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APPENDICES

Appendix A Experimental Data and Salt lons Balance in Each Stream

Table AL Experimental data at 70% water concentration

Cycle Feed
1 52
2 418
3 34
4 296
-5 2483

Conductivity (micro siemens)
Product Concentrate Electrode
1 2 3 1 2 3 1 2 3

418 442 45 1082 9 831 87 686 67

Current(A)

1 2 3
3 22 19

328 345 36 909 687 697 746 631 599 17 16 15
304 308 298 591 58 5806 57 473 476 14 14 14
24 245 246 514 525 508 473 435 441 14 14 14
21 2 219 456 446 435 448 488 382 12 12 12

Table A 2 Experimental data at 60% water concentration

Cycl Feed
1 63
2 56l
3 52
4 479
5 43

Conductivity (micro siemens)
Product Concentrate Electro( e
1 2 3 ENASe-l .2 3
565 577 571 937 88 854 82 753 789
537 527 532 854 894 846 714 756 744
489 494 493 765 768 744 684 683 651
451 453 449 73 7 704 608 587 59
404 41 4 613 625 644 542 53 597

Table A3 Experimental data at 50% water concentration

Cycle Feed

1
2
3
4
5

5.34
5.22
4,96
483
45

Conductivity (micro siemens)
Product Concentrate Electroc e
1 2 3 1 2 3 1 2 3
52 524 521 706 715 703 682 661 6.39
506 504 51 677 7 684 656 682 634
482 486 486 646 69 6.79 583 562 58
458 46 463 611 613 624 584 566 561
434 435 425 597 591 597 531 542 559

Current(A)

1 2 3
22 22 2
21 23 21
21 21 19
2 2 18
17 18 18

Current(A)

1 2 3
16 15 15
16 16 16
16 16 16
16 16 16
15 16 16



Table A4 Experimental data at 40% water concentration

Cycle Feed

412

Ol =0 —

Conductivity (micro siemens)

Product Concentrate

2

3

1
466 449 451 448 e,

Electrode

12 3 12

01 5% 597 538 544 5
446 435 436 432 576 58 5% 52 5A 527
43 415 421 41 558 569 545 521 514 508

3

24

4 397 397 552 54 546 493 5 44l

Table A5 Experimental data at 30% water concentration

Cycle Feed
1 23
2 213
3 207
4 21
5 203

Conductivity (micro siemens)

Product Concentrate

12
213 213

2071 207
204 214
201 204
1% 197

3

211 2

Electrod e
VPRI N 2 3
H 244 23 224 223 221

397 38 383 384 518 542 528 493 482 491

207228 226 221 243 243 239
23 219 233 233 237 242
197 219 234 234 246 226 232
18 212 223 223 209 204 203

2.01

Table A6 Experimental data of turbidity

Sample

0% W ater

30% W ater
40% W ater
50% W ater
60% W ater
70% W ater

Before (NTU)

20.9

29.8
31.8
35.0
49.2
44.8

20.9

29.8
31.8
35.0
49.2
45.0

3
20.9
29.9
31.8
35.0
49.2
45.1

1
N/A
101
11.0
112
11.0
10.3

Mix UF’s treated glycerol 0f40% = 15.0, 15.0 and 15.0
Mix UF’s treated glycerol of 60% = 13.8, 14.0 and 13.8

2
N /A
10.0
110
112
110
105

Current(A)

1 2 3
13 12 12

12 12

1.2
13 13 13
13 13 13

12 12 12

Current(A)
1 2 3

After (NTU)

3
N/A
9.9
11.0
112
111
105



Appendix B Simulation Data of Distillation Treatment

Q-Condenser
a)lfgeerol W%t(?lﬂct

- Q-Condenser2
Q-Reboiler mn 1 e

¢ [\VCero
Water afml g y

emoval
immx Q-Rebailer2

Waste
H}fﬁ%glion

Figure BL Process flow diagram of glycerol purification by distillation.

Table BL Simulation data of water removal unit

Distillation: Water Removal @Main

MONITOR

Specifications Summary

38

Specified Value Current Value w t Error Wt. Tol. Abs.TolL Active  Estimate  Used
Reflux Ratio 02500 * 0.25 1.586e-008 1.000e-002 1.000e-002 on On On
Distfllate Rate 1165 kg/h * 973.3 kg/h -0.1646 1.000e-002 1000 kg/h Off On Off
Reflux Rate . 13.51 kgmole/h 1.000e-002 1000 kgmole/h Off On Off
4 Rate 31 68 kgmole/h 1.000e-002 1.000 kgmole/h off On off
Comp Fraction 1. 00-004 * 1.001e-004 1.417e-004 1 000eD02 1.000e-003 On On

CONDITIONS

Name ude Glycerol @Main  era) and Sait @Main  /ater Product @Main Q-Reboder @Mam -Condenser @Main
Vapour 0 00 0.00 000
Temperature ©) 30 0000 < 287.5972 99.9913
Pressure (kPa) 101.30 - 101.30 101 30
Molar Flow (kgmole/h) 85.7090 31.6822 54.0268
Mass Flow (kg/h) 3973.8723 30 .5738 973 2984
Std Ideal tiq Vol now (m3/h) 3.40 * 2.4247 0.9753
Molar Enthalpy (kd/kgmole) -4.303e+005 -6Q88e+005 -2.792e*005
Molar Entropy (kd/kgmole-C) -3.908 2478 23.57

Heat Flow (kd/h) -3.6882e+07 -1.9287e+07 -1 5085e*07 5.25460+ 274530+



Table B2 Simulation data of water removal unit (cont.)

Ftow Basis:

Flow Rate (kgmole/h)

Glycerol

1C160icAckl

Flow Basis:

Flow Rate (kgmole/h)

Glycerol (kgmole/h)
1C160icAcid (kgmole/h)
H20 (kgmole/h)

Flow Basis:

Flow Rate (kgmole/h)

Glycerol
1C160tcAcid
H20

Flow Basis:

Flow Rate (kgmole/h)

Glycerol (kgmole/h)
1C160icAdd (kgmole/h)
H20 (kgmole/h)

Flow Basis:

Flow Rate (kgmole/h)

Glycerol (%)

1C160icAcid (%)

H20 (%)

5

85.7090

0.3635
0.0060

0.6305

5

85.7090

31.1541
0.5114

54.0435

54 0268

00000
0.0000

1.0000

6

54.0268

0 0000
00000

54.0268

54.0268

0.0000
0.0000

99.9692

SUMMARY

Motor 1

Feed Composition

Motor

Feed Rows

Products
Molar 1
Product Compositions
4
31.6822

0.9833
0.0161
0.0005

Molar

SUMMARY

4
31.6822

31.1541
0.5114
0.0167
Molar
Product Recoveries
4
31.6822

100.0000
100.0000
0.0308

The composition option is selected

The composition option is selected

The composition option is selected

The composition option ( selected

The composition option is selected

3
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Table B3 Simulation data of glycerol purification unit

Comp Fraction
Reflux Ratio
Purified glycerol Rate

Waste Rate

Name

Vapour

Temperature
Pressure

Molar Flow

Mass Row

std Ideal Ug Vol Row
Molar Enthalpy

Molar Entropy

Heat Flow

Flow Basis:

Flow Rate (kg/h)

Glycerol
1C16oicAcid
H20

Flow Basis:

Flow Rate (kg/h)

Glycerol (kg/h)

1C160*cAdd (kg/h)

H20 (kg/h)

Flow Basis:

Flow Rate (kg/h)

Glycerol
1C160icAckl
H20

Basis:

Specified Value
0.9950 *

0 2500 *

era! and Salt @M

©)

(kPa)
(kgmole/h)
(kg/h)

( 3/h)
(kJ/kgmole)
(kd/kgmole-C)
(kJ/h)

4
T000574e+03

0.9562
0.0437
00001

4

3.000574e+03

2.869136e+03
131.1378
0.3003

Purified glycerol

2.883554e+03

0.9950
0.0049
0.0001

Distillation: Glycerol Purification @Main

MONITOR

Specifications Summary

Current Value W | Error WLTol. Abs. ToL Active  Estimate  Used
0.9950 -4.378e-009 1.000e-002 J.000e-003 On On On
0.2500 1.015e-008 1.000e-002 1.000e-002 On on
2884 kg/h 1000e-002 1.000 kg/h off Oon Oft
117.0 kg/h 1.000e-002 1.000 kg/h Off On off
CONDITIONS
Waste ©Main  rifled glycerol ©Main Q-Reboler2©Man  -Condensed ©Man
00000 0 0000 0.0000
287.5972 198.2226 159.3746
101 3000 1.0000 1.0000
31.6822 04563 31.2258
3000 5738 117.0203 2883.5535
, 2.4247 0.1327 2.2920
-6.088e+005 -7.407e+005 -6 441e+005
247.8 415.0 9332
-1.9287e+07 -3 3804e+05 -2.0114e+07 1.8428e+06 3.0071e+06
SUMMARY
Mass 1 The composition option is selected

Feed Composition

Mass The composition option is selected

Feed Flows

Products
Mass | The composition option is selected
Product Compositions
Waste

117.0203

0.0000
1.0000
0.0000

The composition option is selected



Table B4 Simulation data of glycerol purification unit (cont.)

Purified glycerol

Flow Rate (kg/h) 2883554e+03

Glycerol (kg/h) 2.869136e+03

1C160icAcid (kg/h) 14.1175
H20 (kg/h) 0.3003
Flow Basis:

Purified glyceroi

Flow Rate (kg/h) 2.883554e-*-03

Glycerol {%0) 100 0000
1C160icAc»d (%) 10 7654
H20 (%) 100.0000

SUMMARY
Waste
117.0203
0.0000
117.0203
0.0000
Mass The composition option is selected

Product Recoveries
Waste

117.0203

0.0000
89.2346

0.0000

Appendix C Simulation Data of EDI Treatment

MQNG
Rich

Glycerol

Ultrafiltration
membrane

pretreated M i
feed

Water
Removal 1
Wtk
Concentrate
stream
Water Concentrated
salt
Removal
EDI
Module
; r
Product [E%EfUCt
stream

Glycerol
Purification

et

Figure Cl Process flow diagram of glycerol purification by EDI.
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Table CI1 Simulation data of water removal unit 1

Comp Fraction
Reflux Ratio

Concentrated salt Rate

Name

Vapour

Temperature
pressure

Molar Flow

Mass Flow

std Ideal Lig Vol Row
Molar Enthalpy

Molar Entropy

Heat Flow

Flow Basis:

Flow Rate (kg/h)

Glycerol
1C16o0icAcid
H20

Fbw Basis:

Flow Rate (kg/h)

Glycerol (kg/h)
1C16acActd (kg/h)
H20 (kg/h)

Flow Basis:

Flow Rate (kg/h)

Glycerol
1C160icAdd
H20

Row Basis:

Distillation: Water Removal 1 @Main

MONITOR

Specifications Summary

Specified Value Current Value w t Error Wt. Tol. Ahs. ToL Active  Estimate Used
1.000e-003 * 9.999e-004 -3.203e-005 2.000 * 1.000e-002 * On On On
02500 * 0.2500 1.139e-011 1.000e-002 1000e-002 On On On
365.0 kg/h * 364.4 kg/h -1 636e-003 1.000 * 10.00 kg/h < Off On Off
CONDITIONS

Ttrate stream @Main

©)

(KPa)
(kgmole/h)
(kg/h)

( 3/h)
(kd/kgmole)
(kd/kgmole-C)
(kJ/h)

Concentrate stream

4604248

0.6169
0.1737

02093

Concentrate stream

460 4248

284.0444
79.9940

96.3863

0.0000
30.0000
101.3000
8.7465
460.4248
0.4126
4.426e+005
-0.3720

-3.8708e+06

inflated salt @Main
0.0000

2827682

101.3000

3.4164

364.4029

0.3164

-6.138e+005

2721

-2.0971e+06
SUMMARY

M3SS l

Feed Composition

- Mass

Feed Rows

Waste water @ Mab
1.0000

99.9913

101.3000

5.3301

96.0219

0.0962
-2.386e+005

1325

-12716e+06

0-10Q-2 @Mah

5.5637e+05

The composition option is selected

The composition option is selected

Mass

The composition option ( selected

Glycerol and Water

96.0219

0.0000

0.0000

1.0000

Product Compositions
Concentrated salt

364.4029

0.7795
0.2195
0.0010

Mass

The composition option is selected

Q-101-2 @Main

5.4168e+04
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Table C2 Simulation data of water removal unit 1 (cont,)

Glycerol and Water

Flow Rate (kg/h) 96 0219

Glycerol and Water

Glycerol (kg/h) 00000

1C160tcAcid (kg/h) 0.0000

H20 (kg/h) 96.0219
Flow Basis:

Glycerol and Water

Flow Rate (kg/h) 96.0219
Glycerol (%) 0.0000
1C160icActd (%) 0.0000
H20 (%) 99.6220

Product Rows
Concentrated salt

364.4029

SUMMARY

Concentrated sait

284.0444
79.9940
0.3644
Mass The composition option is selected
Product Recoveries

Concentrated salt

364.4029

100 0000
100.0000

0.3780

Table C3 Simulation data of glycerol purification unit

Distillation: Glycerol Purification @Main

MONITOR

Specifications Summary

Specified Value Current Value WL Error Wt. Tol. Abs. Tol. Active  Estimate  Used
Reflux Ratio 02500 * 0-2792 0.1167 1.000e-002 1.000e-002 Off On Off
Comp Fraction - 2 0.9950 * 0.9950 9.065e-005 5.000 * 1.000e-003 On On On
Draw Rate 285.0 kg/h * 285.0 kg/h 2.918e-006 1.000e-002 10.00 kg/h = On On On
CONDInONS
N3me entrated salt ©Main Salt ©Mam  5rol Productl ©Main Q-106-2 ©Main 0-102-2 ©Main
Vapour 0.0000 0.0000 0.0000
Temperature ©) 282.7682 196.6425 139.4294
Pressure (kPa) 101.3000 1.0000 1.0000
Molar Flow (kgmole/h) 3.4164 0.3129 3.1035
Mass Flow (kg/h) 364.4029 79.4020 285.0008
std Ideal Lig Vol now (m3/h) 0.3164 0.0899 0.2265
Moter Enthalpy (hJ/kgmole) -6.138e+005 -7.400e+005 -6.471e+005
Molar Entropy (kJ/kgmoie-C) 272.1 408 2 72.15
Heat Flow (kd/h) -2.0971 e+06 -2.3157e+05 -2.0082e+06 1.8279e+05 32550e 05
SUMMARY
Flow Basis: Molar 1 The composition option is selected
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Table C4 Simulation data of glycerol purification unit (cont.)

Flow Rate (kgmole/h)

Glycerol
1Cl6otcAcid
H2Q

Flow Basis:

Flow Rate (kgmole/h)

Glycerol (kgmole/h)
1C160icAdd (kgmole/h)

H20 (kgmole/h)

Flow Basis:

Flow Rate (kgmole/h)

Glycerol
1C160icAdd
H20

now Basis:

Flow Rate (kgmole/h)

Glycerol (kgmole/h)
1C160icAdd (kgmole/h)
H20 (kgmole/h)

Flow Basis:

Flow Rate (kgmole/h)

Glycerol (%)

1C160icAod (%)

H20 (»)

Concentrated salt

3.4164

0.9028
0.0913

0.0059

Concentrated salt

3.4164

3.0843
03120

0.0202

Glycerol Product!

3.1035

0.9922
0 0013

0.0065

Glycerol Productl

3.1035

Glycerol Product!

3.0792
0.0041
0.0202

Glycerol Productl

31035

99.8350
13258

100.0000

Feed Composition

Molar

Feed Hows

Products
Molar 1
Product Compositions
Salt

0.3129

0.0163
0.9837
0.0000
Molar
Product Rows
Salt

0.3129
SUMMARY

Salt

0.0051
0.3078
0.0000
Molar
Product Recoveries
Salt

0.3129

0.1650
98.6742

0.0000

The composition option is selected

The composition option is selected

The composition option is selected

The composition option is selected



Table C5 Simulation data of water removal unit 2

Reflux Ratio
Distillate Rate

Comp Fraction -2

Vapour
Temperature

Pressure

Mass Flow

std ldeal Liq Vol Row
Molar Enthalpy

Molar Entropy

Heat Flow

Flow Rate (kgmole/h)

Glycerol

1C160 cAad

H20

Flow Basis:

Flow Rate (kgmole/h)

Glycerol (kgmole/h)

1C160icAcid (kgmole/h)

- H20 (kgmole/h)

Flow Basis:

Flow Rate (kgmole/h)

Glycerol
1C160icAdd

Flow Rate (kgmole/h)

Specified Value
0.2500
2560 kg/h
0.9950

oduct stream @M

©

(kPa)
(kgmole/h)
(Kgffi)
(m3/h)

(kd/kgmole)

(kJ/kgmm

Product stream

75.9110
0.3657

0.0000

0.6343

Product stream
75.9110
27.7583

00000

48.1527

1.0000

48 0133

Distillation:

MONrroR

Specifications Summary

45

Water Removal2 @Main

Current Value wt Error Estimate  Used
0.2500 1 Q00e-002 1.000e-002 on
2559 kg/h 10-00 kg/h * Off
0.9950 1.000e-002 ’ On
CONDmMONS
?rol product2 (m fater product @Main Q-106 © Mail Q-102 @Main
0.0000 0.0000
281.9005
101.3000
75.9110
2558.9127 864.9637
2.8969 2.0302
-6 078e+005 -2 792e+005
2357
- 4.5547e-K)6 2.4397e+06
SUMMARY
The composition option is selected
Molar The composition option is selected
Feed Rows
Products

The composition option is selected

Product Compositions
Glycerol product

27.8978

0.0050

Molar The composition option is selected

Product Rows
.Glycerol product

27.8978



Table Cé6 Simulation data of water removal unit 2

Glycerol (kgmole/h)
1C160icAdd (kgmole/h)
H20 (kgmole/hT

Flow Basis:

Flow Rate (kgmole/h)

Glycerol (%)
1C160tcAdd (%)
H20 (%)

000
000
48.0133

5
48.0133

000
0.00
99.7103

SUMMARY

Glycerol product

27.7583
000
0.1395
Molar
Product Recoveries
Glycerol product

27 8978

000
0.2897

The composition option is selected
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