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APPENDICES

Appendix A Chemical Preparation

Al. Aqueous Solution without MEA

A stock solution of 1000 ppm of each neutral MEA degradation products was prepared in a 500 mL volumetric flask. The
theoretical weight of neutral MEA degradation products in DI water was calculated as follow:

1000 ppm neutral MEA degradation 1gneutral MEA degradation 1 gsolution

Mass of neutral MEA degradation (g) 1ppm neutral MEA degradation 106 ¢ solution I mL solution

500 mL solution

The solution density of 1 g/mL was assumed. The volume of neutral MEA degradation products in DI water was mass of
neutral MEA degradation products in solution divided by its density. After preparing the neutral MEA degradation products
concentration, the actual concentrations of neutral MEA degradation products as follow:

1 ppm neutral MEA degradation 106 g neutral MEA degradation 1 mL solution

Concentration of neatral MEA degradation (ppm) 500 mL solution 1 g solution 1 g solution

g actual mass of neutral MEA degradation



Preparation of Neutral MEA Degradation Products 1000 ppm in Aqueous Solution without MEA

imidazole 1,000 ppm solution was prepared by 0.50 g of imidazole 99 wt% dissolved in 500 mL of DI water.

1000 ppm imidazole 1g imidazole 1gsolution

Lppm imidazole  106gsolution 1 mL solution 200 ML solution

Mass of imidazole (g)

100 g solution

Mass of imidazole (g) = 0.50 g imidazolel o g imidazole

Mass of imidazole (g) = 0.50 g imidazole in 500 mL solution

N-acthvlethanolamine 1,000 ppm solution was prepared by 0.50 mL ofN-acthylethanolamine 88.60 wt% dissolved in 500 mL ofD|
water.

1000 ppm N —acthylethanolamine 1g N —acthylethanolamine 1g solution

1ppm N —acthylethanolamine 106 g solution 1 mL solution 200 ML solution

Mass of N - acthylethanolamine (g)

100 g solution

Mass of N—acthylethanolamine (g) = 0.50 g N —acthylethanolaminel 88.60 g N—acthylethanolamine

« Mass of N—acthylethanolamine (g) = 0.56 g N - acthylethanolamine in 500 mL solution



I mL N —acthylethanolamine

Volume of N - acthylethanolamine (mL) = 0.56 g N- acthylethanolaminel 112 g N—acthylethanolamine

«\/olume of N —acthylethanolamine (mL) = 0.50 mL N—acthylethanolamine in 500 mL solution
2-0xazolidone 1,000 ppm solution was prepared by 051 g of 2-oxazolidone 98 wt% dissolved in 500 mL ofD1 water.

1000 ppm 2 —oxazolidone 1g 2 —oxazolidone 1 gsolution

Mass 0f 2 —oxazolidone {g) Lppm 2 - oxazolidone 106 g solution 1 mL solution

500 mL solution

100 g solution

Mass of 2 —oxazolidone (g) = 0.50 g 2 —oxazolidone! 57 oxazollone

« Mass of 2 - oxazolidone (g) = 0.51 g 2- oxazolidone in 500 mL solution



N-f2-hydroxvethyl)-succinimide 1,000 ppm solution was prepared by 0.53 g of N-(2-hydroxyethyl)-succinimide 95 wt% dissolved in
500 mL of DI water.

L 1000 ppm N — (2 —hydroxyethyl) —succinimide |Ig N—(|—hydroxyethyl)—succinimide 1gsolution )
M fN—(2 —hyd thyl) — d L . .
2530 ( yaroxyethyl) —succinim ide (g) Tppm N—(2 —hydroxyethyl) —succinimide 106 g solution ImL solution 500 mL solution

100 g solution

Mass of N- (2 —hydroxyethyl) - succinimide (g) = 0.50 g N- (2 —hydroxyethyl) —succinimidel 95 g N—(2 —hydroxyethyl) —succinimide

» Mass of N- (2 —hydroxyethyl) —succinimide (g) = 0.53 g N- (2 —hydroxyethyl) - succinimide in 500 mL solution
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Table Al Preparation of neutral MEA degradation products 1000 ppm in aqueous solution
without MEA

Theoretical Theoretical Actual Actual

Chemical Concentration Weight Weight ~ Concentration
(ppm) () (9) (ppm)
Imidazole 1000 0.50 0.5050 999.99
N-acethylethanolamine 1000 0.56 0.5643 999.94
2-Oxazolidone 1000 0.51 05102 999.99
N-{2ydroryethyl)- 1000 - 05 05283 999.97

succinimide

A2. Aqueous Solution with MEA

MEA 5M (30 wt%) Preparation

5mol MEA  61.08 g MEA
OMOTMEA" 1000 mL solution 1 mol MEA

The solution density of 1 g/mL was assumed.

3054 g MEA 1 mL solution 100

9 MOtVEA 4000 mLsolution 1 gsolution

5Mof MEA = 30.54 %wt

The density of MEA is 1.02 g/mL. The volume of MEA in solution was
mass of MEA in solution divided by its density, the actual volume of MEA as
follow:

Volume of 5 Mof MEA (L) = 305.40 g MEA| llofngl\I{l/lEEAjA

Volume of 5 Mof MEA (mL) = 299.41 mL MEA in 1000 mL solution
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The MEA stock solution with 1000 ppm neutral MEA degradation products
ina 100 mL volumetric flask was theoretically calculated similar to the neutral MEA
degradation products in aqueous solution without MEA.

Volume of MEA (mL) = 1%%%‘%_”;'6'“ o 100 mL solution

« \/olume of MEA (mL) = 29.94 mL in 100 solution

imidazole 1,000 ppm solution was prepared by 0.50 g of imidazole 99 wt% mixed
with 29.94 mL of MEA and then adjusted volume by DI water to 100 mL.
N-(2-hvdroxvethyl)-succinimide 1,000 ppm solution was prepared by 0.53 g of N-(2-
hydroxyethyl)-succinimide 95 wt% mixed with 29.94 mL of MEA and then adjusted
volume by DI water to 100 mL.

2-0xazolidone 1,000 ppm solution was prepared by 051 g of 2-oxazolidone 98 wt%
mixed with 29.94 mL of MEA and then adjusted volume by DI water to 100 mL.
N-(2-hydroxvethyl)-succinimide 1,000 ppm solution was prepared by 0.53 g of N-(2-
hydroxyethvl)-succinimide 95 wt% mixed with 29.94 mL of MEA and then adjusted
volume by DI water to 100 mL.

Table A2 Preparation of neutral MEA degradation products 1000 ppm in aqueous solution with
MEA

Theoretical Theoretical Actual Actual
Chemical Concentration Volume Volume Concentration
5M (wt%) (mL) (mL) 5M (wt%)
Imidazole 30.54 29.94 29.95 30.55
N-acethylethanolamine 30.54 29.94 29.95 30.55
2-Oxazolidone 30.54 29.94 29.95 30.55
N-2ydroryethy)- 354 N% 2% 3055

succinimide
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A3. NaOH Preparation

2 M of NaOH for converting extraction in chloride form to extraction in
hydroxide" form was prepared in a 1000 ML volumetric flask.

2mol NaOH  39.997 g NaOH

Volume of 2 MOf MEA (ML) 1009 mLsolution 1 mol NaOH

79.99 g NaOH 100 g solution

Volume of2MofMEA(ML) 4500 m("solution 99 g NaOH

«\/olume of 2 Mof MEA (mL) = 80.80 g NaOH in 1000 mL solution

A4, AgNCss Preparation

0.05 M of AgNCss used as an indicator in Mohr’s titration method
prepared in a 1000 mL volumetric flask.

0.05 mol AgN03 169.87 g AgNO]

Mass 0f0.05 MofAGNO3(0) 1000 . sofution 1 mol AgN03

Mass of0.05 Mof AQNO3 g) = g St 1000 L soluton

1-Mass of 0.05 Mof AgNO3 (g) = 8.49 g AgNO3in 1000 mL solution



1

A5. Na2CrCs: Preparation

0.25 M of Na:Cr04 used as an indicator in Mohr’s titration method was
prepared in a 100 mL volumetric flask.

0.25 mol Na2Cr04 161.97 g Na2Cr04

Mass of 0.25 Mof Na2Cr04(0) 4009 L solution 1 mol Na2Cr04

40.49 g Na2Cr04

Mass of 0.25 Mof Na2Cr04(g) 1000 mL solution

100 mL Na2Cr04

Mass 0f 0.25 Mof Na2Cr04(g) = 4.05 gin 100 mLsolution

Table A3 Preparation coversion of extractant-Cl

Theoretical Theoretical Actual Actual
Chemical ~ Concentration ~ Weight or Volume ~ Weight or Volume  Concentration
(Molar) (9) or (mL) (mL) (Molar)
NaOH 2 80.80 80.80 2
AgNOj 0.05 8.49 8.49 0.05
NaZCr04 0.25 4,05 4.04 0.25

X



Appendix B Conversion of Extractant

0
Calculation Example of Conversion from Extractant Chloride form (Extractant-Cl) to Extractant Hydroxide form (Extractant-
OH).

Extractant-Cl + NaOH = Extractant-OH + NaCl Bl

Molecular weight of extractant-Cl is 404.16 g/mol. One mole of extractant-Cl consists of one mole of ¢ ion and one mole of
extractant ion and produces one mole of extractant-OH. If the conversion is incomplete, there is extractant-OH and extractant-Cl

remaining which extractant-Cl remaining can be determined by titration of ¢ r in extractant-Cl with Ag+to find the final conversion.
Know that c r and Ag+have reaction at the mole ratio of L:1.

Table BL Volume of ¢ ion initial remaining in the extractant-Cl
Weight of Extractant-Cl ~ AgN03  mmole of Ag+= mmole ofcr Weightofcr % cr Initial

(g) = Wi (mL) (1 XAgN03 (mg = mmole Cl X355 (mg))= 2 ( 2*0.001/Wi) X100
0.1005 39 0.195 6.92 6.89



Example calculation volume of Cl initial remaining in the extractant,
From titration extractant-Cl in Table Blwas calculated as follow:

0.05 mol AgN03

1000 mL solution °-30 ML solution

Mol of 3.9 mL of 0.05 Mof AgN03(mol) =
Mol of 3.9 mL 0f 0.05 Mof AgN03(mol) = 0.000195 mol AgN03 = 0.195 mmol Ag+

Mol of 39 mL of 0.05 Mof AgNO3(mol) = 0.195 mmol cr remaining in the extractant - C

13550 mgcer
1 mmol C-

Mass of C I remaining in the extractant —Cl (g) = 0.195 mmol G-
Mass of ¢ r remaining in the extractant —Cl (g) = 6.9225 mg cr

0.0069225 gcr 100

Yocr initial remaining in the extractant —Cl = J extractant —Cl

« % cr initial remaining in the extractant —Cl = .6.8881 u



Example calculation conversion of extractant-Cl to be extractant-OH measured by Mohr’s method titration.
From titration of after 1¢conversion batch no.l in Table B Blwas calculated as follow.

Mol of 2.65 mL of 0.05 Mof AgN03(mol) = 100%% msﬁl%,ﬁga 2.65 mL solution

Mol of 2.65 mL of 0.05 Mof AgNO03 (mol) = 0.0001325 mol AgNO03 = 0.1325 mmol Agt

Mol of 2.65 mL of 0.05 M of AgNO3 (mol) = 0.1325 mmol Cl- remaining in the extractant —Cl

Mass of crremaining in the extractant —Cl after 1stconversion (g) = 0.1325 mmol ClH{ 315n°5rntrrne%gll

Mass of crremaining in the extractant —Cl after Lst conversion (g) = 4.7038 mg CI"

. . 0.0047038gcr |
%cr remaining in the extractant —Cl after 1st conversion = 0004 § e XTracTanE. Ol 100

« 09 - remaining in the extractant - Cl after 1stconversion = 4.685%



(%CL~ initial remaining in the extractant —Cl —%cr remaining in the extractant —Q after 1st conversion) 100

: .
JoExtraction O %CL- initial remaining in the extractant «-

O9Extraction Ol = (6'8868§é§11'685) 100

%Extraction Cl = 31.98%

Extractant as Aliquat-336 is in the form of chloride (extractant-CI). It was converted to hydroxide form by reaction.



Table B2 Conversion of extractant-Cl to be extractant-OH measured by Mohr’s method titration of batch No.|

Time of Conversion

After st Conversion
After 2nd Conversion
After 3rd Conversion
After 4thConversion
After 5lhConversion
After 6th Conversion
After 7TthConversion
After 8th Conversion
After 9thConversion
After 10lh Conversion
After 11th Conversion
After 12thConversion
After 13th Conversion
After Evaporation

Weight of Extractant-Cl

(0)
0.1004

0.1006
0.1003
0.1008
0.1007
0.1007
0.1006
0.1002
0.1001
0.1006
0.1000
0.1001
0.1000
0.1005

AgNO]
(mL)
2.65
2.55
240
2.23
2.05
1.80
1.70
1.50
145
145
1.30
1.30
125
145

mmole of Ag+= mmole of CI

0.13
0.13
0.12
0.11
0.10
0.09
0.09
0.08
0.07
0.07
0.07
0.07
0.06
0.07

Weight ofcr
(mg)
4.70
453
4.26
39
3.64
3.20
3.02
2.66
257
257
231
2.31
2.22
257

% Cr Remaining

4.69
4.50
4.25
392
361
317
3.00
2.66
2.57
2.56
231
231
2.22.
2.56

% F xtraction Cl

31.98
34.68
38.34
4312
4754
53.94
56.45
61.42
62.67
62.86
66.50
66.53
67.79
1 6282



Table B3 Conversion of extractant-Cl to be extractant-OH measured by Mohr’s method titration of batch No.2

Time of Conversion

After IsLConversion

After 2nd Conversion
After 3rd Conversion
After 4th Conversion

After 5thConversion

After 6th Conversion
After TthConversion

After 8thConversion

After 9"1Conversion

After 10th Conversion
After 11thConversion
After 12thConversion
After 13thConversion
After Evaporation

W eight of Extractant-C|
(9)
0.1005
0.1005
0.1002
0.1002
0.1003
0.1006
0.1007
0.1001
0.1003
0.1004
0.1004
0.1003
0.1000
0.1001

AgNOa
(mL)
2.65
250
245
2.20
200
18
L.70
1.50
145
145
130
125
1.25
L4

mmole of Ag+= mmole of CI

0.13
0.13
0.12
0.11
0.10
0.09
0.09
0.08
0.07
0.07
0.07
0.06
0.06
0.07

Weightofer
(tng)
470
444
435
391
3.55
3.28
3.02
2.66
257
257
231
2.22
2.22
257

% Cr Remaining

4.68
442
434
3.90
3.54
3.26
3.00
2.66
2.57
2.56
2.30
221
2.22
2.57

"[((Extraction Cl

32.05
35.90
36.99
4342
48.62
5261
56.50
61.38
62.75
62.78
66.63
67.88
67.79
62.67



0

Table B4 Conversion of extractant-Cl to be extractant-OH measured by Mohr’s method titration of batch No.3

Time of Conversion

After 1” Conversion
After 2rdConversion
After 3rd Conversion
After 4th Conversion
After 5hConversion
After 6th Conversion
After 7ThConversion
After 8h Conversion
After 9thConversion
After 10lhConversion
After 11thConversion
After 12thConversion
After 13t Conversion
After Evaporation

Weight of Extractant-Cl
©)
0.1000
0.1007
0.1002
0.1008
0.1000
0.1007
0.1002
0.1000
0.1006
0.1003
0.1001
0.1002
0.1000
0.1000

AgNOj
(L)
2.60
2.55
245
2.5
1%
1.80
165
150
140
145
125
125
125
1.50

mmole of Ag+= mmole of cr

0.13
0.13
0.12
0.11
0.10
0.09
0.08
0.08
0.07
0.07
0.06
0.06
0.06
0.08

Weight ofcr
(mg)
4.62
453
4.35
3.99
346
3.20
2.93
2.66
249
2.57
2.2
2.2
2.2
2.66

% cr Remaining

4.62
449
434
3.96
346
317
2.92
2.66
247
2.57
2.22
221
2.22
2.66

%Extraction Cl

33.00
34.74
36.99
42.48
49.75
53.94
57.57
61.35
64.14
62.75
67.62
67.85
67.79
61.35



Table B5 Conversion of extractant-Cl to be extractant-OH measured by Mohr’s method titration of batch No.4*

Time of Conversion

After 14 Conversion
After 2rd Conversion
After 3rd Conversion
After 4th Conversion
After 5thConversion
After 6th Conversion
After 7ThConversion
After 8thConversion
After 9hConversion
After 10thConversion
After |1 hConversion
After 12lhConversion
After 13hConversion
After Evaporation

Weight of Extractant-Cl
©)
0.1005
0.1002
0.1000
0.1008
0.1006
0.1007
0.1004
0.1006
0.1006
0.1000
0.1004
0.1004
0.1002
0.1005

AgNO)j
(L)
2.65
2.55
240
2.5
2.05
1.80
170
150
145
145
1.30
1.30
1.30
145

mmole of Ag+= mmole of cr

0.13
0.13
0.12
0.11
0.10
0.09
0.09
0.08
0.07
0.07
0.07
0.07
0.07
0.07

Weight of Ci-
ting)
4.70
453
4.26
3.99
3.64
3.20
3.02
2.66
251
251
231
231
231
257

% cr Remaining

4.68
4.52
4.26
3.96
3.62
317
301
2.65
2.56
2.51
2.30
2.30
2.30
2.56

%Extraction Cl

32.05
34.42
38.15
42.48
47.49
53.94
56.37
61.58
62.86
62.63
66.63
66.63
66.57
62.82



Table B6 Conversion of extractant-Cl to be extractant-OH measured by Mohr’s method titration of batch No.5

Time of Conversion

After 1¢ Conversion
After 2rd Conversion
After 3rd Conversion
After 4thConversion
After 5t Conversion
After 6th Conversion
After 7thConversion
After 8th Conversion
After 9th Conversion
After 10thConversion
After 11thConversion
After 12lhConversion
After 13thConversion
After Evaporation

Weight of Extractant-Cl
)
0.1000
0.1002
0.1007
0.1000
0.1006
0.1007
0.1007
0.1004
0.1004
0.1003
0.1003
0.1001
0.1004
0.1005

AgNOj
(mL)
2.60
2.55
245
2.23
2.00
185
165
155
145
145
130
130
130
145

mmole of Ag+= mmole of cr

0.13
0.13
0.12
0.11
0.10
0.09
0.08
0.08
0.07
0.07
0.07
0.07
0.07
0.07

Weight of cr
(mg)
4.62
453

1435
3.9
355
3.28
2.93
2.75
2.57
257
231
231
231
257

%cr Remaining

4.62
452
432
3.9
3.53
3.26
291
2.74
2.56
2.57
2.30
231
2.30
2.56

%Extraction Cl

33.00
34.42
31.30
42.66
48.11
52.66
57.78
60.22
62.78
62.75
66.60
66.53
66.63
62.82



Table B7 Conversion of extractant-Cl to be extractant-OH measured by Mohr’s method titration of batch No.6

Time of Conversion

After Is Conversion
After 2rdConversion
After 3rd Conversion
After 4thConversion
After 5h Conversion
After 6th Conversion
After 7thConversion
After 8t Conversion
After 9lh Conversion
After 10lhConversion
After 1lhConversion
After 12thConversion
After 13t Conversion
After Evaporation

Weight of Extractant-Cl
©)
0.1005
0.1003
0.1001
0.1000
0.1007
0.1006
0.1002
0.1003
0.1001
0.1005
0.1000
0.1003
0.1002
0.1002

AgNQj
(L)
2.65
250
240
2.23
2.05
185
*1.65
150
145
145
1.25
125
1.25
150

mmole of Ag+= mmole of cr

0.13
0.13
0.12
0.11
0.10
0.09
0.08
0.08
0.07
0.07
0.06
0.06
0.06
0.08

Weight ofcr
(mg)
470
4.44
4.26
3.95
3.64
3.28
2.93
2.66
257
2.57
2.22
2.22
2.22
2.66

% cr Remaining

4.68
442
4.26
3.9
361
3.26
292
2.6
257
2.56
2.2
221
221
2.66

%Extraction Cl

32.05
3.11
38.22
42.66
47.54
52,61
571.57
61.46
62.6/
62.82
67.79
67.88
67.85
61.42



Table B8 Conversion of extractant-Cl to be extractant-OH measured by Mohr’s method titration of batch No.7

Time of Conversion

After 1¢ Conversion
After 2rdConversion
After 3rdConversion
After 4 hConversion
After 5hConversion
After 6th Conversion
After 7IhConversion
After 8t Conversion
After 9t Conversion
After 10thConversion
After 11thConversion
After 12hConversion
After 13hConversion
After Evaporation

Weight of Extractant-Cl
©)
0.1003
0.1000
0.1001
0.1001
0.1008
0.1007
0.1005
0.1001
0.1006
0.1002
0.1000
0.1004
0.1002
01002

AGNOj
(mL)
265
255
240
2.0
205
180
165
150
145
145
130
130
125
145

mmole of Ag+= mmole of cr

0.13
0.13
0.12
0.11
0.10
0.09
0.08
0.08
0.07
0.07
0.07
0.07
0.06
0.07

Weight of cr
(mg)
4.70
453
4.26
391
3.64
320
2.9
2.66
2.57
2.5
231
231
2.2
2.51

% cr Remaining

4.69
4.53
4.26
3.90
361
317
291
2.66
2.56
2,57
231
2.30
221
2,57

%Extraction Cl

31.92
34.29
38.22
43.36
41.59
53.94
57.69
61.38
62.86
62.71
66.50
66.63
67.85
62.71



Table B9 Conversion of extractant-Cl to be extractant-OH measured by Mohr’s method titration of batch No.8

Time of Conversion

After 18 Conversion
After 2rdConversion
After 3rd Conversion
After 4thConversion
After 5thConversion
After 6th Conversion
After 7thConversion
After 8thConversion
After 9th Conversion
After 10th Conversion
After 11th Conversion
After 12thConversion
After 13th Conversion
After Evaporation

Weight of Extractant-Cl

9
0.1005

0.1004
0.1005
01004  —
0.1003
0.1000
0.1000
0.1004
0.1006
0.1005
0.1006
0.1003
0.1000
0.1005

AgNO)j
(L)
2.65
2.55
240
2.25
2.00
1.80
170
1.50
145
145
1.30
1.30
125
145

mmole of Ag+= mmole of cr

0.13
0.13
0.12
0.11
0.10
0.09
0.09
0.08
0.07
0.07
0.07
0.07
0.06
0.07

Weight ofcr
(mg)
470
453
4.26
399
355
320
3.02
2.66
2.57
2.57
2.31
2.31
2.22
2.57

% cr Remaining

4.68
451
424
3.98
3.54
3.20
3.02
2.65
2.56
2.56
2.29
2.30
2.22
2.56

%Extraction Cl

32.05
34.95
38.46
42.25
48.62
5361
56.19
61.50
62.86
62.82
66.70
66.60
67.79
62.82



Table BIO Conversion of extractant-Cl to be extractant-OH measured by Mohr’s method titration of batch No.9

Time of Conversion

After 1 Conversion
After 2rd Conversion
After 3rd Conversion
After 4thConversion
After 5Ih Conversion
After 6th Conversion
After 7Ih Conversion
After 8th Conversion
After 9th Conversion
After 10th Conversion
After 11th Conversion
After 12th Conversion
After 13thConversion
After Evaporation

Weight of Extractant-Cl
©)
0.1008
0.1001
0.1001
0.1001
0.1003
0.1006
0.1002
0.1000
0.1004
0.1006
0.1000
0.1001
0.1000
0.1002

AGNO]
(L)
265
250
243
2.0
1%
180
170
150
145
145
125
125
125
150

mmole of Ag+= mmole of cr

0.13
0.13
0.12
0.11
0.10
0.09
0.09
0.08
0.07
0.07
0.06
0.06
0.06
0.08

Weight of cr
(mg)
4.70
4.44
4.30
391
346
3.20
3.02
2.66
257
251
2.2
2.2
2.2
2.66

% r Remaining

4.67
443
4.30
3.90
3.45
3.18
301
2.66
2.56
2.56
2.22
2.22
2.22
2.66

"/«Extraction Cl

32.25
35.64
31.57
43.36
49.90
53.89
56.28
61.35
62.78
62.86
67.79
67.82
67.79
61.42

o >



Table BII' Conversion of extractant-Cl to be extractant-OH measured by Mohr’s method titration of batch No.10

Time of Conversion

After 15 Conversion
After 2ri Conversion
After 3rd Conversion
After 4th Conversion
After 511Conversion
After 6th Conversion
After 7hConversion
After 8th Conversion
After 9th Conversion
After 10th Conversion
After 11thConversion
After 12Ih Conversion
After 13IhConversion
After Evaporation

Weight of Extractant-Cl

(9)
0.1005

0.1003
0.1006
0.1002
0.1000
0.1007
0.1001
0.1000
0.1004
0.1002
0.1004
0.1002
0.1002
0.1004

AgNOa
(mL)
2.65
2.5
240
2.20
1%
1.80
170
155
145
145
130
1.25
125
145

mmole of Ag+= mmole of cr

0.13
0.13
0.12
0.11
0.10
0.09
0.09
0.08
0.07
0.07
0.07
0.06
0.06
0.07

Weight of cr
(mg)
4.0
453
4.26
391
3.46
3.20
3.02
2.75
257
257

' 231
2.2
2.2
257

% cr Remaining

4.68
451
423
3.90
3.46
317
301
2.15
2.56
2.5
2.30
221
221
2.56

%Extraction Cl

32.05
34.48
38.52
43.42
49.75
53.94
56.24
60.06
62.78
62.71
66.63
67.85
67.85
62.78



Table B12 Conversion of extractant-Cl to be extractant-OH measured by Mohr’s method titration of batch No.| 1

Time of Conversion

After |4 Conversion
After 2rd Conversion
After 3rdConversion
After 4thConversion
After 5hConversion
After 6th Conversion
After 7thConversion
After 8thConversion
After 9t Conversion
After 10lh Conversion
After | | |hConversion
After 12th Conversion
After 13thConversion
After Evaporation

Weight of Extractant-Cl

()
0.1006

0.1000
0.1007
0.1002
0.1006
0.1003
0.1002
0.1004
0.1003
0.1002
0.1004
0.1002
0.1005
0.1003

AgNQ,
(mL)
2.65
2.55
245
2.23
2.00
185
1.70
1.55
140
1.40
1.30
1.30
1.25

o 145

mmole of Ag+= mmole of cr

0.13
0.13
0.12
0.11
0.10
0.09
0.09
0.08
0.07
0.07
0.07
0.07
0.06
0.07

Weight ofcr
(mg)
" 470
453
4.35
3.9
355
3.28
3.02
2.5
249
2.49
2.31
2.31
2.22
257

%CT Remaining

4.68
4.53
432
3.94
353
3.21
301
2.74
248
248
2.30
2.30
221
2.57

%Extraction Cl

32.12
34.29
3130
42.78
48.11
5247
56.28
60.22
64.03
63.99
66.63
66.57
67.95
62.75



Table BI3 Conversion of extractant-Cl to be extractant-OH measured by Mohr’s method titration of batch No. 12

Time of Conversion

After 1% Conversion
After 2rilConversion
After 3rdConversion
After 4thConversion
After 5thConversion
After 6th Conversion
After 7thConversion
After 8thConversion
After 9th Conversion
After 10thConversion
After 11thConversion
After 12thConversion
After 13thConversion
After Evaporation

Weight of Extractant-Cl

(9
0.1006

0.1002
0.1005
0.1003
0.1007
0.1005
0.1000
0.1005
0.1004
0.1007
0.1005
0.1001
0.1004
0.1004

AgN03
(mL)
2.65
250
240
2.20
2.05
1.80
170
155
145
140
1.25
125
125
145

inmule of Ag+- mmole of cr

0.13
0.13
0.12
0.11
0.10
0.09
0.09
0.08
0.07
0.07
0.06
0.06
0.06
0.07

Weight of cr
(mg)
470
4.44
4.26
301
3.64
320
3.02
2.75
2.57
2.49
2.22
2.22
2.22
2.57

% cr Remaining

4.68
443
424
3.89
361
3.18
3.02
2.74
2.56
247
221
2.22
221
2.56

"luExtraction Cl

32.12
35.70
38.46
4348
41.54
53.85
56.19
60.26
62.78
64.17
67.95
67.82
67.92
62.78



Table B14 Conversion of extractant-Cl to be extractant-OH measured by Mohr’s method titration ofbatch No.13

Time of Conversion

After 1¢ Conversion
After 2rd Conversion
After 3rdConversion
After 4thConversion
After 5b Conversion
After 6th Conversion
After 7bConversion
After 8(Conversion
After 9 Conversion
After 10lhConversion
After 11thConversion
After 12thConversion
After 13thConversion
After Evaporation

Weight of Extractant-Cl

(9)
0.1001

0.1006
0.1007
0.1003
0.1002
0.1007
0.1002
0.1004
0.1005
0.1002
0.1003
0.1005
0.1004
0.1000

AgNOj
(L)
2.65
2.50
240
2.20
2.05
1.80
170
150
145
145
1.30
130
1.30
145

mmule of Agt—mmole of cr

0.13
0.13
0.12
0.11
0.10
0.09
0.09
0.08
0.07
0.07
0.07
0.07
0.07
0.07

Weight of cr
(mg)
470
444
4.26
391
3.64
3.20
3.02
2.66
257
2.57
231
231
231
257

% cr Remaining

470
441
423
3.89
363
317
301
2.65
2.56 .
2.57
2.30
2.30
2.30
2.57

%Extraction Cl

3178
35.96
38.58
43.48
41.28
53.94
56.28
61.50
62.82
62.71
66.60
66.67
66.63
62.63



Table B15 Conversion of extractant-Cl to be extractant-OH measured by Mohr’s method titration of batch No. 14

Time of Conversion

After 14 Conversion
After 2”1Conversion
After 3rd Conversion
After 4th Conversion
After 5t Conversion
After 6th Conversion
After 7hConversion
After 8Ih Conversion
After 9'1Conversion
After 10h Conversion
After 11th Conversion
After 12thConversion
After 13hConversion
After Evaporation

Weight of Extractant-Cl

()
0.1004
0.1007
0.1007
0.1002
0.1007
0.1005
0.1001
0.1000
0.1007
0.1002
0.1005
0.1003
0.1001
0.1003

AgNO)j
(L)
2.65
2.55
245
2.20
2.00
180
170
150
145
140
130
130
1.30
145

mmole of Ag+= mmole of cr

0.13
0.13
0.12
0.11
0.10
0.09
0.09
0.08
0.07
0.07
0.07
0.07
0.07
0.07

Weight of Ci-
ting)
470
453
4.35
391
3.55
3.20
3.02
2.66
2.57
2.49
231
231
231
2.57

% cr Remaining

4.69
449
432
3.90
353
3.18
301
2.66
2.56
2.48
2.30
2.30
231
2.57

"l«Extraction Cl

31.98
34.74
3730
4342
48.82
53.85
56.24
61.35
62.89
63.99
66.67
66.60
66.53
62.75



Table B16 Conversion of extractant-Cl to be extractant-OH measured by Mohr’s method titration of batch No.15

Time of Conversion

After 1¢ Conversion
After 2r Conversion
After 3rdConversion
After 4thConversion
After 5thConversion
After 6th Conversion
After 7thConversion
After 8thConversion
After 9th Conversion
After 10thConversion
After 11lhConversion
After 12th Conversion
After 13th Conversion
After Evaporation

Weight of Extractant-Cl
@
0.1006
0.1007
0.1003
0.1003
0.1004
0.1006
0.1005
0.1003
0.1003
0.1006
0.1005
0.1003
0.1003
0.1002

AgNQj
(L)
2.65
2.55
245
2.25
1%
185
170
150
1.40
140
1.30
1.30
125
145

mmole of Ag+= mmole of cr

0.13
0.13
0.12
0.11
0.10
0.09
0.09
0.08
0.07
0.07
0.07
0.07
0.06
0.07

Weight ofcr
(mg)
470
453
4.35
3.99
346
3.28
3.02
2.66
249
249
231
231
2.22
257

%CL" Remaining

4.68
4.49
434
398
345
3.26
3.00
2.65
248
247
2.30
2.30
221
2.57

%Extraction Cl

3212
34.74
31.05
42.19
49.95
5261
56.41
61.46
64.03
64.14
66.67
66.60
67.88
62.71



Table B17 Average conversion of extractant-OH after evaporation of water

Bacth -
No

O 00 —~J O U1 B~ W N

FREBRRES

%Extraction Cl

62.82
62.67
61.35
62.82
62.82
61.42
62.71
62.82
61.42
62.78
62.75
62.78
62.63
62.75
62.71

Average
Conversion (%)

62.48

SD

0.57

Avg £SD

62.48+0.57

97
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Average Molecular Weight of Extractant after Converting

Molecular weight of extractant-Cl is 404.16 g/mol

Molecular weight of Chloride (Cf) is 35.45 g/mol

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

Therefore, molecular weight of extractant-OH is 404.16 - (35.45 + 16.95) =
385.66 g/mol

Mwavg = (Mwa)(Xa) + (Mwb)(Xb) ; where Xj = mass fraction
Mwavg = (385.66)(0.6248) + (404.16)(1 - 0.6248)
Mwaw = 392.60 g/mol

Therefore, the average molecular weight of extractant-OH is 392.60
g/mol.

Bl. Extractant-OH Solution

The average molecular weight of extractant-OH was 392.60 g/mol.
Therefore, 1 M of extractant-OH in 2-ethyl-hexanol (alcohol group diluents) with a
total volume of 1000 mL was calculated mass of extractant-OH as follow:

1 mol extractant- OH 1392.60 g extractnt —OH |
Mass of 1 M of extractant —OH = TR — 1000 mL solution

= Mass of 1 Mof extractant —OH = 392.60 ¢ extractnt —CH

Therefore, 1 M of extractant is equal to 392.60 g of extractant-OH
adjusted volume to 1000 mL by adding diluents.
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Table B18 Extractant-OH solution preparation

Theoretical Theoretical Actual Actual
Concentration Weight Weight Concentration
of Extractant-OH  of Extractant-OH  of Extractant-OH  of Extractant-OH
M) ) @ (M)

1 392.60 392.6113 1
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Appendix ¢ Standard Solution of Neutral MEA Degradation Products
Preparation

Cl. Standard Solution of Neutral MEA Degradation Products without MEA

Analysis the neutral MEA degradation products concentration must be first
before extraction, the characteristic of each neutral MEA degradation, imidazole, N-
acethylethanolamine, 2-oxazolidone and N-(2-hydroxyethyl)-succinimide ~ was
analyzed by gias chromatography with flame ionization (GC-FID). The retention
times of each were 1800, 2040, 2350 and 27.30 minutes, respectively.
Chromatogram of each neutral MEA degradation products solution without MEA,
imidazole, ~ N-acethylethanolamine, ~ 2-oxazolidone and  N-(2-hydroxyethyl)-
succinimide was showed that in Figures CI, C2, C3 and C4

imidazole
(18.00)

28838

! =h

- 88"

0 DU BB Y AR 9

Time (min)

Figure ClChromatogram of imidazole without MEA in aqueous solution before
extraction.
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Figure C2  Chromatogram of N-acethylethanolamine without MEA in aqueous
solution before extraction.

600

Em 2-oxazolidone
0 4(D (23.50)
H) N
| 20

10 L
0

IO TR T I/

Figure C3  Chromatogram of 2-oxazolidone without MEA in aqueous solution
before extraction.
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N-(2-hydroxyethyl)-succinimide

(27.30)

D2 Wb B 2D 2 A 2% 8 I

Time (nun)

Figure C4 Chromatogram of N-(2-hydroxyethyl)-succinimide without MEA in
agueous solution before extraction.

C2. Standard Solution of Neutral MEA Degradation Products with MEA

Analysis the neutral MEA degradation products with 30wt % MEA
concentration must be done before extraction, the characteristic of each neutral MEA
degradation, imidazole, N-acethylethanolamine, ~ 2-oxazolidone and  N-(2-
hydroxyethyl)-succinimide was analyzed hy gas chromatography with flame
jonization (GC-FID). The retention times of each were 17.70, 20.10, 23.00 and 26.50
minutes, respectively. Chromatogram of each neutral MEA degradation products
solution with 30 %wt MEA, imidazole, N-acethylethanolamine, 2-0xazolidone and
N-(2-hydroxyethyl)-succinimide is shown that in Figures C13, C14, C15 and C16.
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C3. Standard Solution of Neutral MEA Degradation Products for Calibration Curve Preparation
The standard solution at concentration of neutral MEA degradation products of 1000 ppm in MEA 05 M (30 %) or DI water
was prepared. The standard solution 1000 ppm was diluted to 500, 100, 50, 10 and 5 ppm as follow:

cwl= CA\2 Cl

Table CI Dilution of 1000 ppm calibrating solution without MEA to other concentration
Concentration of Standard Solution

(ppm)
5 10 50 100 500 1000
Total Volume (mL) 0 10 10 120 10 10

Volume of Neutral MEA degradation products without MEA 1000 ppm (mL) 005 010 050 1 5 10
Volume of DI water (mL) 995 99 95 9 5 0



Table C2 Dilution of 1000 ppm calibrating solution with MEA to other concentration
Concentration of Standard Solution

(ppm)
5 10 50 100 500 1000
Total Volume (mL) 0 10 10 120 10 10
Volume of Neutral MEA degradation products with MEA 1000 ppm (mL) 005 010 050 1 5 10
Volume of DI water (mL) 995 990 95 9 5 0

Table C3 GC-FID results of calibration curve of aqueous solution without MEA Run No. 1

Area Peak at Concentration in Aqueous Solution without MEA.

5 ppm.
Components o I* N r3 3 Average
Retenthn Time Peak Area Retentpn Time Peak Are Retentpn Time peak Area Area
(min) (min) (min)
imidazole 1771 10.03 17.70 10.37 1771 10.50 10.30
N-acethylethanolamine 20.05 6.44 20.04 6.73 20.04 6.75 6.64
2-0xazolidone 22,94 4.67 22,95 4.66 22.94 4.40 4.58

N-(2-hydroxyethyl)-succinimide 2654 0.00 26,54 0.00 26,54 0.00 0.00



Table C3 GC-FID results of calibration ccjrve of aqueous solution without MEA Run No. 1 (cont)

Components

imidazole
N-acethylethanolamine
2-0xazolidone
N-(2-hydroxyethy1)-succinimide

Components

imidazole
N-acethylethanolamine
2-0xazolidone
N-(2-hydroxyethyl)-succinimide

1-

Retention Time
(min)
17.70
20.05
22.96
26.54

1k
Retention Time
(min)
17.69
20.05
22.96
26.57

Peak Area

Pea

Area Peak at Concentration in Aqueous Solution without MEA.

17.21
1111
8.17
181

63.26
4174
21.17
4.52

10 ppm.
24 3
Retention Time Retention Time
. Peak Area .
(min) (min)
1mn 17.37 17.72
20.06 1022 20.05
2297 197 22.96
26.57 1.66 26,57
Area Peak at Concentration in Aqueous Solution without MEA.
50 ppm.
2rl 3rd
Retention Time Retention Time
. Peak Area :
(min) (min)
17.69 62.02 17.68
20.05 4343 20.05
22.96 21.64 22.96
26.56 540 26.57

k Area

Peak Area

17.05
10.07
9.19
146

Peak Area

66.28
45.56
21.93
6.15

Average
Area

17.23
1047
8.44
164

Average
Area

63.85
43.58
2158
5.36



Table C3 GC-FID results of calibration curve of aqueous solution without MEA Run No- 1 (cont)

Area Peak at Concentration in Aqueous Solution without MEA.

100 ppm.
Components L, 2rd 3
Retention Time Retention Time Retention Time Average
: Peak Area : Peak Area : Peak Area  Area
(min) (min) (min)
imidazole 17.69 15341 17.69 14176 17.69 147.18 14745
N-acethylethanolamine 20.07 121.22 20.07 124,52 20.06 128.60 124.78
2-oxazolidone 2297 69.12 2297 68.11 2297 7170 69.64
N-(2-hydroxyethyl)-succinimide 26.57 2343 26.57 2359 26.57 25.13 24.05
Area Peak at Concentration in Aqueous Solution without MEA.
500 ppm.
Components 1 Ak 3
Retentiqn Time peak Ared Retentiqn Time peak Area Retentiqn Time peak Ared Average
(min) (min) (min) Area
imidazole 17.66 12703 1763 754.12 17.65 768.82 749.99
N-acethylethanolamine 20.05 102.72 20,04 12331 20,04 703.09 709.72
2-oxazolidone 22.93 383.76 2291 396.45 22.92 392.27 390.83

N-(2-hydroxyethyl)-succinimide 26.50 254.78 26.48 262.21 26.48 239.56 252.21



Table C3 GC-FID results of calibration curve of aqueous solution without MEA Run No. 1 (cont)

Components

imidazole
N-acethylethanolamine
2-oxazolidone
N-(2-hydroxyethyl)-succinimide

Retention Time

(min)
17.75
20.16
23.08
26.69

Area Peak at Concentration in Aqueous Solution without MEA.

Peak Area

157161
1433.07
751,70
590.78

1000
2rd

Retention Time

(min)
1773
2015
2306
26,67

Pea

ppm.

1570.62
1439.27
77044
535.25

k Area

3

Retention Time

(min)
17.72
20.13
23.03
26.62

Peak Area

1566.75
1413.74
167.64
57530

Average
Area

1569.66
1428.70
163.26
567.11
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Figure C9 Calibration curve of the neutral MEA degradation products without MEA.



Table C4 GC-FID results of calibration curve of aqueous solution without MEA Run No. 2

Components

imidazole
N-acethylethanolamine
2-oxazolidone
N-(2-hydroxyethyl)-succinimide

Components

imidazole
N-acethylethanolamine
2-oxazolidone
N-(2-hydroxyethyl)-succinimide

"
Retention Time
(min)

18.01
20.42
2349
21.30

1*‘

Retention Time
(min)
18.01
20.48
23.50
21.32

Area Peak at Concentration in Aqueous Solution without MEA.

5 ppm.
! 3d Average
Peak Area Retenthn Time Peak Area Retentpn Time Peak Area  Area
(min) (min)
6.23 18,01 6.09 18.00 6.43 6.25
6.20 20.42 5.99 20.42 6.35 6.18
5.38 23.49 5.76 23.49 5.83 .66
6.79 21.30 6.65 21.30 6.46 6.63
Area Peak at Concentration in Aqueous Solution without MEA.
10 ppm.
A 2 o 3 Average
Peak Area Retenthn Time Peak Area Retentpn Time Peak Arca  Area
(min) (min)
9.54 18.01 9.83 18.00 9.51 9.63
12.76 2043 1.1 20.42 12.65 12.72
10.82 23.50 10.63 23.49 10.58 10.67
16.50 21.33 14,02 2131 15.18 15.23



Table C4 GC-FID results of calibration curve of aqueous solution without MEA Run No. 2 (cont)

Components

imidazole
N-acethylethanolamine
2-oxazolidone
N-(2-hydroxyethyl)-succinimice

Components

imidazole
N-acethylethanolamine
2-oxazolidone
N-(2-hydroxyethyl)-succinimice

r
Retention Time
(min)
18,01
204%4
23.52
21.34

1,

Retention Time
(min)
18,01
20.45
23.52
21.36

Area Peak at Concentration in Aqueous Solution without MEA.

Peak Area

64.06
68.47
52.94
63.01

Area Peak at Concentration in Aqueous Solution without MEA.

Peak Area

137.80
146.77
103.82
12544

50 ppm.
20
Retenhqn Time Peak Are
(min)
18,01 63.60
20.44 71.36
2352 53.00
21.34 60.59
too ppm.
2 p
Retenthn Time peak Area
(min)
18.00 130.77
20.44 143.34
2352 103.73
21.34 130.99

3
Retention Time
(min)
18.00
2043
2351
21.33

3
Retention Time
(min)
18.00
20.44
2351
21.34

Peak Area

60.47
68.41
50.39
61.96

Peak Area

130.11
14257
«101.99
121.98

Average
Area

62.71
69.41
511
61.85

Average
Area

132.89
14423
103.18
126.13



0

Table ¢4 GC-FID results of calibration curve of aqueous solution without MEA Run No. 2 (cont)

Area Peak at Concentration in Aqueous Solution without MEA.

500 ppm.
Components 5 2 y3
Retention Time K Retention Time Retention Time Average
(min) Peak Area (i) Peak Area (min Peak Area  Area
imidazole 18.05 656.20 18.05 670.82 18.04 667.99 665.01
N-acethylethano lamine 2051 666.68 2050 679.97 2050 . 672.66 673.10
2-oxazolidone 23.62 466.78 23.60 47470 2359 472.34 471,21
N-(2-hydroxyethy!)-succinimide 21.46 58147 2145 588.89 2143 586.61 585.66
Area Peak at Concentration in Aqueous Solution without MEA.
1000 ppm.
Components 1" ‘ 3
Retention Time Retention Time Retention Time Average
: Peak Area . Peak Area : Peak Area  Area
(min) (min) (min)
imidazole 18.08 1451.35 18.09 1438.88 18.08 1462.78  1451.00
N-acethylethanolamine 2056 1407.96 2057 1421.70 2056 142728 141898

2-0xazolidone 23.69 964.44 23.10 986.69 23.68 972.84 974.66
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Figure CIO Calibration curve of the neutral MEA degradation products without MEA.



Table C5 GC-FID results of calibration curve of aqueous solution with MEA Run No. 1

Components

imidazole
N-acethylethanolamine
2-0xazolidone
N-(2-hydroxyethyl)-succinimide

Components

imidazole
N-acethylethanolamine
2-0xazolidone
N-(2-hydroxyethyl)-succinimide

il

Retention Time
(min)
1773
20.13
2297
26.53

T
Retention Time
(min)
1773
2013
2297
26.53

Area Peak at Concentration in Aqueous Solution with MEA.

) ppm.
Peak Area Retenthn Time Peak Area
(min)
12.26 1773 11.00
8.28 20.13 8.15
8.24 22.96 8.71
3.39 2653 2.86
Area Peak at Concentration in Aqueous Solution with MEA.
” 10 ppm.
Peak Area Reter}:;]oig)ﬂme Peak Area
247 17.79 2 24
19.07 20.16 17.89
17.45 23.00 18.69
6.15 26.56 6.01

3TM
Retention Time

(min)
17.74
20.13
2297
26.57

Retention Time
(min)
17.73
20.13
2297
26.54

Peak Area

1131
8.57
8.15
2.30

Peak Area

21.04
18.24
17.36
5.74

Average
Area

115
8.3
8.3
2.85

Area

2192
1840
17.83
5.97



Table C5 GC-FID results of calibration curve of aqueous solution with MEA Run No. 1 (cont)

Components

imidazole
N-acethylethanolamine
2-0xazolidone

N-(2-hydroxyethyl)-succinimide

Components

imidazole
N-acethylethanolamine
2-0xazolidone

N-(2-hydroxyethyl)-succinimide

1"
Retention Time
(min)
17.74
20.15
22.98
26.55

Ist

Retention Time
(min)
17.75
20.17
23.01
26.58

Area Peak at Concentration in Aqueous Solution with MEA.

Peak Area

14.37
75.18
50.51
13.03

Area Peak at Concentration in Aqueous Solution with MEA.

Peak Area

155.82
167.24

77.58
29.88

Retention Time

(min)
17.73
20.14
22.98
26.55

Retention Time

(min)
17.74
20.15
23.00
26.56

50 ppm.

Peak Area

76.82
79.65
49.86
12.17

too ppm.

Peak Area

158.40
163.79
74.22
28.43

Retention Time

(min)
17.73
20.13
22.97
26.54

Retention Time

(min)
17.75
20.16
23.00
26.57

Peak Area

72.98
75.46
47.217
12.33

Peak Area

162.61
169.31
75.74
25.27

Average
Area

14.72
76.76
49.22
12.71

Average
Area

158.94
166.78
75.85
27.86



Table C5 GC-FID results of calibration curve of aqueous solution with MEA Run No. 1 (cont)

Area Peak at Concentration in Aqueous Solution with MEA.

500 ppm.
Components r 2nd 3rd
o . . Average
Retention Time Retention Time Retention Time

) Peak Area ) Peak Area ) Peak Area Area

(min) (min) (min)
imidazole 17.77 636.14 17.77 638.12 17.77 652.34 642.20
N-acethylethanolamine 20.19 687.95 20.20 690.61 20.20 697.01 691.86
2-0xazolidone 23.03 308.40 23.03 305.76 23.04 308.55 307.57
N-(2-hydroxyethyl)-succinimide 26.58 120.27 26.58 124.17 26.60 130.13 124.86

Area Peak at Concentration in Aqueous Solution with MEA.
1000 ppm.
Components 1 2nd
] ] ; i ) ) Average
Retention Time Retention Time Retention Time

. Peak Area ) Peak Area ) Peak Area Area

(mii™l (min) (min)
imidazole 17.78 1229.51 17.80 1217.21 17.81 1231.51 1226.07
N-acethylethanolamine 20.21 1338.25 20.23 1314.80 20.23 1334.11 1329.05
2-0xazolidone 23.05 590.51 23.06 585.41 23.07 584.06 586.66

N-(2-hydroxyethyl)-succinimide 26.59 252.78 26.60 212.23 26.61 253.84 239.61
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Figure C1I Calibration curve of the neutral MEA degradation products with MEA.



Appendix D Extraction Neutral MEA Degradation Products
DI. Neutral MEA Degradation Extraction Products Preparation

Table DI 1M of average extractant-OH preparation for neutral MEA degradation products 1000 ppm in agueous solution with diluent
alone. Volume ratio of diluents to neutral MEA degradation products aqueous solution is 1.1

Extraction Neutral MEA Degradation Products with Diluent Alone at 25 ¢

Volume of Extractant-OH Neutral MEA Degradation Volume of Neutral MEA Degradation  Total Volume
(mL) (L) (mL)
5 imidazole 5 10
5 N-acethylethanolamine 5 10
5 2-0xazolidone 5 10
5 N-(2-hydroxyethyl)-succinimide 5 10



Table D2 1M of average extractant-OH preparation for neutral MEA degradation products 1000 ppm in aqueous solution without
MEA. Volume ratio of extracntant-OH in diluents to neutral MEA degradation products aqueous solution is 1.1

Extraction Neutral MEA Degradation Products without MEA at 25 ¢, 40 ¢ and 60 ¢

Volume of Extractant-OH Neutral MEA Degradation Volume of Neutral MEA Degradation ~ Total Volume
(L) (L) (mL)
5 imidazole 5 10
5 N-acethylethanolamine 5 10
5 2-0xazolidone 5 10
5 N-(2-hydroxyethyl)-succinimide 5 10



Table 3 1M of average extractant-OH preparation for neutral MEA degradation products 1000 ppm in aqueous solution with MEA.
Volume ratio of extracntant-OH in diluents to neutral MEA degradation products aqueous solution is 1.1

Extraction Neutral MEA Degradation Products with MEA at 25 °c, 40 ¢ and 60 °c

Volume of Extractant-OH Neutral MEA Degradation Volume of Neutral MEA Degradation ~ Total Volume
(L) () (L)
5 imidazole 5 10
5 N-acethylethano lamine 5 10
5 2-0xazolidone 5 10
5 N-(2-hydroxyethyl)-succinimide 5 10



Table D4 1M of average extractant-OH preparation for neutral MEA degradation products 1000 ppm in aqueous solution with CCA
loading. Volume ratio of extracntant-OH in diluents to neutral MEA degradation products aqueous solution is 11

Extraction Neutral MEA Degradation Products with C02Loading 0.05, 0.10 and 0.30 (mol/inol amine) at 25 ¢

Volume of Extractant-OH Neutral MEA Degradation Volume of Neutral MEA Degradation ~ Total Volume
(mL) (mL) (mL)
5 imidazole 5 10
5 N-acethylethanolamine 5 10
5 2-0xazolidone 5 10
5 N-(2-hydroxyethyl)-succinimide 5 10



D2 Extraction of Neutral MEA Degradation Products Solution without MEA

Extraction efficiency was calculated based on the neutral MEA degradation products concentration before extracted (1000
ppm) and remaining the neutral MEA degradation products concentration in aqueous solution as follow:

Remaining concentration of neutral MEA degradation after extraction

% Extraction efficiency = X 100

Concentration of“r{-énl]ir_al’_MEA_degrad_at'ion before extraction

) o Concentration ofneutral MEA degradation before extraction — Extraction ofneutral MEA degradation
% Extraction efficiency = - - - X 100
Concentration of neutral MEA degradation before extraction

«



Extraction of Neutral MEA Degradation Products Solution with Diluent Along
Table D5 Concentration of neutral MEA "degradation products in agueous solution before extraction with diluent alone

Before Extraction of Neutral MEA Degradation Products with Diluent Alone

Components Y=aX+bh Concentration
Peak Area
(ppm)
imidazole y=0.6387x + 5.1529 1569.66 1007.69
N-acethylethanolamine y = 0.6955X + 6.971 1428.70 1000.63
2-oxazolidone y=1.2999x 43.0709 763.26 995.23
N-(2-hydroxyethyl)-succinimide y = 1.8030X 567.11 1022.84

Note X = Peak Area, Y = Concentration



Table D6 GC-FTD Analysis of the extraction of neutral MEA degradation products with diluent alone

Extraction of Neutral MEA Degradation Products with Diluent Aloone

1 2id 3
Components
Retention Time Retention Time Retention Time
) Peak Area , Peak Area ) Peak Area
(min) (min) (min)
imidazole 17.69 911.77 17.67 901.31 17.67 946.25
N-acethylethanolamine 20.11 1380.54 20.09 1344.38 20.08 1364.94
2-o0xazolidone 23.00 763.45 22.97 724.18 22.96 735.69
N-(2-hydroxyethyl)-succinimide 26.57 499.05 26.53 455.69 26.52 467.71

Table D7 Remain concentration of neutral MEA degradation products in aqueous solution after extraction with diluent alone

Extraction of Neutral MEA Degradation Products with Diluent Alone

1% 2d 3nd
Components Y=aX+h )
Concentration Concentration Concentration
Peak Area Peak Area Peak Area
(ppm) (ppm) (ppm)
imidazole y=0.6387x + 5.1529 911.77 587.50 901.31 580.82 946.25 609.52
N-acethylethanolamine y=0.6955.x+ 6.971 1380.54 967.14 1344.38 941.99 1364.94 956.29
2-oxazolidone y= 1.2999X + 3.0709 763.45 995.47 724.18 944.43 735.69 959.39

N-(2-hydroxyethyl)-succinimide  y= 1.8036X 499.05 900.09 455.69 821.89 467.71 843.57



Table D8 Calculation extraction efficiency of neutral MEA degradation products with diluent alone

% Extraction Efficiency of Neutral MEA Degradation Products with Diluent Alone

3rd Extraction  Average Extraction Efficiency SD AvgiSD
1.49 41.19i1.49

Components ) )
Ist Extraction 2nd Extraction

imidazole 41.70 42.36 39.51 41.19

N-acethylethanolamine 3.35 5.86 4.43 4.55 1.26 45541 .26
2-0xazolidone 0.02 5.10 3.60 2.89 2.64 2.89+2.64
N-(2-hydroxyethyl)-succinimide 12.00 19.65 17.53 16.39 3.95 16.39i3.95



Extraction of Neutral MEA Degradation Products Solution without MEA at 25, 40 and 60°c

Table D9 Concentration of neutral MEA degradation products in aqueous solution before extraction without MEA

Before Extraction of Neutral MEA Degradation Products without MEA

Components Y=aX+h Concentration
Peak Area
(ppm)
imidazole y=0.6926x + 8.8387 1451.00 1013.80
N-acethylethanolamine y =0.7095x + 2.2352 1418.98 1009.00
2-0xazolidone y = 1.033X -0.8573 974.66 1005.97
N-(2-hydroxyethyl)-succinimide y = 0.7584.x 1351.12 1024.69

Note X = Peak Area, Y = Concentration



Table DIO GC-FID Analysis of the extraction of neutral MEA degradation products without MEA at 25 °c

Components

1"

Retention Time

(min)
imidazole 17.49
N-acethylethanolamine 20.27
2-0xazolidone 23.22
N-(2-hydroxyethyl)-succinimide 26.93

Retention Time

Peak Area

885.25
1050.40
150.57

7.82

(min)
17.48
20.26
23.20
26.91

2

Peak Area

871.82
1007.03
158.54
7.67

(min)
17.49
20.28
23.23
26.95

Extraction of Neutral MEA Degradation Products without MEA at 25 °¢

3rd

Retention Time

Peak Area

849.48
1012.27
158.33
7.20

Table DIl Remain concentration of neutral MEA degradation products in aqueous solution after extraction without MEA at 25 °c

Components

imidazole
N-acethylethanolamine
2-0xazolidone

N-(2-hydroxyethy])-succinimide

Y=aX+hbh

y = 0.6926.x+ 8.8387
y = 0.7095X +§.2352
y= 1.033X-0.8573
y = 0.7584x

Extraction of Neutral MEA Degradation Products without MEA at 25 °¢

Peak Area

885.25
1050.40
150.57
7.82

TI

Concentration

(ppm)
621.96
747.50
154.68
5.93

d
Concentration
Peak Area
(ppm)
871.82 612.66
1007.03 716.72
158.54 162.91
7.67 5.81

T3
Concentration
Peak Area
(ppm)
849.48 597.19
1012.27 720.44
158.33 162.69
7.20 5.46



Table DI2 Calculation extraction efficiency of neutral MEA degradation products without MEA at 25 °c

% Extraction Efficiency of Neutral MEA Degradation Products without MEA at 25 °¢

Components ) ) )
It Extraction  2nd Extraction  3rdExtraction  Average Extraction Efficiency SD

imidazole 38.65 39.57 41.09 39.77 1.23
N-acethylethanolamine 25.92 28.97 28.60 27.83 1.66
2-oxazolidone 84.62 83.81 83.83 84.09 0.47
N-(2-hydroxyethyl)-succinimide 99.42 99.43 99.47 99.44 0.02

Table D13 GC-FID Analysis of the extraction of neutral MEA degradation products without MEA at 40 -

Extraction of Neutral MEA Degradation Products without MEA at 40 °c

' 2 ™
Components Is 3
Retention Time Retention Time Retention Time
] Peak Area i Peak Area )

(min) (min) (min)
imidazole 17.48 857.37 17.47 851.05 17.48
N-acethylethanolamine 20.24 1011.82 20.21 1029.72 20.23
2-0xazolidone 23.37 156.09 23.35 154.88 23.37
N-(2-hydroxyethy!)-succinimide 26.87 531 26.80 6.39 26.85

Avg £SD
39.77il.12
27.83il.66
84.09i0.47
99.44i0.02
Peak Area
841.69
1016.11
151.97
5.26



Table D14 Remain concentration of neutral MEA degradation products in aqueous solution after extraction without MEA at 40 °c

Extraction of Neutral MEA Degradation Products without MEA at 40 °c

it 2nd
Components Y=aX+bh
Concentration Concentration
Peak Area Peak Area Peak Area
(ppm) (ppm)

imidazole y=0.6926x4-8.8387 857.37 602.66 851.05 598.28 841.69
N-acethylethanolamine y =0.7095x + 2.2352 1011.82 720.12 1029.72 732.82 1016.11
2-0xazolidone y= 1.033X-0.8573 156.09 160.39 154.88 159.13 151.97
N-(2-hydroxyethyl)-succinimide y = 0.7584X 5.31 4.03 6.39 4.85 5.26

Table D15 Calculation extraction efficiency of neutral MEA degradation products without MEA at 40°c

Components

imidazole
N-acethylethano lamine
2-0xazolidone

N-(2-hydroxyethyl)-succinimide

% Extraction Efficiency of Neutral MEA Degradation Products without MEA at 40
Ist Extraction  2nd Extraction  3rdExtraction  Average Extraction Efficiency SD
40.56 40.99 41.63 41.06 0.54
28.63 21.37 28.33 28.11 0.66
84.06 84.18 84.48 84.24 0.22
99.61 99.53 99.61 99.58 0.05

3rd
Concentration

(ppm)
591.79

123.17
156.13
3.99

°c

Avg tSD
41.06:0.54
28.11£0.66
84.24£0.22
99.58£0.05



Table DI6 GC-FID Analysis of the extraction of neutral ME A degradation products without MEA at 60 °c

Components

Retention Time

(min)
imidazole 17.44
N-acethylethano lamine 20.16
2-oxazolidone 23.30
N-(2-hydroxyethyl)-succinimide 26.69

Retention Time

Peak Area

520.12

687.32

27.16

4,

71

(min)
17.45
20.17

23.10
27.06

Extraction of Neutral MEA Degradation Products without MEA at 6(1 °c

24 3nd
Retention Time
Peak Area . Peak Area
(min)

529.17 17.47 555.36

681.16 20.19 1660.21

28.77 23.34 24.18

4.83 27.16 4.66

Table D17 Remain concentration of neutral MEA degradation products in aqueous solution after extraction without MEA at 60 °c

Components

imidazole
N-acethylethanolamine
2-0xazolidone

N-(2-hydroxyethy])-succinimide

Y=aX+h

0.6926x + 8.8387
0.7095x + 2.2352

1.033X-0.8573
0.7584X

Peak Area

520.12
687.32
27.16
4.71

Extraction of Neutral MEA Degradation Products without MEA at 60 °¢

1

Concentration

(ppm)
369.07
489.89
27.20
3.57

Peak Area s

529.17
681.16
28.77
4.83

Concentration

(ppm)

375.34

485.52
28.86
3.66

Peak Area

555.36
660.21
24.18
4.66

T3
Concentration
(ppm)
393.48
470.66
24.12
3.53



Table DI8 Calculation extraction efficiency of neutral MEA degradation products without MEA at 60 ¢

Components

imidazole
N-acethylethanolamine
2-0xazolidone

N-(2-hydroxyethyl)-succinimide

% Extraction Efficiency of Neutral MEA Degradation Products without MEA at 60 °C

[l Extraction
63.60
51.45
97.30
99.65

2nd Extraction
62.98
51.88
97.13
99.64

3rdExtraction
61.19
53.35
97.60
99.66

Average Extraction Efficiency
62.59
52.23
97.34
99.65

SD
1.25

Avg iSD
62.59il.25
52.23il.00
97.34i0.24
99.65i0.01



Extraction of Neutral MEA Degradation Products Solution with MEA at 25 °c, 40 °c and 60 °c

Table D19 Concentration of neutral MEA degradation products in agueous solution before extraction with MEA

Before Extraction of Neutral MEA Degradation Products with MEA

Components Y=aX+h
Peak Area Concentration (ppm)
imidazole y = 0.8203X - 14.811 1226.07 990.94
N-acethylethanolamine y=0.7516x - 8.6533 1329.05 990.26
2-0xazolidone y = 1.7254X -20.889 586.66 991.34
N-(2-hydroxyethyl)-succinimide y = 4.1302X 239.61 989.66

Note X = Peak Area, Y = Concentration



Table D20 GC-FID Analysis of the extraction of neutral MEA degradation products with MEA at 25 °c

Extraction of Neutral MEA Degradation Products with MEA at 25 °¢

17 2nd
Components
Retention Time Retention Time
, Peak Area ) Peak Area
(min) (min)

imidazole 17.19 1038.64 17.18 1035.64
N-acethylethanolamine 20.21 1077.97 20.23 1064.96
2-oxazolidone 23.03 264.81 23.05 252.66
N-(2-hydroxyethyl)-succinimide 26.17 61.29 26.19 64.63

Ard

Retention Time

(min)

17.17
20.23
23.05
26.19

Peak Area

1008.72

1046.65

261.27
73.09

Table D21 Remain concentration of neutral MEA degradation products in aqueous solution after extraction with MEA at 25 °C

Extraction of Neutral MEA Degradation Products with MEA at 25 °¢

17 24
Components Y=aX+h
Concentration Concentration
Peak Area Peak Area
h (ppm) (ppm)
imidazole y=0.8203X-"14.811 1038.64 837.19 1035.64 834.72
N-acethylethanolamine y = 0.7516x- 8.6533 1077.97 801.55 1064.96 791.77
2-oxazolidone y = 1.7254X -20.889 264.81 436.01 252.66 415.06
N-(2-hydroxyethyl)-succinimide y = 4.1302x 61.29 253.16 64.63 266.93

Peak Area

1008.72

1046.65

261.27
73.09

Concentration
(ppm)
812.64
778.01
429.91
301.90



Table D22 Calculation extraction efficiency of neutral MEA degradation products with MEA at 25 °c

c % Extraction Efficiency of Neutral MEA Degradation Products with MEA at 25 ¢
omponents _ ] o
|” Extraction  2"dExtraction  3ld Extraction  Average Extraction Efficiency SD Avg £SD

imidazole 15.52 15.76 17.99 16.42 1.36 16.42il1.36
N-acethylethanolamine 19.06 20.04 21.43 20.18 1.19 20.18il.19
2-oxazolidone 56.02 58.13 56.63 56.93 - 1.09 56.93i1.09
N-(2-hydroxyethyl)-succinimide 74.42 73.03 69.49 72.31 254 72.31i2.54

0
Table D23 GC-FTD Analysis of the extraction of neutral MEA degradation products with MEA at 40 °c

Extraction of Neutral MEA Degradation Products with MEA at 40 °C

I’ 2n0
Components
Retention Time Retention Time Retention Time
_ Peak Area _ Peak Area _ Peak Area
(min) (min) (min)
imidazole 17.16 866.84 17.16 893.82 17.15 870.36
N-acethylethanolamine 20.23 980.79 20.24 985.53 20.23 916.46
2-0xazolidone 23.05 169.43 23.06 177.05 23.05 . 170.03

N-(2-hydroxyethyl)-succinimide 26.20 63.56 26.23 48.78 26.22 48.78



Table D24 Remain concentration of neutral MEA degradation products in aqueous solution after extraction with MEA at 40 °c

Extraction of Neutral MEA Degradation Products with MEA at 40 °C

1" 2nd 3rd
Components Y=aX+h )
Concentration Concentration Concentration
Peak Area Peak Area Peak Area
(ppm) (ppm) (ppm)
imidazole y =0.8203X - 14.811 866.84 696.26 893.82 718.39 870.36 699.15
N-acethylethanolamine y =0.7516x- 8.6533 980.79 728.51 985.53 732.07 916.46 680. L6
2-oxazolidone y = 1.7254X -20.889 169.43 271.44 177.05 284.59 170.03 272.49
N-(2-hydroxyethyl)-succinimide y = 4.1302x 50.56 208.82 48.78 201.47 48.78 201.46

Table D25 Calculation extraction efficiency of neutral MEA degradation products with MEA at 40 ¢

c : % Extraction Efficiency of Neutral MEA Degradation Products with MEA at 40 °C
omponents
Is"Extraction  2nd Extraction  3rdExtraction  Average Extraction Efficiency SD Avg +SD

imidazole 29.74 27.50 29.45 28.90 1.21 28.90il.21
N-acethylethanolamine 26.43 26.07 31.32 27.94 2.93 127.94+2.93
2-0xazolidone 72.62 71.29 72.51 72.14 0.74 72.14i0.74

N-(2-hydroxyethyl)-succinimide 78.90 79.64 79.64 79.40 0.43 79.40i0.43



Table D26 GC-FID Analysis of the extraction of neutral MEA degradation products with MEA at 60 °c

Components

Extraction of Neutral MEA Degradation Products with MEA at 60 °c

Retention Time

(min)
imidazole 17.15
N-acethylethanolamine 20.21
2-0xazolidone 23.03
N-(2-hydroxyethyl)-succinimide 26.20

|5 2nd r
Retention Time Retention Time
Peak Area ) Peak Area ) Peak Area
(min) (min)

676.31 17.15 676.01 17.13 681.41

720.19 20.21 706.58 20.24 716.89

132.85 23.03 117.43 23.06 139.83

38.98 26.21 34.65 26.25 45.84

Table D27 Remain concentration of neutral MEA degradation products in aqueous solution after extraction with MEA at 60 °c

Components

imidazole
N-acethylethanolamine
2-0xazolidone

N-(2-hydroxyethyl)-succinimide

Y=aX+h

y=0.8203x - 14.811
y=0.7516x- 8.6533
y = 1.7254X-20.889
y = 4.1302x

Peak Area

676.31

720.19
132.85
38.98

Extraction of Neutral MEA Degradation Products with MEA at 60 °c

|5

Concentration

(ppm)
539.97

532.65
208.33
161.00

Peak Area

676.01
706.58
117.43
34.65

2

Concentration

(ppm)
539.72

522.42
181.72
143.13

3rd
Concentration
Peak Area
(ppm)
681.41 544.15
716.89 530.16
139.83 220.37
45.84 189.34



Table D28 Calculation extraction efficiency of neutral MEA degradation products with MEA at 60 °C

Components

imidazole
N-acethylethanolamine
2-0xazolidone

N-(2-hydroxyethyl)-succinimide

% Extraction Efficiency of Neutral MEA Degradation Products with MEA at 60 °C

|5 Extraction
45.51
46.21
78.98"
83.73

2"1Extraction
45.53
47.24
81.67
85.54

3,d Extraction
45.09
46.46
17.77
80.87

Average Extraction Efficiency
45.38
46.64
79.47
83.38

SD
0.25
0.54
1.99
2.35

Avg iSD
45.38+0.25
46.64+0.54
79.47i1.99
83.38i2.35



Extraction of Neutral MEA Degradation Products Solution with COz loading 0.05, 0.10 and 0.30 kmol/in3at 25 °c

Table D29 Concentration of neutral MEA degradation products in aqueous solution before extraction with CO2 loading at 25 °c

Before Extraction of Neutral MEA Degradation Products

Components Y=aX+h with C02Loading 0.05, 0.10 and 0.30 kmol/m" at 25 ¢
Peak Area Concentration (ppm)
imidazole y = 0.8203X - 14.811 1226.07 990.94
N-acethylethanolamine y = Q.7516x- 8.6533 1329.05 990.26
2-oxazolidone y = 1.7254X - 20.889 586.66 991.34
N-(2-hydroxyethyl)-succinimide  y = 4.1302x 239.61 989.66

Note X = Peak Area, Y = Concentration



Table D30 GC-FID Analysis of the extraction of neutral MEA degradation products with CO: loading 0.05 kmol/m3at 25 °c

Components

imidazole
N-acethylethanolamine
2-0xazolidone

N-(2-hydroxyethyl)-succinimide

Extraction of Neutral MEA Degradation Products with COi Loading 0.05 kmol/m 3 at 250C

1"

Retention Time

(min)
17.83
20.24
23.06
26.56

Peak Area

1079.70

1092.70
374.05
101.98

2nd

Retention Time
(min)
17.82
20.24
23.05
26.55

Peak Area

1092.11

1094.56
352.61
113.87

3rd

Retention Time
(min)
17.77
20.18
23.02
26.56

Peak Area

1075.74

1088.25
366.03
116.84



Table D31 Remain concentration of neutral MEA degradation products in aqueous solution after extraction with CO2loading
0.05 kmol/m3at 25 ¢

Extraction of Neutral MEA Degradation Products with C 02Loading 0.05 kmol/m3at 25 °C

Is' 2nd 3rd
Components Y=aX+bh _
Concentration Concentration Concentration
» Peak Area Peak Area Peak Area
(ppm) (ppm) (ppm)
imidazole y =0.8203X - 14.811 1079.70 870.86 1092.1 1 881.04 1075.74 867.62
N-acethylethanolamine y=0.7516x- 8.6533 1092.70 812.62 1094.56 814.02 1088.25 809.28
2-0xazolidone y = 1.7254X -20.889 374.05 624.49 352.61 587.50 366.03 610.66
N-(2-liydroxyethyl)-succinimide  y = 4.1302x 101.98 421.18 113.87 470.30 116.84 482.57

Table D32 Calculation extraction efficiency of neutral MEA degradation products with CO2loading 0.05 kmol/m3at 25 °¢

c t % Extraction Efficiency of Neutral MEA Degradation Products with COj Loading 0.05 kmol/mlat 25 ¢
omponents
I'sf Extraction  2nd Extraction  3rdExtraction  Average Extraction Efficiency . SI) Avg tSD

imidazole 12.12 11.09 12.44 11.88 0.71 11.8840.71
N-acethylethanolamine 17.94 17.80 18.28 18.00 0.25 18.00i0.25
2-oxazolidone 37.01 40.74 38.40 38.71 1.89 38.71il.89

N-(2-hydroxyethyl)-succinimide 57.44 52.48 51.24 53.72 3.08  53.72:3.28



Table D33 GC-FID Analysis of the extraction of neutral MEA degradation products with co. loading 0.10 kmol/m3at 25 °c

Extraction of Neutral MEA Degradation Products with COi Loading 0.1 Jkmol/m3at 25 oc

Components o I 2o o
Retenthn Time Peak Area Retenthn Time Peak Are Retenthn Time Peak Arca
(min) (min) (min)
imidazole 17.719 1092.66 17.76 1111.50 17.76 1098.96
N-acethylethanolamine 20.21 1138.26 20.17 1148.26 20.16 1159.02
2-0xazolidone 23.05 422.05 23.01 416.61 23.01 427.03
N-(2-hydroxyethyl)-succinimide 26.60 135.18 26.55 148.25 26.55 142.12



Table D34 Remain concentration of neutral MEA degradation products in aqueous solution after extraction with coi loading o.10
kmol/m3at 25 °c

Extraction of Neutral MEA Degradation Products with C 02Loading 0.10 kmol/m'lat 25 °C

Is' T3
Components Y=aX+h _ _ _
Concentration Concentration Concentration
Peak Area Peak Area Peak Area
(ppm) (ppm) (ppm)
imidazole y = 0.8203X - 14.811 1092.66 881.50 1111.50 896.95 1098.96 886.66
N-acethylethanolamine y = 0.7510X - 8.6533 1138.26 846.86 1148.26 854.38 1159.02 862.47
2-oxazolidone y = 1.7254X-20.889 422.05 707.31 416.61 697.92 427.03 715.91
N-(2-hydroxyethyl)-succinimide y = 4.1302x 135.18 558.32 148.25 612.29 142.12 586.99

Table D35 Calculation extraction efficiency of neutral MEA degradation products with CO2loading 0.10 kmol/m3at 25 °c

% Extraction Efficiency of Neutral MEA Degradation Products with C02Loading 0.10 kmol/mlat 25 ¢
Components

IstExtraction  2nd Extraction  3Id Extraction  Average Extraction Efficiency SD Avg +SD
imidazole 11.04 9.48 10.52 10.35 0.79 10.35£0.79
N-acethylethanolamine 14.48 13.72 12.91 13.70 0.79 13.70£0.79
2-0xazolidone 28.65 29.60 27.78 28.68 0.91 28.68+0.91

N-(2-hydroxyethyl)-succinimide 43.58 38.13 40.69 40.80 2.73 40.80£2.73



Table D36 GC-FID Analysis of the extraction of neutral MEA degradation products with CO2 loading 0.30 kmol/m3at 25 °c

Extraction of Neutral MEA Degradation Products with COi Loading 0.3U kmol/m3at 25 °c

" 24
Components L 3rd
Retention Time Retention Time Retention Time
. Peak Area ) Peak Area ] Peak Area
(min) (min) (min)
imidazole 17.79 1112.66 17.76 1131.50 17.76 1158.96
N-acethylethanolamine 20.21 1198.26 20.17 1179.26 20.16 1191.02
2-0xazolidone 23.05 508.47 23.01 502.49 23.01 516.41

N-(2-hydroxyethyl)-succinimide 26.60 175.18 26.55 195.25 26.55 176.12



Table D37 Remain concentration of neutral MEA degradation products in aqueous solution after extraction with COi loading 0.30
kmol/m3at 25 ¢

Extraction of Neutral MEA Degradation Products with COj Loading 0.30 kmol/m3at 25 °C
24
It

Components Y=aX+bh 3
Concentration Concentration Concentration
Peak Area Peak Area Peak Area
(ppm) (ppm) (ppm)
imidazole y = 0.8203X - 14811 1112.66 897.91 1131.50 913.35 1158.96 935.88
N-acethylethanolamine y=0.7516x- 8.6533 1198.26 891.96 1179.26 877.68 1191.02 886.52
2-0xazotidone y = 1.7254X - 20.889 508.47 942.70 502.49 932.37 516.41 956.39
N-(2-hydroxyethy!)-succinimide Y =4.1302x 175.18 723.53 195.25 806.41 176.12 727.41

Table D38 Calculation extraction efficiency of neutral MEA degradation products with CO2loading 0.30 kmol/m3at 25 °c

% Extraction Efficiency of Neutral MEA Degradation Products with C 02Loading 0.30 kntol/m3at 25 °C
Components

1” Extraction  2nd Extraction ~ 3rdExtraction  Average Extraction Efficiency SD Avg £SD
imidazole 9.39 7.83 5.56 7.59 1.93 7.59+1.93
N-acethylethanolamine 9.93 11.37 10.48 10.59 0.73 10.5940.73
2-o0xazolidone 13.61 14.65 12.23 13.50 1.22 13.50il.22

N-(2-hydroxyethyl)-succinimide 26.89 18.52 26.50 23.97 473 23.97i4.73
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Appendix E The Neutral MEA Degradation Products Equilibrium Extraction

The neutral MEA degradation products equilibrium extraction was investigated
under constant of distribution coefficient or partition coefficient and equilibrium
constant (weak acid-amine). First of all, the constants of equilibrium extraction must be
determined by undissociation molecule concentration in (ppm) remains in aqueous phase
and organic phase.

The concentration of undissociation in organic phase as follow

[HAlinttial - [HAJag = [HAJo, El
Where [HAlinitial is represented the initial concentration of undissociation (ppm) before
extraction, [HAJaLand [HA]Q), is concentration of undissociation (ppm) in aqueous

phase and organic phase after extraction,

Table EI' Calculation concentration of neutral MEA undissociation (ppm) in organic
phase with diluent alone

Concentration of Undissociation at 25 °C

Components Hauinitial - [HAJ& [HA]ug
(ppm)  (ppm) (ppm)
imidazole 1007.69 592,61 415,08
N-acethylethanolamine 1000.63  955.14 45.49
2-0xazolidone 99523 966.43 28.80

N-(2-hydroxyethyl)-succinimide 102284 855.18 167.66



147

Table E2 Calculation concentration of neutral MEA undissociation (ppm) in organic
phase without MEA

Concentration of Undissociation at 25 ¢

Components [HAJinitial  [HA]ag [H A Jorg

(ppm) ~ (ppm) (ppm)

imidazole 10138 610,60 403.20

N-acethylethanolamine 1009 72822 280.78

2-oxazolidone 1005.97 16009 845.88

N-(2-hydroxyethyl)-succinimide -~ 102469 574 1018.95
Concentration of Une issociation at 40 ¢

Components [Hasinitiat 148 120 [HAJrg

(ppm) - (ppm) (ppm)

imidazole 10138 59757 416.23

N-acethylethanolamine 1009 72537 28363

2-oxazolidone 100597 15855 847.42

N-(2-hydroxyethyl)-succinimide 102469 429 1020.40
Concentration of Uric issociation at 60 ¢

AComponents [HAJiniai (WAL [HA]ug

(ppm)  (ppm) (ppm)

imidazole 10138 379.30 634.50

N-acethylethanolamine 1000 482,02 526.98

2-oxazolidone 100597 26.73 979.24

N-(2-hydroxyethyl)-succinimide 102469 359 1021.10



Table E3 Calculation concentration of neutral MEA undissociation (ppm) in organic
phase with MEA

Concentration of Undissociation at 25 °¢

Components [HAJiniid ~ [HA] [HA]ory

(ppm)  (ppm) (ppm)

imidazole 990.94  828.18 162.76
N-acethylethanolamine 990.26  790.44 199.82
2-0xazolidone 991.34  426.99 564.35
N-(2-hydroxyethyl)-succinimide 989.66  273.99 7115.67

Concentration of Unt issociation at 40 °c

Components [HA]Intd  [HAIa [HA]ug

(ppm)  (ppm) (ppm)

imidazole 990.94  704.60 286.34
N-acethylethanolamine 990.26 713,58 276.68
2-0xazolidone 991.34  276.17 11517
N-(2-hydroxyethyl)-succinimide 989.66  203.92 785.74

Concentration of Une issociation at 60 ¢

Components [HAJinitial ~ [HA]a [HA]ory

(ppin) ~ (ppm) (ppin)

imidazole 990.94  541.28 449.66
N-acethylethanolamine 990.26 52841 461.85
2-0xazolidone 991.34  203.47 187.87

N-(2-hydroxyethyl)-succinimide 989.66 164.49 825.17 .
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Table £4 Calculation concentration of neutral MEA undissociation (ppm) in organic
phase with COz loading

Concentration of Undissociation at
0.05 (mol/mol amine)

Components WA [HAlg  [HAJOS
(ppm)  (PPM) (ppm)
imidazole 990.94  873.18 117.76
N-acethylethanolamine 990.26  811.97 178.29
2-0xazolidone 991.34  607.55 383.79

N-(2-hydroxyethyl)-succinimide 989.66  458.02 531.64
Concentration of Undissociation at
0.10 (mol/mol amine)

Components [HA] il [HA]a [HA]org

(ppm)  (ppm)  (ppm)

imidazole 990.94  888.37 102.57
N-acethylethanolamine 990.26 854,57 135.69
2-0xazolidone 991.34  707.05 284.29

N-(2-hydroxyethyl)-succinimide 989.66  585.87 403.79
Concentration of Undissociation at
0.30 (mol/mol amine)

Components [HA] il [HA]a [HA]org

(ppm)  (ppm)  (ppm)

imidazole 990.94 915.71 75.23
N-acethylethanolamine 990.26  885.39 104.87
2-0xazolidone 991.34 857.55 133.79

N-(2-hydroxyethyl)-succinimide 989.66 752.45 23121



150

El. Distribution Ratio

The undissociation molecule can be extracted by extractant in organic phase
measured by distribution in between aqueous and organic phases is referring “the
distribution or partition coefficient” as refer to KD which is a ratio of the solubility of
undissociation dissolved in organic phase to the solubility of undissociation dissolved in
aqueous phase. Which Kd was calculated by undissociation molecule in organic phase
[HA]Olg divide by undissociation molecule in aquouse phase [HA]a from GC-FID
analysis as follow

Kd = [HARAN+OH"Jorg [[HA]]org £

[HAlg HAlg
Table E5 Calculation distribution ratio of neutral MEA degradation with diluent alone

Extraction Neutral MEA Degradation Products
with Diluent Alone at 25 °¢

Components
[HAJay  [HA]o ¢
d
(ppm)  (ppm)
imidazole 592.61 415.08 0.70
N-acethylethanolamine 955.14 45.49 0.05
2-0xazolidone 966.43 28.80 0.03
N-(2-hydroxyethyl)-succinimide ~ 855.18  167.66 0.20
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Tabic E6 Calculation distribution ratio of neutral MEA degradation without MEA

Components

imidazole
N-acethylethanolamine
2-0xazolidone
N-(2-hydroxyethyl)-succinimide

Components

imidazole
N-acethylethanolamine
2-0xazolidone
N-(2-hydroxyethyl)-succinimide

Components

imidazole
N-acethylethanolamine
2-0xazolidone
N-(2-hydroxyethyl)-succinimidc

Extraction Neutral MEA Degradation Products

[HA]y
(ppm)
610.60
728.22
160.09
5,74

without MEA at 25 °c
[HAJorg

(ppm) K
403.20 0.66
280.78 0.39
845.88 5.28
1018.95 17752

Extraction Neutral MEA Degradation Products
without MEA at40 c¢

[HAJ(
(ppm)
597,57
725.37
158,55
4.29

[HAJorg

(ppm)
416.23

283.63
847.42

1020.40

K d

0.70

0.39

5.34
237.95

Extraction Neutral MEA Degradation products
withou MEA at 60 °c

[HAlaq
(ppm)
379.30
482.02
26.73
3.59

[HAJorg

(ppm)
634.50

526.98
979.24

1021.10

Kn

1.67

1.09
36.64
284.58
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Tabic E7 Calculation distribution ratio of neutral MEA degradation with MEA

Components

imidazole
N-acethylethanolamine
2-0xazolidone
N-(2-hydroxyethyl)-succinimide

Components

imidazole
N-acethylethanolamine
2-0xazolidone
N-(2-hydroxyethyl)-succinimide

Components

imidazole
N-acethylethanolamine
2-0xazolidone
N-(2-hydroxyethyl)-succinimide

Extraction Neutral MEA Degradation Products
with MEA at 25 C

[HAJg  [HA]ag

(ppm)  (ppm) .
828.18 162.76 0.20
790.44 199.82 0.25
426.99 564.35 1.32
273.99 115.67 2,61
Extraction Neutral MEA Degradation Products
with MEA at 40 °C

fHAJag  fHAjorg

Kn
(ppm) ~ (ppm)
104.60 286.34 041
713,58 276.68 0.39
276.17 115.17 2.59
203.92 185.74 3.85
Extraction Neutral MEA Degradation Products

with rMEA at 60 °C

HAJag  [HAJag Kn
(ppm) ~ (ppm)
541.28 449.66 0.83
528.41 461.85 0.87
203.47 181.87 3.87
164.49 825.17 5.02
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Table E§ Calculation distribution ratio of neutral MEA degradation with.C02 loading

Components

imidazole
N-acethylethanolamine
2-0xazolidone
N-(2-hydroxyethyl)-succinimide

Components

imidazole
N-acethylethanolamme
2-0xazolidone
N-(2-hydroxyethyl)-succinimide

Components

imidazole
N-acethylethanolamine
2-0xazolidone
N-(2-hydroxyethyl)-succinimide

Extraction Neutral MEA Degradation Products
with C02Loading 0.05 (mol/mol amine).
[HAjag  [HA]og

(ppm)  (ppm) @
873.18 117.76 0.13
811.97 178.29 0.22
607.55 383.79 0.63
458.02 531.64 1.16

Extraction Neutral MEA Degradation Products
with C02Loadiilg 0.10 (mol/mol amine).
fHAJag  [HAJorg

(ppm)  (ppm) @
888.37 102.57 0.12
854 .57 135.69 0.16
707.05 284.29 0.40
585.87 403.79 0.69

Extraction Neutral Y1EA Degradation Products
with C02Loadiilg 0.30 (mol/mol amine).
[HA]ag  fHAjorg

(ppm)  (ppm) @
915.71 75.23 0.08
885.39 104.87 0.12
857.55 133.79 0.16
752.45 237.21 0.32
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E2. Equilibrium Extraction

When only undissociate molecule was involved in equilibrium extraction. The
extraction of neutral MEA degradation products by extractant thus can be correspond to
as

[HAJag + [R4N+0H-]Jorg « [HA:R4N+OH-]org E3

Therefore, extraction the undissociatcd molecule of neutral MEA degradation
by tetra amine interaction is equilibrium complexation equal to

K [HARaNtOH-]org £l
E = [HAJag[RaN+OH-lorg

Where Keis equilibrium extraction of neutral MEA degradation products and [RaN +OH'
] is concentration of extractant which base on 1 M. Therefore, equilibrium extraction can
be assumed equal to distribution ratio as follow

Kd = [HARaN+OH-org

[tiAJq ES
Ke = [RaNtOH-]org E6
ke= Y 7

Ke = Kd B3
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Table E9 Calculation equilibrium extraction of neutral MEA degradation with diluent
alone

Extraction Neutral MEA Degradation

Components Products with Diluent Alone at 25 ¢
Ke
imidazole 0.65
N-acethylethanolamine 0.37
2-0xazolidone 5.22
N-(2-hydroxyethyl)-succinimide 177.20

Table E10 Calculation equilibrium extraction of neutral MEA degradation without
MEA

Extraction Neutral MEA

Degradation Products without MEA
Components

ES - S 60 ¢ o

Ke Ke Ke
imidazole 0.66 0.70 1.67
N-acethylethanolamine 0.39 0.39 1.09
2-0xazolidone 5.28 5.34 36.64

N-(2-hydroxyethyl)-succinimide 171.52 237.95 284.58
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Table E1I' Calculation equilibrium extraction of neutral MEA degradation with MEA

Extraction Neutral MEA
Degradation Products with MEA

Components 2% o — o

Kr K e Ke

imidazole 0.20 041 0.83
N-acethylethanolamine 0.25 0.39 0.87
2-0xazolidone 1.32 2.59 3.87
N-(2-hydroxyethyl)-succinimide 261 3.85 5.02

Table EI2 Calculation equilibrium extraction of neutral MEA degradation with CO:
loading

Extraction Neutral MEA Degradation Products
with CO2Loading
Components 0.05 0.10 0.30

(mol/inol amine) (mol/mol amine)  (inol/mol amine)

Kp Kf Kf
imidazole 0.13 0.12 0.08
N-acethylethanolamine 0.22 0.16 0.12
2-oxazolidone 0.63 0.40 0.16
N-(2-hydroxyethyl)-succinimide 1.16 0.69 0.32
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