CROSS-FLOW KICROF ILTRATION

Tor. co2

POINT REJECTION (1)

'
'
I
l—
1
'
'
'

-

(of1) 1 {o/1) 1 {o/1) 1§ (a/1)

~_ i o
H a5 1
=)
= .
S a0
S a |
=
H
+

RECOVERY
(1)

0

25

50

s

moa o
- — )~ —
S = ~
= — r

1

i

SAMPLE

0.00 iFEED

3
—
(=]
2
P~ e —
~o— 3
O . wy
22
I L- Y
2= :
=B
10 on
G
H
dom e e e e e me e m e e
e
1 — ~0
.qw
:
= -
S T
2 g
a4 = iK™
=
— ~ o
- @ =
z =
w -~ lon -
- ) = .
. E o~ o~
= on
- —
«

]
I
]
)
]
)
i
1
]
]
]
i
]
I
‘
|
1
i
)
1
1
i
v
1
'
)
1
I
'
'
]
i

- —
-

o -
- -

o —
o~

COMPANT:

! o on
'

] L g UG U
— o ]

s 1 o - o~
> ~ a [l -] & 1
=1 D IZOoowS o o ~ - '
) - - v —_ '
o I i< -
= - - - - - v
. e s o am am me m am oo !

v
~

E

s

w3y
-

iPERN

_ -- ———
— 1] el ' =
w £ /8 8 8 POE

. 1}
= —' " o~ - 1 )
fom = | o |

= .

1

A e m- ——- ll-ll S e em - - mm - - ! -—



EXPERIMENT WO 7 : CARBOWAT N

A 8L X0

e~ —a

50 L AT 406/L NAXCOS AHD SOG/L NAHDO3

1L HaH

RHOLYTE -

6 i

VOLTAGE(Y)

§ FARADAY

CURKFNT

b3

ABSORETIVH Q0L : o0 L SCOUR EFFLUENT INITIALLY, T6TAL = 120 1.

CATHULYTE :

hgt+

]
v

Card
imfly !

2%
2]
D=
— g
2

53
3

VoCi

i~
1

[T (R | A 4
{aS/ca) + to/D 0 Lofkr T wl)

o

'
'
'
’

e
DCEL ) MmReE L ) AY )

OVERALL

b

{F)

16.8 3

15,0 ¢

5.9

CATHRLYIE

1o !

[Usi}

~ s
Jyd oy

- P
:

13,4

o0,0;

¢1 ™ o ~
= o -a
o~ =

) N

9.0
|
'
U I
A

2.

13,4
g4

4l

2,0,

R e
o =

0,28
0,30 ¢

203

10,2 ;

13,0
¢0,0 |

ADDED FURTHER €0 L SCOUR ETFLUENT Ty ABSURPTICN CuLimsi

13,7
09,5

13,6
A
11,5

’
i

14,8
0,0,
12,3

5,0 4
3o

[

0w

B3

15,0

-

5

0.0}

8,0

a7

8

.0
9.1

01

15

S -
o &
=
™ o.
-

Shi !
0,0

401

30,51
240 831

8.1




AS TABLE 31

EXPERINENT 7: NICROFILTRATION

FEED: 60L FROM EXPERIMENT 7 CARBONATION, TOTAL FEED = 120L.

| ) '
i HE—— o H
1o ' . ] H
2 Ve ~ H
1 H ~ '
i | H
Jom cm mn em e am me e mm e
1 HI - H
i H
138 i 4 H
H ) 1 - 1
H R i
i e H 1
i = i H
i = ' |
H 1 e e e et e am am
1 1 s '
i Tow ~ H
| ' H ] f
i 1L V@ v :
' T 4 H
! !
' 1
— i - - 1
— ~ i . 4 '
= S [ - '
I i
= | H
-
= ' \
= T - P |
S ~ 1 4 i
- = V- v H
= H = H
o ' |
s )
— i HE— - '
= 1D 1 N 4 H
= 13 o - H
= A H
= | 4
) .
o~ P H
Y H 3 4 }
3 FEY v H
1 H = H
' 3 )
S
v ' '
1 L~ =) )
T 1 . = 1
= - i
1 HI- i
H H H
S U
1 1 s \
i 1 H— - |
I 1 ' L . i
' = e — |
1 | v = 1
' i | |
i P,
} 1 s \
y ) Ve = '
H V= H 1
= H 3
1o 1 H
i | d
i s )
Vo~ e o '
1= 3 ] )
WS @ O o i
' - 22 3 i
= i
f | |
~ ) i
S~ v = i
S= | ' > t
= o= M~
LS a o 1
- '
= ' 1
= | '
.
b~ i~ o~
m= R .
83 2= ==
S 1m= ==
=
d
'
U~ i D wew
m= .
SR mm <
ST
=
|
="
= N -
= % =
19T 1w
IE @
==
1 H
Nl m e mm e em e am o
] Pl
@« = im® v
2 s ]
2 iag ! @~
' 2=
= 21
= !
w TN
—_ o~
= o= ]
& x5 1) v wom
ac S
= = 0
D] '
s
—~ Jovm e
25 123 .
ol -
83 | N
4
f '
I =~ im® oo
W= ! N o
83 |
=2
' i
Vmm o e e et e e e
H ' |
I = l®mwv m e '
= i H '
oD imoe ~ i
2% | !
= !
g i
|
— 1mm  woe
= | 4 Y
' = 1wwv =
' - 1 =
) =
1 H
i e e e e e am el
' s
H R A
i 28 It =
—_
i =S w8 <&
R
- i
= 3
H

]
b
2
4

H 1
; _
E3 1 . 1
" “ a 1> o o ]
; ;
;
= II_II —-_— ll_ll R e ] lI_
: =
; = e T3
P =4
Py T oS3 g
— - 1 o~ o~
z &
= i - -
o ”
-]

PERN
RECOVERY
(1

voL
80
0

—
—

]
]
i SAMPLE

o X -
s ax W of
[PV VY Wt o
IFI’“ L e
. L .
=
z is 8
g § is =
o - 1 b
= |
;

1 ~

CORNENTS: AT TRIS STAGE ADJUSTNENIS T0 THE PUMP TO INCAEASE [1S PUMPING SPEED WERE MADE AND THE EFFLUENT FROM CARBONATION WAS TRANSFERRED DIRECTLY T0 NANOF [LTRATION.

HOTE: EVAPORATIVE LOSS ABOUT 5L.



NANOFILTRATION

FEED; 40U FRON EXPERINENT 7 CARBONATION, TOTAL FEED = 10OL.

EXPERINENT 7 :

AS TABLE 32

7t
85
89
8
58

POINT REJECTION (X)

00

oc

H mE e mm aa RE mm fEm me MM e EEm m-m R ee Ew AM M AE Y- R @ . = e
H - e mm e mm o mm e '
i H H - s =
] » o ~ = b =
' © s - 1
= ; :
! _II - e = ma wm mm e m. wm Am . mm - -

20}
0

193
7

= - = -~ > o @™ o
€ e ’ N Kz — i~ Lal
. o= = = ~ — = -
— ~—
=4 »
= ' . e mm me R mEm mW me mm A- RR e = wmE ®n mEm S s S AW e mem mm —w mE m-
1 " O - o~ Lo o~ ~ o
" H > : i Tt .5
g3 | == & = g L -
V
. - - - - - mm aa RS m— e MG M A® . e e mw Sw ma m= mE
H B
L " “y P o~ ~ -’nlo- n‘.j JIO-
> |
i
|

v o o~ - "

10

v e - o vy -
" — L —1 ..
v —
o~ - —

SAHPLE  ANALYSIS
97.5 1

'
' ~ - o -
T i v o . .
@ ] ~ - w® v — o
' —_
)
i

1.3
8

— —

v - o o —
"o ~

16.5 1
1

2781
3

' |

' - o~ - o ) o~ 0 » o @™
i - ~ o ' w o " A=
! H =

H 1

! [

v o v oy @
- o~ —— )

(/1) 1 (o714 (/1) 4 (g/1) 1 (9/1) 1 {ngf1): (ag/1)} (/1) | (g/1)
i.
2

H |
" wy - o~ - 1 P — o@D @ -
S - : - 1 LR It -
' “ - — - H o~ @ o o
H hend L} —
' 1
! O
H 1
— ] o — el 1 p——y L<lY -] — )
S ! ~ N land o~ I - ~ = - o
o 1 1
i ]
wv 1 H
- b H
= 1
! |

o~ o -— ES
o ™ o <

~ - ~No -
“NB48358 48
- - < -

U
2/h 1

S~ [] =] ~
— » 024 ~o

)

THIS FEED WAS NOT CROSS-FLOMED.

TINE
{h-ain)

EYAPORATIVE (0SS ASOUT 200 .

MOTE:



83
8% | -

—_ N =2 Raliey - -
- = Vi e - S o
35 |8 g S g

=2 = =

o - o w o P -
o5 = o~ 0 - S - o~

1.2
0,04
2
0,53
0
N

SMPLE  ANALTSES
HOO3-
(/1)

n’mv\-lol rbl-lnl‘ DI_\J"\JI
m“ - - - o o~
= o~ o oo o (=1
e s = &

I o~ (=) - o
= ~ Y o o o~
s
[
o — — ) o ~
- o o —
o (=1 —
v e ” - a
- oz - [ -

< e e~
ER= = 8=

0

2
5,91

9,3

L]
8,91

LM
0

0

0
14,7
8

0

“
] Hag

SII
2
50
9
2
51
0

| S S e e e e e e e mm e e e e - mm —m -

VOLTAGE(Y)

HEMIRANE
0,20}

18

9

0,{0}

10

0,10 }

13

10

(VERALL
4,1
6.7
8,5
2,2
51
3
5,1
1,9
5,9
2,8

15,51
12
3

= ~ M £ - -
e O

BYEEEEE88 8888 5 s

D BLIMAOPTH
15 L AT 2006/L Wt

ANOLYTE
CATHOLYTE :

EAPERIHENT NO 7 : ELECTROLYSIS OF EFFLUENT SNWPLE A

ABSORBTT(H COL : 25 L SCOUR EFFLUENT

ASTABLE I3
SAHPL
ANOLYTE

CATHLYTE



B LIMEP 7

: 1S L FRON EXP 7 UELL A
ABSORBTION COL : 25 L FROM EXP 7 CELL A AND 25 L SCOUR EFFLUENT

EXPERIMENT NO 7 : ELECTROLYSIS OF EFFLUENT SAMPLE 8

CATHOLYTE

MOLYTE :

AS TABLE 34

I = <
B3
TN e T T T e LT
I = - S
3%
Vo

I~ = e R 1L
[ 1S - - s — o~ o
= :

= ! B A el e e e e e e e

ALYSIS
to/l}

w Ty o s —_ 8 v [
==
w 2=

0
0
2
0,0
5
0
0
9
0

-
(g/})
0
&0
0

— ) ) = - -
= — » —_— ~ o o~

o~ ~ ~ - - =S
= « o ) — -
O Aad
==
- S o~ - - ~
~ - o~ - =] -

191
90
o
10

W
1y
17,3
2
3
17,5

<« < - v\-’ - o ©CO = —
z “ o g ~ s =2 v g
M oo o —-o ”» v o
— w3y w
5 = 28 EalPe ] CE)

cH
1
1

VOLTAGE(VY)
HEBRAE
20
0,10}
0.0
0,20

o
H
14,0 |

M R T N RV R VR —~ ) = o
- < v o oF oy b TG
g 2 ] =] N

PASSED
£

0,
3,
5
3
3.8
43
460

]
]
CURRENT | FARADAY

eIy
(Afsq.0)

2gg88888 88888

==

T
{h-ain)

SAHPLE
AROLYTE
CATHOLYTE

DATE:

¢ NOTE: APPROX. 15 L LOST THROUGH LEAKAGE UF AMOLYTE PIPE.



Bz - )

~ o =] ~ a
~

M e B s B My -~ -
= ~ ~ o~ o —_ -
—
=
oD D 6nNAU énwn—
e o o~ S — o~

ARALYSIS
-
(/1)

i e m o e e e e e e e e et e e e e oo e o]
* - 0 M @ O - - N0
> - - - -0 W Q0 -

SAHPLE
003
(/1)

] o —a o - o
Lo == )

ﬂﬂl l.“ ~ — — -—
= —_ ~ -— ~ — -
23

0.2
6
L9
0

1,9

= 2 = - 2 = 9
= 17 = < 3 I3
2%

45
8
10}
S
0]
21

OMD
(85/ca)
2.3
2,2
]

Te lese  TTUTUTUTILSTLSS g 7
z = 2 g =24 Z4d o
mmnwuww m N
= w
B - B
= g
—— I - S
PO b - - S
v O SR S
2 |2 2 2 8% &
— m [—] o oo
o ~ w
- o e e e e e e e e e e ke e a mm mn = am A an o -
w = g g b m
=
E 3 Rcmmcchaamn e T o T
& -3 TeS=Zgn T T ST g9 5
- £ 5
2 | L858 TEL TR TTIETSTL T B
m Wmm Mmm 1= S oS o7 =3 -~ - m
! = o a e
2| g8z [T otggosusoooooeoooe- -
< 22% | gz3("vsBEEgssss  ss %
2 = mmu =
TooeE T TIngrvsvUsTaoTaTooo 2o
L w== = |8 ] = =2 8 2
I R S I
2 CfeEs 3 4 efd sS4 B
w w £ 3 Ez8 Ezg =
g W3 #5843 $3s3 334 E



SO L AT 1126/L NAH

13 NACH
ABSORBTION OOL : 60 L SCOUR EFFLUENT IMITIALLY [+6d L),

EXPERTMENT 0 8 : CARS(MATION

CATHILYTE

ANLYTE :

AS TABLE Jo

= V) 3
v = =
ad

m 5'\»!7 - e O = O
— e —_ 0 ” o
= 18 = £
o
— 2
=)
2
< — =
2 = |8°= &°= 8=
E =
x — - - - B e e R
o O - M~ 51\-8!
I} (=T N V] &N D - D

SAPLE
i
la/1)

0
2
2.9
0
]
0
0,01
0,0,

2,40
9
291

— v —_ < o o ~

= - o ~ = ) -
==

v ) ]

ol v -

—_ o o ) o~ ~ o oy

= =TT 8 R IF=

o — o~ @ o vy
~ o - o

YoLTAGE(Y)
RAE
0
il
18

Ey o -

FARADA
PASSED
(F)

0,
13,

0o
35

1t 3
{h-ain)
b}

2

i

i

i

]
£
i

i

CURRENT
VENSHTY
(4/sq.2)
7}

00

1500
700
20

ADOED FURTHER 60 L SCOUR EFFLUENT TO ABSORPTION COLUH.

20
200

SAHALE
INOLYTE
CATHOLYTE
TABS.COL.
CATHOLYTE
ABS.COL
CATHOLYY

TANLYTE

1A8S.00L.

1
1
:
'
TARLYTE
;
i



AS TMLE T

EXPERIMENT 8: MICROFILTRATION

FEED: 120 L FROW EXPERLMENT B CARSGRATION

——

L

IS

HO3- (10T, Co2i

IS
(sg/1)} (g1} 3 (af1) + ta/l) (el }

SHPLE NLTSIS
G2

24
(1/m2p)

POINT REJECTION (X)
Ka
1
89

- -

8° =2Q9e8

BE__FEQRE

8 Rgs

(=3

» -
o~ o~
N

COREXTS: EVAPORATTVE LOSS 10



| SO,

AS TALLE 38

EXPERIMENT 8: MANOF ILTRATION

FEED: 50 L FROM EXPERIMENT 8 CFIF

POINT REJECTION (1)
-]

IS

003 | HCOS- 1101, Cori

L)

oo

SKPLE ARILYSIS
| (I (A ]
(aS/cal 1 /1) T {a/1) 3 (/1) 3 (/1) 3 (g/1) 3 (myd)i (w/L)S fQ/0) 0 (/D) (/D) 3 (/D) 2

Cone

pH

m:
2 4

(1)

4

=

g

it

&

gL

B e e e e e e e em

8

D —= == == mm mmmm am ==

3

S

S P U U . PO SO U

v o~

B il T S

:
:
)
)
1
1]
1
i
i
H
!
i
i
]
i
9.25 AAI THIS STAGE SOL OF CRUSS-FLOW HIWILHWE RAS m 10

=, 8., 8, 8
<8 =SB % =k mm

< A

2
80

2 =2 = =] ?

JAL. L BE_OE B BB

5 8 =2 T87Ta g’

=] «~ -~ v 3

-
o

L}
'
100 ;

o o
- ER
@ -
- <=
<
~
- -
- < v
=
bt
O mm mm m e em mm e am
-~
-- =
= =
€ = mm mm mm e o m e
ee
- ~
= 2
& = am mm e mm e em e
o v
p >
P
M-
_— g e
o~
- = =
@ =
VB mm e cm emmam aa
—_ -
- ~ -
~ -
- o~ M
"=
- o N
= «

Ml e ce e we A e e

oA

N mm e am e am am aa

- R
<

v R

m,::::mm:

-
<~

COMPENTS; EVAPORATIVE LOSS SL



CJ
z

£3 ~

— N9 s ne
- »
33 °F° "8 8

w . - oo A s
m m” ~ o o - oo .o o
M~ -_——0 o o o M

o o ~o o v o

SNPLE
003-
{9/1)

7
i

= S s -F Sl o - o
5% e =~
- y.) A’Al (=] Lee) )
mw o~ o~ - v ~ )
i ra P —~ P ~
— L] = (=] — o o~
[
2%
- o ~ — @ o
- ~ - 3 « v

/ca)
A,
4,
8.
12,14
39,
2%,

— o - - o o o —_ -
= o [V o~ — o — ~ =)
== = = = =

i, 3
\0
5.0
5.0
PAR
5,$
0
(AN
15,6
Q1

s
2
3
L}
3
5
¥

(VS R e LR TR LTI TR AP NP

VOLTAGE(V)
HEMBRANE

>l
[

]
)
]
)
'
'
)
1
'
i
1
i
)
i
1
)

- el o ~
- P e o~ ;T 5
o =]

i

T OVERALL
1
1
1

FARADAY
PASSED
3
0
1
3
5
5
8,

S5EgEBE8E8%8 §8%

15 L AT 2006/0 RAGH

: BSLUMRMEP I
DENSITY
(Afsq.a}

ANOLYIE
CATHILYTE :
1CURREMT

EXPERIMENT HO 8 : ELECTRLYSIS OF EFFLUENT SAMPLE A

ABSORBIION OOL : 25 L RAM SCOUR CFFLUENT

it 3
{h-uin}

AS TABLE 39
SAHPLE
TAHOLYTE
1CATHLYTE
1ABS.COL.
1ABS.0L,
$.00L
1ABS.00L
1ANILYTE
1CATHOLYTE
ABS.OOL.



| SN,

+ 13 NAGH
MSORBTION COL : 25 L FROW EXP 8 CELL A + 25 L RAW SCOUR EFFLUENT

EXPERIMENT NO 8 : ELECTROLYSIS OF EFFLUENT &

MUYTE ;25 L FROM EXP O WF
CATHOLYTE

AS TABLE 40

SAPLE  AMALYSES

23
3
g
£
]

VOLTAGE(V)

T vERALL

(F)

1 FARADAY
i PASSED

1 DENSITY

th-ain} i(A/sq.0} |

T CURREMT

SNPLE

0,3

2 -
[} (=)
Lz
25

12,8




0,73
2
4
8
1

SKFLE  ANLYSIS
HJ)J'
o/l

0

3
1,2}
0,0

1

0

0

9

2,11
1,0
3
7

7
1,54
0.5,

I
361
151

| VN

tH
1

1

0
]I

VOLTAGE(V)
HEMERANE

.50
18

brd

66
52
AL

T\

17

%
23
5
2
A0
5

L
N

9

6,
0,

Sgg 88 58 5% 8 8 88 B

2 1R R
CURRENT
DENSITY
(A/sq.0)

: BLFRMEP SN

ROLYTE
CATHLYTE

8 =2 ] ?

o~

ABSORBTICH COL : 25 L FROM EXP 8 CELL 8 + 35 L RAW SCOUR EFFLUENT

I 4
8,
4
\ 5
4,
' 1
2,
15,1
114
AR Y 3.1
1.2

0S5 1551

12,6
o S,

EXPERIMENT MO 8 : ELECIROLYSIS OF EFFLUENT SAMPLE

1,3
(h-#in)
0
0
1

13 . W K e
78 & 8§ &z § & i
¥ 5 5. 3349 35 % 25|

AS TABLE 41
SAPLE
ANOLYTE



m = o o~ - o O -
~ — ~ i O

3% |=8" z ~Ngds

m 1 — " ©g e - o
= & - =) - ot — —
E P> =2 = = < o
———

=

2

2 1, - |n=e 2 So-— ~en
M 85 |T°° = &= | =

SWHLE
C03:
lo/
1
1

OYJ‘JI o o~ o L= — 1
3 (o8- S <4< S e

= 2 ) )
232
—_ = " v o
= 2 2 = ~
S

COND
{5/ca)

3,
2,
5,
57
2
“'
3,
5,

| SO

[l
1
1

| MIBRAE!
0
&0
82

TRANSFERPED INITIAL &0 L TO CROSS-FLOW MICROFILFER.

VOLTAGE(Y)

OVERALL;
N
3
3
4
4
2

FARADAY
| PASSED
(F)
0
0
7

: S0 L AT 11261 MADOS
1 Kl

ANOLYTE
CATHOLYTE :
CURRENT
DENSITY
(A/sq.0)
&0
1000
2000
2500
2500
200

TIE
{h-ain)

ABSORBTION COL : 25 L FROM EXP 7 (FLL C ¢ 35 L RAW SCOUR EFFLUENT INITIALLY, TOTAL = 120 L
2303
8

EXPERIHERT NO 9 - CARBOMATION

ADDED FURTHER 60 L SCOUR EFFLUENT 10 MBSDRPTION COLUMM.
200

A5 TABLE 42
SANRL
TANILYTE
CAIHOLYT




Ca ! Hg Lfof.co2!
b :
' i ]

[P S | '
' ' i
t ’ 1
H
1
1
i
'
1
1
i
)
i
i
1
I
1
[
i
]
'
'
i
)
|
'
V
'
i
)
[

]
'
]
i
]
i
1
1
Il
i
’
)
]
[
]
)
1
i
1
}
]
1
]
'
1
1
]
)
'
1
'
]
1
)
]
i
3
'
]
b
]
1

N
0
30

POINT REJECTION (I)

co
8
8

[

Ic

Ic

=
3
L =]
- -~ - )
~ — |
= ) ] !
72 Jpemy o oo o m |
= == o - '
= '
— )
=) '
- '
g et e e mmem em e - )
ES= =™ — !
S [ ) o~ > [
I - " — o~ — 1
_ = '
=) ' '
= ' '
e i
b [ I —~] » o~ 1
Y — ) - - » ()
SN o — o~ @ 1
= S T = = H
' = 1
' ' '
) = e e e e e e mm e mm mm mm e me mm mm e mm mm mm =
H o~ @ i
I e v o~
~o— . 1
S~ imm - H
o o - — L}
~ '
|
e o R B
= o - CR) I
= Y . \
23 - - — ‘
- i
-~ '
'
o e e e e e e mm me s e em mm e e m e mm oo rm e m
= ) S o )
=3 ~ T lw o " o H
=] N - = -— »
— ~ 1
—— m— m- m- m- ———— - - - !
[
] —_ oo
= 2= d ™= )
= N~ ~ e
= =] -3 '
i 3= _
U
. 0: Ty
o > ] :
-
385 5 ;
- '
——— - - !
\ - et em s e e e o
1 o o~ - '
<2 1r = o - H
' < [
' [
’ 1

(ns/ca) 1 (/1) | {g/1) } (9/1)

K]
(1/82/h)

2

00

R
1RECOVERY |

£8=
v vy o o4
: = = I8 =21% o9 =22
= g
S — ]
_
_

EVAPORATIVE 0SS 35t

FEED: 120 L FROW EXPERINENT 9 CARBONATION

EXPERINENT 9: WICROFILTRATION

,

— 4 vy 2] HP

= H 10

w = 12 - o 2 3 =

» -d o

—t 1 1] 1]
7 ) £ g g
S 1] H

o ! R ]

AS TABLE 43



i
L}
:
to
]
1
(]
L]
3
)
1
)
»
1
1
1
'
)
1
,
E
)
i
»
L}
1
E
[}
]
P B

101. co2

M

'
i s
' 1
' 1
1 I
' H
1 '
' '
H 1
1 i
1 H
i i
' i
\ '
' H
' '
| H
| i
' 1
| 1
1 1
' 1
1 i
i '
' H 1
e~
iva 1 - ~
= 1S 1
i i :
1 1
1 e o o i cm e om e mmmmm e mm am - mmmmam m e ma ae -
= .
= H
1S . i 8 &
-1 3
= 1
W i
Sy Uy UO S U  S S
H = | -
I— '
E 1o TR ~
= 1o '
1S '
IR '
H  em et e e e e e e e et mm e cc cm am mm cmmm am am mm mm —a
i ' s
Pl 13 2
1 | 1
i -1 1
| 1 )
i 1 '
' }am = me o me mn e m4mmmmmm mm e me == e e aa m= —a A e ==
i ) '
\ ' 1w ~
H te oo~ -
H = 1
1 1 1
' 1 |
1 g
' ' '
1 i H— o
' 1o [ 3
i — 1
i ' '
' d
S g Sy UG SO
i s
= — -
1= T~ =
=] |
=3 |
| i
'
—_ = o —
= e ~ v
=
& 152 Fed
2
H

(9/] ;
T
8.8}

10T, co2i IS
)
20.2 %
16.8 i

: - e e == e e me me ma me am R - = - -
1 - e ~ o~
[ =N i) )
S Tew oo —_
2= = ==
-~
|
R R i
o~ ey N
8= a5 ==
1 )
(=3 ' o~
'
'

)

1
2.0
0

(R

SAMPLE  ANALYSIS

]
(ag/1}1 (ag/1)} (9/

16.0 4

| SO

]
9/

5
5

13.6 !

]
1
30

10 i
3.0

2.0
S
[

5.0

—~
3

_—

—~
o

- helad
o DN L )

o~ o D
-
)
= e e e e e e e e e me e e mn e md em mdmm e e o e
— 1w o
o -~
a5 = =5
x -~
S w1
o a "
}
\
v
'
v
'
'

\._
- - o~ O -
x £ ! 28 N2 8 23722878 =
4
= H - - - - - - -
=i

> s =] [] ~ ~ (=3 »

RECOVERY
{1)

FEED: 7SL FROM EXP 9 CROSS-FLOW NICROFILYRATION

EXPERIMENT 9: MANOFILTRATION

AS TABLE 44

COMMENTS :EVAPORATIVE LOSS 10U



30 L FROW EXP 9 W

+ 18 MoH

EXPERTMENT 10 9 : ELECTROCYSIS OF ETFLLENT SALE A

ABSORBTION COL : 30 L RAW SCOUR EFFLUENT

CATHOLYTE

ALYTE ¢

AS TABLE 45

(g/1)
2
1

v
z

3%

R T VNPV
ST LS T T T T T T T TN T T T I
g |Z=7 5 =2 s3 m.#
5= ;
o e e e e e e e e o e e o ae]

_.\..UO 9 0./ 00 Ouu
~n oo o~ o v —_ ~

ARALYSIS

SAHLE
3:
fg/1)

34
1.5
2.6
1.8
LS
741
0
5
2

0

2

1

0

9
0,0 :
0
V7

0

o ~ o~ s} [ o
- - —_ o = -~

= - — o —_ o
3 =1 =) o = o~

=Y =Y - - - o
- -~ — ~ = ~

$| 28 32 33 33833 33 8% 3%
m S o [ = o ) S o >3 a8

YOLTAGE(Y)

¢ = Zz= 2= =2 o0 2o o)

28z | s & @ = b <
“P

s88% RS 88 88 8§ g 88 =B




SAHPLE  ARALYSIS

o/}

(n5/ca)

)|

| HBRAKE

YOLTABE(Y)
CaL

OVERALL

! FARADAY
} PASSED
{r)

19 KAH
iDESITY

h-ain) {{4/sq.0) |

ABSORBTION COL : 30 L FROM €XP 9 CELL A+ 25 L RAW SOUUR EFFLUENT
11

EXPERIMENT NO 9 : ELECIROLYSIS OF EFFLUENT SAMPLE 8

ANOLYTE = 25 L FROR EXP 9 NF

CATHLYTE :

AS TABLE 46

9

S

3

9

2
0,31

3

~ — U3 "= [=3 -9

0,51
0
5

o~ o o n o = v
- N - - =) — -

Q7w e== e =
S g o o5 = 3=

o ) - ) ) o
-~ - o~ o~ = (=)

0,1

~o 0 o <« o L)
R RS

9
12,6 3
2
9

IS
55,0}
240
18
55
PANMY
3

=] =4 2 2 <
aa — e
a2 - =
- o~ i
—_— o =

0,42 ¢
2
I
11
2
2
2
19
13
174
3
2
n
@

=) -
v o 5 on

~we~ Mo wwn —_c W -~ —_~
o Vi o~ wi w -~ v -

6,2
3

1.2
2
4

S%§ BB 8% B3 8 8§ g8 8




e — .l

AS TABLE 47

EXPERIMENT KO 10 ; CARBUMAIIN

1L WY
ABSORBTION COL : 25 L FROM EXP 8 CELL C + 35 L RAW SOOUR EFFLUENT INITIALLY, TOTAL = 120 L

RUOLYTE : 30 L AT [126/L a0

CATHOLYTE :

ARALYSIS
HO3-
(WD)

SaLE
3=
(/)

| HEMBRAE!  CH

VOLTAGE(Y)

L

:
-
i
:

FARADA
} PASSED
(F)

i
IHE [ CURRENT
JDENSTTY
(b-ain) }(A/sq.8)

o o ~ v - <@
~ —_ - - » -
— o -
v ~ -

- oad o =) — o - -
< = = = =2
~Noo - oo - oo
~o o ~ S s S o
& = = 2 =

=y o o N £
oo e o™~

0
15
L}
%
17,21
60

TRANSFERRED INITIAL ¢0 L T0O CROSS-FLOW MICROFILTER.

60
1200
2500
2560
VADDED FURTHER 60 L SCOUR EFFLUENT TO ABSIRPTION COLUMN.
2000
2000



AS TABLE 48

EXPERINENT 10: MICROFILTRATION

FEED: 120U FROM EXP 10 CARBONAIION

5

L]
4

1

1 '

1 '

' i

1 1

1 '

' '

' '

1 '

' 1

1 '

' 1

1 v

1 1

i i

' '

' ‘

i 1

' '

1 '

' '

' 1

' 1

H Jmm o mm e ad e e mm e mm e o

' ' 1 v

tm I - l

1w - [ i

[ ed 1€ 1 1

1 5 ' 1

1 x 1 L 1

L= ety g

v - 1 » 1

— - '

[ ‘ '

o X ' 1

= ' '

1 ] 1 1

1@ == m= == oo e mmrm e = e mm s

] I} 1 1

[N 1 1 o v

ez 1D ' '

=T =1 1 '
=2 ' ‘

& 1 '

{ Imm e e e et cm mm mm o mm e m e

] I3 ' )

] ' ] o~ 1

' ' [ ‘

i =1 | i

' ' 1 ¢

' ' ' l

H l== e e e e md mm ammmmm mm e —m e

' ' 1 )

' ' 1 - '

1 1o 1 '

1 b — 1 )

' 1 ' '

' i ' '

\ T g

1 ' 1 '

1 v - 1

1 IEE} i - H

' 1= ‘ i

' t ' 1

' ' 1 '

H Jmm me e e mm e cm e mm e e e

[ 1 y 1

1 X [ v

1 = r .

i X3 ' :

1 L= 1 1

‘ ' ’ '

bmm e e e i e e e e e e o am e o

v ' ' '

] 1 -— - - r

t v —_— ' . 1

1 19~ e ]

v (R - ) Tew ©~ '

3 ] S— 1 |

i 1 ' '

H Imm e = d cd em cm mm mm mm o me o

' ey L} ]

1 1S — 1w @ o '

' e — ’ - v

' . oy Py o9 ~0 ]

' Voo e ~ 1

) = '

1 o 1 '

1 1 b 0 U

1 1mm mm e e an e mm mm e mm mm am e

1 1 s 1

v 11—~ e o ) 1

1 im0 YT ] h

' 19~ g - ] i

' g5 1= = e ]

' 1= v

' ) ' '

1 1om am e e me ek mm co e mm e mm ol

1 1 ' '

1 e too ~a r
23S IS ; i
19~ - -

19 o 1 — ]
[ — [} ]
1 ' \
I mm e e mm e . =
o= v
T = 1w = - 1

y = T A '

» -gw 1o b d [}

1 Ve i '

1 i '

' 1 \ l

19 lmm am me e et e o m . = o

S =S '

1 1 = oo ) 1

D ieF lam - :

1 1 (=] .

- 1 “ vy o~ 1

= r - 1 )

= ' '
fm e e e e e mm e mm mm m m — —e
' [ \

- 1 — Wy - @« 1

— 1N [} . )

IR X~ reo oo o ‘

P 1 o ] ]

1= 0 o~ '

i3 ' '

] Jmm e e s e e == o mm
1] “ o ]

» —_— o~ o ]
1 = 1 . . [l
1D - v 1
1 o r 1]
o= \
1 ' '
V== e e e e et mm mm mm = e . e
' 1 '
1 =~ v o~ 1

' o= H . '

1 1€~ 1o m o~ 1
1D B '
T4 1
1 ' \
1o e e e ee et e e -t e e o
‘ ' '
= ham ) !

= . e ] '
1O S e - e 1
= o 1 H
o= ‘
1 i '

‘ L O

) 1 1 t

! I~ o v 1
[ . d )

' [ R @ '

1 =& 3 i

' o~ H

1 ‘ ' H

{ Imm e e e e mm e e mm mm o e
‘ ) s

1 i o~ v a H

i v a vy~ 2 -]

1 e o ] 1

i xS i

1 =2 1 18

' 1S e ) "X
P o— <© =
1 ' =t P a
I i e e et ce At e mmomm e e me o
' i ~
i 15 - o~ IS
3 [} = . '
1 oo oo o~ 1S
1 1 o | 3
J ' x =3

T et T JPTRPUGY - S USSR o

= % a K=3
> “ " o - D .
- =1 '
= ~ v =& — - 6
— - 1 o _m
@< ~ - - 1
— X3
~— =3

R e U I~

)
> [ Y '
= 1 — = '3

= w v o ' 3

o > o~ P )
oD va o] H

D.nl\ ! P

%) I3

o= . - -

Rl T T JE - J

o @ ax o a2

1

o — 1IN b= =3 =
=3 — 1 —— [
> = !
' - [}
l - [~t

Jm= ce = e em e an am U -

H H ) —

[ 1 = H

[ ' S [

1 o 1 v 1

ac o [ ~4 e
= HE ¥ WS e
o '
- S O - G ac 1
em e e MR L LRl
-1 i o ) 1o
i ] “M ) = = 44
- . = H . | x
w o = -
= v i = 2 = !
- = H
= = =
=~ K=

.



LSO

AS TABLE 49

EXPERINENT 10: MAMOF |LTRATION

FEED: 60t FRON EXP 10 CROSS-FLOW NICROFILTRATION

POINT REJECTION (1)

SAMPLE  ANALYSIS

TTHE

i
i
i
!
i
i
i
!
i
i

15
(o/1)
.
8
7

ll
'
1
1
]
i
i
'
]
i
]
1
1
1
]
H
]
1
]
1
]
'
1
1
[l
'
'
)
]
i
1
i
1
i
1
)
[l
1
*
1
]
.

6
8.9
47.5

9
A
[

2%
22.%

— o m

= o
= ~ =

HEO3-
(9/1)
0

i
!

o~ o @
~ N -

= | ) o wn
~ 1 . .
oo -— @
= & 1 asd
~ 1
'
m = e -
= o oo
= g L
~ e 1 a o~ —
O @ = -
~ ~
'

6.31

1 1
— 1 - o ’
== | = '
-~ 1
R 8= !
~— ’
1 '
R R - B e )
] v ~o @™ 1
Q- . ] i
D~ o v o b
O o v r
-~ 1 v
' '
R it - - it
—_— L) —_n i
—_— . i i
€ ' — oo 1
S o < ]
~ '
' '

1 1
= — - '
O~ 1 o~ o~ 1]
- i
—_— "

' 1
R R L S em e e e e e

= ! -] v @ '
pay 3 - . ]
O~ - ~ 1
=5 & ]
— 1

' .

191

oy
- -

COND
(aS/ca)

o v
-] ™

pH

COoMPANT;

2 I it Tt T OU i
-~ ! - - - - - - \
—_ I
—_ i

0
1
33

8 35 &5 0 09

60
0
0

20 4

0.00 IFEED
2,22 1PERK
4.43 IPERH
7.05 1PERN

’ ]
; | _
-
P8 = | = 4 |
I3 = ) ]
] 1 N .
o e e e e e
i .
T2 :
1 — 1
i g i x
_
. == = o=
1 L] ) w L e
“ll - U W E L o.
| SEE B 2 2
i
_
|
|
_
)
_
i

(h-sin)

-

H
’
'

]

]

¥

t

1

.

COHMENTS:



o 1 NAH

EXPERIMENT N0 10 - ELECTROLYSIS OF EFFLUENT SANPLE A

ABSRBTION COL : 25 L RAM SDUUR EFFLUENT

ANOLYTE = 25L FRO EXP 10 WF
CATHILYTE

A5 TABLE 50

85 |T#7 ~y Sd

SWPLE ANALYSIS
m.
{o/1)

1

S 7L eea e
Mw =g Spas e xo

o~ o ~ -} o
o~ - ) o —

5,91

~ v 9 > -]
o~ -] =) o~ )

2.2

- - Le) L =]
- -~ o @ —_

8,11

1
[
M
M

1.0
2
0

1,11
0
0

0

1.0

VOLTAGE(V)
HEHBRANE
.2
)
A7
0,151
IS
10
0,16 i
o7
0,19

Q.Ir\vl YJlII N — - O - -
m R A ~% wva

1S - 1o wvo —~ — — o
.-~ o~ = = v = L v

OVERALL}
5
7
7
5
4
3

= -~ = = = -

< A hes = S ~a o
vy o - b

- £

FARADAY
PASSED
(f)

0
[

g8 8§ & 88 B

]
600
1200
1200
1000
000
60,
L]
60

CURSENT
oesin

= o~ o~ ~

{h-ain} }{A/sx.n)

1t 3

-

B . . e
ZE 58 £z
3 2 % is

.

A




o — n - " -
W” S — &3 o - S -~
5 |2 = =
—
=3
Loyl - e Am mm mm me e am R e Am A TA me == A eE mm == mm -
w3 ) O — D~ ‘OI,M
%] = oS un ~ o = S S 3
= = =
1 g3
m mw ) — D —— = ]
o~ o« o o N o
= r~

o = o - =Y
—_ ) - o~ < ~

~ ea v o~ =Y -—

= ) o~ (=) » o (=}
[ER
-2

@ @ v o - —

- ~o _— ~o o ~

@ 2 @~

- o o~ o - ) ~o
o~ o~ o~ ~ o

E3 ~ @

~ o e
2 = 2R 2R S2ER

LHE
0

0

0
3

!

2
2

4
01
47

ﬂDIDI ~ o ~ o ~ ~
ﬂ M o~ ~ ~ -
bA
e
o @ = =Y oo
—_ * —— —_— —_ - —_—
. L=
T
<
° 1% 23 5= =5 23 B
— m oo =2 oo o o oo
DR
e B
3 S N ~3 ax
M ey M0 s &~ 0 ™ w . -
{ ~ @ el - - e e
\& SR = = 44 =
|
.

0

1

2

1
2.

FARADAY
PASSED
(F)
0
0
5
7

28 E88 888 g 88 B

o I NAOH

8 33 = 8 = 8 8
= o - v

ABSORBTION COL : 25 L FROM EXP 10 CELL A ¢ 25 L RAW SCOUR EFFLUENT

EXPERIMENT WO 10 : ELECTROLYSIS OF EFFLUENT SAMPLE B

ANLYTE ;25 L FRIK EXP 10 W

CATHILYTE

AS TABLE §1
SAPLE
|
THILYTE
5. 0L,
S.CoL



SAHPLE  ANALTSIS

YOLTAGE(Y)

{F)

FARADAY
PASSED

: CARBOWATION
30 L AT 1126/ NARCOS

oI R

1 CURRENT
IDENSTTY
H{Afsq.2)

ABSORBTION COL : SO L FROW EXP 9 CELL B + RAM SCOUR EFFLLENT INITIALLY, TOTAL = 160 L
403

EXPERIHERT MO |1
CATHOULYTE
{h-sin)

AOLYTE -

AS TABLE 52

o —e e ~=o - —o
5~ ®8—= > fmle] s -2
Fs O W @w o gﬁolﬂ -] o -
ISE gz RS 2 =2

w2 vy O LB oI —} L I ) (--] !Nlol
U PR it S = = o

0
0
$
0
0,01
2
0
0,01
9
0.0

=) v v o
v ) - -

o (] ”~ ') o -* o~ vy
o cq ES - ) - ~ -
[ (=3 o -
~ -0 o o

- - ~r Le) -] -

S - H % 3 8 2
- ) - - -~ [
o~ ~r o~ - o~

e} 3 — ~ o [ e — -
< o @ ~ ” <o -] --] -

oo

R 2

Q9.
16

&0

12
i
19.8 1
+

L]

60,0

[
0
]

- @ m v oo
-~ o~ - "

o~ — o — -
—_ = —_— —_—

0,3
0,27
2
n
0,10
2

6.3
7.8
42
9
W7
5

12,9

14,64

1]
000
500
50
ADCED FURTHER 60 L SOOUR EFFLLENT T0 ABSORPTION COLLMN
2000
200
ADCED FURTHER 40 L SOOUR EFFLUENT T9 ABSURPTION COLUM




AS TABLE S3

EXPERINERT 11: MICROFILTRATION

FEED: 120U FROW EXP 11 CARBONATION

I

T0F. €02

L

i
1
1
i
1
|
i
1
1
1
1
i
i
1
i
'

1

i

'

H

H

1

Pam mm e e en m e mmmm memm ad mmam e ol
) i

—_ 1 ey o 1

- 1~ [ = )

= S ' 1
1 H )

E ! !
Vom mm el em e mn e mm am e mam mm e aa o

= 0 1 '

= i o v '

[x) (.} 1 o~ H

o 12 ' )

= ' !

w o ' g

=3 o U U S g S
' ' '

— a T » '

x 1D ) o~ g !

= o i )

=3 1 )

& ' )
Vom mm e e e e m mm am e em mm m am aa
_ Pow = “
!

H = 1
8 i |
H i '
H \ H
B .
' 1 o o |
F2) ) = \
= 1 i
1 i |
1 | )
Jom mm ad e e e e amdm dm em am mm e e -a
i s 1
i PR Y o '
) 1 - '

1 1= ) 1

1 ) 1 1
' H H
Vom me e e e am e et me mm e dmmmam e ol
H ' s
e T o @ 1
3 ) = |
IE=1 1 1
[R=] i 1

' H ) '

Vo e e e ) e e e et mm e mm e ol

1 ) ' '

i [ p— - - '

i = 1o = .

' TS o o~ '
=8 iNw s =2 i
IR~
1 ' ’
le mm e am e mm it mm a e me e e mm ad
oy " s
1S = o~ ~ — 1
o= 1o T i

= 8= - on i
. 2= = )
— )
> 1 )
- i i
b = O, = ae e em o
P ) |
= i > i
S v -o ~ i
S 1= = = H
I 0 1
| i
s
S tev e » e '
t i} '
S l—ae ~ - H
S & 1
: i
: - e = mm e e
= @ = e
= ] ]
gT -~ ~N .

O hem mm e e e e e ol mm 2 Y

- T =

w4 = oo oo

£ is%T i2n e

Z {8% {g= ig

<

w — o~ —_

pus a = ~ a =

= xS leow [} o o

= > o

=
P . “w
B E R R PP,
— iMoo = E
2= e mN
= 1mw»m o ~
S & ) - «~
d o
e e e n et dm e an ) ammmme mmam e
| =1
—_ e o a @~ =
= i - -
> »n "
= =

: ' =

: ) P S

1 —_ i e S ~Nw
1O - e ‘

H H

HEEERE S = - o~

20 =

1 i =

= me mm e e e == e @ e m= mm = e mm e

) y 2

P~ lov - - o

=T et S A

i i

ey i~ - @ v

TR =

1 |

Im= cm e e em e @~ e o = oam e ol

; ; 5 _
— - - —

' ®  rew oo “ 8= H

e S = '

= = '

=R o )

1S a o '

P : - :

: i R -

i - i~ - E @ |

' E-¥ i @ e @ on .
' 1 w
' ' e} '

Pt e et
~ =1 ®m= W ~ e i
= o~ H 2w - 2M” H
= - = 3 = !
= -~ > - '
= - = - i
e e e e e e e e B e !
! =] ————al
- i = — i
= 1
x W ’ = o !
& > o~ = '
w oD va i 2 1
£28 | g ;
= ' - =
S mm e e e e e e mm ) e mm e e
; ) = - S
'

2 —~ I8 8 T = 19

i > —_ = a

' > = o - 1

" : 2 i

R - S w

i . [N,

W =]

] o) H w I—

E : = 1=

I

- SE = = 2= e

- [ W o= it} =]

L Ty -~ e er

! ) T

1 —_ [y

P, = is = = = 1o

= = ) 4

) - o - o - 13

= T = b )

! —_ = - .M

H = | )

) H 5=

=

T T Tm e e e e e me e e ce me ae e e -



| SRR

A5 TABLE S4¢

EXPERINENT 11: MANOFILIRATION

FEED: 50U FROM EXP 11 CROSS-FLOW MICROFILTRATION

or. co2; IS
|
'
E
)
]
1
1
H
;
i
1
1

Hg

HCO3- 1f0T. C02

It~ 1O @
27 law
~ e~
o &
—

1

—_

— 1o w
B 1w~
= &

|
="
— o
0T e
)

33 I
-
i
»

SAHPLE  ANALYSIS

— v o~
- N —
a o
= -
= %]
S a
—

-_;'.{__---.___..___---..--______--_-_______--._______-_-_______.__-..-----_._-______-.

= —~ O VIO @
> ~ = O &
= o~ DN S @
— -

~ - - -

—

F I Y R
8.6

° 8 2 8

PERN,

RECOVERY
(1)

]
1
]
1
]
i
‘
i

yoL
{1
e
0
10
0
0

_
|
|
i
_
|
_
,
i
)
_ .
g :
. i
.- i

re x =
PX 2E = E =
] w3 blas L L I -
| Pl 6o al a ac
i ORI .
» — (K~ wy =3
1 o= r ’
i w $ 18 = 8 8

:
H = h _0 o~ L g ﬂ
1 L -z '
| =
; R

72

1

)
—_ ey -
= )
VwS oM [
— o 1oy = oo~
=
H

D -
- o~
»

0
0

D
v 0
o~

)

H

L}

H

H

)

)

1

H

i

v

H

1

H

'

)

)

»

)

1

H

v

H

' ] "
— H )
> -4 1 < H
Z S 1 :

1 ' '
= H ’ ————mm mm wa —- --
R e !
IS
b ] 1 <o — v
o ¢t~ 1 tar] o~ "
@ = ' :
= 0 1 :
w 1 ' N
I e et eIy

_0 H (=3 ]
— -
x 19 = b1 '
= S 1 1
S ' '
& ' H

Jm o e e e e e e e Y

) .

] ] ~ o~ 1

1 1 - - 1

[R=2 1 ]

) ' H

) '

Hmm em e e o m e mm o mm = mm mm s cm m

) s s

1 Ve o H

R=) 0 -

= H

' H

t )

Vo mm e e e e e e mm mm e mm mm ek e mm e mm e

H i

H Vo~ -~

e - >4

= 1

) '

) H

g

_D H (-3

) H

= 1 n

[B=1 1

LX) 1

H H

)
—_— tw — ~ <o
—_— S -
-~ 1o w® [
T o~ —
-~
'

'
- i o [
s = a0 > ’
= i - — H
> 1 z= H
2 H
B H
B i
-— ey O ~ 1
2= 122 il '
— 1w o~ 1
O o " ‘8 '
1 )
T T T T T e e e L
: = le« ~ - i
= > i 1
1 e i
) 23 > ’
) = ¢
} H H
' e e e e e e e e e am e cm e e e e e o o)
H s s
" — "65 -l -] )
= " 1t '
€3 1 - o3

=5 ' -~ "
=2 ) H
' H
e T e e

—_ e —
b= 1522 T 1

[ i~ - —
=& . <2 1
=z ) '
' U

DED 10 THE FEED
3
L

:
t
1
8.91 3
9.0 3
i
!

o —
] >

o — v
-

- =

50
10
10

]
i
)
'
1
|
'
|
'
1
1
|
]
1
]
]
'
'

AT THIS STAGE A FURTHER 80L OF MICROFILTRATE WAS AD
i
1]
g
i
]
]
H

VAPORATIVE (085100

CORNENTS: EVAPORATIVE



- ELECTROLYSIS OF EFFLUENT SAHPLE A

35 L FRMEXP 11 W

150 W

MSSORBTION QUL : 35 L RAM SCOUR EFFLLEMT

EXPERTMENT WO 11
CATHOLYTE .

ANOLYTE -

AS TABLE 55

@ — Y —_~ ) —_
MI S — ) — o~ o =]
==
>
=

oo L) o™ o o o

AMALYSIS
HO3-
ta/1)

11,
0,
0
!
i}
b
0
0

1l

- - - v o— o -
- — () — - o —

SAFLE
003:
{o/1)

o
1
0

3,
2
0
n
0
0
69,71
0

~ & ~ = -
= = —= - o -~
=z
— o =) - - -
— Las] Lal ~0 (] @
EW 2
- |Ken 2 =a
mn B2 - 2
l

v ~ - O - o wn
= m o o~ i) v o~
-

VOLTAGE(Y)
HEBRANE

46
3
I
3
2
4l
2
¥
2
3%
3
\)

M|

el
3

8

4

9
4
6.
b
%

~eS 0 —_~ v v v ~ w
- 0 O - P —_

OVERALL ]
1
1
1

AR

PASSED

{F)

0
011

3

7

9,

10,

28288 88 8% 3 g 88 8

¥
i

CURRENT | FARADAY
i
]
)
1

DERSITY
{A/sq.2)

0,
{h-ain)




D o~ S P~ — —_ —

SURLE  AHLYSIS
1)

0,0}
3
7
0
2
0
0,01
7
0

5

9

0
0,01

6

0,4,

o o < - <

= — -~ ) ) v
==

— Bxs - ~0 - e IR ]

- > 2 A 2 * e

NM 8 8 = = R ]

M o oo o~ —_ ) ~ o

z = 28 8 =g 5 2

—c NN

x L) v o
-

[V, e e em e e e em mn am mm e me e e em me oo mm e o
— —_——
—— —_ el — =

]

LT L CEXE

co oo 0 oo o

VOLTABE(Y)
HERBRANE

~ - o M

- o -~ oo

pal§

v -

OVERALL
3
8,9
18,7 ¢
15,9
13,43
3.3
i
15,3

= o =3 o~ ) - LS

— o >
mmlr..u s & o =
[~

: ELECTRILYSIS (F EFFLUEN! SAPLE 8

15U WK

c 3L SR EXP I

AOLYTE
CATHOLYTE
CORRENT
1DaNsIIY
{Afsq.0)
1
1

ASSORBTICN COL - 35 L RA4 SCUUR EFFLUENT

EXPERTHENT 10 1)

T
{h-uin)
N
8,

A5 TMLE S
SNPLE
AMOLYTE
CATHILYTE
M5 00L.
ANOLYTE
CATHRLYTE
THILYTE
1A35.00L



SAPLE  ANALYSIS

YOLTAGE(V)

: ELECTROLYSIS OF EFFLUENT SAMPLE C

: 19 N

MBSORBTICH COL. : 35 L SONUR EFFLUENT

MILYTE ;. IS LFRMEXP I IF

EXPERTMENT HO 1L
CATHLYTE

A5 TABLE 57

© — D= o -
o — —— - — o < -

oo a ~ o o = Y
- — — O — - ) —

0,0
.39
0,01
0,0
0.0

P~ — o~ P~ -] ’l
=Y - —_ ) =3 L
o~ cJd '\N —_— (=] —
wy [—] [—] Lo o »
o~ L) vy <« 8‘ o
“ - - 8 o «

181
i

2
%.,2

2.3
2,1

o o ~ * o~ vy o o
o~ o~ o~ ~0 o - o~ @

15
5,01
3,1
15

5
271
18
B

o~ ~ 2 L I ~ v~
M L) 2] - o e D
~N ooy oo O~
—_— o = - — o~ — e

0,191
0,2 !
13

@ e  m.a -~ a ~N o - >

- o -~ - ~ &~ o eo
|~ W e - - ~ ~ o v
- o oo - v c3 vy — ) v
= = 24 = = o= =
= o o —_ -
=] 3 @ o~ o~

o0
600
200
000
o0
€00
60
800

40
400
30
X0




FEED: SOL FROM EXP 108 + 3SL FRON EXP IIA , TOTAL FEED = 120L

EXPERINENT 12: MICROFILYRATION

AS TALE S8

Is
17

I01. Co2:
)

29

L]

Ca

POINT REJECTION (1)

[Mi]]
6

0C
1

1
|
|
t
]
]
]
'
)
i
]
i
]
'
]
1
3
'
]
1
1
|
]
'
1
'
]
i
]
)
1
1
]
1
]
'
]
'

) *
i — o o~ !
' — P
' 1~ — I
' I— o e = i
1 i —_— i
1 i ]
I e me e me me me e e me es mm te mm me m= A am e
' ] ]
— N = ]
—_ 1 s [l
~ 1o~ O~ )
o 1
—_ v
I )
1 .

-
Do~

KCO3- {107 C02}
(/1)
e

o
w

3:
1

[}

(9/1) + (ag/1)} (ag/1)} (g/

o
w

H
.00 37

g

o
~
P~

Ca
iy

o
~

6.9

SANPLE  ANALYSIS
Ha

o~
o~

00
o/
sy

c

H i It T T Tt
i ' '
1 —_ i N i
1 —_ 1o H
' _ e — H
> 1 '
- '

'
'
: - e
—~ = @ '
= o9 '
O~ 1m o~ '
— o 1

-
g '

~
-

HE
1 (g/)
IR
A1 48
2!
i

TN T CoM T
3
7

a o

8
K
Jo¢
3
K
C

~ 2R
o~
-

U
H1/a2/h)
2
1 200
1

~ o —
— ~

{1)

L0SS 25L

Qv
&3 23

VoL
{n
e
0
5

1
)
i
1
1
1
)
i

FEED
————————

CONMENTS: EVAPORAT JVE

1PERN

i
;
!
H
AT THIS STAGE 35L WAS ADDED FRON £XP

1
1
19.55 (peRn

S5.55 JPERN

0.00
28.25 (PERM
!
i
4345 JFEED



LV,

A3 TASLE S9

EXPERXMENT 12: MAMOFILTRATION

FEED: JOL FROM EXP 12 NICROFILTRATION, TOTAL FEED 80L

POINT REJECTION (1)

SANPLE  AMALYSIS

=)
@ . -

o~
- ~
-

. _

: :

"y ] -

o

: : _—— - w- m-

H ! e et cm me e mm m- mm mm m= A e am = - am e e —— = = )
bl -

g 2

8 1 o= |

: ;

A

T _

1= ' - em—m- -

et ! — e i e A M= mE ma e e mEm W e W mas mm =

R

;

_

_

L

89

Ka
9
36

83
9

80
37

50
29

53
3

COND |
2
2

:::J:::::-:
TSR <<
P =
nZ 5= IR
o3 =

R
! L e e i e el e )
Sl -
S5 2 o~
Bz v
— | m— wn
s =
= Z
= i
= ! - e e am M. AW A mw w=m = m® me == a-
_
1 — 1 —— W ”:.-

O 2
1 ~ 1 — W =
23 =
- g 1
' ! L e e R )
R
_

_'.|- 1o O ‘.ID-

_ f= A

o~ -
83 i~ s

--------un------..--:--------------:----.----I--WH--

(o]

o ™~

~ —
—

1 '
—_ T @ o
—_ . [

[ ) P~ =

= o 1 —_—
- i

' i
e e T T I U e e mm ma me e e e e wm
- 'S —
- —_ -~

a o

X o~

S vt

o =
-

4

oH

-_— 1 a, a o o o '

= 1 VI X O WO ME QWX ) -] @ — o ]

> ~ L2 s2R 1o @ W o - 2 '
> o~ 1 - — - = X -ww - v XN o - ’
= - — — ] — — o~ — v
@< -~ - - - - - - »
= | - - - - - - v

’

PERK
RECOVERY

you

1

5
n

15

0]
]

[

SAHPLE

o x x a x o x
) v} o] i
P 3 SR R, Laa = & - P g
) =g e S em mm e am et e e M= T
- 9 ) [ [=3 (=] (=3 =] a
= 1= — p=4
w 5 iS = 3 = = =
= - o o~ wy o -3 o = —
= ! — =]
)
'

AT THIS STAGE THE EXP WAS RESTARTED NITH A NEM FEED OF SOL FROM £X? 12 CROSS-FLOW HICROSILTRATION



AALTSIS

SATPLE

VOLTAGELY)

1 FARABAY §

BLEXP 121§
+ A0 NAH
CURRENT
Hi2 3H

{kfsq.a)

ABSORBITH COL : 45 L RaM SOOUR CFFLUENT INTTIALLY, TUIAL = %L

CATRAYTE
me
{h-uin}

MLTIE

CATHULTTC
15
15.3
9
15,3
<
5
5
15,3
15,3
15.3 )
15,3
5
5
S
2
|
8
8

=

=]

L =
B e B Tt et T gy
= ~ 1= w v ’ — =) o o~ o ~ o~ e n o - - e ]
- R r ~ wy ~ > —_ =] = o - o~ o - o o — - -

2= 2 jaa] v ~ zZ D2 2w =

o = _

L L - e e

«© ) o~ —_ =]

194
181
3
8
3
8
183
8
18}
J

ooy e

ICATHYLYIE)

]
1

FLOW (01 (R ROTAETER)

2 =2 = & n =z m o= o4

poe (] = v o~ o~ _— -— -— o

128113

]
’
]
i
.
'
)
'
]
)
)
i
]
]
N}
3
'
|
'
)

23ZRRR R3S

@ oo Moo s on

5,21
7

‘
1
'
t
i
|
)
i
]
'
'
'

2
t
0,3
17
0,371
0,42
.13
0,62
0,15

'lll‘l IPv\JI'AIﬂI\IA Ullﬂ.‘zul“a-\\r. M oD S o QD ~ ql . - 5 -

T e E S SIS STE38 RS ’RRI R RR 88

= DL TN TS ¥ - — w
o S e L
IR e = = 2 3 2 3323383 32 % o232 =
=] =1 TE R 2 2 85 2 4 4 8 49 42 £ 7 Sde 4

0
Il

=888 2 2% § g ST g

8R8 R

S -

0,45



SAIFLE  ARWLYSIS

VOLITAGELY)

1 FARADAY
) PASSED !

CURRERT

pensIn

I

A5 TABLE 60 (cont.)

3,9
0
J
1,21
0,0
0,00

==2° 2 &8
JERe s 55

0.0
2

0,01
v,00
0
L]

0,3

0.5 1
0,3

30
RJ]
0,80 |

2,60

3,9
0
2

1,31

S

t
.20

W9

Ly

HaR

'
1
'
i
'
I
'
'
s
'
)
)
’
)

35
-3

T0TAL WLHE = S5 L.
%0
0

APDEL A FURTHER 10 L SCOUR EFFLUENT Ty ABS.C(L.
1
ANCLYTE PUNP SWTTCIED 0FF AT 4.8 F. HAS RESTARTED

15,74
i

TOTAL WOLLME = 70 L.

20,7
10.6
i
401
]

7,40

|
a0 5
H
L]
o)
o |

600
0
HT i
odli W0} 10,M
' )
[ '

ADDED FURTHER 70 L SCUUR EFFLLENT FO 485 (0L AFTER REMWVING SO L OF CARBSUAIED EFFLLENT

)
i
ADDED FURTHER 15 L SCOUR EFFLUENT 10 48S.0uL.
H
i
1
)

CATHOLYTE
1ABS. Q0L




[N

B L RN OP 12 N

ABSORRTION COL : 20 L RAW SCOUR EFFLUENT + 20 L PARTLY CARBOMATED EFFLUENT FROM £XP 12 CELL A

EXPERIMENT NG 6] : ELECTROLYSIS OF EFFLUENT S

MILYIE ;
CATRLYIE .

A5 TABLE 6]

am mm mm mm aa mm mm A mm mm mm mm e mm m- e am AW mm mm omm omm me mm ==

s
{g/1)

000
W

Hgtt
{ag/1)
I
2
g

bi

™ oy : v o m — o
© 0o — ) o o~

-= we o NS - o3 S o

gz -

3
0
2,0

o~ oo ~ oo
.nw - — - < "o

SAHPLE  ANALYSIS

0

7
181
0,0
0.0

2,3

1,1

=N - @ v -

= o = =3 — —
=%

- v ~ 0 o~

a3 7 o5 — o -

= la<n - [ ~ v o

) o o - ¢ -

g3 |® = &=

v o~ L) o ~

9
12,8
7

)

3

7

8
A

Ul
0
1

0
0

VOLTAGE(Y)
HOBRAE
g
,5

=~ oo - o o
- o -~ o

M H.mN.MW b M. ..h.“---------m..----
=3 |28888 8 8§ g '
B EE e .
. 3|2 2 a T E 7
--l--H----m-J:--m.J TR TTTTT T m T
£38 gab¥zd ¢ Sg
R



SAPLE  AWLTSIS

i€

(sS/cal + (/1)

L]

VOLTAGBE(Y)

(f)

S0 L AT G06/L KANCOS AND J06/L MA2CO3

19 W

(h-ain} {(A/sq.0)

EXPERIMENT M) 15 : CARB(MAITIW
ABSORBTION COL : S0 L SCOUR EFFLLENI

CAPHILYTE

ALYIE :

AS TASLE €2

g~ = g~ e § ~e @ e

g3 ge< § S F 332

- “w -
«~ - o~

vy o o L] @ o
o ) "2} w (=%

R VR B 52 X RVR

0
8
2
7
0
0
8,0
2

48,
17,
0,
8
17,
30,
{8
17
’
42,3
17
+

oo @ a m v m‘.‘. - o
—
-

0,38 :

0,31
a
20

R
S
7
4

5
6
3
4

11,8

1500
i)
0

0

3,90 1
L]
38

0,0
5.8
74
1STOPPED EXP 10 CHECY AMCLYTE PUNP. CONTIMUED FOLLUWING DAY AFTER CHAMGING
AN
6

IANOLTTE
AHOLY
CATHALYTE



| O P,

EXPERINENT 13: NICROFILTRATION

AS TABLE 43

133L FRON EXP 13 CARBONATION

FEED:

15
2

Tor. €02

4

_
1= e
1 ]
b
P
P
b
P
b
b
b
b
:
P
P
b
] 1
P
Pt
P
Pt
b
oo
P
1 1 1 "
R :
i ot 2 |
1 — 1D 1 1
' ] 1 '
T S P
- . _
= : =
1 1~ v 1
1wl - 3 1 1
- ' i
rw 1 '
1 -3 1 ]
P -3 ' ]
) — 1 ' '
1> 1 1 1
1a. 1 1 1
P : T
1 1 ) P~ 1
1 =] 1 1
1 1 1] 1
1 1] » 1
1 I » .
P : i
T 18 1 > ]
Poodg _
H 1 ' '
b : -
] T 1 wy v
1 Bl i 1]
1 1 . U
1 1€ 1 -] ]
= 1 1
1 1 1
1 [ ]
\ ' b
1 — 1 N - )
P . _
1D e ] Ll —] 1
oS SECTE
T _
_M) 1 - -1 1
€ ~ i ~ . 1
3 — [} [—) 1
T . o8 1] — — 1
. 1 bt e 1 1
=2 .
2T i
_- ) 1]
] — 3 - 1
=Sl ~ o H
:
10 o 1 — 1
12X 1 1
] 1 1] 1
] 9 1] 2 o T
bodao L
1 1 S~ 1] = v T
1 T o 1] ]
1 1] -~ - 1 1
e _
u “ “ o~ ]
1 [~ 1 oo 1]
i 2T i :
: I _
i -z _
_ =
E LS Ta !
=S i
1= o a 3 - |
1x — [} 1
- _ !
1w — r N - 1
RPN -
o S t L ]
_M o 1 1
; 3 ;
E _ :
: =T :
Polez _
. =
“ w o 1) “
A _
i _
1 e = me m. ae e e w=m 'l"ll_
_
“ N -
. hd
:
:
_
_
_
_
.
_
:
.
.
;
:
;

8.5
3.9

(aS/ca) § (g/1) 1 (o/1) 4 (9/1)

5
9.2}

FLUX
{1/a2/h)
1.4}

=] o
v

96 i

PERN
RECOVERY
(1)

!

. ----------
)
v O
g S 8B & 8 |
= = 0 - !
)
———- ' |

1 SANPLE

iFEED
iPERN
1PERR

IFEED
1PERY

N

TTHE
(h-ain)

COMHENTS::



IS

T01. €92

L
S
8

i
1
1
1
1
1
1
i
1
1
'
H
H
)
h
i
i
I
1
1
1
'
o om e )
i
—_ 1 i
] T3 R '
- 1o ' '
' 1 | :
-3 ’ - .,
1 1 om o e e e e em o e At dm e e am mm e e e e e e mm e = = ma —m - --
= 0 s
= H— ~o '
S e V- = i
w o= ' !
=0 1
w i '
=3 Uy
1 ) }
- 2 1 i
x o ' i
1= o 1 i
1S ' 1
« i | '
Jom mm e am e e e 2 v mm e mm e s e mm am mm mm =m e mm mm == - a e e oo
i | P )
' [ ]
t & 1
1= : H
1 ' '
) ' '
fmm me = am e e e me mm e em e mm em mm e e m e e A mm mm mm m% mm e
' ' +
i T - w 1
e o~ i
= ' '
| ' i
I ' H
mm s = e e e e mm oo e e am e e e m mm e e e e am m e ac ct mm e = am - o a an
h t f
) [ a 1
o - - i
= ' \
| 1 '
1 ' '
Fmm mm e e e e me e e e et e e e mm e e mm e e e m mm em mm mm mm e e ma!
' ' \
o S - N
4 ] =
' i
i3 ;
3 1

i

— o~

= -
VW oo~ o
2% 24 ~

H

i LR - = e amem o - —————— [,
O -

lg/}
ay
5
1
]

)
i
1
1
]
i
Il
i
]
)
]
H
1
1
]
'
]
'
i
]
b
i
]
b
]
i

0.8
1

o =

4.3
6

~ o
~ v

(&)
o
-
=
s e e e e e e e e m e
L LN- -3 -] N =
Loojme > =
L= 1 ~0 M o~
g2 | =
!
e T T e e e e e e
v — =
33 8<% 230
= |
P Il. - - -— - — - -— - - - “
e, e o e
= -
o Y — =4
= =
28
£
:
1 om e e e e e e e e e e e e e e e e e
@ =
2] —_ o™ N
Z ig% g ==
= 132 &8 =
= ~— 1
- 1
= S S T T T T Ty
B
n o — 1 . lb..\" “
.- = N/q n75 Lo 1
. K =<
P H '
— :
=
=
o
=
=
o™
=
o

! S T e M e e e e e e e e e i it cm e
_ e~
= %= @ o
Ol e o~ >
— e 13 =4
— I} -
H
LT T T T mm e e e e e e e e e e o e e e m em e mm e me o
_ ey~
- IQ3 :*2
eS| -~
=D v T
o m 1
=2
i

i=~)
o~

9.2,

pH

Vo @ ey - " oo e <~
5.0.-.“.& PSR eENg =208 o
N w OB BT I ND e on on D 5295

i}
{1/92/h)

® & 8 7

53 5 5 < 2 3 3 =

PERN
RECOVERY
(1
AS ADDED

COMMENTS: EVAPORATIVE LOSS 25L

o o
- ~

i}
0
3
R}
40
30
40 |
65 )
65 )
3
3
5

s =
=
D

FEED

w
-~
o

3

]

]
)
i
i
oF
;
i
i
)
)
1
i
|

!
!
|
[
!
!

+

+

i

i

;
Veees
IFEED
1PERN

i

- 10,10 (PeERA

5.00 iPERN
6.40 1PERN
6.40 [PERN
13.40 IPERN

0.00

1

FEED: 50U FROM €XP 13 CROSS-FLOW HICROFILTRATION, TOTAL FEED = 125L
4

EXPERTMENT 13: WAMOFILTRATION

)
]

, 2.35 lpERn
:

14.40 iPERH
{ADDED A FURTHER 3SL OF FEED

14.40 (PERN
1
L]
17.05 [rerM
H
H
i
i
i

NE
{h-vin)
{ADDED A FURTRER SL OF FEED

[)
]
AT THIS STAGE 8L

AS TABLE 64

t
{



m ~ cd - — L ~ o~ Ny
= = o) —_ - - o o~ v
.

2

SAPLE QNN.YSIS

0

0

4
0,0}

)
0,0

1

0

0

5

0
0,5¢

5

!

3
3
0,3;

1

c
i (esjeal } /D) T ()

2
3
0,8

00

L% SN, i

TOTAL = 45 L.
9
9

VOLTAGE(Y)
HEBRANE!  €-
0,25
0,16

L.

2l
]

OVERALL
5
6
8
6
)
6

FARADAY
} PASSED
(F}

0,

I Wiy
CURRENT
eIy
{Afsq.a)

1

1

EXPERIMENT N0 |3: ELECTROLYSIS OF EFFLLENT SAMPLE A
ABSORBTION COC : 30 L SCOUR EFFLUENT, TOTAL

AOLYTE : 30 L FRUN EXP I3 0

CATHOLYTE :

I
(h-1in)

6,31
TAT THIS STAGE 1S L OF SCOUR EFYLUENT WS ADDED 1) THE ABSGRPTION CLLUM :
0

AS TABLE 6§
SAHPLE
VALTTE

170 24,

10,0




m o oy . o~ o ~ ~ S
= — v R =3 LN
=

=

o
0
0
3
0.0
2,03
0
0
1

9

0

2

0
3.0
6,21

0

0

&

SAPLE  ANALYSIS

0
A
b
0,01
9
0
(1
9
0

3 o8- 2 s g9
=2

~ ey o o - =
= =) o~ — — =) —-—

1,61
0
2

0.1

3
(/1)
13
281
4
0

—

O0HD
(u5/ca)
2
2
2
1,
19
2
12}
18

o ] = ) o~ v oF

it
it
K
16
291
16
%

0

9

8

3
2.8
6,31

2

0

—— . e e e em me mm me e o P LT,

091
1.0
9
0

'
i
]
'
ll
]
'
1
fl
'
'
1
)
i

6.9

)ﬁ 2z 2z z2
= (=)
- =
ﬂ - o= m e e e e e e e e e e e e e em e e am oo e
=
g 2 1% R® ®BR=22 ]R8 S
= - :
=1 o> e e e e e e e e en e e e e e e e o e -
= > N 2wnoan - e
o m - - e -~
po e e ..
. e
— Ny =@ el - - -3 w0 [%)
m P I T ) - e =3 R -
g \ o2 =
-
&
5
=
&
=
w)
2

o 190 Nt

EXPERIMENT HO 13 : ECECTROLYSIS UF EFFLUENT SSHPLE B
ABSORBTI(H COL

ARILYTE @ 30 L FROM EXP 13 NF

CATHLYTE

AS TLE &
S
AOLYTE
1CATHILYTE
1ABS. COL
S.00L
ANLTTE
1CATHILYTE

DATE:

COMAENTS: ROTE: DXRING THIS EXPERIMENT THERE WAS A LEAK IN THE CATHILYTE PUEP CAUSTNG A VOLLKE DECREASE.



SHPLE  AMALTSIS

W) (o

(4
(aSfce) 1 {o/l)

kN

C-i

HEHBRANE

VOLTAGE(Y)
CfLL

OVERALL.

1]

Y]

EXPERIMENT N0 13 : ELECTROLYSIS OF EFFLUENT SAHPLE C

ABSORPTION Cul - o0 L FROW EXP I3 CELL 8, TOTAL = 9 L.

ANLYTE = 30 L FRON EXP I3 WF

CATHILYTE

AS TABLE 67

T 960
2,21
6.8 1

6

2

1

3

2

6,01
3.0
50
2
3.0

ar. o coo < "
S = o oMo ) -
= <

] @ %) - ~
o o o _ o
- o <o — —
~ o~ o o~ o

361
2,81
1,31
3,91
0,81

181

s}
2
13
1,

1{
7
11

33 L OF SOOUR EFFLUENT WAS ADDED TU THE ARS.COL.
2

8

8

S
6,21

9

0
1.0}
0,91

cCooo

i

1

i

1
0,3
0,31

oOooc oo

5.0
1.6

1
1.8

8l 3

AT THIS STAGE 60 L UF CARBUMATED EFFLUENT WAS TRASFERRED TO THE CRUSS-FLOM MICRUFILTRATION.
i
;
)
»
H
]
:

CANXLYIE
1A85.00L.

:
)

)
{

ABS
AL

oL

YIE
1CATHOLYTE
s



i o~ o

N
1
3

10T, Co2i

g
3
9

ta

POINT REJECTION (1)
Ha

CoB :

0C
71
97

IC

'
i
i
]
I
i
I
1
1
»
]
v
1
)
1
]
1
I
'
1
'
i
.
v
H
)
H o
lem o ma am cm am mm mm o= aa = am
1
I
'
i
1
I
1
i
i
[
i
1
i
i
]
I
i
i
I
I
)
'
]
i
I
i
i

R

56.7
8

2

R i
o ]
|= ™ — !
— .
~ ] i
- o~ - )
—_—— !
o I '
— i

6
32.0 ¢
7

0

7
0.0 4

§

He
(ag/1}} (a9/1)} {9/1)

|

SAMPLE  ANALYSIS

0c
(9/1)
N R
9
7
1

2
3.

]
4.

7
9.

—_ a o s
1 = < =8> ERN 1
< e ~ )
i = N 1 NS M ~N D '
1 = - ~ &~ 1
[ - - !
= ! - - H
et b

COMMENTS: EVAPORATIVE L0SS 30L

PERM
RECOVERY
(1)

]
S
S
19

voL
L

! SANPLE )
H
IPERK

162.27 IFEED

3.37 ipeRy
41.47 (rERH
98.0) 1PERN

7¢.08 [FeRd

FEED: 7SL FROM £XP 124 + 20U FROM EXP 128 , TOTAL FEED = 155
33.25 ipeRd

EXPERINENT 14: MICROFILIRATION

TInE
h-sin

(

AS TABLE 43



A3 TABLE 69

T e

MANOFILTRATION

EXPERINENT 14:

FEED: S5L FROM EXP 14 CROSS-FLOM HICROFILTRATION, TOTAL FEED = 11SL

POINT REJECTION (I)

SANPLE  ANALYSIS

]
)
'

o Voo
{s/1)

Ic
(/1) 1 (g/1)

Hg

YV VERET))]

{ag/1)

~
o~ —

o~ —
v o~
—

- o
- o~

~a r~

~ —

——

~ o
o~ —

S =

1,64P ¢ 49C
L,6NP ¢ 48C
§ 1, 40P & 54C
DDED
¢ 1,607 ¢ 20C
01,647 € 47C
¢ 1,28 € 53C

Jt
2

19
i9
:
HA
i
!

0
i

36
38
82
11/
53
3¢

8
OF FEE
5

el R T p——

o L] XD v
R Rl 3

5
[N

.59 PERK
9.40 PERN
9.3 PERM
AT THIS STAGE A FURTHER 30 OF FE
9.34 RN
14.55  PERM
AT THIS STAGE A FURTHE

T 1455 PERM

[X]
-
~= N ND mm == ma =
21
- @ ®
- . .
a o o
= o
8 x
« W0 == == = oa
@A - - o
w —_ - x o
S - ;@ o~
=3 - [ ]
~ -]
- -
L -
<
B mm s ae o e e

9
3]
8t

‘
[

'
i
)
L}
i
)
'
;
YAPORATIVE LOSS 17

$PERN
3

21,15 FEED

18.20 PeRM

CONRENTS:



: HLECTROLYSIS GF EFFLUENT SAWPLE 4

1L HAH

9L FRON EXP 14 N

ABSORBTION COL : 35 L SCOLR EFFY.UENT

EXPERTHENT R0 14
CATHILYTE

ANILYTE :

AS TALE 76

m o~ oy -3 ~N o o~ [ )
v N D vy o~ -— ™~ o

—_

<

—

o oo La-} o o ~ Qo
(2] - o o ~ o o - oS o

RIS
! m -
la/1)

o~
- —

1
0
0,0
3,0
8
6,01

SAPLE
003:
{o/)

]
7
161
0,0}
]
0,61
0
0

— e = - < o~ “
= = — = — = =
2z
- im = - - - ~
o3 = S = = s =
— i = = o - -
= - — o - =) o~
2
= |2%8 = o ”oaz
23
)
v\ul -3| nll l\qul o Laed wy
_ o~ (] ~ o = o0 ~ -3
= ™=
# le=a m =a N @
g = [g=24 s 94 5 Zx
3
{

s
2
(13
©!
5
53

L I} = e 2 e

LS o~ o A R R )
<

TRy e aeasw
—_ a0 = S —_—r

C-H

VOLTAGE(Y)
HOBRAE

i

18

B

15

31

0,18

2

2

oy

S oo o

]
'
'
)

o o @ M 9 D
- o5 o~ ] - o~ -

me

O Dy e

VERALL ¢
]
3
12
is
17,91
12,7
12,4
5
9,
3,
1,
3

FARADAY
PASSED
IF)
0.0
2,31
3,2
6.1
6,9}

&
30
S
o
20
&0
800
(]
400

00
b4
X0 !

2,%
6,93
8,15 %

H
TIE  (CURRENT
sy
h-uin} }{A/sq.a)

wmmm mmmm s e EZ
=0 S
3. 1955 % Egq g % E%

MIE:

€ BECREASE 1M THE CATROLYIE VOLEE

COMENTS: MOTE: THE CATMOLYTE PUNP WS LEAXIMG DURIMG 1HIS EXPLRIMENT, HENCE 1



85| e

- O - S > vy o~ o
vl o o ~3 — o~ a3

o, 02 1

- oo v o o) ~ o o~
- o o o o - o~ < o~

P ea = s7sa
(= "o

SNPLE  ANALYSIS
m-
{o/l}

0

6

9

0
0.0
0,01

l

0

271
0,4
2

0,4
0,6
0,21

]

8
131
33
0.6,

7

— |y o~ - ~ wm
{+) 282 = o~ ™~ -
3 =2 o

]

9.6 1
0
9

- - ~ ~ -
% o g ~ o P4 - o
!

v
(n
X
15
60
»
13
0
21.9
16,2
0

I
%
R
a7
5
v
5

| VSR am e mm mmaa

v o M a e - o Oy I P~
¥ ” o~ ~ o L] ~ vy e Y

TEWP.
CELS

3
3
0
0
0
i0
0
0
1,0
0

z
0,16
2
2
I
¥4
18
0,43
40
40
3,33 §
51

VOLTAGE(Y)
HEHBRANE

N
8,6
8,41
5
0
5
6,31
3
1
6,24
[

OVERALL| CELL
s
8
i
13
0,30 CATHLYTE PLHP WAS [EAKING, STUPPED EXPERIHENT 10 FIX PUMP,
3
15,4
1.9
1
0,
2,
5,31

37
3
H

7.0

: ELECTRIRYSIS UF EFFLUENT 8

I NAH
CURRENT
HOENSITY

{h-nin) ;{A/sq.u)

ABSORBTION COL : SSL FROW EXP. 14 CELL A + 250 SCOUR EFFLLENT

AHOLYTE @ 30 L FReH EXP 14 M

CATHOLYTE .

EXPERIMENT W0 14

A5 THBLE 71
SAWLE

INOLYTE
CATHLY
o



" oo - XN o o~
= - = - o~ - — =3 - -

0,0
3
S
0.0}
4
0

= o o~ -
53 [°= £ 5
- = b ™~ - o
= — —_ = o~ = )
23
= o~ ~ ot “ h
- o — =3 =3 -

o o ~a v ~ o
~ —_ o~ o~ =3 -

1)
it
23
[N
1
b
[
17

- e - - - v £y ~
o~ o~ O Loe) — wy o o~

¥ 2o o o B S ALY
MH., 21 B 23 5 =

9.0- 9:7 ./9 .07 65‘.5
= ~ @ o~ o~ [ ~N w @
e — -~

YOLTAGE(V)
RANE
2
2
10
0
0,154
»
2
5
28
0
L]

FARADAY
PASSED
(F)
0

- ELECTROLYSIS OF EFFLUENT SAMPLE C
RAL
9
3
K
3
B
)9
13,71
]

6
S
9
N
8
2

1L MAH

<85 BE58§% % 8% S& B

: BLFRMEXP 14 0F

AOLYTE
CATHOLYIE -
CURRENT
JDERSITY
(A/5q.9)
1

0,00

2,04
2,5
415
2
L]

ABSORBTION 0L : 35U SCOUR EFFLLENT
]
'
i

EXPERTMENT MO 14

T
{h-5in)

AS TABLE 72
SAPLE
NOLYTE



A5 TABLE 73

: CARBOHATICN

EXPERTHENT O 15

10 L Fhitt EXP 13 CARBOYATIUN ¢ 1FG NAHCS

IS N

ALTTE -

CATHILYTE -

1.

ARSORBTTid Cat : X)L FROM EXP 15 CELL C ¢ JU L SOVUE LEFLUBHT, TOTAL -

AaLTS]

"
2

SKIPLE

|
} AWERALL
H

1 FARADAY

: )
i TIME CURRENT
:

3

Y

171

JUN PO
> o !
12
— -
o iy
-
8

0,0

.71

0,91 2.2

L

21

o~
-

-
—_—

|8

- o

-3
2

5

0,0

@ o4

6,7 !

6,21

760

3010

5.7 1

3

ICATHLYTE]

ABS.CUL,

ADTED A FURTHER €0 L SCOUR EFFLUENT 0 ABS.CIL.

VTRANGFERRED o) L FRutf AB5.00L. TO CRUSS-FLOW HICRUF ILIBATIHL.

I}
3
7

= <

12,0
9

20
1500

0,01

0,1

001
9,21

3.0
2,33

HY

2,7

%)

173

831

™

S )

§h

i
CATHOLTIES
1ABS.O0. |

Mmoo

O wp
&=

TAT THIS STAGE 2006 (¥ NAHDNS WAS ADDED 10 THE AMULTE N THC EAPERIMENT 4AS COHTIMED THE FOLLOWING DAY.

155
19
()]

41

90”(4 ha s}
P
—— Ca ©a




AS TABLE 14

: MICROFILTRATION

EXPERTHENT )5

120 L FROW EXPERINENT IS CARSONATION

FEED:

POTHT REJECTION (X)

SANPLE  AKALYSIS

\
\ \
' . !
fo i . !
[ I -
| I o V
e e o e e m e cm cm e mcmam e Sl
“2 " - 1
18 H '
b ’ o - !
. .
e \ o '
e ) “
= !
e o e et am am cm cm mm i am i am I
H B - !
i - !
=3 Y - :
H [}
! A - '
S S S
; \ s
H . -
y < 1 .
1o ] »y - “
: [
1 o™~ 1
| - e mm = mm e mm o mm —m a & o aa
\ \
V- - !
- : H
= HEN - :
B o H
e e it .
= 1 - - [
o 1 1
53 ! -- :
i :
d :
R TR iU !
e - :
(=) 1 ~
1} Le} 1
= 1 L--J 1
L} v

“conp

£03: 1 HCO3- 10T, £02
(9/1)

4
)
]
'

1
)
1
1
’
'
]
1
il
1
]
1
1
b
1
i
1
1
i
)
)
3
s
1
]
)
]
I
]
I
)
i
]
'
[l
)
[l
I

3

1c
61 0

]
!
]
]
:'_-_---

04
i
)
I
)
'
1
‘
ll
+
I
)
b
:
i
]
'
)
1
]
]

0,

H ]

— i~ PR '
—_ '
N~ 1o - ~ M v
—_ S i - . i
—_ — '
g - o U

8.8
1.9

{9/1)
3
N3

1.1
8.1
1
9.

So1a
91 3

! 1
= == H
= '
- Vo 1
=] !
~ 1 1
U '

\ - - - -

g
6
.8

s/} (ag/1)

iy e o
2

2.0 S

36t 7

1
'
)
i
i
1
[l
i
]
1
i
1
]
i
T
1
'
1
‘
'
:
i
]
r
1
)

28.0
16.0

Ca

)
i
) 1
:
:
]
]
1
]
i
]
)
]
0
]
]
]
1
]
1
i
1
i
1
:
1
’
i
»
'
]
I
[l
'
[l
)

Na
(9/]
s
5.

]
r
]
)

1

9
! 10.0 7 216,04
1021 19.0

0
/1)

=

6
15
]
L

31
2.6

2.2
3.3

1.3
5.9

]
)
]
i
]
'
[l
i

}
3
6
ELECIRICAL FAULT BUT WAS RESTARIED
25
29

1
i
]
¢
i
:
1
)
]
I
Il
]

. - e s am M
bl 1
ow =
x [hicibad 8 2 =2 === '
1o o = S v woe o f
- e, - I-_I‘ —— e m- e- m- - - - - - - o “
—_— 1 o, L L] o, - DI-I'I"'
_ =] o= S=Qeuo=one o :
5 §! 28 85%5%z8sg = |
= s 5 »& —_— SNl aaa=S o~ !
= {
“ " - - - - - »
- e e |'_|‘ T e R mn e e e am e A e - — - aa I‘-
>~ I & ®—® o - X H
- i V= 2 X ¥ 2 H
w ' =
QE Do w1 =
WS 1 o i
B, Q) " & 2
g% | g 2
- - I‘-II. e A e - == nw w-- - s bl
) T s ea el
o o Swvmwvm o wo w2
H = - al 1o
— “ [ 7) Vo
[ 2 ‘
I e T PRI~ LI v
w L] Y —
= { =
= H = }oe
o = = x x s
I3 B8 S8 £ § E ==z £
[P~~~ a 2 ¥ _mw 1
| ) STt eSteestlotaX QRS 03
- o D — %) (e
i w = i3 =<5 2 2 82 =2=s e
{ a o v - on © ~ v e
[ r— ' — g -2 N
- ~ 5 ~ 6 N =88 1
1 — [} =
e e a2 : '3



AS TALE 75

DXPERIMENT 1S:  KAMOFILTRATION

FEED: 45 L FROM EXPERIMENT 15 CROSS-FLON MICRUFILTRATION

POINT REJECTICN (1)
Ka

]
»
!
s |
1
1
i

03 | HOU3- 1101, €02

(/)i (/D /1) 5 (g/1)

L]
(w/1)

o
(ssfca) § (a/1) 1 (g/1) & (o)} (a/1) ! (9/)) © {m/1)

L]

SHPLE ARALYSIS
(a

000

(4

IC

by ]

1

]

€ 1.0 02X
9.7 i
0199 4450
9.61 i
0149 052
i

[}

I

0

]
i
6.61 883

"

A
{1/a2/)

€ 1.6% ¢ 53
'

[N, A N

6.11

10.2

!

8 3 3 B

5

um_u

! las

10
.1}
0
L]

HE

RECOVERY
(z)
ADOED ARTHER 30 L FROM EXPERIMENT 15 CROSSFLON HICRUF ILTRATI!

3.0

15.11

0.4

104

5.61
2.8,

2%.51

13.13

2.8

5.1

5
5

Ry
ol

L& o U
9.51

¢ 169150

i i

€ 0.8 ¢ 52

i

9.7
9.6 1

2

5.1

1160020
[]
'

] )
) )
D
i i
N\
H :
g
5

ADOED FURTHER 20 L FRON EXPERIMENT 15 ums;-nm NICROFILTRATION, TO FEED

-2...BS B BB E 5B EE i B
« 32 88338333787,

171

8.4

11.84

15.5

0.8

10.4 %

[ —

10.0 1

1.0

v

491
tee
i

|

n

6l

e

COMENTS: EVAPORATIVE LOSS + AL



i3 <

4

0

4

N

3
0,81

b

~ o
o~ o

1107, 0
3
2
0
3
2
2
0,91

@ =) ~ o a ) Qe
o C) oo — o =

ANLYSES

- v o o o [ a @
o v = s o -

SAPLE
03
(/1)

0

3
0,01

0

0

1
0,0,

é

0

0
0,51
S

21

7
0
2,01
1
0,01
8

Ic
v/

-~ |= = - = “ -

= o Le] o~ - o -
23

— =

= = = ﬂm = i 82

= ] el

[»)
(a5

1,71
0
6,51
6

"o

= IRZ ag Ju
= 2 & 2% S

L R,

- |= — == == =

= (A )

Mt o e e e e e e e e e e e
o —

@ 1% = = R 2

= m oS oo S S S

C

T L
>

=
2 o S g S P -
vm 2R oo ==

ARADAY
0
8
0
0
8

CURRENT
IDENSITY | PASSED

{h-in) }{A/sq.0)

{F)
0
1
4
N
S

f

: IR e

EXPERIMENT MO 15 ELECIROLYSIS OF EFFLUENT SAMPLE A

ABSORBTION COL : 39 L FROM EXP 14 CELL € ¢ 25 L SCOUR EFFLUENT
T

MNILYTE ;30 L FROM EXP 1S MF

CATHOLYTE

AS TABLE 76
SAPLE
AHLYTE

CATHOLYTE
ABS. CoL



| S .

AS TABLE 77

EXPERIHENT 1) 1S : Eli'CIR(US]S F EFFLUENT SAMALE 8

ISLFRH EXP IS W

I8 NAH

ANLTTE -

CATHILYTE

ABSORBIION COL : cOL FROM EXP. 15 CELL A

ARALYSTS
m_
to/1}

SAALE
03
lo/

VI

c
(5fca) 1 (/1) 1 (/1)

o

YOLUE
{1

(o]

YOLTAGE(V)
HEHBRAE

L

1 OVERALL

\

PASSED
)

Rz

CURRERT
DEMSITY
N

Bl 3
{h-sin)

V)
~ o -

- o~
~N o oo

0 O~
o3 )

oo o

2y

T
33

& =23

~. - o ]
L) @ w3 o

*? B <

Lot oo ~ i~
o~ o~ e - o

9

1
0,9
1,0
0,93
1,0

~ v =
= b =
oo oS 3

W2

0

3
8,2
5014
9.6 !

)
FROM THE ABSORPTION COLUMN FOR THE CROSS—FLOM MICRUFILTRATION.
0
0

]
?
{

v v - -
=YL —_ - -
o ] 2]

55

TROLYTE
CATRILYTE
A85.00L.



——

A TALE 78

EXPERTHENT RO 15 : ELECTROLYSIS OF EFFLUENT SAMPLE C

o 1L NAH
17 L SCOUR EFFLUENT

: HLFROHEXP IS W

MHOLYTE
CATHILYTE

ABSORBTION CIL -

SALE  AMALYSIS
HX03-

)

VOLTAGE(V)

W S @

= e
=

3

5 |==n
g

2

L]

~ ~ ~ o
o

L7
0
3

0,0,
[}
9

0,01
L]

2
0,01
¢
L]

13
i
0.2}
9

A
A
3
23
181

12,51

L

12,6 4

o — e

.0..
< - 8 =

N3

2,51
6,61
]
¢

6,11

Lo
1,04
9
102
9

0,16
0,16}

-~ o~ - o ~ o~
g = = 4d=Sg

OWS: CATHOLYTE, FROW I3, 3L/HIN TO J7L/HIN AMD AHOLYTE, FRON 13,SL/MIN T0 IS, 3/HIN

1,83




| S S

AS TABLE 79

HICROFILTRATION

EXPERINENT )6:

120 L FROM EXPERINENTS 14 & IS ELECIROLYSES

FEED:

i
)
)
1
[l
'
)
i
)
»
]
]
]
1
[l
1
]
H
[l
'
]
1
]
i
]
1
il
)
1
1
]
1
[l
1
3
'
]
.
]
'
1
1
]
I

]
1 '
o~ 8 v :
— L '
! )
u/..ll-" - \
S -

L=1 ! o~ 2 i
1

. '
— : }

= »

— '

9

9

)
)
— ] -
[=) ~ - =1 !
= S :
)
= O
3 R s
= [ ] H
o ~ [ = :
w ac ' !
= \ :
& ! = ee tm am
& - e e cm mm mm mmmm = = . = )
1 v '
— a .
x =1 \ o~ '
= S i
<
=

VIC
i i
1 []
[}
9

c
ety
S
7

COND §
1

15
lo/1}

(9/1)

—o B B
.~ .

i

¥

v

i

]

[

i

i

'

'

1

i

'

'

'

'

1

'

'

i

i

'

]

'

'

'

I

I

i '

1 1

i i

' i

1l 1

1 v

1 ]

1 1oy

' 1

H IR=1 - - o o

) =1 .

1 1 — o~ @

v o 3 —_

’ I— ~

1 X=]

[ 1—

' Iom —= == * e vm —m M= mm == Am e = m= as m mm m= —e =a

' '

t P —— o~

N 1 — . .

H ' ~ o~ - v

] v o -

i i ~— o

' i

' Im~ me ~= T gy g g Ry

) ) 1

i 101 o == - o -

I i, = A .

i 19~ v —_

i 1o o .

i ] — D

' ' .

I Im- e - mm e e e e e mm mm e e nm em =% mm e ma =

] 1 —_

v 1 — tew & S o

] ’ -~ 1 i

] 1S3 v -

i = @ =]

' ' — =

» ] '

1Y te= —m am - —m A mm e ae mn am e e = e == e e

= —_

R — 1ee o oo

v ~ - .

I 1™ IS M v

I O @ 1 .o o~

x ~—~ 1w —_

' i (=1

I [T e— - e mm em e th mm mm e o e e = e mm ma ==

i ' '

T _— lme M @ -

I I B | - -

18 ITX ~— IO M ~ o

1 o 1.

1~ ~— 1w

1 '

I [ — e e A he mm o mm As mm mm m- o= = ma e - .

i v '

i . — la= - o~

i e = -

i 1D~ T vy —

' 1O om =3

] i ~— i

1 I '

) - - - " = mm e e e - ce mm me mm - == —a - . ma

i | ) )

' l _ e - ~ — [

] ] = . i

' v ~— T — —_— )

i 2 I = !

] i ~— i v

' i ' '

v Im= == == e e e am e e mm e a= mm e e tm oam e omm

' ) ]

t 1 — le- @ » -

i i —_ -

. 1o - oo ” e

' I o

' 1 ~— )=

i H i

I Im== m— = - mm e me e me e cm me e am e e ome e aa

i ) '

' i — lee e o -

i I —_— . ..

' 19~ - e v

] = o 1. —
1 ~ i
i 1
Ym= an == e em me mm me me e mm mm e = e e o )
H v )
[ >t \
1= 0 e o~ \
T3E - 1
= ’
1O m [
v ~ 1 1
'
: 4
'
]
1
]
I
!

pH

L e o

8.3
" COMPANT:

=1
- -
B il s VR
H =" - =1
“ > m “llso ~N O
3 & 1 e & -8
—_ - 1
b — 1} - -
=
=

® 93 &

PERN.

RECOYERY
(x)

= == o9
v @ — =

voL
(n
o’

SANPLE

1 PERK
[]
.25 [PERN

93.55 PERN
i
1PERH

0.00 iFEED

110.28 IFEED

_ i o3 1

” I =

s o

” 1 “ " "
£ N H |

. e m- - ll-ll W Am fw e e e " m- e o —- ! '



| U S

AS TABLE 80

EXPERIHENT 16:  WAMOFILTRATION

FEED: 50 L FROH XPERTMENT 16 CROSS-FLOW MICROFILIRATIOH

POTHT REJECTICH ()

=
[x) -
_———~

= lemw
23 g
g2 -
T (m
m( wy
Oy
g3 o~
Al Leg]
[ T
3 (=2~
~z=e
£% |g°
R e e T
[ 72] -— ———
2 2% |57
= ==
CAN
K

— - D
=F 12
= |==
2% .U.U
3|7
2g %

T
h-gin
1]

A

8

u
19.6 1

7
8.71

6
491

[
701

]
08!

bJ
w21

9.9
198

9.21

¢ 1.oP 4 55C

6316w AT 2!
i
)
i

10.2 ]

Sl
11.af
LN & KV
1.7 4
12.00 0 57C
9.9: 9.
¢ 1.0 ¢ 6

L CROSS-FLOW MICROFILTRATE FRON EXPERIMENT 16, T0 FEED

ni

i
O HICROFILTRATE FROM EXPERIMENT 16, TG FEED
&
be)
8%

= LR T .

g 83 gian g » g

1]
PERY
8.05 IAT THIS STAE

%
.13
6.35 1
8.05 ¢
8.2

14.10 §
1.1
16.1

TADOED FLRTHER 40 L CROSS
i
1PER
H
i8.1 (PeRM
i
PERY

COMHENTS:  EVAPORATE LOSS + 10 L.



| SV S .

AS TABLE 3t

ELCCTRALYSIS OF EFFLUENT SAHPLE A

EXFERIMENT 0 16 -

DL FROY OXP 16 WF
I Hac

ALITE -

CATHILYTE -

S LR EaP 15 CELL €+ § L SCHR EFFLLENT.

i

ABSORBITVt DL

I3
(O]

0o
Wb

'
b

Hgh+
(/) 4

v et
tag/ )

FRRADAY
PASSED
{F)

CLREENT
esin

31 3

' [

i

H o

H - = -

: 2z b

M”M .O.IIH
R e

-
5T
mﬂnln....llnl

o |, ie =

i3 e = el =

- 1 .- !

'3 (&3

I :

| T

{ H teo o

R =

1 orad P .- 1

e 23

S :

A S

! ' f
S

PoiEs TR
T e
[
] — =]
1oy S
=
|-
IR
leo =2 17
=2
b o
o e
EER
1 i
[T S
' \
I
e & 4
Bag
==
P
! s
iz 17
;

x5 &
&
o

=

z

“ e

{
- f= i
z !

:
 fpgeeen -
>

b 12
S~}
[
- e
>
-
=
S
34 izn
_ o~
=

1 e —_ -
w3 -

LYY o =
~ T ~ o

-

J.
1n oy o~ ~ e
- v 3 - -~ -

o Mmoo
— o -

~ o~ Mo
v G -5

= as

L3

1,4

0,0

2.3

0,51

&

CAILYTE

ABS.COL.

THE LG TO THE CELLS FROH THE MAMIFLDS 1S SHOWM BELOW FOR THE ANILYTE CUNFARTHENTS (1LY

CORENIS: NOTE: PRICR TU THTS EXPERIMENT THE FLOW CONF [RURATION 10 THE CELLS WAS CHMIEED FRUM SERIES Ty PARALLEL. IT AS HOPED THE AWLNT OF AfR RLEBLES [0 T SEC#D (ELL WOULD BE REDUCED, THUS LOWERING THE VOLT DROP

| anolyte

tank

!
anolyte
T

H

catholyte

catholytg

'3
anolyte

L

L




g | =

[ Y] ~a - - . o o o

2

D eSS ~ g~ - g3
32 175 3 g
- 8o o~ NN
G REJ I = S~

Wl

10! co2

AALYSIS
m-
(/1)
[}
0
0
3
0
M
I
0
3

ee e mm m M e mm em e et e i mm e m mm re e i e == mm e e = s
- v EX S o - o o
o~ - - o o -~

SALE
AR
lo/!)

3
3

D = o =] v o o o~ e
— (=) (=3 =] o

u.l.
9

0

3
3

{

'
o/}
3
191
0,71
0
0,2
§

(

- ) « =1 = ~
= —_ o =) — < -y
(=)
==
—_ ~ ~ Vi = Vi o~
= - 3 — " o -
2=
- 2o > = ~ @™
= 2=
g3
- = ™~ ~ b ™~ =2

o

UE
0
0
i
2.3
[
i
8

W
(1
15
()]

*x Vi W e A Vv w - v W O O
-r
| WP
[ - S =S -

0
0
0
&0
]
40
o0
L]
10
0
2
0
2
30

VOULTABE(Y)

4
2
1
1
6
8
1.3
4
3
4
3
6
3
3

7
6
&
6
6
7
7

FARADAY
1 PASSED
(F)
0,
0,
2,31

IS0 RO

5,45

ABSORETION COL = 30 L FROM EXP 16 OELL A # 30 L SCOUR EFFLUENT

EXPERIMENT ND 16 : ELECTROLYSIS OF EFFLLENT SAWPLE B

ANOLYTE = 30 L FROM EXP 16 WF

CATHULYTE :

g8 5 = mmm
% 4% 3%

1TE

S

AS TABLE &2
SAHALE
TANOLYTE

{CATHOLYTE
oo
ANOLYTE

CATHOLYTE

DATE:

COMENTS: THE SAME FLOW AND IARIFOLD CUNFIGURATION AS IN £XP. 16A APPLIED HERE



Wil

[t
{a/1}

=) o~ -

Hyrt
Lagf1)

3
2
1

Catt
=/

Do O <y " rbl -]
= — & ca - -
3= S o >4
2=
T T e L LR TR S,
mnv pe o ET i~ )
182 e o o5l - L I
— on ' ]
- T, 1
12 H
ey : |
: e e e
I e o > a s — o v
sl ~ ! no y S 3 $ 3 v i
”wu » I ]
s e e c e e e e e e e e et e e m mm e m e mman .

0
i
§
3
0
2
[
W0
351

' P
W oin D= g o = 3 !
A==
e 2% _
mmm o= |
H o e T e em s e
H R = - a v o m
' [ o3 o ey
: 3 |S= <=5 = s ge
5F !
H 1
!
R e
" - -
— H A 1
= S+ I ~
25

4
2,01

\
;
— H
) A - “
2= }
= H
Imm e mc mt %= mm == mm m. e = ae . mm mm amem e o
_ e - -
=l <« " o
: =5 ‘
: m
_ P P Sy TTou
! e 8 - = = ™ = Pafi=t
1 R
} wﬁtb
m - o ~ ~ v a
H
H
i

8l

TEry,
CEl

" g o e
- =S 2 s - =
Z = (823 sLg 2 =2
= : 3
S e 2
= — o
- HA w
z
'
H

1

h

v ooy S wvawm H
e - — i ik !
. :
i 2 i
[~ e e e e el - e e e me
H (] ca ]
-
I P BRI
: — (S SoSa
[ _
: - . mm ma mm me mm e o [ - g
- [ o e ~ o !
k1 2 o1 1@ e 9
I ! [ wo MG e u !
1 ) ] -
- . = "
) =2 : ! ;
: 5 i P :
; t-s - e mm e
- H "Hn M O M o o ~ v — H
= : E I T z S =
= : - R s 8 !
=z ; [+ = = s = i
- i 3 |
- @ ; !
“ fr“ T e, e A ma e me me e m= mn = - - . am A - - !
_ o o o 2 bl -] v 1
= ] —_— - 5 5
g > 3 m Hg e = g 2
W ry A b “
3 = I |
3 %3 e mmem ae
- o

[ERT
CURRENT
[esiry
{Afsq.0)

i

1

&

1200 §
200

]
|
'
'
'
'
'
I
1
1

EXFERTHENT Wy 17
ABSURBTION Ot

ANLYTE :
CATHOLYTE -

i
i (h-ain)

]
i
)
i
i
'
'
'
'
'
|
'
i
i
'
*
'
i
)
]
1
)
'
]
I
'
'
'
)
)
i
]
'
'
i
¢
)

AT THES STAGE 60 | (F EFFLUENT WAS TRAUSHERRED FRUN THE ABS.CUL. 10 CRUSS FLOW MICROFILTREATIGH. A FURTHER G0 L °F SUCUR EFFLUENT WAS ADDEG 10 THE ABS.DAL. !

CATIOLYTE
18

TANOLYTE
CATHALYTE
TABS.COL.
A8S. €0

AS TABLE 33
At

WARLYIE

TCATHLYIE

148560

;

i

|

H

'

)

)

1

)

)

i

;

anolyte
tank

U
M

anolyte

catholyte

anolyte

catho lyte

CONTS: THE FUM OXFIGURATIL 10 THE CELL STACK WAS IN PARALLEL GUT IHE FIRST CELL WAS FED FRCM THE ELECIRULYTE EMD OF EADH MANIFIXD.
e JHETLGR (U HE THO AMLYTE CUPARTIENTS TS ILLUSTRATED BELYW. A SIMILAR SET-49 EXISIED FOR THE CATHOLYIE CUMPARTHENTS.



—_——

AS TABLE 84

HICROFILTRATION

EXPERINENT 17:

120 L CARBONATED EFFLUENT FROM EXPERINENT 17 CARBOMATION

FEED:

Tor. €02

L]

= . o
»a - d “ vy o

— o H

= - II- - ma mm mm EmE mm 4w mm Am —— mw A mm m- - - II_
2 : _
— [T ) =] H
o H ]
g iz i _
2 | .
- ! -, mw mm mm e mEm —— —m mm Sm m— = m- e
= is

x =4 1

— LX) 1

s |

o ' ———m mm mm Aem mm am mm e m= As ma m= —- -

-— - T o
M lon e ~ o~
2% N <=
2
R e e LR
'
O~ —_— P ~>
1€ I3 . 3
1T les o =
= i~
o
= . e - e m. —— = —— = - -

HCO3-

K9 H
(/1) 1 (ng/1)} (mg/1)i (o/1) 1 (g/1) !

]

I== o0 < o
) ] - s
[=1 ] S -
o e

-

'

Ca
T
0.5
8
8.0 |1
)
1
:
;
1
i
)
i
)
)
1
'
!
;
)
[RYRTSpR .

7.2 1288.0 )
2

SANPLE  AMALYSIS
Na

7

)

c
/
0
0.
18.7 1
1

[]
271
2.9

' '

— rm= - 1

o= H .o i

' 19~ 1o~ ™ — - 1l

= o . o~ &

1~ e '

' 3 '

f== am =a e e e ae e et mm e e ad e ae mm e me a m

' ] i

I =~ i-= 0 ~ - '

] - —_ —_ i

12 O i '

T 1 1

=3 1

1O @ '

P o= ) 1

] 4 i
J== m= am P

1 1 (=) o H

' Tam o v H

3 1 'R -~ '

(-4 1o o @ o~ i

' (g - - '

' o '

- em e em e S O = B e mm e am e om e s o e e oo Al

— — - ]

— = e woono '

= . =] :

] o~ =aRas& i

pu - '

ey = ! - - i

= i

= 1 '

—e  »
2 3

PERN
RECOVERY

)
1
V
— h
»e “
= H
H
i
mm e e e e e e e e e e e e 2
ee 9 @ wvu
- - ey o~ el —1
o — 9 -— —
> =
H
|

FEED
PERN

CONMENTS: EVAPORATIVE LOSS = St.



SN
e e
1}
L}
5
1
'
]
1

AHILYTE ;40 L AT 1126/l NAHOS

CATHLSTE = 201 N
ABSORBTION (1L : 60 L SCOUR EFFLLENT SPIKED AT 125G/L KAOAD ( IIAL

—_ 2 <. -2
R 2 s = S 2 s 9

e mm mm am em mo e mm mm M= M4 mo mm == mm m= mm mm mm m = M mm mm == am t= e~ mm mm mm e me = mm == am == em == au == mm == e mm o ke

[N
0
55,41
5,2
0
W
|
39

AWLTSTS
Hus-
tof1)

SHRE A
[VIX]
(/1)

4,5
10
S

L]

0
Iy
i

3
1

-

tg/!)
570
0,0
26,4
00!
0.0
Qo d
0,0
3,

@
{g/t}
S04
S

ic
{g/1)
0,11
12
Ie,
1

L
21,0

1c
(g/1}

]
b
‘
i
'
)
'
'
1
'
'
|

n
IA]
AR
]
b9

Cud
(sS/ca)

- Y

=) = o o

2o
= 28 IR
: = g8 = HEg

v

< 2

TURNED 1P CURRENT
TURED CURRENT DIWN
\a

6 1 TURED UP CURRENT

TURHED CURRENY DUGN
i
1
1
59 [TURKED CLRRENT DOWN

2%
2
2
30
47
5%
]

291
23

e e 5 ed ©a

'
2,
!
9

w2~
©a o

~ = D 5 Sa

]

3
1a
5

2,3

F, O
2,4

i
8,05 IAT THE STAGE SO0 OF WGHDUS NAS ACED 10 THE ANOLYTE: TE 1376 WA
H

€yl © e
S e e

VOLTAGE(V)
HHBRAE

b

2
4310
4,6

X,

3

3

5

5

3610

Ll
451
TURKED CURRENT DGMM

H

3

1

)

1

1

£

z 3% 2 z32 5328 2 5232 23 2 =R ETIZETLIsTooq
= = = A bt = s .w.. - - ~ - @
mm( = s 4 = N € g =8 5 !
== 28 g 388 gE88 8 ssgs S TSTTTLTE e F e
= 288 2 E g g ,
mmw IEE8 988 5 EBEg B8 g g B RE8 EBE.S 8EsS
e 3 g = 2 8 mmﬁum = T2 T Tge e Ty
e 3 - R
g -
g

SKIPLE

T INITIAL ABSORPTIGH CILURN LIUKR, PRI 10 ADDITIUN OF THE NAHLDS HAD THE FILLUNIHG OUePOSETION:

AT THIS STAGE THE ABSORPTIN COLUMN PUMP FAILED ARD IHE EXFERIMENI Wis RESTARIED TIE FILLNING DAY,

MILYTE
CATINL YT
K18

]
|
'
1
1
I
]
1
)
1
'
|
»
i
)
'
i
i
'
1
]
I
)
¢
]
i
]
'
'
¥
»

3
5.



_ll o Y —
%y
s
m -—o o
-
2
Jr= R, - mm = mm o mm e R
- o _
v

2
5
H

- -G !
- |
s P ]
g | 7= © _
= O
=3 | _
b4 e e I
- |

m:; .
o S

25 _mm <K
-3 |38 38
o ~
= e TS T
8% |g¢ s o
- —-_— - - o T TmmEm T T
= _um 3
L £% |33 33
3 ax o= z=
= |[-™ it T
§ 2353 &3
g3 _7.
L RO
23 |
=

c
(W)

Co
(x5/0)
n

l
'
]
i
;
]
]
v
1
]
'
]
i
]
'
]
)
]
i

M
0
2

é
6

i
]
4

fu
V(12
:
200
)
200

oL

v (D
120

0

10
0

SAFLE
PER

3

_

120 L CARSONATED EFFLUENT FOH EXPERTHENT 13 CARSOKATION
PER
COVERY
(1)
H
0

.00

0

69.00 (PERM

1H7.00

ILEFT OPERATING AT 100KP (OUTLET PRESSURE)

AS TABLE 84

EXPERIMENT 18: MICROFILTRATION

FEED:

COMHENTS: NaHCO3 HAD PRECIPITATED [N THESE SNYLES AS A RESILT OF OVERSATURATION OF THE EFFLUENT [0 THE ABSORPTICN COLUMN WITH MaHLOJ,

EVAPORATIVE LOSS = 10 L



AS TAMLE @

EXPERLMENT 18: Manofiltration

Feed 100 L FROH DXPERIHENT 19 CROSSFLOM NICROFTLTRATIOH

POINT REJECTION (X}
a

TS

003: | HCO3-

"

(sS/ca) § (/1) 3 (a/1) 3 (a/1) § (/1) 1 (a/1) 1 (og/1)i (ma/1)} (/) § (/D) & (a/1) ¢ (/1)

L]

SNPLE  AALYSTS

CoND

] 3
. ] 23
5= |8 =

_— l|mll ———— e e e = am m———
A
=3 |7

nm_.m.ommm

— - n
- o o~ o

“g78%y “fy

e 8] R ®

=

2z

g 8 % BE

8 g B

o o~

3.5§

~

COENTS: MEMIRAE USED:FRON SHITH AMD MEPHEN PILOT PLANT SROY



: ELECTRALYSIS F EFFLUENT SAHPLE A

40 L OF FERM FRUM EXP 1D 1F

: AL MM

ABCCRBTIN (1d : 40 L SCOUR EFFLUENT + 1676/L HaHCOS (TOTAL = 20 L)

EXPERIMENT o 13
CATHLYTE

RXLYTE .

AS TARLE 83

e TS - - - e
: e e e e e e
— m o o el - n
3%
Mmoo = 1= T = 2 -
! 35 =S¥ bl <3 LR S
m =
! e e e e e e e e e e e e e e e e e
: 1 i M=y €y 09 oy "tz
i = L R=iA BHox 3 ° = 15 S
-
; g GO SO
- =l e v aenne g
i _mﬂw =R =S "o =Se2g
ER
i
i

-
18,9
4,2
2%,
18,
2
2
12,0
-
28,61
18,0
32
z
H

SR
€03
/)

“ _ Qe S TN e Q= owno
A .RI/..\U.‘.MO = 52 ER Sgseog
-2
: i
H m e mm mm e e mm et e e e em e s el e o M em ek me mm ed e mm e s mm amem mm e o —m
i '
! =
2% o
T
)

2

THE CUPPENT WAS MURLD [t3).

761
16 1
i
62
593
75
9
73
59
3l
7.8

o~ =Y o o~ L) 2 - o~ - o
- o ~ £ o o o~ o~ o

=33

TURNED CURRENT DOMN
]
1
64
a
0

WLUE |
1]
40,0
2,0
40,0 }

[us
23
47 i
$
5

C-H

HEHBRANE

AEOD AID 40 L SCOUR EFFLUENT (CONTATHING 1875/L RAHLIS) WAS ADDED,

VuLTAGE(Y)

o

ot

TURHES CURRENT DCRN
i
i
i

R R
-

AERALL
6
]
9
0
|
12,1
16,7
7,6
8

10,3
3,

PASSED
13

0
1o
2

4

3

7

%,
,
45

:Hmmv

_wmmmmmwmwmmm

]
v
]
'
’
i
]
]
v

1 CURRENT
[esin

(/.0

0,00

s 19 =
=]

=) eg ~

85 3
(h-nin)

11,3
18,30
10

'
i
'
I
]
'
'
'
)
]
[l
)

m
_v
|

1
i
'
i
'
]
]
'
'
)
il
1

w

m “

t

ALLYT
CATHL(TE
A8S.00

m
w

|
]
'
i
AT THIS SINE THE LIGGR I THE ABSOROTIOH i I#1 WS §
i
i
YIE

1000
1000
AT THIS SIAGE THE CELL WAS SKITGHED (FF ‘MER NIGHT,
1Ho
1400
130

'(‘AIWUT[
ATE 1S
CATHXLYIE

g
5%

.NRY]E

1ABS.LOL,
1CATHILYTE
ABS.CUL.
ANLYIE
1CATHOLYTE

2) PG A HANIFOLD CONFTGURATICNS AS [N EXP. 17 CAKBUMNATION

HXTE: [} THE LEAL OF CATHLTTE DECREASED DURING EXPERIMENTATICN [UE 10 A LEAK TN THE PIPEMGRE,



. . ; ; : : " ! n ! : : ! ! ! ! ! g Lot ! ! : ! :
! . , g : ! ! ; ! ' : i ' ] Vo DUV OB UY TIN MY OF EIMIING) £ T K ) L S ; !
H ' . ot HR 2 ._ . . . ' ' ' ' ) ' ' ' ' 1 19'g ] ' | ] 1 '
f 1 1 1 H H H i ] 1 1 1 ' ' 1 t H 1 1 ' ' ' i ) 1
' ! . o ' ' ' ' ! ! ' H ! H H ! i 1 0'¢ HAk ] BN Voooy ] | '
" AL “ : : : : : : ! m : ey ! m : !
Pooh s T L T ST S H
. . . .. ' ' ! ! _ ' “ “ ' ' “ ' ! ' Ve ; “ ' ' !
' 1 i 1 v ' -

: | ) : ' “ ' ' ' ' ' ! ' ' ' ' ' : AT A A ' '
_ ' __ | __ _ . " " " ! ! ! " " ! " ! o “ “ " ! !
S T T O S S S S S T O SN ST S A
. ) ) , ! ; “ ; | " “ " ! “ ' : " RN S T “ ' : ! '
" ; ; ; ! ! ! " " “ " _ " " : ! ' I U VA o “ “
__ ; _ : __ ! ! " : ' : : ' ; ! : ! ; Pt ! : : ' :
: ; ; ; : ; " “ " " “ ! " n “ “ ; “ SRR ¥ A " '
._ ; __ ; ! ! ! ; ; ' __ ! __ “ ver ! ' e ! _ : ' ' '
_ " ; ; _ ! : “ “ " ! “ ; " “ : " ! POE 0 e twr lost ;
T T S S S 2 S A S S R S
; | ; ! ; ; ; ; " ; ! ! | ! DU N Y TIO MW ol gt ¥, “ L | ! !
. \ .. \ ' : ' ' ' ! ' ' ' ' { ' ! ' ree ' ! ! ' !
. ; n Ve | | ; : ! ; ! ! . " “ ! “ sreo ! “ Loy ; _
A T A
e oo e orem b tmxo !
" . __ __ __ __ __ ; ; : ! “ ! ! ! ! “ ! I A ! !
m ; ; ". “_ “_ “. ! "_ m : ! : ! “ : : ! IR L o : !
| : \ | : : ' ! ! ! " ! ! “ “ “ ' “ U ! ! ! ! “
" ; " ' ! “ “ : : ! “ ! “ ; “ ; ! : I T roe ' '
: , ) 1 : _ ! ! : ; “ ! ! “ ! ' : ! HEN S ! ! : ! '
“ ! ! ” u ; ! ! ! “ ! ! ! ! : ! ! : Perlow tast | ! !
. | ‘ ST ! ! : H H : ! H ! } ; : V) N S ! : ! : !
” e E e ; | ! ; ! ! “_ " ! ! ! " LS Lot v NI “ !
\ \ ) AT : : ! : ! ! ! : ' ! ' ' ' L ' J ' ' !
" X ; T : “ : ! ! ! ! ! ! ! A ! ! S ST S B T ! :
; R T RUCI ! ! ! “ __ " ! ! .. ! ! ! : tee : : " : ;
" X | LT ! ! ! ! : ! ! ' ; : ! ! ! reeolet ) tom ! ! !
T ! " “ ! ! “ ! ! " ! oo e S S !
; ' “ ! ) ! ; ! ! ; " ; “ " AT ! " S I R L BT Y A ;
; ; y ! ! ! ! " ! " “ “ ! ! o ! “ £OLTT ewl “
| ! ! ! ! ! : ' ' ' ' : ' ' ' : : ' e ‘oo ' ;
m m ! ! : “ ! ! ; ! ! : ! : ! ; ! ! S0 ragt ; :
: ! ! ! TR o S L R " ! re s low ! : ! g6 U L Nasg
. J ! 1 YO ' o'l oot ! | ; & : e i ; : te N Img;
| : : " R LS T “ ! I L P CE SN0t LW Lo

——— _ . _ i : : " e T Y S B
1 L Ll L ' Ll
) 5 "6 By 1onfey L (ejey oo VWY ) RGBT 0 T () ) (wbsfy)) (uimapy ) i
(/) F () 3 (1me) L (i) (1f8) D (B) LB L /e a8 L /B Lo on i L LSRR A
&v L zsv Cwm o I T ! w G W L ® oL o L B0 M IMSTH ! STV ' '
— T PRI LA)ISY LT TR T TR P
SISIME  TimYs S A, ' I S| i

(1021 = TWIOL) UMY 1/905T BHINIVINGD INXITIS3 BYOS VY 105 + Y31 d¥3 WIH3 108 © 100 MOTiRyosay
.h WM 0 2 31V
3 2 BT dX3 W1 EF G 3L

8 3145 ININ139Y 30 SISARIIIT B0 vt KT HK]

65 31av1 ¥



: ; ; ; ‘ ' ; : ' : ' : ! ! ! ' ' t " ' ' ' '
' v ] 1 ' 1 ' . ] ' '
__ _. ; S : ! ! ! " “ ! ! : ! ! ! ! ! tea Tow
_ _ ' _ ! ! ! ! : ' ' : ! ! ! ! ' ! : ' : ! '
] ] 1 ] . [ ' ' ' i ' I H
: : ' ' ! : ! ' : ] ! “ ! ' ! ' : ' ! reg i A
' ' ' ' ! ' ' ! ! ! “ “ ' ! ! ! ' ' I : ' ! !
“ : ' : ! ! ! ! ! ' ! : ' “ ! ' ! ! R IR Sl
' ' ' : ! ' ' ! ! ! “ “ ' ! ! ' ' ' I ! ' ‘
' : “ ' CTREE- VR A N veo T S Y I ! ! ! ISR [ Lot
' : ‘ ' ! ! ! ! ' ' ' : ! ! “ ! ‘ ' re ! ! '
! ! ! ! HESS A | BV C A S H H HO 3 : HYS P : ! ! HEI N AV T !
' ' ' ' ' ' ' ! ! ! ! : ! : ! ' ! ! XA ! ! !
" | ' : tew e toa oe _ AL L I ' " Pl em o Lo ool
' \ \ ' , ) i i ' ' b ) ] . ' 1 I H T bh h H ! '
' ! ! ! ! 1 H H ! H H ; H \ | ZH/Y 0T 1Y 7130 MW @) GANILNG) 'O o Vo
H ' 1 . r ) 1 1 t 1 v 1 [ ' 1 1 1 1 1ot ] 1 i )
\ . , \ 1 ' 3 I . ' i ' ' . I | ) i A ) ) ' t '
_. : __ ” : “ “ “ __ “ “ " ; " “ v “ ! vale o reg ! A
' ' ' ! : ' ' ! ] ' ' ' ' ! ' : ' : Ve ' ' '
. ' v 1 1 1 1 1 1 1 ' 1 1 [ [l ] B ot Y : > '
O T P P
' : ! A O . . . . . . _ . . . . X b Cor ORI
_ reooam e | . , . | | _ | | | : _ “ Ve | P
' S Tey 9 . . : ' _ . : ! Ly ! ! _ !
_ _ _ OV ! : ' ! ! ! : “ ' “ ! ! ! rgtoree Lo !
\ \ \ . ' : ! ' ! ' : ' : ' ' ' ! ! A ! : '
X . . L ! ! ! ! ' ! ' ; ' ! ! ' ! ! VA S B N (3
__ poooar e " ; ! ; ! ! “ ; ! “ ! : : ep “ : !
" " X ; ‘ : ! : ! ! ! : " ! R B IR 1 RN (VL YA B Y
, . \ . ! : { ! ! ' ' ! ! ' ' ' ' ' V0P ' ' !
" , X X : ! " ! ; ! ! : ! “ ! ! ! ! AL I S G A
. . \ . ! ' ' ! ' ! ; ; ! ' ! ! ! ! re'y ! ' !
“ X , " ! ! ! ! : ' “ ! “ ! “ ' ! ! SR N | B Loer !
. \ \ | ! ' ! : ! ! ! ! ; ! ' ! ! ! ree ! ! !
“ " . | “ : ! ! : ! ! “ ! ! “ “ ! ! vetoenl ! Lol
. | | \ ' : ! ' : ! ' ' ! ' ' : ‘ ! S ' ' !
: ; " | ! : ! ! ! ! ! ! ! : ! ! ' ' vet i ! towt !
| , . : " “ ! " “ ﬂ ! " ! ! “ ! “ " ter " ; !
X h . _ ' ' ! ' ' ' ! ' ' ! ! ! : ' RN VAR fon
. | . : : ' ! ! ! ' : ' ' ' ' ! { ' R A ! ' '
_ . , " : ' ! ' ! ! : : v ! N ! ! ORI L SR S VIR A )
' ! __ __ ' ' ' ' 1 ' ' ' ! ! ! 1 ' ! " 1's ' ! ' '
_ ' H i ] ] 1 v 1 ) ] ) 1 1 ) ] ]
. ' ' ' : H H H H | ! 1 ! H 1 SV O0ED 1Y IR0 IOy o] QImLIMRY ('L R B LI ;
' . ; . ! ' ! ! ! ' ! : ; ! i ' ' : A ' ' !
” : " | : " ! ! ! " ! ! ! ; : ! ! ' I I A foe !
_ ! : , ; : " “ “ ! ! ! ! n “ ; ! ! frs ! ; ! !
X X X . : ! ! : ! ' ' ' ! ' ! ! ! ] T S Lo !
_" ; ! ) : : ! ! ! “ “ ! ! ! ! n : R 0K I ! ! “
_ _ | , i ! ! : ! ! ! " ! ' ! ! ! oA RS I T st !
.ﬂ : : P " " “ ] ; ; " “ ! “ “ “ : ree “ “ ;
, ) , ‘ vge ey o 100 i ; iR IO A : ) ! H HE RS S L4
, \ | \ ' ! ! ! ' ! ' ! ' ! ' ' ! ! beg ' ! '
“ | . _ L L RN (AL SV ! ! ! ' 19 | ! ! ! YT VA row !
\ \ . \ ! ! ! ! v ! ' ; “ ! ! ' ! ! v ! ! “
X . : Loy lom reo lemo G0 ! ! VRS TR S S Pl rRz LS LIM uR oS
- ' ,...-_J e e ' 1 ] ' 1 T ‘| | 1 f ' — ' . . ,
! H 4 ' ’ ' ' ' | ' ' i 1 ' ' ' | ] ' ' | t ' '
S L) e e GR af) L a) am) oG L k) L ) s ) (T DMWY LW WMEGH ) TE) ITMEM | () § (AL ()
__zugd"..sn..z"_;"g._c_“anéuén3nu_"u_“§8"§“ IS | GOV} AL
o —— T ET() Y TR (A)3IYLIT0A avoveyd | lGeno) I
} SISIMY  TIMNS H H ! ! ! 1




NRLYSIS

SHFLE

/) &ty odgh) !' Ig/1)

HE [

1

(a5/ca) |

o

“REPLACER 41T 0 | SO0R £ UET OrMTAINING 1231 Wans:

THE EFFLUENT TN TIE AZSORP1Tch OULLIN aS

DY Y|
¥

VOLTAGE(V)

()
THE. EXPERIMENT WAS STOPPED GWERNIGHT.

= i = -~ an

= w2 e ~=
= =

81
N
n
%

3,51

n( - — T T T e T e e e e e e T e e e e e e e en
— - ™ o — ~ 20
- 0 - - -~ - LY
‘nh‘/l ﬂvll‘ul -~ . Py - ST
— —_ = - —

0,18 4
0,15 |
o,H
0,10
(1 11]

(r

CCNTIMUED TO RN CELL AT 1200 Af
CONTINUED TO RUN CELL AT 1000 A/R2
:
]
1

F THE FOLLONING COMPUSTT [0W:
TURMED CURRENT DOWM,
'

THE ARLYIE WLLKE WAS D4 T0 I8L [E T6 A LEAX [N TC VALYE OH THE AOLTTE TANK
I
59
JURNED CUKRENT Disdtt
6,91

I& 7h “U‘IHII““W“.IN‘LII-INL/OIﬂv1/-.12"5\.03“21 o= ) e
£ ~ MRS N T N A BN S S or s W e
Ry - - T T T T I T m T mm e e e e e e e e e e e e e
T o= ”. “ o oe s = - e ST S S A" S, O T - o
o~ -~ -5 - ) 5 = s A 12 ol 5 o 5 ) €5 ‘ - i (=S
= pa] € N T v =2 v

'
'
'
'
'
'
»
)
[l
)
'
i

0.6
0
.71

RS ERESFEGEZEZEGRE

1400
2w
200
600

1000

g 8

«

(]
()]
000

10,50
1,00
2,45
3
85
5,

l ol = = s
o = o ---l--------,--:--------I,--:...--------------IH-..----
S 3 8 ¥ 5S¢
¥ 5 g : 3g
-------;--------.-.----------------,--,----,-..-------«--------.----.-.-N 3%




de o

AS TABLE 9

EXPERIMENT 19:HICROFILIRATION

FEED:90 L CARBONATED EFFLUENT FRON EXPIGA AMD 108

POINT REJECTION (1)
Ka

003: § HOOS- 1T0T. 002
(wh 1yl i (y/h

N

(s5/ca) § (/1) § (a/h) + (a/1) 3 (/D) ¥ (o/D) 1 Lmg/1)i (/1)

M

SAPLE  AMLTSIS
G

€00

o

| [ ¥
i

(o

M

FLUX
(1/a2/h}

PERH.
RECOYERY
(1)

2
200k
3¢
AT THIS SIAGE ONE OF THE HOSES ON THE CFIff RIG BURST AND THE REMAINING FEED WAS LOST.

L]
91
9

9.1

9.51

9.4
)
1




Lz =
e =

ST
. = |

70.0

= = |
: : *
gz 7® : |
e P TR
E |8 v-- !
& |
l.- |

8 2 i
- E il

[l
1
)
i

N
!
.8

5.3 11017
é

Tor, o
6.

| H03-

SAPLE  AWLTSIS
G
(as/eal § (/1) 3 (/1) 1 (/1) & (/1) & (/1) & leg/LD} fog/0D} (/1) § (/D) 4 (/) 4 (/1)

e ..

]

2 o
<o ™

- o _

2

o

0

]
'
'
i

I Ic
]

R R

Co0

N S i
-|||-|nh--|||4-“ Mo e TTT T TT e s s e e
2 §|'=z37E =¥

7
3
RAS RUN ON REACTIVEDYE . COLOUR REJECTION WAS NOT COMPLETE. THE URIGINAL NF MEXBRAME WAS DSTALLED [N PLACE OF THE SMITH & MEPHE MDBRWE. RES
4
%4

\

i

01
)

I

s =TT
&

i

kY]
0

E

8

=

£ B

,. £l

—_
c

o

h
=

0.00
15

e
AT THIS STASE TE

FEED: 60 L FRON EXPERIMENT 19 CROSS-FLOW AICROFILTRATION
PERY
COVER

EXPERIMENT 19:  NANDFILTRATION

AS TABLE 91

\



R4

LE

A5 TAS

: ELECIRISIS W LFFLLENT SARRLE A

[SFERTHENT ta) 198

o

XL FROM LI 1716

L KA

AL -

AT TE

o0 L SOUR EFFLLENT | CORTAIMING 12SG/L NAIICOS ) FRUM EXP 168,

ABSORBTTVN (Rt

NALTSLS

SHFLE

VOLTAGE(Y)

FARADAY
| PASSED
IF}

S22
523
o E

CAMRLYTE
85,000

1
i
o =
- 5
=
i
]
i
—_ 1
=
=
=S
=
i

20§

D o -
M s - - O

g B

~

=] o

B =

—_ V-

R ==

NF-HOUR AND AP-HETER MALFUMCTIUMING, RESTARIED EXPERIMENT AFTER 3 DASS.

o v
]

5 ICONTINED 10 RN CELL AT OO A2 H4,1V)

—a N @ o MmO o™ v ™. ~ o -
e = S S - S SR .= -

S.7 1CUNTIMED To Ry CELL AT 1400 A/M2 (13,9 WLIS)
)
)
i
i
:

13,3

4
1,
2

o~ NPT Y w5 o O oW o

'
’
I
'
'
'

1400
1800
000
200
0
ol
90
500
10
140
oo |

2

STOPKED EXPERIMENT DUE 1) BAD LEAX IN CATRCITE PIPIIG {1.8L/MIN).

2

)
)
I
}
]
!
)
1
)
)
)
|

4,91

i

5

)
TURED CURRENT Deedd
)

)

¥
)
CATHAYTE:
o,

I
1
]
i
'



AL L (Y )

LTSI

S

m = o e e o e e e e e e e e e e e e e e e o e e e e e e e e e e e o e e et
: = |
i E
i o=

’
i
’
'
l
)
)
]
'

]
3

M
3
911

B L el T LR L TP PSPy Uy A A O

h g
Lsis

ki
H K]
57

8.

1

)

1

2,5,

:

=<

em v- e e ac e cm aa =

.«..A.A-u._. ' v o 127

B ]
e L =

S

3

013
1A
2
2

CIWIIHED 1N RUN CELL AT 600A/12

VL TAGE Y
RRE] CH
0,
0,0
{
o JMTIAED T kN LELL AT S00A/i0

- A e eI i - e e e U U SR = |
- R ..nvuu-.nl'.\ul.m.l nluf.qwno'nml..gwﬂw,mavé.lua.,b....Q.n.uv).b../ndl.lnonfl..oll - o~
m RBNTHm AN g ad S ri A ol - - - S e S e I
= - = = —_ = ~

£ &~ 2 3 e M - Y T T
& ; = £ 2 =z
e v

]
t
1
1
'
s
'
1

12
[
i
6
¢
3
6
3
3
L
l

2z > o
o~ = -3 —
~ 5

= =

FARADAY
| PASSED
(F)
]
1

%FSE% % 8 8 28 2 8382885 28¢5 358 8 53

2SER Eg88

Les 1 1Y
(y/sq.0)

I g T e

% ) 2 > 2
cq

=

11h 3
{h-uin)

12,55

SICPPED EAFERIHONT 'WERRIGHT

:

P

A

€

CATHOLTTE

'
'
]
'
i
1}
]
'
'
5



NWLYSIS

SALE

YOLTABELY)

FARAMY

Y

CURRENT
DERSTTY
(Afsa.u}

1
[l
)
i

A5 TABLE 92 (cont.)
11

_
e
BT
i
i

TURMED LURRENT Dl

45 JTURED DURFE:T 1F

3
M
A

M ca
@

/e

1)
2
3
2

051
U214
3

CONTINED 10 SUN CELI AT

S, JONTIMED Pi 8N CELL AT 1004/12 (12,90

I e e T B T VA
<« ol S ) < - - 5 [ BB O er o S o
= e ey = - o ey e VvioMm N e mm s L Tt
[ - T T = - T < & e = 5 - - 2
- - = = & = -] 2 8 ¢

1 FASSCD
IF)
2,
a2,

k4]
HRH
71
,6

# %8 3 E 2 88 B 8 8 § §E 8 8 8 8 8 8§ 8 E B 8

]
v
]
1
1
b
]
t
'
'
'
v
il
)
)
'
'
'
'
)
'
!
'
1




A7 TABLE 1

: CARBONATION

EXPERIMENT MO 1

200 AT 756/L NA2CO3

AROLYTE :

(H- SPECIES

€03= / HCD3- SPECIES

Na SPECIES

F

TOTAL GH 108S CHANGE) C.

i
I

C EFF.

(%)

(BS CHANGE TOT CHANGE

1
t

(i8S CHANGE

10BS CHANGE: C.EFF. (TOTAL CO3ITOTAL 02

TOTAL Ha

!
I

{x)

Pomol)

{6)

1
i

(£03+C02)1

MOL CO3)1 (MOL €02)

{

(6)

!
i

(6)

(%)

(ML)

{6)

22}
5=
=
=
~T
o
~T
[
Ly
-
(=
=
=z
o>

I
!
i
|
I
I
1
!

iCATHOLYTE

1ABS.COL.

CATHOLYTE

1ABS.COL.

ANOLYTE
TANOLYTE

i
IANOLYTE
]
]

8,31

11,0

199

1
'
]
I

CATHOLYTE
1ABS.COL.

TANOLYTE

TEi

1ABS.COL.

CATHOLY

HOTE: X OF TOTAL ANOLYTE CO3 TRANSFERRED TO CATHOLYTE : 20%

COMHENTS:

]
1
13
]



A7 TABLE 2

: ELECTROLYSIS UF EFFLUENT SAMPLE A

EXPERIMENT 0 1

250 PERM FROM EXP L WF

ANOLYTE:

(H- SPECIES

(03= / HCO3- SPECIES

Na SPECIES

YOLUHE

ITOTAL OH 10BS CHANGE: C. EFF.

C EFF.

(%)

+TOTAL €O3)TOTAL CO210BS CHANGE[0BS CHANGE!TOT CHAMGE!

0BS CHAMGE, C.EFF.

TOTAL Na

(6)

}iO(HOL co2)) (Co3+Ce2) ]

{HoL co3

{6)

(z)

{HoL)

)

]
]
|
i
i
I
I
1

[}
i
1
I
]
!
1
1
I
I

THEORET-
ICAL

w
52
-z
2
~T
L
(¥¥)
-
=

=

=z
(22

0,7 1
3

0,5 i
)

0,11

[V = P~ -
M~ ~0 -r O

0,0

l
!
!
1
i
i
I
i
!
|
!
I
!
I
1
i

ANOLYTE
1CATHOLYTE
CATHOLYTE
A8S.COL.

i

1
!

I
!
1
I}
I

DATE:

8
0,6 )

5
0
0,6 i

0
4
581

I
]
!
i
1
1
1
!

CATHOLYTE
ABS.COL.

COMHENTS:

TANOLYTE



A7 TABLE 3
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EXPERIMENT K0: 2 ELECTROLYSIS OF EFFLUENT SAMPLE A
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EXPERTHENT NO 9: ELECTROLYSIS OF EFFLUENT SAMPLE A
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A7 TABLE 31
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EXPERIMENT NO 11: CARBOWATION

ANOLYTE: 501 AT 1126/ NAHCO3

TOTAL Ma {0BS CHANGE] C.EFF.

1500 |

50,03

0,0

p 0,0

ANOLYTE

CATHOLYTE

ABS.COL. |

TANOLYTE |

CATHOLYTE

ABS.CO

!
[

i
I
1
i

I
]
1
i
i
)

TANOLYTE

CATHOLYTE
1ABS.COL.

60 60 |

1

1ANDLYTE

1
]

69,4 1

44,7

i
1
]
1
i
}

CATHOLYTE
+ABS.COL.

COMMENTS: NOTE: TOTAL CO2 OF 2ND AND 3RD FEED TO ABS COLUMN TAKEM AS 2.36/L



SSL FROM EXP 11 NF

EXPERTHENT NO 11: ELECTROLYSIS OF EFFLUENT SAMPLE A

ANOLYTE:

7 TABLE 34

oL
OHC

(G/L Ha)
7
0

I
I
i
i
i
1
i
i
]
!
I
1
§
|
1
]
|
!
I
|
1]
|
)
1
1
t
I
!
1
!

CAT
CON

{G/L Ma)
8
g
9

I
1
1
|
1
t
I
1
I
]
!
1
i
|
)
|
1
i
I
1
I
|
i
|
1
1
1
|
1
}

(1)

C. EFF.

OH- SPECIES

OBS CHANGE
(MoL)
]

23
1129 |

[)
=
r~ ~r 5] o
3 M Vel &N
—
e
=

I
1
I
I
1
I
1
!
|
|
i
I
t
1
1
t
1
|
I
1
1
i
I
]

TOT CHANGE: C EFF. iTOTAL OH

(MOL €02} (CO3+C02)

10BS CHANGE
!
j
'
]

{MoL £03)
0

C03= / HCO3~ SPECIES
3
1
1
3
3

i {6)
19 !
105 !

(6)

TOTAL CO3iTOTAL CO210BS CHANGE

73

17

05

g

40

0
18
61

C.EFF.
(2}
€5 |
2 I
5¢ 1

?

t
|
I
1
!
|
I
!
I
i
I
I
i
i
1
I
!
i
I
I
}
|
]
1
1
1

10,31
13,0 1
10,6
4

Na SPECIES
0BS CHANGE
(MOL)

52
1274
%0

9
7

187
166:

TOTAL Na
(6)

£ =~ 1828 =48 zs=g
= jam
>
e gl = o |
D
EEE = &
%I S—
I-|vl
@ = = -
W L= LN (=)
=
-
e ———— e -
L rh_...lnl;ll..”.lnll....l
= Egd8 Ez28 £z8
=232 =232 Zs=

1
}
]
t
1
1
1
I
1
|
|

DATE:

‘OMHENTS:



EXPERTMENT MO 11: ELECTROLYSIS (F EFFLUENT SAMPLE B
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EXPERIMENT NO 11: ELECTROLYSIS OF EFFLUENT SAMPLE C
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EXPERIMENT NO 12: ELECTROLYSIS OF EFFLUENT SAMPLE A
351 FROM EXP 12 W
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A7 TABLE 33

EXPERIHENT MO 12: ELECTROLYSIS OF EFFLUENT SAMPLE B
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0L FRO# EXP 13 M

EXPERTHENT NO 13: ELECTROLYSIS (F EFFLUENT SAHMPLE A
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0L FROM EXP 19 MF

J

EXPERIMENT O 15A: ELECTROLYSIS OF EFFLUENT SAHPLE A
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Polarisation Data for Experiment 18B
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Cell Operation Using Scaled Electrodes and Conducting Plate

Anolyte 67 g/ NaHCO4
Catholyte NaOH
Absorption column 38 litres partially carbonated scour effluent

Sample Analysis
T O

Time TD | Faraday] Overall | Anode- | Temp | Sample | volume[ PH TO;= | ACOy | loml Na
Volts | Mem.
Volts (mS/
) | (vm? 9] (] v (C) U] cm) (9/) (oM (oM () (o)
00 60 0,0 2,5 anolyte 15,0 8,6 39 0,0 53 311 26,6 17.8
¢ 280 3,5 cath!)lylo 18,0 13,0 29 25,5 3,0 0,0 2,2 41,6
600 4,9
1200 6,9
1400 7.9
0-10 1 400 0.6 7,3 3,3
0-15 1 400 0,7 6,9 30
0-33 1400 1.4 8.4 36
0-55 1400 24 6.1 3,0 43
1-25 1400 3,5 5,9 2,7 47
2-00 1400 5.1 58 2,7 50
2-26 1 400 6.2 58 2,8 53 anolyte 13,3 87 35 0,0 4,2 24,6 21,0 13,2
catholyte 19,6 13,0 33 28,1 3,0 0,0 2,2 43,5
ote: Cumrent efhiciencies tor Na loss from anoiyte = 64 %
Current efficiencies for Na gain in wthoy!e =73%
Carbon dioxide loss from anolyte = 44 %
Cell Operation Using Sanded Electrodes and Conducting Plate
Anolyte 67 g/ NaHCO,
Catholyte NaOH
Absorption column 38 litres partially carbonated scour effluent
Sample Analysis
e CD | raraday] Overal] Anode- | Temp | Sample | volume] pH T OF [ CO;= | ACCy | To@l Na
Volts | Mem.
Volits X (mS/
) (AVm?) ® V) 4] (C) 0] cm) (M) (o) (o) (8 (91)
0-00 20 0 1,0 anolyte 15,0 8,1 43 0,0 1,2 40,3 30,3 18,8
320 3,4 catholyte 19,0 13,0 32 27,2 3,0 0,0 2,2 39,8
600 4,5
800 52
1200 6,3
1400 6,9
1-05 1 400 5.8 2.1 2,8
1-30 1 400 1.2 5.8 2,7
0-45 1 400 1.9 6.1 2,8
1-00 1400 2,6 6,0 2,8
1-15 1400) 3,2 58 2,7
1-30 1 400 3,8 5.8 2,7
1-45 1400| 4.5 5.8 2,7
2-00 1400| 5.1 58 2,8
2-15 1400 5.9 58 2.8
2-30 1400| 63 5.8 28 anolyte | 133 85| 34 0.0 43| 248| 21,1 13,2
catholyte | 200 | 130| 33 28,9 3,0 0,0 22| 435
Note: Current eficiencies for Na loss from anolyte = 73%

Current efficiencies for Na gain in catholyle = 79 %
Carbon dioxide loss from anolyte = 63 %
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APPENDIX 7

SUPPLEMENTARY INVESTIGATIONS INTO PERFORMANCE, SPECIATION
AND MODELING OF NANOFILTRATION

This Appendix contains:

Experimental Data to Determine Etfect of Electrolyte Characteristics on Performance of
Nanofiltration Membrane
Pages A7-2 to A7-3

Experimental Data for Nanofiltration Tests for Speclation and Transport Modeling
Pages A7-4 to A7-6

Results of Speciation Modeling
Pages A7-7 to A7-15

Calculated Values for Various Parameters Used In Membrane Performance Evaluation
Pages A7-16

Condensed Output Files from MINTEQA2 Modellng
A7-17

Results of Transport Modeling
A7-18
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Experimental Data to Determine Effects of Electrolyte Characteristics on Nanoflitration

Performance
Tabie A7-1
Results for Experiment 1
Feed 1 ¢/l Na as sodium carbonate
Initial solution pH 10,9
Pressure 1,3 MPa
Temperature 26 °C
Feed Flux Retention
pH Na CO5= HCO4~ |[Total CO,
(I/m2h) (%) (%) (%) (%)
6,3 41,4 42,6 72,0 71,1
6,9 46,4 75,3 74,6
7,5 41,0 51,5 79,1 77,7
8,1 53,8 80,7 81,0
8,5 56,4 99,5 81,7 83,8
8,9 59,4 99,7 85,8
9,4 42,1 65,6 98,5 85,0 87,5
10,0 40,6 78,6 97,5 85,0
10,4 90,3 99,5 24,7 88,1
10,9 31,0 97.4 97,2 92,2
Table A7-2
Results for Experiment 2
Feed 10 g/1 Na as sodium carbonate
Initial solution pH 11,2
Pressure 1,3 MPa
Temperature 26°C
Feed Permeate Flux |Retention
pH Na | coq= HCO,;| Total | Na CO3= |HCO,"| Total Na | co,= HCO," | Total
CO CG CO,
9/ | ¢ary | (gry | €arn | (a/l) | (gmy | (o) | tar) [m*hY (o) | (o) | (%) | (%)
6,6 10 10 9,6 |8,06 4,5 |4,75 ]29,5 | 19,4 50,6 |50,3
7,2 10 12,2 9,6 |7,91 4,8 14,27 20,9 55,2 |55,3
8,3 10 13,3 9,6 7,15 4,9 (3,60 (24,7 | 28,5 62,8 (62,4
9,0 10 2,9 9,4 9,6 |5,56 (0,18 | 4,2 (2,81 |20,3 | 44,4 92,9 |54,5 |70,6
9,6 10 6,6 4,9 9,6 (4,49 10,36 | 2,9 (2,73 55,1 | 94,7 [40,5 |71,5
10,6 10 9 0,6 9,6 (2,47 [0,62 | 0,6 |1,45 75,3 | 94,7 4,3 |84,8
11,2 10 9,8 9,6 [1,00 [0,74 0,72 (90,8 | 90,0 [92,9 92,5
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Table A7-3
Results for Experiment 3

Feed 30 g/l Na as sodium carbonate

Initial solution pH 11,5

Pressure 1,3 MPa

Temperature 26°C
Feed Flux Retention
pH Na COs= HCO5 Total CO,

(|/m2h) (%) (%) (%) (%)
7,0 42,8 39,1
7,3 16,6 38,3
7,6 17,0 14,5 40,2 43,4
7,9 17,4 18,1 43,8
8,5 16,2 19,1 47,2
9,1 11,3 24,7 80,2 31,3
9,6 5,0 43,1 82,0 10,0 55,3
Table A7-4

Feed

Results for Experiment 4

10 ¢/l Na as sodium carbonate
10 mg/l Ca as calcium chloride
10 mg/l Mg as magnesium hydroxide

Initial solution pH 11,2
Pressure 1,3 MPa
Temperature 26°C
Feed Retention
pH Na Ca Mg
(%) (%) (%)
7,2 20,1 55,1 57.4
8,2 25,3 65,6 68,5
9,0 40,6 77,7 79,7
10,0 63,9 86,5 90,0
11,0 85,6 91,5 95,1
Table A7-5
Results for Experiment 5
Feed 10 ¢/l Na as sodium carbonate

10 mg/l Ca as calcium chloride
10 mg/l Mg as magnesium hydroxide

0,1 ¢/ EDTA
Initial solution pH 11,2
Pressure 1,3 MPa
Temperature 26 °C
Feed Retention
pH Na Ca Mg
(%) (%) (%)
7,2 19,7 89 73,1
7,8 24,1 91,3 75,4
9,0 41,5 89,5 86,5
10,0 63,2 93,3 93,0
11,0 85,4 97,5 97.0
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Experimental Data for Nanofiltratlon Tests for Speclation and Transport Modeling

Table A7-6
Results for Experiment 6

Feed 1 ¢/t Na as sodium carbonate
Initial solution pH 11,0
Pressure 1,3 MPa
Temperature 26°C
Flux [Sample| pH n | Cond | Na | OH [COs=[HCOs | IC [Rejection
nd |Na CO5= |HCO4 [TIC
(/m2h) (kPa) |(mS/em)| (mg/) |(mgM)|(mgA) | (mg/) | (mgM) [[(%)  [(%) %) (%) (%)
feed | 11,0 111,2 3,67 972 0]1152 220 264
55,6 | perm | 10,9 0,0 0,37 8 1 66 0 15|l 89,9 99,1 94,3|100,0| 94,3
feed | 10,4 [122,5 3,70 997 0| 852 512 265
58,4 | perm | 10,1 | 43,1 0,88 154 0 48 55 25| 76,2| 84,6 94,4| 89,3| 90,6
feed | 10,0 [138,4 3,78 995 0| 540 781 268
69,8 | perm 9,7| 45,4 1,43 294 0 30 134 40(| 62,2| 70,5 94,4 82,8] 85,1
feed 9,4 (163,4 3,83 997 0| 198 | 1134 272
70,9 | perm 9,2| 79,4 2,13 467 0 16| 251 55|| 44,4| 53,2 91,9 77,9] 79,8
feed 3,91163,4 3,86 984 0 33| 1330 265
70,9 | perm 8,8] 93,0 2,46 544 0 2 325 65]] 36,3| 44,7| 93,9 75,6 75,5
feed 8,11172,4 3,88 1000 0 0] 1293 259
62,2 | perm 8,2 99,8 2,84 638 0 0| 421 82| 26,8 36,2 |N/A 67,4] 68,3
feed 6,91167,9 4,13 1010 0 0 891 172
49,1 | perm 7111157 2,90 662 0 0 382 751 29,8 34,5 [N/A 57,11 56,4
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Table A7-7
Restilts for Experiment 7

Feed 10 ¢/l Na as sodium carbonate
Initial solution pH 11,3
Pressure 1,3 MPa
Temperature 26°C
Flux [Sample| pH - Cond [ Na | oOH |cos= [HCO; | IC "Rejecﬁon
nd |Na CO4= [HCO5 [TIC
(I/m2h) (kPa) [(mS/cm)| (mgA) [(mgA)| (mgA) | (ma/l) | (mgA) |K%) (%) (%) (%) (%)
feed | 11,3 | 1062 | 26,70 | 9700 34 120000 0| 2338
17,3 | perm | 11,5 238 7,50 | 2050 0| 3950 275 515 71,9 78,9| 80,3 |[N/A 78,0
feed | 10,6 | 1130 | 27,10 | 9363 0 (17600 | 3172 | 2438
25,0 | perm | 10,0 399 9,65 | 2860 0| 2134 | 1341 515|| 64,8| 69,5| 87,8| 57,7 78,9
feed 9,6 1386 | 28,30 | 9563 0| 9200 | 7076 | 2500
33,6 | perm 9,0 874 | 18,10| 5300 0| 600 4026 | 900ff 36,0 44,6 93,5| 43,1] 64,0
feed 9,0| 1572 | 29,50 | 9638 0] 2200 |11956 | 2463
40,9 | perm 8,5 112 | 283,00 7300 0 0| 5774 1150|| 22,0 24,3|100,0| 51,7 | 53,3
feed 8,3| 1663 | 30,50 | 9650 0 012932 | 2538
41,1 | perm 8,1 | 1302 25,30 | 8150 0 0| 6750 | 1360 17,0 15,5 |N/A 47,8 | 46,4
feed 72| 1695| 31,20 (10238 0 0]11346 | 2338
41,4 | perm | 7,4| 1341 | 26,00| 8150 0 0] 6262 | 1325]] 16,7 | 20,4 |N/A 448 43,3
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Table A7-8
Results for Experiment 8

Feed 30 g/l Na as sodium carbonate
Initial solution pH 11,5
Pressure 1,3 MPa
Temperature 26°C
Flux |Sample| pH T Cond | Na [oH"|CcOs=|HCOs| IC "Rejection
Cond [Na COs= |HCO,™ [TIC
{Um?h) (kPa) [(mS/cm)| (mg/) |(mgA) | (mgA) | (mg/) | (mg/) (%) (%)  |i%) |o%) (%)
feed | 11,5| 2895 60,6 | 32000 033600 7320| 7750
feed 10,6 3047 62,4 | 32000 032160 7320( 7750
3,4 perm | 10,4 1951 42,6| 18875 0116800 | 4880| 4450( 31,7| 41,01 47,8| 33,3| 42,6
feed 9,6 3717 65,1 30750 015360 26840| 7300
9,0 perm 9,21 2711 590,0] 19450 0| 4800|16226| 4250 23,2| 36,7| 68,8 39,5]| 41,8
teed 9,1| 4073 68,81 30000 0| 4800|35502| 7000
16,7 | perm 8,6 3345 58,6 21925 0| 120021106 4500| 14,8] 26,9| 75,0| 40,5| 35,7
feed 8,5 4549 71,01 30750 0| 1400|35258| 7175
25,5 | perm 8,2| 3767 63,6 | 22875 0 0122570 | 4025) 10,4| 25,6(100,0| 36,0 43,9
feed 7,91 4651 72,0 30250 0 033428 6750
27.8 | perm 7,9| 3837 65,4 | 24250 0 0121960 4025 7,81 19,8 [N/A 34,3| 40,4
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Table A7-9
Results for Experiment 9

Feed 10 ¢/l Na as sodium carbonate
Initial solution pH 11,3
Pressure variable
Flow variable
Temperature 22°C
Pressure | Flow [[ Flux |[Sample| pH n Cond Na [ OH" [CcOo,=|HCO, 1€ [rejecﬁon
Cond [Na CO.= [HCO, [TIC
(MPa) [ (mUmin]i/m?h) (kPa) [mS/em] (mgA) |(mg/l) [(mg/l) | (mgA) | (mg/) [(%)  |(%) (%)3 (%) ® |(%)
04 445 fed | 96 | 1488 | 295 10413 0| 4740 | 7030 | 2463
56 | perm | 90 | 120| 241| 6950 0| 672 soo3 | 1585 183 | 333 | 858 | -09| 356
1010 feed | 96 | 1488 295 10413 04740 | 7930 | 2463
51 | perm | 91 | 1234 | 246 | 700 0| 66| 8406 | 1660 166 | 33| 853| 60| 326
1610 feed | 95 | 1495 208 10413 04920 | 8052 | 2525
41 | perm | 91 |1218| 243 | 6800 01152 7747 | 1690|| 185 | 347 766| 38| 335
085 445 feed | 95 | 1482 | 204 | 10075 05280 | 6344 | 2438
185 | perm | 90 | 1108 | 219 | 5400 0| 624 | 5478 | 1200 255| 464 | 882 | 137 | 508
1010 eed | 96 | 1482 204 10075 05280 | 6344 | 2438
183 | perm | 90 | 1087 20| 5m0 Of 408 ( 5787 | 1200|| 252 434| 923| 88| 508
1610 fecd | 96 | 1482 | 204 | 10075 05280 | 6344 | 2438
175 | perm | 90 [ 1105| 220| 5850 O 40| s588| 1160 252 | 419 920| 119 524
15 445 feed | 96 | 1457 | 203 10838 04620 | 8205 | 2438
425 | perm | 89 | 1001 | 201 | 7400 O| 64| 4270 | 80| 314 304 | 943 | 485| 647
1010 feed | 96 | 1457 | 203 10638 04620 | 8296 | 2438
436 | perm | 88 | 90| 201 | 770 O 348 3004 | 80|l 314| 276 925| 529 647
1610 foed | 96 | 1457 | 293 10288 04620 | 8206 | 2438
397 [perm | 89 | 973 198 7400 O 6| 3004 | 840(f 324 | 281 927 | 529] 655

A7-7




Results of Speclation Modeling

Table A7-10
Speclation Modeling of Experiment 6

Feed 1 ¢/t Na as sodium carbonale
Initial solution pH 11,0
Feed pH fonic Parameter |Specaton
strength H* Na* COz= | NOz~ | H2CO3 | on- [NaCOgz- [NaHCO3 [ HCOg"
(m) {m) (m) (m) {(m) {m) (m) (m) (m) {(m)
83 | 437502 [Conc (mol) | 1.57E07| &37E02| 1,15E05| 262502| 4,10E03| 1,01E07| 4,55606| 2.076-04| 1,/5E02
Activity 1,20E-07| 361E-02| 534E-06| 2,16E-02| 4,23E-03] 8,37E-08| 3,76E-06| 3,00E-04] 1,45E-02
Gamma 8,26E-01| 826E-01| 4,65E-01| 826E-01| 1,01E+00| 8.26E-01| 8,26E-01| 1,01E+00| 8,26E-01
81 438E-02 |Conc(mol)| 9,87E-09| 4,36E-02| 2,19E-04| 2,20E-02| 3,17E-04| 1,61E-06| 864E-05| 3,55E-04| 2,10E-02
Activity 8,15E-09| 3,60E-02| 1,02E-04| 1,82E-02| 3,20E-04| 1,33E-08| 7,13E-05| 3,50E-04| 1,74E02
Gamma 826E-01! 826E01| 4,65E-01| 826E01] 1,01E+00| 8,26E-01| 8,26E-01| 1,01E+00| 8,26E-01
89 4,45E-02 |Conc (mol) | 1,58E-09| 4,32E-02| 1,20E-03| 2,02E-02| 4,78E-05| 1,01E-05| 5,04E-04| 3,31E-04| 1,98E-02
Activity 1,30E-09| 356E-02| 599E-04| 1.67E-02| 4,83E-05| 829E-06| 4,16E-04] 3,34E-04| 1,64E-02
Gamma 8,24E-01| 8,25E-01| 4,63E-01| 825E-01| 1,01E+00| 8,25E-01| 8,25E-01| 1,01E+00| 8,25E-01
94 459E-02 |Conc (mol)| 498E-10| 4,24E-02| 353E-03| 1,71E-02| 1,27E-05| 3,21E-05| 1,34E-03| 275604 1,69E-02
Activity 4,10E-10| 349E-02| 1,62E-03| 1,41E-02| 1,20E-05| 2,64E-05| 1,10E-03| 2,78E-04| 1,39E-02
Gamma 8,23E-01| 8,23E-01| 4,58E-01| 8,23E-01| 1,01E+00| 8,23E-01| 8,23E-01| 1,01E+00| 8,23E-01
100 | 494502 |Conc(mol)| 1,24E-10| 4,08E02] 866E-03| 1,01E-02| 1,88E-06] 1,30E-04) 3,00E-03| 1,57E-04| 101E02
Activity 1,02E-10| 3,34E-02| 3,89E-03| 8,29E-03| 1,90E-06| 1,06E-04] 2,53E-03| 1,58E-04| 8,26E-03
Gamma 8,19E-01| 8,18E-01[ 4,49E-01| 8,18E-01| 1,01E+00| 8,18E-01| 8,19E-01| 1,01E+00| 8,18E-01
104 | 519E02 |Conc(mol) | 4.92E-11| 397E-02| 1,22E-02| 531E-03| 4,06E-07| 3,31E-04| 4,18E-03| 8,33E-05| 555E-03
Activity 401E-11| 324E-02| 539E-03| 4,33E-03| 4,11E-07| 2,70E-04| 3,41E-03| 8,43E-05| 4,53E-03
Gamma 8,15E-01| 8,16E-01| 4,42E-01| 8,15E-01| 1,01E+00( 8,15E-01| 8,16E-01| 1,01E+00| 8,16E-01
110 | 542E02 |Conc (mol)| 1,23E-11| 3,89E-02| 1,52E-02| 4,69E-04| 3,11E-08| 1,33E-08| 504E-03| 2,50E-05 1.71E-03
Activity 1.00E-11| 3,16E-02| 6,65E-03| 3,81E-04| 3,15E-08| 1,08E-03| 4,10E-03| 2,53E-05| 1,39E-03
Gamma 8,13E-01| 8,13E-01| 4,37E-01| 8,13E-01| 1,01E+00| 8,13E-01| 8,13E-01| 1,01E+00| 8,13E-01

A7-8




Table A7-11
Speclation Modellng of Experiment 7

Feed 10 ¢/l Na as sodium carbonate
Initial solution pH 11,3

‘reed pH lonic rarameter |Specaton

stength H+ Nat COz= | NOs~ | H2CO3 | oH- |NaCOg- [NaHCO3| HCO5
(m) (m) (m) (m) (m) (m) (m) (m) (m) (m)

12 4,14E-01[Conc (mol) | 9,19E-08] 4,145-01] 3,/0E-04| 2,336-01] 1,/0E-02] 2,30e-0/| 7,53E-04| 1,.856-02[ 1,78ED1
Activity 6,51E-08| 293E-01| 9,33E-05] 1,65E-01]| 1,87E-02| 1,63E-07| 533E-04| 2,14E-02| 1,27E-01
Gamma 7,09E-01| 7,09E-01] 2,52E-01| 0,70876| 1,10E+00| 7,09E-01] 7,09E-01| 1,10E+00| 7,09E-01

83 4,99E-01|Conc (mol) | 7,13E-09| 4,05E-01| 4,82E-03| 2,04E-01| 1,34E-03| 2,97E-06| 9,62E-03| 1,84E-02| 1,82E-01
Activity 506E-09( 2,87E-01| 1,22E-03| 1,45E-01| 1,47E-03| 2,10E-06| 6,82E-03| 2,13E-02| 1,29E-01
Gamma 709E-01| 7,09E-01| 2,58E-01| 7,09E-01} 1,10E+00| 7,09E-01| 7,09E-01| 1,10E+00| 7,09E-01

90 4,20E-01|Conc (mol) | 142E-09| 3,83E-01| 1,94E-02| 1,61E-01| 2,16E-04| 1,49E-05| 3.66E-02| 1,47E-02| 1,46E-01
Activity 1,01£-09| 2,71E-01] 4,91E-03| 1,14E-01| 2,36E-04| 1,06E-05| 2,60E-02| 1,61E-02] 1,04E-01
Gamma 709E-01] 7,09E-01] 253E-01]| 7,09E-01| 1,10E4+00| 7,00E-01| 7,09E-01| 1,10E+00| 7,09E-01

96 3,93E-01|Conc (mol) | 3,56E-10| 3,48E-01] 4,54E-02| 9,35E-02| 3,17E-05| 596E-05| 7.81E-02| 7,88E-03| 8,57E-02
Activity 2,52E-10| 2,47e-01| 1,15E-02| 6,64E-02| 347E-05| 4,23E-05| 554E-02| 8,62E-03| 6,08E-02
Gamma 710E-01| 7,10E-01| 254E-01| 7,10E-01| 1,09E+00| 7,10E-01| 7,10E-01| 1,09E+00| 7,10E-01

106 3,90E-01|Conc (mol) | 3,54E-11] 3,11E-01| 7.91E-02| 1,55E-02| 550E-07| 6,00E-04| 1,22E-01 1,23E-03| 1,49E-02
Activity 251E-11| 221E01| 201E-02| 1,10E-02] 6,02E-07| 4,26E-04| 8,65E-02| 1,34E-03| 1,06E-02
Gamma 7,10E-01] 7,10E-01( 2,54E-01| 7,10E-01| 1,09E+00| 7,10E-01| 7,10E-01| 1,09E+00| 7,10E-01

1.3 3,90E-01|Conc (mol) | 7,06E-12] 3,05E01| 851E-02| 4,30E-04| 2,35E-08| 3,01E-03 1,28E-01] 2,58E-04) 3,19E-03
Activity 501E-12| 217e-01| 2,16E-02| 3,12E-04| 2,57E-08| 2,14E-03| 9,12E-02| 2.82E04 2,273
Gamma 7,10E-01| 7,10E-01| 254E-01| 7,10E-01| 1,09E+00| 7,10E-01| 7,10E-01| 1,09403 7,10E-01
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Table A7-12
Speciation Modellng of Experiment 8

Feed 30 ¢/l Na as sodium carbonate
Initial solution pH 11,5

reec pH fonic Parameter [Specation
strength H* Na* CO3= | NOg~ | H2LO3 | oH- [NaCOg- [NaHCO3 | Heog-
(m) (m) (m) (m) (m) (m) (m) (m) (m) {m)

79 T.14E+00[Conc (mol) [ 1,7TE-08] 1,74E-00| 4,76ET3[ 6,25E-01| 7,98E03[ 1,00E-06| 20502 1,35E-01| 4,75E-01
Activity 1,28E-08| 8,56E-01| 1,33E-03( 4,71E-01| 1,04E-02| 7,98E-07| 2,22E-02| 1,76E-01| 3,57E-01
Gamma 7,52E-01| 7,52E-01| 3,19E-01| 7,52E-01| 1,30E+00| 7,52E-01( 7,52E-01| 1,30E+00| 7,52E-01

85 1,11E+00{Conc (mol) | 4,28E-09| 1,09E+00| 1,51E-02| 539E-01| 1,77E-03| 4,30E-06| 9,98E-02| 1,14E-01| 4,21E-01
Activity 3,20E-09| 8,15E-01| 4,70E-03| 4,03E-01| 2,28E-03| 3,21E-06| 7,46E-02| 1,47E-01| 3,15E-01
Gamma 747601 747E-01| 3,12E-01( 747E-01| 1,20E+00| 7,47E-01| 7.47E-01| 1,20E+00| 7,47E-01

9,1 1,03E+00|Conc (mol) | 1.08E-09] 9,86E-01] 4,31E-02] 3,62E-01| 3,06E-04] 1,75E-05| 2,47E-01] 7,09E-02| 2.91E-01
Activity 788E-10| 7,29E-01| 1,20E-02| 2,68E-01| 388E-04| 1,29E-05| 1,83E-01| 899E-02| 2,15E-01
Gamma 7.39E-01| 7,39E-01| 2,98E-01| 7,39E-01| 1,27E+00| 7,39E-01| 7,39E-01| 1,27E+00| 7.39E-01

96 9,64E-01|Conc (mol) | 3,43E-10| 8,87E-01| 7,68E-02| 1,94E-01| 530E-05| 564E-05| 3.826-01| 348E-02 1,89E-01
Activity 252E-10| 6,50E-01| 2,21E-02| 1,42E-01| 6,62E-05| 4,13E-05| 2,80E-01| 4,34E-02| 1,16E-01
Gamma 733E-01( 7,33E-01| 288E-01| 7,33E-01| 1,25E+00| 7,33E-01| 7,33E-01| 1,25E+00| 7,33E-01

106 9,10E-01|Conc (mol) | 3.45E-11| 7,93E-01| 1,17E0i| 2,78E-02| 7,95E-07| 5.72E-04| 5.07E-01 4,63E-03| 2,37E-02
Activity 251E-11| 5,77E-01| 328E-02| 2,02E02| 9,80E-07| 4,17E-04| 3,69E-01| 5,71E-03| 1 J2E02
Gamma 7.28E-01| 7,28E-01] 280E-01] 7,28E-01| 1,23E400| 7,28E-01| 7,28E-01| 1,23E+00 7,28E-01

115 9,03E-01|Conc (mol) | 5,29E-12| 7,70E-01| 1,24E-01] 8,04E-04| 1,96E-08 3,75E-03| 5,24E-01| 7,34E-04| 3,82E-03
Activity 384E-12( 567E-01| 3,45E-02| 585E-04| 2,41E-08| 2,72E-03| 381E-01| 9,03E-04 2,78E-03
Gamma 7.278-01| 7.27801| 279E-01| 727E-01| 1,23E+00| 7,27E-01| 7,27E-01| 1,23E+00 7,27E-01
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Feed

Table A7-13
Speclation Modellng of Experiment 4

10 g/l Na as sodium carbonate
10 mg/t Ca as calcium chloride
10 mg/l Mg as magnesium hydroxide

Initial solution pH 11,5
teed pH lonic Parameter [Speciaton
strength H* Na* | COg= [ ca*+ cr Mg*+ NOg- | H2lO3 | OH-
(m) (m) (m) (m) (m) (m) (m) (m) (m) (m)
72 |4,15E01 Tonc (mol) [3.20E08 |4,13E01 [3.60E08 [1.65E08 |5 00ED2 (271808 [2.33E0T 1,705 02 [230c07
Activity 6,52E-C8 [2,93E-01 [9,30E-05 |4,17E-05 |(354E-04 [6,84E05 [1,65E-01 [187E-02 |1,63E-07
Gamma  |7.09E-01 |7.00E-01 |2,52E-01 [252E-01 [7,00E-01 [252E-01 [7,09E01 [1,10E+00 |7.09E-01
82 [4,11E01 Conc (mol) |8,99E-09 |4,07E-01 (3.87E-03 [137E-04 |500E-04 |2,39E04 |207E-01 |1,71E-03 |2,36E-06
Activity 637E-09 |2,88E-01 |9,77E-04 |3,46E-05 |354E-04 |6,02E-05 [1.47E01 |188E-03 |1,67E-06
Gamma  |7,09E-01 |709E-01 |253E-01 |2,53E-01 |7,09E-01 [253E-01 |7,09E-01 |1,10E+00 |7,00E-01
90 |4,03E-01 Conc (mol) [1,42E-09 [383E-01 [1,94E-02 |8,22E-05 |S00E-04 |1,66E-04 [1,61E-01 |2,15E-04 |1,49E-05
Activity 101€03 [271E01 |491E-03 |208E-05 |355E-04 |4,20E05 |1,14E01 |2,35E-04 |1,08E05
Gamma  [7,09E-01 |7,00E-01 [253E-01 |253E01 |709E-01 |253E01 |7.09E-01 |1,10E400 |7,00E-01
100 |3.91E-01 Conc (mol) [1,41E-10 |3,28E-01 |6,30E-02 |383E05 |[500E-04 |8,86E05 |512E02 |6.95E-06 |1,50E-04
Activity 1,00E-10 (2,33E01 [1,60E-02 [9,73E-06 |3,55E-04 |2,25E-05 [364E-02 |7,61E-06 |1,07E-04
Gamma  |7,10E-01 |7,10E-01 |254E-01 [254E-01 |[7,10E-01 |2,54E-01 |7,10E-01 |1,09E+00 |7,10E-01
116 (3,90E-01 Conc (mol) |6,61E-12 |3,05E-01 |849E-02 [301E-05 (500E-04 |701E05 |141E-11 [|206E08 [|3.20E-03
Activity 4,69E-12 |217E-01 |2,16E-02 |7,64E-06 |[355E-04 |1,78E05 [9.99E-12 [225E08 |228E-03
Gamma  |7,10E-01 |7,10E01 |254E-01 [254E-01 |(7,10E-01 [254E01 [7,10E-01 [1,00E+00 |7,10E-01
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Table A7-13 continued
Speciation Modeling of Experiment 4

reed pH [Parameter |[Speciation

MgOH* | MaLO3 [MgHCO3*| CaOH* [CaHCOz*| “allsz | NaCOz™ | NaRCU3 | Heog
m) (m) (m) (m) (m) (m) (m) (m) {m)

72 ]Conc (mol) |2,60E-09 |550E-06 |1,43E-04 |242E-10 |798E-05 |5,12E-06 |7,50E-04 |1,94E-02 |1,79E-01
Activity 1,84E-09 |6,17E06 |1,02E-04 |1,72E-10 |565E-05 |564E-06 |532E-04 |2,14E-02 [1,27E-01
Gamma 700E-01 (1,10E+00 |7,00E-01 |7,00E-01 |709E-01 (1,10E+00 |7,09E-01 [1,10E+00 |7,09E-01

82 |Conc (mol) |2,35E-08 |5,19E05 |1,30E-04 |[206E-09 |[680E-05 |4,48E-05 |7,74E-03 |1,96E-02 |1,84E-01
Activity 167608 |570E05 |9,18E05 (1,46E-09 |[4,82E-05 |4,92E05 |549E-03 [216E-02 |1,30E-01
Gamma 7,09E-01 |1,10E+00 |7,09E-01 |7,09B-01 |7,09E-01 |1,10E400 |7,09E-01 |1,10E+00 {7,09E-01

90 [Conc (mol) |1,04E-07 |1,82E-04 |7,17E05 |7,85E-09 |324E05 |1,35E-04 |3,66E-02 |1,47E-02 |1,46E-01
Activity 737E-08 |2,00E-04 |[508E-05 [557E09 [230E-05 |[1,48E-04 [260E-02 [1,61E-02 |{1,03E-01
Gamma 7,09E-01 |1,10E4+00 |7,09E-01 |7,09E-01 |7,09E-01 |[1,10E+00 [7,09E-01 |1,10E+00 |7,09E-01

100 |Conc(mol) |5,60E-07 [3,18E-04 [1,24E-05 [370E-08 |491E-06 |207E-04 [1,02E-01 |4,10E-03 |4,73E-02
Activity 397E-07 |348E-04 |882E06 (262E-08 |349E-06 |226E-04 |7,25E-02 [4,48E-03 [335E-02
Gamma 7,10E-01 [1,09E4+00 |(7,10E-01 |7,10E-01 |7,10E-01 |1,09E+00 |7,10E-01 |1,09E+00 |7.10E-01

110 [Conc (mol) |9.47E-06 |340E-04 (621E08 (6,22E-07 [244E-07 [219E-04 [1,286:01 [241E04 2,98E-03
Activity 6,73E-06 |3,72E-04 |4,41E08 |[4,41E-07 |1,73E-07 [240E-04 [9,11E-02 |2,64E04 2,12E-03
Gamma 7,10E-01 [1,09E+00 [7,10E-01 |7,10E-01 |7,10E-01 |[1,00E+00 [7,10E-01 |1,00E+00 7,10E-01
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Feed

Table A7-14
Speclation Modellng of Experiment §

10 g/l Na as sodium carbonate
10 mg/I Ca as caicium chioride
10 mg/l Mg as magnesium hydroxide

100 mg/l EDTA
Initial solution pH 11,5
FeedpH[ lonic arameter | Speces
strength H* | Na* | cog= | ca** | cir | Mg** | EDTAY | NOg~ |NaEDTA
(m (mj (m) (m) (m) (m) (m) (m) (m) (m)

72 4,16E-01|Cone (mo!) | 1,2BE-07| 4,155-01| 2,58E-04| 7,78E-06| 500E-04| 2,09E-04| 3,01E-09| 2,39E-01| 2,51E-08
Activity 9,06E-08| 2,94E-01| 651E-05] 1,96E-06| 354E-04| 5,26E-05| 1,22E-11] 1,70E-01| 1,13E-09
Gamma 7,09E-01| 7,09E-01| 2,52E-01| 2,52E-01| 7,00E-01| 2,52E-01| 4,05E-03| 7,09E-01| 4,51E-02
78 4,14E-01]|Conc (mol) | 2,28E-08| 4,11E-01| 1,56E-03| 7,20E-06| 500E-04| 1,94E-04| 325E-09| 2,17E-01| 2,69E-08
Activity 1,62E-08] 2,91E-01| 3,93E-04| 1,82E-06| 3,54E-04| 4,89E-05| 1,32E-11| 1,54E-01| 1,21E-09
Gamma 7.09E-01| 7,09E-01| 2,52E-01| 252E-01| 7,09E-01| 2,52E-01| 4,06E-03| 7,09E-01| 4,52E-02
90 4,03E-01|Conc (mol) | 1,42E-09] 3,83E-01| 1,94E-02| 4,52E-06| 5,00E-04| 1,25E-04| 5,08E-09] 1,61E-01 3,94E-08
Activity 1,01E-09| 2,71E-01| 4,90E-03| 1,14E-06| 3)55E-04| 3,17E-05| 2,26E-09| 1,14E-01| 1,79E-09
Gamma 7,00E-01| 7.09E-01| 2,53E-01| 2,53E-01| 7.09E-01| 253E-01| 4,44E-01| 7.09E01| 4,54E-02
100 | 8,92E-01|Conc (mol) | 1,41E-10f 3,28E-01| 6,31E-02| 2,35E-06| 500E-04| 6,63E-05 9,60E-09| 5,13E-02| 641E-08
Activity 1,00E-10| 2,33E-01| 1,60E-02| 5,95E-07| 3,55E-04| 1,68E-05| 3,88E-11| 3,64E-02 2,93E-09
Gamma 7,10E-01( 7,10E-01| 2,54E-01| 2,54E-01| 7,10E-01| 2,54E-01 4,15E-03 7,10E-01| 4,57E-02
10 | 381E-01|Conc (mol) [ 1,41E-11| 307E-01| 1,90E-06| 500E-04| 539E-05| 1,18E-08 8,34E-02| 5,24E-03| 7,40E-08
Activity 1,00E-11 2,18E-01| 4,82E-07| 355E-04| 1,37E-05 491E-11] 2,12E-02 3,72E-03| 3,39E-09
Gamma 7,10E-01] 7,10E-01| 2,54E-01| 7,10E-01| 254E-01| 4,15E-03| 2,54E-01 7,10E-01| 4,58E-02
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Table A7-14 continued 1
Specilation Modeling of Experiment 5

+eed pH|Parameter [Speciation

OH™ [ MgOH* | Malls IMgHCO3*| CaOH* [CaHCOg*| Lalls [ NaCO5~ [NaHCU3
(m) (m) (m) (m) (m) (m) (m | (m) (m)

72 |Conc(mol) | 1,66E-07| 1,44E-09| 3,02E-06| 1,07E-04| B21E-12| 3,65E-06| 1,69E-07| 5,26E-04| 1,89E-02
Activity 1,178-07| 1,02E-09| 3,32E-06| 7,60E-05| 582E-12| 259E-06| 1,86E-07| 3,73E-04| 2,08E-02
Gamma 7,09E-01| 7,090E-01| 1,10E+00| 7,09E01| 7,09E-01| 7,09E-01|1,10E+00| 7,09E-01| 1,10E+00

78 |Conc(mol) | 9,28E-07| 7,52E-09| 1,69E-05| 1,07E-04| 426E-11| 3,64E-06| 9,44E-07| 3,15E-03] 2,02E-02
Activity 6,58E-07| 533E-09| 1,86E-05| 7.61E-05| 3,02E-11| 2,58E-06| 1,04E-06] 2,23E-03] 2,22E-02
Gamma 7,09E-01 7,09E-01| 1,10E+00| 7,09E-01| 7,09E-01| 7,09E-01|1,10E+00| 7,09E-01| 1,10E+00

90 |Conc(mol) | 149E-05| 781E08| 137E-04| 541E05| 4,31E-10| 1,78E-06| 7,43E-06| 3,66E-02| 1,47E-02
Activity 1,06E-05| 554E-08| 1,50E-04] 383E-05| 305E-10| 1,26E-06| 8,15E-06| 2,59E-02| 1,61E-02
Gamma 7,09E-01| 7,09E01| 1,10E+00( 7,09E-01| 7,09E-01| 7,09E-01|1,10E+00| 7,09E-01] 1,10E+00

100 |Conc(mol) | 1,50E-04| 4,19E07| 239E-04| 9,32E-06| 226E-08| 3,01E-07| 1,27E-05| 1,02E-01| 4,10E-03
Activity 107E-04| 297E07| 261E-04| 6,62E-06| 160E-09| 2,14E-07| 1,39E-05| 7,25E-02| 4,49E-03
Gamma 7,10E-01| 7,10E-01| 1,00E+00| 7,10E-01| 7,10E-01| 7,10E-01|1,09E+00| 7,10E-01| 1,09E+00

110 |Conc (mol) | 1,51E-03] 342E-06| 2,56E-04] 9,99E07| 184E-08| 3,22E-08| 1,36E-05 1,27E-01| 507604
Activity 107E-08| 242E06| 280E-04| 7,09E-07| 131E-08| 2,28E-08| 1,48E-05| 8.99E-02 5,54E-04
Gamma 7,0E-01| 7,10E-01| 1,00E+00| 7,10E-01| 7,10E-01| 7,10E-01|1,09E+00| 7,10E-01 1,09E+00

A7-14



Table A7-14 continued 2
Speciation Modeling of Experiment 5

Feed pH| Parameter [Speciaton

HCOg3" HoCO3 | EDTAH [EDTAH2 [EDTARHZ [EDTAH4 [EDTAHg [Ca EDTA|CaHEDTA[Mg EDTATMgHREDTA

(m) (m) (m) (m) {(m) (m) (m) (m) (m) (m) (m)
72 |Conc (mol) | 1,74E-01] 2,30E-02| 2,24E-07| 6,43E-09| 9,26E-14| 6,35E-19| 3,05E-23| 2,38E-04| 3,06E-08| 1,01E-04] 1,08E07
Activity 1,23E-01| 2,53E-02| 1,01E-08] 1,62E-09| 6,56E-14| 6,98E-19) 2,16E-23| 601E-05| 2,17E-08| 255E-05| 7.31E-08
Gamma 7,09E-01|1,10E+00] 4,51E-02| 2,52E-01| 7,09E-01| 1,10E+00| 7,09E-01| 2,52E-01] 7,08E-01| 252E-01| 709E-01
78 |Conc (mol) | 1,88E-01] 4,42E-03| 4,30E-08| 2,21E-10| 5,68E-16| 6,96E-22| 5,97E27| 2,38E-04| 546E-09| 1,02E-04] 1,85E-08
Activity 1,33E-01| 4,86E-03| 1,94E-09| 558E-11| 4,03E-16| 6,95E-23| 4,23E-27| 6,01E-05| 387E-09| 257E05| 1,31E-08
Gamma 7,09E-01]1,10E+00| 4,52E-02| 2,52E-01| 7,09E-01| 9,99E-02| 7,09E-01| 252E-01| 7,09E-01| 252E-01| 7.09E-01
80 |Conc (mol) | 1,46E-01| 2,15E-04| 4,22E-09| 1,36E-12| 2,18E-19| 1,67E-26| 8,91E-33| 2,36E-04| 3.38E-10] 1,04E-04 1,18E-09
Activity 1,03E-01]| 2,36E-04| 1,91E-10| 3 43E-13| 1,55E-19] 1,83E-26| 6,32E-33| 5,98E-05] 240E-10] 2.62E-05| B8,36E-10
Gamma 7,09E-01]1,10E+00] 4,54E-02] 2,53E-01| 7,09E-01| 1,10E+00] 7,09E-01] 2,53E-01] 7,09E-01| 253E-01| 7,09E-01
100 |Cone (mol) | 4,73E-02| 6,96E-06| 7.97E-10| 2,56E-14| 4,10E-22| 3,13E-30| 1,66E-37| 2,35E-04| 3,35E-11 1,05E-04| 1,19E-10
Activity 3,36E-02| 7,62E-07| 3.64E-11| 6,50E-15| 291E-22| 3,43E-30| 1,17E-37| 596E-05| 2,38E-11 267E-05| 8,47E-11
Gamma 7,10E-01| 1,09E-01| 4,57E-02| 2,54E-01] 7,10E-01| 1,09E+00| 7,10E-01] 2,54E-01 7,10E-01| 254E-01| 7,10E-01
11,0 |Conc (mol) | 6,24E-03] 9,17E-08| 9,81E-11] 3,14E-16] 5,02E-25| 3,83E-34| 2,02E-42| 2,35E-04 3,34E-12| 1,05E-04| 1,19E-11
Activity 4,43E-03] 1,00E-07| 4,49E-12| 7,98E-17| 3,56E-25| 4,19E-34| 1,43E-42| 5.95E-05 237E-12| 268E-05| 847E-12
Gamma 7,10E-01(1,09E+00| 4,58E-02| 2,54E-01| 7,10E-01| 1,09E+00]| 7,10E-01 254E-01| 7,10E-01] 254E-01| 7,10E-01

Table A7-15

Osmotic Pressures Predicted from Speciation Data
(using the equation described in Section 5.4.3.3)

Experiment | Feed Na pH Predicted Experimental
No. Osmotic Pressure | Osmotic Pressure
(g/) (kPa) (kPa)
20°C 26°C
6 1 11,0 136 139 123
10,4 147 150 136
10,0 163 166 157
9.4 185 189 170
8,9 195 199 175
8,1 201 205 175
6,9 211 216 188
7 10 11,3 1094 1117 1068
10,6 1139 1163 1137
9,6 1417 1446 1393
9,0 1662 1696 1579
8,3 1816 1853 1670
772 1906 1945 1701
8 30 11,5 3101 3165 2902
10,6 3190 3255 3047
9,6 3807 3885 3726
9.1 4441 4532 4080
8,5 5108 5212 4556
7.9 5432 5543 4658
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Calculated Values for Varlous Parameters Used in Membrane Performance Evaluation

Table A7-16
Experiment 6: Nanofiltration of Sodium Carbonate Containing 1 g/l Na

Experiment 7: Nanoflitration of Sodium Carbonate Contalning 10 g/| Na
Calculated Values for Varlous Parameters Used In Membrane Performance Evaluation

pH | pH | Jw | A% [AP-Ar] A TIC | Jic | TIC [h/CrCy| Na Jna Na | Jne/CrCp
feed | perm perm CrCl/:f perm . Crcll:f
(/m2h)|(kPa)| (kPa) |(UmZh.kPa)| (moll) [movm?h)| (moll) | (Vm?h) | (mol) |(molm?h)| (moll) (vm?#h)
11,0110,0| 55.6| 116| 1184| 0,047 |0,0013|0,0695]0,0208| 3,35 |0,0004| 0,0203|0,0419]| 0,48
10,4]10,1] 58,4] 109 1191| 0,049 |0,0021|0,1217|0,0200| 6,08 |0,0067 | 0,3910(0,0367| 10,67
10,0| 9.7] 69,8| 88| 1212| 0,058 |0,0033|0,2327|0,0190| 12,25 |0,0128 | 0,8922]|0,0305| 29,27
94] 92] 709] 84| 1216| 0,058 |0,0046|0,3250(0,0181| 17,97 [0,0203 | 1,4396[0,0230| 62,47 |
89| 88| 70,9| 73| 1227| 0,058 |0,0054|0,3840([0,0167| 23,04 [0,0237] 1,6769]0,0191| 87,66
81| 82| 62,2| 57| 1243 0,050 |0,0068]0,4250(0,0148| 28,82 [0,0277] 1,7254|0,0157| 109,62
69| 71| 49.1] 61| 1239| 0,040 |0,0063|0,3069[0,0081| 37,96 |0,0288[ 1,4132|0,0151| 93,40
Tablie A7-17

Experiment 8: Nanoflitration of Sodlum Carbonate Contalning 30 g/l Na
Calculated Values for Various Parameters Used in Membrane Performance Evaluation

pH | pH | Jw | A% [AP-AR] A TIC | Jig¢ | TIC |Jic/CrCp| Na JINa Na |Jna/CrCp
feed | perm perm GrC perm cC

(Um2n) | (kPa)| (kPa) |(Vm2h.kPa)| (mol1) [molm2h) (movﬁ (Um2h) | (mol) |(molm2h) (mol/ﬁ (Vm2h)
11,3 [11,5 [17,3[824 | 476 | 0,036 |0,0429]0,7425]0,1519| 4,89 [0,0891| 1,5420]0,3326 4,64
10,6 [10,0 [ 25,0 | 731 | 569 | 0,044 |0,0429|1,0729] 0,1603| 6,70 [0,1243]| 3,1087]0,2827| 10,99
9,6 9,0[33,6|513| 787 0,043 [0,0750]2,5200]0,1333| 18,90 |0,2304| 7,7426]|0,1853| 41,77
9,0 8,5[40,9 |411 | 889 0,046 |[0,0958]3,9196|0,1094| 35,82 |0,3174[12,9813|0,1017| 127,70
83]8,1]41,1]361| 939 0,044 [0,1133]4,6580|0,0982| 47,45 |0,3543]14,56370,0652| 223,31
7274414354 | 946| 0,044 |0,1104|4,5713|0,0844| 54,15 |0,3543[14,6700[0,0908| 161,59

Table A7-18

pH | pH | Jw | An [AP-An A TIC Jic TIC [Jo/CrCp[ Na INa Na [Uno/CtCp
feed [perm perm CrC perm CrC

(I/m2h) | (kPa)| (kPa) ((Um3h.kPa)| (mol1) [molm?2h) (mol/ﬁ (Um2n) | (mol/l) |(molm?h) (mol/ﬁ (Vm?h)
10,6 (10,4 3,4(1089| 211 0,016 |0,3708 | 1,2608 | 0,2750 4,58 10,8207 2,7902]0,5707 4,89
9,6| 9,6 9,0/1007| 293 0,031 |0,3542 | 3,1875 | 0,2542 12,54 10,8457 7,6109]0,4913 15,49
9,1 9,1] 16,7 728| 572 0,029 |(0,3750 | 6,2625 | 0,2083 30,06 |0,9533[15,9195|0,3511 45,34
85| 85| 25,5 783| 517 0,049 10,3354 | 8,5531 | 0,2625 32,68 |0,9946 |25,3614 | 0,3424 74,07
79 79| 27,8 815 485 0,057 |0,3354 | 9,3246 | 0,2271 41,06 |1,0543(29,3109|0,2609| 112,36
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Condensed Output Files from MINTEQA2 Modeling

Run 1: 1 g/l Na, change pH with nitric acid

Run 2: 10 g.I Na, change pH with nitric acid

Run 3: 30 g.I Na, change pH with nitric acid

Run 4: 10 g/ Na, 10 mg/l Ca, 10 mg/l Mg, change pH with nitric acid

Run 5: 10 g/l Na, 10 mg/l Ca, 10 mg/l Mg, EDTA, change pH with nitric acid

Run 4:; 10 g/ Na, 10 mg/l Ca, 10 mg/l Mg, change pH with nitric acid, allow precipitation
Run 5: 10 g/l Na, 10 mg/l Ca, 10 mg/l Mg, change pH with nitric acid, allow precipitation
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PC MINTEQA2 v3.10

Run 1 - 1 g/l Na; sample 1; pH 11.0

add HNO3

DATE OF CALCULATIONS: 25-AUG-94 TIME:

Type 1 - COMPONENTS AS SPECIES IN SOLUTION

ID
330
500
140
492

NAME CALC MOL
H+1 1.231E-11
Na+1 3.893E-02
€03-2 1.522E-02
NO3-1 4,069E-04

ACTIVITY  LOG ACTVTY
1.000E-11  -10.99981
3.165E-02 -1.49965
6.647E-03 -2.17740
3.308E-04 -3.48046

14:53:42

LOGK

.090
.090
.360
.090

Type 11

1D
3301401
3300020
5001400
5001401
3301400

- OTHER SPECIES IN SOLUTION OR ADSORBED

NAME CALC MOL
H2C03 AQ 3.112E-08
OH- 1.330E-03
NaCo3 - 5.044E-03
NaHCO3 AQ 2.499E-05
HCO3 - 1.712E-03

ACTIVITY  LOG ACTVTY
3.151E-08 -7.50153
1.081E-03 -2.96598
4.100E-03 -2.38721
2.530E-05 -4.59686
1.392E-03 -2.85639

LOGK

.670

875

.380
.075

411

Type 111 - SPECIES WITH FIXED ACTIVITY

ID
2

NAME CALC MOL
K20 -1.330E-03

LOG MOL  NEW LOGK

-2.

876 0.000

Type VI - EXCLUDED SPECIES (not included in mole balance)

ID
3301403

Na+1

C03-2

NO3-1

H20

NAME CALC MOL

€o2 (g) 9.598E-07

LOG MOL  NEW LOGK
-6.018 18.159

GAMMA NEW
0.81293 0
0.81293 0
0.43673 0
0.81293 0

GAMMA NEW
1.01255 16
0.81293 -13.
0.81293 1
1.01255 10
0.81293 10.

DH

0.000

DH
-0.530

PERCENTAGE DISTRIBUTION OF COMPONENTS AMONG
TYPE 1 and TYPE Il (dissolved and adsorbed) species

6.1 PERCENT
420.8 PERCENT
88.5 PERCENT
11.5 PERCENT
69.2 PERCENT
22.9 PERCENT

7.8 PERCENT

100.0 PERCENT

100.0 PERCENT

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

IN

IN

IN

SPECIES #5001401

SPECIES #3301400

SPECIES # 500

SPECIES #5001400

SPECIES # 140
SPECIES #5001400

SPECIES #3301400

SPECIES # 492

SPECIES #3300020

NaHCO3 AQ

HCO3 -

Na+1

NaC03 -

C03-2
NaC03 -

HCO3 -

NO3-1

OH-



1DX

330
500
140
492

NAME

H+1
Na+1
C03-2
NO3-1
H20

Charge Balance: SPECIATED

Sum of CATIONS =

DISSOLVED
MOL/KG  PERCENT
4.069E-04 100.0
4.400E-02 100.0
2.200E-02 100.0
4.069E-04 100.0
1.330E-03 100.0

PERCENT DIFFERENCE =

4 .538E-04

EQUILIBRIUM IONIC STRENGTH (m) =

EQUILIBRIUM pH

DATE 1D NUMBER:
TIME 1D NUMBER:

940902

14141372

SORBED

MOL/KG

0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01

3.893E-02 Sum of ANIONS

PRECIPITATED
PERCENT MOL/KG  PERCENT

0.0 0.000E-01 0.0

0.0 0.000E-01 0.0

0.0 0.000E-01 0.0

0.0 0.000E-01 0.0

0.0 0.000E-01 0.0
3.893e-02

(ANIONS - CATIONS)/(ANIONS + CATIONS)

5.415€-02

11.000



Run 1 - 1 g/l Na; sample 2; pH 10,4

add HNO3

Type 1 - COMPONENTS AS SPECIES IN SOLUTION

1D
330
500
140
492

NAME CALC MOL  ACTIVITY LOG ACTVTY
H+1 4,921E-11 4.013E-11 -10.39654
Na+1 3.974E-02 3.241E-02 -1.48937
co3-2 1.219E-02 5.390E-03 -2.26839
NO3-1 5.306E-03 4.327€-03 -2.36385

GAMMA
0.81547
0.81547
0.44221
0.81547

NEW

OO0 o0o

LOGK

.089
.089
.354
.089

Type 11

1D
3301401
3300020
5001400
5001401
3301400

- OTHER SPECIES IN SOLUTION OR ADSORBED

NAME CALC MOL  ACTIVITY LOG ACTVTY
H2C03 AQ 4.063E-07 4.112E-07 -6.38597
OH- 3.306E-04 2.696E-04 -3.56933
NaCo3 - 4.175e-03 3.405E-03 -2.46792
NaHCO03 AQ 8.327E-05 8.428E-05 -4.07430
HCO3 - 5.552E-03 4.528E-03 -2.34411

GAMMA
1.01203
0.81547
0.81547
1.01203
0.81547

NEW
16

10

LOGK

.670
-13.
.378
.075
10.

877

409

Type 1101 - SPECIES WITH FIXED ACTIVITY

NAME CALC MOL
H20 -3.306E-04

LOG MOL  NEW LOGK

-3

.481 0.001

DH
0.000

Type VI - EXCLUDED SPECIES (not included in mole balance)

ID
3301403

H+1

Na+1

C03-2

NO3-1

H20

NAME CALC MOL
€02 (g) 1.253€-05

LOG MOL  NEW LOGK

-4

.902 18.159

DH
~0.530

PERCENTAGE DISTRIBUTION OF COMPONENTS AMONG
TYPE 1 and TYPE 11 (dissolved and adsorbed) species

1.6 PERCENT BOUND

104.6  PERCENT BOUND

90.3 PERCENT BOUND

9.5 PERCENT BOUND

55.4 PERCENT BOUND

19.0 PERCENT BOUND

25.2 PERCENT BOUND

100.0 PERCENT BOUND

100.0 PERCENT BOUND

IN

IN

SPECIES #5001401

SPECIES #3301400

SPECIES # 500

SPECIES #5001400

SPECIES # 140

SPECIES #5001400

SPECIES #3301400

SPECIES # 492

SPECIES #3300020

NaHCO3 AQ

HCO3 -

Na+1

NaCo3 -

€o3-2

NaC0o3 -

HCO3 -

NO3-1

OH-



1DX NAME DISSOLVED SORBED PRECIPITATED
MOL/KG PERCENT MOL/KG PERCENT MOL/KG PERCENT
330 H+1 5.306E-03 100.0 0.000E-01 0.0 0.000e-01 0.0
500 Na+1 4.400E-02 100.0 0.0O0OE-01 0.0 0.000E-01 0.0
140 €03-2 2.200E-02 100.0  0.000E-01 0.0 0.000E-01 0.0
492 NO3-1 5.306E-03 100.0 0.000E-01 0.0 0.000E-01 0.0
2 H20 3.306E-046 100.0 0.000E-01 0.0 0.000E-01 0.0

Charge Balance: SPECIATED
Sum of CATIONS = 3.974E-02 Sum of ANIONS 3.974E-02

PERCENT DIFFERENCE = 3.693E-03 (ANIONS - CATIONS)/(ANIONS + CATIONS)

EQUILIBRIUM IONIC STRENGTH (m) = 5.194E-02

EQUILIBRIUM pH 10.397

DATE ID NUMBER: 940825
TIME 1D NUMBER: 15383461



Run 1 - 1 g/l Na; sample 3; pH 10,0

add HNO3

Type 1 - COMPONENTS AS SPECIES IN SOLUTION

1D
330
500
140
492

NAME CALC MOL
H+1 1.242E-10
Na+1 4.076€E-02
€o3-2 8.657E-03
NO3-1 1.013€E-02

ACTIVITY LOG ACTVTY
1.017e-10 -9.99288
3.336E-02 -1.47677
3.885e-03 -2.41061
8.291E-03 -2.08137

Type 11

ID
3301401
3300020
5001400
5001401
3301400

- OTHER SPECIES IN SOLUTION OR ADSORBED

NAME CALC MOL
H2C03 AQ 1.880E-06
OH- 1.300E-04
NaCO3 - 3.086E-03
NaHCO3 AQ 1.566E-04
HCO3 - 1.010e-02

ACTIVITY LOG ACTVTY
1.902E-06 -5.72088
1.064E-04 -3.97306
2.526E-03 -2.59756
1.584E-04 -3.80027
8.267E-03 -2.08268

Type 111 - SPECIES WITH FIXED ACTIVITY

1D

NAME CALC MOL

H20 -1.300€E-04

LOG MOL  NEW LOGK

-3.

886 0.001

Type VI - EXCLUDED SPECIES (not included in mole balance)

1D
3301403

H+1

Na+1

€03-2

NO3-1

H20

NAME CALC MOL

€02 (9) 5.794E-05

LOG MOL  NEW LOGK

-4

.237 18.159

GAMMA NEW LOGK
0.81848 0.087
0.81848 0.087
0.44878 0.348
0.81848 0.087

GAMMA NEW LOGK
1.01144 16.671
0.81848 -13.878
0.81848 1.377
1.01144 10.075
0.81848 10.408

DH

0.000

DH
-0.530

PERCENTAGE DISTRIBUTION OF COMPONENTS AMONG
TYPE 1 and TYPE Il (dissolved and adsorbed) species

1.5 PERCENT

99.7 PERCENT

92.6 PERCENT

7.0 PERCENT

39.3 PERCENT
14.0 PERCENT
45.9 PERCENT

100.0 PERCENT

100.0 PERCENT

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

IN

IN

IN

SPECIES #5001401

SPECIES #3301400

SPECIES # 500

SPECIES #5001400

SPECIES # 140

SPECIES #5001400

SPECIES #3301400

SPECIES # 492

SPECIES #3300020

NaHCO3 AQ

HCO3 -

Na+1

NaC03 -

C03-2

NaC03 -

HCO3 -

NO3-1

OH-



IDX

330
500
140
492

NAME

H+1
Na+1
C03-2
NO3-1
H20

Charge Balance: SPECIATED

Sum of CATIONS =

DISSOLVED
MOL/KG  PERCENT
1.013e-02 100.0
4.400E-02 100.0
2.200E-02 100.0
1.013e-02 100.0
1.300E-04 100.0

PERCENT DIFFERENCE =

1.667E-03

EQUILIBRIUM IONIC STRENGTH (m) =

EQUILIBRIUM pH

DATE ID NUMBER:
TIME ID NUMBER:

940825

15364657

SORBED

MOL/KG

0.000E-01
0.000€-01
0.000E-01
0.000E-01
0.000E-01

4.076E-02 Sum of ANIONS

PRECIPITATED
PERCENT MOL/KG  PERCENT

0.0 0.000e-01 0.0

0.0 0.000E-01 0.0

0.0  0.000E-01 0.0

0.0 0.000E-01 0.0

0.0 0.000E-0% 0.0
4.076E-02

(ANIONS - CATIONS)/(ANIONS + CATIONS)

4.961E-02

9.993



Run 1 - 1 g/l Na; sample 4; pH 9,4
add HNO3

Type 1| - COMPONENTS AS SPECIES IN SOLUTION

ID NAME CALC MOL  ACTIVITY  LOG ACTVTY GAMMA NEW LOGK
330 H+1 4,981E-10 4.098E-10 -9.38738  0.82289 0.085
500 Na+1 4.239E-02 3.488E-02 -1.45740  0.82289 0.085
140 CO03-2 3.525E-03 1.616E-03 -2.79144  0.45853 0.339
492 NO3-1 1.712e-02 1.409E-02 -1.85115  0.82289 0.085

Type Il - OTHER SPECIES IN SOLUTION OR ADSORBED

1D NAME CALC MOL  ACTIVITY  LOG ACTVTY GAMMA NEW LOGK
3301401 H2CO03 AQ 1.273E-05 1.286E-05 -4.89072  1.01063 16.671
3300020 OH- 3.206E-05 2.638E-05 -4.57866  0.82289 -13.881
5001400 NaCO3 - 1.336E-03 1.099E-03 -2.95900  0.82289 1.374
5001401 NaHCO3 AQ 2.749E-04 2.778E-04 -3.55622 1.01063 10.075
3301400 HCO3 - 1.685E-02 1.387E-02 -1.85801  0.82289 10.405

Type 111 - SPECIES WITH FIXED ACTIVITY

1D NAME CALC MOL LOG MOL  NEW LOGK DH
2 H20 -3.206€-05 -4.494 0.001 0.000

Type VI - EXCLUDED SPECIES (not included in mole balance)

1D NAME CALC MOL LOG MOL  NEW LOGK DH
3301403 co02 (g) 3.920E-04 -3.407 18.159 -0.530

PERCENTAGE DISTRIBUTION OF COMPONENTS AMONG
TYPE 1 and TYPE Il (dissolved and adsorbed) species

H+1
1.6 PERCENT BOUND IN SPECIES #5001401 NaHCO3 AQ
98.4 PERCENT BOUND IN SPECIES #3301400 HCO3 -
Na+1
96.3 PERCENT BOUND IN SPECIES ¥ 500 Na+1
3.0 PERCENT BOUND IN SPECIES #5001400 NaCo03 -
€03-2
16.0 PERCENT BOUND IN SPECIES # 140 C03-2
6.1 PERCENT BOUND IN SPECIES #5001400 NaCo3 -
1.2 PERCENT BOUND IN SPECIES #5001401 NaHC03 AQ
76.6 PERCENT BOUND IN SPECIES #3301400 HCO3 -
NO3-1
100.0 PERCENT BOUND IN SPECIES # 492 NO3-1
H20

100.0 PERCENT BOUND IN SPECIES #3300020 OH-



IDX

330
500
140
492

NAME DISSOLVED SORBED PRECIPITATED
MOL/KG  PERCENT MOL/KG  PERCENT MOL/KG  PERCENT

H+1 1.712e-02 100.0  0.000E-01 0.0 0.000E-01 0.0
Na+1 4.400E-02 100.0 0.000E-01 0.0 0.000e-01 0.0
co3-2 2.200E-02 100.0 0.00CE-01 0.0 0.000E-01 0.0
NO3-1 1.712e-02  100.0  0.000E-01 0.0  0.000E-01 0.0
H20 3.206E-05 100.0 0.000E-01 0.0 0.000e-01 0.0

Charge Balance: SPECIATED
Sum of CATIONS = 4.239E-02 Sum of ANIONS  4.239E-02

PERCENT DIFFERENCE = 2.120E-04 (ANIONS - CATIONS)/(ANIONS + CATIONS)

EQUILIBRIUM IONIC STRENGTH (m) = 4.591E-02

EQUILIBRIUM pH 9.387

DATE ID NUMBER: 940825
TIME ID NUMBER: 15341789



Run 1 - 1 g/l Na; sample 5; pH 8,9
add HNO3

Type 1 - COMPONENTS AS SPECIES IN SOLUTION

1D NAME CALC MOL  ACTIVITY LOG ACTVTY GAMMA NEW LOGK
330 H+1 1.582E-09 1.304E-09 -8.88457  0.82481 0.084
500 Na+1 4.316E-02 3.560E-02 -1.44853  0.82481 0.084
140 C03-2 1.294E-03 5.988E-04 -3.22276  0.46283 0.335
492 NO3-1 2.024E-02 1.669€E-02 -1.77745  0.82481 0.084

Type 11 - OTHER SPECIES IN SOLUTION OR ADSORBED

ID NAME CALC MOL  ACTIVITY  LOG ACTVTY GAMMA
3301401 H2C03 AQ 4. 777E-05 4.826E-05 -4.31638  1.01029
3300020 OH- 1.0056-05 8.289E-06 -5.08152  0.82481
5001400 NaCO3 - 5.037e-04 4.155E-04 -3.38144 0.82481
5001401 NaHCO3 AQ 3.309e-04 3.343E-04 -3.47584  1.01029
3301400 HCO3 - 1.982e-02 1.635E-02 -1.78649  0.82481

Type 111 - SPECIES WITH FIXED ACTIVITY

1D NAME CALC MOL LOG MOL  NEW LOGK DH
2 H20 -1.005E-05 -4.998 0.001 0.000

Type VI - EXCLUDED SPECIES (not included in mole balance)
1D NAME CALC MOL LOG MoL NEW LOGK DH

3301403 €02 (g) 1.471E-03 -2.832 18.159 -0.530

PERCENTAGE DISTRIBUTION OF COMPONENS AMONG
TYPE I and TYPE 11 (dissolved and adsorbed) species

H+1
1.6 PERCENT BOUND IN SPECIES #5001401 NaHCO3 AQ
97.9 PERCENT BOUND IN SPECIES #3301400 HCO3 -
Na+1
98.1 PERCENT BOUND IN SPECIES # 500 Na+1
1.1 PERCENT BOUND IN SPECIES #5001400 NaCO3 -
C03-2
5.9 PERCENT BOUND IN SPECIES # 140 c03-2
2.3 PERCENT BOUND IN SPECIES #5001400 NaCo3 -
1.5 PERCENT BOUND IN SPECIES #5001401 NaHCO03 AQ
90.1 PERCENT BOUND IN SPECIES #3301400 HCO3 -
NO3-1

100.0 PERCENT BOUND IN SPECIES # 492  NO3-1

NEW LOGK
16.671

-13.882
1.373

10.076

10.404



H20
100.0 PERCENT BOUND IN SPECIES #3300020 OH-

----------- EQUILIBRATED MASS DISTRIBUTION -----------

1DX NAME DISSOLVED SORBED PRECIPITATED
MOL/KG  PERCENT MOL/KG  PERCENT MOL/KG  PERCENT

330 H+1 2.024e-02 100.0 0.000E-O1 0.0 0.000E-01 0.0
500 Na+1 4.400E-02 100.0 0.000E-01 0.0 0.000E-01 0.0
140 €03-2 2.200E-02 100.0 0.000E-01 0.0 0.000E-01 0.0
492 NO3-1 2.024g-02 100.0 0.000E-01 0.0 0.000E-01 0.0
2 H20 1.005E-05 100.0 0.000E-01 0.0 0.000E-01 0.0
Charge Balance: SPECIATED

Sum of CATIONS = 4.316E-02 Sum of ANIONS 4.316E-02

PERCENT DIFFERENCE = 9.122E-04 (ANIONS - CATIONS)/(ANIONS + CATIONS)

EQUILIBRIUM IONIC STRENGTH (m) =  4.446E-02

EQUILIBRIUM pH 8.885

DATE ID NUMBER: 940825
TIME ID NUMBER: 15321343



Run 1 - 1 g/l Na; sample 6; pH 8,1
add HNO3

Type | - COMPONENTS AS SPECIES IN SOLUTION

1D NAME CALC MOL  ACTIVITY  LOG ACTVTY GAMMA NEW
330 H+1 9.869E-09 8.149E-09 -8.08891  0.82573
500 Na+i 4.356E-02 3.597E-02 -1.644408 0.82573
140 CO03-2 2.189E-04 1.018E-04 -3.99238  0.46489
492 NO3-1 2.201E-02 1.817E-02 -1.76054  0.82573

OO0 00O
N

LOGK

.083

.333
.083

Type 11 - OTHER SPECIES IN SOLUTION OR ADSORBED

1D NAME CALC MOL ACTIVITY LOG ACTVTY GAMMA
3301401 H2C03 AQ 3.169E-04 3.201E-04 -3.49469  1.01013
3300020 OH- 1.607E-06 1.327E-06 -5.87721  0.82573
5001400 NaCO3 - 8.640E-05 7.135€-05 -4.14663  0.82573
5001401 NaHKCO3 AQ 3.550E-04 3.586E-04 -3.44537 1.01013
3301400 HCO3 - 2.102E-02 1.736E-02 -1.76047  0.82573

NEW

10.
10.

LOGK

L671
-13.

882

076
404

Type IIl - SPECIES WITH FIXED ACTIVITY

1D NAME CALC MOL LOG MOL  NEW LOGK DH
2 H20 -1.607E-06 -5.794 0.001 0.000

Type VI - EXCLUDED SPECIES (not included in mole balance)

ID NAME CALC MOL LOG MOL  NEW LOGK DH
3301403 C02 (g) 9.757E-03 -2.01 18.159 -0.530

PERCENTAGE D1STRIBUTION OF COMPONENTS AMONG
TYPE T and TYPE 11 (dissolved and adsorbed) species

H+1
2.9 PERCENT BOUND IN SPECIES #3301401 H2C03 AQ
1.6 PERCENT BOUND IN SPECIES #5001401 NaHC03 AQ
95.5 PERCENT BOUND IN SPECIES #3301400 HCO3 -
Na+1
99.0 PERCENT BOUND IN SPECIES # 500 Na+1
C03-2
1.4 PERCENT BOUND IN SPECIES #3301401 R2C03 AQ
1.6 PERCENT BOUND IN SPECIES #5001401 NaHCO3 AQ
95.6 PERCENT BOUND IN SPECIES #3301400 HCO3 -
NO3-1
100.0 PERCENT BOUND IN SPECIES # 492 NO3-1
H20

100.0 PERCENT BOUND IN SPECIES #3300020 OH-



1DX NAME DISSOLVED SORBED PRECIPITATED
MOL/KG  PERCENT MOL/KG  PERCENT MOL/KG  PERCENT
330 H+1 2.201E-02 100.0 0.000E-01 0.0 0.000E-01 0.0
500 Na+1 4.400E-02 100.0 0.000E-01 0.0 0.000E-01 0.0
140 co3-2 2.200e-02 100.0 0.000E-01 0.0 0.000E-01 0.0
492 NO3-1 2.201E-02 100.0 0.00O0E-01 0.0 0.000E-01 0.0
2 H20 1.607E-06 100.0  0.000E-01 0.0 0.000E-01 0.0

Charge Balance: SPECIATED

Sum of CATIONS = 4.356E-02 Sum of ANIONS  4.356E-02

PERCENT DIFFERENCE = 1.400E-05 (ANIONS - CATIONS)/(ANIONS + CATIONS)
EQUILIBRIUM IONIC STRENGTH (m) = 4.378E-02

EQUILIBRIUM pH

8.089

DATE 1D NUMBER: 940825
TIME ID NUMBER: 15272693



Run 1 - 1 g/l Na; sample 7; pH 6,9
add HNO3

Type | - COMPONENTS AS SPECIES IN SOLUTION

ID NAME CALC MOL  ACTIVITY  LOG ACTVTY GAMMA
330 H+1 1.566E-07 1.293E-07 -6.88846 0.82582
500 Na+1 4.370E-02 3.609E-02 -1.46265 0.82582
140 CO03-2 1.148E-05 5.341E-06 -5.27240  0.46510
492 NO3-1 2.617E-02 2.161E-02 -1.66532  0.82582

NEW

[ N o = =)

LOGK

.083
.083
.332
.083

Type 11 - OTHER SPECIES IN SOLUTION OR ADSORBED

ID NAME CALC MOL  ACTIVITY LOG ACTVTY GAMMA
3301401 H2CO3 AQ 4.186E-03 4.228E-03 -2.37383  1.01012
3300020 OH- 1.013e-07 8.361E-08 -7.07772  0.82582
5001400 NaCO3 - 4.549E-06 3.756E-06 -5.42522  0.82582
5001401 NaHCO3 AQ 2.966E-04 2.996E-04 -3.52352 1.01012
3301400 HCO3 - 1.750E-02 1.445E-02 -1.84005 0.82582

NEW

-13

10.
10.

LOGK

671
.882

076
404

Type 111 - SPECIES WITH FIXED ACTIVITY

1D NAME CALC MOL LOG MOL  NEW LOGK DH
2 H20 -1.013e-07 -6.995 0.001 0.000

Type VI - EXCLUDED SPECIES (not included in mole balance)

ID NAME CALC MOL LOG MOL  NEW LOGK DH
3301403 €02 (g9) 1.28%9E-01 -0.890 18.159 -0.530

PERCENTAGE DISTRIBUTION OF COMPONENTS AMONG
TYPE 1 and TYPE Il (dissolved and adsorbed) species

H+1
32.0 PERCENT BOUND IN SPECIES #3301401 H2C03 AQ
1.1 PERCENT BOUND IN SPECIES #5001401 NaHCO3 AQ
66.9 PERCENT BOUND IN SPECIES #3301400 HCO3 -
Na+1
99.3 PERCENT BOUND IN SPECIES # 500 Na+1
Cc03-2
19.0 PERCENT BOUND IN SPECIES #3301401 H2C03 AQ
1.3 PERCENT BOUND IN SPECIES #5001401 NaHCO3 AQ
79.6 PERCENT BOUND IN SPECIES #3301400 HCO3 -
NO3-1
100.0 PERCENT BOUND IN SPECIES # 492  NO3-1
H20

100.0 PERCENT BOUND IN SPECIES #3300020 OH-



IDX

330
500
140
492

NAME

H+1
Na+1
C03-2
NO3-1
H20

Charge Balance: SPECIATED

Sum of CATIONS =

DISSOLVED
MOL/KG PERCENT
2.617e-02  100.0
4.400E-02 100.0
2.200E-02 100.0
2.617E-02  100.0
1.013e-07 100.0

PERCENT DIFFERENCE =

2.778E-05

EQUILIBRIUM IONIC STRENGTH (m) =

EQUILIBRIUM pH

DATE ID NUMBER:
TIME 1D NUMBER:

940825

16043872

SORBED

MOL/KG

0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01

4.370E-02 Sum of ANIONS

PRECIPITATED
PERCENT MOL/KG  PERCENT

0.0 0.000E-01 0.0
0.0 0.000E-01 0.0
0.0  0.000E-01 0.0
0.0 0.000E-01 0.0
0.0 0.000E-01 0.0

4.370E-02

(ANIONS - CATIONS)/(ANIONS + CATIONS)

4.371E-02

6.888



PC MINTEQA2 v3.10 DATE OF CALCULATIONS: 2-SEP-94 TIME:

Run 2 - 10 g/! Na; Sample 1; pH 11.3

add HNO3

14:38:18

Type 1 - COMPONENTS AS SPECIES !N SOLUTION

1D
330 H+1
500 Na+1

140 CO3-
492 NO3-

NAME CALC MOL  ACTIVITY  LOG ACTVTY
7.060E-12 5.012E-12  -11.29999

3.052E-01 2.167E-01 -0.66417
2 8.506E-02 2.160E-02 -1.66560
1 4.389E-06 3.116E-04 -3.50646

GAMMA
0.70986
0.70986
0.25392
0.70986

NEW

LOGK

L1649
.149
.595
. 149

Type 11 - OTHER SPECIES IN SOLUTION OR ADSORBED

ID NAME CALC MOL  ACTIVITY  LOG ACTVTY
3301401 H2CO3 AQ 2.349E-08 2.570E-08 -7.59009
3300020 OH- 3.011E-03 2.137E-03 -2.67015
5001400 NaCO3 - 1.285E-01 9.121E-02 -1.03994
50014071 NaKCO3 AQ 2.578E-04 2.820E-04 -3.54977
3301400 HCO3 - 3.192E-03 2.266E-03 -2.64478

GAMMA
1.09403
0.70986
0.70986
1.09403
0.70986

NEW

LOGK

.636
-13.
439
10.
10.

816

041
470

Type 111 - SPECIES WITH FIXED ACTIVITY

D
2 H20

NAME CALC MOL LOG MOL  NEW LOGK
-3.011E-03 -2.521 0.005

DH
0.000

Type VI - EXCLUDED SPECIES (not included in mole balance)

ID
3301403 c02

H+1
58.7

Na+1
70.3

C03-2
39.2

NO3-1
100.0

H20
100.0

NAME CALC MOL LOG MOL  NEW LOGK
(9) 7.906E-07 -6.102 18.159

DH
-0.530

PERCENTAGE DISTRIBUTION OF COMPONENTS AMONG
TYPE 1 and TYPE Il (dissolved and adsorbed) species

PERCENT BOUND IN SPECIES #5001401 NaHCO3 AQ

727.2 PERCENT BOUND IN SPECIES #3301400

PERCENT BOUND IN SPECIES # 500 Na+1

29.6 PERCENT BOUND IN SPECIES #5001400

PERCENT BOUND IN SPECIES # 140  C03-2
59.2 PERCENT BOUND IN SPECIES #5001400

1.5 PERCENT BOUND IN SPECIES #3301400

PERCENT BOUND IN SPECIES # 492  NO3-1

PERCENT BOUND IN SPECIES #3300020 OH-

HCO3 -

NaC03 -

NaCo3 -

HCO3 -



IDX

330
500
140
492

NAME

H+1
Na+1
C03-2
NO3-1
H20

Charge Balance: SPECIATED

Sum of CATIONS =

DISSOLVED
MOL/KG  PERCENT
4.389e-04 100.0
4,340E-01 100.0
2.170E-01 100.0
4.,389E-06 100.0
3.011E-03 100.0

PERCENT DIFFERENCE =

EQUILIBRIUM IONIC STRENGTH (m)

EQUILIBRIUM pH

DATE ID NUMBER:
TIME 1D NUMBER:

1.439E-05

940902

14382145

SORBED

MOL/KG

0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01

3.052E-01 Sum of ANIONS

PRECIPITATED
PERCENT MOL/KG  PERCENT

0.0 0.000E-01 0.0

0.0 0.000E-01 0.0

0.0 0.000E-01 0.0

0.0 0.000E-01 0.0

0.0 0.000E-01 c.0
3.052E-01

(ANIONS - CATIONS)/(ANIONS + CATIONS)

3.903£-01

11.300



Rur. 2 - 10 g/t Na; sample 2; pH 10,6
add HNO3

Type ! - COMPONENTS AS SPECIES IN SOLLITION

) NAME CALC MOL  ACTIVITY  LOG ACYVTY GAMMA NEW LOGK
330 H#1 3.542E-11 2.514E-11  -10.5995%  0.70987 0.149
500 WNa+1 3.11CE-01 2.208E-01 -0.65605 0.70987 0.149
140 €03-2 7.911E-02 2.009E-02 -1.69705  0.25394 0.595
492 NO3-1 1.55¢e-02 1.102E-02 -1.95793  0.70987 0.149

Type I1 - OTHER SPECIES IN SOLUTION OR ADSORBED

1D NAKE CALC MoOL ACTIVITY LOG ACTVTY GAMMA NEW LOGK
3301401 H2C03 AQ 5.499E-07 6.015E-07 -6.22074  1.09398 16.636
3300020 OH- 5.999E-04 4.258E-04 -3.37078  0.70987 -13.816
5001400 NaCO3 - 1.218E-0G1 8.644E-02 -1.06327  0.70987 1.439
5001401 NaHKCO3 AQ 1.225E-03 1.341E-03 -2.87270  1.09398 10.041
3301400 HCO3 - 1.489E-02 1.057E-02 -1.97583  0.70987 10.470

Type [I1 - SPECIES WITH FIXED ACTIVITY

ID NAME CALC MOL LOG MOL  NEW LOGK DH
2 H20 -5.999£-04 -3.222 0.005 0.000

Type VI - EXCLUDED SPECIES (not included in mole balance)

iD NAME CALC MOL LOG MOL  NEW LOGK DH
3301403 €02 (@) 1.852E-05 -4.732 18.159 -0.530

PERCENTAGE DISTRIBUTICN OF COMPONENTS AMONG
TYPE 1 ard TYPE 11 (dissolved and adsorbed) species

H+1
7.9 PERCENT BOUND IN SPECIES #5001401 NaHCO03 AQ
96.0 PERCENT BOUND IN SPECIES #3301400 HCO3 -
Na+1
7.7 PERCENT BOUND IN SPECIES # 500 Na+1
28.1 PERCENT BOUND [N SPECIES #5001400 NaC03 -
C03-2
36.5 PERCENT BOUND IN SPECIES # 140 €03-2
56.1 PERCENT BOUND IN SPECIES #5001400 NaCo3 -
6.9 PERCENT BOUND IN SPECIES #3301400 HCO3 -
NO3-1
100.0 PERCENT BOUND IN SPECIES # 492 NO3-1
H20

100.0 PERCENT BOUND IN SPECIES #3300020 OH-



DX

330
500
140
492

NAME

K+1
Na+1
c03-2
NO3-1
H20

Charge Balance: SPECIATED

Sum of CATIONS =

DISSOLVED
MOL/KG  PERCENT
1.552e-02 100.0
4.340E-01 100.0
2.170E-01 100.0
1.552E-02  100.0
5.999E-046 100.0

PERCENT DIFFERENCE =

8.448E-06

EQUILIBRIUM IONIC STRENGTH (m) =

EQUILIBRIUM pH

DATE 1D NUMBER:
TIME ID NUMBER:

940826
9332417

SORBED

MOL/XG

0.C00E-01
0.000E-01
0.000E-01
0.000&-01
0.000£-01

3.110E-01 Sum of ANIONS

PRECIPITATED
PERCENT MOL/KG  PERCENT

0.0 0.000E-01 0.0

0.0 0.000E-01 0.0

0.0 0.000E-01 0.0

0.0 0.000E-01 0.0

0.0 0.00CE-01 0.0
3.110€-01

(ANIONS - CATIONS)/(ANIONS + CATIONS)

3.901E-01

10.600



Run 2 - 10 g/l Na; sample 3; pH 9,6
add HNO3

Tvpe 1 - COMPONENTS AS SPECIES IN SOLUTION

Hy) NAME CALC MOL  ACTIVIIY  LOG ACTVTY GAMMA NEW
330 H+1 3.556E-10 2.524£-10 -9.59797  0.70970 0
500 Na+1 3.481E-01 2.470£-01 -0.60728 0.70970 0
140 r£C3-2 4.536E-82 1.151E-02 -1.93900  0.25369 0
492 NO3-1 9.354E-02 6.639E-02 -1.17793  0.70970 0

LOGK

L 149
.149
.5%96
.149

Type 11 - OTHER SPECIES IN SOLUTION CR ADSORBED

NEW

16.

-13

10

LOGK
636

.816
439
.041
10.

470

ID NAME CALC MOL  ACTIVITY  LOG ACTVTY GAMMA
3301401 H2CO3 AQ 3.171E-05 3.472E-05 -4.65944  1.09482
3300020 OH- 5.962E-05 4.231E-05 -4.37357 0.70970
5001400 NaCO3 - 7.807E-02 5.341E-02 -1.25644  0.70970
50G1401 NaHCO3 AQ 7.878E-03 8.625E-03 -2.06425 1.09482
3301400 HCO3 - 8.566E-02 6.079E-02 -1.21615  0.70970

Type 111 - SPECIES WITH FIXED ACTIVITY
1D NAME CALC MoL LOG MOL NEW LOGK DH
2 H20 -5.962E-05 -4.225 0.006 0.000
Type VI - EXCLUDED SPECIES (not included in mole balance)
1D NAME CALC MOL LOG MOL NEW LOGK DH
3301403 €02 (9) 1.072£-03 -2.970 18.159 -0.530
PERCENTAGE DISTRIBUTION OF COMPONENTS AMONG
TYPE I and TYPE Il (dissolved and adsorbed) species
H+1
8.4 PERCENT BOUND IN SPECIES #5001401  NaHCO3 AQ
91.6 PERCENT BOUND IN SPECIES #3301400 HCO3 -
Na+1
80.2 PERCENT BOUND IN SPECIES # 500 Na+1
18.0 PERCENT BOUND IN SPECIES #5001400 NaCO3 -
1.8 PERCENT BOUND IN SPECIES #5001401 NaHCO3 AQ
C03-2
20.9 PERCENT BOUND IN SPECIES # 140 co03-2
36.0 PERCENT BOUND IN SPECIES #5001400 NaC0o3 -
3.6 PERCENT BOUMD IN SPECIES #5001401 NaHCO3 AQ
39.5 PERCENT BOUND IN SPECIES #3301400 HCO3 -
NO3-1
100.0 PERCENT BOUND IN SPECIES # 492 NO3-1
H20

100.0 PERCENT BOUND IN SPECIES #3300020 OH-



IDX NAME DISSOLVED SORBED PRECIPITATED
MOL/KG  PERCENT MOL/KG  PERCENT MOL/KG  PERCENT

330 H+1 9.354E-02 100.0  0.000E-01 0.0 0.000t-01 0.0
500 Na+i 4.340E-01 100.0 0.000E-01 0.0 0.000e-01 0.0
140 C03-2 2.170E-01  100.0  0.0COE-01 0.0 0.000€e-01 0.0
492 NO3-1 9.354E-02 100.0  0.000E-01 0.0 0.000E-01 0.0

2 W20 5.962e-05 100.0  0.000E-01 0.0 0.000E-01 0.0

Charge Balance: SPECIATED

Sum of CATIONS = 3.481E-01 Sum of ANIONS  3.481E-01

PERCENT DIFFERENCE =  9.756E-05 (ANIONS - CATIONS)/(ANIONS + CATIONS)
EQUILIBRIUM IONIC STRENGTH (m) = 3.934E-01
EQUILIBRIUM pH = 9.598

DATE 1D NUMBER: 940826
TIME 1D NUMBER: 9312059



Run 2 - 10 g/l Na; sample 4; pH 9,0
add HNO3

Type 1 - COMPONENTS AS SPECIES IN SOLUTION

1D NAME CALC MOL  ACTIVITY  LOG ACTVTY GAMMA NEW
330 H+1 1.422E-09 1.008E-09 -8.99642 0.70928 0
500 Na+1 3.827E-01 2.714E-01 -0.56633 0.70928 0
140 CO03-2 1.940E-02 4.909E-03 -2.30902 0.25309 0
492 NO3-1 1.612E-01 1.143E-01 -0.94178  0.70928 0

LOGK

.149
.149
.597
149

Type I1 - OTHER SPECIES IN SOLUTION OR ADSORBED

NEW

LOGK

.635
-13.
.439
10.
10.

816

040
470

ID NAME CALC MOL ACTIVITY LOG ACTVTY GAMMA
3301401 H2C03 AQ 2.155E-04 2.364E-04 -3.62637 1.09700
3300020 OH- 1.490E-05 1.057E-05 -4.97613  0.70928
5001400 NaCO3 - 3.662E-02 2.597E-02 -1.58551 0.70928
5001401 NaHCO3 AQ 1.472E-02 1.615E-02 -1.79177  1.09700
3301400 HCO3 - 1.461E-01 1.036E-01 -0.98463 0.70928

Type II1 - SPECIES WITH FIXED ACTIVITY -
1D NAME CALC MOL LOG MOL NEW LOGK DH
2 H20 -1.490E-05 -4.827 0.007 0.000
Type VI - EXCLUDED SPECIES (not included in mole balance)
1D NAME CALC MOL LOG MOL NEW LOGK DH
3301403 €02 (g) 7.313e-03 -2.136 18.159 -0.530
PERCENTAGE DISTRIBUTION OF COMPONENTS AMONG
TYPE I and TYPE Il (dissolved and adsorbed) species
H+1
9.1 PERCENT BOUND IN SPECIES #5001401 NaHCO3 AQ
90.6 PERCENT BOUND IN SPECIES #3301400 HCO3 -
Na+1
88.2 PERCENT BOUND IN SPECIES # 500 Na+1
8.4 PERCENT BOUND IN SPECIES #5001400 NaCo3 -
3.4 PERCENT BOUND IN SPECIES #5001401 NaHCO3 AQ
C03-2
8.9 PERCENT BOUND IN SPECIES # 140 C03-2
16.9 PERCENT BOUND IN SPECIES #5001400 NaC03 -
6.8 PERCENT BOUND IN SPECIES #5001401 NaHCO3 AQ
67.3 PERCENT BOUND IN SPECIES #3301400 HCO3 -
NO3-1
100.0 PERCENT BOUND IN SPECIES # 492 NO3-1
H20

100.0 PERCENT BOUND IN SPECIES #3300020 OH-



IDX NAME DISSOLVED SORBED PRECIPITATED
MOL/KG  PERCENT MOL/KG  PERCENT MOL/KG  PERCENT

330 H+1 1.6126-01 100.0  0.000gE-01 0.0 0.000E-01 0.0
500 Na+1 4.340€-01 100.0 0.000€-01 0.0 0.000E-01 0.0
140 C03-2 2.170€E-01 100.0 0.000E-01 0.0 0.000€E-01 0.0
492 NO3-1 1.612e-01 100.0 0.000E-01 0.0 0.000E-01 0.0

2 H20 1.490E-05 100.0 0.000E-01 0.0 0.000e-01 0.0

Charge Balance: SPECIATED

Sum of CATIONS = 3.827E-01 Sum of ANIONS  3.827E-01

PERCENT DIFFERENCE = 1.427E-03 (ANIONS - CATIONS)/(ANIONS + CATIONS)
EQUILIBRIUM IONIC STRENGTH (m) = 4,020g-01

EQUTLIBRIUM pH

8.996

DATE 1D NUMBER: 940826
TIME 1D NUMBER: 9293156



Run 2 - 10 g/l Na; sample 5; pH 8,3
add HNO3

Type 1 - COMPONENTS AS SPECIES IN SOLUTION

ID NAME CALC MOL  ACTIVITY  LOG ACTVTY GAMMA NEW
330 H+1 7.132E-09 5.056E-09 -8.29617  0.70894 0
500 Na+1 4.050E-01 2.871E-01 -0.564189  0.70894 0
140 C03-2 4.823E-03 1.218E-03 -2.91427  0.25260 0
492 NO3-1 2.039E-01 1.446E-01 -0.83996 0.70894 0

LOGK

.149
L1469
.598
. 149

Type Il - OTHER SPECIES IN SOLUTION OR ADSORBED

NEW

LOGK

.635
-13.
.439
10.
10.

816

039
470

1D NAME CALC MoOL ACTIVITY LOG ACTVTY GAMMA
3301401 H2C03 AQ 1.342E-03 1.475E-03 -2.83112 1.09897
3300020 OH- 2.967E-06 2.104E-06 -5.67702  0.70894
5001400 NaCO3 - 9.618E-03 6.818E-03 -2.16633  0.70894
5001401 NaHCO3 AQ 1.935e-02 2.126E-02 -1.67234 1.09897
3301400 HCO3 - 1.819E-01 1.289€-01 -0.88963  0.70894
Type IIl - SPECIES WITH FIXED ACTIVITY
1D NAME CALC MOL LOG MOL NEW LOGK DH
2 H20 -2.967E-06 -5.528 0.008 0.000
Type VI - EXCLUDED SPECIES (not included in mole balance)
1D NAME CALC MOL LOG MOL NEW LOGK DH
3301403 €02 (g) 4.571€E-02 -1.340 18.159 -0.530
PERCENTAGE DISTRIBUTION OF COMPONENTS AMONG
TYPE I and TYPE Il (dissolved and adsorbed) species
H+1
1.3 PERCENT BOUND IN SPECIES #3301401 H2C03 AQ
9.5 PERCENT BOUND IN SPECIES #5001401 NaHCO3 AQ
89.2 PERCENT BOUND IN SPECIES #3301400 HCO3 -
Na+1
93.3 PERCENT BOUND [N SPECIES # 500 Na+1
2.2 PERCENT BOUND IN SPECIES #5001400 NaCO3 -
4.5 PERCENT BOUND IN SPECIES #5001401 NaHC03 AQ
€03-2
2.2 PERCENT BOUND IN SPEGIES # 140 €c03-2
4.4 PERCENT BOUND IN SPECIES #5001400 NaCo3 -
8.9 PERCENT BOUND IN SPECIES #5001401 NaHCO3 AQ
83.8 PERCENT BOUND IN SPECIES #3301400 HCO3 -
NO3-1
100.0 PERCENT BOUND IN SPECIES # 492 NO3-1
H20

100.0 PERCENT BOUND IN SPECIES #3300020 OH-



IDX NAME D1SSOLVED SORBED PRECIPITAYED
MOL/KG  PERCENT MOL/KG ~ PERCENT MOL/KG  PERCENT

330 H+1 2.039e-01 100.0  0.000e-01 0.0 0.000e-01 0.0
500 Na+1 4.340E-01 100.0 0.000g-01% 0.0 0.000E-01 0.0
140 C03-2 2.170E-01 100.0 0.000E-01 0.0 0.000e-01 0.0
492 NO3-1 2.039E-01 100.0 0.000E-01 0.0 0.000E-01 0.0
2 H20 2.967E-06 100.0  0.000E-01 0.0  0.000E-01 0.0
Charge Balance: SPECIATED
Sum of CATIONS = 4.050E-01 Sum of ANIONS 4.050E-01
PERCENT DIFFERENCE = 1.239E-04 (ANIONS - CATIONS)/(ANIONS + CATIONS)
EQUILIBRIUM IONIC STRENGTH (m) = 4.099E-01
EQUILIBRIUM pH = B.296
DATE 1D NUMBER: 940826

TIME ID NUMBER: 9263624



Run 2 - 10 g/t Na; sample 6; pH 7,2
add HNO3

Type 1 - COMPONENTS AS SPECIES IN SOLUTION

ID NAME CALC MOL ACTIVITY LOG ACTVTY GAMMA
330 R+ 9.185E-08 6.510E-08 -7.18644  0.70876
500 Na+1 4.138E-01 2.933E-01 -0.53274  0.70876
140 cCo03-2 3.697E-04 9.330£-05 -4.03011  0.25235
492 NO3-1 2.329E-01 1.651E-01 -0.78234  0.70876

NEW

LOGK

.149
.149
.598
.149

Type 11 - OTHER SPECIES IN SOLUTION OR ADSORBED

ID NAME CALC MOL  ACTIVITY  LOG ACTVTY GAMMA
3301401 H2C03 AQ 1.703e-02 1.873E-02 -1.72748 1.10006
3300020 OH- 2.303e-07 1.632E-07 -6.78719  0.70876
5001400 NaCO3 - 7.525E-04 5.333E-04 -3.27301  0.70876
5001401 NaHCO3 AQ 1.947E-02 2.141E-02 -1.66928  1.10006
3301400 HCO3 - 1.794E-01 1.271E-01 -0.89573  0.70876

NEW

LOGK

.634
-13.
.439
10.
10.

816

039
470

Type IIl1 - SPECIES WITH FIXED ACTIVITY

ID NAME CALC MOL LOG MOL  NEW LOGK DH
2 H20 -2.303e-07 -6.638 0.008 0.000

Type VI - EXCLUDED SPECIES (not included in mole balance)

ID NAME CALC MOL LOG MOL  NEW LOGK DH
3301403 02 (g) 5.808E-01 -0.236 18.159 -0.530

PERCENTAGE DISTRIBUTION OF COMPONENTS AMONG
TYPE I and TYPE Il (dissolved and adsorbed) species

H+1
14.6 PERCENT BOUND I[N SPECIES #3301401 H2C03 AQ
8.4 PERCENT BOUND I[N SPECIES #5001401 NaHCO3 AQ
77.0 PERCENT BOUND I[N SPECIES #3301400 HCO3 -
Na+1
95.3 PERCENT BOUND IN SPECIES # 50C Na+1
4.5 PERCENT BOUND IN SPECIES #5001401  NaHCO3 AQ
co3-2
7.8 PERCENT BOUND IN SPECIES #3301401 H2C03 AQ
9.0 PERCENT BOUND IN SPECIES #5001401 NaHC03 AQ
82.7 PERCENT BOUND [N SPECIES #3301400 HCO3 -
NO3-1
100.0 PERCENT BOUND [N SPECIES # 492 NO3-1
H20

100.0 PERCENT BOUND IN SPECIES #3300020 OH-



DX NAME DISSOLVED SORBED PRECIPITATED
MOL/KG  PERCENT MOL/KG  PERCENT MOL/KG  PERCENT
330 H+1 2.329€-01 100.0 0.000€e-01 0.0 0.000E-01 0.0
500 Na+1 4.340E-01 100.0 0.000E-01 0.0 0.000E-01 0.0
140 C€03-2 2.170e-01 100.0 0.00CE-01 0.0 0.000E-01 0.0
492 NO3-1 2.329e-01 100.0 0.000E-01 0.0 0.000e-01 0.0
2 H20 2.303e-07 100.0 0.000E-01 0.0 0.000E-01 0.0

Charge Balance: SPECIATED

Sum of CATIONS = 4.138E-01 Sum of ANIONS  4.138E-01

PERCENT DIFFERENCE = 5.844E-04 (ANIONS - CATIONS)/(ANIONS + CATIONS)
EQUILIBRIUM IONIC STRENGTH (m) = 4.142E-01

EQUILIBRIUM pH 7.186

DATE ID NUMBER: 940826
TIME ID NUMBER: 9243337



PC MINTEQA2 v3.10  DATE OF CALCULATIONS: 26-AUG-94 TIME:

RUN 3 - 30 g/t Na; sample 1; pH 11.5
add HNO3

9:37:23

Type 1 - COMPONENTS AS SPECIES IN SOLUTION

NEW

NEW

LOGK

.138
.138
.554
.138

LOGK

.585
.827
.628
.990
.459

1D NAME CALC MOL ACTIVITY LOG ACTVTY GAMMA
330 H+1 5.287E-12 3.844E-12  -11.41527 0.72704
500 Na+1 7.793E-01 5.666E-01 -0.24675  0.72704
140 C€03-2 1.235E-01 3.450E-02 -1.46221  0.27940
492 NO3-1 B.040E-046 5.845E-04 -3.23319  0.72704
Type 11 - OTHER SPECIES IN SOLUTION OR ADSORBED
1D NAME CALC MOL ACTIVITY LOG ACTVTY GAMMA
3301401 H2C03 AQ 1.961E-08 2.414E-08 -7.61725 1.23105
3300020 OH- 3.747E-03 2.724E-03 -2.56474  0.72704
5001400 NaCO3 - 5.240E-01 3.810E-01 -0.41913  0.72704
5001401 NaHCO3 AQ 7.337E-06 9.032E-04 -3.06423  1.23105
3301400 HCO3 - 3.817e-03 2.775E-03 -2.55667 0.72704
Type Il - SPECIES WITH FIXED ACTIVITY
ID NAME CALC MOL LOG MOL NEW LOGK DH
2 H20 -3.747€-03 -2.426 0.015 0.000
Type VI - EXCLUDED SPECIES (not included in mole balance}
ID NAME CALC MOL LOG MOL  NEW LOGK DH
3301403 €02 (g) 7.597€-07 -6.119 18.159 -0.530

PERCENTAGE DISTRIBUTION OF COMPONENTS AMONG

TYPE 1 and TYPE 11 (dissolved and adsorbed) species

H+1
91.3 PERCENT BOUND IN SPECIES #5001401 NaHCO3 AQ

474 .8 PERCENT BOUND IN SPECIES #3301400

Na+1
59.8 PERCENT BOUND IN SPECIES # 500 Na+1

40.2 PERCENT BOUND IN SPECIES #5001400

co3-2
18.9 PERCENT BOUND [N SPECIES # 140  €03-2
80.4 PERCENT BOUND IN SPECIES #5001400
NO3-1
100.0 PERCENT BOUND IN SPECIES # 492 NO3-1
H20

100.0 PERCENT BOUND IN SPECIES #3300020 O-

HCO3 -

NaCo3 -

NaCOo3 -



1DX NAME DISSOLVED SORBED PRECIPITATED
MOL/KG  PERCENT MOL/KG  PERCENT MOL/KG  PERCENT
330 H+1 8.040E-04 100.0 0.000E-01 0.0 0.000E-01 0.0
500 Na+1 1.304E+00 100.0  0.00CE-01 0.0 0.000E-01 0.0
140 C03-2 6.520E-01 100.0 0.000e-01 0.0 0.000E-01 0.0
492 NO3-1 8.040E-04 100.0 0.000c£-01 0.0 0.000E-01 0.0
2 H20 3.747E-03 100.0 0.000E-01 0.0 0.000e-01 0.0
Charge Balance: SPECIATED
Sum of CATIONS = 7.793E-01 Sum of ANIONS  7.793E-01
PERCENT DIFFERENCE = 4.798E-06 (ANIONS - CATIONS)/(ANIONS + CATIONS)
EQUILIBRIUM JONIC STRENGTH (m) = 9.028E-01
EQUILIBRIUM pH = 11.415

DATE ID NUMBER: 940902
TIME ID NUMBER: 18180796



RUN 3 - 30 g/l Na; sample 2; pH 10.6

add HNO3

Type 1 - COMPONENTS AS SPECIES IN SOLUTION

1D NAME CALC MOL ACTIVITY LOG ACTVTY
330 H+1 3.452E-11 2.512E-11 -10.59999
500 Na+1 7.927E-01 5.768E-01 -0.23897
140 €03-2 1.170E-01 3.280E-02 -1.48418
492 NO3-1 2.776E-02 2.020E-02 -1.69464

GAMMA
0.72764
0.72764
0.28033
0.72764

NEW

Type 11 - OTHER SPECIES IN SOLUTION OR ADSORBED

ID NAME CALC MOL  ACTIVITY  LOG ACTVTY
3301401 H2CO3 AQ 7.950E-07 9.802E-07 -6.00867
3300020 OH- 5.724E-04 4.165E-04 -3.38042
5001400 NaCO3 - 5.067E-01 3.687E-01 -0.43331
5001401 NaHCO3 AQ 4.633E-03 5.713E-03 -2.24314
3301400 HCO3 - 2.370E-02 1.724E-02 -1.76336

GAMMA
1.23300
0.72764
0.72764
1.23300
0.72764

LOGK

.585
.827
.428
.989
.459

Type II1 - SPECIES WITH FIXED ACTIVITY

ID
2 H20

NAME CALC MOL LOG MOL  NEW LOGK
-5.724E-04 -3.242 0.015

Type VI - EXCLUDED SPELIES (not included in molfs balance)

ID
3301403 €02

H+1
16.7

C03-2
17.9

NO3-1
100.0

H20
100.0

NAME CALC MZL LOG MOL  NEW 1.OGK
(9) 3.088E-05 -6.510 18.159

DH
-0.530

PERCENTAGE DISTRIBUTION OF COMPONENTS AMONG
TYPE } and TYPE 1l (dissclved and adsorbed) species

PERCENT BOUND IN SPECIES #5001401 NaHCO3 AQ

85.4 PERCENT BOUND IN SPECIES #3301400

PERCENT BOUND IN SPECIES # 500  Na+i

38.9 PERCENT BOUND IN SPECIES #5001400

PERCENT BOUND IN SPECIES # 140 C03-2

7.7 PERCENT BOUND IN SFECIES #5001400

3.6 PERCENT BOUND IN SPECIES #3301400

PERCENT BOUND IN SPECIES # 492 NO3-1

PERCENT BOUND IN SPECIES #3300020  OH-

HCOZ -

NaCo3 -



IDX

330
500
140
492

NAME DISSOLVED SORBED PRECIPITATED
MOL/KG  PERCENT MOL/KG  PERCENT MOL/KG  PERCENT

H+1 2.776E-02 100.0  0.000E-01% 0.0 0.000E-01% 0.0
Na+1 1.304E+00 100.C  0.000E-01 0.0 0.000E-01 0.0
co3-2 6.520E-01 100.0  0.00CE-01 0.0 0.000E-01 0.0
NO3-1 2.776E-02 100.0  0.000E-01 0.0  0.000E-01 0.0
H20 5.724e-04 100.0  0.00CE-01 0.0 0.000E-01 0.0

Charge Balance: SPECIATED

Sum of CATIONS = 7.927E-01 Sum of ANIONS 7.927E-01

PERCENT DIFFERENCE =  1.989E-03 (ANIONS - CATIONS)/(ANIONS + CATIONS)
EQUILIBRIUM IONIC STRENGTH {(m) = 9.096E-01
EQUILIBRIUM pH = 10.60C

DATE ID NUMBER: 940902
TIME 1D NUMBER: 18092468



Run 3 - 30 g/l Na; sample 3; pH 9.6
add HNO3

Type 1 - COMPONENTS AS SPECIES IN SOLUTION

ID NAME CALC MOL  ACTIVITY  LOG ACTVTY GAMMA NEW
330 H+1 3.434E-10 2.516E-10 -9.59937  0.73263 0
500 Na+1 8.873e-01 6.501E-01 -0.18703  0.73263 0
140 C03-2 7.663E-02 2.208E-02 -1.65605  0.2880% 0
492 NO3-1 1.935e-01 1.418E-01 -0.84846  0.73263 0

LOGK

.135
.135
.540
.135

Type 11 - OTHER SPECIES IN SOLUTION OR ADSORBED

LOGK

.579
.830
.425
.984
456

1D NAME CALC MOL ACTIVITY LOG ACTVTY GAMMA
3301401 H2C03 AQ 5.300E-05 6.618E-05 -4.17930  1.24854
3300020 OH- 5.643E-05 4.134E-05 -4.,38358 0.73263
5001400 NaCO3 - 3.818e-01 2.797E-01 -0.55325 0.73263
5001401 NaHCO3 AQ 3.477E-02 4.341E-02 -1.36245  1.24854
3301400 HCO3 - 1.587E-01 1.162E-01 -0.93461  0.73263
Type II1 - SPECIES WITH FIXED ACTIVITY
1D NAME CALC MOL LOG MOL NEW LOGK DH
2 H20 -5.643E-05 -4 .248 0.018 0.00C
Type VI - EXCI.UDED SPECIES (not included in mole balance)
1D NAME CALC MGL LOG MOL NEW LOGK DH
3301403 CO2 (g) 2.097e-03 -2.672 18.159 -9.530
PERCENTAGE DISTRIBUTION OF COMPONENTS AMONG
TYPE 1 and TYPE 1! (dissolved and adscrbed) species
H+1
18.0 PERCENT BOUND IN SPECIES #5001401 NaHCO3 AQ
82.0 PERCENT BOUND IN SPECIES #3301400 HCO3 -
Na+1
68.1 PERCENT BOUND IN SPECIES # 500 Na+i
29.3 PERCENT BOUND IN SPECIES #5001400 NaCO3 -
2.7 PERCENT BOUND IN SPECIES #5001401 NaHCO3 AQ
Co3-2
11.8 PERCENT BOUND IN SPECIES # 140 C03-2
58.6 PERCENT BCUND IN SPECIES #5001400 NaCO3 -
5.3 PERCENT BGUND 1M SPECIES #5001401 NaHCG3 AQ
24.3 PERCENT BOUND IN SPECIES #3301400 HCO3 -
NO3-1
100.0 PERCENT BOUND IM SPECIES # 492 NO3-1
H20

100.0 PERCENT BOUND IN SPECIES #3300020 OH-



IDX

330
500
140
492

NAME DISSCLVED SORBED PRECIPITATED
MOL/KG PERCENT MOL/KG PERCENT MOL /KG PERCENT

H+1 1.935e-01 100.0  0.000E-01 0.0 0.000e-01 0.0
Na+1 1.304E+00 100.0 0.000E-01 0.0 0.000e-01 0.0
C03-2 6.520E-01 100.0 0.000£-01 0.0 0.000E-01 c.0
NO3-1 1.935E-01 100.0 0.000E-01 0.0 0.000e-01 0.0
H20 5.643E-05 100.0 0.000E-01 0.0 0.000E-01 0.0
Charge Balance: SPECIATED

Sum of CATIONS = 8.873E-01 Sum of ANIONS 8.873£-01

PERCENT DIFFERENCE = 1.273E-03 (ANIONS - CATIONS)/(ANIONS + CATIONS)
EQUILIBRIUM IONIC STRENGTH (m) = 9.640E-01
EQUILIBRIUM pH = 9.599
DATE 1D NUMBER: 940826

TIME ID NUMBER: 9515625



Run 3 - 30 g/l Na; sample 4; pH 9,1

LOGK

131
A3
.525
131

LOGK

.573
.834
621
977

add HNO3
Type 1 - COMPONENTS AS SPECIES IN SOLUTION
1D NAME CALC MoL ACTIVITY LOG ACTVTY GAMMA NEW
330 H+1 1.080E-09 7.985E-10 -9.09774  0.73909 0
500 Na+1 9.860E-01 7.287E-01 -0.13742 0.73909 0
140 C03-2 4.307e-02 1.285E-02 -1.89101  0.29840 0
492 NO3-1 3.622E-01 2.677E-01 -0.57237 0.73909 0
Type 11 - OTHER SPECIES IN SOLUTION OR ADSORBED
1D NAME CALC MOL ACTIVITY LOG ACTVTY GAMMA NEW
3301401 H2C03 AQ 3.063E-04 3.882E-04 -3.41100  1.26739 16
3300020 OH- 1.752E-05 1.295E-05 -4.88782 0.73909 -13
5001400 NaCO3 - 2.470E-01 1.826E-01 -0.73860 0.73909 1
5001401 NaHCO3 AQ 7.094E-02 8.991E-02 -1.04617 1.26739 9
3301400 HCO3 - 2.906E-01 2.148E-01 -0.66794  0.73909 10

.452

Type II1 - SPECIES WITH FIXED ACTIVITY

iD NAME CALC MOL LOG MOL  NEW LOGK DH
2 H20 -1.752E-05 -4.757 0.020 0.000

Type VI - EXCLUDED SPECIES (not included in mole balance)

1D NAME CALC MOL LOG MOL  NEW LOGK DH
3301403 CO2 (g) 1.237€-02 -1.908 18.159 -0.530

PERCENTAGE DISTRIBUTION OF COMPONENTS AMONG
TYPE I and TYPE 11 (dissolved and adsorbed) species

+
" 19.6 PERCENT BOUND IN SPECIES #5001401 NaHCO3 AQ
80.2 PERCENT BOUND IN SPECIES #3301400 HCO3 -
Na+1
75.6 PERCENT BOUND IN SPECIES # 500 Na+i
18.9 PERCENT BOUND IN SPECIES #5001400 NaCO3 -
5.4 PERCENT BOUND IN SPECIES #5001401 NaHCO3 AQ
€03-2
6.6 PERCENT BOUND IN SPECIES ¥ 140 €03-2
37.9 PERCENT BOUND IN SPECIES #5001400 NaCG3 -
10.9 PERCENT BOUND IN SPECIES #5001401 NaHCO3 AQ
44.6 PERCENT BOUND IN SPECIES #3301400 HEO3 -
NO3-1
100.0 PERCENT BOUND JN SPECIES # 462  NO3-1
H20

100.0 PERCENT BOUND IN SPECIES #3300020 OH-



10X

330
500
140
492

NAME

H+1
Na+1
€co3-2
NO3-1
H20

Charge Balance: SPECIATED

Sum of CATIONS =

DISSOLVED
MOL/KG  PERCENT
3.622e-01 100.0
1.30646+00 100.0
6.520e-01 100.0
3.622€E-01 100.0
1.752E-05 100.0

PERCENT DIFFERENCE =

EQUILIBRIUM IONIC STRENGTH (m)

EQUILIBRIUM pH

DATE ID NUMBER:
TIME ID NUMBER:

4 .689E-04

940826
9501892

SORBED
MOL/KG

0.000E-01
0.600E-01
0.000E-01
0.000E-01
0.C00E-01

9.860E-01 Sum of ANIONS

(ANIONS -
1.029E+00

9.098

PRECIPITATED
PERCENT MOL/KG  PERCENT

0.0 0.000E-01 0.0

0.0 0.000e-01 0.0

0.0 0.000e-01 c.0

0.0 0.000€E-01 0.0

0.0 0.000E-01 0.0
9.860E-01

CATIONS)/(ANIONS + CATICNS)



Run 3 - 30 g/t Na; sample 5; pH 8,5
add HNO3

Type 1 - COMPONENTS AS SPECIES IN SOLUTION

1D NAME CALC MOL  ACTIVITY LOG ACTVTY GAMMA NEW LOGK
330 H+1 4,284E-09 3.201E-09 -8.,49471 0.74726 0.127
500 Na+1 1.090E+00 8.145E-01 -0.08909 0.74726 0.127
140 C€O03-2 1.506E-02 4.697E-03 -2.32815 0.31181 0.506
492 NO3-1 5.389E-01 4.027E-01 -0.39502 0.74726 0.127
Type 11 - OTHER SPECIES IN SOLUTION OR ADSORBED
1D NAME CALC MoL ACTIVITY LOG ACTVTY GAMMA NEW LOGK
3301401 H2CO03 AQ 1.768E-03 2.280E-03 -2.66207  1.28976 16.565
3300020 OH- 4.295E-06 3.209E-06 -5.49359  0.74726 -13.839
5001400 NaCO3 - 9.980E-02 7.458E-02 =1.12740 0.74726 1.416
5001401 NaHCO3 AQ 1.142E-01 1.473e-01 -0.83194  1.28976 9.969
3301400 HCO3 - 4.212E-01 3.147e-01 -0.50204 0.74726 10.447
Type 111 - SPECIES WITH FIXED ACTIVITY
1D NAME CALC MOL LOG MOL NEW LOGK DH
2 H20 -4.295E-06 -5.367 0.023 0.000
Type VI - EXCLUDED SPECIES (not incluced in mole balance)
1D NAME CALC MOL LOG MOL NEW LOGK DH
3301403 CcO2 (g9) 7.314€E-02 -1.135 12,159 -0.530

PERCENTAGE DISTRIBUTION OF COMPONENTS AMONG
TYPE 1 and TYPE Il (dissolved and adsorbed) species

H+1
21.2 PERCENT BOUND IN SPECIES #5001401 NaHC03 AQ
78.2 PERCENT BOUND IN SPECIES #3301400 HCO3 -
Na+1
83.6 PERCENT BOUND IN SPECIES # 500 Na#1
7.7 PERCENT BOUND IN SPECIES #5001400 NaCO3 -
8.8 PERCENT BOUND IN SPECIES #5001401 NaHCO3 AQ
C03-2
2.3 PERCENT BOUND IN SPECIES # 140  €C3-2
15.3 PERCENT BOUND IN SPECIES #5001400 NacO3 -
17.5 PERCENT BOUND IN SPECIES #5001401 NaHCO3 Aa
64.6 PERCENT BOUND IN SPECIES #3301400 HCO3 -
NO3-1
100.0 PERCENT BOUND IN SPECIES # 492  NO3-1
H20
100.0 PERCENT BOUND IN SPECIES #3300020 CH-



IDX NAME DISSOLVED SORBED PRECIPITATED
MOL/KG  PERCENT MOL/KG  PERCENT MOL/KG  PERCENT

330 H+1 5.389E-01 100.0  0.000E-01 0.0 0.000E-01 0.0
500 Na+1 1.304E+00 100.0 0.000E-01 0.0 0.000E-01 0.0
140 C03-2 6.520E-01 100.0 0.000E-01 0.0 (.000E-01 0.0
492 NO3-1 5.389E-0G1 100.0 0.000E-01 0.0 0.00GE-01 0.0
2 H20 4 .295€6-06 100.0 0.000E-01 0.0 0.000E-01 0.0
Charge Balance: SPECIATED
Sum of CATIONS = 1.090E+00 Sum of ANIONS  1.090E+00
PERCENT DIFFERENCE = 6.841E-06 (ANIONS - CATIONS)/(ANIONS + CATIONS)
EQUILIBRIUM IONIC STRENGTH (m) = 1.105E+00
EQUILIBRIUM pH = 8.495

DATE ID NUMBER: 940826
TIME 1D NUMBER: 9483692



Run 3 - 30 g/l Na; sample 6; pH 7,9
add HNO3

Type 1 - COMPONENTS AS SPECIES IN SOLUTION

ID NAME CALC MOL ACTIVITY LOG ACTVTY GAMMA NEW
330 H+1 1.709E-08 1.284E-08 -7.89136  0.75165 0
500 Na+1 1.139E+00 8.564E-01 -0.06732 0.75165 0
140 C03-2 4.163E-03 1.329€-03 -2.87650 0.31920 0
492 NO3-1 6.263E-01 4.707E-01 -0.32723  0.75165 0

LOGK

124
124
496
124

Type Il - OTHER SPECIES IN SOLUTION OR ADSORBED

1D NAME CALC MOL  ACTIVITY  LOG ACTVTY GAHMA
3301401 H2C03 AQ 7.978E-03 1.038E-02 -1.98372 1.30125
3300020 OH- 1.061E-06 7.974E-07 -6.09830  0.75165
5001400 NaCO3 - 2.951E-02 2.218E-02 -1.65399  0.75165
5001401 NaHCO3 AQ 1.350E-01 1.757E-01 -0.75518  1.30125
3301400 HCO3 - 4.753E-01 3.572E-01 -0.44705 0.75165

LOGK

.561
.841
414
.966
.445

Type II1 - SPECIES WITH FIXED ACTIVITY

ID NAME CALC MOL LOG MOL  NEW LOGK DH
2 Heo -1.061E-06 -5.974 0.024 0.000

Type VI - EXCLUDED SPECIES (not ir.cluded in mole balance)

ID NAME CALC MOL LOG MOL  NEW LOGK OH
3301403 02 (g) 3.341E-01 -0.476 18.159 -0.530

PERCENTAGE DISTRIBUTION OF COMPONENTS AMONG
TYPE I and TYPE 11 (dissolved and adsorbed) species

+
" 2.5 PERCENT BOUND IN SPECIES #3301401 H2C03 AQ
21.6 PERCENT BOUND IN SPECIES #5001401 NaHCO3 AQ
75.9 PERCENT BOUND IN SPECIES #3301400 HCO3 -
Na+1
87.4 PERCENT BOUND IN SPECIES # 500 Na+1
2.3 PERCENT BOUND IN SPECIES #5001400 NaCO3 -
10.4 PERCENT BOUND IN SPECIES #5001401 NaHCO03 AQ
co3-2
1.2 PERCENT BOUND I[N SPECIES #3301401 H2C03 AQ
4.5 PERCENT BOUND [N SPECIES #5001400 NaCo3 -
20.7 PERCENT BOUND IN SPECIES #5001401 NaHCO3 AQ
72.9 PERCENT BOUND 1IN SPECIES #3301400 HCO3 -
NO3-1
100.0 PERCENT BOUND IN SPECIES # 692 NO3-1
H20

100.0 PERCENT BOUNC IN SPECIES #33000620 OH-



IDX

330
500
140
492

NAME

H+1
Na+1
C03-2
NO3-1
H20

Charge Balance: SPECIATED

Sum of CATIONS =

DISSOLVED
MOL/KG  PERCENT
6.263E-01 100.0
1.304E+00 100.0
6.520€-01 100.0
6.263E-01 100.0
1.061E-06 100.0

PERCENT DIFFERENCE =

EQUILIBRIUM IONIC STRENGTH (m)

EQUILIBRIUM pH

DATE ID NUMBER:
TIME ID NUMBER:

5.895E-05

940826

9443305

SORBED
MOL /KG

0.000E-01
0.000E-01
0.000E-01
0.000E-C1
0.000E-01

1.139E+00 Sum of ANIONS

(ANIONS -
1.144E+00

7.891

PRECIPITATED
PERCENT MOL/KG ~ PERCENT

0.0 0.000e-01 0.0

0.0 0.000e-01 0.0

0.0 0.000e-01 0.0

0.0 0.000E-01 ¢.C

0.0 0.000e-01 0.0
1.139:£+00

CATIONS)/(ANIONS + CATIONS)



Run 4 - 10 g/l Na; 10 mg/t Ca; 10 mg/l Mg; sample 1; pH 11,0

add HNO3

Type 1 - COMPONENTS AS SPECIES IN

1D
330
500
140
150
180
460
492

NAME

H+1

Na+1
C03-2
Ca+2
clL-1
Mg+2
NO3-1

SOLUTION

CALC MOL  ACTIVITY  LOG ACTVTY

2 NV WODOWO

L612E-12  4.693E-12 -11.32852
.054E-01 2.168E-01 -0.66391
.4L89E-02 2.156E-02 -1.666L3
.010E-05 7.644E-06 -5.11669
.000E-04 3,549E-04 -3.44985
.008E-05 1.780E-05 -4.74969
.608E-11 9.995e-12  -11.00022

(=Nl NoNolole)]

GAMMA

.70987
.70987
.25393
.25393
.70987
.25393
.70987

NEW

LOGK

L149
.149
.595

595

.149
.595
.149

Type I1I

D
3301401
3300020
4603300
4601400
4601401
1503300
1501400
1501401
5001400
5001401
3307400

- OTHER SPECIES IN SOLUTION CR ADSORBED

NAME
H2C03 AQ
OH-

MgOH +
MgCO3 AQ
MgHCO3 +
CaOH +
CaHCO3 +
CaC03 AQ
NaCo3 -
NaHCO3 AQ
HCO3 -

CALC MOL  ACTIVITY  LOG ACTVTY

.056£-08
.215E-03
LLT4E-06
.398€-04
.212E-07
.215E-07
.L37E-07
. 190E-04
.283E-01
.411E-06
.983E-03

PN 2NN WOoOWN
PONON 28O0

.249E-08 -7.6L797
.282E-03 -2.66163
.725E-06 -5.17229
.718E-04 -3.42972
.410e-07 -6.35559
.412E-07 -6.35540
.730E-07 -6.76200
.396E-04 -3.62047
.109€E-02 -1.06051
.637E-04 -3.57886
.118E-03 -2.67414

O, 02000200 -

GAMMA

.09401
.70987
.70987
.09401
.70987
.70987
.70587
.09401
. 70987
.09401
.70987

NEW

LOGK

.636
.816
.597
947
.538
414
.498
.124
639
.041
.470

Type IIl - SPECIES WITH FIXED ACTIVITY

ID

NAME

CALC MOL

-3.225€-03

LOG MCL  NEW LOGK
-2.6491 0.005

Type VI - EXCLUDED SPECIES (not included in mole balance)

D
3301403

B+

Na+1

co3-2

NAME
€02 {g)

CALC MOL
6.920E-07

LOG 0L  NEW LOGK
-6.160 18.159

PERCENTAGE DISTRIBUTION OF COMPONENTS AMONG

TYPE 1 and TYPE 11

>1000.
>1000.
>1000.
70.4
29.4
391
59.1

1.4

PERCENT BOUND
PERCENT BOUND
PERCENT BOUND
PERCENT BOUND
PERCENT BOUND
PERCENT BOUND
PERCENT BOUND

PERCENT BOUND

IN

IN

IN

IN

IN

IN

IN

IN

SPECIES #33500020
SPECIES #460330C
SPECIES #1503300
SPECIES # 500
SPZCIES #5001480
SPECIES # 140
SPECIES #5001400

SPECIES #33014G0

DH
-0.530

(dissolved and adsorbed) species

Ok-
MaOH +
CaOH +
Na+1

NaC03 -

NaCQ3 -

HCOZ -



Ca+2

12.0 PERCENT BOUND IN SPECIES # 150 Ca+2
87.6 PERCENT BOUND IN SPECIES #1501401 CaC0O3 AQ
ct-1
100.0 PERCENT BOUND IN SPECIES # 180 cl-1
Mg+2
16.7 PERCENT BOUND IN SPECIES # 460  Mg+2
2.3 PERCENT BOUND IN SPECIES #4603300  MgOH +
80.9 PERCENT BOUND IN SPECIES #4601400 MgCO3 AQ
NO3-1
100.0 PERCENT BOUND IN SPECIES # 492 NO3-1
H20
$99.7 PERCENT BOUND IN SPECIES #3300020 OH-
----------- EQUILIBRATED MASS DISTRIBUTION ----=-------
10X NAME DISSOLVED SORBED PRECIPITATED
MOL /KG PERCENT MOL/KG  PERCENT MOL/KG PERCENT
330 H+1 -4,704E-10 100.0  0.000E-01 0.0 0.000E-01 0.0
500 Na+1i 4.340E-01 100.0  0.000€-01 0.0 0.000E-01 0.0
140 C€03-2 2.170e-01 100.0 0.000E-0O1 0.0 0.000E-01 0.0
150 Ca+2 2.500E-04 100.0 90.COQE-01 0.0 0.000E-01 0.0
180 ct-1 5.000e-04 100.0 0.GOOE-O1 0.0 0.0COE-01 0.0
460 Mg+2 4.200E-06 100.0 0.00QE-01 0.0 0.000E-01 0.0
492 NO3-1 1.6408E-11 100.0 0.000€E-01 0.0 0.000E-01 0.0
2 H20 3.2256-03 100.0 (.000£-01 0.0 0.000e-01 0.2
Charge Balance: SPECIATED
Sum of CATIONS = 3.056E-01 Sum of ANIONS  3.C48E-01
PERCENT DIFFERENCE = 1.376E-01 (ANIONS - CATIONS)/(ANIONS + CATIONS)
EQUILIBRIUM IONIC STRENGTH (m) = 3.932E-01
EQUILIBRIUM pH = 11.329
DATE ID NUMBER: 940826
TIME ID NUMBER: 12011354
Saturation indices and stoichiometry of all minerals
1D # NAME Sat. Index Stoichiometry in [brackets]
5015000 ARAGONITE 1.562 [ 1.000) 150 [ 1.0C01 140
5046000 ARTINITE 1.937 [ -2.000] 330 [ 2.002) 460 [ 1.0003 140
{ 5.000] 2
2046000 BRUCITE 1.169 [ 1.0001 460 [ 2.0007 2 [ -2.000] 330
5015001 CALCITE 1.698 [ 1.0001 150 [ 1.000] 140
5015002 DOLOMITE 3.821 [ 1.000] 150 [ 1.000] 460 [ 2.0001 140
4150000 HALITE -5.698 { 1.000] 500 ( 1.0003 180
5015003 HUNTITE 4.000 [ 3.000) 460 ( 1.0001 150 [ 4.0001 146
5046001 HYDRMAGNESIT 1.108 [ 5.000] 460 [ 4.0001 140 [ -2.000] 330
[ 6.0001 2
5046002 MAGNESITE 1.628 [ 1.000] 460 [ 1.0001 140
3050000 NATRON -1.770 [ 2.000] 560 [ 1.000] 140 [ 10.000] 2
5046003 NESQUEHONITE -0.79% [ 1.000] 460 [ 1.000) 140 [ 3.000) 2
5050001 THERMONATR -3.117 [ 2.000] 506 [ 1.0C0] 140 [ 1.000] =z
201500C LIME -15.148 { -2.0001 330 [ 1.000] 150 [ 1.000; 2
2015001 PORTLANDITE -5.069 [ -2.000] 330 [ 1.0003 150 [ 2.000] 2
2046001 PERICLASE -3.519 [ -2.000) 330 [ 1.000] 460 [ 1.000] 2



Run 4 - 10 g/l Na; 10 mg/l Ca; 10 mg/l Mg; sample 2; pH 10,0

add HNO3

Type 1 - COMPONENTS AS SPECIES IN SOLUTION

1D
330
500
140
150
180
460
492

NAME

H+1

Na+1
c03-2
Ca+2
cL-1
Mg+2
NO3-1

CALC MOL ACTIVITY LOG ACTVTY
1.412e-10 1.002€-10 -9.99899
3.278E-01 2.327e-01 -0.63327
6.297E-02 1.599€-02 -1.79623
3.832E-05 9.729E-06 -5.01195
5.000E-04 3.549E-04 -3.44987
8.857E-05 2.249£-05 -4.64807
5.124€-02 3.637£-02 -1.43923

GAMMA

. 70984
.70984
.25389
.25389
. 70984
.25389
.70984

NEW

LOGK

.149
149
.595
.595
.149
.595
149

Type 11

1D
3361401
3300020
4603300
4601400
4601401
1503300
1501400
1501401
5001400
5001401
3301400

- OTHER SPECIES 1N SOLUTION OR ADSORBED

NAME
H2CO03 AQ
OH-

MgOH +
MgCo03 AQ
MgHCO3 +
CaOH +
CaHCo3 +
CaCo3 AQ
NaCo3 -
NaHCO3 AQ
HCO3 -

GAMMA
.09414
.70984
. 70986
.09614
. 70984
. 70984
.70984
.09414
. 70984
.09414
.70984

LOGK

.636

597
Q47
.538
414
.498
124
.639
.041
.470

Type 111 - SPECIES WITH FIXED ACTIVITY

NAME

CALC MOL  ACTIVITY LCG ACTVTY
6.954E-06 7.608E-06 -5.11872
1.503€-04 1.067E-04 -3.97192
5.596E-07 3.972E-07 -6.40097
3.184E-04 3.4BAE-04 -3.45791
1.243€-05 B.826E-06 -5.05425
3.697E-08 2.625E-08 -7.58095
4.913E-06 3.487E-06 -5.45753
2.067E-04 2.262E-04 -3.64553
1.021E-01 7.250E-02 -1.13967
4.097e-03 4.482E-03 -2.34849
4.725E-02 3.354E-02 -1.47441
CALC MOL LOG MOL  NEW LNGK
-1.509E-04 -3.821 0.306

DH
0.000

Type VI - EXCLUDED SPECIES (not included in mole balance)

ID
3301403

H+1

Na+1

C03-2

Ca+2

NAME
Co2 (g)

CALC MOL
2.345E-04

LOG MOL
.630

-3

NEW LOGK
18.159

PERCENTAGE DISTRIBUTION OF COMPONENTS AMONG
I and TYPE Il (dissolved and adsorbed) species

TYPE

8.
92.
75.
23.
29.
47.

1.

21.

0

2

PERCENT BCUND
PERCENT BOUND
PERCENT BOUND
PERCENT BOUND
PERCENT BGUND
PERCENT BOUND
PERCENT BOUND
PERCENT BOUND
PERCENT BOUND

PERCENT BOUND

IN

IN

IN

IN

IN

IN

SPECIES #5C01401
SPECIES #3301400
SPECIES # 500
SPECIES #5001400
SPECIES # 140
SPECIES #5001400
SPECIES #5001401
SPECIES #3301400
SPECIES # 150

SPECIES #1581400

DH
-0.530

NaHCO3 AQ
HCO3 -
Na+1
NaCo3 -
C03-2
Nace3 -
NaHCO3 AQ
HCO3 -
Ca+2

CaHCO3 +



cL-1

Mg+2

NO3-1

H20

IDX

330
500
140
150
180
460
492

2

82.7

100.0

21.1

75.8

3.0

100.0

99.6

NAME

H+1 5
Na+1 4
c03-2 2
Cat+2 2
ci-1 5
Mg+2 4
NO3-1 5
H20 1

Charge Balance: SPECIATED

Sum of CATIONS

PERCENT DIFFERE

EQUILIBRIUM IONIC STRENGTH (m)

EQUILIBRIUM pH

DATE ID NUMBER:
TIME 1D NUMBER:

Saturation indices and stoichiometry of

ID #
5015000
5046000

2046000
5015001
5015002
4150000
5015003
5046001

5046002
3050000
5046003
5050001
2015000
2015001
2046001

NAME
ARAGONITE
ARTINITE

BRUCITE
CALCITE
DOLOMITE
HALITE
AUNTITE
HYDRMAGNESIT

MAGNESITE
NATRON
NESQUEHONITE
THERMONATR
LIME
PORTLANDITE

PERCENT BOUND IN SPECIES #1501401 CaC03 AQ
PERCENT BOUND IN SPECIES # 180 cl-1
PERCENT BOUND IN SPECIES # 460 Mg+2
PERCENT BOUND IN SPECIES #4601400 MgCO3 AQ
PERCENT BOUND IN SPECIES #6601401 MgHCO3 +
PERCENT BOUND IN SPECIES # 492 NO3-1
PERCENT BOUND IN SPECIES #3300020 OH-

---+« EQUILIBRATED MASS DISTRIBUTION --=-=--------
DISSOLVED SORBED PRECIPITATED
MOL/KG PERCENT MOL /KG PERCENT MOL/KG PERCENT
.123E-02 100.0 0.000E-01 0.0 0.000t£-01 0.0
.340E-01 100.0 0.0C0E-01 0.0 0.000E-01 0.0
.170E-01 100.0 0.000E-01 0.0 0.000E-01 0.0
.500E-04 100.0 0.000E-01 0.0 0.000e-01 0.0
.000E-04 100.0 0.000E-O1 0.0 0.000E-01 0.0
.200E-04 100.0 0.000E-01 0.0 0.000E-01 0.0
.1248-02 100.0 0.000E-01 0.0 0.000E-01 0.0
.509€-04 100.0 0.000E-01 0.0 0.000e-01 0.0

= 3.280E-01 Sum of ANIONS 3.272E-01
NCE = 1.264E-01 (ANIONS - CATIOHS)/(ANIONS + CATIONS)
= 3.907e-01
= 9.999
940826
15122605
atl minerals
Sat. Index Stoichiometry in [brackets]
1.537 [ 1.000] 150 [ 1.0007 140
-0.652 [ -2.000] 330 [ 2.000] 460 [ 1.0001 140
[ 5.000] 2
-1.390 [ 1.0001 460 ([ 2.0007 2 [ -2.0001 330
1.673 { 1.000] 150 [ 1.0001 140
3.768 [ 1.0007 150 [ 1.0001 46G [ 2.0001 140
-5.667 { 1.0001 5¢0 [ 1.0001 180
3.890 [ 3.000] 450 [ 1.000] 150 [ 4.000]1 140
-1.567 [ 5.000] 460 [ 4.000] 140 -2.000] 330
[ 6.000] 2
1.600 { 1.000] 460 [ 1.0001 140
-1.846 [ 2.000] 500 [ 1.000] 140 [ 10.000] 2
-0.826 [ 1.000; 460 [ 1.0001 140 [ 3.000] 2
-3.187 [ 2.0001 500 [ 1.000] 140 [ 1.000} 2
-17.703 [ -2.0001 330 [ 1.0001 150 [ 1.000Q} 2
-7.625 [ -2.000] 230 [ 1.0001 150 [ 2.000} 2
-6.077 { -2.000) 330 [ 1.000] 460 [ 1.000] 2

PERICLASE



Run 4 - 10 g/l Na; 10 mg/l Ca; 10 mg/L Mg; sample 3; pH 9,0

add HNO3

Type 1 - COMPONENTS AS SPECIES IN

ID
330
500
140
150
180
460
492

NAME

H+1

Na+1
€c03-2
Ca+2
ct-1
Mg+2
NO3-1

CALC MOL
1.619E-09
3.827e-01
1.939€-02
8.223E-05
5.000E-04
1.661E-04
1.609e-01

SOLUTIDN

ACTIVITY

.006E-09
.715€-01
.907e-03
.081E-05
.547E-06
.203€E-05
.141E-01

—_ NN SN -

LOG ACTVTY
-8.99732
~0.56629
-2.30922
-4.68176
-3.45018

37647

.94260

GAMMA

0OO0OO0OO0OO0OO0OOoO

.70926
.70926
.25306
.25306
.70926
.25306
. 70926

NEW

OO0 O0OO0OC OO

LOGK

.149
. 149
.597
597
. 149
.597
.149

Type 11

ID
3301401
3300020
4603300
4601400
4601401
1503300
1501400
1501401
5001400
5001401
3301400

- OTHER SPECIES IN SOLUTION OR ADSORBED

NAME
HZC03 AQ
OH-

MgOH +
MaCO3 AQ
MgHCO3 +
CalH +
CaHCO3 +
CaC03 AQ
NaCo3 -
NaHC03 AQ
HCO3 -

CALC MOL

2.145E-04
.493E-05
.039e-07
.822E-04
.165€E-05
.854E-09
.240€E-05
.353€E-04
.660E-02
.469E-02
L457E-01

N ORI JU IR RN RN

ACTIVITY

.353E-064
.059€-05
.367E-08
.999E-04
.082€E-05
.571E-09
.298E-05
.485E-04
.596E-02
611E-02
.033e-01

—_ A N = NNV =N

LOG ACTVTY
-3.62836
-4.97523
-7.13268
-3.69929
-4.29397
-8.25408
-4.63866
-3.82832
-1.58567
-1.79282
-0.98572

GAMMA

.09711
.70926
.70926
.09711
.70926
.70926
.70926
.09711
.70926
.09711
.70926

NEW

LOGK

.635
.816
.597
.946
.538
413
499
.122
439
.040
473

Type IIl - SPECIES WITH FIXED ACTIVITY

ID

NAME

CALC MOL
-1.504€-05

LOG MOoL
-4.323

NEW LOGK

0.007

Type VI - EXCLUDED SPECIES (not included in mole balance)

ID
3301403

H+1

Na+1

C03-2

NAME
co2 (@)

CALC MoL
7.279€E-03

LOG MoL
-2.138

NEW {.OGK

18.159

PERCENTAGE DISTRIBUTION OF CCMPONENTS AMONG

TYPE

9.
90.

88.

67.

oM
-0.530

I and TYPE Il (dissolved and adsorbed) species
1 PZRCENT BOUND IN SPECIES #5001401 NaHCO3 AQ
6 PERCENT BOUND IN SPECIES #3301400 HCO3 -
2 PERCENT BOUND IN SPECIES # 500 Na+i
NA PERCENT BOUNC IN SPECIES #S0N1400 NaCo3 -
A PERCENT BOUND IN SPECIES #5001401 NaHCo3 AQ
.9 PERCENT BOUND IN SPECIES # 140 €03-2
.9 PERCENT BOUND TN SPECIES #5001400  Natn3 -
.8 PERCENT BOUND IN SPECIES #5001401 NaHCO3 AQ
1 PERCENT BOUND IN SPECIES #3301400 KCO3 -



Ca+2

32.9 PERCENT BOUND IN SPECIES # 150 Ca+2
13.0 PERCENT BOUND [N SPECIES #1501400 CaHCO3 +
54.1 PERCENT BOUND IN SPECIES #1501401 CaC03 AQ
cL-1
100.0 PERCENT BOUND IN SPECIES # 180 cl-1
Mg+2
39.5 PERCENT BOUND IN SPECIES # 460 Mg+?2
43.4 PERCENT BOUND IN SPECIES #4601400 MgCo3 AQ
17.1 PERCENT BOUND IN SPECIES #4601401 MgHCO3 +
NO3-1
100.0 PERCENT BOUND IN SPECIES # 49?2 NO3-1
H20
99.3 PERCENT BOUND iN SPECIES #3300020 OH-
----------- EQUILIBRATED MASS DISTRIBUTION --------~---
IDX NAME DISSOLVED SORBED PRECIPITATED
MOL/KG PERCENT MOL/KG PERCENT MOL /KG PERCENT
330 H+1 1.609E-01 100.0 0.000E-01 0.6 0.00CE-01 0.0
500 Na+1 4.340E-01 100.0 0.000E-01 0.0 0.000E-01 0.0
140 C03-2 2.170E-01 100.0  0.000E-01 0.0 0.000E-01 0.0
150 Ca+2 2.500E-04 100.0 0.000E-01 0.0 0.000E-01 0.0
180 c€L-1 5.000€-04 100.0 0.000E-01 0.0 0.000E-01 0.0
460 Mg+2 4.200E-04 100.0 0.000E-01 0.0 0.000E-01 0.0
492 NO3-1 1.609E-01 100.0 0.000&-01 6.0 0.000E-01 0.0
2 H20 1.504E-05 100.0 0.000E-01 0.0 0.000E-01 G.0
Charge Balance: SPECIATED
Sum of CATIONS = 3.833€-01 Sum of ANIONS 3.825€E-01
PERCENT DIFFERENCE = 1.082E-01 (ANIONS - CATIONS)/{ANIONS + CATIONS)
EQUILIBRIUM IONIC STRENGTH (m) = 4.025€E-01
EQUILIBRIUM pH = 8.597
DATE ID NUMBER: 940826
TIME ID NUMBER: 15102977
Saturation indices and stoichiometry of all minerals
1D # NAME Sat. Index Stoichiometry in [brackets]
5015000 ARAGONITE 1.354 [ 1.000] 150 [ 1.0001 140
5046000 ARTINITE -2.633 [ -2.0001 330 [ 2.0001 460 ¢ 1.0GO1 140
[ 5.000] 2
2046000 BRUCITE -3.125 [ 1.0001 46C [ 2.000] 2 [ -2.0001 330
5015001 CALCITE 1.490 { 1.000] 150 [ 1.0001 140
5015002 DOLOMITE 3.344 [ 1.000] %50 [ 1.0001 440 [ 2.0001 140
4150000 HALITE -5.601 { 1.000] 500 [ 1.0001 180 .
5015003 HUNTITE 2.983 [ 3.000] 460 [ 1.0001 150 [ 4.000] 140
5046001 HYDRMAGNESIT  -4.274 [ 5.000] 46C { 4.000) 140 [ -2.0001 330
[ 6.000] 2
5046002 MAGNESITE 1.358 [ 1.000] 450 [ 1.0C0]1 140
3050000 NATRON -2.242 { 2.006] 500 ¢ 1.0001 140 [ 10.0003 2
5046003 NESQUEHONITE -1.072 { 1.0001 460 [ 1.000) 140 [ 3.000] 2
5050001 THERMONATR -3.567 { 2.0001 500 [ 1.000] 140 [ 1.000] 2
2015000 LIME -19.378 [ -2.006] 336G [ 1.000] 150 [ 1.000] 2
2015001 PORTLANDITE -9.301 { -2.0001 330 ¢ 1.0001 150 [ 2.000] 2
2046001 PERICLASE -7.811 [ -2.0001 330 [ 1.000] 460 [ 1.000] 2



Run 4 - 10 g/l Na; 10 mg/l Ca; 10 mg/l Mg; sample 4; pH 8,2

add HNO3

Type 1 - COMPONENTS AS SPECIES IN SOLUTION

1D
330
500
140
150
180
460
492

NAME

H+1

Na+1
c03-2
Ca+2
ct-1
Mg+2
NO3-1

CALC MOL

.988E-09
.G66E-01
.868E-03
.372E-04
.000€E-04
.386E-04
.070e-01

NNV o W

ACTIVITY

N WOoO NN

.372E-09
.883€E-01
LT67E-234
L464E-05
S544E-04
.024E-05
LL67E-0

LOG ACTVTY

-8.19576
-0.54022
-3.01022
-4.46037
-3.450456
-4.22G011
-0.83346

GAMMA

.70887
.70887
.25251
.25251
.70887
.25251
.70887

NEW

LOGK
.149

L1649

.598
.598
.149
.598
L1469

Type 11

ID
3301401
3300020
4603300
4601400
4601401
1503300
1501400
1501401
5001400
5001401
3301400

- OTHER SPECIES IN SOLUTION OR ADSORBED

NAME
H2C03 AQ
OH-

MgOH +
MgC03 AQ
MgHCO3 +
CaOH +
CaHCOo3 +
CaCo03 AQ
NaCOo3 -
NaHCO3 AQ
HCO3 -

CALC MOL

.709E-03
.355E-06
.349€E-08
.187E-05
.295E-04
.063E-09
.803E-05
LLT76E-05
.741E-03
.962E-02
.838E-01

—_—aNPR N VN o

ACTIVITY

N T T N Y R

.878E-03
.669E-06
.665E-08
.703€-05
.182E-05
.462E-09
.823E-05
.921E-05
.488E-03
.157€-02
.303E-01

LOG ACTVTY

-2.72624
-5.77749
-7.77857
-4.246393
-4.03704
-8.83494
-4.31670
-4.30793
-2.26061
-1.66620
-0.88%16

GAMMA

.09936
.70887
.70887
.09936
.70887
.70887
.70887
.09936
.70887
.09936
.ro8s7

NEW

1"

LOGK
.634
.816

.945
.538
.613
499
122
.439
.039
470

Type II1 - SPECIES WITH FiXED ACTIVITY

1D
2

NAME
k20

CALC MOL
-2.380E-06

L0G MOL
-5.623

NEW L0OGK

0.008

Type VI - EXCLUDED SPECIES (not included in mole balance)

1D

3301403

H+1

Na+1

C03-2

NAME
€G2 (8)

CALC MOL
5.820E-02

LOG MoOL
-1.235

NEW LOGK

18,159

PERCENTAGE DISTRIBUTICN OF COMPONENTS AMONG
TYPE 1 and TYPE 11

1

9

8s.

93.

7

.5

PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT

PERCENT

BOUND
BOUND IN
BOUND
BOUND IN
BOUND IN
BOUND N
BOUND [N

BOUND [N

IN

SPECIES
SPECIES
SPECIES
SPECIES
SPECIES
SPECIES #
SPECIES

SPETIES

BOUND IN SPECIES #3301401%

#5061401
#3301400
# 500
#5001400
#5001401
140
#5001400

#5001401

DH
-0.530

(dissolved and adsorbed) species

H2C03 AQ
NaHC03 AQ
HCO3 -
Na+1
NaCo3 -
NaHCO3 AQ
C03-2
NaCd3 -

NaHCC3 AQ



84.
Ca+2
S4.
27.
17.9
cl-1
100.
Mg+2
56.
12.
30.
NO3-1
100.
H20
98.
1DX NAME
330 H+1
500 Na+1
140 C03-2
150 Ca+2
180 cCl-1
460 Mg+2
492 NO3-1
2 H20

NS VTN SN

.070E-01
.340E-01
.170e-01
.500€E-04
.000E-04
.200E-04
.070e-01
.380E-06

PERCENT BOUND

PERCENT BOUND

PERCENT BOUND

PERCENT BOUND

PERCENT BOUND

PERCENT BOUND

PERCENT BOUND

PERCENT BOUND

PERCENT BOUND

PERCENT BOUND

DISSOLVED
MOL/KG  PERCENT

100.
100.
100.
100.
100.
100.
100.
100.

[eNeNeleNololole]

Charge Balance: SPECIATED

Sum of CATIONS =
PERCENT DIFFERENCE

EQUILIBRIUM IONIC STRENGTH (m)

EQUILIBRIUM pH

DATE ID NUMBER:
TIME ID NUMBER:

940826
15060816

4 .076E-01 Sum of ANIONS

1.035e-01

SPECIES
SPECIES #
SPECIES
SPECIES
SPECIES #
SPECIES #
SPECIES
SPECIES
SPECIES #

SPECIES

Saturation indices and stoichiometry of all minerals

ID #
5015000
5046000

NAME
ARAGONITE
ARTINITE

2046000
5015001
5015002
4150000
5015003
5046001

BRUCITE
CALCITE
DOLOMITE
HALITE
HUNTITE

5046002
3050000
5046003
5050001
2015000
2015001
2046001

MAGNESITE
NATRON

LIME

PERICLASE

HYDRMAGNESIT

NESQUEHONITE
THERMONATR

PORTLANDITE

Index
.875
.628

[

[

[

.573 [
1.011 f
319 [
-5.575 [
0.870 [
-7.904 [
[

0. [
-2. [
-1. {
-[._ [
-20. [
-10. [
-9. [

#3301400
150
#1501400
#1501401
180
460
#4601400
#4601401
492

#3300020

HCO3 -
Ca+2
CaHCo3 +
CaC03 AQ
ct-1
Mg+2
MgCo3 AQ
MgHCO3 +
NO3-1

OH-

SORBED PRECIPITATED
MOL /KG PERCENT MOL/KG PERCENT
0.000E-01 0.0 0.000E-01 0.0
0.000€E-01 0.0 0.000E-01 0.0
0.000E-01 0.0 0.000E-01 0.0
0.080E-01 0.0 0.000€E-01 0.0
0.000E-01 0.0 0.000e-01 0.0
0.00GE-01 0.0 0.000E-01 0.0
0.00CE-01 0.0 0.000e-01 0.0
0.000E-01 .0.0 0.000E-01 0.0
4 ,.067E-01
(ANICONS - CATIONS)/(ANIONS + CATIONS)
4.114€-01
8.196
Stoichiometry in [brackets]
1.0001 150 [ 1.0001 140
-2.000] 330 [ 2.000] 460 { 1.0001 140
5.000; 2
1.000] 460 [ 2.0001 2 ¢ -2.000) 330
1.0001 150 [ 1.000) 140
1.000] 150 [ 1.000] 460 [ 2.0001 140
1.0001 500 [ 1.000] 180
3.0001 46C [ 1.000] 150 [ 4.0001 140
5.000] 460 [ 4.000) 140 [ -2.0001 330
6.000] 2
1.000] 460 [ 1.000] 140
2.0001 500 [ 1.000] 140 [ 10.000] 2
1.000 460 [ 1.000] 140 [ 3.000] 2
2.0001 500 [ 1.000] 146 { 1.000] 2
2.0001 330 [ 1.0001 150 [ 1.000] 2
2.000] 330 [ 1.0001 150 { 2.000] 2
2.000] 330 [ 1.0C01 460 [ 1.000] 2



PC MINTEQA2 v3.10 DATE OF CALCULATIONS: 26-AUG-94 TIME: 15: 2:35

Run 4 - 10 g/l Na; 10 mg/l Ca and Mg; sample 5; pH 7,2
add HNO3

Type I - COMPONENTS AS SPECIES IN SOLUTION

NEW

ID NAME CALC MOL ACTIVITY LOG ACTVTY GAMMA
330 H+1 9.201E-08 6.521E-08 -7.18569 0.70872
500 Na+1 4.138E-01 2.933E-01 -0.53273 0.70872
140 C03-2 3.688E-04 9.303E-05 -4.03137  0.25228
150 Ca+2 1.651E-04 4.166E-05 -4.38032 0.25228
180 CL-1 5.000E-04 3.544E-04 -3.45056 0.70872
460 Mg+2 2.710E-04 6.838E-05 -4.16509 0.25228
492 NO3-1 2.329E-01 1.651E-01 -0.78236 0.70872
Type Il - OTHER SPECIES IN SOLUTION OR ADSORBED
1D NAME CALC MOL ACTIVITY LOG ACTVTY GAMMA
3301401 H2C03 AQ 1.703E-02 1.874E-02 -1.72726  1.10035
3300020 OH- 2.299E-07 1.630E-07 -6.78794  0.70872
4603300 MgOH + 2.603E-09 1.845E-09 -8.73400 0.70872
4601400 MgCO3 AQ 5.603E-06 6.165E-06 -5.21005  1.10035
4601401 MgHCO3 + 1.434E-04 1.016E-04 -3.99310 0.70872
1503300 CaOH + 2.422E-10 1.717E-10 -9.76535  0.70872
1501400 CaHCo3 + 7.976E-05 5.653E-05 -4.24774  0.70872
1501401 Cac03 AQ 5.122E-06 5.636E-06 -5.24903  1.10035
5001400 NaCQ3 - 7.504E-04 5.318E-04 -3.27426  0.70872
5001407 NaHCO3 AQ 1.944E-02 2.139E-02 -1.66979  1.10035
3301400 HcO3 - 1.792E-01 1.270E-01 -0.89624 0.70872
Type III - SPECIES WITH FIXED ACTIVITY
ID NAME CALC MOL LOG MOL NEW LOGK DH
2 H20 -2.328€-07 -6.633 0.008 0.000
Type VI - EXCLUDED SPECIES (not included in mole balance)
ID NAME CALC MOL LOG MOL NEW LOGK DH
3301403 €02 (g) 5.811E-01 -0.236 18.159 -0.530
PERCENTAGE DISTRIBUTION OF COMPONENTS AMONG
TYPE 1 and TYPE Il (dissolved and adsorbed) species
H+1
14.6 PERCENT BOUND IN SPECIES #3301401 H2C03 AQ
8.3 PERCENT BOUND IN SPECIES #5001401 NaHCO03 AQ
: 76.9 PERCENT BOUND IN SPECIES #3301400 HCO3 -
Na+
95.3 PERCENT BOUND IN SPECIES # 500 Na+1
3. 4.5 PERCENT BOUND IN SPECIES #5001401 NaHCO3 AQ
Co3-

7.8 PERCENT BOUND IN SPECIES #3301401 H2C03 AQ
9.0 PERCENT BOUND IN SPECIES #5001401  NaHCO3 AQ

82.6 PERCENT BOUND IN SPECIES #3301400 HCO3 -



Ca+2

NO3-1

H20

IDX

330
500
140
150
180
460
492

Saturation indices and stoichiometry

ID #
5015000
5046000

2046000
5015001
5015002
4150000
5015003
5046001

5046002
3050000
5046003
5050001
2015000
2015001
2046001

66.0 PERCENT BOUND IN SPECIES # 150 Ca+2
31.9 PERCENT BOUND IN SPECIES #1501400 CaHCO3 +
2.0 PERCENT BOUND IN SPECIES #1501401 CaC03 AQ
100.0 PERCENT BOUND IN SPECIES # 180 cl-1
64.5 PERCENT BOUND IN SPECIES # 460  Mg+2
1.3 PERCENT BOUND IN SPECIES #4601400 MgCO3 AQ
34.1 PERCENT BOUND IN SPECIES #4601401 MgHCO3 +
100.0 PERCENT BOUND IN SPECIES # 492 NO3-1
98.8 PERCENT BOUND IN SPECIES #3300020  OH-
1.1 PERCENT BOUND IN SPECIES #4603300 MgCH +
----------- EQUILIBRATED MASS DISTRIBUTION ----=-=------
NAME DISSOLVED SORBED PRECIPITATED
MOL/KG  PERCENT MOL/KG  PERCENT MOL/KG  PERCENT
H+1 2.329e-01 100.0  0.000E-01 0.0 0.000€E-01 0.0
Na+1 4.340E-01 100.0 0.000E-01 0.0 0.000E-01 0.0
C03-2 2.170e-01 100.0  0.000€E-01 0.0 0.000€E-01 0.0
Ca+2 2.500e-04 100.0 0.000E-01 0.0 0.000€e-01 0.0
clL-1 5.000E-04 100.0 0.000E-01 0.0 0.000E-01 0.0
Mg+2 4.200E-04 100.0 0.00CE-01 0.0 0.00CE-01 0.0
NO3-1 2.329€-01 100.0  0.000E-01 0.0 0.000€E-01 0.0
H20 2.328e-07 100.0 0.000E-01 0.0 0.000E-01 0.0
Charge Balance: SPECIATED
Sum of CATIONS = 4.149E-01 Sum of ANIONS 4_141E-01

PERCENT DIFFEREN

EQUILIBRIUM IONIC STRENGTH (m)

EQUILIBRIUM pH

DATE ID NUMBER:
TIME [D NUMBER:

NAME
ARAGONITE
ARTINITE

BRUCITE
CALCITE
DOLOMITE
HALITE
HUNTITE
HYDRMAGNESIT

MAGNESITE
NATRON
NESQUEHONITE
THERMONATR
LIME
PORTLANDITE
PERICLASE

CE

Sat.

-0.
-7.

-6.

0

-5

-0.
-3.
-2.
-5.
-22.
-12.
.223

-1

1

9
150

Ind
066
561

539

.070
0.

412

.568
-2.
-13.

970
736

152
908
586
223
701
625

.013E-01

40826
23862

o
-

ex

I B N N e R e N e R e I ]
NN 2NN 200 VTWN 2 e TN —

(ANIONS - CATIONS)/(ANIONS + CATIONS)

4.153€-01

7.186

all minerals

Stoichiometry in [brackets]
.000]
2.

.000]
.000]
.000]
.000]
.0001
.000]
.0001
-000]
.0001
.0001
-000]
.000]
.000]
.0001
.000]
.000]
.000]

150
330

2
460
150
150
500
460
460

2
460
500
460
500
330
330
330

{
{

—_ e e

Rl N T Y

1

N aaan

—_ e a2 2

000]

.000]
.000]
.000]
.000]
.000]
.000]

.000]
.000]
.000]
.000]
.000]
.000]
.000]

140

460 [ 1
2 -2

140

460 [ 2

180

150 [ 4

140 -2

140

140 [ 10

140 [ 3

140 [ 1

150 [ 1

150 [ 2

460 [ 1

.000]
.000]
.000]

.000]
.000]

.000]
.000]
.000]
.000]
.000]
.000]

140

330

140

140
330

NN NN



Run 5 - 10 g/t Na; 10 mg/l Ca and Mg; sample 1; pH 11

add HNO3

Type 1 - COMPONENTS AS SPECIES IN SOLUTION

1D
330
500
150
180
460
969
140
492

NAME
H+1
Na+1
Ca+2
cl-1
Mg+2
EDTA-4
C03-2
NO3-1

CALC MOL

.409E-11
.069E-01
.899E-06
.000E-04
.386E-05
.184E-08
.337e-02
.239€-03

Vi =W

ACTIVITY

WS 2 W N =

.000E-11
.178e-01
.820€E-07
.549E-04
.367E-05
L917E-11
.117E-02
.719E-03

LOG ACTVTY

-10.99991
-0.66187
-6.31697
-3.44988
-4.86417

-10.30830
-1.67436
-2.42960

O0OO0O0O0OO0O0O0O

GAMMA

.70982
.70982
.25387
.70982
.25387
.00415
.25387
. 70982

NEW

OONOOOOO

LOGK

.149
L149

595

. 149
.595
.382
.595
.149

Type 11

D
5009690
3300020
4603300
4601400
4601401
1503300
1501400
1501401
5001400
5001401
3301400
3301401
3309691
3309692
3309693
3309694
3309695
1509690
1509691
4609690
4609691

- OTHER SPECIES IN SOLUTION OR ADSORBED

NAME
Na EDTA
OH-
MgOH +
MgCO3 AQ
MgHCO3 +
CaOH +
CaHCO3 +
CaC03 AQ
NaCo3 -
NaHC03 AQ
HCO3 -
H2C03 AQ
EDTAH
EDTAH2
EDTAH3
EDTAH4
EDTA HS
Ca EDTA
CaHEDTA
Mg EDTA
MgHEDTA

CALC MOL

.404E-08
.508€E-03
.415E-06
.563E-04
.987E-07
.839€E-08
.216E-08
.356€E-05
.266E-01
.067E-04
.243E-03
.167E-08
.805E-11
.143E-16
.021E-25
.828E-34
.018E-42
.345E-04
.339€E-12
.054E-04
L193e-11

2 LD WNNUWONWHOOOWN =2 22 0N W= N

ACTIVITY
3.387E-09

O NN S W22 = NN -

.071€-03
.L24E-06
.805E-04
.089E-07
.305E-08
.282E-08
.484E-05
.987E-02
.544E-04
.431E-03
.003e-07
.L85E-12
.978E-17
.S64E-25
.189E-34
.433E-42
.953E-05
.370E-12
.676E-05
L465E-12

LOG ACTVTY

-8.47017
-2.97032
-5.61546
-3.55213
-6.14939
-7.88437
-7.66160
-4.82868
-1.06640
-3.25614
-2.35346
-6.99869
-11.34821
-16.09812
-24.44803
-33.37794
-41.84385
-4.22527
-11.62518
-4.57247
-11.07238

GAMMA

.04575
.70982
.70982
.09422
.70982
.70982
. 70982
.09422
.70982
.09422
.70982
.09422
.04575
.25387
. 70982
.09422
.70982
.25387
.70982
.25387
. 70982

LOGK

.840
.816
.597
947
.538
414
458
.124
439
.041
470
.636
.300
.805
.009
.891
.613
.995
2149
.195
. 249

Type IIl - SPECIES WITH FIXED ACTIVITY

ID

NAME

CALC MOL
-1.512e-03

LOG MOL
-2.820

NEW LOGK
0.005

Type VI - EXCLUDED SPECIES (not included in mole balance)

ID
3301403

NAME
€02 (9)

CALC MOL
3.086E-06

LOG MOL
-5.511

NEW LOGK
18.159

DH
-0.530



H+1

Na+1

EDTA-

co3-2

NO3-1

H20

IDX

330
500
150
180
460
969
140
492

PERCENTAGE DISTRIBUTION OF COMPONENTS AMOKNG
TYPE 1 and TYPE 11 (dissolved and adsorbed) species

9.7 PERCENT BOUND IN SPECIES #5001401 NaHCO3 AQ
119.2 PERCENT BOUND IN SPECIES #3301400 HCO3 -
70.7 PERCENT BOUND IN SPECIES # 500 Na+1
29.2 PERCENT BOUND IN SPECIES #5001400 NaC03 -
5.4 PERCENT BOUND IN SPECIES #1501401 CaC03 AQ
93.8 PERCENT BOUND IN SPECIES #1509690 Ca EDTA
100.0 PERCENT BOUND IN SPECIES # 180 cL-1
12.8 PERCENT BOUND IN SPECIES # 460 Mg+2
61.0 PERCENT BOUND IN SPECIES #4601400 MgCO3 AQ
25.1 PERCENT BOUND IN SPECIES #4609690 Mg EDTA
4
69.0 PERCENT BOUND IN SPECIES #1509690 Ca EDTA
31.0 PERCENT BOUND IN SPECIES #4609690 Mg EDTA
38.4 PERCENT BOUND IN SPECIES # 140 C03-2
58.3 PERCENT BOUND IN SPECIES #5001400 NaCo3 -
2.9 PERCENT BOUND IN SPECIES #3301400 HCO3 -
100.0 PERCENT BOUND IN SPECIES # 492 NO3-1
99.8 PERCENT BOUND IN SPECIES #3300020 OH-
----------- EQUILIBRATED MASS DISTRIBUTION -----------
NAME DISSOLVED SORBED PRECIPITATED
MOL/KG PERCENT MOL/KG PERCENT MOL/KG PERCENT
H+1 5.239e-03 100.0 0.000€E-01 0.0 0.000E-01 0.0
Na+1 4.340E-01 100.0 0.00CE-01 0.0 0.000E-01 0.0
Ca+2 2.500E-04 100.0 0.000E-01 0.0 0.000e-01 0.0
clL-1 5.000E-04 100.0 0.000E-01 0.0 0.000e-01 0.0
Mg+2 4.200E-04 100.0 0.000E-01 0.0 0.000E-01 0.0
EDTA-4 3.400E-04 100.0 0.000E-01 0.0 0.000E-01 0.0
€03-2 2.170E-01 100.0 0.000E-01 0.0 0.000E-01 0.0
NO3-1 5.239e-03 100.0 0.000£-01 0.0 0.000E-01 0.0
H20 1.512e-03 100.0 0.000E-01 0.0 0.000E-01 0.0
Charge Balance: SPECIATED
Sum of CATIONS = 3.070E-01 Sum of ANIONS  3.075E-01

PERCENT DIFFERENCE =  8.455E-02

EQUILIBRIUM IONIC STRENGTH (m) = 3.910E-01

EQUILIBRIUM pH

11.000

DATE ID NUMBER:
TIME ID NUMBER:

940826
16144158

(ANIONS - CATIONS)/(ANIONS + CATICNS)



Saturation indices and stoichiometry of

ID #
5015000
5046000

2046000
5015001
5015002
4150000
5015003
5046001

5046002
3050000
5046003
5050001
2015000
2015001
2046001

NAME
ARAGONITE
ARTINITE

BRUCITE
CALCITE
DOLOMITE
HALITE
HUNTITE
HYDRMAGNESIT

MAGNESITE
NATRON
NESQUEHONITE
THERMONATR
LIME
PORTLANDITE
PERICLASE

Sat.

—_

oMnVINNOO

-1

-6

I ndex

.354
.043

.397
.490
.490
.696
424
.154

.506
775
-0.
-3.
-17.

918
121
006

.927
4.

291

el el el lealele kel e e e el Rl

NN 2N 20N VIW 2 2 a2t =

.000]
.000]
.0001 2
.000]
.0001]
.000]
.0001]
.000]
.000]
.0001 2
.0001
.000]
.000]
.0001]
.000]
.000)
.0001

all minerals

Stoichiometry

150 [
330 I

460
150
150
500
460
460

— e

460
500
460
500
330
330
330

1

N )

—_

L0000 2 (
.000]
.000]
.000]
.000]
.000]

.000]
.000]
.000]
.000]
.000]
.000]
.000]

in [bracketsl]

.000] 140
2.

0001 460 [

140
460 [
180
150
140

140
140
140
140
150
150
460

—_

SN WO

.000]
.000]1
.000]

.0001
.0001

.0001
.000]
.000]
.000]
.000]
.0001

140

330

140

140
330

[ASJN SN N RN AN I (NI N |



Run 5 - 10 g/l Na; 10 mg/l Ca and Mg; 0,1 g/l EDTA; sample 2; pH 10,0

add HNO3

Type | - COMPONENTS AS SPECIES IN SOLUTION

1D
330
500
140
150
180
460
969
492

NAME
H+1
Na+1
C03-2
Ca+2
clL-1
Mg+2
EDTA-4
NO3-1

CALC MOL

L412E-10
.277E-01
.307E-02
.345E-06
.000E-04
.633E-05
.600E-09
.130€E-02

VOOV NN —

ACTIVITY

WW=2 WU 2N —

.002e-10
.326E-01
.601E-02
.951E-07
.549E-04
.684E-05
.985E-11
.661E-02

LOG ACTVTY

-9.99892
-0.63344
-1.79565
-6.22540
-3.44990
-4.77375
-10.39956
-1.43875

OO0 O0O0O000O0O

GAMMA

.70980
.70980
.25383
.25383
.70980
.25383
.00415
.70980

NEW

OMNOOOOOO

LOGK

.149
L149
.595
.595
. 149
.595
.382
.149

Type 11

ID
5009690
3300020
4603300
4601400
4601401
1503300
1501400
1501401
5001400
5001401
3301400
3301401
3309691
3309692
3309693
3309694
3309695
1509690
1509691
4609690
4609691

- OTHER SPECIES IN SOLUTION OR ADSCRBED

NAME
Na EDTA
OH-
MgOH +
MgCO3 AQ
MgHCO3 +
CaOH +
CaHCO3 +
CaCo3 AQ
NaCo3 -
NaHCO3 AQ
HCO3 -
H2C03 AQ
EDTAH
EDTAH2
EDTAH3
EDTAH4
EDTA HS
Ca EDTA
CaHEDTA
Mg EDTA
MgHEDTA

CALC MOL

6.409E-08
.503E-04
.189€-07
.387E-04
.324E-06
.261E-09
.010E-07
.266E-05
.022E-01
.100E-03
.733E-02
.964E-06
.967E-10
.559€E-14
.098E-22
.130E-30
.655E-37
.347E-04
.349E-11
.052E-04
.193E-10

P B NN WS NNNO S22 2 WO S~

ACTIVITY

NNV 2 WNORWNWSE 2NN =2

.931E-09
.067E-04
.974E-07
.612E-04
.618E-06
.605E-09
.136E-07
.385E-05
.257E-02
.487€-03
.359E-02
.621E-06
L643E-11
.495E-15
.909E-22
.426E-30
174E-37
.957E-05
377E-11
.671E-05
.L68E-11

LOG ACTVTY

-8.53300
-3.97199
-6.52672
-3.58300
-5.17928
-8.79448
-6.67034
-4.85840
-1.13926
-2.34801
-1.47376
-5.11800
-10.43848
-14.18740
-21.53632
-29.46525
-36.93017
-4.22497
-10.62389
-4.57331
-10.07223

00000 200020202000 —,000

GAMMA
.04573
.70980
.70980
.09435
.70980
.70980
.70980
.09435
. 70980
.09435
.70980
.09435
.04573
.25383
.70980
.09435
.70980
.25383
.70980
.25383
. 70980

LOGK

.840
.816
.597
.947
.538
414
.499
124
639
.041
.470
.636
.300
.805
.009
.891
.613
.995
149
.195
.249

Type III - SPECIES WITH FIXED ACTIVITY

ID

NAME

CALC MOL
-1.507E-04

LOG MOL
-3.822

NEW LOGK
0.006

Type VI - EXCLUDED SPECIES (not included in mole balance)

1D

NAME

3301403 €02 (g)

CALC MOL
2.349E-04

LOG MOL
-3.629

NEW LOGK
18.159

DH
-0.530



PERCENTAGE DISTRIBUTION OF COMPONENTS AMONG
TYPE | and TYPE 11 (dissolved and adsorbed) species

H+1
8.0 PERCENT BOUND IN SPECIES #5001401 NaHC0O3 AQ
92.3 PERCENT BOUND IN SPECIES #3301400 HCO3 -
Na+1
75.5 PERCENT BOUND IN SPECIES # 500 Na+1
23.6 PERCENT BOUND IN SPECIES #5001400 NaC03 -
c03-2
29.1 PERCENT BOUND IN SPECIES # 140 C03-2
47.1 PERCENT BOUND IN SPECIES #5001400 NaC03 -
1.9 PERCENT B8OUND IN SPECIES #5001401 NaHC03 AQ
21.8 PERCENT BOUND IN SPECIES #3301400 HCO3 -
Ca+2
5.1 PERCENT BOUND IN SPECIES #1501401 CaC03 AQ
93.9 PERCENT BOUND IN SPECIES #1509690 Ca EDTA
clL-1
100.0 PERCENT BOUND IN SPECIES # 180 Ccl-1
Mg+2
15.8 PERCENT BOUND IN SPECIES # 460 Mg+2
56.8 PERCENT BOUND IN SPECIES #4601400 MgC0O3 AQ
2.2 PERCENT BOUND IN SPECIES #4601401 MgHCO3 +
25.1 PERCENT BOUND IN SPECIES #4609690 Mg EDTA
EDTA-4
69.0 PERCENT BOUND IN SPECIES #1509690 Ca EDTA
31.0 PERCENT BOUND IN SPECIES #4609690 Mg EDTA
NO3-1
100.0 PERCENT BOUND IN SPECIES # 492 NO3-1
H20
99.7 PERCENT BOUND IN SPECIES #3300020 OH-
----------- EQUILIBRATED MASS DISTRIBUTION -----------
10X NAME D1SSOLVED SORBED PRECIPITATED
MOL/KG PERCENT - MOL /KG PERCENT MOL/KG PERCENT
330 H+1 5.130E-02 100.0 0.000E-01 0.0 0.000E-01 0.0
500 Na+1 4 340E-01 100.0  0.000E-01 0.0 0.000E-01 0.0
140 C03-2 2.170E-01 100.0 0.000E-01 0.0 0.000e-01 0.0
150 Ca+2 2.500E-04 100.0 0.000E-01 0.0 0.000E-01 0.0
180 ClL-1 5.000E-04 100.0 0.000E-01 0.0 0.000E-01 0.0
460 Mg+2 4.200E-04 100.0 0.000E-01 0.0 0.000e-01 0.0
969 EDTA-4 3.400E-046 100.0 O.000E-01 0.0 0.000e-01 0.0
492 NO3-1 5.130E-02 100.0 0.000€-01 0.0 0.00CE-01 0.0
2 H20 1.507e-04  100.0  0.000E-01 0.0 0.000E-D1 0.0
Charge Balance: SPECIATED
Sum of CATIONS = 3.278E-01 Sum of ANIONS  3.283E-01

PERCENT DIFFERENCE = 7.920E-02 (ANIONS - CATIONS)/(ANIONS + CATIONS)
EQUILIBRIUM IONIC STRENGTH (m) =  3.915-01
EQUILIBRIUM pH = 9.999

DATE 1D NUMBER:
TIME 1D NUMBER:

940826
16125860



Saturation indices and stoichiometry of

ID #
5015000
5046000

2046000
5015001
5015002
4150000
5015003
5046001

5046002
3050000
5046003
5050001
2015000
2015001
2046001

NAME
ARAGONITE
ARTINITE

BRUCITE
CALCITE
DOLOMITE
HALITE
HUNTITE
HYDRMAGNESIT

MAGNESITE
NATRON
NESQUEHONITE
THERMONATR
LIME
PORTLANDITE
PERICLASE

Index

.324
.903

516
.460
.430
.668
.302
.193

475
.846
.951
.186
917
.839
.203

el e e e e R B N B B W |

NN 2N 20NN e i -

.0001
.000]
.0001 2
.000]
.000]
.0001
.0001
.0001]
.0001
.0001 2
.0001
.000]1
.000]
.000]1
.0001
.000]1
.000]

all minerals

Stoichiometry

150 ¢
330 ¢

460
150
150
500
460
460

—~e— - .

460
500
460
500
330
330
330

—~,m e

1

SN s aN

AT NN\ N

.0001 2
.000]
.000]
.0001
.000]
.0001

.000]
.000]
.000]
.000]
.0001
.0001
.000]

in [brackets]

.0001 140
2.

0001 460 [

140
460 [
180
150
140

—

140
140
140
140
150
150
460

—
0
~nN

_ N2 WO

.0001
.000]
.000]

.000]1
.000]

.0001
.0001
.000]1
.000]1
.000]1
.000]1

140

330

140

140
330

NN NN



Run 5 - 10 g/l Na; 10 mg/l Ca and Mg; sample 3; pH 9

add HNO3

Type | - COMPONENTS AS SPECIES IN SOLUTION

ID
330
500
140
150
180
460
969
492

NAME
H+1
Na+1
C03-2
Ca+2
ci-1
Mg+2
EDTA-4
NO3-1

CALC MOL

L422E-09
.827E-01
.938E-02
.518E-06
.000E-04
.251E-04
.080E-09
611E-01

[NV, TV, (Y- N GY RN

ACTIVITY

S NWW =2 N =

.008E-09
.714E-01
.903E-03
.143E-06
.546E-04
.165€-05
.082E-11
.143€-01

LOG ACTVTY

-8.99639
-0.56633
-2.30951
-5.94187
-3.45024
-4.49958
-10.68157
-0.94212

OO0 O0OO0OO0OO0OO

GAMMA

.70923
.70923
.25302
.25302
.70923
.25302
.00410
.70923

NEW

ONOODOOO

LOGK

.149
.149
597

597

.149
.597
.387
.149

Type 11

ID
5009690
3300020
4603300
4601400
4601401
1503300
1501400
1501401
5001400
5001401
3301400
3301401
3309691
3309692
3309693
3309694
3309695
1509690
1509691
4609690
4609691

- OTHER SPECIES IN SOLUTION OR ADSORBED

NAME
Na EDTA
OH-
MgOH +
MgC03 AQ
MgHCO3 +
CaOH +
CaHCO3 +
CaC03 AQ
NaCo3 -
NaHCO3 AQ
HCO3 -
H2C03 AQ
EDTAH
EDTAH2
EDTAH3
EDTAH4
EDTA HS
Ca EDTA
CaHEDTA
Mg EDTA
MgHEDTA

CALC MOL

.936E-08
.490E-05
.807E-08
.371€E-04
.405E-05
.306E-10
.783E-06
.430E-06
.658E-02
.470E-02
.459E-01
.152E-04
.216E-09
.357E-12
.180E-19
.669E-26
.906E-33
.363E-04
.384E-10
.037E-04
.179€E-09

BB NN O 2N SN DW= SUT a2 W

ACTIVITY

NNV 2 2NN 2N 2WW 2=

.787E-09
.056E-05
.537e-08
.504E-04
.833E-05
.054E-10
.264E-06
.152E-06
.594E-02
.613E-02
.035E-01
.362E-04
.914E-10
.433E-13
.546E-19
.832E-26
.317€-33
.978E-05
.400E-10
.623E-05
.365E-10

LOG ACTVTY

-8.74791
-4.97617
-7.25672
-3.82269
-4.41643
-9.51512
-5.89813
-5.08873
-1.58601
-1.79223
-0.98509
-3.62679
-9.71796
-12.46435
-18.81074
-25.73713
-32.19952
-4.22344
-5.61983
-4.58115
-9.07754

0O0O00O0O 200020202000 -2000

GAMMA

.04540
.70923
.70923
.09727
.70923
.70923
.70923
.09727
.70923
.09727
.70923
.09727
.04540
.25302
.70923
.09727
.70923
.25302
.70923
.25302
.70923

NEW

LOGK

.843
.816
.597
946
.538
413
499
122
639
.040
.470

.303
.807
.009
.890
.613
997
.149
197
.249

Type 111 - SPECIES WITH FIXED ACTIVITY

ID

NAME

CALC MOL
-1.497E-05

LOG MOL
-4.825

NEW LOGK
0.007

Type VI - EXCLUDED SPECIES (not included in mole balance)

ID

NAME

3301403 €02 (g)

CALC MOL
7.306E-03

LOG MOL
-2.136

NEW LOGK
18.159

DH
-0.530



H+1

Na+1

C03-2

Ca+2

cL-1

Mg+2

EDTA-

NO3-1

H20

10X

330
500
140
150
180
460
969
492

PERCENTAGE DISTRIBUTION OF COMPONENTS AMONG )
TYPE 1 and TYPE Il (dissolved and adsorbed) species

9.1 PERCENT BOUND IN SPECIES #5001401 NaHCO3 AQ
90.6 PERCENT BOUND IN SPECIES #3301400 HCO3 -
88.2 PERCENT BOUND IN SPECIES # 500 Na+1
8.4 PERCENT BOUND IN SPECIES #5001400 NaCO03 -
3.4 PERCENT BOUND IN SPECIES #5001401 NaKCO3 AQ
8.9 PERCENT BOUND IN SPECIES # 140 C03-2
16.9 PERCENT BOUND IN SPECIES #5001400  NaCO3 -
6.8 PERCENT BOUND IN SPECIES #5001401 NaHCO3 AQ
67.2 PERCENT BOUND IN SPECIES #3301400 HCO3 -
1.8 PERCENT BOUND IN SPECIES # 150 Ca+2
3.0 PERCENT BOUND IN SPECIES #1501401 CaC03 AQ
94.5 PERCENT BOUND IN SPECIES #1509690 Ca EDTA
100.0 PERCENT BOUND IN SPECIES # 180 Cl-1
29.8 PERCENT BOUND IN SPECIES # 460  Mg+2
32.6 PERCENT BOUND IN SPECIES #4601400 MgCO03 AQ
12.9 PERCENT BOUND IN SPECIES #4601401  MgHCO3 +
24.7 PERCENT BOUND IN SPECIES #4609690 Mg EDTA
4
69.5 PERCENT BOUND IN SPECIES #1509690 Ca EDTA
30.5 PERCENT BOUND IN SPECIES #4609690 Mg EDTA
100.0 PERCENT BOUND IN SPECIES # 492  NO3-1
99.5 PERCENT BOUND IN SPECIES #3300020 OH-
----------- EQUILIBRATED MASS DISTRIBUTION -----------
NAME DISSOLVED SORBED PRECIPITATED
MOL/KG  PERCENT MOL/KG  PERCENT MOL/KG  PERCENT
H+1 1.611E-01 100.0 ©.000E-01 0.0 0.000e-01 0.0
Na+1 4 . 340E-01 100.0 0.000e-01 0.0 0.000E-01 0.0
C03-2 2.170E-01 100.0 0.000E-01 0.0 0.000E-0% 0.0
Ca+2 2.500E-04 100.0 0.000e-01 0.0 0.000e-01 0.0
cL-1 5.000E-04 100.0  0.000e-01 0.0 0.000e-01 0.0
Mg+2 4,200E-04 100.0 0.000£-01 0.0 0.000e-01 0.0
EDTA-4 3.400E-04 100.0 0.000e-01 0.0 0.000e-01 0.0
NO3-1 1.611E-01 100.0 0.000E-01 0.0 0.000E-01 0.0
H20 1.497€-05 100.0 0.000E-01 0.0 0.000e-01 0.0
Charge Balance: SPECIATED
Sum of CATIONS = 3.830E-01 Sum of ANIONS  3.836E-01

PERCENT DIFFERENCE =  6.783E-02 (ANIONS -
EQUILIBRIUM IONIC STRENGTH (m) = 4.031g-01
EQUILIBRIUM pH = 8.996

DATE ID NUMBER:
TIME ID NUMBER:

940826
16105090

CATIONS)/(ANIONS + CATIONS)



Saturation indices and stoichiometry of all minerals

ID #
5015000
5046000

2046000
5015001
5015002
4150000
5015003
5046001

5046002
3050000
5046003
5050001
2015000
2015001
2046001

NAME Sat
ARAGONITE 0.
ARTINITE -2
BRUCITE -3
CALCITE 0.
DOLOMITE 1
HALITE -5
HUNTITE 1
HYDRMAGNESIT  -4.
MAGNESITE 1.
NATRON -2.
NESQUEHONITE  -1.
THERMONATR -3.
LIME -20.
PORTLANDITE  -10.
PERICLASE -7.

. Index

094

.882

.250

230

.960
.601
.352

893

Stoichiometry
1.0001 150 [ 1
-2.000]
5.000) 2
1.000) 460
1.000] 150
1.000]1 150
1.000]) 500
3.000] 460
5.000] 460
6.000) 2
1.000]1 460
2.000] 500
1.0001 460
2.0001 500
-2.0001 330
-2.000] 330
-2.000] 330

NN

[ I\ I G Y

.000] 2
.000)
.000]
.000)
.000)
.000]

.000]
.000]
.000]
.000]
.000)
.000]
.000)

in [brackets]

.0001 140
330 [ 2.

0001 460 [ 1

140
460 [ 2
180
150
140

— -
[
n &~

140
140
140
140
150
150
460

e i e i et
SN2 WO

.000]
.000)
.0001]

.000]
.0001]

.000]
.000)
-000)
.000]
.000]
.000)

140

330

140

140
330

NN NN



Run 5 - 10 g/L Na; 10 mg/l Ca and Mg; 0,1 g/l EDTA; sample 4; pH 7.8

add HNO3

Type 1 - COMPONENTS AS SPECIES IN

1D
330
500
140
150
180
460
969
492

NAME
H+1
Na+1
€c03-2
Ca+2
cL-1
Mg+2
EDTA-4
NO3-1

CALC MOL

.280E-08
.107e-01
.557e-03
.200E-06
.000E-04
.939€E-04
.246E-09
.167€-01

NW 2~y =N

SOLUTION

ACTIVITY

A N W =

.616E-08
911E-01
.929E-04
.817€-06
.544E-04
.894E-05
317E-11
.536E-01

LOG ACTVTY

-7.79149
-0.53601
-3.40571
-5.74063
-3.45051
-4.31030
-10.88035
-0.81363

(oY oNolNeNololo o)

GAMMA

.70879
.70879
.25238
.25238
.70879
.25238
.00406
.70879

NEW

oONMNOD OO0 OO

LOGK
149

.149
.598
.598

149

.598
.392
. 149

Type I1I

ID
5009690
3300020
4603300
4601400
4601401
1503300
1501400
1501401
5001400
5001401
3301400
3301401
3309691
3309692
3309693
2309694
3309695
1509690
1509691
4609690
4609691

- OTHER SPECIES IN SOLUTION OR ADSORBED

NAME
Na EDTA
OH-
MgOH +
MgCO3 AQ
MgHCO3 +
CaOH +
CaHCO3 +
CaC03 AQ
NaC0o3 -
NaHC03 AQ
HCO3 -
H2C03 AQ
EDTAH
EDTAH2
EDTAH3
EDTAH4
EDTA HS
Ca EDTA
CaHEDTA
Mg EDTA
MgHEDTA

CALC MOL

.685E-08
.281E-07
.521E-09
.694€E-05
.074E-04
L264E-11
.642E-06
L440E-07
.145€E-03
.020E-02
.875E-01
.420€E-03
.301E-08
.211E-10
.684E-16
.956E-22
.966E-27
.382E-04
.L58E-09
.017€-04
.851E-08

P A VTN UTRUVTIN S S 2 NWOWES 2O

ACTIVITY

AN WOARSE NIV 2NN NW =N =

.212e-09
.578E-07
.331e-09
.864E-05
.613e-05
.023e-11
.581E-06
.038E-06
.229E-03
.222E-02
.329E-01
.862E-03
.942E-09
.581E-11
.029€E-16
.651E-22
.229€-27
.012E-05
.868E-09
.567E-05
.312E-08

LOG ACTVTY

-8.91636
-6.18191
-8.27318
-4.72961
-4.11845
-10.51962
-5.58818
-5.98368
-2.65188
-1.65321
-0.87638
-2.31319
-8.71184
-10.25332
-15.39481
-21.11630
-26.37379
-4.22098
-8.41247
-4.59065
-7.88213

OO0 200020202000 —00O0

GAMMA

.04515
.70879
.70879
.09990
.70879
.70879
.70879
.09990
.70879
.09990
.70879
.09990
.04515
.25238
.70879
.09990
.70879
.25238
.70879
.25238
.70879

NEW

LOGK

.845
.816
.597
.945
.539
613
499
121
439
.039
470
.634
.305
.808
.009
.889
.613
.998
.149
.198
.249

Type II1 - SPECIES WITH FIXED ACTIVITY

ID
2

NAME
H20

CALC MOL
-9.356€E-07

LOG MOL
-6.029

NEW LOGK
0.008

Type VI - EXCLUDED SPECIES (not included in mole balance)

10

NAME

3301403 €02 (g)

CALC MOL
1.507e-01

LOG MOL
-0.822

NEW LOGK
18.159

DH
-0.530



PERCENTAGE DISTRIBUTION OF COMPONENTS AMONG
TYPE 1 and TYPE 11 (dissolved and adsorbed) species

H+1
9.3 PERCENT BOUND IN SPECIES #5001401 NaHC03 AQ
86.5 PERCENT BOUND IN SPECIES #3301400 HCO3 -
4.1 PERCENT BOUND IN SPECIES #3301401 H2C03 AQ
Na+1
94.6 PERCENT BOUND IN SPECIES # 500 Na+1
4.7 PERCENT BOUND IN SPECIES #5001401 NaHCO3 AQ
c03-2
1.4 PERCENT BOUND IN SPECIES #5001400  NaCO3 -
9.3 PERCENT BOUND IN SPECIES #5001401 NaHCO3 AQ
86.4 PERCENT BOUND IN SPECIES #3301400 HCO3 -
2.0 PERCENT BOUND IN SPECIES #3301401 H2C03 AQ
Ca+2
2.9 PERCENT BOUND IN SPECIES # 150 Ca+2
1.5 PERCENT BOUND IN SPECIES #1501400  CaHCO3 +
95.3 PERCENT BOUND IN SPECIES #1509690 Ca EDTA
cl-1
100.0 PERCENT BOUND IN SPECIES # 180 Cl-1
Mg+2
46.2 PERCENT BOUND IN SPECIES # 460  Mg+2
4.0 PERCENT BOUND IN SPECIES #4601400 MgCO3 AQ
25.6 PERCENT BOUND IN SPECIES #4601401 MgHCO3 +
24.2 PERCENT BOUND IN SPECIES #4609690 Mg EDTA
EDTA-4
70.1 PERCENT BOUND IN SPECIES #1509690 Ca EDTA
29.9 PERCENT BOUND IN SPECIES #4609690 Mg EDTA
NO3-1
100.0 PERCENT BOUND IN SPECIES # 492  NO3-1
H20
99.2 PERCENT BOUND IN SPECIES #3300020 OH-
----------- EQUILIBRATED MASS DISTRIBUTION -----------
1DX NAME DISSOLVED SORBED PRECIPITATED
MOL/KG  PERCENT MOL/KG  PERCENT MOL/KG  PERCENT
330 H+1 2.167E-01 100.0 0.000E-01 0.0 0.000E-01 0.0
500 Na+1 4.340€E-01 100.0 0.000E-01 0.0 0.000E-01 0.0
140 €03-2 2.170€-01 100.0 0.000E-01 0.0 0.000e-01 0.0
150 Ca+2 2.500E-04 100.0 0.000E-01 0.0 0.000E-01 0.0
180 Cl-1 5.000E-04 100.0 0.000E-01 0.0 0.000e-01 0.0
460 Mg+2 4.200E-04 100.0 0.000E-01 0.0 0.000e-01 0.0
969 EDTA-4 3.400E-04 100.0 0.000E-01 0.0 0.000e-01 0.0
492 NO3-1 2.167E-01 100.0 0.000E-01 0.0 0.000E-01 0.0
2 H20 9.356E-07 100.0 0.000E-01 0.0 0.000E-01 0.0
Charge Balance: SPECIATED
Sum of CATIONS = 4.112E-01 Sum of ANIONS  4.117E-01
PERCENT DIFFERENCE = 6.320E-02 (ANIONS - CATIONS)/(ANIONS + CATIONS)

EQUILIBRIUM IONIC STRENGTH (m) = 4.135E-01

EQUILIBRIUM pH 7.791

DATE 1D NUMBER: 940826
TIME ID NUMBER: 16085660



Saturation indices and stoichiometry of all minerals

1D # NAME Sat. Index Stoichiometry in [brackets]

5015000 ARAGONITE -0.801 [ 1.000] 150 { 1.0001 140

5046000 ARTINITE ~6.013 [ -2.000] 330 [ 2.0001 460 [ 1.000] 140
[ 5.000] 2

2046000 BRUCITE -5.472 [ 1.000] 460 [ 2.000) 2 [ -2.000) 330

5015001 CALCITE -0.665 [ 1.000] 150 { 1.0001 140

5015002 DOLOMITE 0.158 [ 1.0001 150 [ 1.000] 460 [ 2.000] 140

4150000 HALITE -5.571 [ 1.000] 500 [ 1.000] 180

5015003 HUNTITE -2.263 [ 3.000] 460 [ 1.000] 150 [ 4.000) 140

5046001 HYDRMAGNESIT -10.746 [ 5.000] 460 [ 4.0001 140 [ -2.000] 330
[ 6.000] 2

5046002 MAGNESITE 0.328 [ 1.000] 460 [ 1.0001 140

3050000 NATRON -3.286 [ 2.000) 500 [ 1.0001 140 [ 10.0003 2

5046003 NESQUEHONITE -2.105 [ 1.000)] 460 [ 1.000] 140 [ 3.000] 2

5050001 THERMONATR -4.604 [ 2.000] 500 [ 1.000] 140 [ 1.000] 2

2015000 LIME -22.849 [ -2.0003 330 [ 1.000] 150 [ 1.0001 2

2015001 PORTLANDITE -12.774 [ -2.000] 330 [ 1.000] 150 [ 2.0007 2

2046001 PERICLASE -10.157 [ -2.000] 330 [ 1.000)] 460 [ 1.000] 2



PC MINTEQA2 v3.10

Run 5 - 10 g/l Na; 10 mg/l Ca and Mg; 0,1 g/l EDTA; sample 5; pH 7,2

add HNO3

DATE OF CALCULATIONS: 26-AUG-94 TIME:

16: 6: 9

Type 1 - COMPONENTS AS SPECIES IN SOLUTION

D
330
500
140
150
180
460
969
492

NAME
H+1
Na+1
c03-2
Ca+2
cl-1
Mg+2
EDTA-4
NO3-1

CALC MOL

.278E-07
.145E-01
.582E-04
.779E-06
.000E-04
.085E-04
.014E-09
.392e-01

WD ~N S =

ACTIVITY

.056E-08
.938E-01
.512E-05
.962E-06
.543E-04
.258E-05
.220E-11
.695E-01

[N Y, I VY RN, NN N )

LOG ACTVTY

-7.04305
-0.53197
-4.18630
-5.70726
-3.45058
-4.27916
-10.91369
-0.77079

GAMMA
0.70868
0.70868
0.25224
0.25224
0.70868
0.25224
0.00405
0.70868

NEW

ONOOOOOO

LOGK

.150
.150
.598
.598
.150
.598
.393
.150

Type 11

ID
5009690
3300020
4603300
4601400
4601401
1503300
1501400
1501401
5001400
5001401
3301400
3301401
3309691
3309692
3309693
3309694
3309695
1509690
1509691
4609690
4609691

- OTHER SPECIES IN SOLUTION OR ADSORBED

NAME
Na EDTA
OH-
MgOH +
MgCO3 AQ
MgHCO3 +
CaOH +
CaHCO3 +
CaC03 AQ
NaC03 -
NaHCO3 AQ
HCO3 -
H2C03 AQ
EDTAH
EDTAH2
EDTAH3
EDTAH4
EDTA H5
Ca EDTA
CaHEDTA
Mg EDTA
MgHEDTA

CALC MOL

.513e-08
.655E-07
LL41E-09
.015E-06
.072E-04
.213E-12
.652E-06
.688E-07
.262E-04
.893E-02
.T42E-01
.299E-02
.235E-07
.433E-09
.262E-14
.346E-19
.052E-23
.384E-04
.059€-08
.012E-04
.032e-07

A WM WOV NN 22N 2l 2 W22 N

ACTIVITY

.133E-09
.173E-07
.021E-09
.319E-06
.595E-05
.821E-12
.588E-06
.858E-07
.729E-04
.083E-02
.234E-01
.530€E-02
.008E-08
.623E-09
.564E-14
.984E-19
.163E-23
.013E-05
.168E-08
.554E-05
.313e-08

NNNOONOON 2 2N 2NN W2 NNV W 2 =

LOG ACTVTY
-8.94566
-6.93069
-8.99082
-5.47906
-4.11946

-11.23503
-5.58696
-6.73090
-3.42844
-1.68132
-0.90853
-1.59690
-7.59673
-8.7897¢

-13.18283

-18.15588

-22.66493
-4.22094
-7.66399
-4.59284
-7.13589

GAMMA

.04509
.70868
.70868
.10057
.70868
.70868

.10057
.70868
.10057
.70868
.10057
.04509
.25224
.70868
.10057
.70868
.25224
.70868
.25224
.70868

CO0O0O0OO0 200020200002 000
.

LOGK

.846
.816
.597
.945
.539
613
499
21
.439
.038
.470
.634
.306
.808
.010
.888
614
.998
.150
.198
.250

Type [I1 - SPECIES WITH FIXED ACTIVITY

ID

NAME

CALC MOL
-1.670E-07

LOG MOL
-6.777

NEW LOGK
0.008

Type VI - EXCLUDED SPECIES (not included in mole balance)

ID
3301403

NAME
€02 (g)

CALC MOL
7.848E-01

LOG MOL
-0.105

NEW LOGK
18.159

DH
-0.530



Na+1

€03-2

Ca+2

EDTA-

NO3-1

H20

IDX

330
500
140
150
180
460
969
492

2

Charg

PERCENTAGE DISTRIBUTION OF COMPONENTS AMONG
TYPE 1 and TYPE 11 (dissolved and adsorbed) species

7.9 PERCENT BOUND IN SPECIES #5001401 NaHCO03 AQ
72.8 PERCENT BOUND IN SPECIES #3301400  HCO3 -
19.2 PERCENT BOUND IN SPECIES #3301401 H2C03 AQ
95.5 PERCENT BOUND IN SPECIES # 500 Na+1
4.4 PERCENT BOUND IN SPECIES #5001401 NaHCO03 AQ
8.7 PERCENT BOUND IN SPECIES #5001401  NaHCO3 AQ
80.3 PERCENT BOUND IN SPECIES #3301400  HCO3 -
10.6 PERCENT BOUND IN SPECIES #3301401 H2C03 AQ
31 PERCENT BOUND IN SPECIES # 150 Ca+2
1.5 PERCENT BOUND IN SPECIES #1501400  CaHCO3 +
95.3 PERCENT BOUND IN SPECIES #1509690 Ca EDTA

100.0 PERCENT BOUND IN SPECIES # 180 Cl-1

49.6 PERCENT BOUND IN SPECIES # 460 Mg+2
25.5 PERCENT BOUND IN SPECIES #4601401 MgHCO3 +
26.1 PERCENT BOUND IN SPECIES #4609690 Mg EDTA
4
70.1 PERCENT BOUND IN SPECIES #1509690 Ca EDTA
29.8 PERCENT BOUND 1N SPECIES #4609690 Mg EDTA
100.0 PERCENT BOUND IN SPECIES # 492 NO3-1
99.1 PERCENT BOUND IN SPECIES #3300020 OH-
----------- EQUILIBRATED MASS DISTRIBUTION ----=---=-~--
NAME DISSOLVED SORBED PRECIPITATED
MOL/KG PERCERNT MOL/KG PERCEN1 MOL/KG PERCENT
H+1 2.392E-01 100.0 0.00CE-01 0.0 0.000e-01 0.0
Na+1 4 .340E-01 100.0 0.000e-01 0.0 0.000E-01 0.0
€03-2 2.170E-01 100.0  0.000E-01 0.0 0.000E-01 0.0
Ca+2 2.500e-04 100.0 0.000E-01 0.0 0.000e-01 0.0
cl-1 5.000E-046 100.0 U.000E-01 0.0 0.000£-01 0.0
Mg+2 4_200E-04 100.0 (0.000E-01 0.0 0.000E-01 0.0
EDTA-4 3.400E-04 100.0 0.000e-01 0.0 0.000E-01 0.0
NO3-1 2.392E-01 100.0  0.000E-01 0.0 0.000E-01 0.0
H20 1.670E-07 100.0  0.000E-01 0.0 0.000e-01 0.0
e Balance: SPECIATED
Sum of CATIONS = 4.151E-01 Sum of ANIONS  4.156E-01

PERCENT DIFFERENCE = 6.260E-02 (ANIONS -
EQUILIBRIUM IONIC STRENGTH (m) = 4.162E-01
EQUILIBRIUM pH = 7.043

DATE 1D NUMBER: 940826
TIME 1D NUMBER: 16061275

CATIONS)/(ANIONS + CATIONS)



Saturation indices and stoichiometry of all minerals

ID # NAME Sat. Index Stoichiometry in [brackets]

5015000 ARAGONITE -1.548 [ 1.000] 150 [ 1.000) 140

5046000 ARTINITE -8.230 [ -2.000] 330 [ 2.000] 460 [ 1.0001 140
{ 5.0001 2

2046000 BRUCITE -6.939 [ 1.000] 460 [ 2.000] 2 ({ -2.0001 330

5015001 CALCITE -1.412 [ 1.000] 150 [ 1.000] 140

5015002 DOLOMITE -1.339 [ 1.000] 150 [ 1.000]1 460 [ 2.000] 140

4150000 HALITE -5.567 { 1.000] 500 [ 1.0001 180

5015003 HUNTITE -5.259 { 3.000] 460 [ 1.0001 150 { 4.000]1 140

5046001 HYDRMAGNESIT -15.212 [ 5.000] 460 [ 4.000] 140 [ -2.0001 330
[ 6.000] 2

5046002 MAGNESITE -0.421 [ 1.000] 460 [ 1.0001 140

3050000 NATRON -4.062 { 2.000] 500 [ 1.000] 140 [ 10.000] 2

5046003 NESQUEHONITE  -2.856 { 1.000] 460 [ 1.000] 140 [ 3.000] 2

5050001 THERMONATR -5.377 [ 2.000] 500 [ 1.000) 140 [ 1.000) 2

2015000 LIME -24.313 [ -2.000] 330 [ 1.000] 150 [ 1.0001 2

2015001 PORTLANDITE  -14.238 [ -2.000] 330 [ 1.000] 150 [ 2.000] 2

2046001 PERICLASE -11.623 [ -2.000] 330 [ 1.000] 460 [ 1.0001 2



Run & - 10 g/l Na; 10 mg/l Ca; 10 mg/l Mg; sample 1; pH 11,0
add HNO3; allow ppt

Type 1 - COMPONENTS AS SPECIES IN SOLUTION

ID NAME CALC MOL  ACTIVITY  LOG ACTVTY GAMMA
330 H+1 1.409E-11 1.000E-11  -10.99989 0.70989
500 Na+1 3.071e-01 2.180€-01 -0.66158  0.70989
140 C03-2 8.317e-02 2.112E-02 -1.67528 0.25396
150 Ca+2 1.969E-07 5.001E-08 -7.30091  0.25396
180 Cl-1 5.000E-04 3.549E-04 -3.44986  0.70989
460 Mg+? 1.684E-06 4.277E-07 -6.36883  0.25396
492 NO3-1 5.228E-03 3.711E-03 -2.43069  0.70989

NEW

LOGK

149
. 149
.595
.595
149
.595
.149

Type Il - OTHER SPECIES IN SOLUTION OR ADSORBED

NEW

LOGK

637
.816
.597

947

.538
.414
.698

L1264
439
.041
.470

1D NAME CALC MOL ACTIVITY LOG ACTVTY GAMMA
3301401 H2C03 AQ 9.150£-08 1.001E-07 -6.99957  1.09392
3300020 OH- 1.508E-03 1.071€-03 -2.97033  0.70989
4603300 MgOH + 1.068E-07 7.583E-08 -7.12014  0.70989
4601400 MgCO3 AQ 8.004E-06 8.756E-06 -5.05772 1.09392
4601401 MgHCO3 + 3.118e-08 2.213E-08 -7.65496  0.70989
1503300 CaOH + 1.908E-09 1.354E-09 -8.86833 0.70989
1501400 CaHCO3 + 3.329E-09 2.363E-09 -8.62645 0.70989
1501401 CaCo3 AQ 1.404E-06 1.536E-06 -5.81354  1.09392
5001400 NaCO3 - 1.264E-01 8.974E-02 -1.06703  0.70989
5001401 NaHCO3 AQ 5.061E-06 5.537E-04 -3.25675 1.09392
3301400 HCO3 - 6.229E-03 4.422E-03 -2.35436  0.70989
Type IIl - SPECIES WITH FIXED ACTIVITY

ID NAME CALC MOL LOG MOL NEW LOGK DH

2 H20 -1.508E-03 -2.821 0.005 0.000

Type IV - FINITE SOLIDS (present at equilibrium)

1D NAME CALC MoL LOG MOL NEW LOGK DH
5015002 DOLOMITE 2.484E-04 -3.605 17.020 8.290
5066002 MAGNESITE 1.618€-04 -3.791 8.044 6.169
Type V - UNDERSATURATED SOLIDS (not present at equilibrium)

1D NAME CALC MOL LOG MOL NEW LOGK DH
2046000 BRUCITE 7.806€E-02 -1.108 -16.729 25.840
5015001 CALCITE 3.200E-01 -0.495 8.481 2.585
5015000 ARAGONITE 2.339E-01 -0.631 8.345 2.615
4150000 HALITE 2.015E-06 -5.696 -1.584 -0.918
5015003 HUNTITE 8.367E-04 -3.077 30.031 25.760
5046001 HYDRMAGNESIT 2.084E-08 -7.681 8.8%94 52.210
5046000 ARTINITE 1.078E-02 -1.967 -9.530 28.742
3050000 NATRON 1.678E-02 -1.775 1.272 -15.745
5046003 NESQUEHONITE 3.770E-03 -2.424 5.635 5.789
5050001 THERMONATR 7.560E-04 -3.121 -0.118 2.802
2015000 LIME 1.024E-18 -17.990 -32.684 46.265
2015001 PORTLANDITE 1.228E-08 -7.911 -22.600 30.690
2046001 PERICLASE 1.602E-06 -5.795 -21.421 36.135
Type VI - EXCLUDED SPECIES (not included in mole balance)

ID NAME CALC MOL LOG MOL NEW LOGK DH

3301403 c02 (g) 3.080€E-06 -5.511 18.159 -0.530



H+1

Na+1

co3-2

Ca+2

Mg+2

PERCENTAGE DISTRIBUTION OF COMPONENTS AMONG

TYPE | and TYPE Il (dissolved and adsorbed) species

9.7

119.2

70.8

29.1

38.4

58.4

2.9

100.0

100.0

100.0

12.3

87.4

17.1

1.1

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

IN

IN

IN

IN

IN

IN

IN

IN

IN

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

#5001401

#3301400

# 500

#5001400

# 140

#5001400

#3301400

# 692

# 180

#3300020

# 150

#1501401

# 460

#4603300

#4601400

NaHC03 AQ

HCO3 -

Na+1

NaC03 -

C03-2
NaC03 -

HCO3 -

NO3-1

cL-1

or -

Ca+2

CaC03 AQ

Mg+2
MgOH +

MgCO3 AQ



IDX NAME DISSOLVED SORBED PRECIPITATED
MOL/XG PERCENT MOL/KG PERCENT MOL/KG PERCENT
330 H+1 5.227e-03 100.0 0.000E-01 0.0 0.000E-01 0.0
500 Na+1 4 .340E-01 100.0  0.000E-01 0.0 0.000E-01 0.0
140 C03-2 2.163E-01 99.7 0.000E-01 0.0 6.586E-04 0.3
492 NO3-1 5.228E-03 100.0 0.000E-01 0.0 0.000E-01 0.0
180 ClL-1 5.000E-04 100.0 0.000E-01 0.0 0.000E-01 0.0
2 H20 1.508e-03 100.0 0.000t-01 0.0 0.000e-01 0.0
150 Ca+?2 1.607€-06 0.6 0.000E-01 0.0 2.48B4E-04 99.4
460 Mg+2 9.826E-06 2.3 0.000E-01 0.0 4.102E-04 97.7
Charge Balance: SPECIATED
Sum of CATIONS = 3.071E-01 Sum of ANIONS 3.062E-01
PERCENT DIFFERENCE = 1.400E-01 (ANIONS - CATIONS)/(ANIONS + CATIONS)
EQUILIBRIUM IONIC STRENGTH (m) = 3.898E-01
EQUILIBRIUM pH = 11.000
DATE ID NUMBER: 940908
TIME ID NUMBER: 8311792
Saturation indices and stoichiometry of all minerals
ID # NAME Sat. [ndex Stoichiometry in [brackets]
5015000 ARAGONITE -0.631 [ 1.000] 150 [ 1.0001 140
5046000 ARTINITE -1.967 [ -2.000]1 330 [ 2.000] 460 [ 1.0001 140
[ 5.000] 2
2046000 BRUCITE -1.108 [ 1.000] 460 [ 2.000]1 2 [ -2.000] 330
5015001 CALCITE -0.495 [ 1.000] 150 [ 1.0001 140
5015002 DOLOMITE 0.000 [ 1.000] 150 [ 1.000] 460 [ 2.000] 140
4150000 HALITE -5.696 [ 1.000] 500 [ 1.000] 180
5015003 HUNTITE -3.077 [ 3.000] 460 [ 1.000] 150 [ 4.000] 140
5046001 HYDRMAGNESIT  -7.481 [ 5.0001 460 [ 4.000] 140 [ -2.000] 330
[ 6.000] 2
5046002 MAGNESITE 0.000 [ 1.000] 460 [ 1.000] 140
3050000 NATRON -1.775 [ 2.000] 500 [ 1.0001 140 [ 10.000] 2
5046003 NESQUEHONITE  -2.424 [ 1.0001 460 [ 1.000]1 140 [ 3.000] 2
5050001 THERMONATR -3.121 [ 2.000] 500 [ 1.000]1 140 [ 1.000] 2
2015000 LIME -17.990 [ -2.0001 330 [ 1.000] 150 [ 1.000] 2
2015001 PORTLANDITE -7.91 { -2.0001 330 [ 1.000] 150 [ 2.000] 2
2046001 PERICLASE -5.795 [ -2.0001 330 [ 1.000] 440 [ 1.000] 2



Run 4 - 10 g/l Na; 10 mg/l Ca; 10 mg/l Mg; sample 2; pH 10,0
add HNO3; allow ppt

Type | - COMPONENTS AS SPECIES IN SOLUTION

NEW

NEW

16.
-13.

-11

11

.12

1

LOGK

. 149
149
.595
.595
.149
.595
. 149

LOGK
636
816
.597
947
.538
414
.498
.124
L4639
.041
.470

1D NAME CALC MOL ACTIVITY LOG ACTVTY GAMMA

330 H+1 1.414E-10 1.004€E-10 -9.99843  (0.70986

500 Na+1 3.278E-01 2.327E-01 -0.63316 0.70986

140 C€03-2 6.290E-02 1.597E-02 -1.79665  0.25392

150 Ca+2 2.605E-07 6.614E-08 -7.17954 0.25392

180 Cl-1 5.000E-04 3.549E-04 -3.44986 0.70986

460 Mg+2 2.228E-06 S5.656E-07 -6.26766 0.25392

492 NO3-1 5.124E-02 3.637E-02 -1.43922  0.70986
Type Il - OTHER SPECIES IN SOLUTION OR ADSORBED

1D NAME CALC MOL ACTIVITY LOG ACTVTY GAMMA
3301401 H2C03 AQ 6.965€E-06 7.620E-06 -5.11803 1.09404
3300020 OH- 1.501E-04 1.065E~04 -3.97248  0.70986
4603300 MgOH + 1.406E-08 9.979E-09 -8.00091 0.70986
4601600 MgCO3 AQ 8.003E-06 8.756E-06 -5.05772  1.09404
4601401 MgHCO3 + 3.128e-07 2.221€-07 -6.65351 0.70986
1503300 CaOH + 2.510e-10 1.782E-10 -9.764910  0.70986
1501400 CaHCO3 + 3.341E-08 2.371E-08 -7.62699  0.70986
1501401 CaCo3 AQ 1.604E-06 1.536E-06 -5.81354 1.09404
5001400 NaCO3 - 1.021E-01 7.245E-02 -1.13998  0.70986
5001401 NaHCO3 AQ 4.099E-03 4.485E-03 -2.34825  1.09404
3301400 HCO3 - 4_727E-02 3.355E-02 -1.47427  0.70986
Type [I1 - SPECIES WITH FIXED ACTIVITY

1D NAME CALC MoOL LOG MOL NEW LOGK DH

2 H20 -1.501E-04 -3.824 0.006 0.000
Type IV - FINITE SOLIDS (present at equilibrium)

1D NAME CALC MOL LOG MOL NEW LOGK DH
5015002 DOLOMITE 2.483E-04 -3.605 17.020 8.290
5046002 MAGNESITE 1.611E-04 -3.793 8.044 6.169
Type V - UNDERSATURATED SOLIDS (not present at equilibrium)

10 NAME CALC MOL LOG MOL NEW LOGK DH
2066000 BRUCITE 1.022E-03 -2.990 -16.729 25.840
5015001 CALCITE 3.200E-01 -0.495 8.481 2.585
5015000 ARAGONITE 2.339E-01 -0.631 8.345 2.615
4150000 HALITE 2.151E-06 -5.667 -1.584 -0.918
5015003 HUNTITE 8.3467E-04 -3.077 30.031 25.760
5046001 HYDRMAGNESIT 2.712E-10 -9.567 8.894 52.210
5046000 ARTINITE 1.405£-04 -3.852 -9.530 28.742
3050000 NATRON 1.424€E-02 -1.847 1.272 -15.745
5046003 NESQUEHONITE  3.752E-03 -2.426 5.635 5.789
5050001 THERMONATR 6.505E-04 -3.187 -0.118 2.802
2015000 LIME 1.343E-20 -19.872 -32.684 46.265
2015001 PORTLANDITE 1.608E-10 -9.794 -22.600 30.690
2046001 PERICLASE 2.101E-08 -7.678 -21.421 36.135
Type VI - EXCLUDED SPECIES (not included in mole batance)

1D NAME CALC MOL LOG MOL NEW LOGK DH
3301403 C02 (g) 2.348E-04 -3.629 18.159 -0.530



H+1

Na+1

co3-2

H20

Ca+2

Mg+2

PERCENTAGE DISTRIBUTION OF COMPONENTS AMONG

TYPE 1 and TYPE Il (dissolved and adsorbed) species

8.

92.

75.

23.

29.
47,
1.

21.

100.

100.

100.

82.

21.

75.

0

3

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

BOUND IN SPECIES

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

#5001401

#3301400

# 500

#5001400

# 140

#5001400

#5001401

#3301400

# 492

# 180

#3300020

# 150
#1501400

#1501401

# 460
#4601400

#,601401

NaHCO3 AQ

HCO3 -

Na+1

NaCo3 -

C03-2
NaC03 -
NaHCOo3 AQ

HCO3 -

NO3-1

cL-1

OH-

Ca+2
CaHCO3 +

CaCo3 AQ

Mg+2
MgCOo3 AQ

MgHCO3 +



IDX NAME D1SSOLVED SORBED PRECIPITATED
MOL/KG PERCENT MOL/KG PERCENT MOL/KG PERCENT
330 H+1 5.123e-02 100.0 0.000€E-01 0.0 0.000E-01 0.0
500 Na+1 4 .340E-01 100.0 0.000E-01 0.0 0.000E-01 0.0
1640 C03-2 2.163E-01 99.7 0.000E-01 0.0 6.577E-04 0.3
492 NO3-1 5.124E-02 100.0 0.000E-01 0.0 0.000E-01 0.0
180 cCl-1 5.000E-04 100.0 0.000E-01 0.0 0.000E-01 0.0
2 H20 1.501e-04 100.0  0.000e-01 0.0 0.000E-01 0.0
150 Ca+2 1.698E-06 0.7 0.000E-01 0.0 2.483E-04 99.3
460 Mg+2 1.056E-05 2.5 0.000E-01 0.0 4.094E-04 97.5
Charge Balance: SPECIATED
Sum of CATIONS = 3.278E-01 Sum of ANIONS 3.270E-01
PERCENT DIFFERENCE = 1.271E-01 (ANIONS - CATIONS)/(ANIONS + CATIONS)
EQUILIBRIUM IONIC STRENGTH (m) = 3.903€-01
EQUILIBRIUM pH = 9.998
DATE ID NUMBER: 940908
TIME 1D NUMBER: 8295135
Saturation indices and stoichiometry of all minerals
ID # NAME Sat. Ilndex Stoichiometry in [brackets)
5015000 ARAGONITE -0.631 [ 1.000] 150 [ 1.0001 140
5046000 ARTINITE -3.852 [ -2.000] 330 [ 2.000) 460 [ 1.000]1 140
[ 5.000] 2
2046600 BRUCITE -2.990 [ 1.000] 460 [ 2.000)] 2 [ -2.000] 330
5015001 CALCITE -0.495 [ 1.000] 150 [ 1.000] 140
5015002 DOLOMITE 0.000 [ 1.000] 150 [ 1.000] 460 [ 2.0001 140
4150000 HALITE -5.667 { 1.000] 500 [ 1.000] 180
5015003 HUNTITE -3.077 [ 3.000] 460 [ 1.000] 150 [ 4.0001 140
5046001 HYDRMAGNESIT  -9.567 [ 5.000] 460 [ 4.0001 140 [ -2.000] 330
[ 6.000] 2
5046002 MAGNESITE 0.000 [ 1.000] 460 [ 1.0001 140
3050000 NATRON -1.847 [ 2.000] 500 [ 1.000]1 140 [ 10.000] 2
5046003 NESQUEHONITE  -2.426 [ 1.0001 460 [ 1.0001 140 [ 3.000] 2
5050001 THERMONATR -3.187 [ 2.000] 500 [ 1.000] 140 [ 1.000] 2
2015000 LIME -19.872 [ -2.000] 330 [ 1.000] 150 [ 1.000] 2
2015001 PORTLANDITE -9.794 [ -2.0001 330 [ 1.000] 150 [ 2.000] 2
2046001 PERICLASE -7.678 [ -2.000] 330 [ 1.000] 460 [ 1.000) 2



Run & - 10 g/l Na; 10 mg/l Ca; 10 mg/l Mg; sample 3; pH 9,0
add HNO3; allow ppt

Type I - COMPONENTS AS SPECIES IN SOLUTION

1D NAME CALC MOL ACTIVITY LOG ACTVTY GAMMA
330 H+1 1.429€E-09 1.013E-09 -8.99429  0.70929
500 Na+1 3.829E-01 2.716E-01 -0.56606  0.70929
140 c03-2 1.926E-02 4.875E-03 -2.31200 0.25311
150 Ca+2 8.561E-07 2.167E-07 -6.66619  0.25311
180 cClL-1 5.000E-04 3.547E-04 -3.45018 0.70929
460 Mg+2 7.321E-06 1.853E-06 -5.73211  0.25311
492 NO3-1 1.609E-01 1.141E-01 -0.94260 0.70929

NEW

LOGK

. 149
. 149
.597
.597
.149
.597
.149

Type Il - OTHER SPECIES IN SOLUTION OR ADSORBED

1D NAME CALC MOL ACTIVITY LOG ACTVTY GAMMA
3301401 H2C03 AQ 2.161E-04 2.371E-04 -3.62509  1.09693
3300020 OH- 1.482E-05 1.051E-05 -4.97826  0.70929
4603300 MgOH + 4.548E-09 3.226E-09 -8.49135  0.70929
4601400 MgCO3 AQ 7.982E-06 8.756E-06 -5.05772  1.09693
4601401 MgHCO3 + 3.161E-06 2.242E-06 -5.64936  0.70929
1503300 CaOH + 8.121E-11 5.761E-11  -10.23954  0.70929
1501400 CaHCO3 + 3.375E-07 2.394E-07 -6.62085  0.70929
1501401 CaC03 AQ 1.400E-06 1.536E-06 -5.81354  1.09693
5001400 NaCO3 - 3.639E-02 2.581E-02 -1.58823  0.70929
5001401 NaHCO3 AQ 1.471E-02 1.613E-02 -1.79236  1.09693
3301400 HCO3 - 1.458E-01 1.034E-01 -0.98548 0.70929

NEW

LOGK

.635
.816
.597
.946
.538
4613

.122
439
.040
.470

Type III - SPECIES WITH FIXED ACTIVITY

1D NAME CALC MOL LOG MOL  NEW LOGK DH
2 H20 -1.483€E-05 -4.829 0.007 0.000

Type IV - FINITE SOLIDS (present at equilibrium)

ID NAME CALC MOL LOG MOL  NEW LOGK DH
5015002 ©DOLOMITE 2.474E-04 -3.607 17.020 8.290
5046002 MAGNESITE 1.541E-04 -3.812 8.044 6.169

Type V - UNDERSATURATED SOLIDS (not present at equilibrium)

1D NAME CALC MOL LOG MOL  NEW LOGK DH
2046000 BRUCITE 3.260€-05 -4.487 -16.729 25.840
5015001 CALCITE 3.200€-01 -0.495 8.481 2.585
5015000 ARAGONITE 2.33%9€-01 -0.631 8.345 2.615
4150000 HALITE 2.509E-06 -5.600 -1.584 -0.918
5015003 HUNTITE 8.367E-04 -3.077 30.031 25.760
5046001 HYDRMAGNESIT  8.520E-12 -11.070 8.894 52.210
5046000 ARTINITE 4.431E-06 -5.353 -9.530 28.742
3050000 NATRON 5.699€-03 -2.244 1.272 -15.745
5046003 NESQUEHONITE  3.710E-03 -2.431 5.635 5.789
5050001 THERMONATR 2.695E-04 -3.570 -0.118 2.802
2015000 LIME 4.300€E-22 -21.367 -32.684 46.265
2015001 PORTLANDITE 5.130E-12 -11.290 -22.600 30.690
2046001 PERICLASE 6.726E-10 -9.172 -21.421 36.135

Type VI - EXCLUDED SPECIES (nmot included in mole balance)

ID NAME CALC MOL LOG MOL  NEW LOGK DH
3301403 €02 (g) 7.334€-03 -2.135 18.159 -0.530



H+1

Na+1

€o3-2

Ca+2

Mg+2

PERCENTAGE DISTRIBUTION OF COMPONENTS AMONG
TYPE 1 and TYPE Il (dissolved and adsorbed) species

9.1 PERCENT BOUND IN SPECIES #5001401 NaHCO3 AQ
90.6 PERCENT BOUND [N SPECIES #3301400 HCO3 -
88.2 PERCENT BOUND IN SPECIES # 500 Na#1

8.4 PERCENT BOUND [N SPECIES #5001400 NaCO3 -

3.4 PERCENT BOUND IN SPECIES #5001401 NaHCO3 AQ

8.9 PERCENT BOUND IN SPECIES # 140 c03-2

16.8 PERCENT BOUND IN SPECIES #5001400 NaCO3 -
6.8 PERCENT BOUND IN SPECIES #5001401 NaHC03 AQ

67.4 PERCENT BOUND IN SPECIES #3301400  HCO3 -
100.0 PERCENT BOUND IN SPECIES # 492 NO3-1
100.0 PERCENT BOUND IN SPECIES # 180 Cl-1
100.0 PERCENT BOUND IN SPECIES #3300020 OH-

33.0 PERCENT BOUND IN SPECIES # 150 Ca+2
13.0 PERCENT BOUND IN SPECIES #1501400 CaHCO3 +

54.0 PERCENT BOUND IN SPECIES #1501401 CaCo3 AQ

39.6 PERCENT BOUND IN SPECIES # 460  Mg+2
43.2 PERCENT BOUND IN SPECIES #4601400 MgCO3 AQ

17.1 PERCENT BOUND IN SPECIES #4601401  MgHCO3 +



1DX NAME

330
500
140

H+1
Na+1
C03-2
492 NO3-1
180 cClL-1
2 H20
150 Ca+2
460 Mg+2

DISSOLVED

MOL/KG  PERCENT
1.609E-01  100.0
4.3406-01 100.0
2.164E-01 99.7
1.609e-01  100.0
5.000E-046 100.0
1.6483E-05 100.0
2.594E-06 1.0
1.847€E-05 4.4

Charge Balance: SPECIATED

Sum of CATIONS =

PERCENT DIFFERENCE =

1.091E-01

EQUILIBRIUM IONIC STRENGTH (m)

EQUILIBRIUM pH

DATE
TIME

Saturation indices and

1D #
5015000
5046000

2066000
5015001
5015002
4150000
5015003
5046001

5046002
3050000
5046003
5050001
2015000
2015001
2046001

ID NUMBER:
ID NUMBER:

NAME
ARAGONITE
ARTINITE

BRUCITE
CALCITE
DOLOMITE
HALITE
HUNTITE
HYDRMAGNESIT

MAGNESITE
NATRON
NESQUEHONITE
THERMONATR
LIME
PORTLANDITE
PERICLASE

940908
8280348

stoichiometry of

Sat.
-0.
-5.

Index
631
353

-4.487
-0.495
0.000
-5.600
-3.077
-11.070

0.000
-2.244
-2.431
-3.570

-21.367
-11.290
-9.172

el e i N R I I B e I I e

3.829E-01 Sum of ANIONS

NN 2NN 2O NTW a2 oot =

SORBED PRECIPITATED

MOL/KG PERCENT MOL/KG PERCENT
0.000E-01 0.0 0.000E-01 0.0
0.000€-01 0.0 0.000e-01 0.0
0.000E-01 0.0 6.489E-04 0.3
0.000E-01 0.0 0.000E-01 0.0
0.000E-01 0.0 0.000E-01 0.0
0.000€E-01 0.0 0.000E-01 0.0
0.000E-01 0.0 2.474E-04 99.0
0.000E-01 0.0 4.015E-04 95.6

3.821E-01

(ANIONS - CATIONS)/(ANIONS + CATIONS)
4.018E-01
8.994
all minerals

Stoichiometry in [brackets]
.000] 150 [ 1.0001 140
.0001 330 [ 2.000) 460 [ 1.000] 140
.000] 2
.0001 460 [ 2.000] 2 [ -2.0001 330
.000] 150 [ 1.0001 140
.000] 150 [ 1.000] 460 [ 2.0001 140
.000] 500 [ 1.000] 180
.0001 460 [ 1.000] 150 [ 4.000] 140
.000] 460 [ 4.000] 140 [ -2.000] 330
.000) 2
.0001 460 [ 1.000] 140
.000] 500 [ 1.000] 140 [ 10.000) 2
.000] 460 [ 1.000] 140 [ 3.000] 2
.000] 500 [ 1.000) 140 [ 1.000] 2
.0001 330 [ 1.000) 150 [ 1.000] 2
.000] 330 [ 1.000] 150 [ 2.000] 2
.000] 330 [ 1.000] 460 [ 1.000) 2



Run 4 - 10 g/l Na; 10 mg/l Ca; 10 mg/l Mg; sample 4; pH 8,2

add HNO3; allow ppt

Type 1 - COMPONENTS AS SPECIES IN SOLUTION

1D NAME CA
330 H+1 9.
500 Na+1 b.
140 C03-2 3.
150 Ca+2 b.
180 Cl-1 5.
460 Mg+2 3.
492 NO3-1 2.

LC MOL

345E-09
069E-01
720E-03
451E-06
0O0O0E - 04
807€E-05
070E-01

ACTIVITY

2O W 20N

.625E-09
.885E-01
.395e-04
. 124E-06
.545E-04
.615E-06
LL68E-01

LOG ACTVTY GAMMA

-8.17881  0.70892
-0.53989 0.70892
-3.02708 0.25257
-5.94912  0.25257
-3.45041  0.70892
-5.01703  0.25257
-0.83341  0.70892

NEW

LOGK

.149
.149
.598
.598
.149
.598
149

Type I1 - OTHER SPECIES IN SOLUTION OR ADSORBED

ID NAME CALC MOL

3301401 H2CO3 AQ
3300020 OH-
4603300 MgOH +
4601400 MgCO3 AQ
4601401 MgHCO3 +
1503300 CaOH +
1501400 CaHCO3 +
1501401 CaCO3 AQ
5001400 NaCO3 -
5001401 NaHCO3 AQ
3301400 HCO3 -

—_, N LA, NN >

.777€-03
.264E-06
.605E-09
.966E-06
.068E-05
L438E-11
.208E-06
.398E-06
.452E-03
.964E-02
.838E-01

A

Y N, QN SN, . 3 N

CTIVITY

.953E-03
.605E-06
.556E-09
.756E-06
.L66E-05
L564E-11
.565E-06
.536E-06
.283E-03
.159€-02
.303E-01

LOG ACTVTY GAMMA

-2.70921  1.09910

-5.79443  0.70892
-8.59244  0.70892
-5.05772 1.09910
-4.83388 0.70892
-10.34063  0.70892
-5.80537 0.70892
-5.81354  1.09910
-2.27714  0.70892

-1.66579  1.09910
-0.88508 0.70892

LOGK

.634
.816
.597
.945
.538
413
499
.122
439
.039
.470

Type II1 - SPECIES WITH FIXED ACTIVITY

1D NAME CALC MOL

2 H20 -2.

268E-06

LOG MOL

-5.644

Type IV - FINITE SOLIDS (present at equilibrium)

ID NAME CALC MOL
5015002 DOLOMITE 2.419E-04
5046002 MAGNESITE 1.113e-04

LOG MOL

-3.616
-3.953

NEW LOCY DH
0.008 0.000

NEW LOGK DH
17.020 8.290
8.044 6.169

Type V - UNDERSATURATED SOLIDS (not present at equilibrium)

ID NAME CALC MOL

2046000 BRUCITE 3.
5015001 CALCITE 3.
5015000 ARAGONITE 2.
4150000 HALITE 2.
5015003 HUNTITE 8.
5046001 HYDRMAGNESIT 1.
5046000 ARTINITE 5.
3050000 NATRON 1.
5046003 NESQUEHONITE 3.
5050001 THERMONATR 5.
2015000 LIME 5.
2015001 PORTLANDITE 6.
2046001 PERICLASE 8.

945E-06
200E-01
339E-01
663E-06
367€-04
024E-12
336E-07
219E-03
692€-03
849E-05
211E-23
206E-13
151E-11

LOG MOL

-5.404
-0.495
-0.631
-5.575
-3.077
-11.99%90
-6.273
-2.914
-2.433
-4.233
-22.283
-12.207
-10.089

NEW LOGK DH

-16.729 25.840
8.481 2.585
8.345 2.615
-1.584 -0.918
30.03 25.760
8.894 52.210

-9.530 28.742
1.272 -15.745
5.635 5.789

-0.118 2.802

-32.684 46.265
-22.600 30.690
-21.421 36.135

Type VI - EXCLUDED SPECIES (not included in mole balance)

ID NAME CA
3301403 C02 (g) 6.

LC MoL
053e-02

LOG Mot

-1.218

NEW LOGK DH
18.159 -0.530



PERCENTAGE DISTRIBUTION OF COMPONENTS AMONG
TYPE I and TYPE 1l (dissolved and adsorbed) species

H+1
1.7 PERCENT BOUND IN SPECIES #3301401 H2C03 AQ
9.5 PERCENT BOUND IN SPECIES #5001401 NaHCO3 AQ
88.8 PERCENT BOUND IN SPECIES #3301400 HCO3 -
Na+1
93.8 PERCENT BOUND IN SPECIES # 500 Na+1
1.7 PERCENT BOUND IN SPECIES #5001400 NaCco3 -
4.5 PERCENT BOUND IN SPECIES #5001401 NaHCO3 AQ
C03-2
1.7 PERCENT BOUND IN SPECIES # 140 C03-2
3.4 PERCENT BOUND IN SPECIES #5001400 NaCo3 -
9.1 PERCENT BOUND IN SPECIES #5001401 NaHCO03 AQ
84.9 PERCENT BOUND IN SPECIES #3301400 HCO3 -
NO3-1
100.0 PERCENT BOUND IN SPECIES # 492 NO3-1
Ct-1
100.0 PERCENT BOUND IN SPECIES # 180 cl-1
H20
99.8 PERCENT BOUND IN SPECIES #3300020 OH-
Ca+2
55.2 PERCENT BOUND IN SPECIES # 150 Ca+2
27.4 PERCENT BOUND IN SPECIES #1501400 CaHCO3 +
17.3 PERCENT BOUND IN SPECIES #1501401 CaCo3 AQ
Mg+2

57.1 PERCENT BOUND IN SPECIES # 460  Mg+2
1.9 PERCENT BOUND IN SPECIES #4601400  MgCO3 AQ

31.0 PERCENT BOUND IN SPECIES #4601401  MgHCO3 +



10X

330
500
140
492
180

150
460

NAME

H+1
Na+1
C03-2
NO3-1
cL-1
K20
Ca+2
Mg+2

oo WVINND SN

Charge Balance: SPECIATED

Sum of CATIONS =

3.

OVNOOO~NOO

D1SSOLVED
MOL/KG  PERCENT
.070e-01  100.
.340e-01  100.
.164E-01 99.
.070e-01  100.
.000e-04  100.
.268E-06  100.
.057E-06
.672E-05 15.

PERCENT DIFFERENCE =  1.028E-01

EQUILIBRIUM IONIC STRENGTH (m) =

EQUILIBRIUM pH

DATE
TIME

Saturation indices and

ID #
5015000
5046000

2046000
5015001
5015002
4150000
5015003
5046001

5046002
3050000
5046003
5050001
2015000
2015001
2046001

ID NUMBER:
ID NUMBER:

NAME
ARAGONITE
ARTINITE

BRUCITE
CALCITE
DOLOMITE
HALITE
HUNTITE
HYDRMAGNESIT

MAGNESITE
NATRON
NESQUEHONITE
THERMONATR
LIME
PORTLANDITE
PERICLASE

940908
8263087

stoichiometry

Sat. Index
-0.631
-6.273

-5.404
-0.495
0.000
-5.575
-3.077
-11.990

0.000
-2.914
-2.433
-4.233

-22.283
-12.207
-10.089

foa e e N e i e T B e M B W e W W B B o

o]
-y

NN 2NN 22 Ui =

4.070E-01 Sum of ANIONS

SORBED PRECIPITATED

MOL/KG PERCENT MOL/KG PERCENT
0.000E-01 0.0 0.000e-01 0.0
0.000E-01 0.0 0.000E-01 0.0
0.000E-01 0.0 5.952e-04 0.3
0.000E-01 0.0 0.000E-01 0.0
0.000E-01 0.0 0.000E-01 0.0
0.000E-01 0.0 0.000e-01 0.0
0.000E-01 0.0 2.419e-04 96.8
0.000E-01 0.0 3.533e-04 84.1

4.062E-01

(ANIONS - CATIONS)/(ANIONS + CATIONS)
4 .104E-01
8.179
all minerals

Stoichiometry in [brackets]
.0001 150 [ 1.0001 140
.000) 330 [ 2.000] 460 [ 1.000]1 140
.0001 2
.00C0]1 460 [ 2.000] 2 [ -2.0001 330
.0001 150 [ 1.000] 140
.000] 150 [ 1.000] 460 ([ 2.000] 140
.000] 500 [ 1.0001 180
.000] 460 [ 1.000] 150 [ 4.000] 140
.0001 460 [ 4.000] 140 [ -2.0001 330
.000] 2
.0001 460 [ 1.0001 140
.000] 500 { 1.000] 140 [ 10.000] 2
.000] 460 [ 1.000] 140 ([ 3.0001 2
.0001 500 [ 1.0001 140 ([ 1.000]3 2
.000)] 330 [ 1.0001 150 [ 1.0003 2
.000] 330 [ 1.000] 150 [ 2.00031 2
.0001 330 [ 1.000] 460 [ 1.000] 2



Run &4 - 10 g/l Na; 10 mg/l Ca and Mg; sample 5; pH 7,2
add HNO3; allow ppt

Type 1 - COMPONENTS AS SPECIES IN SOLUTION

1D NAME CALC MOL ACTIVITY LOG ACTVTY GAMMA
330 H+1 9.3276-08 6.610E-08 -7.17978  0.70874
500 Na+1 4.138E-01 2.933E-01 -0.53267 0.70874
140 C€03-2 3.631E-06 9.162E-05 -4.03802 0.25231
150 Ca+2 9.022E-05 2.276E-05 -4.,66274  0.25231
180 Cl-1 5.000E-04 3.544E-04 -3.45055 0.70874
460 Mg+2 1.979€-04 4.994E-05 -4.30154  0.25231
492 NO3-1 2.329e-01 1.651E-01 -0.78235 0.70874

NEW

LOGK

.150
.150
.598
.598
.150
.598
.150

Type 11 - OTHER SPECIES IN SOLUTION OR ADSORBED

1D NAME CALC MOL ACTIVITY LOG ACTVTY GAMMA
3301401 H2C03 AQ 1.724E-02 1.896E-02 -1.72208  1.10022
3300020 OH- 2.268E-07 1.607E-07 -6.79386  0.70874
4603300 MgOH + 1.876E-09 1.329€-09 -8.87637 0.70874
4601400 MgCO3 AQ 4.031E-06 4.434E-06 -5.35316  1.10022
4601401 MgHCO3 + 1.045E-04 7.408E-05 -4.13029 0.70874
1503300 CaOH + 1.306E-10 9.254E-11 -10.03368 0.70874
1501400 CaHCO3 + 4.351€-05 3.084E-05 -4.51089 0.70874
1501401 CaCO3 AQ 2.757E-06 3.033E-06 -5.51810  1.10022
5001400 NaCO3 - 7.390E-04 5.238E-04 -3.28086 0.70874
5001401 NaHCO3 AQ 1.941E-02 2.136E-02 -1.67047  1.10022
3301400 HCO3 - 1.789E-01 1.268€-01 -0.89698  0.70874

NEW

LOGK

.634
.816
.597
.945

.539
613
499
121
.439
.039
470

Type 111 - SPECIES WITH FIXED ACTIVITY

1D NAME CALC MOL LOG MOL  NEW LOGK DH
2 H20 -2.288E-07 -6.641 0.008 0.000

Type IV - FINITE SOLIDS (present at equilibrium)

1D NAME CALC MOL LOG MOL  NEW LOGK DH
5015002 DOLOMITE 1.135€-04 -3.945 17.020 8.290

Type V - UNDERSATURATED SOLIDS (not present at equilibrium)

ID NAME CALC MOL LOG MOL  NEW LOGK DH
5046000 ARTINITE 1.604E-08 -7.853 -9.530 28.742
2046000 BRUCITE 2.054E-07 -6.687 -16.729 25.840
5015001 CALCITE 6.319€-01 -0.199 8.481 2.585
5015000 ARAGONITE 4.618E-01 -0.336 8.345 2.615
4150000 HALITE 2.707E-06 -5.567 -1.584 -0.918
5015003 HUNTITE 2.146E-04 -3.668 30.031 25.760
5046001 HYDRMAGNESIT  3.497E-15 -14.456 8.894 52.210
5046002 MAGNESITE 5.065E-01 -0.295 8.044 6.169
3050000 NATRON 1.218E-04 -3.914 1.272 -15.745
5046003 NESQUEHONITE  1.865E-03 -2.729 5.635 5.789
5050001 THERMONATR 5.891E-06 -5.230 -0.118 2.802
2015000 LIME 1.059€-23 -22.975 -32.684 46.265
2015001 PORTLANDITE 1.260€-13 -12.900 -22.600 30.690
2046001 PERICLASE 4.,248E-12 -11.372 -21.621 36.135

Type VI - EXCLUDED SPECIES (not included in mole balance)

1D NAME CALC MOL LOG MOL  NEW LOGK DH
3301403 cC02 (@) 5.881E-01 -0.231 18.159 -0.530



H+1

Na+1

Co3-2

Ca+2

H20

Mg+2

PERCENTAGE DISTRIBUTION OF COMPONENTS AMONG

TYPE [ and TYPE Il (dissolved and adsorbed) species

14.8
8.3

76.8

4.5

8.0

9.0

82.5

100.0

100.0

99.1

64.6

1.3

34.1

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

IN

IN

IN

IN

IN

IN

IN

IN

IN

IN

IN

IN

IN

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

#3301401
#5001401

#3301400

# 500

#5001401

#3301401
#5001401

#3301400

# 150
#1501400

#1501401

# 180

# 492

#3300020

# 460
#4601400

#4601401

H2CO3 AQ
NaHCO3 AQ

HCO3 -

Na+1

NaHCO3 AQ

H2C03 AQ
NaHCO3 AQ

HCO3 -

Ca+2
CaHCO3 +

CaC0o3 AQ

OH-

Mg+2
MgC03 AQ

MgHCO3 +



1DX NAME DISSOLVED
MOL/KG  PERCENT
330 H+1 2.329€e-01 100.0
500 Na+1 4.340E-01 100.0
140 c03-2 2.168E-01 99.9
150 Ca+2 1.365E-04 54.6
180 Cl-1 5.000E-04 100.0
492 NO3-1 2.329€E-01 100.0
2 H20 2.288E-07 100.0
460 Mg+2 3.065E-04 73.0

Charge Balance: SPECIATED

Sum of CATIONS =

PERCENT DIFFERENCE = 1.014E-01
EQUILIBRIUM IONIC STRENGTH (m) =
EQUILIBRIUM pH =
DATE ID NUMBER: 940908
TIME ID NUMBER: 8220278

Saturation indices and stoichiometry of

1D # NAME Sat. Index

5015000 ARAGONITE -0.336 [ 1
5046000 ARTINITE -7.853 [ -2

[ 5
2046000 BRUCITE -6.687 [ 1
5015001 CALCITE -0.199 [ 1
5015002 DOLOMITE 0.000 [ 1
4150000 HALITE -5.567 [ 1
5015003 HUNTITE -3.668 [ 3
5046001 HYDRMAGNESIT -14.456 [ 5

[ 6
5046002 MAGNESITE -0.295 [ 1
3050000 NATRON -3.914 [ 2
5046003 NESQUEHONITE -2.729 [ 1
5050001 THERMONATR -5.230 [ 2
2015000 LIME -22.975 [ -2
2015001 PORTLANDITE  -12.900 -2
2046001 PERICLASE -11.372 [ -2

4,146E-01 Sum of ANIONS

SORBED PRECIPITATED

MOL/KG PERCENT MOL/KG PERCENT
0.000E-01 0.0 0.000e-01 0.0
0.000E-01 0.0 0.000E-01 0.0
0.000E-01 0.0 2.270E-04 0.1
0.000E-01 0.0 1.135E-04 45.4
0.000E-01 0.0 0.000e-01 0.0
0.000E-01 0.0 0.000e-01 0.0
0.000E-01 0.0 0.000E-01 0.0
0.000E-01 0.0 1.135E-04 27.0

4,137e-01

(ANIONS - CATIONS)/(ANIONS + CATIONS)
4.148E-01
7.180
all minerals

Stoichiometry in [brackets]
.0001 150 [ 1.0001 140
.0001 330 [ 2.000] 460 [ 1.000] i40
.0001 2
.000] 460 [ 2.00M 2 [ -2.000] 330
.0001 150 [ 1.0001 140
.0001 150 [ 1.0001 460 [ 2.0001 140
.000] 500 [ 1.000] 180
.000] 460 [ 1.000] 150 [ 4.0001 140
.000] 460 [ 4.0001 140 [ -2.000] 330
.0001 2
.0001 460 [ 1.000] 140
.000] 500 [ 1.0001 140 [ 10.000] 2
.000] 460 [ 1.0001 140 [ 3.000] 2
.000] 500 [ 1.000] 140 [ 1.000] 2
.0001 330 [ 1.000] 150 [ 1.000] 2
.000} 330 [ 1.0001 150 [ 2.000) 2
.0001 330 [ 1.0001 460 [ 1.000] 2



Run 5 - 10 g/l Na; 10 mg/l Ca and Mg; sample 1; pH 11
add HNO3; allow ppt

Type 1 - COMPONENTS AS SPECIES IN SOLUTION

ID
330
500
150
180
460
969
140
492

NAME
H+1
Na+1
Ca+2
cL-1
Mg+2
EDTA-4
C03-2
NO3-1

CALC MOL  ACTIVITY LOG ACTVTY

1.409e-11 1.000E-11  -10.99992
3.069E-01 2.179€-01 -0.66183
7.527e-08 1.911E-08 -7.71875
5.000E-04 3.549E-04 -3.44987
1.682e-06 4.270E-07 -6.36962
3.175E-07 1.319E-09 -8.87976
8.334E-02 2.116E-02 -1.67450
5.239e-03 3.719E-03 -2.42960

GAMMA
0.70983
0.70983
0.25388
0.70983
0.25388
0.00415
0.25388
0.70983

NEW

OCOMNOOOOO

LOGK

L1469
.149
595
L1469
.595
.382
.595
L149

ID
5009690
3300020
4603300
4601400
4601401
1503300
1501400
1501401
5001400
5001401
3301400
3301401
3309691
3309692
3309693
3309694
3309695
1509690
1509691
4609690
4609691

- OTHER SPECIES

NAME
Na EDTA
OH-
MgOH +
MgCOo3 AQ
MgHCO3 +
Ca0H +
CaHCO3 +
CaC0o3 AQ
NaCo3 -
NaHCO3 AQ
HCO3 -
H2C03 AQ
EOTAH
EDTAH2
EDTAH3
EDTAH4
EDTA H5
Ca EDTA
CaHEDTA
Mg EDTA
MgHEDTA

IN SOLUTION OR ADSORBED

CALC MOL  ACTIVITY  LOG ACTVTY

1.986E-06 9.087E-08 -7.04158
1.508E-03 1.071€-03 -2.97030
1.066E-07 7.570E-08 -7.12090
8.002E-06 8.756E-06 -5.05772
3.118e-08 2.213E-08 -7.65500
7.290E-10 5.174E-10 -9.28614
1.274E-09 9.046E-10 -9.04353
5.374E-07 5.880E-07 -6.23059
1.266E-01 8.985E-02 -1.04649
5.066E-04 5.543E-04 -3.25625
6.241E-03 4.430E-03 -2.35361
9.164E-08 1.003E-07 -6.99885
2.630E-09 1.203E-10 -9.91968
8.429E-15 2.140E-15  -14.66960
1.347E-23 9.560E-24  -23.01953
1.027e-32 1.123€E-32  -31.94945
5.613E-41 3.843E-41  -40.41538
2.494E-04 6.331E-05 -4.19851
3.552E-12 2.521E-12  -11.59843
8.831E-05 2.242E-05 -4.64938
9.990E-12 7.091E-12  -11.14930

GAMMA
0.04575
0.70983
0.70983
1.09418
0.70983
0.70983
0.70983
1.09418
0.70983
1.09418
0.70983
1.09418
0.04575
0.25388
0.70983
1.09418
0.70983
0.25388
0.70983
0.25388
0.70983

LOGK

.840
.816
.597
L9467
.538
614
.498
L1264
439
.04
470
.636
.300
.805
.009
.891
.613
.995
. 149
.195
. 249

Type 111 - SPECIES WITH

ID
2

NAME
H20

FIXED ACTIVITY

CALC MOL LOG MOL  NEW LOGK
~1.509€E-03 -2.821 0.005

Type IV - FINITE SOLIDS (present at equilibrium)

ID
5046002

NAME
MAGNESITE

CALC MOL LOG MOL  NEW LOGK
3.225E-04 -3.491 8.044

Type V - UNDERSATURATED SOLIDS (not present at equilibrium)

1D

5046000
2046000
5015001
5015002
4150000
5015003
5046001
5015000
3050000
5046003
5050001

2015000
2015001

2046001

NAME
ARTINITE
BRUCITE
CALCITE
DOLOMITE
HALITE
HUNTITE
HYDRMAGNESIT
ARAGONITE
NATRON
NESQUEHONITE
THERMONATR
LIME
PORTLANDITE
PERICLASE

CALC MOL LOG MOL NEW LOGK
1.076E-02 -1.968 -9.530
7.793E-02 -1.108 -16.729
1.225E-01 -0.912 8.481
3.828E-01 -0.417 17.020
2.014E-06 -5.696 -1.584
3.203E-04 -3.494 30.031
2.080E-08 -7.682 8.894
8.953E-02 -1.048 8.345
1.679€-02 -1.775 1.272
3.770E-03 -2.424 5.635
7.565E-04 -3.121 -0.118
3.913e-19 -18.407 -32.684
4.693E-09 -8.329 -22.600
1.599E-06 -5.796 -21.421

28.742
25.840
2.585
8.290
-0.918
25.760
52.210
2.615
-15.745
5.789
2.802
46.265
30.690
36.135



Type VI - EXCLUDED SPECIES (not included in mole balance)

1D NAME
3301403 CO2 (g)

PERCENTAGE DISTRIBUTION OF COMPONENTS AMONG

CALC MOL
3.085E-06

LOG MOL
-5.51

NEW LOGK

18.159

DH
-0.530

TYPE 1 and TYPE Il (dissolved and adsorbed) species

H+1
119.
Na+1
70.
29.
Ca+2
99.
cL-1
100.
Mg+2
90.
EDTA-4
73.
26.
NO3-1
100.
H20
100.
€03-2

38.

58.

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

BOUND IN SPECIES #5001401

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

IN

IN

IN

IN

IN

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

#3301400

# 500

#5001400

#1509690

# 180

# 460

#4601400

#4609690

#1509690

#4609690

# 492

#3300020

# 140

#5001400

#3301400

NaKC03 AQ

HCO3 -

Na+1

NaCo3 -

Ca EDTA

cL-1

Mg+2
MgC03 AQ

Mg EDTA

Ca EDTA

Mg EDTA

NO3-1

OH-

C03-2
NaCo3 -

HCO3 -



1DX NAME DISSOLVED SORBED PRECIPITATED
MOL/KG PERCENT MOL/KG PERCENT MOL/KG PERCENT
330 H+1 5.239E-03 100.0 0.000E-01 0.0 0.000e-01 0.0
500 Na+1 4 .340E-01 100.0  0.000e-01 0.0 0.000E-01 0.0
150 Ca+2 2.500E-04 100.0  0.000E-01 0.0 0.000E-01 0.0
180 cCl-1 5.000E-04 100.0 0.000E-01 0.0 0.000e-01 0.0
460 Mg+2 9.813E-05 23.3 0.000E-01 0.0 3.225e-04 76.7
969 EDTA-4 3.400E-04 100.0 0.000e-01 0.0 0.000e-01 0.0
492 NO3-1 5.239E-03 100.0 0.000E-01 0.0 0.000e-01 0.0
2 H20 1.509€-03 100.0 0.000E-01 0.0 0.000e-01 0.0
140 CO03-2 2.167€-01 99.9  0.000e-01 0.0 3.225E-04 0.1
Charge Balance: SPECIATED
Sum of CATIONS = 3.069E-01 Sum of ANIONS 3.074E-01
PERCENT DIFFERENCE =  8.453E-02 (ANIONS - CATIONS)/(ANIONS + CATIONS)
EQUILIBRIUM IONIC STRENGTH (m) = 3.909E-01
EQUILIBRIUM pH = 11.000
DATE ID NUMBER: 940908
TIME ID NUMBER: 8392516
Saturation indices and stoichiometry of all minerals
1D # NAME Sat. Index Stoichiometry in [brackets]
5015000 ARAGONITE -1.048 [ 1.000] 150 ([ 1.0001 140
5046000 ARTINITE -1.968 [ -2.000]1 330 [ 2.0001 460 [ 1.0001 140
[ 5.000] 2
2046000 BRUCITE -1.108 [ 1.000] 460 [ 2.000] 2 [ -2.000] 330
5015001 CALCITE -0.912 [ 1.000] 150 [ 1.0007 140
5015002 DOLOMITE -0.417 [ 1.000] 150 [ 1.000] 460 [ 2.0001 140
4150000 HALITE -5.696 [ 1.000] 500 [ 1.0001 180
5015003 HUNTITE -3.494 [ 3.000] 460 [ 1.0001 150 [ 4.000] 140
5046001 HYDRMAGNESIT -7.682 [ 5.000] 460 [ 4.0001 140 [ -2.000] 330
[ 6.000] 2
50466002 MAGNESITE 0.000 [ 1.000] 460 [ 1.0001 140
3050000 NATRON -1.775 [ 2.000] 500 [ 1.0001 140 [ 10.000] 2
5046003 NESQUEHONITE -2.424 [ 1.000] 460 [ 1.0001 140 [ 3.000] 2
5050001 THERMONATR -3.121 [ 2.000] 500 [ 1.000] 140 [ 1.000] 2
2015000 LIME -18.407 [ -2.000] 330 [ 1.0001 150 [ 1.000] 2
2015001 PORTLANDITE -8.329 [ -2.000] 330 [ 1.0001 150 [ 2.000] 2
2046001 PERICLASE -5.796 [ -2.000] 330 [ 1.000] 460 [ 1.000] 2



Run 5 - 10 g/l Na:; 10 mg/l Ca and Mg; sample 2; pH 10,0
add HNO3; allow ppt

Type | - COMPONENTS AS SPECIES IN SOLUTION

ID
330
500
140
150
180
460
969
492

NAME CALC MOL  ACTIVITY  LOG ACTVTY
H+1 1.413E-10 1.003E-10 -9.99862
Na+1 3.277E-01 2.326E-01 -0.63338
C03-2 6.303E-02 1.600E-02 -1.79588
Ca+2 9.902E-08 2.514E-08 -7.59970
ct-1 5.000E-04 3.549E-04 -3.44989
Mg+2 2.224E-06 5.646E-07 -6.24824
EDTA-4 2.414E-07 1.002E-09 -8.99892
NO3-1 5.130E-02 3.641E-02 -1.43874

GAMMA
.70981
.70981
.25384
.253864
.70981
.25384
.00415
. 70981

[oNeNoNelelolNolol

NEW

ONOOOOOO

LOGK

L149
L149
.595
.595
.149
.595
.382
.149

ID
5009690
3300020
4603300
4601400
4601401
1503300
1501400
1501401
5001400
5001401
3301400
3301401
3309691
3309692
3309693
3309694
3309695
1509690
1509691
4609690
4609691

- OTHER SPECIES IN SOLUTION OR ADSORBED

NAME CALC MoOL ACTIVITY LOG ACTVTY
Na EDTA 1.612E-06 7.374E-08 -7.13230
OH- 1.502E-04 1.066E-04 -3.97229
MgOH + 1.404E-08 9.965E-09 -8.00150
MgCo3 AQ 8.001E-06 B8.756E-06 -5.05772
MgHCO3 + 3.127e-07 2.220E-07 -6.65369
CaOH + 9.545E-11 6.775E-11  -10.16908
CaHCO3 + 1.271€-08 9.025€E-09 -8.04456
CaC03 AQ 5.345E-07 5.849€-07 -6.23292
NaCo3 - 1.022E-01 7.254E-02 -1.13943
NaHCO3 AQ 4.102E-03 4.489E-03 -2.34788
HCO3 - 4.733E-02 3.360E-02 -1.47369
H2C03 AQ 6.970E-06 7.627E-06 -5.11763
EDTAH 2.005E-08 9.172eE-10 -9.03754
EDTAH2 6.466E-13 1.636E-13  -12.78617
EDTAH3 1.033e-20 7.3326-21  -20.13479
EDTAHS 7.897E-29 B8.641E-29  -28.06341
EDTA HS5 4.177e-36 2.965E-36  -35.52804
Ca EDTA 2.494E-04 6.330E-05" -4.19862
CaHEDTA 3.561E-11 2.528E-11  -10.59724
Mg EDTA 8.877e-05 2.253E-05 -4.64716
MgHEDTA 1.007e-10 7.149€E-11  -10.14578

GAMMA
0.04574
0.70981
0.70981
1.09429
0.70981
0.70981
0.70981
1.09429
0.70981
1.09429
0.70981
1.09429
0.04574
0.25384
0.70981
1.09429
0.70981
0.25384
0.70981
0.25384
0.70981

NEW

LOGK

.840
.816
.597
.947
.538
L4146
499
124
639
.041
470
.636
.300
.805
.009
.891
.613
.995
.149
.195
L2469

Type II1 - SPECIES WITH FIXED ACTIVITY

ID

NAME CALC MoOL LOG MOL  NEW LOGK
H20 -1.502E-04 -3.823 0.006

Type IV - FINITE SOLIDS (present at equilibrium)

ID
5046002

NAME CALC MOL LOG MOL NEW LOGK
MAGNESITE 3.207E-04 -3.494 8.044

- UNDERSATURATED SOLIDS (not present at equilibrium)

D
5046000
2046000
5015001
5015002
4150000
5015003
5046001
5015000
3050000
5046003
5050001
2015000
2015001
2046001

NAME CALC MOL LOG MOL  NEW LOGK
ARTINITE 1.404E-04 -3.853 -9.530
BRUCITE 1.021E-03 -2.991 -16.729
CALCITE 1.218E-01 -0.914 8.481
DOLOMITE 3.807e-01 -0.419 17.020
HALITE 2.150E-06 -5.668 -1.584
HUNTITE 3.186E-04 -3.497 30.031
HYDRMAGNESIT  2.709E-10 -9.567 8.894
ARAGONITE 8.905€e-02 -1.050 8.345
NATRON 1.425E-02 -1.846 1.272
NESQUEHONITE  3.752E-03 -2.426 5.635
THERMONATR 6.510E-04 -3.186 -0.118
LIME 5.108E-21 -20.292 -32.684
PORTLANDITE 6.117e-11 -10.213 -22.600
PERICLASE 2.099E-08 -7.678 -21.621

36.135



Type V1 - EXCLUDED SPECIES (not included in mole balance)

ID

NAME

3301403 €02 (9)

H+1

Na+1

€03-2

NO3-1

EDTA-4

H20

Mg+2

PERCENTAGE DISTRIBUTION OF COMPONENTS AMONG

TYPE | and TYPE Il (dissolved and adsorbed) species

92.

75.

23.

29.

47.

21.

99.

100.

100.

26.

100.

89.

CALC MOL
2.351E-04

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

LOG MOL
-3.629

NEW LOGK

18.159

IN SPECIES #5001401

IN

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

#3301400

# 500

#5001400

# 140
#5001400
#5001401

#3301400

#1509690

# 180

# 492

#1509690

#4609690

#3300020

# 460

#4601400

#4609690

DH
-0.530

NaHCO3 AQ

HCO3 -

Na+1

NaC03 -

C03-2
NaC03 -
NaHCO3 AQ

HCO3 -

Ca EDTA

clL-1

NO3-1

Ca EDTA

Mg EDTA

OH-

Mg+2

MgCO3 AQ

Mg EDTA



1DX

330
500
140
150
180
492
969

460

Saturation indices and

NAME

H+1
Na+1
C03-2
Ca+2
CclL-1
NO3-1
EDTA-4
H20
Mg+2

O =N S

DISSOLVED
MOL/KG  PERCENT
.130e-02 100.0
-340€-01 100.0
.167€-01 99.9
.500e-04 100.0
.000E-04  100.0
.130e-02 100.0
.400E-04 100.0
.502E-04  100.0
.932E-05 23.6

Charge Balance: SPECIATED

Sum of CATIONS =

PERCENT DIFFERENCE =

7.926E-02

EQUILIBRIUM IONIC STRENGTH (m) =

EQUILIBRIUM pH

DATE ID NUMBER:
TIME ID NUMBER:

940908
8382101

stoichiometry of

ID # NAME Sat. Index
5015000 ARAGONITE -1.050 [ 1
5046000 ARTINITE -3.853 [ -2

[ S
2066000 BRUCITE -2.991 [ 1
5015001 CALCITE -0.914 1
5015002 DOLOMITE -0.419 [ 1
4150000 HALITE -5.668 [ 1
5015003 HUNTITE -3.497 [ 3
5046001 HYDRMAGNESIT -9.567 [ 5

[ 6
5046002 MAGNESITE 0.000 [ 1
3050000 NATRON -1.846 [ 2
5046003 NESQUEHONITE -2.426 1
5050001 THERMONATR -3.186 [ 2
2015000 LIME -20.292 [ -2
2015001 PORTLANDITE -10.213 [ -2
20466001 PERICLASE -7.678 [ -2

3.277e-01 Sum of ANIONS

SORBED PRECIPITATED

MOL /XG PERCENT MOL/XG PERCENT
0.000E-01 0.0 0.000E-01 0.0
0.000E-01 0.0 0.000E-01 0.0
0.000E-01 0.0 3.207e-04 0.1
0.000E-01 0.0 0.000E-01 0.0
0.000E-01 0.0 0.000E-01 0.0
0.000E-01 0.0 0.000E-01 0.0
0.000E-01 0.0 0.000E-01 0.0
0.000E-01 0.0 0.000E-01 0.0
0.000E-01 0.0 3.207e-04 76.4

3.282E-01

(ANIONS - CATIONS)/(ANIONS + CATIONS)
3.913€-01
9.999
all minerals

Stoichiometry in [brackets]
.000] 150 [ 1.000] 140
.000] 330 [ 2.000] 460 [ 1.000] 140
.000] 2
.000]1 460 [ 2.000] 2 [ -2.0001 330
.000] 150 [ 1.000] 140
.0001 150 [ 1.000] 460 [ 2.000] 140
.000] 500 [ 1.0001 180
.000] 460 [ 1.000] 150 [ 4.000] 140
.000] 460 [ 4.000] 140 -2.000] 330
.000) 2
.000) 460 [ 1.0001 140
.000] 500 [ 1.000] 140 [ 10.000] 2
.000] 460 [ 1.000] 140 [ 3.000] 2
.000) 500 [ 1.000] 140 [ 1.000] 2
.000] 330 [ 1.000] 150 [ 1.000] 2
.000] 330 [ 1.0001 150 [ 2.000] 2
.0001 330 [ 1.0001 460 [ 1.000] 2



Run 5 - 10 g/l Na; 10 mg/l Ca and Mg; sample 3; pH 9
add HNO3; allow ppt

Type 1 - COMPONENTS AS SPECIES IN SOLUTION

ID
330
500
140
150
180
460
969
492

NAME
H+1
Na+1
co3-2
Ca+2
clL-1
Mg+2
EDTA-4
NO3-1

CALC MOL

AN NV W

LL27E-09
.828E-01
.931E-02
.195e-07
.000E-04
.305E-06
.569E-08
.611E-01

ACTIVITY

AN W SN

.012E-09
.715E-01
.887€-03
.084E-08
.546E-04
.84L8E-06
.103e-10
.143€-01

LOG ACTVTY

-8.99484
-0.56621
-2.31092
-7.09235
-3.45023
-5.73319
-9.50820
-0.94211

GAMMA
70925
.70925
.25304
.25304
.70925
.25304
.00410
.70925

OO0 O00000OO0O

NEW

[= Y S NoNeNeNoNoNel

LOGK

149
.149
597
.597
.149
.597
.387
L1469

1D
5009690
3300020
4603300
4601400
4601401
1503300
1501400
1501401
5001400
5001401
3301400
3301401
3309691
3309692
3309693
3309694
3309695
1509690
1509691
4609690
4609691

- OTHER SPECIES IN SOLUTION OR ADSORBED

NAME
Na EDTA
OH-
MgOH +
MgCO3 AQ
MgHCO3 +
CaOH +
CaHCO3 +
CaCo3 AQ
NaCO03 -
NaHZ03 AQ
HCO3 -
H2C03 AQ
EDTAH
EDTAH2
EDTAH3
EDTAH4
EDTA H5
Ca EDTA
CaHEDTA
Mg EDTA
MgHEDTA

CALC MOL

DO WN A NWNNOON = 2WUV 2 WKW =W,

.867E-07
.L84E-05
.543E-09
.980E-06
.157€-06
.034E-11
.261E-07
.237€-07
L647E-02
471E-02
.460E-01
.161E-04
.306E-08
.037e-11
.284E-18
.524E-25
.351E-31
.490E-04
.579E-10
.024E-05
.030E-09

ACTLIVITY

NN ONN VNN = 2NN DW=

.664E-08
.053e-05
.222E-09
.756E-06
.239E-06
.152e-11
.944E-08
.T46E-07
.586E-02
.614E-02
.035E-01
371E-04
.B64E-09
.154€-12
.330E-18
.7T70E-25
.585€E-32
.302E-05
.539E-10
.284E-05
.307E-10

LOG ACTVTY

-7.57441
-4.97772
-8.49188
-5.05772
-5.646992
-10.66715
-7.046848
-6.24062
-1.58730
-1.79198
-0.98495
-3.62512
-8.54304
-11.28789
-17.63273
-24.55758
-31.01842
-4.20055
-9.59540
-4.66139
-9.13624

GAMMA
0.04541
0.70925
0.70925
1.09718
0.70925
0.70925
0.70925
1.09718
0.70925
1.09718
0.70925
1.09718
0.04541
0.25304
0.70925
1.09718
0.70925
0.25304
0.70925
0.25304
0.70925

NEW

LOGK

.843
.816
.597
946
.538
613
499
.122
.639
.040
L4670
.635
.303
.807
.009
.890
613
.997
L149
.197
. 249

Type II[ - SPECIES WITH FIXED ACTIVITY

NAME

CALC MOL

-1.

485E-05

LOG MOL
-4.,828

NEW LOGK
0.007

- FINITE SOLIDS (present at equilibrium)

Type IV

1D
5046002

NAME
MAGNESITE

CALC MOL

3.

113E-04

LOG MOL
-3.507

NEW LOGK
8.044

- UNDERSATURATED SOLIDS (not present at equilibrium)

ID
5046000
2046000
5015001
5015002
4150000
5015003
5046001
5015000
3050000
5046003
5050001
2015000
2015001
2046001

NAME
ARTINITE
BRUCITE
CALCITE
DOLOMITE
HALITE
HUNTITE
HYDRMAGNESIT
ARAGONITE
NATRON
NESQUEHONITE
THERMONATR
L IME
PORTLANDITE
PERICLASE

CALC MOL

O N WO WNW = W

.431E-06
.261E-05
.197€-01
. 740E-01
-508E-06
.130E-04
.520E-12
.748E-02
.708€E-03
.709€-03
699E-04
.609E-22
L919E-12
.726E-10

LOG MOL
-5.353
-4.487
-0.922
-0.427
-5.601
-3.505
-11.070
-1.058
-2.243
-2.431
-3.569
-21.794
-11.717
-9.172

NEW LOGK
-9.530
-16.729
8.481
17.020
-1.584
30.031
8.894
8.345
1.272
5.635
-0.118
-32.684
-22.600
-21.621

28.742
25.840
2.585
8.290
-0.918
25.760
52.210
2.615
-15.745
5.789
2.802
46.265
30.690
36.135



Type VI - EXCLUDED SPECIES (not included in mole balance)
1D NAME CALC MOL LOG MOL  NEW LOGK DH
3301403 €02 (g) 7.334E-03 -2.135 18.159 -0.530

PERCENTAGE DISTRIBUTION OF COMPONENTS AMONG
TYPE 1 and TYPE 1] (dissolved and adsorbed) species

H+1
9.1 PERCENT BOUND IN SPECIES #5001401 NaHCO3 AQ
90.6 PERCENT BOUND IN SPECIES #3301400 HCO3 -
Na+1
88.2 PERCENT BOUND IN SPECIES # 500 Na+1
8.4 PERCENT BOUND IN SPECIES #5001400 NaCO3 -
3.4 PERCENT BOUND [N SPECIES #5001401 NaHCO3 AQ
C03-2
8.9 PERCENT BOUND IN SPECIES # 140 C03-2
16.8 PERCENT BOUND [N SPECIES #5001400 NaCo3 -
6.8 PERCENT BOUND IN SPECIES #5001401 NaHCO3 AQ
67.4 PERCENT BOUND IN SPECIES #3301400 HCO3 -
Ca+2
99.6 PERCENT BOUND IN SPECIES #1509690 Ca EDTA
cl-1
100.0 PERCENT BOUND IN SPECIES # 180 Cl-1
NO3-1
100.0 PERCENT BOUND IN SPECIES # 492  NO3-1
EDTA-4
73.2 PERCENT BOUND [N SPECIES #1509690 Ca EDTA
26.5 PERCENT BOUND [N SPECIES #4609690 Mg EDTA
K20
100.0 PERCENT BOUND IN SPECIES #3300020 OH-
Mg+2
6.7 PERCENT BOUND IN SPECIES # 460  Mg+2
7.3 PERCENT BOUND IN SPECIES #4601400 MgCO3 AQ
2.9 PERCENT BOUND IN SPECIES #4601401 MgHCO3 +

83.0 PERCENT BOUND IN SPECIES #4609690 Mg EDTA



DX

330
500
140
150
180
492
969

460

Saturation indices and

NAME

H+1
Na+1
C03-2
Ca+2
clL-1
NO3-1
EDTA-4
H20
Mg+2

= W2 VNN B

Charge Balance: SPECIATED

Sum of CATIONS =

PERCENT DIFFERENCE

EQUILIBRIUM IONIC STRENGTH (m)

EQUILIBRIUM pH

DATE 1D NUMBER:
TIME ID NUMBER:

940908
8363879

1D # NAME Sat. Index
5015000 ARAGONITE -1.058
5046000 ARTINITE -5.353
2046000 BRUCITE -4.487
5015001 CALCITE -0.922
5015002 DOLOMITE -0.427
4150000 HALITE -5.601
5015003 HUNTITE -3.505
5046001 HYDRMAGNESIT -11.070
5046002 MAGNESITE 0.000
3050000 NATRON -2.243
50464003 NESQUEHONITE -2.431
5050001 THERMONATR -3.569
2015000 LIME -21.7%94
2015001 PORTLANDITE -11.717
2046001 PERICLASE -9.172

Lo B B B B B B T I R R R I T ]

DISSOLVED
MOL/KG  PERCENT
.611E-01  100.0
.340E-01  100.0
.167E-01 99.9
.500E-04 100.0
.000E-04  100.0
.611E-01  100.0
.400E-04  100.0
.485E-05 100.0
.087€-04 25.9

3.828E-01 Sum of ANIONS

6.788E-02

stoichiometry of

NN 2N 20NN ol

SORBED PRECIPITATED

MOL/KG PERCENT MOL /KG PERCENT
0.000E-01 0.0 0.000E-01 0.0
0.000E-01 0.0 0.000E-01 0.0
0.000E-01 0.0 3.113E-04 0.1
0.000E-01 0.0 0.000E-01 0.0
0.000E-01 0.0 0.000E-01 0.0
0.000E-01 0.0 0.000E-01 0.0
0.000E-01 0.0 0.000E-01 0.0
0.000E-01 0.0 0.000E-01 0.0
0.000E-01 0.0 3.113e-04 74.1

3.834E-01

(ANIONS - CATIONS)/(ANIONS + CATIONS)
4.028£-01
8.995
all miperals

Stoichiometry in [brackets]
.000] 150 [ 1.0001 140
.000] 330 [ 2.000] 460 [ 1.0001 140
.000] 2
.000] 460 [ 2.000] 2 [ -2.0001 330
.0001 150 [ 1.0001 140
.0001 150 [ 1.000] 460 [ 2.0001 140
.0001 500 [ 1.0001 180
.0001 460 [ 1.0001 150 [ 4.0001 140
.000] 460 [ 4.000] 140 [ -2.000]1 330
.000] 2
.0001 460 [ 1.0001 140
.0001 500 [ 1.0001 140 [ 10.000] 2
.0001 460 [ 1.0001 140 [ 3.000] 2
.000] 500 [ 1.000] 140 [ 1.000] 2
.0001 330 [ 1.000] 150 [ 1.000] 2
.0001 330 [ 1.000] 150 [ 2.000] 2
-0001 330 [ 1.0001 440 [ 1.000] 2



Run 5 - 10 g/l Na: 10 mg/l Ca and Mg; 0,1 g/l EDTA; sample 2; pH 7.8
add HNO3;

allow ppt

Type 1 - COMPONENTS AS SPECIES [N SOLUTION

ID
330
500
140
150
180
460
969
492

NAME
H+1
Na+1
c03-2
Ca+2
clL-1
Mg+2
EDTA-4
NO3-1

CALC MOL

2.321E-08
4.107e-01
1.528E-03
3.738E-06
5.000E-04
9.278E-05
6.400E-09
2.167-01

ACTIVITY

2NN HOWN —

.645E-08
911E-01
.858E-04
434E-07
.544E-04
.342€-05
.598E-11
.536E-01

LOG ACTVTY

-7.78376
-0.53594
-3.41364
-6.02531
-3.45051
-4.63047
-10.58541
-0.81362

GAMMA
0.70880
0.70880
0.25240
0.25240
0.70880
0.25240
0.00406
0.70880

NEW

ONOOOOOO

LOGK

.149
.149
.598
.598
.149
.598
.392
.149

- OTHER SPECIES IN SOLUTION OR ADSORBED

ID
5009690
3300020
4603300
4601400
4601401
1503300
1501400
1501401
5001400
5001401
3301400
3301401
3309691
3309692
3309693
3309694
3309695
1509690
1509691
4609690
4609691

NAME
Na EDTA
OH-
MgOH +
MgC03 AQ
MgHCO3 +
CaOH +
CaHC03 +
CaC03 AQ
NaCo3 -
NaHCO3 AQ
HCO3 -
H2C03 AQ
EDTAH
EDTAHZ2
EDTAH3
EDTAH4
EDTA H5
Ca EDTA
CaHEDTA
Mg EDTA
MgHEDTA

CALC MoL

.296E-08
.117e-07
.535€-09
.961E-06
.136€E-05
L175e-11
.890E-06
.813€-07
.088E-03
.020E-02
.875E-01
.498E-03
.632E-08
.518E-10
.182E-15
LAT73E-21
.286E-26
.439E-04
.689€E-09
.594E-05
.778E-08

D OUVIN aaasSsa2aNNWHSsEan Iy WWOoWm

ACTIVITY

ANV PO, WS 2NNV aWoNONN

.391E-09
462E-07
.506E-09
.756E-06
.641E-05
L542E-11
.339€-06
.293e-07
.189€-03
.222E-02
.329€-01
.947E-03
.898E-09
.140E-10
.381E-16
.620E-21
J16E-27
.156E-05
.032E-09
.422E-05
.260E-08

LOG ACTVTY

-8.62135
-6.18964
-8.60108
-5.05772
-4.43883
-10.81203
-5.87306
-6.27629
-2.65975
-1.65334
-0.87659
-2.30566
-8.40917
-9.94293
-15.07668
-20.79044
-26.04020
-4.21072
-8.39448
-4.61588
-7.89964

GAMMA
0.04516
0.70880
0.70880
1.09981
0.70880
0.70880
0.70880
1.09981
0.70880
1.09981
0.70880
1.09981
0.04516
0.25240
0.70880
1.09981
0.70880
0.25240
0.70880
0.25240
0.70880

NEW

LOGK

.845
.816
.597
.945
.539
413
.499
.121
439
.039
470
.634
.305
.808
.009
.889
.613
.998
.149
.198
.249

Type II1 - SPECIES WITH FIXED ACTIVITY

ID

NAME

CALC MoOL

-9.152E-07

LOG MOL

-6.038

NEW LOGK

0.008

Type IV - FINITE SOLIDS (present at equilibrium)

1D
5046002

NAME
MAGNESITE

CALC MOL
1.719€-04

LOG MOL

-3.765

NEW LOGK

8.044

Type V - UNDERSATURATED SOLIDS (not present at equilibrium)

ID
5046000
2046000
5015001
5015002
4150000
5015003
5046001
5015000
3050000
5046003
5050001
2015000
2015001
2046001

NAME
ARTINITE
BRUCITE
CALCITE
DOLOMITE
HALITE
HUNTITE
HYDRMAGNESIT
ARAGONITE
NATRON
NESQUEHONITE
THERMONATR
LIME
PORTLANDITE
PERICLASE

CALC MOL

-103e-07
.557E-06
-103E-01
-445E-01
.687E-06
.883E-04
-036€E-13
.059E-02
.081E-04
.688E-03
.445E-05
.087€-24
.438E-14
217e-11

WO NN WUVDOHENVNWa N

LOG MOL

-6.677
-5.808
-0.958
-0.463
-5.571
-3.540
-12.394
-1.094
-3.294
-2.433
~4.612
-23.150
-13.074
-10.493

NEW LOGK

-9.530
-16.729
8.481
17.020
-1.584
30.031
8.894
8.345
1.272
5.635
-0.118
-32.684
-22.600
-21.421



Type VI - EXCLUDED SPECIES (not included in mole balance)

ID NAME
3301403 €02 (g)

PERCENTAGE DISTRIBUTION OF COMPONENTS AMONG

CALC MOL
1.533e-01

LOG MOL
-0.814

NEW LOGK

18.159

DH
-0.530

TYPE 1 and TYPE 11 (dissolved and adsorbed) species

H+1
9.
86.
4.
Na+1
94,
co3-2
1
86.
Ca+2
1
97.
cL-1
100.
NO3-1
100.
EDTA-4
71.
28.
H20
99.
Mg+2
37.
3.
20.
38.

3

5

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

PERCENT

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

BOUND

IN

IN

IN

IN

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

SPECIES

#5001401

#3301400

#3301401

# 500

#5001401

#5001400

#5001401

#3301400

#3301401

# 150

#1509690

# 180

# 492

#1509690

#4609690

#3300020

# 460
#4601400
#4601401

#4609690

NaHCO3 AQ
HCO3 -

H2C03 AQ

Na+1

NaHCO3 AQ

NaCO3 -
NaHCQ3 AG
HCO3 -

H2CO03 AQ

Ca+2

Ca EDTA

cL-1

NO3-1

Ca EDTA

Mg EDTA

OH-

Mg+2
MgCO03 AQ
MgHCO3 +

Mg EDTA



1DX NAME DISSOLVED SORBED PRECIPITATED
MOL/KG PERCENT MOL/KG PERCENT MOL/KG PERCENT
330 H+1 2.167E-01 100.0 0.000E-01 0.0 0.000E-01 0.0
500 Na+1 4.340€E-01 100.0 0.000E-01 0.0 0.000E-01 0.0
140 C03-2 2.168E-01 99.9  0.000E-01 0.0 1.719E-04 0.1
150 Ca+2 2.500E-04 100.0 0.000E-01 0.0 0.000E-01 0.0
180 cl-1 5.000E-04 100.0 0.000E-01 0.0 0.000E-01 0.0
492 NO3-1 2.167E-01 100.0 0.000E-01 0.0 0.000E-01 0.0
969 EDTA-4 3.400E-04 100.0 0.000E-01 0.0 0.000e-01 0.0
2 H20 9.152e-07 100.0 0.000E-01 0.0 0.000E-01 0.0
460 Mg+2 2.481E-04 59.1 0.000E-01 0.0 1.719E-04 40.9
Charge Balance: SPECIATED
Sum of CATIONS = 4.110E-01 Sum of ANIONS  4.115E-01
PERCENT DIFFERENCE = 6.323E-02 (ANIONS - CATIONS)/(ANIONS + CATIONS)
EQUILIBRIUM IONIC STRENGTH (m) = 4.132E-01
EQUILIBRIUM pH = 7.784
DATE ID NUMBER: 940908
TIME ID NUMBER: 8335138
Saturation indices and stoichiometry of all minerals
ID # NAME Sat. Index Stoichiometry in [brackets]
5015000 ARAGONITE -1.094 [ 1.000] 150 [ 1.000] 140
5046000 ARTINITE -6.677 [ -2.000] 330 [ 2.000] 460 [ 1.0001 140
[ 5.000] 2
2046000 BRUCITE -5.808 [ 1.000] 460 [ 2.000] 2 [ -2.0001 330
5015001 CALCITE -0.958 [ 1.000] 150 [ 1.000] 140
5015002 DOLOMITE -0.463 [ 1.000] 150 [ 1.000] 460 [ 2.000] 140
4150000 HALITE -5.571 [ 1.000] 500 [ 1.000] 180
5015003 HUNTITE -3.540 [ 3.000] 460 [ 1.000] 150 [ 4.000] 140
5046001 HYDRMAGNESIT -12.394 [ 5.000] 460 [ 4.000] 140 [ -2.000] 330
[ 6.000] 2
5046002 MAGNESITE 0.000 [ 1.000] 460 [ 1.000] 140
3050000 NATRON -3.294 [ 2.000] SOO [ 1.000] 140 [ 10.000)] 2
5046003 NESQUEHONITE  -2.433 { 1.0001 460 [ 1.000] 140 [ 3.000] 2
5050001 THERMONATR -4.612 [ 2.0001 SO0 [ 1.000] 140 [ 1.000] 2
2015000 LIME -23.150 [ -2.000] 330 [ 1.000] 150 [ 1.000) 2
2015001 PORTLANDITE  -13.074 [ -2.000] 330 [ 1.000] 150 [ 2.000) 2
2046001 PERICLASE -10.493 [ -2.000] 330 [ 1.000) 460 [ 1.000) 2



Run 5 - 10 g/l Na; 10 mg/l Ca and Mg; 0,1 g/l EDTA; sample 5; pH 7,2
add HNO3; allow ppt

Type 1 - COMPONENTS AS SPECIES IN SOLUTION

NEW

ONOOODOOO

NEW

LOGK

.150
-150
.598
.598
.150
.598
.393
.150

LOGK

.846
.816
.597
L9465
.539
.413
499
121
.639
.038
.470
.634
.306
.808
.010
.888
.614
.998
.150
.198
.250

ID NAME CALC MOL ACTIVITY LOG ACTVTY GAMMA

330 H+1 1.278E-07 9.056E-08 -7.06305 0.70868

500 Na+1 4.145E-01 2.938E-01 -0.53197 0.70868

140 C03-2 2.582E-04 6.512E-05 -4.18630 0.25224
150 Ca+2 7.779E-06 1.962E-06 -5.70726  0.25224
180 Ct-1 5.000E-04 3.543E-04 -3.45058 0.70868

460 Mg+2 2.0856-04 5.258E-05 -4.27916  0.25224

969 EDTA-4 3.014E-09 1.220E-11  -10.91369  0.00405

492 NO3-1 2.392E-01 1.695E-01 -0.77079 0.70868
Type Il - OTHER SPECIES IN SOLUTION OR ADSORBED

10 NAME CALC MOL ACTIVITY LOG ACTVTY GAMMA
5009690 Na EDTA 2.513e-08 1.133E-09 -8.94566  0.04509
3300020 OH- 1.655e-07 1.173E-07 -6.93069 0.70868
4603300 MgOH + 1.641E-09 1.021E-09 -8.99082 0.70868
4601400 MgCO3 AQ 3.015E-06 3.319E-06 -5.47906  1.10057
4601401 MgHCO3 + 1.072E-04 7.595E-05 -4.11946  0.70868
1503300 CaOH + 8.213e-12 5.821E-12 -11.23503 0.70868
1501400 CaHCO3 + 3.652E-06 2.588E-06 -5.58696 0.70868
1501401 CaCO3 AQ 1.688E-07 1.858E-07 -6.73090  1.10057
5001400 NaCO3 - 5.262E-04 3.729E-04 -3.42844  0.70868
5001401 NaHCO3 AQ 1.893E-02 2.083E-02 -1.68132  1.10057
3301400 HCO3 - 1.742E-01 1.234E-01 -0.90853  0.70868
3301401 H2C03 AQ 2.299€E-02 2.530€e-02 -1.59690  1.10057
3309691 EDTAH 2.235e-07 1.008E-08 -7.99673  0.04509
3309692 EDTAH2 6.433E-09 1.623E-09 -8.78978 0.25224
3309693 EDTAH3 9.262E-16 6.564E-14  -13.18283  0.70868
3309694 EDTAH4 6.366E-19 6.984E-19  -18.15588  1.10057
3309695 EDTA H5 3.052E-23 2.163E-23  -22.66493 0.70868
1509690 Ca EDTA 2.384E-04 6.013E-05 -4.22094  0.25224
1509691 CaHEDTA 3.059E-08 2.168E-08 -7.66399  0.70868
4609690 Mg EDTA 1.012E-04 2.554E-05 -4.59284  0.25224
4609691 MgHEDTA 1.032e-07 7.313E-08 -7.13589  0.70868
Type IIl - SPECIES WITH FIXED ACTIVITY

ID NAME CALC MOL LOG MOL NEW LOGK DH

2 H20 -1.670E-07 -6.777 0.008 0.000
Type V - UNDERSATURATED SOLIDS (not present at equilibrium)

iD NAME CALC MOL LOG MOL NEW LOGK DH
5015000 ARAGONITE 2.829E-02 -1.548 8.345 2.615
5046000 ARTINITE 5.885E-09 -8.230 -9.530 28.742
2046000 BRUCITE 1.152e-07 -6.939 -16.729 25.840
5015001 CALCITE 3.871€E-02 -1.412 8.481 2.585
5015002 DOLOMITE 4.585E-02 -1.339 17.020 8.290
4150000 HALITE 2.711E-06 -5.567 -1.584 -0.918
5015003 HUNTITE 5.511E-06 -5.259 30.031 25.760
5046001 HYDRMAGNESIT  6.144E-16 -15.212 8.894 52.210
5046002 MAGNESITE 3.790E-01 -0.421 8.044 6.169
3050000 NATRON 8.667E-05 -4.062 1.272 -15.745
5046003 NESQUEHONITE  1.395E-03 -2.856 5.635 5.789
5050001 THERMONATR 4.199E-06 -5.377 -0.118 2.802
2015000 LIME 4.861E-25 -24.313 -32.684 46.265
2015001 PORTLANDITE 5.783E-15 -14.238 -22.600 30.690
2046001 PERICLASE 2.383E-12 -11.623 -21.4621 36.135



Type V1 - EXCLUDED SPECIES (not included in mole balance)

1D NAME CALC MOL LOG MOL  NEW LOGK DH
3301403 CO2 (@) 7.848€-01 -0.105 18.159 -0.530

PERCENTAGE DISTRIBUTION OF COMPONENTS AMONG
TYPE 1 and TYPE 11 (dissolved and adsorbed) species

H+1
7.9 PERCENT BOUND IN SPECIES #5001401 NaHCO3 AQ
72.8 PERCENT BOUND IN SPECIES #3301400 HCO3 -
19.2 PERCENT BOUND IN SPECIES #3301401 H2CO03 AQ
Na+1
95.5 PERCENT BOUND IN SPECIES # 500 Na+1
4.4 PERCENT BOUND IN SPECIES #5001401 NaHCO03 AQ
€03-2
8.7 PERCENT BOUND IN SPECIES #5001401 NaHCO03 AQ
80.3 PERCENT BOUND IN SPECIES #3301400 HCO3 -
10.6 PERCENT BOUND IN SPECIES #3301401 H2C03 AQ
Ca+2
3.1 PERCENT BOUND IN SPECIES # 150 Ca+2
1.5 PERCENT BOUND IN SPECIES #1501400  CaHCQ3 +
95.3 PERCENT BOUND IN SPECIES #1509690 Ca EDTA
cL-1
100.0 PERCENT BOUND IN SPECIES # 180 CL-1
Mg+2
49.6 PERCENT BOUND IN SPECIES # 460 Mg+2
25.5 PERCENT BOUND IN SPECIES #4601401 MgHCO3 +
26.1 PERCENT BOUND IN SPECIES #4609690 Mg EDTA
EDTA-4
70.1 PERCENT BOUND IN SPECIES #1509690 Ca EDTA
29.8 PERCENT BOUND IN SPECIES #4609690 Mg EDTA
NO3-1
100.0 PERCENT BOUND IN SPECIES # 492 NO3-1
H20

99.1 PERCENT BOUND IN SPECIES #3300020 OH-



IDX

330
500
140
150
180
460
969
492

Saturation indices and

2046000
5015001
5015002
4150000
5015003
5046001

5046002
3050000
5046003
5050001
2015000
2015001
2046001

ID #
5015000
5046000

NAME

H+1
Na+1
c03-2
Ca+2
cl-1
Mg+2
EDTA-4
NO3-1
H20

=WV SN

DISSOLVED
MOL/KG  PERCENT
.392e-01 100.0
.340E-01 100.0
.170E-01 100.0
.500E-04 100.0
.000E-04 100.0
.200E-04  100.0
.400E-06 100.0
.392e-01 100.0
.670E-07 100.0

Charge Balance: SPECIATED

Sum of CATIONS =
PERCENT DIFFERENCE =

EQUILIBRIUM IONIC STRENGTH (m)

EQUILIBRIUM pH

DATE ID NUMBER:
TIME 1D NUMBER:

NAME
ARAGONITE
ARTINITE

BRUCITE
CALCITE
DOLOMITE
HALITE
HUNTITE

MAGNESITE
NATRON

LIME
PORTLANDIT
PERICLASE

HYDRMAGNESIT

NESQUEHONITE
THERMONATR

E

6.260E-02

940908
8323816

stoichiometry of
Sat.

-1
-8

Index
.548
.230

-6.939
-1.412
-1.339
-5.567
-5.259
-15.212

-0.421
-4.062
-2.856
-5.377
-24.313
-14.238
-11.623

NN 2NN 200 NTW=S ot -

e N I N I e N N N e N N N W W e ]

.0001]
.000]
.000]
.000]
.000]
.000]
.000]
.0001
.000]
.000]
.000]
.0007 *500
.000]
.0001]
.000]
.000]
.000]

SORBED PRECIPITATED

MOL/KG  PERCENT MOL/KG  PERCENT
0.000£-01 0.0 0.000E-01 0.0
0.000E-01 0.0 0.000e-01 0.0
0.000E-01 0.0 0.000e-01 0.0
0.000E-01 0.0 0.000E-01 0.0
0.000E-01 0.0 0.000e-01 0.0
0.000E-01 0.0 0.000e-01 0.0
0.000E-01 0.0 0.000e-01 0.0
0.000E-01 0.0 0.000E-01 0.0
0.000E-01 0.0 0.000e-01 0.0

4.156E-01

4.151E-01 Sum of ANIONS

(ANIONS - CATIONS)/(ANIONS + CATIONS)

4,162E-01

7.043

all minerals

Stoichiometry in [brackets]

150
330

2
460
150
150
500
460
460

2
460

460
500
330
330
330

[
[

[
[
[
[
[
{

[
[
[
{
{
{
[

1

2.

NN

.0001 140

000] 460 [ 1
.0000 2 g -2.
.000] 140

.000] 460 [ 2
.0001 180

.000] 150 [ 4
.000] 140 [ -2
.0001 140

.000] 140 [ 10
.000] 140 [ 3
.0001 140 [ 1
.000] 150 [ 1
.000] 150 [ 2
.0001 460 [ 1

.000]
0001
.000)]
.000]
.000]

.000]
.000]

.0001]
.000]
.000]
.000]

140

330

140

140
330

NN NN NN



Results of Transport Modeling
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DATA PREPARATION FOR PREMSEP

For Experiment 7:

Feed Speciation:

The speciated data from table A7.11 were used.  Small adjustments were made to ensure
electroneutrality of the feed as required by the model. In the case of the pH 11.3 dataset, 1t
was assumed that the nitrate figure in table A7.11 was an error, and that no nitric acid had
been added. The speciation was re-run for the nominal amount of sodium carbonate alone in
water (10g/1 as Na, ie 10/(23x2) molar.

Permeate :

The measured data for the permeate is not used directly by the model, but only compared to
the model predictions. The data was entered in terms of 'indicators' which represent the actual
measurements made. For the three indicators used their total concentrations respectively were
calculated from the data given in table A7-7 as follows

Carbonate Indicator conc. : (CO3=/60 + HCO3-/61)/1000 mol/l

Sodium Indicator conc. : (Na+/23)/1000 mol/l

Hydrogen Indicator conc. : (HCO3-/61)/1000  mol/l

In fact the values were entered into PREMSEP mol/m3, although they have been graphed as
mol/l.

The values for concs. of HCO3-, CO3= and Na+ were taken from table A7-7

For Experiment 9:

Feed Speciation:

The feed for this experiment was 10g/l Na as Sodium Carbonate, at a constant pH
of 9.6. So it was only necessary to speciate the feed once using the above details.
What about NO3-? From the speciation done, the amount of dissolved H+ was
inputted into a new speciation run, the equivalent amount of NO3- was included and

the pH was left to be computed (assumption: free hydrogen came from addition of
HNO3).

Permeate Speciation:
The same procedure as that for permeate speciation of experiment 7 was used

here, with the values for concs of HCO3-, CO3= and Na+ now being taken
from table A7-9.



Parameters

| PREMSEP : PARAMETERS (For Experiments 7 and 9)

Pure Watef Permeability 1.08E-14
Correction Coefficient 0
Charge Density -600
Transport Rarameters:

Species Parameter 1 Parameter2 | Parameter3
CO3= 1 0.5 1
H+ 0.9 20 1
H2CO3 1 0.5 1
HCO3- 0.8 1.2 1
Na+ 0.95 18 1
NaCO3- 1 0.12 1
NaHCO3 1 4 1
NO3- 0.93 16 1
OH- 1 20 1

1 Reflection coefficient, dimensionless
2 Solute permeability in the membrane
3 Equilibrium partition coefficient




~ombined experiment 7 and run 9
~eed

“low Time Temp Press
n3/s C Pa
0.000017 0 26 1300000
0.000017 0 26 1300000
0.000017 0 26 1300000
0.000017 0 26 1300000
0.000017 0 26 1300000
0.000017 0 26 1300000
0.007417 0 26 400000
0.016833 0 26 400000
0.026833 4] 26 400000
0.007417 0 26 850000
0.016833 0 26 850000
0.026833 0 26 850000
0.007417 0 26 1500000
0.016833 0 26 1500000
0.026833 0 26 1500000
‘ermeate
low Time Temp Press
n3/s C Pa
2.0E-08 0 26 0
3.3E-08 0 26 0
4.6E-08 0 26 0
5.3E-08 0 26 0
5.3E-08 0 26 0
5.3E-08 0 26 0
7.6E-09 0 26 0
6.9E-09 0 26 0
5.6E-09 0 26 0
2.5E-08 0 26 0
2.5E-08 0 26 0
2.4E-08 0 26 0
5.8E-08 0 26 0
5.9E-08 0 26 0
5.4E-08 0 26 0

PREMSEP INPUT

Not used

Not used

Not used

[=jejojojololoNoNoNoloNolNeNalo)

Not used

OCO0O0OO0OO0O0OODOOLOOOOO

H+ Na+ CO3= NO3- H2CO3 OH- NaCO3- NaHCO3 HCO3- Sodium Carbonate Hydrogen

mol/m3 mol/m3 mol/m3 mol/m3 mol/m3 mol/m3 mol/m3 mol/m3 mol/m3 o
0 7.1E-09 305.2619 85.06 0.4389 0.000023 3.011 1285 0.2578 3.192 0 0 o
0 3.5E-08 311.0299 79.11 1552 0.00055 0.5999 121.8 1.225 14.89 0 0 :
0 3.6E-07 348.0496 45,36 9354 0.03171 0.05962 78.07 7.878 85.66 0 0 0
0 1.4E-06 382.7349 19.4 161.2 0.2155 0.0149 36.62 14.72 146.1 0 0 o
0 7.1E-06 405.067 4823 203.9 1.342 0.002967 9618 19.35 181.9 0 0 0
0 0.000092 413.792 0.3697 2329 17.03  0.00023 0.7525 19.47 179.4 0 0 o
0 3.3E-07 359.5 46.94 103.4  0.03404 0.04756 67.05 8.279 95.1 0 0 o
0 3.3E-07 359.5 46.94 103.4 0.03404 0.04756 67.05 8.279 85.1 0 0 o
0 3.3E-07 3595 46.94 103.4 0.03404 0.04756 67.05 8.279 95.1 0 0 o
0 3.3E-07 3595 46.94 103.4  0.03404 0.04756 67.05 8.279 95.1 0 0 0
0 3.3E-07 359.5 46.94 103.4  0.03404 0.04756 67.05 8.279 95.1 0 0 0
0 3.3E-07 359.5 46.94 103.4 0.03404 0.04756 67.05 8.279 95.1 0 0 °
0 3.3E-07 3595 46.94 103.4  0.03404 0.04756 67.05 8.279 95.1 0 0 0
0 3.3E-07 3595 46.94 103.4  0.03404 0.04756 67.05 8.279 95.1 0 0 0
0 3.3E-07 3595 46,94 103.4 0.03404 0.04756 67.05 8.279 95.1 0 0

H+ Na+ CO3= NO3- H2C0O3 OH- NaCO3- NaHCO3 HCO3- Sodium Carbonate Hydrogen

I/m3 mol/m3 mol/m3

o mol/m3 o mol/m3 o mol/m3 o mol/m3 o mol/m3 o mel/m3 o mol o o o 8913043 7034153 4508197
0 0 0 0 0 0 0 0 0 0 1243478 57.55027 21.98361
0 0 0 0 0 0 0 0 0 0 230.4348 76 66
0 0 0 0 C 0 0 0 o] 0 317.3913 9465574 94.65574
0 0 0 0 0 0 0 0 0 0 354.3478 110.6557 110.6557
0 0 0 0 0 0 0 0 0 0 354.3478 102.6557 102.6557
0 0 0 0 0 0 0 0 0 0 302243 142.3643 111.643
0 0 0 0 0 0 0 0 0 0 306539 149.3658 110.939
0 0 0 0 0 0 0 0 0 0 295.742 146.1574 109.092
0 0 0 0 0 0 0 0 0 0 234797 100.1958 80.747
0 0 0 0 0 0 0 0 o 0 247.796 101.694 81.486
0 0 0 0 0 0 0 0 0 0 254.261 98.6036 78.781
0 0 o] 0 0 0 0 0 0 0 321.662 74.4044 60.457
0 0 0 0 0 0 0 0 0 0 334844 69.8015 56.457
0 0 0 0 0 0 0 0 0 0 321.725 69.6024 56.546
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APPENDIX 8
SUPPLEMENTARY INVESTIGATIONS INTO ELECTROMEMBRANE FOULING

This Appendix contains:

Experimental and Analytical Data

Pages A8-2 to A8-3

Method of Correctlon of Conductivity for Temperture

Pages A8-3 to A8-5

Calculation of Membrane Area Reslistance

Pages A8-5 to A8-6

Calculation of Total Calcium and Mageslum Present in Anolyte

Pages A8-7

Calculatlon of Current Efficlencles

Pages A8-7

AB-1



Experimental and Analytical Data

Table AB-1
Experimental and Analytical Data for Batch 1
Days | Time | Amp [ Temp [Charge Voits Sarple pH (nl\-Sl L% |4 10C [ Mg Na SH CC()Gas rgoa
m |l wleol® ) em) | ¢ oh | @M | (mgh | (mgm [ (mgH éaog:) Ca&w éﬂ%d
1 4 1, 8,20 nolyte 9,41 | 27,70 513| 2,50 2,63 500] 2,00 9,06 00] 172 3.3
O I o DO D - el ox| ou) il o) s op) aAn v
1 34 | 2,15 | 9,44 hnolyte 8922520 214| 1,6 i i \ . ' ' ‘
2 “8 2 athglyte 039| 0,26 0,13| 2,00 0,40| 56,86 118,4 8,0 0,0
4 96 35 429 (1,05 nolyte 80111860 088 0,49 039| 7,00| 2,00 5,74 0,0 20 94
atholyte 038| 031 0,07| 2,00| 0,60 59,58 124,4 92 0,0
8 192 | 1,2 | 36 8,59 [14,40 nolyte 7.87 | 16,30 512| 3,93 1,20 5,01 2,00 5,28 0,0 7.2 3,5
atholyte 0,27 3,00 1,001 61,88 124,4 64 0,0
1 264 | 1,0 | 36 11,26 [14,51 nolyte 7,89 | 13,20 264 1,89 0,75] 7,00] 2,00 4,38 0,0 48 3,3
atholyte 0,25 200| ooo| e225| 1252| 96| o0
14 336 | 1,0 | 36 [13,93 [18,67 nolyte 9,60 | 10,70 263| 1,65 097} 400| 2,00 3,05 0,0 44 13
atholyte | 12,20 0,46 1,001 0,00| 65,15 1260 11,6 0,0
15 360 | 1,0 | 37 [14,82 [0,63 nolyte 960 | 7,92 138| 0,50 087] 400( 200 2,58 0,0 1.0 4.1
atholyte | 12,20 0,19 100| 000! 6495| 1302 96| o0
18 432 | 06 16,41 8,58 nolyte 9,20 | 6,00 1,00| 0,23 0,77 ] 2,60 1,90 1,96 0,0 0,8 2,0
atholyte 2,10 0,10 68,93 123,6 84 0,0
21 504 atholyte 0,41 150] 0,02] 66,15 1326 124 0,0
Table A8-2
Experimental and Analytical Data for Batch 2
Days | Time | Amp | Terrp [Charge Vofis Sarmple pH (nkSI TC [4] TOC Ca Mg Na OH CO3as | HCOG
a8 as g/
m | @] o] @ v cm) | ¢ ) %fn o) | (mgn | (rgn éaog:) Ca%,) éacgi
22 28 | 1.2 |34 [17,48 [ 5,03 nolyte 9,501 22,60 6,13] 3,2 891 13,20 6,00 14,39 0,01 172 9,/
atholyte | 12,10 | 436,3 125| 0,03 1,23| 0,90 0.20 59,00 107,0 9,2 0,0
28 672 112 |35 P393 [12,42 nolyte 85012230 526 2,831 2,33]10,50] 4,00 11,48 0.0 6,4 17,0
atholyte | 12,00 | 487,0 2,60 1,10 57,68 114,2 - 0,0
31 744 |12 | 35 57,14 [14,77 nolyte 8,60 | 23,90 10,30 | 3,90 9,37 0,0 3.8 15,0
atholyte | 12.20 210| 100 s878| 996 136| 00
35 840 | 1,2 | 35 PB1,45 [1504 nolyte 8,33 ] 24,30 463| 400| 0,63] 11,00 5,50 8,52 0,0 1,6 15,6
atholyte | 13,70 250 0,20]| 62,50 50,4 6,0 0.0
38 912 | 1.2 |36 [B4,76 pP0,36 nolyte 8,28 | 21,50 3,83 9,00 5,20 7.85 0,0 26 10.2
tholyte | 13.81 230| ooo| e818| 1158] 116]| 00
42 1008 |06 |34 [37,86 [14,41 nolyte 9,80 | 19,40 364| 3,35 028 9,00 3,30 6,50 0,0 1.0 10,5
atholyte | 12,80 2,00| 0,60]| 64,40 111,2] 19,2 0,0
49 1176 | 0,6 | 35 H1,57 [16,02 nolyte 9.80 | 16,40 860| 4,00 4,90 0,0 7.4 1,5
athoiyte | 12,90 760| o50| 7o68| 1s0.0| so| o0
55 |1320

57 1368 |06 |33 [581 [11,20 nolyte 9,80 13,50 8,80 3,90 4,07 0,0 58 11

atholyte | 12,90 8,00| 3,90 3,03
64 [1536 |06 |33 9,52 [19,00 hnolyte 11,20 125| o83 042| 800| 3.90| 303 00| 36| 16
atholyte 3s60| o0go| 7708| 15501 50| o0
67 1608 | 0,5 |33 50,93 [19,68 nolyte 8,88 164 0,60 1.04) 6,60 3,30 2,73 0,0 3.2 1,1
atholyte 2,50 0,60 80,00 157.5 5.0 0,0°

Lomments
1) After 55 days a new temperature controller was fitted.
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Table AB8-3
Experimental and Analytical Data for Batch 3

Method of Correction of Conductivity for Temperature

During analysis, conductivity data was obtained for the anolyte and catholyte at 25 “C. Using Figure 5.4, the

conductivities of the anolyte have been corrected to the experimental temperature of 35 "C.

Conductivity data obtained for the catholyte during analysis at 25 °C is not the same as would be expected if

the conductivity was determined theoretically from conductivity charts for sodium fydroxide at 25 *C

(Figure 5.5). This discrepancy arises because dilutions were made to the catholyte samples to accomodate

Voits L TC C 100 Ca Mg ~a OH COdas | HCGS
ys | Tme | Amp | Terrp [Charge Sample 2] (s é:egl ( as
m | w]ol® W) cm)_| 9" fgh | oM | (mgh | (mgh | (meM M) M éaog!L
68 [1632 | 1,2 | 30 [52,00 (12,20 nolyle 95| 385 775| 5,38 2,37 12,80 4,30 16,38 0,0] 18,0 10,9
a(hglyte 13,0 617,5 2,60 0,60 65,10 150,0 5,0 0,0
79 |1896 | 1,2 | 33 [3.80 [15,60 nolyte 95] 333 725| 4,40 2,85] 10,50 4,20 12,42 0, 7.6 16,4
atholyte 12,9 7.40 1,00| 72,30 135,0 5,0 0,0
82 [1968 | 1,2 33 67,04 [16,40 nolyte 9,0] 326 7,13 | 5,40 1,731 11,30 4,70 12,05 0,0 6,4 16,4
atholyte 128 530 1,30 73,50 142,5 50 0,0
87 [oss | 1,0 |33 [71.49 [14,70 nolyte 90| 29,9 6,39 | 5,30 1,06 | 9,70 4,50 10,93 0.0 54 15,6
atholyte 13,0 4301 0,80 74,20 132,58 5,0 0,0
92 208 {10 | 33 [75,94 [1550 nolyte 89| 280 6,00 4,70 1,33 | 10,40 4,10 9,41 0,0 42 14,5
atholyte 12,9 3,60 1,00] 76,25 150,0 50 0,0
95 280 { 1,0 |33 [78.61 [14,30 nolyte 95| 265 501| 2,10 2,91 860| 6,10 8,76 00| 124 58
atholyte 13,3 450] 0,20| 76,15 7,0 09 0,0
99 76 1 1,0 |33 82,17 po0.10 nolyte 90| 246 525| 0,84 4.41 9,20 5,70 7.86 0,0 45 13.4
f atholyte 13,8 430 0,07 77,73 6,6 1,8 0,0
104 2496 { 0.6 33 84,82 [10,30 nolyte 92| 246 513| 2,00 3,13| 10,20 5,80 8,68 0,0 78 12.6
atholyte 13,2 540| 2,20 3,20 4,70 2,20 81,33 59 1,5 0,0
108 592 {06 |33 86,94 11097 nolyte 9.1 222! 526 210 3,16| 950 5,20 5,60 0.0 6.2 10.8
atholyte 13,3 525| 2,20 3,05| 39| 200| 80,90 6,5 18 0,0
114 R736 | 0,6 33 0,12 13,24 nolyte 9,0 201 3,15 2,37 0,771 10,00 2,10 7,57 0,0 55 8.9
atholyte 12,5 525| 0,45 480 3,30 0,10 83,88 5.8 1,4 0,0
121 [2904 | 06 | 33 93,83 [12,88 nolyle 95| 184 3,10] 1,30 1,80 1030| 6,50 6,85 0.0 6.4 6.8
atholyte 13,5 5,61 0,90 470| 6,10 1,20 88,93 5,6 1,3 0.0
124 [2976 | 0,6 33 5,42 16,07 nolyte 9,3 17,2 3,50 1,50 2,00| 10,60 5,10 5,25 0,0 4,0 5,1
atholyte 9,5 3,6C 1,60 2,00
129 3096 | 0,6 33 9,07 N7,76 nolyte 9,0 16,5 275| 0,14 1,35] 10,30 4,90 4,59 0,0 24 7.4
atholyte 12,9 550 1,10 430| 440 1,10 91,93 73 1.4 0,0
135 [8240 | 0,6 33 |101,25 1,00 nolyte 9,1 10,7 3,10 0,40 2,60| 7,90 4,00 3,88 0,0 1,9 5
atholyte 12.7 8,701 0,60 5,10 540 1,40 89,56
Table AB-4
Experimental and Analytical Data for Batch 4
Days | Time ®mp Voits Sample pH L Ca M Na
ol Il IS el I msiemy | oo | odn | (man
nolyte 9,6 321 9,30] 3,50] 12,02
atholyte 13,6 3,40 1,40] 54,35
1 24 1,2 34 1,07 4,77 pRnolyte 9,7 32] 920 3,70) 12,10
ahtolyte 13,7 3,60 1,30| 57,60
7 168 | 1,2 35 |7,52 5,30 nolyte 9,8 276] 9.20 3,40 10,64
atholyte | 13,6 a00| 1.10| s0,78
10 240 | 1.2 35 0,75 | 5,83 nolyte 9.8 265| 8,70 3,50 9,20
atholyte 139 380 1,001 60,85
13 312 | 1,2 35 (3,97 | 6,62 nolyte 95 24,71 10,80 2,60 9,30
atholyte 14,0 6,40) 1,20} 58,50
20 480 ] 1,2 35 P1,49 | 7,46 nolyte 8,8 22,1 8,30 2,90 6,90
atholyte 13,4 440) 1,00| 6280
30 720 | 1.2 35 PB2,20 [13.00 nolyte 9.1 15,01 750| 2,60 4,43
atholyte 13,3 460] 0,90] 65,10
35 840 ] 1.2 35 p7.60 [|18,52 nolyte 104)| 6,30 2,00 3,15
atholyte 520| 0,70| 67,08

the range of measurement of avaliable instrumentation. As the conductivity of sodium hydroxide does not
vary proportionally with concentration, analysis of a ciluted sample followed by muttipiication by the dilution
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factor introduces error. Therefore, for the catholyte, theoretical conductivities, corrected to the

experimental temperature, have been used.
Derivation of Equations to Calculate Membrane Area-Reslstance

The area-resistance, Rmem. Of the membrane can be calculated from the following equation:

Aimem =220 (A8.1)

where Eqem = volt drop across membrane

CD = current density in A/m?

The current density is empirically derived, whereas the volt drop across the membrane is determined by the
equation:

Emem = Eprobes -Ea-E¢ (A8.2)
where Epropes = measured volt drop between the platinum probes

E4 = volt drop through the anolyte between the probe and the membrane
E. = voit drop through the catholyte between the probe and the membrane

E and E. are calculated from basic principles as follows:
The resistance, R, through a volume of electrolyte is given by the equation:
A< /
= r; (A8.3)
where r=resistivity in units of Wm

! = length of path through electrolyte in m
a = area of path through electrolyte in m?

and aiso by the equation:

A (A8.4)

where A = the current flowing in amps
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Therefore:

Ea/c=réA (A8.5)

If the equation for conductivity, L, is given by:

L=t (A8.6)
is substituted into equation A8.5, then the volt drop across the electrolyte is given by:
1,A
=71 A8.7,
Ea/c L, a ( )

and is the product of the reciprocal of the electrolyte conductivity; path length (or the distance between the
probe and membrane surface) and current density. During the first batch, the membrane was positioned
equidistant between both platinum probes; the membrane-probe distance was 0,95 cm. During the course
of the following batches, the membrane buiged towards the cathode, and the distance between the
cathode probe and membrane was taken as zero, whereas the distance between the anode probe and

membrane was taken as 19 mm.

Calculation of Membrane Area-Resistance

Table AB8-5
Membrane Area-Resistance for Batch 1
General Parameters Anolyte Calnolyte Fotential (k) R
v mem
current | Charge lemperature Na L L Ea MNa NaOH L Ec probe Ec+ Emem (sz 10_3)
mS/ i .

A | (F) (o) [N |8 [ %" (V) | e | (9 ["FE™] (V) Ea | V)

1.2 1,07 34,0 906 | 2775 | 30| 345| 5380 | 9356 42001 271 8,20 616 | 204 1,70
12 215 34,0 821 2526 | 310 | 368 | 5686 | 9888 400 | 265 944 633 | 311 280
12 4,29 350 574 1860 | 233 | 489 | 5958 1036 4400 | 259 | 1105 748 | 357 3,00
1,2 8,59 36,0 528 1632 | 218 | 523 | 6188 | 1076 4400 | 295 | 1440 81E| 622 520
10 11,26 360 438 | 1325 182 52| 25| 1083 4400 | 2,16 1454 738 | 7,16 716
10 1393 360 305| 1077 | 128| 742 | 6515| 1133 4550 | 209 18,67 9,51 9,16 9,16
10 14,82 37,0 2,58 792 108 879 | 6495| 1130 4400 | 216 | 20863 1095 | 968 9,68
1,0 1641 36,0 1,96 6,00 74| 770 | 63893 1198 4800 | 1,24 18,58 834 | 964 | 16,10
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Table A8-6
Membrane Area-Resistance for Batch 2

General Paramaeters Anolyte Calholyle Pofe{\g.)ar [{3)] Rmem
[TCurrenl | Charge Temperaiiie | Na L L Ea Na | NaCH L Ec | PoPe | E.+ Emem (Qm2.1 03)

w | @ co) @M |'35Em | SeET () [ @ | @) ["EET] V) Ea | (V)

12 1,07 340 144 | 260 427 | 533 | 5900 | 1026 | 4500| 000 9,03 53| 37 3,00
1,2 752 350 115 230 403 | 565| 5768 | 1003 4300| 000 | 1242 565 | 6,77 560
1,2 10,73 350 987 | 2390 | 352 | 648 8878 | 1022 | 4500| 000 | 14,77 648 | 829 6,90
1.2 1504 350 852 | 2430 | 38| 717 | 6250 | 1087 | 4550 | 000 | 1759 717 | 104 8,70

1 18,35 36,0 785 | 2150 28] 765| 68,18 1186 4700| 000 | 2036 765 | 127 | 1060
06 2145 340 650 1940 | 254 | 448 | 6440 | 1120| 4600] 000 | 1441 448 | 993 | 1650
06 25,16 350 490 | 16064 | 20| 570 | 7068 | 1229 | 4800 | 000 | 1602 50| 103 | 17,20
06 29,40 330 407 | 1350 | 168 | 678 | 7308 | 1270 4900 | 000| 11,20 678 | 442 736
06 33,11 33,0 303| 1120 | 127 | 897 | 7708 | 1341 5000 | 000 | 19,00 897 | 101 16,80
05 34,52 330 2,73 883 | 116 | 820 8000 | 1391 5000 | 000 | 1968 820 ( 115 29

Table A8-7
Membrane Area-Resistance for Batch 3
General Paramaeters Anoiyte Cathoiyte Poten\;lal (k) Rmem
Current | Charge Temperature Na L L Ea Na NaOH L Ec probe Ec + Emom (sz. 10_3)
mS/

A | (F) coy | (MBSl v | @ | 9 || (v) Ea | (V)

12 52,00 33,0 164 | 3850 450 | 507 | 6516 | 1132 | 47200| 000 | 1220 507 | 7,13 580
1.2 63,80 33,0 124 | B30 | 418| 548 | 7230 | 1257 | 480,0| 000 | 1560 548 | 101 8,40
12 67,04 33,0 121 ] 60| 410| 55| 7380 | 1278 | 490 | 000 | 1640 55 | 108 9,00
1,0 71,49 33,0 109 209 | 375] 506 | 7420 | 1200 | 49%0(| 000 | 1470 506 | 964 9,60
1,0 7594 33,0 941 | 2800 356 | 534 725 | 1326 5000 000 | 1550 §34 1 102| 1020
1,0 7861 330 876 | 2650 | 35| 58 76,15 1324 | 500 | 000 | 1700 585 | t12] 11,18
10 8217 330 786 | 2460 | 26| 642| 7773 | 1352 500]| 000| 20,10 642 | 137 | 1368
06 84,82 330 868 | 2460 | 206 | 385| 8090 | 1407 | 50| 000 | 1030 385| 645 1085
06 86,94 330 757 | 220 287| 397 | 8388 | 1459 | 5100| 000| 1097 397 | 700 11,
06 90,12 330 685 20,10 | 264 | 432 | 8133 1414 | 5050| 000 | 1324 432 | 892 | 1486
06 93,83 330 55 | 1840 | 23| 518 8833 | 1547 | 5100 000 | 1288 §18| 770 | 1280
06 9542 330 55| 1720 | 215| 884 - - -| 000 | 1607 884 | 773 | 1200
06 98,07 330 459 | 1650 | 192 | 598 | 9193 | 1599 | 5050 000 | 17,7 53| 118 1972
06 101,25 330 383 | 1065 | 165| 690 | 8955 | 1557 | 5100| 000 | 2100 69| 141 | 235

Table A8-8
Membrane Area-Resistance for Batch 4
General Parameters Anolyte Catholyte Potental (E) R
mem
Current [ Charge femperature Na L L Ea Na NaOH L E probe Ec E .
c + [Emem| (Qm2.103)

A | (F) (o) | oM |8 'BET V) [ @ | @) |"Eem] (v) Ea | (V)

12 0,00 340 128 | 3200 | 400 | 285 5435 945 4200 | 027 ]| 477| 312 1,65 1,33
12 1,07 350 17| 20| 40| 285 | 5760 1002 400 | 027 | 477 312 1,65 1,33
12 752 350 106 | 2760 | 345] 330 | 60,78 105,7 4500| 025 | 530 | 35 1,75 1,46
12 10,75 350 92| 2650 | 35| 340 | 6085 105,8 4500| 025 | 583| 365 218 182
12 1397 350 93| 2470 | 315]| 360} 61,00 106,0 4520 | 025 | 662)| 38| 277 231
1.2 21,49 350 691 210 282 | 410| 6280 109,2 4600 | 025 746 | 435| 311 260
12 3220 350 44 1490 190] 600 | 6510 ] 1132 4650 | 025 130| 625| 675 5,63
1,2 37,60 350 32| 1040 128 ] 890 | 6940 1207 4700 | 024 185] 9,14 | 938 782
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Calculatlon of Total Calclum and Magneslum Present in Anolyte

Table A8-9
Total Ca and Mg Present In Anolyte for Duration of Batches 1 to 4
Batch 1 Batch 2 Batch 3 Batch 4 .
Vi Towl | Total | Day Va Toal | Total Vol Total ot
Days | Chage| Vd T&al T;g] ays | Charge ol iy W ys | Charge o o Days | Charge - e
B lolmlm Bl o |m)| my B laolm]m @ Lo |l m
00 400 | 80 20 135 101,5 400 | 32 140
> 12% 43312 g ] g ggg 3% ﬁg %‘1) % %eo 360 |36 |20 |13 | 1080 |400 | %3 148
4 429 | 387 n 77 3 2714 36,7 367 H7 e | 6704 35,0 B5 213 142 1088 400 | ¥8 136
8 851 37,3 187 s B 3145 354 a9 212 & | 7149 334 4 X3 145 11,1 37 | 3377 135
1 1126 | 36,0 2 2 3 34,76 340 306 120 R | 7594 31,7 37 218 148 1153 35,7 6 ¢}
“ 1393 | 354 u2 n 2 37,96 x5 233 130 6 | 7861 0.7 b} 187 155 128 <V an &
15 14,82 | 350 o ry ] 41,57 30,7 54 )~/ @ | 8217 294 x5 186 166 1335 30,1 5 B
18 1641 | 34,0 jlo~d &8 57 4581 28,0 M1 112 108 | 8694 264 B4 177 170 1389 285 180 5
64 4952 257 28 w2 114 | 90,12 244 24 148
67 5083 4,7 173 74 121 | 93,83 20 | 27 110
14 | 9542 210 | B 106
129 | 98,07 194 194 %
136 | 1013 17,3 137 2]
Calculation of Current Efficiencles
Table A8-10
Incremental Current Efficilencles for Sodium Transfer During Batches 1 to 4
tch Charge Anolyte Total Na Total Na Observed ‘Theoretical Current
Volume mole change | mole change | Efficiency
(F) (H {9) {moles) (moles) ~(moles) (%)
1 107 400 300 15,65
215 396 3250 14,10 155 1,08 100
429 387 20 9,65 4,45 32 100
859 373 1950 848 715 752 %
11,26 360 1580 687 8,78 10,19 8%
1393 354 1080 469 1096 1286 &
1482 350 90,0 391 11,74 1375 &
16,41 340 670 291 1274 1534 <]
2 1748 400 5756 25,00
3% 378 4343 1890 6,10 645 %
27,14 36,7 %22 15,75 9,25 966 %
31,45 354 2016 1311 11,89 1397 3
4,7 340 2669 1160 1340 20,38 6
3796 325 2113 9,18 1580 0,38 7
4157 307 150,4 6,54 18,46 2408 77
4581 280 1340 582 19,18 2833 ]
4952 257 77! 338 2162 3204 &7
50,93 247 674 28 2,07 3345 23
3 5200 400 6550 2847
63,80 360 4771 19,44 903 180 Yzé
67,04 350 4220 18,34 10,13 1504 &7
7149 334 %50 1587 12,60 19,49 &
7594 317 2080 1296 15,51 2394 &
7861 307 2690 11,69 16,78 2661 63
82,17 294 2310 16,00 18,47 0,17 61
86,94 264 1998 868 19,79 3494 57
90,12 244 167.1 7.6 21,21 38,12 %
3,83 220 1210 5.6 2321 4181 %
95.42 210 1103 479 2368 4342 %5
98,07 194 890 387 2460 4607 5
1013 173 67,1 292 25,55 498,25 52
4 101,5 400 5120 2.0
1030 400 4840 21,00 1,30 107 100
11,1 367 3376 14,60 7.7 10,75 72
1153 357 3320 14,40 790 1397 57
1228 334 2805 10,00 1230 2145 57
1335 30,1 1333 580 16,50 220 51
1389 285 90,2 390 18,40 37,60 49

A8-7




APPENDIX 9

SUPPLEMENTARY INVESTIGATIONS INTO ELECTROMEMBRANE CLEANING

This Appendix contains:

Analytical and Physical Data for Electromembrane Cleaning Programmes

Pages A9-2 to A9-5

Analytical and Physical Data for Reference Run and Performance Tests

Pages A9-6 to A9-8

Calculations of Current Efficlencies

Pages A9-9 to AS-12

Calculations of rate of Scale Removal During Cleaning

Pages A9-12 to AS-13
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Analytical and Physical Data for Electromembrane Cleaning Programmes

Table A9-1
Experiment 2.1 - Acid Electrolysis

Acid wash solution nitric acid, pH 1,5

Current 0,5 A for 21 hours

Initial volumes 800 mi

Final anolyte volume 650 mi

Final catholyte volume 500 ml

Total exposed membrane area 0,0081 m?
Determinand | Initiai Final Final

Acid Anolyte | Catholyte

pH 2,1 2,6 12,2
Ca(mgn) 7,0 7,0 580,0*
Mg (mg/l) 3,0 1,0 61,0*

*Analysis performed after acidification to pH 1,4 with H,SO,
Qbservations
1) Thick white precipitate, identified as CaCOs, present in suspended form in catholyte after cleaning.
2) Anolyte still clear.
3) Most of electromembrane surface was visibly free irom scale after cleaning.

The procedure was repeated using nitric acid, again at pH 1,5, but at a current of 2 A. A black precipitate,
which was not identified, formed in the catholyte.
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Table A9-2

Experiment 2.3 - Rate of Descaling by Acld Electrolysis

Acid wash solution

nitric acid, pH 1,8

Current 0,4 A for 8,8 hours

Intial volumes 825 ml

Final anolyte volume 720 mi

Final catholyte volume 720 ml

Total exposed membrane area 0,0081 m2
Sample Time Faradays | Potential | Temperature | Volume | pH Ca Mg

(h-min) | (F) V) (C) (ml) (mgn) | (mg/l)

anolyte 0-00 | O 3.0 16 825 1,8 8 3
catholyte 825
anolyte 0-40 | 0,01 2,6 17 815 1,6 171 27
catholyte 830 1,6 151 100
anolyte 1-25 | 0,02 2,7 17 795 1,6 200 29
catholye 805 1,6 281 141
anolyte 2-30 0,06 2,8 17 775 1,6 199 29
catholyte 785 1,6 356 151
anolyte 3-50 | 0,04 2,8 18 765 1,6 180 28
catholyte 775 1,6 403 152
anolyte 5-10 | 0,08 2,8 18 735 1,6 169 28
catholyte 745 1,6 418 160
anolyte 6-50 | 0,1 2,8 19 730 1,6 151 28
catholyte 740 1,6 | 442 | 155
anolyte 9-15 | 0,14 2,9 19 720 1,6 156 29
catholyte 720 1,6 462 160

Qbservations

1) During this cleaning procedure there was a leak from the cell - a total of approximately 80 mi
leaked out from both compartments at a rate of approximately 10 mi/hour.

2) During this clean 70 ml of electrolyte was removed from each compartment as samples. Taking
intermittent concentrations and leaks into account, this amounts to the removal of 56 mg Ca and 20 mg

from the system.

Acid soaking solution
Time

Total exposed membrane area

Qbservations

Table A9-3
Experiment 3.1 - Acid Soaking

2 000 mli nitric acid (pH 1,5) in stirred beaker

3 days
0,015 m?
Determinand Initial Final
Acid Acid
pH 1,5 1,5
Ca (mg/) 7.0 407,0
Mg (mg/l) 3,0 132,0

1)The electromembrane surface appeared visibly free from scale after soaking.
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Table A9-4
Experiment 3.3 - Acid Soaking

Acid soaking solution 2 000 ml nitric acid (pH 0,5) in stirred beaker
Time 3 days
Total exposed membrane area 0,015 m?

Determinand Initial Final

Acid Acid

pH 05 0,6

Ca (mg/) 10,0 485,0

Mg (mg/)) 30 158,0
Observations

1)The electromemrane surface appeared free from scale after soaking.

Table A9-5
Experiment 3.5 - Rate of Descaling by Acld Soaking
Descaling soaking solution nitric acid, pH 1,3
Volume 600 ml
intial membrane mass 251¢g
Final membrane mass . 1,66 g
Sample volumes 10 m|
Total scaled membrane area 0,0033 m2
Time pH Ca Mg Volume
(h-min) (mg/) | (ma/) | (m)
0-00 1,1 10 3.3 600
1-00 1,3 201 45,0 600
2-35 14 301 68,0 590
4-05 1,5 396 85,0 580
6-15 1,6 400 84,0 570
8-05 1,7 431 86,0 560
12-05 17 452 86,0 550
23-40 1,7 446 85,0 540
35-35 1,7 452 87,0 530
47-05 1,7 462 87,0 520

Qbservations
1) During this clean 90 ml of nitric acid was removed as samples. Taking intermittent concentrations into
account, this amounts to the total removal of 35 mg and 7 mg Mg.



Table A9-6
Experiment 4.1 - Acld Electrolysis of Acld Soaked Electromembrane

After experiment 3.2, the same sample of membrane was electrolytically cleaned.

Acid wash solution nitric acid, pH 2
Current 05A
Initial volumes 800 ml
Final anolyte volume 700 ml
Final catholyte volume 600 ml
Total exposed membrane area 0,0081 m?
Determinand Initial Final Final

Acid Anolyte | Catholyte

pH 20 29 79
Ca (mg/) 7,0 20 88,0
Mg (mg/l) 3,0 0,2 9,0

Observations
1) The catholyte contained a dark precipitate.
2) The anolyte was clear.

Table A9-7
Experiment 4.3 - Rate of Descallng by Acld Electrolysls of Acld Soaked
Electromembrane

After experiment 3.4, the electromembrane was mounted in the cell and soaked overnight in nitric acid (pH
1) with no agitation, before electrolysis was commenced.

Acid wash solution nitric acid, pH 1

Current 05A

Inttial volumes 800 ml

Final anolyte volume 740 ml

Final catholyte volume 750 mi

Total exposed membrane area 0,0081 m?
Sample Time Faradays | Potential | Temperature | Volume | pH Ca Mg

(h-min) (A M) 49 (ml) (mg/) | (ma/l)

initial acid 0-00 - ambient bOO X2 1,0 10,5 3,3
after
soaking: 16-00 0,00 3,3 20 800 1,1 22,6 5,1
anolyte 800 1,1 22,2 4,7
catholyte
electrolysis:
anolyte 040 0,01 3,6 20 785 1,1 19,7 43
catholyte 790 1,1 38,2 6,8
anolyte 2-10 0,04 3,6 20 770 1,0 11,2 2,7
catholyte 775 1,2 53,0 8,2
anolyte 405 0,08 3,7 2 755 1,1 72 1,8
catholyte 760 1,2 63,5 9,1
anolyte 6-40 0,12 41 23 740 1,1 57 1,0
catholyte 750 1,5 70,0 9,7

Observations

1) puring this clean 30 ml of nitric acid was removed as samples from each compartment. Taking
intermittent concentrations into account, this amounts to a total removal of 26 mg Ca and 6 mg Mg.
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Analytical and Physical Data for Reference Run and Performance Tests

Cell parameters

number of compartments

width
height
length

anode-cathode distance
exposed electromembrane area

volume of electrolytes (each)

anolyte
catholyte

current (unless otherwise stated)

Yoltage recorded
Voltage was measured across the electrodes and represents the combined voit drop through the anode,
anolyte (11,5 mm), electromembrane, catholyte (11,5 mm) and cathode.

Volume

2

98 mm
95 mm
100 mm
23 mm

0,0081 m?

800 ml
50 g/l sodium bicarbonate
100 g/l sedium hydroxide

25 A

Volume was calculated by measuring the change in height of the electrolyte during electrolysis - 1 mm is
equivalent to 9 ml. The volumes of samples extracted (15 ml) were considered.

Table A9-8
Experiment 1.1 - Reference Run on Scaled Electromembrane
Sample Analysis
Sample | Time CD  [Chargqd Voits [ Temp | Volume | pH LS/ OH™ | cO,™ | HCO4 'Eotal Na [oF Mg
(m
hy [wmd | B WM | (S ] O cm) | @ty | @ | @ (g% (gn) | (me) | (mo/)
anolyte 0,00 310 | 000 |54 24 a0 |86 | = 00| 96| 188 207| 135]| 78 10
catholyte 800 77| 36 26| 25| 7g 02
anolyte 1,15 310 [012 {106 | D 770 |89 |4 00 83| 201 208| 144| 58 26
catholyte 780 374 30 20| 815] 94 04
anolyte 3,10 310 |030 |109 | = 745 |91 | & 00| 82| 249| 242| 167| 67 34
catholyte 790 76| 36 26| s54| 123 04
anolyte 515 310 ({049 | 110 | 8 710 (93 (@ 00| 103| 224| 239]| 172| 63 29
catholyte 765 388 30 20| 60| 92 04
Table A9-9
Experiment 2.2 - Performance Test on Acid Electrolysed Membrane (from Exp. 2.1)
Sample Analysis
Sampie Time CD Charge| Volts | Temp | Volume | pH L OH™ | CO;= | HCO, | Total Na
) (mSlc . CO§
(hy | (wvm? | (F) V) [ €C) 0] m) | @n | @n | @y | @ | @)
anolyte 0,00 310 |00 110 pc] 80 |90 |38 00| 96| 188] 207| 154
catholyte :49) 377| 38 28| 595
anolyte 1,45 310 |02 99 z7 7% |86 |>b col 90| 163| 185| 148
catholyte 810 1 63,1
anolyte 340 310 |03 60 p: 710 |87 (= 00| 82| 124 150 123
catholyte a0 434 45 33| 646
anolyte 540 310 |05 65 y.:] 60 |85 |24 00| 38| 140]| 128 96
catholyte 790 42| 45 33| 681
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Table A9-10
Experiment 2.2 - Performance Test on Acid Electrolysed Membrane (from Exp. 2.3)

Sample Analysis
“Sample Time CDh Charge] Volts | Temp | Volume [ pH L OH | co.=THcoO, | Tota Na
P ' 9 P msre | O [ €% . cof

(h) | awm? | (F) | (V) | (C) () m) | o@m | @n | @ | @M | @
anolyte 0,00 310 | 000 55 0 800 85 B 00 33 293 238 159
catholyte 800 47| 3p 00 22| 639
anolyte 200 310 | 017 |55 2 7% |81 3] 00 29 213 17,7 123
catholyte 80 Q7 24 00 18| 648
anolyte 400 310 | 034 6,2 3 70 |84 3 00 29 138 122 83
catholyte 800 457 30 00 24 657
anolyte 6,00 310 | 051 76 S 680 86 13 00 2.1 64 62 49
catholyte 810 45,1 30 00 24 68,7
QObservations

During this experiment there was a leak of approximately 200 m¥h of electrolyte from both compartments.
This electrolyte was collected and returned to the catholytle compartment. The effect was thatl the catholyte
was diluted by 10 mUh of anolyte, with an equivalent loss of 10 mi/h from the anolyte compartment.

Table A9-11
Experiment 3.2 - Performance Test on Acid Soaked Membrane (from Exp. 3.1)
~Sample Analysis
Sample | Time CD Charge| Voits | femp | Volume | pH L OH™ | cO,= | HCO, | Total Na
_ (mSle cof

hy | (wvm?) | (F) (V) | (C) (0] m) | (gm | @ | (gm | &N | @)

anolyte 000 310 |000 |108 2 800 |91 |3 00 73| 216| 21| 156
catholyte 800,0 3,1 36 26| 618
anolyte 3,10 310 (020 | 104 31 700 |93 |2 00| 82 85| 1221 116
catholyte 8000 423 42 31| 651
anolyte 6.20 310 [0682 |123 31 6650 |95 |12 00 29 39 50 48
catholyte 8050 a73| 24 18| 738

Table A9-12
Experiment 3.4 - Performance Test on Acid Soaked Membrane (from Exp. 2.3)
Sample Analysis
Sample Time CO Charge| Volts | Temp | Volume | pH L OH | COy= | HCO,™| Total Na
» . (mS/c o W

() | (wm? | (F) (V) | ¢C) 0] m | m | @ | @y | (o (g1

anclyte 0,00 310 000 |57 19 8000 |88 |38 00 56| 344| 202| 167
catholyte 800,0 479 15 00 11] 613
anolyte 1,50 310 | 017 |50 24 700 |87 | ™ 00| 31 %64 215] 126
catholyte 7800 50,3 24 00 18| 623
anclyte 350 310 0% |55 % 700 |88 |2 00 29 134 119 66
catholyte 7700 46| 30 00 22| 718
anolyte 535 310 |o52 (70 8 700 |8 |9 00| 08 68 55 33
catholyte 7700 571 24 00 18| 742
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Table A9-13
Experiment 2.2 - Performance Test on Acld Soaked & Electrolysed Membrane
(from Exp. 4.1)

The current was initially set at 0,5 A, but was raised to 2,5 A after 2,2 h.

Table

A9-14

Sample Analysis
Ch Volts | Temp | Volume H A 3 =| HCO., | Total Na
Sample | Time Ccb arge| Vol p P (mS/e OH™ | COy O3 COf
(hy [ (wm? | (F) (V) | €C) (0] m) | @ | @ | @n | (9N)
0,00 & | o000 70 2 8000 |91 ¥ 00 73 218 211 156
a<:2;:i’wl¥>telyte 800,0 39,1 36 26| 618
anolyte 220 e 1004 71 5
anolyte 310 004 | 124
anolyte 345 310 | 0,17 107 7 7900 |92 FB 00 83 180 171 141
catholyte 800,0 40| 30 22| 635
anolyte 745 310 (054 109 31 7250 | 89 -] 00 83 9.1 127 97
tholyte 8700 44,4 36 26 65,9
Observations

Experiment 4.4 - Performance Test on Acid Soaked & Electrolysed Membrane
(from Exp. 4.3)

Sample Analysis

Sampie Time cD Charge | Voits | Temp | Volume | oH- cO,= [ HCOq' gotal Na

h) | (am?) | (F) (V) | (C) 0] @) | @m | @ (g(/)lf (g)
anolyte 0,00 310 | 000 58 195 800,0 00 127 105 169 16,6
catholyte 800,0 418 54 00 39 576
anolyte 1,40 310 | 015 57 20 780,0 00 71 14,9 16,0 135
catholyte 790,0 445 6,0 00 44 606
anolyte 4,10 310 | 039 63 240 7400 00 38 122 11,7 93
catholyte 780,0 442 48 00 35 655
anolyte 6,00 310 | 056 73 50 7000 00 36 46 6,0 56
catholyte 780,0 51,0 48 00 35 66,6
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Calculations of Current Efficlencles (CE)

Table AS8-15
Experiment 1 - Reference Run Using Scaled Membrane
Na Species Carbonate/Bicarbonate Species OH Species
ple harge | Theoretical | Total Ubs. CE lotal | Total [O,°TH Cbs. lotal CE | lotai | Ubs. CE
Change change CO, | CO, |change | change | change change
(F) (mol) @ (mol) (%) () (9) (%) (%%) {mol) | (%) | (9) (mol) %)
anolyte 000 000 109 77 | 166 302
catholyte 50,0
anolyte 0,12 0,12 1,0 0 64 |180 |0o02 [001 |O®B |3
catholyte 480 0 292 00
anolyte 0,30 0,30 124 0 8,1 180 0
catholyte 438 0 297 00
anolyte 0,49 049 122 0 73 |170 o001 |o001 |o002 |4
catholyte 464 0 27 00

Table A3-16
Experiment 1.2 - Reference Run on Virgin Electromembrane

Faradays | Theorsetical | Anolyte Na | Anolyte Volume | Catholyte Na | Catholyte Volume
change loss gain
(F) )] @ (mi) (@) (m)
0,00 - - 750 - 750
012 28 24 05
026 6,0 38 -
041 94 62 6,6
051 "7 77 55
073 168 117 108
087 20,0 139 -
092 21,2 14,8 675 14,1 775
Using volume and Na loss/gain figures, loss of Na from the anolyte was calculated to be 16,2 g, while gain in the

catholyte is 16,1 g. These figures represent current efficiencies of 76 %.

Table A9-17
Experiment 2.2 - Performance Test on Acld Electrolysed Membrane (from Exp. 2.1)
Na Species Carbonate/Bicarbonate Species OH Species
Sample Uharge]l Theoretical [ Total 0bs. (13 Total lotal Cos. Ubs. lolal Ct I otal Ubs. [#43
Change change CO, | CO, |change | change | change change

B | moy | @ |mon ]| | @ | @ moh | @ | mor | o0 | @ | o | o

anolyte 000 0,00 123 77 166

catholyte 476 30,2

anolyte 0,16 0,16 12| 005 2|68 141|002 |oos |ooe |

catholyte 51.1| 0,15 % 317 009 |550
anolyte 034 0,34 89| 0,15 43| 59 110(003 013 |06 |46

catholyte 526 022 64 353 (027 | 770
anolyte 053 053 69| 024 47| 26 92/009 |017 |ox |4

catholyte 557 035 &6 362 |03 |670
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Table A9-18
Experiment 2.4 - Performance Test on Acid Electrolysed Membrane (from Exp. 2.3)

Na Specnes Carbonate/Bicarbonate Species OH SpeCIes
ple Charge] (heoretical [ Total Qos. [#13 lotal lotai Obs. Obs. lfotal CE I otal Ubs,
Change change CO, | CO, |change | change | change change

(F) (mol) ()] {mol) (%) @ (9 (m) (?"%f) (mol) | (%) @ (mol) %)
anolyte 0,00 0,00 12,7 26 190
catholyte 51,1 350
anolyte 0,17 0,17 961 0,13 %] 23 139 | 000 0,12 0,12 ra
catholyte 5281 0,08 47 3541 002 140
anolyte 034 034 6,7] 0,26 7’| 22 97 0,01 0,22 0,22 €5
catholyte §3,1] 009 5 37,11 0,12 36,0
anolyte 0,51 0,51 421037 2113 55 0,02 0,33 0,33 65
catholyte 5701026 51 384|020 B0

Note that losses resulting from leak have been taken into account

Table A9-19
Experiment 3.2 - Performance Test on Acid Soaked Membrane (from Exp. 3.1)
Na Species Carbonate/Bwarbonate Species OH Species
Sample Charge] Theorelical | fotal | ODs. CE | Total | Total Ubs. Tolal | CE | ol | Obs. CE
Change change CO; | CO, change dz:ange change change

(Fy | (mol) (@ {(mol) ¢+ (%) (9) (9 (r?%i) (m {mol) | &) | (9 {mol) %)
anolyte 000 125 58 | 169.
catholyte 404 - 313
anolyte 0,29 029 85| 0,17 60|60 |89 0,18 0,18 | &3
catholyte 521012 41 65,10 338(015 |510
anolyte 062 082 34040 6|20 |35 |006 [0% 036 | 8
catholyte 60.4 | 044 ) 387040 |640
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Table A9-20
Experiment 3.4 - Performance Test on Acid Soaked Membrane (from Exp. 3.3)

Na Species Carbonate/Bicarbonate Species OH Species
Sample Charge]l Theoretical | lotal Ubs. CE lotal | Total | Ubs. Obs. lotal CE otal Obs. | CE
Change change CO, CO, | change | change | change change

(F) {mol) @ (mol) | (%) (@ (9) (21%1) (%%f) (mol) | (%) | (9) (mol) | %)
anolyte 0,00 0,00 134 45 234
catholyte 490 383
anolyte 0,17 0,17 9,710,186 B 24 166 | 0,04 0,15 0,19 100
catholyte 486 392 | 005 20

100
anolyte 0,3% 0,36 50103 87 | 21 85| 004 0,34 0,38 100
catholyte 56,2 | 0,31 428 | 0,26 740
anolyte 0,52 0,52 261047 0 (06 44 (007 0,43 0,50 e
catholyte 59,11 044 84 456 | 043 830
Table A9-21

Experiment 4.2 - Performance Test on Acld Soaked & Electrolysed Membrane
(from Exp. 4.1)

Na Species Carbonate/Bicarbonate Species OH Species
Sample Chargef Theoretical | Total Ubs. CE lotal lTotal Qos. Cbs. Totai [¢13 lolai Ubs. Ck
Change change CO, COo, chc%me change | change change
@ | moy | @ [mod | 0| @ | @ [moh @ | o [ o0 | @ [ oy )
anolyte 0,00 0,00 125 58 169 :
catholyte 494 313
anolyte 0,17 0,17 11,1] 006 X| 66 135 0,08 0,08 45
catholyte 80,81 0,06 3 352 ] 023
anolyte 0,54 054 72| 023 44160 92 0,18 0,18 K]
catholyte 53,7] 0,15 28 362 |05 46,0

A9-11



Table A9-22
Experiment 4.4- Performance Test on Acid Soaked & Electrolysed Membrane
(from Exp. 4.3)

Na Species Carbonate/Bicarbonate Species OH Species
ple Charge{ [heorelicai | fotal Ubs. CE fotal | lofal | Obs. Qbs. jolal Ct | Totai | Obs. CE
Change change CO, | CO, |change | change | change change
F) | (mon | @ [md | 9| @ | @ moh | @ | mon | o0 | @ | o) | e
anolyte 0,00 0,00 133 102 | 135
catholyte 46,1 334
anolyte 0,15 0,15 105] 0,12 80|55 116 | 008 0,04 0,12 &0
cathotyte 4791 0,08 5 352 | o1 730
anolyte 039 0,39 711027 8] 29 89 0,12 0,10 0,22 57
catholyte 520|026 67 352 {011 8,0
anolyte 0,56 056 421040 7] 26 46 0,13 020 033 &0
catholyte 5381 0,33 Y 412 | 045 82,0

Calculations of Rate of Scale Removal During Cleaning

Note that total Ca/Mg removed has been calculated as the difference between the sum of the amount in the
anolyte, amount in catholyte, and amount in the samples; and the amount initially present in the electrolytes.

Table A9-23
Experiment 2.3 - Acid Electrolysis
Time Cain Cain Cain Total Ca | Total Ca Mg in Mg in ‘Mg in Total Mg | Total
anolyte cathol samples | removed | removed anolyle catholyte | samples | removed | removed
{h) {mg) {mg (mg) {mg) (mglem? || (mg) {mg) {mg) (mg) | (mg/cm?)
0 7 - 7 - - 2 - 2 - -
067 139 125 0 243 30 2 & 0 g 1,2
1,42 159 6 4 375 46 23 114 2 134 1,7
250 154 20 11 430 53 2 119 4 141 17
382 138 312 21 457 56 21 118 7 142 18
5,18 124 n 3 454 56 21 119 i 147 18
6,82 110 327 v 465 57 D 115 14 145 18
9,25 112 333 5 486 6,0 21 115 0 152 19
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Table A9-24
Experiment 3.5 - Acld Soaking

Time Cain Cain Total Ca | lotalCa Mg in Mgin TotalMg | Total Mg
solution samples | removed | removed | solution samples | removed | removed
(h) (mg) (mg) (mg) | (mg/cm?) || (mg) (mg) (mg) | (mg/cm?)
0,00 6 0 5 - 2 00 - -
1,00 121 0 115 35 7 00 P} 08
2,58 178 2 174 53 40 05 » 1,2
4,08 20 5 29 69 49 12 48 15
625 28 9 231 70 48 20 48 15
8,08 241 13 248 75 48 29 49 15
12,08 249 17 20 79 47 38 49 15
2367 241 2 257 78 46 48 49 15
35,58 240 5 260 79 46 55 0 1,5
47,08 240 0 64 80 45 64 49 1,5
Table A9-25
Experiment 4.3 - Acld Soaking and Electrolysis
Time Cain Cain Cain JotalCa | TotalCa Mgin Mgin Mg in Total Total
anolyte catho samples | removed | removed an catholyte | samples | remov removi
(h) (mg) (mg (mg) (mg) | (mg/em?) |[ (mg) (mg) (mg) (mg) | (mg/cm?)
0 80 8 - - - 26 26 - - -
12 180 18 - 0 025 41 38 - 27 003
- 180 18 - - - 4,1 38 - - 0,01
- 155 0 04 10 0,12 34 54 0,1 1,0 0,01
- 86 41 10 15 0,19 21 64 02 08 0,01
- 54 48 16 19 023 14 69 c4 09 0,01
- 42 5 23 24 0,30 07 73 05 06 001
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APPENDIX 10
SUPPLEMENTARY INVESTIGATIONS INTO OTHER ANODE MATERIALS

This Appendix contains:

Experlmental Data for Pilot Plant

Page A10-2 to A10-8

Experimental Data for Laboratory Tests

Pages A10-9 to A10-10
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Experimental Data for Pllot Plant

Table A10-1
Physical and Analytical Data for Stainless Steel Anodes (Pilot Plant Exp. 17B)
Anolyte 13 litres of 50 g/l NaHCO4
Catholyte 20 litres NaOH
Absorption column 38 litres partially carbonated effluent
Time | CO F— [Overall anode- | Temp | Vol. |[Sample | pH | C OF [ CO; [RCO; [Total | Na [ Fe
mem.

t) |(am?d ] 4] (C) 0] kmS/em) | () | (o) | (oM o | ) | (M
0-00 60| 0,0 2,4 48 13,3 nolyte 8,5 34 0,0 43| 246 211 13,2 0
280 3.0 20,0 |[Fatholyte 13,0 33| 28,9 3,0 0,0 22| 435

600 3,7
1100 4,9
1400 55
0-25 1400 1,2 55 pP3 50
0-45 1400 | 2.1 59 P8 51
1-05 1400 | 2,7 6,2 B.1 52 nolyte 8,5 29 0,0 22| 20,9 16,9 9,4 6
1-30 1400 | 4,0 64 R9 53
1-45 1400 | 4.5 58 B0 53 ;gg nolyte 8,1 26 0,0 1,7] 17.4| 139 8,7 2

Comments

1)  After 2,7 F the anolyte tumed yeliow.

2) After 4,5 F, the experiment was stopped becasue of a brown precipitate in the anolyte.

3) The precipitate from the anolyte samples at 2,7 and 4,5 F was filtered and redissolved in acid. AA anaJﬁes indicated high levels of iron.
4) Currrent efficiencies for sodium loss from anolyte were 65 %, and for CO; loss from the anolyte were 54 %.
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Table A10-2
Physical and Analytical Data for Nickel Anodes (Pllot Plant Exp. 19B)

Anol 20 litres of nanofiltrate from exp. 19
Cath)gl.;'ta 15 litres 10 % NaOH
Absorption column 60 litres effluent + 50 g1 NaHCO,

1ime

™

CU F over- |cell | mem. | cath. - pnode- [femp | Vol. [pample pH L
mem. |mem. (mS/
(Am?)

0-00

3,06

9,10

10,40 | 2000 37,9
11,40 400 41,6

12,50 | 1600 | 45,7

vy | ¥ v Mmoo cm) | () | (o0 | @) | @ | (o0 | (8
20 0.0

23 20,0 nol. L 0,0 4,7 4.8 9,8 35,8 0

200 15,0 thol. | 14, 17| 29,8 9,0 0,0 66| 492
400 60,0 |golumn| 9 44 0,0 151 156 224 218
1000

1600
2000
3000
3600

s It

43] 0,10 1,60 | 2,60

ohrmovaommOoD®

~
o
o
o
[y

50 | 20,0 [pnol. 6,9 91 0
15,0 |Fathol. 22| 34,
60,0 [folumn 9,4 45 0

w
=

—~owun
[o: =]
8
oo ]

4,41 0,10 1,70 | 2,80

=3

S

N
“ovwhwvwovLhvourow®

4.2 55

4,11 0,20 1,00 } 3,00 21

10,2] 0,10 38 | 19,7 |hnol. 62 62 0,0
15,5 |Eathol. 16 247

60,0 [folumn 9,1 45 0,0

e
(=)
(=]
o
NOOAENNANSODLWOUNOOVONOOUNAWWLN

8
S
S
N
N
]
-

NOo
Noo
£

2000| 21,0

20

400
1000
1800
2000

400
1000
1600
2000
2400
3000
4000
5000
2000 31,8

°

24

0,10 2,00 | 210

48 hnol.

o= NNNNUrnoNONAL L

Nat sttt s 2 ON

nvuhwlLoo®

-
NooouaWNOOIAWLN O

51 18,6 |pnol. 8,7 70 0
16,1 thol. 15] 24,
0

60,0 olumn 9.2 45
0,06 0,20 | 0,40 45
55 | 18,2 |hnol. 7.9 97

0
17,0 thol. 17| 25
0,07 1,20 | 0,30 60,0 |folumn| 8,9 451 0

347

Y-
w0
88
ow

N

=5
[3,X--N\\

1000
1600
2400

4000
5000
6000
7000

£y
[Te}7e]
g

N
~ —

=3
S
-
POONOULIIAWN S
[SX-X-RNEL /) OF O . Y

LONON-NOOOCO
DN BWO=OWUIN®

0,08 1,70 1,80 48 17,3 |gnol. 7.7
7,0 thol.
0,0 |polumn

After 0,0 F continued to run at 2 000 A/m?,
After 11,1 F the anolyte contained a pale green precipitate.

After 16,1 F the catholyte tank was leaking and the experiment was sto The cell was dt i j i
Wos faond o o Caiholyte tank was depos?t. pe pped. ismantied and, on inspection, the nickel anode

ﬁft&;régz)ﬁheanolyw had turned black and contained a grey precipitate. 1 kg of NaHCO3 was added o the anolyte (11,9 moles
a 3)

After 21,4 F a ball valve on the catholyte side had become deformed with h t and needed i
After 318 F, 1 kg of NaHCO, was 1o the anolyte. = repiacing.
By 41,6 F, the precipitate in the anolyte was black.
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Table A10-3
Physical and Analytical Data for Nickel Anodes (Pllot Plant Exp. 20 Carbonation)

Anolyle 115 g4 NaHCO3
Catholyte 12 litres NaOH
Absomtion column 60 litres effluent + 50 g/A NaHCO4

lime [#49] r over-

) [(A/m?

8

mem. [ cath. - Rnode- [lemp | Vol. [pbample [ pH L OH g [HCDy 1 otal Na Ni
mem. |mem. (mS/

W M |90 cm) | (@M | @) | @ %l? (90 | @

1=
<
K

20,0 Janol. 7.8 54 0,0
32,0 [Fathol. 11,9
60,0 {folumn 89 47 0,0

0,00 160| 0,0 30 441 21,4 24

323| 21,0

Lhwe

M)

0,19 26 3.6

0,10 2,0 2,7 40
49 | 16,0 |mnol. 7.6 61 0,0

35,6 |[Fathol. 15,3
60,0 |Folumn 87 47 0,0

o
r-N
[3,]
o
(=]
o N
oo,
(3]
[3,]
o
-
N
2

oo

0,03 20 2,7

NorUmweOhRONWO

3
(=]
o
-

N=OONHLWLWWNNOLVOOELWWN
PONOOLWLWLYNNODONLWWW

0,03 1,8 2,7 55 Enol.
Fathol,

Folumn

NhroUumNworwaANLOINDEN

3,00 7000 10,9

= =
Cn
L2y O

4,00 200 | 14,8 61

hOW

1000
1500
2000
3000

6000
5,00 200 | 18,1

600
1000
1500
3000
4000

7.55 600} 25,4
1400
2000
3000

6000
8,45 1000 | 27,1
2000
3000
4000
6000
10,00 | 1000 | 29,6
2000
3000
4000
6000

W

0,03 1.8 2,8

60

.0 |pnol. 7.4 51 0, 2,6
9 4

459| 39,6
Fathol. 1 0,0

N
N
o

&

-
SNPOAONNARO U AWNN
T OVLONNDLWNLLONNNDW

3
o
(=]
-

68

O CONWWNNONNEWWNN

o
1
N
LQuan -
N L P Y XY XY O

3,1 1.2 1.7 67 | 15,9 49 0,0] 12,0] 34,
4.8 7.0 0

7.9

64 18,3 |pnol. 8,7 53 0,
1

32,3 |kathol. 21, 40

vunnerherDorw

PONLEWOO L WO

Comments

1)  After 0,0 F continued to run at 1 000 A/m2.

2)  Atfter 1,55 F continued to run at 1 000 A/m2.

3) After 4,00 F continued to run cell at800 A/m? (4,2 volts).
4) After 5,00 F continued to run cell at700 A/m2 (3,9 volts).
5) After 7,55 F continued to run cell at 500 A/m2 (3,4 volts).
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Table A10-4
Physical and Analytical Data for Nickel Anodes (Pilot Plant Exp. 20A)

Anolyte 20 litres nanofiltrate from exp. 20
Catholyte 15 litres 10 % NaOH
Absorption column 60 litres effluent + 50 g/ NaHCO,
Irme | CD F over- | cell | mem. | calh. - janode- [lemp | Vol. rﬁample pH L OH Clq [RCO, lotal Na NI
all mem. | mem. {mS/
0 |(Am?) M vy | W v v (O] 0 cm) | (@M | @0 | (en | ) | (oM | (oM
0,00 20| o0] 1.9 21 | 20,0 |pnol. 89| s6| 00| o04| 232| 231| 268
200 26 15,0 [pathol. 20| 384| 24]0,044 18| 621
1000 42 60,0 |polumn| 94| 55| o00]| 180 52| 481]| 275
1600 52
2000 58 | 46]010 | 21 | 30
1,35 200| 56| 24 | 23 48
100 35 | 33
1600 43 | 39
2000 49 | 44
2400 54 | 48
3000 61 | 5.4
4000 74 | 64
5000 87 | 74
6000 103 | 87
7000 119 |102
3,00 | 2000| 11.0] 49 | 42]o10 | 16 | 25 |50 | 123 |hnal. 72| 51| o0 49| 256| 223| 287
15,4 [Fathol. 24| 367 24| o00| 18| 552
60,0 |polumn| 94| 55| 00| 169| 305 346| 273
1600 43 | 38] 001 1,5 | 2,2
4,50 2000 16,7] 23 | 2.3
1000 37 | 33
1600 48 | 43
2000 52 | 46
3000 69 | 63
4000 159 | 139
500 | 1800 17.0| 4.8 57
1200 41
635 | 12000 206| 49 | 440,10 1,5 | 28 |58 183 64| 39 o00]| o0 123] 90| 187
16,2 251 423| 43| o0| 38| 129
60,0 82| 55 00| 144 378| 381 398

Comments

1)  After 0,0 F continued to run at 2 000 A/m?2.
2) After 3,0 F tumed current down.

3) After 5,0 F wumed current down.

4) After 14,8 F tumed current down.
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Table A10-5

Physical and Analytical Data for Nickel Anodes (Pilot Plant Exp. 20B)

Anolyte 18 litres nanofiltrate from exp. 20
Catholyte 15 litres 20 % NaOH
Absorption column 60 litres effluent + 50 g1 NaHCOq
Time | CO F_[over- |cell | mem. | cal. - node- [Temp | Vol. Jpample| pH | L TH [ CO; [KO; [ o [ Na | NI
all mem. |mem. (mS/ CO;
h  |[(am? M v )] )] ™[]0 cm) | (@1 | (o0 | (@D (01 (oM | (N
ps 28 [ 18,0 |gnar. 92 56 ] Ba 23.2| 23.1| 258
o0 200| | 3 15,0 [Fathol. 42| e38| 60| 00| 44| 993
1000 5 60,0 |Folumn| 95| 49| 00| 145| 255| 292| 262
2000 6 571007 1.8 | 37
0,45 200| 2,9 3 2.4 39
1000 4 36
1600 5 4,3
2000 6 5.0
3000 7 6,2
4000 9 8,1
5000 16 | 14,0
1,30 | 2000| 6,0 5 4,8 0,04 16 | 31 (42 [173 |pnol. 80| 47| 00| 37| 170| 151| 189
15,7 |Fathol. 37| 67,2 3,0 0,0 22
40,0 |polumn | 95| 49 00| 156 256| 30,1
2,45 200| 8.8 2 23
1000 4 3,5
1600 5 4,5
2000 7 6.4
3000 9 8,2
4000 18 | 16,0
4,00 200 | 14,8 3 2.3 55 | 16,8 73| 35| o0| o0 73| 53| 115
1000 4 3,8 16,4 38| 655( 30| 00 96,9
1600 7 59 60,0 93| 49| 00| 121| 316| 319
2000 7 6.0
3000 13 [ 120
Lomments
1) After 00 F continued to run at 2 000 A/m?. .
2) Afher1,30Fanhisstagetheanolyteconfaxnedqpalegreenpmpmjate. B .
3) After 4,00 F at this stage the anolyte started tuming black and contained a grey precipitate. The expefiment was stopped.
Table A10-6 :
Physical and Analytical Data for Nickel Anodes (Pliot Plant Exp. 21A)
Anolyte 13 litres nanofiftrate from exp. 21
Catholyte 15 litras 10 % NaOH
Absorption column 60 litres effluent + 50 gt NaHCC; (from exp. 20B)
Time [ CD FTover- [cell | mem. ] cath.- Jancde- [Temp [Vol. Jpample pH] L A COq [HCO, | Tolal Na [
all mem. |mem. | (mS/ CO;
) [(am? M |w )] ™M | |0 cm) [ (oM | (@M | (oM (oA ) | N
0,00 20| 0,0] 2,00 21| 13.0|Rnol. 5.2 39,0 0.0 50[ 19.2[ 178 158 0
200 2,00 15,0 |Eathol. 220 383| 30] 00| 22| 634
1000 5,10 60,0 |Folumn | 9,3] 50,0 00 121 49| 30,1| 252
1600 6,50
2000 7,90 7.1] 0,06 1,9 5.0
3000 10,10
4000 13,00
1,55 200| 6,9]250 23 52
1000 4,20 3,8
1600 5.50 49
2000 7,00 6.3
3000 9,40 8,6
2,35 4288 04200 |34
, 4] 2,60 2,4 12,2 |pnal. 7.4] 28,0 00| 42| 21.7] 124 102
:ggg g,;g ;Z 15,(7) althol. 26,0 425 3.6 0,0 24| 7486
) . 60,0 Jeolumn | 9,2| 500 o0.0] 10 1 1
2000 10,20 | 10,2 2| 3181 310
2600 15,50 | 15,0
3,00 1600 | 10,7 12,90 | 12,0 11,9 [anol. 6,8 25,0 0,0 25| 1955]| 18,1 9,2
15,7 |Fathol. 260 462]| 24| 00| 140 763
600JFolumn | 9.2]420( 00] 120]| 269| 234
Lomments

1)  After 0,0 F continued to run at 2 000 A/m2.
2) After1,55 F at this stage the anolyte contained a green grey precipitate.
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Table A10-7

Physical and Analytical Data for Nickel Anodes (Pllot Plant Exp. 21B)

Anolyte 14 litres nanofiltrate from exp. 21

Catholyte 15 litres 15 % NaOH

Absorption column 60 litres effluent + 50 g/l NaHCO; from exp. 21A

Time | CO b Jover- [cell | mem. | cath. - node- [Temp | Vol. [bample] pH [ L CH Wy [RCU, | Total Na |
all mem. |mem. (mS/

M [(am? M vy W A M [T |0 cm) | (oM | (N | N | o) | o) | (o0
0,00 20| 00| 24 22 98| 49| 00| 144| 74| 159] 209 s
200 43 23| s3o0| 12| o00| o7]| 786
800 130 [123] 0,05 19 | 100 94| 50| 00| 108 28,1| 282| 242

1000 17,5
1600 25,4
2,20 200 35| 36 | 34 50 90| 48| 00| 109| 121 168] 191 2
800 73 | 68 57,1 16] 00| 12| 847
1000 85 | 78 95| 51 00| 133| 243 271] 23,1
1600 116 | 106
2000 134 | 123
2400 157 | 143
400 | 1600| 88| 94 | 86 57 81] 43| 00| 72| 135 151
59| 36| 00| 26| 822 7
94| 50| o00]| 133]| 232 273| 230
4,00 40| 8,8 3.1 24
200 6.9
1000 193 | 14,2 0,20 1,7 | 113
4,40 200 100| 34 35 78| 371 00| 72|1710( 170]| 158| 19
1000 8.1 7.5 530| 48 0] 35| 790
2000 128 | 118 95| 49| 00| 121]| 258 275
2400 145 | 131
2600 152 | 139
6,05 | 2000| 142|156 | 14,5 52 70| 31| 00| 25| 157 133]| 100 38
53| 36| 00| 22| 854
93| 48 00| 108] 29,2| 292
omments

1)  After 0,0 F continued to run at 1 600 A/m2.

2; After 2,20 F continued to run at 1 600 A/m?2.
After 4,00 F stopped experiment ovemight

4)  After 4,00 F continued to run at 1 000 A/m2.
5) After 4,40 F at this stage the anolyte started going black
6) After 4,40 F continued to run at 2000 A/m2,
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Table A10-8

Physical and Analytical Data for Nickel Anodes (Pilot Plant Exp. 21C)
Anolyte 13 lires nanofiftrate from exp. 21
Catholyte 15 litres 20 % NaOH
Absorption column 60 litres effluent + 50 g/l NaHCO, from exp. 21B
ime | CD F over- | cell | mem. | calh. - node- [lemp | VoI. ample| pH [ L OH [0 Total Ni
all mem. |mem. (mS/
M |(Amd) V) V) )] V) (0 0] cm) | (9M) | (oM o/ (oM
23 [ 13,0 |pnol. T3 31 0,0 7.2 Bl 168 7.0
o 20| 'zlg 15,0 |Fathol. 39| seo0| 84 ol 6.1
600 16,3 | 158] 0,10 16 | 133 60,0 [Folumn| 96| 48 00| 109 7| 311
1000 25,4 :
1,15 20| 1,4 42 41 42
600 8,0 7.5
1000 11,7 | 10,7
1600 16,0 | 14,5
1800 16,7 | 15,6
3200 254 | 234
3,45 %oo 63| 44 4,2 58 | 123 [Rnol. 88| 40 0,0 72| 146| 159
1000 11,2 | 105 15,8 thol.
1600 156 | 14,3 60,0 [Folumn| 93| 49 00| 108]| 31,7| 31,1
1800 16,6 | 154
3000 238 | 219
3300 08 23,4 23,3 60
425 | 1000 10,9] 12,7 | 11,
4,25 1500 | 10,9 16,2 | 15,0 25 | 123 |Rnol. 89| 38 0,0 4.8 2| 168
15,8 thol. 71,7 4.8 0 5
60,0 [folumn| 95| 49 0,0 133 8| 293
510 | 1500| 13,1| 17,8 | 16,8 40
1200 158 | 14,9
6,00 | 1200 | 150 179 | 17.0 57
800 140 | 13,0
7,05 800| 16,6 | 150 | 14,1 60
600 12,1 | 11,6
8,00 600 | 17,7 11,8 0,16 16 |100 | 60 7.7 |pnol. 77| 28 0,0 1.8 3| 107 70
17,2 thol. 32| 68,0 2,4 0 8
60,0 |[polumn 9,7 49 0,0 13,2 9] 293
Lomments

1)
2

After 0,0 F continued to run at 1 000 A/m2.

After 10,9 F the experiment was stopped ovemight a leak in the catholyte side was fixed.
3) Afer 13,1 F wumed current down.

Experimental Data for Laboratory Tests

Table A10-9
Physical and Analytical Data for Nickel Anodes (Laboratory Study)
Anolyte 5 litres of 50 g/l NaHCO; and 20 g1 Na,CO,
Catholyte 5 litres 10 % NaOH
Current 2A
Ime | CD F [Overall [mem. [ Anode lemp | Vol Sample pH CH LUy [HCO, T Tolal Na [
volts | Voits | mass
0 am3 V) 4] (9) £ 0] @) | (oM | (9N (91 @ | (M
GO0 | 2000[ 000 250 73| 13158 23 50 |pnolyle 3.8 00| 151 S| 321 200
5,0 [Fatholyte 38,0 1.8 0,0 13| 554
5,25 2000 | 0,42 6.6 32
22,15 | 1500 1,36 | 20,0 70 13,028 30 4,8 lhnolyte 9,1 00| 103] 257]| 263| 17.3 16
5,0 [gathoiyte 42,2 3,6 0,0 2.2 59,4
28,00 | 1500 1,68
44,15 | 1000 2,29| 18,0 57 12,689 27 4,3 |pnolyte 8,6 00| 12,4] 144 19,6 14,0 74
4,8 [ratholyte 43,9 4,8 0,0 29] 661
68,45 | 1500 3,66 | 255 10,3 12,215 30 4,1 nolyte 8,6 0,0 741 142 15,8 12,3 90
4,8 |catholyte 44,0 6,0 0,0 44| 71,6
98,45 | 1500 ] 5,34| 36,0 115 10562 30 nolyte 87| o0 25| 173| 145 75| 168
4,7 |batholyte 49,0 9,0 0.0 54| 72,0
Lomments
; ; After 0,42 F the current was tumed down to 1,5 A overnight (Vmem = 5,0).

After 1,36 F the anode wire connection sheared at
Minimal pitting corrotion was visabl

2; After 1,68 F tumed down current

Aft

V(ov) = 23,0,V{mem) = 7.6.

5; After 3,6F the anol
6) After5,34 F at this

e at this stage.
1A ovemight. During the ni
er 2,29 F the anode at this stage was coated in a b

A10-8

ower tripped.
ich was wiped off before weighing. The current was tumed up fo 1,5A

this stage - it was resoldered and the anode was sanded: 13 008 g.

ght the
ck deposit
yte at this stage contained a black precipitate.
stage the cell leaked on the anolyte side and approximately 1,9L had been lost, 2L remained.




Table A10-10
Current Efficlency Data for Nickel Anodes (Laboratory Study)

Na Species Carbonate/Bicarbonate Species OH Species
Samme F “theorelcal I otal Obs. CE total fotal Qos. ubs. 1otal CE Total CObs. [&4
Change change CO, | CO, |change | change | change change
(mol) @ 1 tmo) | 0 | (@ @ [ (mo (mo (mol) | &) ] (g | (mol) | €4
anolyte 0,00 0,00 100 760 [1610
catholyte 277 190,0
anolyte 1,9 1,36 & 074 400 | 490 |1260 | 04 08 12 0
catholyte 297 [087 [pa00 P110 |12 P10
anolyte 229 229 &0 1,74 [7600 | 530 [B40 |04 17 23 o
catholyte 317 [ 1,74 [6,00 0110 |12 [B20
anolyte 366 366 5 220 BOO0 | 300 Lss,o 08 22 30 g
catholyte 34 (290 [Bo0O P110 |12 B40
anolyte 534 534 34 (280 pB400 | 190 Ln.o 10 23 33 Lsz L
catholyte 38 (270 PBo0O 130 |72 [1000

* Caleulated assuming that the 1,9 I lost had an average of Na concentration of 10 g/, CO,™ of 1,5 g/l and CO,of 17 9.
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APPENDIX 11

SPREAD SHEET FOR DESIGN CALCULATIONS

Power requirements for NaOI ! production

kWh/1 NaOll

Determinand Symbol Unit Tquation
. WASIING VARIARLES
Moisture content of cloth into wash range mi 1/kg cloth Specified
Na conc of moisture on cloth inlo wash range ci g/l Na Specificd
Moisture content of cloth out of wash range mo 1/xg cloth Spcciﬁ:d
Na conc of moisture on cloth out of wash range co g/l Na SMﬁcd
Avcrage cloth mass fm kg/m Spcctﬁ:d
Cloth speed fs m/h Spccn.ﬁcd
Up time of scouning wash range tm h/d Specificd
2 TREATMENT PLANT VARIARLES
Cross-flow microfiltration watcr recovery Re %o Specificd
Nanofiitration water recovery Rn % Specified
Nanofiliration point Na rejection r % Specificd
Electrochemical celi eurrent efficiency c % Specified
Cleatrochemical cell tempermlure T c Specified
Electrochemicat cell water transport number nw e/ 14,6.07% %42%CF
Electrochemical cell clecirolyte length 1 m Specified
Electrochemical ccll average catholyte conductivity CONDC S/m Specified
Electrochemical celt decomposilion, polarisation and membrane vollage vd v Specified
Up time of treatment plant 1p h/d Specificd
5. WASH-WATER AND EFFLUENT CHARACTERISTICS .
Na conc in total wash water G g/l Na Specified
Total wash-water flow Q i/kg cloth Specificd
Effuent flow L1 t/kg cloth Specified
Na conc in c[flucat Cl g/l Na Specificd
4. MASS BALANCE CA!.CULATIONS
Wash Range : Mass Na in on cloth Ni g/kg cloth mi.ci
Mass Na out on cioth No g/kg cloth mo.co
Mass Na in efMlucnt N1 g/kg cloth Li.cl
Cross-flow microfiltration: Concentraic fllow L2 1/kg cloth LI(]1-Rc/7100)
Na conc in concentrate or) g/I Na ci
Mass Na in concentrate N2 g/kg cloth Lz2.cz
Pcrmeate flow 3 {/kg cloth Li-12
Na conc in permeate a g/l Na ci
Mass Na in permeate N3 g/kg cloth L3.C3
Nanofiliration: Concentrate flow 14 I/kg cloth L3(1-Rn/100)
Na conc in concentrate C4 g/l Na (N3I-N4)/Ls
Mass Na in conceatrate N4 g/kg cloth L4.C4
Pcrmeate flow LS 1/kg cloth L3-14
Na conc in permeate cs g/l Na (C3.100/Rn)(L - (1 -Rn/100) /1)y
Mass Na in permeatc NS g/kg cloth L5.CS
Electirochemical cell: Mass Na in recovered NaOll N6 g/kg cloth NS -Cq.Q
Recovered NaOH Ls 1/xg cioth N6 .nw/ 1000
Na conc in recovered NaOIl Co g/l Na NG67L6
Depleted brine flow L7 1/kg cloth LS-16
Na conc in depleled brine c? g/i Na (NS-N6YL?
Mass Na in depleted brine N7 g/kg cloth c7.L7
Make-up Na as NaOH N8 g/kg cloth NO+ N2+ N4
Make-up water 9] 1/kg cloth Q-L7
5. Na 1.OSSES
Na loss (rom drag-out loss 1 o NO.100/Ni
Na loss in cross-flow microfiliration concentrate loss 2 % N2.100/Ni
Na loss in nanofiliralion concentrate loss 3 % N4.100/Ni
Na loss from system s %o N8.100/N{
Savings on cxisting Na make-up N9 g/kg cloth NI-N8
% N9.100/N1
6. WATER 1.OSSES
V/ater loss from sysiem w % L8.100/Q
Savings on existing water make-up L9 1/kg cloth L1-L8
% L9.100/L1
7 ELECTROCHEMICAL UNIT OPERATING PARAMEITRS
Maximum anolyte conductivity CONDA1} S/m Equation 9.14/1000
Minimum anoiyte conductivity CONDA? S/m Lquation 9.14/1000
Maximum limiting current density CD1 Afm? 2,6 .CONDAI.1000
Minimum limiting current density D2 Afm? 2.6.CONDA2.1000
Average imiting currcat deasity CD3 Afm2 (CD1-CD2)72
Minimum anolyte volt drop VAL v {.CDI/CONDAI
Maximum anolytc volt drop VA2 v {.CD2/CONDA2
Avtrage anolyte volt drop VA3 v (VAL +VA2)72
Average catholyte volt drop - vC v {.CD3/CONDC
Average cell potential Ve v VC-VA3-vd
Elecirical requiremenls F F/kg cloth N6/(23.E/100)
8. ELECTROCHEMICAL UNIT AREA AND POWER REQUIREMENTS
Specific arca requirements As m2/kg cloth 26.8.F/(1p.CD3)
Toral arca requirements Al m2

As./m.[s.m
23000.CD3. ALV c/NG.[m.[s.40
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