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APPENDICES

Appendix A Stock HSSs Solution, Mobile Phase, Diluent C, Titrant, and Indicator
Preparation Calculation

HPLC Mobile Phase Preparation

Mobile phase: 0.05 M of KH2PO4

Adjusted pH to 2.6 by adding H3PO4

Acid dissociation: H3PO4 <> H++ HaP 04-(pKd = 2.13966),
Buffer preparation calculation

_ [H+][H2P04]

Ka, - [H3PO4]
gk - ¢ [H2POT]
PKg = PH- 7 spDuy

1 [HPO04] .

g[H3Po4] ~  PH-pKa

[H2P04] . H-pKal

[H3PO4] i

[HP04] = [H3PO4][10(pH pCal)]
[0.05]  [llspod][io(26- 2 1398)]
“W3P04 = 00173 M

Adding H3P040.0173 M

Prepare 0.05 M KH?PCL

0.05 mol in 1L = 0.05 mol x 136.0857 g/mol KH2Po4 = 6.8045 g KH2P 04in 1L DI water
Adding H3PO4

0.0173 M =0.0173 mol/L = 0.0173 mol/L x 97.9953 g/mol H3PO4 = 1.6953 g H3PO4in 1L
DI water

85.7 wt% purityH3P 04 = 1,69539/0.857 = 1.9945 g H3P 04 = 1.9945 g H3PO4/ 1.685 g/mL =
1,1837 mL HP 04in 1L DI water.



65

HSS 1,000 ppm Without MEA Stock Solution Preparation
Formate 1,000 ppm solution was prepared by 491 uL of formic acid 85 wt% dissolved in 500
mL of DI water.

1,000 mgFormate 100 mgSol. 1,176.4706 mgSol.
106mgWater 85 mgFormate 106mgWater

1,176.4706 mg in 1,000 mLWater —588.2353 mg in 500 mLW ater

588.2353 mg XT.198 gx 77500 mg: 0491 mL = 491 uL ofJFormlc acid

Acetate 1,000 ppm solution was prepared by 478 uL of acetic acid 99.7 wt% dissolved in 500
ml,of DI water.

1,000 mgAcetate 100 mgSol. 1,003.009 mgSol.
106 mgWater x 99.7 mgAcetate 106mgWater

1,003.009 mg in 1,000 mLWater = 501.5045 mg in 500 mLWater

T 5< 7000 mg: 0.4776 mL — 478 uL of Acetic acid

501.5045 mg X

Glycolate 1,000 ppm solution was prepared by 0.5051 g of sodium glycolate in 500 mL of DI
water,

1,000 mgGlycolate 100 mgSol. 1,010.1010 mgSol.
106mgWater 99 mgGlycolate 106 mgWater

1,010.1020 mg in 1,000 mLWater —505.0505 mg in 500 mLW ater

n
0.5051 g of Glycolate
Oxalate 1,000 ppm solution was prepared by 0.5051 g of sodium oxalate in 500 mL of DI

water,

1,000 mgOxalate 100 mgSol. ~ 1,010.1010 mgSol.
106 mgWater 99 mgOxalate 106mgWater
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1,010.10210 mg in 1,000 mLWater —505.0505 mg in 500 mLW ater
—0.5051 g of Oxalate

Monoethanolamine 5 Molar (30 wt%) Preparation

5 MofMEA
5mol  5mol MEA 6108_gMEA 305.4 g MEA 1Lwater
1L 1 Lwater * °*"mol MEA 1L water 1,000 g water
305.4 g MEA

3054, 9 MEA x, i . A= 31L5mL MEA
so, 5 M 0f MEA was prepared by adding 305.4 ¢ or 311.5 mL of MEA into 1L DI water.

HSS 1,000 ppm with MEA Stock Solution Preparation
formate 1,000 ppm solution was prepared by 98.2 uL of formic acid 85wt% mixed with
31.15 mL of MEA and then adjusted volume by DI water to 100 mL.

Glycolate 1,000 ppm solution was prepared by 0.1010 g of sodium glycolate mixed with
31.15 mL of MEA and then adjusted volume by DI water to 100 mL.

Oxalate 1,000 ppm solution was prepared by 0.1010 g of sodium oxalate mixed with 31.15
mL of MEA and then adjusted volume by DI water to 100 mL.

NaOH Preparation
2 M ofNaOH for converting extractant-Cl to extractant-OH.

2 mol  2molc g NaOH
1L 1Lwaterx 1 molNaOH
79.994 g NaOH 100 . 80.802¢gc
1 Lwater X o9o"%puri = 1Lwater

S0, 2 M of NaOH was prepared by dissolving 80.802 g of pellet NaOH into 1 L of DI
water,
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4 M of diluent NaOH for HSS back extraction.
d4mo/_ 4 mol NaOH g NaOH _ 159.998 g NaOH

1L 1Lwater x ' molNaOH 1Lwater
161.604 g NaOH
ILwater

So, 4 M NaOH was prepared by dissolving 161.604 g of pellet NaOH into 1 L of DI water.

N-% purity

Sodium chromate indicator preparation
0.25 M ofNa2Cr04used as an indicator in Mohr’s titration method.

025mol  0.25mol Na2Cr04 + ni7 3 Na2Cr04  40.4925 § Na2Cr04
1L ILwater  x * mol Na2Cr04 1 Lwater
4.0493 g Na2Cr04
100 mL water
S0, 025 M ofNa2CrC.. was prepared by dissolving 4.0493 g of solid Na2CrOainto 100 mL

of DI water.

Silver nitrate preparation
0.05 M of AgNO3used in Mohr’s titration method for measuring cr in extractant B,

0.05mol  0.05mol AgN03* g AgNO3  8.4935 g AgNO3
1L 1L water " mol AgN03 1L water
0.8494 g AgN03

100 mL water
S0, 0.0500 M of AgNQ:, was prepared by dissolving 0.8494 g of solid AgN03into 100 mL

of DI water.



Appendix B Conversion of Extractant-Cl to Extractant-QH. 1M of Extractant-OH Preparation Calculation

Extractant as purchased is in the form of chloride (extractant-Ci). It was converted to hydroxide form by reaction,
Extractant-Cl +NaOH = Extractant-OH + NaCl

Table BL Conversion of extractant-Cl to be extractant-OH measured by Mohr’s method titration

Batch 1st titration 2nd titration 3rd titration
atc Weight Vol. of Chlori Co_nver Welgilt Vol. of Chlori Co_nver Weight Vol. of Chlori Co_nver
ofB(g) AgNO03 de (6 SO0 of B AgNOa o @) SO 0B (g) AgNOs @) Sion
(ml) (%) ) (mf) (%) (mi) (%)
1 0.1096 1.45 2673 73.27  0.1132 1.5 26,78 7322  0.1168 1545 2673  73.27
2 0.1055 1.36 2605 7395 0.3 1.46 26.11 7389  0.0995 1.29 2620  73.80
3 0.1021 1.5 29.69 70.31  0.0956 1.41 29.80 7020  0.1021 1.46 28.90  71.10
4 0.1049 1535 29.57 7043  0.1079 1595 2987 7013  0.1049 1515  29.9  70.81
0.1059 1475 2815 7185  0.1058 1.45 2769 7231  0.1029 1.5 2946  70.54
*Extractant OH mixed with extractant-Cl remaining.
Table B2 Average conversion of extractant-OH after evaporation of water
After evaporation
No. titration ~ Weight of B* ~ Vol. of Chloride  Conversion
) AgNO3*™* (mL) (%) (%) Avg. Conversion (%)
1 0.1176 2.27 36.80 63.20
2 0.1140 2.175 36.37 63.63
3 0.1080 2.05 36.19 63.81 63.48
4 0.1075 2.07 36.71 63.29

*Extractant-OH mixed with extractant-Cl remaining.
**The actual concentration of AgNos is 0.0472 M, which titrated with standard 0.05 M NaCl.

Avg. .
Conversion
(%)
73.25
73.88
70.54
70.46
71.57
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Calculation Example of Conversion from extractant-Cl to extractant-OH

Extractant-Cl +NaOH = Extractant-OH + NaCl
Molecular weight of extractant-Cl is 404.16 g/mol. One mole of extractant-CI consists of one
mole of cr ion and one mole of extractant ion and produces one mole of extractant-OH. Ifthe
conversion is incomplete, there is extractant-OH and extractant-Cl remaining which
extractant-Cl remaining can be determined by titration of cr in extractant-Cl with Ag+. The
reation is one t one.
Know that cr and Ag+have reaction at the mole ratio of 1.1,
From Igtitration of batch no. 1in Table Bl

- A
145 mL of 0.0500 M of AgNo s was consumed = 1000 X145 7,

=0.0000725 mol Ag+
=0.0000725 mol cr remaining in the sample
=0.0000725 mol extractant-Cl
404.1 ) nextractant-Cl

= 00000725 mol extractant-Cl X 4 weerasrasiari e

=0.0293 g extractant-Cl (weight of extractant-Cl remaining)
Sample weight of 0.1096 g is a mixture of extractant-OH and extractant-Cl.
Calculate how much extractant-Cl is remaining,

A = 0 ) ..
0.1096g " 100 =26.73wt% extractant-Cl remaining

Therefore, the conversion is 100 - 26.73 = 73.27 wt% extractant-OH

Average Molecular Weight of Extractant After Converting

Molecular weight of extractant-Cl is 404.16 g/mol.

Molecular weight of Chloride (CF) = 35.45 g/mol

Molecular weight of Hydroxide (OH") = 15.95 + 1= 16.95 g/mol

Then, molecular weight of extractant-OH is (=404.16 - 35.45 + 16.95) = 385.66 g/mol
Mwag= (Mwb)(Xb) + (Mwa)(Xa) ; where Xi = mass fraction

Then, Mwag= (385.66)(0.6348) + (404.16)(1-0.6348) = 392.4162 g/mol

The average molecular weight of extractant B is 392.4162 g/mol.
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1 M of Extractant B Preparation Calculation
From the average molecular weight of extractant B, 392.4162 g/mol,
Therefore, 1M of B in diluents with a total volume of 10 mL was calculated by

Imol 39241629 B
1.000 mL mol y

1 MofB is equal to 3.9241 g of B adjusted volume to 10 mL by adding diluents.

Later, the total volume of 6 mL was used instead, due to saving the extractant consumption.
S0, 1M of B in diluents with a total volume of 6 mL was calculated by

féonaor:]L X 392‘%98 X6mL — 2.35450 B

1 Mof B is equal to 2.3545 g of B adjusted volume to 6 mL by adding diluents.

Table B3 Example of preparation extractant in various diluents
Chemical MW (g/mole) ~ Density (/mL) IMin10mL(g) IMin6mL(g)

Avg. Extractant 392.4162 0.818 3.9241 2.3545
I-octanol 130.23 0.824 4.2848 2.5709
2 -ethyl-hexanol 130.23 0.833 4.3316 2.5990
1 heptanol 102.17 0.8136 4.2307 2.5384
1-hexanol 116.2 0.8187 4.2572 2.5543

1-pentanol 88.15 0.8144 4.2349 2.5409



Table B4 1M of average extractant B preparation for 1,000 HSSs without MEA extraction
1¢ HSSs w/o MEA extraction

Weight of B

3.6 48
3.9352
39378
3.9295
3.9390

Diluents

1-octanol 4.1300g
2-ethyl-hexanol 4.2500g
1-heptanol 4.1167g
1-hexanol 40271
1-pentanol 410029

2rdHSSs w/o MEA extraction

Weight of B

—sfly
39288
3.9305
39384
3.9400

Diluents

1-octanol 4.2396¢
2-ethyl-hexanol 4.0624g
1-heptanol 41201 ¢
1-hexanol 4.2947¢
1-pentanol 5.0700g

3rHSSs w/o MEA extraction

Weight of B

o

3.9212
3.9411
3.9302
3.9324

Diluents

1-octanol 4.1920g
2-ethyl-hexanol 4.3708g
1-heptanol 474019
1-hexanol 3.97959
1-pentanol 4.0443q

Note: All of extractant concentration was prepared at 1M in each diluent.
Volume ratio of extracntant in diluents to HSSs agueous solution is 1.1



Table B5 1t0f 1M of extractant B preparation for 1.000 ppm HSS with 30 wi% of MEA extraction

s HSS with 30 wt% MEA extraction at room temperature (30 °C)

_ with Formate + 30 wt% MEA _ with Glycolate, Oxalate + 30 wt% MEA
Weight of B () Diluents Total Vol. (mL) ~ Weight of B (g) Diluents Total Vol. (mL)
3.9297 2-ethyl-hexanol 4.1842g 10 3.9364 i'gégé'éhexano' 10
3.9341 l-octanol 4.1275g 10 3.9328 ﬁ‘igggg' 10
23652 1-heptanol 2.3012g 6 23415 12 g%psti‘go' 6
2.3492 I-hexanol 2.2716g 6 2.3615 Zl'ﬂfgggo' 6
23645 -pentanol 2.3752g b 2.3528 %‘55‘2%”0' 6
_ 14 HSS with 30 wt% MEA extraction at 60 °c
_ with Formate + 30 wt% MEA _ with Glycolate, Oxalate + 30 wt% MEA
Weight of B () Diluents Total Vol. (mL) ~ Weight of B () Diluents Total Vol. (mL)
2.3674 2-ethyl-hexanol 2.3970g 6 2.3542 g-;;g;gl-(hexanol 6
2.358 1-octanol 2.2958g 6 2.3638 zl?gtg‘{‘f' 6
23632 1-heptanol 2.192g b 23628 %‘83%”0' 6
23562 -hexanol 2.084g 6 2.3506 21':‘9‘%1‘210' 6
2.3551 1-pentanol 2.1536g 6 2.3511 1-pentanol 6

2.1607k



Table B6 2rdof 1 M of extractant B preparation for L000 ppm HSS with 30 wt% of MEA extraction

Weight of B (g)
2.3689

2.3718
2.3512
2.3514

2.3493

Weight of B (g)

2.3453
2.3479
2.3654
2.3663

2.3667

2rdHSS with 30 wt% MEA extraction at room temperature (30 °C)
with Glycolate, Oxalate + 30 wt% MEA

with Formate + 30 wt% MEA

Diluents
2-ethyl-hexanol 2.4378g

1-octanol 2.0109g
1-heptanol 2.3455¢
1-hexanol 2.5112g

1-pentanol 2.4735g

Total Vol. (mL)

6
6
6
6
6

Weight of B (g)

2.3627
2.3703
2.3522
2.3582

2.349

Diluents

2 -ethyl-hexanol
2-1711g
1-octanol
2.3163g
1-heptanol
230389
1-hexanol
2.44569
1-pentanol
2.3701g

2rdHSS with 30 wt% MEA extraction at 60 <c
with Glycolate, Oxalate + 30 wt% MEA

with Formate + 30 wt% MEA

Diluents
2-ethyl-hexanol 2.651 Ig

l-octanol 2.3381 ¢
1-heptanol 2.3838g
1-hexanol 2.4407¢g

1-pentanol 2.5388g

Total Vol. (mL)

6
6
6

Weight of B ()

2.3469
2.364

2.3743

2.3563

2.3595

Diluents

2-ethyl-hexanol
2.3379g
1-octanol
2.2607g
1-heptanol
2.3142g
1-hexanol
2.3766(
1-pentanol
2.3253g

Total Vol. (mL)
6

6
6
6
6

Total Vol. (mL)
6

6
6



Table B7 3rdof 1M of extractant B preparation for 1,000 ppm HSS with 30 wt% of MEA extraction

3rdHSS with 30 wi% MEA extraction at room temperature (30 °C)

_ with Formate + 30 wt% MEA _ with Glycolate, Oxalate + 30 wt% MEA
Weight of B (g) Diluents Total Vol. (mL) ~ Weight of B (g) Diluents Total Vol. (mL)
2.3578 2-ethyl-hexanol 2.4468g 6 2.3583 g-ztg:gléhexanol 6
23523 -octanol 2.4841g 6 23635 %‘225%0' b
23585 -heptanol 2.5258¢ b 2.3608 Zlg‘ggéagno' 6
2.3501 I-hexanol 2.5348g 6 2.3490 %Qf?gg"' 6
2.3504 -pentanol 2.3597g 6 2.3495 %‘é’?g;ano' 6
_ 3rdHSS with 30 wt% MEA extraction at 45 °c
_ with Formate + 30 wt% MEA _ with Glycolate, Oxalate + 30 wt% MEA
Weight of B (g) Diluents Total Vol. (mL)  Weight of B (g) Diluents Total Vol. (mL)
2.356 2-ethyl-hexanol 2.4835g 6 2.3588 g'jg%géhexam' 6
23625 -octanol 2.4717g 6 23651 21'32‘38&6’;‘" b
2.3523 I-heptanol 2.4997g 6 2.3495 %‘Qgggzno' 6
2.3542 i-hexanol 2.5150g 6 2.3505 é';‘ggggo' 6
23602 1-pentanol 2.5101 g 6 23556 1-pentanol 6

2.6010g



Appendix ¢ Extraction of HSSs Solution without MEA Presence with Diluents Alone (without Extractant )

Extraction efficiency in every section was calculated based on the HSS concentration before extracted and remaining HSS

concentration.

Example from 1¢ Extraction of formate by 1-octanol

Formate concentration before extraction was 896.92 ppm

Remaining formate concentration was 803.96 ppm
Thus, extracted formate by 1-octanol was 896.92 - 803.96 = 92.96 ppm

92.96 ppm
896.92 ppm

Table Cl HPLC Analysis of the 1¢ Extraction of EISSs

Before extraction
1-Octanol

2 -ethyl-hexanol
1-heptanol
1-hexanol
1-pentanol

Formate
9.869
9.89
9.868
9.866
9.874
9.863

Retention time (min)

Acetate  Glycolate
16.288 9.444
16.336 9.47
16.327 9.447
16.33 9.446
16.336 9.454
16.323 9.445

Oxalate  Formate

7.471
7.499
7.476
1474
7.485
7.478

6320944
5487572
5470825
5267709
5058609
5059600

X 100 = 10.36 %

Peak Area
Acetate  Glycolate
3720460 3217780
2613767 3119662
2477505 3167114
2422189 3083266
2200670 3089041
2188177 2955770

Oxalate
52760714
54620206
52844637
54144295
54455115
55650178

Formate
294217
262161
258735
251610
243802
239024

Peak Feight (uV)
Acetate  Glycolate
131750 155645
93219 150718
88965 150360
86461 148137
79053 146796
75618 143579

Oxalate
3182344
3249220
3209330
3274825
3292731

32358026



Table Cl(cont.)

Formate
Before extraction 896.92
1-Octanol 803.96
2 -ethyl-hexanol 794.02
1-heptanol 773.36
1-hexanol 750.71
1-pentanol 736.86

Concentration (ppm)
Acetate  Glycolate

082.22 926.00
685.53 886.75
652.77 905.74
633.49 872.20
576.45 874.51
550.00 821.20

Oxalate
1391.30
1465.68
1394.66
1446.64
1459.07
1506.88

Table C2 HPLC Analysis of the 2rdExtraction of HSSs

Retention time (min)
Formate  Acetate  Glycolate
Before extraction 9.872 16.266 9.449
1-Octanol 9.881 16.342 9.461
2-ethyl-hexanol 988  16.344 9.46
1-heptanol 989 16 361 9.471
1-hexanol 9.881 16.359 9.463
1-pentanol 9876  16.35! 9.458
Table C2(cont.)
Concentration (ppm)
Formate  Acetate  Glycolate
Before extraction 884.37 967.73 910.13
1-Octanol 812.97 696.87 912.45
2 -ethyl-hexanol 807.52 680.22 904 20
1-heptanol 779.87 645.94 875.53
1-hexanol 758.56 591.07 863.85
1-pentanol 738.11 553.22 854.23

Oxalate
7.482
7.482

7484
7.494
7.486
7.485

Oxalate
1368.39
1516.91
1427.86
1461.39
1470.95
1531.89

0.00
000
0.00
0.00
0.00

Oxalate
52187899
55900949
53674684
54512978
54752051

Extraction efficiency (%
Formate Acetate  Glycolate  Oxalate
10.36 30.21 4.24
11.47 33.54 2.19
13.78 35.50 5.81
16.30 41.31 5.56
17.85 44.00 11.32
Peak Area
Formate ~ Acetate  Glycolate
5982370 3669856 3178088
5651612 2657120 3183891
5458804 2585227 3163266
5301639 2462534 3091610
5190275 2264337 3062405
5103189 2153573 3038352

Extraction efficiency (%)

56275489

Formate  Acetate  Glycolate Oxalate

8.07 27.99 0.00
8.69 29.71 0.65
11.82 33.25 3.80
14.23 38.92 5.08
16.54 42.83 6.14

0.00
0.00
0.00
0.00
0.00

Formate
289889
265269
263390
253855
246508
239457

Peak Height (uV)
Acetate

129869 152597
94692 152440
92529 151418
88077 148155
80951 146927
76036 144846

lycolate  Oxalate

3278749
3376530
3311147
3342509
3336101
3356714



Table C3 HPLC Analysis of 3'dExtraction of HSSs

Retention time (min)
Glycolate  Oxalate

Formate  Acetate

Before extraction 9.85 16.14

1-Octanol 9.859 16.25

2-ethyl-hexanol 9.853  16.245

1-heptanol 9.842 16.222

1-hexanol 9.862 16.27

1-pentanol 9.854  16.208
Table C3(cont.)

Before extraction
1-Octanol

2 -ethyl-hexanol
1-heptanol
1-hexanol
1-pentanol

9429
9.441
9.434
9.426
9.446
9.439

Concentration (ppm)
Formate Acetate Glycolate  Oxalate

887.91 979.13
797.35 671.85
806.46  677.64
778.39 644.11
761.81 588.47
739.14 550.63

90242  1327.56

7.489
7.484
1477
7.472
7.485
7.497

905.91 1397.75
92496  1386.69
880.44  1378.03
878.15 1458.49
839.80  1388.20

Oxalate
51167206
52922122
52645599
52429093
54440560
52683343

0.00
0.00
0.00
0.00
0.00

Peak Area
Formate Acetate  Glycolate
5985147 3672596 3158823
5408497 2540314 3167553
5633395 2571688 3215184
5295325 2435403 3103864
5232410 2239402 3098140
5054999 2101878 3002267
Extraction efficiency (%
Formate Acetate  Glycolate  Oxalate
1020 3138 0.00
9.17 30.79 0.00
12.34 34.22 2.44
14.20 39.90 2.69
16.76 43.76 6.94

291112
259882
263024
253345
247627
239809

Peak Height (uV)
Formate  Acetate

131349
91442
92195
87840
80614
75700

lycolate
153820
150359
152648
148609
148861
145435

Oxalate
3177360
3219771
3219725
3197871
3279002
3180788



Table C4 Average extraction efficiency of diluents alone

Diluents

Formate (%)
1-Octanol 9.55+1.28
2-ethyl-hexanol 9.78 + 1.49
1-heptanol 12.64 + 1.02
1-hexanol 14.91 + 1.20
1-pentanol 17.05 £0.70

Extraction efficiency (%)

Acetate (%)

29.86 + 1.72
31.35 + 1.97
34.32 +1.13
40.04 + 1.20
43.53 +0.62

Glycolate (%)

1.41 +2.45
0.95 + 1.12
4.02 + 1.70
4.45 + 1.54
8.13 + 2.79

Oxalate (%)

0.00 £0.00
0.00 £0.00
0.00 £0.00
0.00 £ 0.00
0.00 £0.00



Appendix D Extraction of HSSs Solution without MEA Presence with Extractant in Various Diluents

Table D1 HPLC Analysis of HSS without MEA from the 13 extraction

etention time (min)
Formate Acetate Glycolate Oxalate  Formate

Before extraction 10.11 16.54 9.67 7.66 6,688,698
B in 1-Octanol 9.86 16.03 9.47 7.69 242,932

B in 2-ethyl-hexanol 9.8l 15.65 9.43 7.70 234,203
B in I-heptanol 9.88 16.13 9.48 7.68 270,301

B in I-hexanol 9.91 16.25 9.50 7.71 339,964

B in I-pentanol 9.90 16.20 9.49 7.70 301,825

Table Dl(cont.)

Concentration (p‘om)
Formate Acetate  Glyco
Before extraction 1,300 1,100 1,021.75 929 :
B in 1-Octanol 9.87 116.27 71.83 2.92 99.24

B in 2-ethyl-hexanol 8.12 51.01 57.91 2.33 99.38
B in I-heptanol 15.35 90.30 85.52 2.68 98.82
B in I-hexanol 29.28 84.62 78.48 3.61 97.75

B in I-pentanol 21.65 83.91 94.61 4.72 98.33

Peak Area
Acetate  Glycolate
3,684,003 3,543,034

407,707 376,623
190,199 330,224
321,147 422,259
302,212 398,776
299,839 452,553

89.43
95.36
91.79
92.31
92.37

92.97
94.33
91.63
92.32
90.74

Extraction efficiency (%)
ate Oxalate Formate Acetate Glycolate Oxalate

99.69
99.75
99.71
99.61
99.49

Oxalate
46,450,426
146,177
116,233
134,119
180,679
236,090

302243
13417
10935
14426
14962
15685

Peak Height (pV)
Formate Acetate

135588
8314
4781
7816
8659
7824

lycolate
166634
15579
13261
18094
18685
19174

Oxalate
3155105
15523
12741
14201
18026
19589



Tabie D2 HPLC Analysis of HSS without MEA from the 2rdextraction
Retention time (min)
Formate Acetate Glycolate Oxalate

Before extraction 9.89

B in 1-Octanol 9.74

B in 2-ethyl-hexanol 9.75

B in 1-heptanol 9.76

B in 1-hexanol 9.68

B in I-pentanol 9.80

Table D2(cont.)

Formate
Before extraction 1,270
B in 1-Octanol 29.40
B in 2-ethyl-hexanol 5.1
B in I-heptanol 21.61
B in 1-hexanol 11.90
B in I-pentanol 51.16

16.18
16.16
16.09
16.21
16.54
16.32

9.45
9.32
9.32
9.34
9.32
9.38

Concentration (ppm)
Glycolate  Oxalate

Acetate
1,075
93.68
48.27
80.63
33.46
16.32

996.40
127.67
63.28
102.19
63.63
176.51

7.50
7.52
7.55
7.54
7.72
7.54

930
1.71
0.66
1.02
2.49
8 48

Formate
6,549,807
340,560
219,116
301,636
253,067
449,357

Extraction efficiency (%)

Peak
Acetate
3,602,744

332,432
181,061
288,926
131,697
412,431

Area

Glycolate  Oxalate

3,458,479 46,519,679
562,754 85,690
348,125 32,903
477,814 51,138
349,293 124,488
725,563 423,980

Formate Acetate Glycolate Oxalate

97.69
99.60
98.30
99.06
95.97

91.29
95.51
92.50
96.89
98.48

87.19
93.65
89.74
93.61
82.29

99.82
99.93
99.89
99.73
99.09

Formate
292126
15812
9853
14170
11024
22085

Peak Height (uV)

Acetate Glycolate
130393 161974
10272 19150
5841 13386
9653 18230
4032 13687
15457 27575

Oxalate
3184288
12937
4589
7770
9755
37792



Table D3 Analysis of HSS without MEA from the 3rdextraction

Retention time (min)
Formate Acetate Glycolate Oxalate  Formate

Before extraction 9.89 16.18 9.45 7.50 6,549,807
B in 1-Octanol 9.78 16.19 9.36 7.56 352,859

B in 2-ethyl-hexanol 9.74 16.05 9.3l 7.56 230,024
B in 1-heptanol 9.77 16.09 9.35 7.56 377,380

B in 1-hexanol 9.75 16.11 9.33 7.55 339,823

B in I-pentanol 9.80 16.25 9.37 7.58 364,468

Table D3(cont.)
Concentration (ppm)

Before extraction 1,270 1,075 996.40 930 ;
B in 1-Octanol 31.85 88.86 122.81 1.01 97.49
B in 2-ethyl-hexanol 7.29 48.14 63.90 074 9943
B in 1-heptanol 36.76 86.76 135.94 198 97.11
B in 1-hexanol 29.25 81.00 114.06 2.60 97.70

B in I-pentanol 34.18 83.82 114.66 2.26 97.31

Peak Area
Acetate  Glycolate
3,602,744 3,458,479

316,369 546,552
180,617 350,193
309,370 590,336
290,166 517,379
299,544 519,386

Oxalate

46,519,679

50,603
37,010
98,769
130,031
112,977

Extraction efficiency (%)
Formate ~ Acetate  Glycolate Oxalate Formate Acetate Glycolate Oxalate

91.73
95.52
91.93
92.47
92.20

87.67
93.59
86.36
88.55
88.49

99.89
99.92
99.79
99.72
99.76

292126
16439
9671
17366
16546
16229

Peak Height (jit
Formate Acetate

130393
10748
5899
9301
9393
11120

lycolate
161974
20446
14166
21838
20614
20997

Oxalate
3184288
7927
4639
12796
15856
13301

GO



Table D4 Average HSS extraction efficiency without MEA solution

Diluents

1-Octanol

2 -ethyl-hexanol
1-heptanol
1-hexanol

1-pentanol

Formate (%)

94.87 + 0.62
96.57 + 0.16
94.84 + 0.64
95.23 + 0.94
93.94 + 1.25

Extraction efficiency (%)

Acetate (%)

93.01 + 1.06
96.05 + 0.53
93.62 + 0.83
94.75 + 2.04
9L.78 + 2.86

Glycolate (%)

85.97 + 3.222
90.43 + 0.494
85.94 + 2.684
88.13 + 2.591
83.92 + 4.344

Oxalate (%)

99.92 + 0.04
99.95 + 0.04
990.92 + 0.04
99.87 + 0.03
99.77 + 0.14



4Ag)pendix E Results from HSSs with 30 wt% MEA Extraction at Room Temperature,

°c, and 60 °C; and Extraction Efficiency Calculation
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Figure EI. Chromatogram of background of 3 wt% MEA solution.
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Figure E2. Chromatogram of formate in 3wt% MEA solution.

83



84

Te+5
Oxalate
6e+5
5e+5
S det5
= ~
= Glycolate
= 3e5
[ =
9
£ 2e+5
fe+5 A
: Y
-1e+5 T T T T T T T
0 2 4 6 8 10 12 14
Time (min)

Figure E3. Chromatogram of oxalate and glycolate in 3 t% MEA solution.

Note that the MEA has the noise in the background when analyzed by HPLC at the
same retention time of formate and glycolate. The average height of the noise peaks are
24151 and 20,398 for formate and glycolate, respectively. The results obtained from
chromatograms must be deducted by the noises.

Example: Peak height of formate before extraction was 45,944, deducted the noise in the
background 45,944 - 24,151 = 21,793 Example: Peak height of formate extracted by
extractant B in L-octanol was 13592. Assuming all the degradation compounds of MEA
(noise) were equally extracted as HSSs. Then compare the extracted by

(45,934 * 13,592 = 6,441.21



Table El ¢ HSSs with 30 wt% MEA extraction at room temperature (3(|2I °.C%
elgnt

Before extraction

B in 1-Octanol

B in 2-ethyl-hexanol
B in 1-heptanol

B in 1-hexanol

B in 1-pentanol

Before extraction

B in 1-Octanol

B in 2-ethyl-hexanol
B in 1-heptanol

B in 1-hexanol

B in 1-pentanol

Before extraction

B in 1-Octanol

B in 2-ethyl-hexanol
B in 1-heptanol

B in 1-hexanol

Retention time (mig g
Formate Glycolate Oxalatt  Formate  Glycolatt  Oxalate
8.388 208 7817 7676800  51,37200  610,179.00
8,036 8254 784 1359200  9456.00 167.00
199 8232 1597 1791400 971000  1,386.00
8.263 8.23 7867 3080600 11,13500  1484.00
8.204 8249 7843 1041700 98300  1,016.00
8.275 8224 7838 2176300 759600 141100
Table El(cont.) 191 [SSs with 30 wt% MEA extraction at room temperature (30 °C)
Concentration (ppm& Extraction efficiency (%)
Formate ~ Glycolate ~ Oxalate ~ Formate  Glycolate ~ Oxalate
52.62 59 12184 | . .
6.45 4376 0.00 10.42 7176 99.99
850 44.44 0.00 6101 1132 99.99
2111 48.22 0.10 59 87 68.88 99.91
1.14 477 001 86.43 1111 99.99
149 38.83 0.09 7165 14.94 99.93
Table E2 2 HSSs with 30 wt% MEA extraction at room temperature (30 ‘fC%
Retention time (m@ Height
Formate ~Glycolate Oxalate  Formate  Glycolate  Oxalate
8.338 208 7817 7676800 5137200  610,179.00
8.058 8238 7863 2814900 1145800  1.301.00
8.067 8.236 - 2056300 10,371.00 .
8.213 8236  78% 2664000 942800 953.00
8.272 8238 7843 2176700 979000 120500
8.286 8292 7917 2659600 948300  2,943.0

B in 1-pentanol

Height geducted noise
Formate lycolate xalate
52,617.00 3097400  610,179.00
644721 570136 167.00
849730 585450  1386.00
2111452 671369 148400
713084 592987 101600
1491642 457990 141100

Height gjeducted noise
Formate lycolate xalate
52617.00  30974.00 610,179.00
1836648 690843 1230100
1341681 6,253.04 -
1825913 568448 953,00
1491916 590274 1,205.00
1822897 571764 294300



Table E2(cont.) 2rdHSSs with 30 t% MEA extraction at room temperature (30 °C)

Concentration (ppm) Extraction efficiency (S%)
_ Formate Glycolate Oxalate Formate Glycolate ~ Oxalate
Before extraction 5260 15496 12134 . . .
B in 1-Octanol 1837 49,08 007 5949 6833 999
Bin2-ethyl-hexanol 1342 46.19 000 7041 7019 99.99
B in 1-heptanol 18.26 43.69 0.00 65.30 7181 99.99
B in |-hexanol 1492 4465 005 7165 /119 999
B in 1-pentanol 1823 4384 039 6536 71171 99.67
Table E3 3rdHSSs with 30 wt% MEA extraction at room temperature (30 °_C%
Retention time (m@ Heignt
_ Formate Glycolate Oxalate  Formate  Glycolatt  Oxalate
Before extraction 8.334 324173 4390000 3192200  597,054.00
B in 1-Octanol 8.213 8.231 18 1212000 1119100  845.00
B in 2-ethyl-hexanol ~ 8.217 8.23 1793 128200  9317.00 524.00
B in 1-heptanol 8.226 8215 1743 1713900 1063300  507.00
B in |-hexanol 8.233 8.231 7802 1139300 1366100  1,107.00
B in 1-pentanol 8.226 8.23 1797 1674000 1348300  1477.00
Table E3(cont.) 3rdHSSs with 30 wt% MEA extraction at room temperature (30 °C)
Concentration (ppm) Extraction efficiency (S%)
_ Formate Glycolate  Oxalate Formate Glycolate ~ Oxalate
Before extraction 19.75 1014 11922 . . .
B in 1-Octanol 5.45 36.46 000 7239 7709 9999
B in2-ethyl-hexanol 5.7 3348 000  70.79 8%  99.99
B in 1-heptanol 171 35,57 000  60.96 1765 99.99
Biin |-hexanol 513 40.33 003 7405 7463 9998
B in 1-pentanol 153 40.10 010 6187 7480 9992

Hei
Formate
19,749.00
h452.34
5,768.15
71.710.21
5125.29
1530.71

ght geducted noise
lycolate xalate
1152400 597,054.00
4.040.01 845.00
3,363.48 524.00
3,838.57 507.00
4.931.69 1,107.00
4.867.43 147700



Table E4 HSSs with 30 wt% MEA extraction at 45 °c

Before extraction

B in 1-Octanol

B in 2-ethyl-hexanol
B in 1-heptanol

B in 1-hexanol

B in I-pentanol

Retention time (min)
Formate Glycolate  Oxalate
8.288 8.284 7.840

8212 8.208 ,
8.283 8.268 7.874
8.215 8.226 7.82
8.277 8.204 7.81
8.292 8212 7.83

Formate
64,945.00
10.201.00
13,511.00
10,144.00
17,987.00
18,167.00

Table E4(cont.) HSSs with 30 wt% MEA extraction at 45 °c

Before extraction

B in 1-Octanol

B in 2-ethyl-hexanol
B in 1-heptanol

B in 1-hexanol

B in 1-pentanol

Table E5 HSSs with 30 wt% MEA extraction at 60 °C

Before extraction

B in 1 Octanol

B in 2-ethyl-hexanol
B in 1-heptanol

B in 1-hexanol

B in I-pentanol

Concentration (ppm)

Formate Glycolate ~ Oxalate
40.79 206.06 121.16
6.66 39.06
8.49 62.83 0.29
6.62 36.68 001
11.30 36.44 0.18
11.41 37.79 0.30

Retention time (min)
Formate  Glycolate  Oxalate

8.288 8.284 7.840
8.251 8.078

8.053 8.07

8.052 8.269 :
8.042 8.267 7.876
8.267 8.264 7.863

Height
Glycolate
42,586.00
11,051.00
19,259.00
9,757.00
9,629.00
10,359.00

Oxalate
606,745.00

2,406.00
1,025.00
1866.00
2,493.00

Extraction efficiency (%)
Formate  Glycolate

85.32
79.20
85.40
72.30
72.03

Formate
64,945.00
20,116.00
19,358.00
25,027.00
13,809.00
17,841.00

83.23
69.51
84.25
84.36
83.78

Height
Glycolate
42,586.00
14,765.00
15,525.00
15,288.00
14,767.00
18,725.00

Oxalate

99.99
99.76
99.99
99.85
99.75

Oxalate
606,745.00

741.00
232.00

Heig: it (deducted noise

Formate lycolate xalate
40,794.00 22,188.00 606,745.00
6,655.88 4,632.85

8,486.68 10,034.25 2,406.00
6,618.69 4,090.37 1,025.00
1120820 403671  1866.00
11,411.26 4,342.75 2,493.00

Height geducted noise

Formate lycolate xalate
40,794.00 22,188.00 606,745.00
12,635.49 6,189.85 :
12,630.58 6,508.46 :
16,329.46 7,965.30 741.00
9,010.01 7,965.30 232.00
11,206.49 7,693.85 741.00



Table E5(cont.) HSSs with 30 wt% MEA extractionat60 ¢~
Concentration (ppm) Extraction efficiency (S%)
_ Formate Glycolate  Oxalate Formate  Glycolate ~ Oxalate
Before extraction 079 20606 12116

B in 1-Octanol 264 4591 000  69.03 8029  99.99
B in 2-ethyl-hexanol 1263 4132 000 7214 7969  99.99
B in L-heptanol 16.33 53.73 000 6399 1393 9999
B in 1-hexanol 9,01 5253 000 8013 7451 99.99
B in 1-pentanol 12 61,61 000 7253 7010 99.99

Table E6 HSS in 30 wt% MEA extraction efficiency deviation, extracted by extractant in various diluents at room temperature (30 °C)
Extraction efficiency (%)

Diluents Formate (%) Glycolate (%) Oxalate (%)
1-Octanol 6743 + 695 7244 + 449 99.98 + 003
2-ethyl-hexanol 67.40 + 554 7481 + 7,04 99.99 + 0,00
L-heptanol 62,04 £ 287 73,07 £ 494 99.96 + 0.04
L-fiexanol 7137+ 7% 7365 + 433 99.98 + 0.02
L-pentanol 66.29 + 496 7486 + 311 99,84 + 015

co
co



Tahle E7 Deviation of the formate extraction efficiency by extractant  various diluents affected by temperature at 45 °C and 60 °C

Diluents Formate 30°c (Wt%)
L-octanol 67.43+6.95
2-ethyl-1-hexanol 67.4015.54
L-heptanol 62.0412.87
1-hexanol 77.37t7.93
1-pentanol 66.29£4.96
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Figure E4. Effect of formate extraction in 1-octanol diluents, varied temperature.
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Table E8 Deviation of the glycolate extraction efficiency by extractant in various diluents affected by temperature at 45 °c and 60 °c

Diluents Glycolate 30C (wt%) Glycolate 45C (wt% ) Deviation from 30C (wt%) Glycolate 60C (wt% ) Deviation from 30C (wt%)
1-octanol 72.44+4.49 77.23 +0.30 72.33
2-ethyl- 1-hexanol 74.81i7.04 69.51 71.31
1-heptanol 73.07i4.94 78.52 +0.51 73.93
1-hexanol 73.65i4.33 78.65 +0.67 74.51
1-pentanol 74.86i3.11 77.92 70.10 -1.65
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Figure E9. Effect of glycolate extraction in 1-octanol diluents, varied temperature.
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Table E9 Deviation of the oxalate extraction efficiency by extractant in various diluents affected by temperature at 45 °c and 60 °c

Diluents Oxalate 30°c (wt%)  Oxalate 45°c (Wt%) Deviation from 30°C (wt% ) Oxalate 60°c (wt%)  Deviation from 30°c (wWt%)
Loctanol 99.98+0.03 99.99 99.99
2—ethyl-1—hexano| 99.99+0.00 99.76 ' 99.99
1—heptano| 99.96+0.04 99.99 99.99
1—hexano| 99.98+0.02 99.85 -0.11 99.99
Lpentanol 99.92+0.15 99.74 017 . 99.99 +0.06
P . J
=
99.8
99.6 -

994 -

E b T

99.2

—e— Oxalate Extraction Efficiency in 1-octanol

99.0

30 15¢ 60C
Temperature (C)

Figure E14. Effect of oxalate extraction in 1-octanol diluents, varied temperature.
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Appendix F Regeneration of used extractant in \ arious diluents at room temperature (30 °C), 45. and 60 °C; and regeneration
efficiency calculation

» Re?eneratio_n efficiency was calculated based on the extractant, results, of the previous HSS in MEA extraction. The extraction
efficiency ot HSS with MEA was, calculated the HSS concentrafign left in solution, thus the extracted HSS can be calculated by
HSS concentration before extraction - HSS concentration remaining = Extracted HSS concentration

Example: From 14 formate extraction with 30 wt% MEA at room temperature in 1-octanol.
HSS concentration before extraction = 2 ppm
FISS concentration remaining 04.5 pgm
= Extracted HSS concentration 520.2-04,5 = _ 44125

25 ppm
Note: In HSS with MEA extraction, the agueous Folution was diluted 10 times. The HSS coﬁgentration before extraction was calculated
based on no dilution, which means it must multiply by 1o.

_The r%ge,neration efficiency was calculated by usiq%a peak heiqht which obtained from chromatogram. The HSS congentration
was diluted 20 times to avoid h)idromde overloading. The regenerated concentration was calculated™based on no dilution, then

gg)l#él nltlrea[%obRI 20 10 make 1t equal to the concentration before extraction from previous part, and then divided by extracted HSS
jon.

Regenerated HSS Cone
Extracted HSS Cone X 100 = generation Efficiency (wt%)

Example: From 1¢ formate extraction with 30 wt% MEA at room temperature in 2-ethyl-1-hexanol,



Table FI Regeneration of extractant in s HSS extraction with 30 wt% MEA at room temperature (30 °C)

Remaining Concentration after extracted Extracted Concentration
m m
_ Formate é'o col)ate Oxalate  Formate G ch)oIate Oxalate
Before extraction 526.2 59,6 12184 : . :
Bin 1-Octanol 4.5 4376 153 4617 12 120306
B in 2-ethyl-hexanol 8.0 4444 0 M125 1062 12184
B in 1-heptanol 211 4822 1 bl 10674 121074
B in L-hexanol /14 a7 01 48 1019 12183
B in 1-pentanol 1492 388.3 09 311 11613 12175
Table FI (Cont.) Regeneration of extractant in 14 HSS extraction with 30 wt% MEA at room temperature (30 °C)
Retention time (min) Height Back-extraced Concentration (me)
Formate Glycolate Oxalate Formate Glycolate Oxalate ~ Formate  Glycolate  Oxalate

Bin 1-Octanol 8433 o8 17 2555 2972 26462 51030 1%15.12 104,61
Bin2-ethyl-hexanol 8488 8517 7745 17623 11633 266007 35246 1397.28 1060.15
Binl-eptanol 8488 8592 7749 18507 10504 262691  370.14 130585 104689
Bin L-hexanol 8480 85 7749 1847 10688 260745 37094 131412 1039.10
Binlpentanol 8478 85 7748 1801 1B 260118 37402 1371.06 1036.59

Table FI (Cont.) Regeneration of extractant in 1¢ HSS extraction with 30 wt% MEA at room temperature (30 °C)
Regen Efficiency (%)
_ Formate  Glycolate  Oxalate
Bin 1-Octanol 11053 13625 8656
Bin 2-eth%/I-hexanoI 7989 1643 801
Bin l-heptanol 1747 1234 8.9
B in 1-hexanol 8lo6 11926 8.9
B in 1-pentanol 021 11806 8.4



Table F2 Regeneration of extractant in 2nd HSS extraction with 30 wt% MEA at room temperature (30 °C)
Remaining Concentration after extracted

Extracted Congentration

por) {pom)
_ Formate colate Oxalate  Formate Glycolate Oxalate
Before extraction 526.2 1549.65 121842 . . :
B in 1-Octanol 1837 490.8 0.7 250 105885 1217.72
Bin _2-ethKI-hexanoI 1342 461 9 0 39200 108175 121842
B in L-heptanol 1826 4369 0 360 127 121842
B in 1-hexanol 1492 4465 05 300 U3L 12179
B in 1-pentanal 183 4384 39 390 1A 124
Table F2(Cont.) Regeneration of extractant in 2ndHSS extraction with 30 wt% MEA at room temperature
Retention time (min Height Back-extrace
_ Formate  Glycolate  Oxalate  Formate Glycolate Oxalate  Formate
Bin 1-Octanol 8.504 515 1152 15100 2408 307336 30200
Bin _2-ethKI-hexanoI 8538 8431 L4 14891 10 303015 2978
Bin 1-heptanol 8.536 846/ 1749 10 13H 0 327% 26880
B in 1-hexanal 8.544 8.4% 1192 13064 10319 314880 26128
Biin 1-pentanol 8.5218 8492 164 1528 15580 341631 305.56

R

Concentration (ppm)

Glycolate
1465.48
1350.56
1582.26
1286.93
174462

Table F2(Cont.) Regeneration of extractant in 2ndHSS extraction with 30 wt% MEA at room temperature (30 °C)
Regen Efficiency (%)
Formate  Glycolate

Bin 1-Octanal
B in 2-ethyl-hexanol
B in 1-heptanol
B in 1-hexanal
B in 1-pentanol

88.18
1097
18.23
69.31
88.65

040
12416
14219
116,66
157.00

Oxalate
100.64
99.16
107.36
103.10
11220

Oxalate
122547
1208.18
1308.11
1255.64
1362.65



Table F3 Regeneration of extractant in 3rd HSS extraction with 30 wt% MEA at room temperature (30 °C)

Remaining Concentration after extracted Extracted %orp])centranon
m

_ Formate é?%ol)ate Oxalate  Formate G(ﬁ/colate Oxalate

Before extraction 1975 5014 11922 . . .
Bin 1-Octanol A5 364.6 0 143 12268 11922
B in 2-ethyl-hexanol oL 348 0 108 156 11922
B in 1-heptanol 711 35.7 0 1204 1267 1922
B in 1-hexanol bL3 4038 03 1462 11876 11919
B in 1-pentanol "3 401 1 22 11904 11912

Table F3(Cont.) Regeneration of extractant in 3l HSS extraction with 30 wt% MEA at room temperature (30 °C)
Retention time (min Height Back-extraced Concentration (ppm)

_ Formate  Glycolate xalate  Formate Glycolate Oxalate  Formate Glgcolate Oxalate
Bin 1-Octanal 8516 48 1744 16338 9068 382016 326.76 2984.36 1524.19
B in2-ethyl-hexanol 8437 8377 1,756 18441 5439 338940 310.82 2012.21 1351.88
B in L-heptanol 8477 8.351 1131 18856 20318 432498 31112 2094.84 172611
B in 1-hexanol 8473 8.368 1,749 19897 23035 445776 397.94 2418.26 1779.23
B in 1-pentanol 846 8.3 1.5 22073 25985 497508 441,46 2660.26 1986.15

Table F3(Cont.) Regeneration of extractant in 3l HSS extraction with 30 wt% MEA at room temperature (30 °C)
Regen Efficiency (%)

_ Formate Glycolate Oxalate
Bin1-Octanol 22850 24326 1218
Bin Z-eth?]ll-hexanol 20025 018 11339
Bin l-neptanol 31322 21808 14478

B in 1-hexanol 21219 20363 1498
Binlpentanol 36126 22348 16674



Table F4 Regeneration of extractant in HSS extraction with 30 wt% MEA at 45 °C

Remaining Concentration after extracted Extracted Concentration
_ Formate —éﬁfégpare— Oxalae  Formate G(P)}émgite Oxalate
Before extraction 407.9 060.6 12116 - - -
Bin 1-Octanol 06.6 3906 0 13 1600 12116
Bin _2-ethKI-hexanol 8.9 6283 29 323 14323 12087
Bin 1-heptanol 06.2 366.8 01 AL 16938 12115
B in 1-hexanal 113 344 18 2049 16%2 12098
Bin 1-pentanol 141 3719 3 2938 16827 12086
Table F4(Cont.) Regeneration of extractant in HSS extraction with 30 wt% MEA at 45 °c _
Retention time (min) Height Back-extraced Concentration (ppm)
_ Formate Glgcolate Oxalate  Formate G%colate Oxalate  Formate Glg/colate Oxalate
B in 1-Octanol 8.466 445 L4 20192 05 29884 40384 262922  1191M

Bin Z-ethKI-hexanOI 8.531 8.501 12 M8l 192 28136 29758 142112 11246/
B in 1-heptanal 8481 8455 (52 19075 2609 295150 /LS 23p493 117672
B in 1-hexanol 8.49 843 (153 48 315 556 2%688 240858 129715
B in 1-pentanol 8.529 8.443 1762 16078 2409 207055 32056 249394 11843

Table F4(Cont.) Regeneration of extractant in HSS extraction with 30 wt% MEA at 45 °c
Regen Efficiency (%)

_ Formate Gllycolate Oxalate

Bin 1-Octanol 183 16941 9834
Bin _2-ethKI-hexanoI 213 964 R305
Binl-hepanol 11165 1396 9713

B in 1-hexanol 10067 14200  107.22

B in 1-pentanol 10045 4821 9799



Table F5 Regeneration of extractant in HSS extraction with 30 % MEA at 60 °C

Remaining Concentration after extracted Extracted Concentration
(Ppm) _ {ppm)

_ Formate Glycolat~ = Oxalate  Formate Glycolate Oxalate

Before extraction 4079 60.6 12116 | | .
Bin 1-Octanol 1264 4501 0 2615 16015 12116
Bin Z-ethKI-hexanoI 1263 4732 0 2816 15874 12116
Bin 1-heptanol 1633 037.3 0 46 1583 12116
B in L-hexanol 2.1 55.3 0 A8 15H3 12016
B in 1-pentanol 1121 616.1 0 258 1445 12116

Table F5(Cont) Regeneration of extractant in HSS extraction with 30 wt% MEA at 60 °c .
Retention time (mmg) Height Back-extraced Concentration (E)pm)
Formate  Glycolate  Oxalate

_ Formate Glycolate Oxalate  Formate Glgcolate Oxalate
Bin 1-Octanol 8503 349 1,165 19493 730 254894  389.86 1898.62 1015.70
Bin Z-eth%/I-hexanol 843 8505 175 20290 12 247712 405.80 1931.36 986.97
B in L-heptanol 8478 8519 167 239% 14914 291352  479.90 1686.01 116153
B in 1-hexanol 8477 8.522 1164 20271 1313 282001 42554 1545.12 112437
B in 1-pentanol 8.503 8.534 1.789 19493 13464 29745 389.86 155841 1185.82

Table F5(Cont) Regeneration of extractant in HSS extraction with 30 wt% MEA at 60 °c
Regen Efficiency (%)
, Formate  Glycolate Oxalate
B in 1-Octanol 13849 . 83
Bin Z-eth%/I-hexanoI 14411 12161 8l46
Bin l-heptanol ~ 19%20 11068  9%.87
B in 1-hexanol 1390 10064 980
Bin Ll-pentanol 13180 10789 9787



2.5e+5

2.0e+5 A

1.5e+5 A

1.0e+5

Intensity (1V)

5.0e+4

0.0

OH"

)

-5.0e+4

=T T
B 6

Time (min)

Figure FI Chromatogram of blank 0.2 M NaOH.

T
10

12

2.5e+5

2.0e+5

1.5e+5

1.0e+5

Intensity (uV)

5.0e+4 -

8.4 (Formate)

0.0

O

OH"

-5.0e+4
0

hexanol at room temperature.

T
2

T
4

T
6

8

10

_ ) Time (min) _
Figure F2 Chromatogram of regeneration of formate extracted by extractant in 2-ethyl-1-

12

14

104



105

3.5e+5
7.7 (Oxalate)
3.0e+5
2.5e+5
8.5 (Glycolate)
2.0e+5
o
2 15045 OH
cC
L
= 1.0e+5
5.0e+4 - b
J
-5.0e+4 T T T T T T T
0 2 4 6 8 10 12 14

: . Time (min) .
Flﬁure F3 Chromatogram of regeneration of gly;rcnglar?énand oxalate extracted by extractant in
+-hexanol at room temperature.

2.5e+5
L OH
1.5e+5
S
=
2 1.0e+5 -
c
K
£
5.0e+4 - 8.4 (Formate)
i N\ L
-5.0e+4 T T T T T T T
0 2 4 6 8 10 12 14

_ ) Time (min) )
Figure F4 Chromatogram of regeneration of formate extracted by extractant in 2-ethyl-1-
heXano! at 45 °c.



106

3e+5
7.7 (Oxalate)
3e+5
8.5 (Glycolate)
2e+5 A
g 2e+5 .
> OH
7
e
L fe+5 A
£
5e+4 -
0 J M
-5e+4 T T L T T T T
0 2 4 6 8 10 12 14

: : Time (min) :
Flﬁure F5 Chromatogram of regeneration of dﬂ/ecoTénte and oxalate extracted by extractant in
1-Reptanol at 45 °C.

2e+5
2e+5 A
2e+5 A

1e+5 - OH"
1e+5 A

1e+5 A

8e+4

Intensity (uV)

6e+4

4e+4 -
g 8.4 (Formate)
e M L

-2e+4

. Time (min) .
E(i)goucre Fs Chromatogram of regeneration of formate extracted by extractant in 1-octanol at



107

3e+5
7.7 (Oxalate)
3e+5
8.5 (Glycolate)
2e+5
S
2 2e+5 A :
> OH
‘@
c
L 1e+5 4
£
Se+4
; J \v
-5e+4 T T T T T T T
0 2 4 6 8 10 12 14

: : Time (min) :
Figure F7 Chromatogram of regeneration of gllnilecorlné?e and oxalate extracted by extractant in
+~Pentanol at 60 °c.



108

CURRICULUM VITAE

Name: Mr. Panupat Suppaibulsuk
Date of Birth: May 19th 1989
Nationality: Thai

University Education:

2007-2011  Bachelor Degree of Chemical Engineering, Faculty of
Engineering, Chulalongkorn University, Bangkok, Thailand.

2004-2007  Suankularb  Wittayalai - Nonthaburi  School ~ (Mathematic-
Science program) Nonthaburi, Thailand.
Work Experience:

2010 Position: Internship

Company name: Bangchak Petroleum
Co., Ltd., Bangkok, Thailand

Proceeding:

L Suppaibulsuk, P.; Saiwan, c.; and Supap, T. (2013, April 23). Effect of Organic
Diluents on Separation of Heat Stable Salts (HSSs) Generated During Carbon
Dioxide Absorption Using Amine Solution.  Proceedings of the 4t Research
Symposium on Petrochemical and Materials Technology and 19 PPC Symposium
on Petroleum. Petrochemical, and Polymers. Bangkok, Thailand.

2. Suppaibulsuk, p.; Saiwan, c.; and Supap, T. (2013, September 29- QOctober 2).
Effect of Organic Solvents on Separation of Heat Stable Salts (HSSs) Generated
During Carbon Dioxide Absorption Using Amine Solution.  Proceedings of the
PRES13. 16t Conference Process Integration, Modelling and Optimisation for
Energy Saving and Pollution Reduction, Rhode, Greece.



	REFERENCES
	APPENDICES
	Appendix A Stock HSSs Solution, Mobile Phase, Diluent C,Titrant, and Indicator Preparation Calculation
	Appendix B Conversion of Extractant-Cl to Extractant-QH, 1 M of Extractant-OH Preparation Calculation
	Appendix C Extraction of HSSs Solution without MEA Presence with Diluents Alone (without Extractant B)
	Appendix D Extraction of HSSs Solution without MEA Presence with Extractant in Various Diluents
	Appendix E Results from HSSs with 30 wt% MEA Extraction at Room Temperature, 45 °c, and 60 °C; and Extraction Efficiency Calculation
	Appendix F Regeneration of used extractant in various diluents at room temperature (30 °C), 45. and 60 °C; and regeneration efficiency calculation

	CURRICULUM VITAE

