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APPENDIX A

Find the standard deviation
of Ahmvalues

Figure AL Diagram of response time constant determination.
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Table Al The ex

concentration for

Time Is
§ 5
000.

Iime
SeC)
0
12
24
3
43
60
12
&
%
108
120
132
144
156
168
180
192
204
216
228
240
252
264

b-1-

volt

2.3145
12158
11865
11768
11512
11816
11621
11523
11426
1162
11475
1167
11572
11328
11426
L1475
11328
11426
11219
11475
11523
L1475
11572

;

erimental and predicted hydrogen
atch system at flowrate 250 rpm.

pH

4.7116
0.7545
0.6685
0.6685
0.6512
0.59%
0.634
0.59%
0.59%
0.599
0.599
0.548
0.6168
0.634
0.599
0.5652
0.5652
0.5652
0.599
0.634
0.548
0.5624
0.5652

alfa =

hm  hm(T) DIFF

19606 0 0

0.17599 005578 0.05576
0.21454 0.10254 0.07346
0.21454 0.14174 00728
0.22325 01746 0.03993
0.25142 0.20216 0.0211
0.23227 0.22526 0.02616
0.25142 0.24463 0.01236
0.25142 0.26087 0.00945
0.25142 0.27449 0.02307
0.25142 02859 (003448
0.28314 0.29548 0.04405
0.24166 0.3035 0.02036
0.23227 0.31023 0.06857
0.25142 0.31587 0.0836
0.27214 03206 0.06918
0.27214 0.32457 0.05242
0.27214 032789 0.05575
0.25142 0.33068 0.05853
0.23227 033302 0.0816
0.28314 0.33498 0.1027
0.26158 0.33662 0.05348
027214 0338 0.07642



216
268
300
312
324
336
343
360
372
364
396
408
420
432
444
456
468
430
492
504
516
528
540
552
064
576
568
600
612
624
636

11317
11317
11328
11572
11426
11317
11426
11317
11219
11523
11317
11328
11219
11328
1.1426
11475
11328
11523
11317
11475
11475
11219
11523
L1475
11523
11328
11328
1123
11317
11219

0.6168
0.548
0.548
0.5308
0.548
0.5624
0.599
0.548
0.5652
0.59%
0.599
0.5624
0.548
0.634
0.5308
0.5652
0.5308
0.548
0.4964
0.4964
0.548
0.5136
0.6168
0.548
0.5308
0.5652
0.5136
0.5652
0.5308
0.494

0.24166 033915 0.06701
0.28314 0.34012 0.09846
0.28314 0.34093 0.05/79
0.2458 0.34161 0.05847
0.28314 0.34218 (0.0476
0.26158 0.34266 0.05952
0.25142 0.34306 0.08148
0.28314 03434 0.09198
0.27214 0.34368 0.06054
0.25142 034392 0.07177
0.25142 034412 0.09269
0.26158 0.34428 0.09286
0.28314 034442 0.08284
0.23227 0.34454 0.0614
0.20458 0.34464 0.11236
0.27214 0.34472 0.05014
0.20458 0.34479 0.07264
0.28314 0.34484 0.05027
0.31886 0.34489 0.06175
0.31886 0.34493 0.02607
0.28314 0.34497 0.02611
0.30648 0.345 0.06186
0.24166 0.34502 0.03854
0.28314 0.34504 0.10338
0.29458 0.34506 0.06192
0.27214 0.34507 0.05049
0.30648 0.34508 0.07294
0.27214 0.34509 0.03861
0.20458 0.3451 0.07296
0.31886 0.34511 0.05063

11219 0548 028314 034511 0.02625



648
660
672
664
696
108
120
32
144
1%
168
180
192
604
816
628
840
892
664
876
868
900
912
024
936
943
90
a2
964
996
1008

1123
11426
11219
11317
11426
11475
11426
11317
1123
11219
11328
11133
1123
11328
11328
11328
L1475
11084
11317
11133
11219
1123
11219
11317
11133
1123
11182
11182
1.1064
11328
11328

0.548
0.4964
0.5652
0.5308
0.548
0.5136
0.548
0.5308
0.4964
0.548
0.5652
0.5652
0.5624
0.548
0.548
0.4964
0.548
0.4792
0.548
0.548
0.548
0.5136
04792
0.462
0.5652
0.4964
0.548
0.548
0.4964
0.548
0.5136

0.28314 0.34512 0.06198
0.31886 0.34512 0.06198
0.27214 0.34513 0.02627
0.29458 0.34513 0.07298
0.28314 0.34513 0.05055
0.30648 0.34513 0.06199
0.28314 0.34513 0.03866
0.20458 0.34514  0.062
0.31886 0.34514 0.05056
0.28314 0.34514 0.02628
0.27214 0.34514  0.062
0.27214 0.34514  0.073
0.26158 0.34514 0.073
0.28314 0.34514 0.08356
0.28314 0.34514 0.062
0.31886 0.34514 .0.062
0.28314 0.34514 0.02628
0.33174 0.34514  0.062
0.28314 0.34514 0.0134
0.28314 0.34514  0.062
0.28314 0.34514 0.062
0.30643 0.34514 0.062
0.33174 0.34514 0.03866
0.34514 0.34514 0.0134
0.27214 0.34514 3.7E-07
0.31886 0.34514 0.073
0.28314 0.34514 0.02628
0.28314 0.34514 0.062
0.31886 0.34514 0.062
0.28314 0.34514 0.02628
0.30648 0.34514  0.062



1020
1032
1044
1056
1068
1080
1092
1104
1116
1128
1140
1152
1164
1176
1188
1200
1212
1224
1236
1248
1260
1272
1264
129
1308
130
1332
134
13%
1368
1380

1123
11182
11328
11328
11084
11084
11219
11279
11219
1123
11219
11317
1123
11182
11182
11084
11182
11328
11133
11475
1123
11328
11084
11219
11133
11035
11182
1123
1123
11328
1123

04792
0.5308
0.5308
0.5136
0.5824
0.548
0.5308
0.548
04792
0.4964
0.5308
0.4964
0.4792
0.5652
0.4792
0.4964
0.5136
0.548
0.5308
04792
0.4964
0.5136
0.5308
0.462
0.5308
0.5652
0.462
0.5136
0.5308
0.4964
0.462

0.33174 0.34514 0.03867
0.29458 0.34514 0.0134
0.29458 0.34514 0.05057
0.30648 0.34514 0.05057
0.26158 0.34514 0.03867
0.28314 0.34514 0.08357
0.29458 034514 0.062
0.28314 0.34514 0.05057
0.33174 0.34514 0.062
0.31886 0.34514 0.0134
0.29458 0.34514 0.02628
0.31886 0.34514 0.05057
0.33174 0.34514 0.02628
0.27214 034514 0.0134
0.33174 0.34514 0.073
0.31866 0.34514 00134
0.30648 0.34514 0.02628
0.28314 0.34514 0.03867
0.20458 034514 0.062
0.33174 0.34514 0.05057
0.31866 0.34514 0.0134
0.30648 0.34514 0.02628
0.29458 0.34514 0.03867
0.34514 0.34514 0.05057
0.20458 034514 16E-09
0.2/214 0.34514 0.05057
0.34514 034514 0073
0.30648 0.34514 9.2E-10
0.20458 0.34514 0.03867
0.31886 0.34514 0.05057
0.34514 0.34514 0.02628

5



132 11182 05136 030648 0.34514 4.6E-10
1404 1123 04964 031886 0.34514 0.03867
1416 11279 04448 035909 0.34514 0.02628
148 11035 05824 026158 0.34514 0.013%4
1440 11182 05308 0.29458 0.34514 0.08357
1452 11035 05136 030648 0.34514 0.05057
1464 1123 05136 030648 0.34514 0.03867

0.0246

Time (sec.)

Figure A2 Comparison hetween measured and theoretical hydrogen ion
concentration of response time of pH electrode experiment i batch
operation at mixing speed 750 rpm.
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Figure B1 Diagram of volume of CSTR calculation in No-Adsorption Test.
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Table BL The experimental and predicted hydrogen concentration of No-
Adsorption Test.

Volumetic veIoci\t/, v,= 0833 wlk
Volume ofPFRVp,= 10 ml
Resident time, tr, = 12.0048

Volume of CSTR, V,, =1 25 1ml

init. Cone., h0, = 02 N
dt= 20
beta = 6664  (v¥dt)V 1
Time (sec)  pH h2 exp. hi h2 pre.
0 5.56 2.75423E-06  0.173904 0
20 5.41 3.89045E-06 0.196595 0
40 5.38 416869E-06 0.199556 0
60 2.50 0.003162278  0.199942 0
80 0.83 0.147910839  0.199992 0.18525
too 0.72 0.190546072  0.199999 0.196595
120 0.70 0.199526231 0.2 0.199556
140 0.70 0.199526231 0.2 0.199942

160 0.70 0.199526231 0.2 0.199992
180 0.70 0.199526231 0.2 0.199999

200 0.70 0.199526231 0.2 0.2
220 0.70 0.199526231 0.2 0.2
240 0.70 0.199526231 0.2 0.2
260 0.70 0.199526231 0.2 0.2
280 0.70 0.199526231 0.2 0.2
300 0.70 0.199526231 0.2 0.2
320 0.70 0.199526231 0.2 0.2
340 0.70 0.199526231 0.2 0.2
360 0.70 0.199526231 0.2 0.2

380 0.70 0.199526231 0.2 0.2



Xable B%)Performance of No-Adsorption (flow characteristic of the column) (completely Implicit
pproach).

Specific values of
column _
diameter 285 cm hin=" 02 N
length=" 24 cm
= 013 crals
dt= 10
dx= 3.17073 cm
eps= 041

= 0 1 2 3 4 5 & 1 8
cem- 0 3UT07 63415 9512 126829 158537 10044 221051 253659
()
0) h 07® o0 0 0 0 0 0 0 0
¢ 0 0 0 0 0 0 0 0 0

110) h 0182 0. 0 0 0 0 0 0 0
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Calculate the h
values from ¢ values

1

Compare the h varlues. at exit of the
column with the experimental values

Figure CI Diagram of ¢, g and h calculation in fixed-bed operation.



Table CI The experimental and predicted hydrogen concentration of ion-
adsorption in fixed-hed operation.

Volumetic velocity, v, 167 mlls
Volune ofCSTR, VI,= 25  ml
init. Cone., CO, = 01 N
Hight of column = 24 cm

Volume of resin (completely packed), VR=  147.78 ml
Volume of liquid, VL= 60.59 ml

eps= 041

Time (sec)  pH h2exp.  h2pre.
0 4,0000 00001  0.0000
5 3.9700 0000  0.0000
10 3.9400 00001  0.0000
15 3.9100 00001  0.0000
20 3.8800 0000 0.0000
25 3.8475 00001 0.0000
30 38150 00002  0.0000
3 3.7825 00002 0.0000
4 3.7500 00002  0.0000
45 3.7025 00002  0.0000
50 3.6550 00002  0.0000
55 3.6075 00002  0.0000
60 3.5600 00003  0.0000
65 3.1610 00007 0.0000



70
75
80
85
90
95
100
105
110
115
120
125
130
135
140
145
150
155
160
165
170
175
180
185
190
195
200
205
210

2.7620
2.3630
1.9640
1.6870
1.4100
1.1330
0.8560
0.8119
0.7678
0.7237
0.6796
0.6697
0.6597
0.6498
0.6398
0.6361

0.6324
0.6287
0.6250
0.6248
0.6245
0.6243
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240

0.0017
0.0043
0.0109
0.0206
0.0389
0.0736
0.1393
0.1542
0.1707
0.1889
0.2091
0.2140
0.2189
0.2240
0.2292
0.2312
0.2331
0.2351
0.2371
0.2373
0.2374
0.2375
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377

0.2377

0.0003
0.0039
0.0177
0.0440
0.0775
0.1113
0.1413
0.1659
0.1851
0.1996
0.2103
0.2182
0.2238
0.2279
0.2307
0.2328
0.2342
0.2352
0.2359
0.2364
0.2368
0.2370
0.2372
0.2373
0.2374
0.2374
0.2374
0.2374

0.2374
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215
220
225
230
235
240
245
250
255
260
265
270
275
280
285
290
295
300
305
310
315
320
325
330
335
340
345
350
355

0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240

0.6240

0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377

0.2377

0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374

0.2374
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360
365
370
375
380
385
390
395
400
405
410
415
420
425
430
435
440
445
450
455
460
465
470
475
480
485
490
495
500

0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240

0.6240

0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377

0.2377

0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374

0.2374
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505
510
515
520
525
530
535
540
545
550
555
560
565
570
575
580
585
590
595
600
605
610
615
620
625
630
635
640
645

0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240

0.6240

0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377

0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374

0.2374
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650
655
660
665
670
675
680
685
690
695
700
705
710
715
720
725
730
735
740
745
750
755
760
765
770
775
780
785
790

0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240

0.6240

0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377
0.2377

0.2377

0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374
0.2374

0.2374

n



795
800
805
810
815
820
825
830
835
840
845
850
855
860
865
870
875
880
885
890
895
900
905
910
915
920
925
930

935

0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
0.6240
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Table C2 Performance of ion adsorption in fixed-bed operation (completely implicit approach),

dx = 3.170732 cm
= 026 cm/s (flowrate = 100 mli/min , diameter of column
eps= 041

dt= 5
tin= 01 meg/ml r = K(beta*cAl/n - q)
alpha = 1.603659 K*dt/eps K= 01315 -1
gamma = 1.114407 K*dt/(l-eps) beta= 0.304
= 245
trigger= 2 1/n (m) = 0.408163
startc= 0.2 under-relaxation = 0.1
= 0 1 2 3 4
x (cm) =
u

00) ¢ 0l 0 0 0 0

5 6

0 0

/

0

8

0 3107 63415 95122 126829 158537 19.0244 221951  25.3659
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0.1000
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0.0051
0.0101

0.0041
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APPENDIX D

Figure D1 Diagram of fraction of ions adsorbed onto the resin
calculation for batch operation.
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Table D1 The Ca2+ions concentration as a function oftime in batch operation.

Ca2+ (inmixed ion solution)  From the data inlet Ca2+ = 0.1 meg/ml of solution
In batch operation But I use solution6  ml. Soinlet Ca2+=0.1*6 meg

9/2612 0 inlet Ca2+ = 60 meg.
outlet Caz+ = 0.0543*6 = 32.58 meq.

So Mg2+ are adsorbed = 27.42/21.31 ni of resin

adsorption rate of Mg2+ is (0.098-0.0701 )/( 160-0) = 1.74375e-4 meg/ml.of sol .sec.
r=(1.74375e-4 *600)/21,] ) resin . Sec

Time C
U (meg./ml.)
0 0.098
20 0,093

4 0.0908
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Figure D2 Correlation between Ca2+ions concentration and time in batch
operation.



Table D2 The Mg2+ions concentration as a function oftime in batch operation.

Mg2+ (in mixed ion solution)

In batch operation

9/26/2000

Time () c(meg/ml.)
0 0.09%
20 009575
4h 0.0937
70 009035
100 00878
130 00834
160, 00819
19 111
220 00754
50 0075

From the data inlet Mg2+ = 0.1 meg/ml of solution

But I use solution 600 ml. So inlet Mg2+ = 0.1*600 meg

inlet Mg2+ = 60 meq.

outlet Mg2+ = 0.059*600 = 35.4 meg.

S0 Mg2+ are adsorbed = 24.6/21.3 |/ml of resin

adsorption rate of Mg2+ is (0.098-0.0796)/( 190-0) = 9.6842e-5 meg/ml.of sol .sec.
(9.6842e-5 *600)/21.3 Tesin . Sec

In batch (mixed-ion solution)

Total metal adsorption = 1.283+1.15127 = 2.43427 meq/ml of resin.
Fraction of Ca2+ adsorbed onto the resin = (1.283/2.43427)* 100 = 52.7 %

Fraction of Mg2+ adsorbed onto the resin = (1.15127/2.43427)* 100 = 47.3 %
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Figure D3 Correlation between Mg ions concentration and time in
batch operation.
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Figure D4 Dia?ram of fraction of ions adsorbed onto the resin calculation for
fixed-bed operation.



Table D3 The Ca2ons concentration vs. time and number of Ca2+ ions adsorbed onto the resins.

Ca2+ [ H+ ion exchange in

fixed-bed operation at O= 01 meg.Ca2+/ml.sol
at flowrate 100 ml./min. flowrate= 167 ml.sol./sec.
no. of Ca2+ inlet= 0.167 meq.Ca2+/sec.
1120100
Time (sec.) (meg./ml. no. of adsorbed Ca2 no. of adsorbed Ca2+ 0= 041
(meq.Ca2+/mlsol.)  (meq.Ca2+/sec.) e = 03897
0 0.0072 0.09 0.15 h="145 om,
4 0.0081 0.09 0.15 61389 o= 15 cm.
10 0.0054 0.09 0.16 473%  Vit= 92538 ml.
% 0.0045 0.10 0.16 31897  VR= 36.058 ml.
120 00036 0.10 0.16 4.8296
15 00063 0.09 0.16 46944
180 00054 0.09 0.16 47395 qt=" 6||| meg./ml.resin
200 00126 0.09 0.15 43187
240 00189 0.08 0.4 4,0631

210 0.0261 0.07 0.12 3.7024



300
330
360
390
40
450
430
510
40
510
600
630
660
690
120

0.0315
0.0387
0.03%
0.0423
0.0558
0.0585
0.0695
0.0785
0.08%
0.0983
0.0990
0.1000
0.1000
0.1000
0.1000

0.07
0.06
0.06
0.06
0.04
0.04
0.03
0.02
001
0.00
0.00
0.00
0.00
0.00
0.00

011
0.10
0.10
0.10
0.07
0.07
0.06
0.04
0.02
0.00
0.00
0.00
0.00
0.00
0.00

Total no. of adsorbed Ca2+ (meg. Ca2+/sec) =

34319
30711
3.0260
2.8908
2.2144
2.0192
1.7285
10772
0.5261
0.0852
0.0501
0.0000
0.0000
0.0000
0.0000
60.6561



Table D4 The Caztions concentration vs. time and number of Ca+ions desorbed from the
resin.

regenerate Ca2+ / H+ ion exchange in
fixed-bed operation at
flowrate 100 ml./min. (single-ion solution)
= 01 meq. Caz+/ml.so

flowrate  1.67 ml. Sol./sec/

10/17/2000 no. of Ca2+ inlet  0.167 meq. Ca2+/sec.
Time (sec.) ¢ (meg./ml. no. of desorbed Ca2+
(meq Ca2+fs) 0= oa
0 450E-05 0.0001 e= 0.3257
5% 00000 00001 0.00376 h="1a om
120 0003 00060 042084 ho= 16 om.
15 00468 00782 2.34468 vt= 89.348 M,
170 00576 0.0962 1.92384 VR = 20.102 ml.

200 0055 00929 2.78556
220  004% 00828 1695664
240 00436 00728 145624
260 00397 00663 1.32598

4/\



280
300
330
360
390
420
450
430
510
540
570
600
630
660
690
120

0.0325
0.0298
0.0258
0.0216
0.0174
0.0126
0.0080
0.0056
0.0031
0.0013
0.0008
0.0005
0.0002
0.0002
0.0001
0.0000

0.0543
0.0498
0.0431
0.0361
0.0291
0.0210
0.0134
0.0004
0.0052
0.0022
0.0013
0.0008
0.0004
0.0003
0.0001
0.0000

10855
0.99532
1.29258
1.08216
0.87174
0.63126
0.4008
0.26056
0.15531
0.06513
0.04008
0.02505
0.01227
0.00802
0.00281
0.0013

qd = (0.724101+0.648598)/2
= 0.6863 meg/ml resin

From adsorption part
ot = (1.682176+1.700239)/2
= 16912 meg/ml resin.

So dgdt = 0.68635/1.6912
= 04058

Ca2+ adsorbed onto the resins



750
180
810
840
870
900

0.0001
0.0001
0.0000
0.0000
0.0000
0.0000

0.0001
0.0001
0.0000
0.0000
0.0000
0.0000

0.00406
0.00301
0.00085

0

0

0

Total no. of desorbed Ca2+ (meq Ca2+) = 18.8753



Table D5 Amount of Ca2+ions desorbed and adsorbed onto the resins as a function of time
for fixed-bed operation.

exchange with the resin at

9/27/2000
Time (sec) amount of Ca2 amount of Ca2+
jons desorbed  ions adsorbed Fraction of adsorbed Ca2+ 0.6112 %
0 0.0000 0.0000 Fraction of adsorbed Mg2  0.3888 %

20 0.0000 0.0000
40 0.0001 0.0003
60 0.0023 0.0057
80 0.0046 0.0112
100 0.0097 0.0239
120 0.0086 0.0212
140 0.0359 0.0885
160 0.0328 0.0808
180 0.0275 0.0678



200
20
240
260
280
310
340
310
400
430
460

amount of  dsorbed Ca2+

0.0226
0.0157
0.0104
0.0055
0.0021
0.0003
0.0001
0.0006
0.0002
0.0000
0.0000

0.0557
0.0387
0.0256
0.0136
0.0052
0.0007
0.0002
0.0015
0.0005
0.0000
0.0000

Jmeg/ml

00
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Appendix E

Due to in equation 2.20 and 2.21 have both Cjx+1 and
qinti so it lack of starting value of calculation process.

Deceive the computer wipre
Use the “if” function to
?é?ﬁ%%%%fﬁgngtartc et the real calculation

X. (Iftrigger =

valug in Appendix . | start_c,equation 2.21).

Change trigger egual to
other value, say,

~Cis calculated by
equation 2.21.

. Meaning of “if’ function:

#1ftrigger =1, C=start ¢ value
# When tigger = other value, say, 2, ¢ =
calculated value from equation 2.21.

Figure EI Diagram of how the trigger cell work.
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Appendix F

Figure FI' Diagram of how the under-relaxation work.
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APPENDIX G

Figure GL Diagram of iteration method (Completely Implicit Approach).
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APPENDIX H

Figure HI Diagram of solution preparation for AAS test.
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The results of concentration in ppm

1
Real ppm = ppm (from AAS)*time of dilution

Figure H2 Method of conversion from AAS result to real concentration.
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