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APPENDICES

Appendix A Chem ical P reparation

A l. Aqueous Solution w ithout 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:

M a ss o f  n e u tr a l MEA d e g r a d a t io n  (g ) 1 0 0 0  p p m  n e u tr a l MEA d e g r a d a t io n 1 g  n e u tr a l MEA d e g r a d a t io n 1 g s o lu t io n
1 p p m  n e u tra l MEA d e g r a d a t io n 1 0 6 g  s o lu t io n 1 mL s o lu t io n 5 0 0  m L so lu t io n

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:

Concentration o f  neatral MEA degradation (ppm ) 1 ppm  neutral MEA degradation 1 0 6 g neutral MEA degradation 1 mL solution
500  mL so lu tion 1 g solution 1 g solution g actual m ass o f  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.

Mass of imidazole (g) 1000 ppm imidazole 1 g imidazole 1 g solution
1 ppm imidazole 106 g solution 1 mL solution 500 mL solution

Mass of imidazole (g) =  0.50 g imidazolel 100 g solution 
99 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 ofDI 
water.

Mass of N -  acthylethanolam ine (g) 1000 ppm N — acthylethanolam ine 1 g N — acthylethanolam ine 1 g solution
1 ppm N — acthylethanolam ine 106 g solution 1 mL solution 500 mL solution

Mass of N — acthylethanolam ine (g) =  0.50 g N — acthylethanolaminel 100 g solution
88.60 g N — acthylethanolam ine

••• Mass of N — acthylethanolam ine (g) =  0.56 g N -  acthylethanolam ine in 500 mL solution



Volume of N -  acthylethanolam ine (mL) =  0.56 g N -  acthylethanolaminel 1 mL N — acthylethanolam ine 
1.12 g N — acthylethanolam ine

••• Volume of N — acthylethanolam ine (mL) =  0.50 mL N — acthylethanolam ine in 500 mL solution

2-oxazolidone 1,000 ppm solution was prepared by 0.51 g of 2-oxazolidone 98 wt% dissolved in 500 mL ofDI water.

Mass of 2 — oxazolidone (g) 1000 ppm 2 — oxazolidone 1 g 2 — oxazolidone 1 g solution
1 ppm 2 -  oxazolidone 106 g solution 1 mL solution 500 mL solution

Mass of 2 — oxazolidone (g) =  0.50 g 2 — 100 g solutionoxazolidone! -773--------------7777----98 g 2 — oxazolidone

••- 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 o f N-(2-hydroxyethyl)-succinimide 95 wt% dissolved in
500 mL o f DI water.

M a s s  o f  N  — ( 2  — h y d r o x y e t h y l )  — s u c c i n i m i d e  ( g )
1 0 0 0  p p m  N  — ( 2  — h y d r o x y e t h y l )  — s u c c i n i m i d e l g  N — ( l — h y d r o x y e t h y l )  — s u c c i n i m i d e 1 g  s o l u t i o n

1  p p m  N  — ( 2  — h y d r o x y e t h y l )  — s u c c i n i m i d e 1 0 6 g  s o l u t i o n 1 m L  s o l u t i o n 5 0 0  m L  s o l u t i o n

Mass of N -  (2 — hydroxyethyl) -  succinim ide (g) =  0.50 g N -  (2 — hydroxyethyl) — succinimidel 100 g solution
95 g N — (2 — hydroxyethyl) — succinimide

••- Mass of N -  (2 — hydroxyethyl) — succinim ide (g) =  0.53 g N -  (2 — hydroxyethyl) -  succinimide in 500 mL solution

-J



74

Table A l Preparation of neutral MEA degradation products 1000 ppm in aqueous solution 
without MEA

C h e m ic a l
T h eo re tic a l

C o n ce n tra tio n
(p p m )

T h e o r e tic a l
W e ig h t

(g)

A c tu a l
W e ig h t

(g )

A ctu a l
C o n ce n tra tio n

(p p m )
Imidazole 1000 0.50 0.5050 999.99
N-acethylethanolamine 1000 0.56 0.5643 999.94
2-Oxazolidone 1000 0.51 0.5102 999.99
N-(2-hydroxyethyl)-
succinimide 1000 - 0.53 0.5263 999.97

A2. Aqueous Solution with MEA

MEA 5 M (30 w t% ) Preparation

5 M of MEA 5 mol MEA 
1000 mL solution

61.08 g MEA 
1 mol MEA

The solution density of 1 g/mL was assumed.

5 M of MEA 305.4 g MEA
1000 mL solution

1 mL solution
1 g solution 100

5 M of 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 M of MEA (mL) =  305.40 g MEA| 1 mL MEA 
1.02 g MEA

Volume of 5 M of 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 
in a 100 mL volumetric flask was theoretically calculated similar to the neutral MEA 
degradation products in aqueous solution without MEA.

299.41 mL MEA Volume of MEA (mL) =  , , 7'1000 mL solution 100 mL solution

••• Volume 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-oxazolidone 1,000 ppm solution was prepared by 0.51 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

C h e m ic a l
T h eo re tic a l  

C o n c e n tr a tio n  
5 M  (w t% )

T h e o r e tic a l
V o lu m e

(m L )

A c tu a l
V o lu m e

(m L )

A ctu a l
C o n c e n tr a tio n  

5 M  (w t% )
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-(2-hydroxyethyl)-
succinimide 30.54 29.94 29.95 30.55

๐
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A3. NaOH Preparation

2 M of NaOH for converting 
hydroxide" form was prepared in a 1 0 0 0

extraction in chloride 
mL volumetric flask.

form to extraction in

Volume of 2 M of MEA (mL) 2 mol NaOH 
1000 mL solution

39.997 g NaOH 
1 mol NaOH

Volume of 2 M of MEA (mL) 79.99 g NaOH 100 g solution 
1000 mL solution 99 g NaOH

••• Volume of 2 M of MEA (mL) =  80.80 g NaOH in 1000 mL solution

A4. AgNC>3 Preparation

0.05 M of AgNC>3 used as an indicator in Mohr’s titration method
prepared in a 1000 mL volumetric flask.

Mass of 0.05 M of AgN03 (g) 0.05 mol AgN03 169.87 g AgNOj 
1000 mL solution 1 mol AgN03

Mass of 0.05 M

.■- Mass of 0.05

of AgN03 (g) = 8.49 g AgN03
1000 mL solution 1000 mL solution

M of AgN03 (g) =  8.49 g AgN03in 1000 mL solution

4 X

o



77

A5. Na2CrC>4 Preparation

0.25 M of Na2Cr04 used as an indicator in Mohr’s titration method was 
prepared in a 100 mL volumetric flask.

Mass of 0.25 M of Na2Cr04(g) 0.25 mol Na2Cr04 161.97 g Na2Cr04 
1000 mL solution 1 mol Na2Cr04

Mass of 0.25 M of Na2Cr04(g) 40.49 g Na2Cr04 
1000 mL solution 100 mL Na2Cr04

Mass of 0.25 M of Na2Cr04(g) = 4.05 g in  100 mLsolution

Table A3 Preparation coversion of extractant-Cl

T h eo re tic a l T h e o r e tic a l A c tu a l A c tu a l
C h e m ic a l C o n ce n tra tio n W e ig h t  o r  V o lu m e W e ig h t  o r  V o lu m e C o n c e n tr a t io n

(M o la r) (g ) o r  (m L ) (m L ) (M o la r )
NaOH 2 80.80 80.80 2
AgNOj 0.05 8.49 8.49 0.05
Na2C r04 0.25 4.05 4.04 0.25

4X

๐



Appendix B Conversion of Extractant

Calculation Exam ple of Conversion from  E x trac tan t Chloride form  (Extractant-CI) to E x tractan t Hydroxide form (Extractant- 
OH).

6

Extractant-CI + NaOH = Extractant-OH + NaCl B1

Molecular weight of extractant-Cl is 404.16 g/mol. One mole of extractant-Cl consists of one mole of c r  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 c r  in extractant-Cl with Ag+ to find the final conversion. 
Know that c r  and Ag+ have reaction at the mole ratio of 1:1.

Table B1 Volume of c r  ion initial remaining in the extractant-Cl

W eight of Extractant-C I
(g) = W i

A gN 03
(mL)

mmole of Ag+= mmole of c r
( พ 1 X A gN 03)

W eight o f c r
(mg = mmole Cl X 35.5 (mg)) =พ 2

% c r  Initial 
(พ 2 *0.001/Wi) X 100

0.1005 3.9 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:

Mol of 3.9 mL of 0.05 M of AgN03(mol) = 0.05 mol AgN03
1000 mL solution 3.90 mL solution

Mol of 3.9 mL of 0.05 M of AgN03(mol) =  0.000195 mol AgN03 = 0.195 mmol Ag+

Mol of 3.9 mL of 0.05 M of AgN03(mol) =  0.195 mmol c r  remaining in the extractant -  Cl

Mass of c r  remaining in the extractant — Cl (g) =  0.195 mmol Cl_ 1 35.50 mg c r  
1 mmol Cl-

Mass of c r  remaining in the extractant — Cl (g) = 6.9225 mg c r

% cr initial remaining in the extractant — Cl = 0.0069225 g c r
0 .1 0 0 5  g  ex tr a c ta n t  — Cl 100

••• % c r  initial remaining in the extractant — Cl =  .6.8881 %



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

Mol of 2.65 mL of 0.05 M of AgN03 (mol) = 0.05 mol AgNt>3
1000 mL solution 2.65 mL solution

Mol of 2.65 mL of 0.05 M of AgN03 (mol) =  0.0001325 mol AgN03 =  0.1325 mmol Ag+

Mol of 2.65 mL of 0.05 M of AgN03 (mol) =  0.1325 mmol Cl-  remaining in the extractant — Cl

35.5 mg Cl"Mass of c rrem ain ing  in the extractant — Cl after 1st conversion (g) =  0.1325 mmol Cl~[ _____1 mmol Cl"

Mass of c rrem ain ing  in the extractant — Cl after 1st conversion (g) = 4.7038 mg Cl"

0.0047038 g c r  I% c r  remaining in the extractant — Cl after 1st conversion = ———------------ --------- — 1006 0.1004 g e x t ra c ta n t -Cil

••• %ต -  remaining in the extractant -  Cl after 1st conversion =  4.685%



%Extraction CI (%C1~ initial remaining in the extractant — Cl — % cr remaining in the extractant — Cl after 1st conversion)
%C1-  initial remaining in the extractant •- Cl 100

%Extraction Cl = (6 .8 881 -4 .68 5 )
6.8881 100

%Extraction Cl =  31.98%

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



Table B2 Conversion o f extractant-Cl to be extractant-OH measured by M ohr’s method titration of batch No.l

T im e  o f  C o n v e r s io n
W e ig h t  o f  E x tr a c ta n t -C l

(g)
À g N O j

(m L )
m m o le  o f  A g + =  m m o le  o f  c r W e ig h t  o f c r  

(m g )
% c r  R e m a in in g % F .x tra c tio n  Cl

A fte r  1 st C o n v e r s io n 0.1004 2.65 0.13 4.70 4.69 31.98
A fte r  2 nd C o n v e r s io n 0.1006 2.55 0.13 4.53 4.50 34.68
A fte r  3 rd C o n v e r s io n 0.1003 2.40 0.12 4.26 4.25 38.34
A fte r  4 th C o n v e r s io n 0.1008 2.23 0.11 3.95 3.92 43.12
A fte r  5 lh C o n v e r s io n 0.1007 2.05 0.10 3.64 3.61 47.54
A fte r  6 th  C o n v e r s io n 0.1007 1.80 0.09 3.20 3.17 53.94
A fte r  7 th C o n v e r s io n 0.1006 1.70 0.09 3.02 3.00 56.45
A fte r  8 th C o n v e r s io n 0.1002 1.50 0.08 2.66 2.66 61.42
A fte r  9 th C o n v e r s io n 0.1001 1.45 0.07 2.57 2.57 62.67
A fte r  1 0 lh C o n v e r s io n 0.1006 1.45 0.07 2.57 2.56 62.86
A fte r  1 1 th C o n v e r s io n 0.1000 1.30 0.07 2.31 2.31 66.50
A fte r  1 2 th C o n v e r s io n 0.1001 1.30 0.07 2.31 2.31 66.53
A fte r  1 3 th C o n v e r s io n 0.1000 1.25 0.06 2.22 2.22. 67.79
A fte r  E v a p o r a tio n 0.1005 1.45 0.07 2.57 2.56 ■ 62.82



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

T im e  o f  C o n v e r s io n
W e ig h t  o f  E x tr a c ta n t-C I

(g )
A gN O a
(mL) m m o le  o f  A g + =  m m o le  o f  c r W e ig h t  o f e r  

(tn g)
% c r  R e m a in in g "/((E xtraction C l

A fte r  I s1 C o n v e r s io n 0.1005 2.65 0.13 4.70 4.68 32.05
A fte r  2 nd C o n v e r s io n 0.1005 2.50 0.13 4.44 4.42 35.90
A fte r  3 rd C o n v e r s io n 0.1002 2.45 0.12 4.35 4.34 36.99
A fte r  4 th C o n v e r s io n 0.1002 2.20 0.11 3.91 3.90 .43.42
A fte r  5 th C o n v e r s io n 0.1003 2.00 0.10 3.55 3.54 48.62
A fte r  6 th  C o n v e r s io n 0.1006 1.85 0.09 3.28 3.26 52.61
A fte r  7 th C o n v e r s io n 0.1007 1.70 0.09 3.02 3.00 56.50
A fte r  8 th C o n v e r s io n 0.1001 1.50 0.08 2.66 2.66 61.38
A fte r  9"1 C o n v e r s io n 0.1003 1.45 0.07 2.57 2.57 62.75
A fte r  1 0 th C o n v e r s io n 0.1004 1.45 0.07 2.57 2.56 6 2 .7 8
A fte r  1 1 th C o n v e r s io n 0.1004 1.30 0.07 2.31 2.30 66.63
A fte r  1 2 th C o n v e r s io n 0.1003 1.25 0.06 2.22 2.21 67.88
A fte r  1 3 th C o n v e r s io n 0.1000 1.25 0.06 2.22 2.22 67.79
A fte r  E v a p o r a tio n 0.1001 1.45 0.07 2.57 2.57 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 Weight of Extractant-Cl
(g)

AgNOj
(mL) mmole of Ag+ = mmole of c r Weight o f c r  

(mg) % cr Remaining %Extraction Cl
After l ” Conversion 0.1000 2.60 0.13 4.62 4.62 33.00
After 2nd Conversion 0.1007 2.55 0.13 4.53 4.49 34.74
After 3rd Conversion 0.1002 2.45 0.12 4.35 4.34 36.99
After 4th Conversion 0.1008 2.25 0.11 3.99 3.96 42.48
After 5Ih Conversion 0.1000 1.95 0.10 3.46 3.46 49.75
After 6th Conversion 0.1007 1.80 0.09 3.20 3.17 53.94
After 7lh Conversion 0.1002 1.65 0.08 2.93 2.92 57.57
After 8,h Conversion 0.1000 1.50 0.08 2.66 2.66 61.35
After 9th Conversion 0.1006 1.40 0.07 2.49 2.47 64.14
After 10lh Conversion 0.1003 1.45 0.07 2.57 2.57 62.75
After 11th Conversion 0.1001 1.25 0.06 2.22 2.22 67.82
After 12th Conversion 0.1002 1.25 0.06 2.22 2.21 67.85
After 13th Conversion 0.1000 1.25 0.06 2.22 2.22 67.79
After Evaporation 0.1000 1.50 0.08 2.66 2.66 61.35



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

Time of Conversion Weight of Extractant-Cl
(g)

AgNOj
(mL) mmole of Ag+= mmole of c r Weight of Ci

ting) % cr Remaining %Extraction Cl
After l sl Conversion 0.1005 2.65 0.13 4.70 4.68 32.05
After 2nd Conversion 0.1002 2.55 0.13 4.53 4.52 34.42
After 3rd Conversion 0.1000 2.40 0.12 4.26 4.26 38.15
After 4th Conversion 0.1008 2.25 0.11 3.99 3.96 42.48
After 5th Conversion 0.1006 2.05 0.10 3.64 3.62 47.49
After 6th Conversion 0.1007 1.80 0.09 3.20 3.17 53.94
After 7lh Conversion 0.1004 1.70 0.09 3.02 3.01 56.37
After 8th Conversion 0.1006 1.50 0.08 2.66 2.65 61.58
After 9lh Conversion 0.1006 1.45 0.07 2.57 2.56 62.86
After 10th Conversion 0.1000 1.45 0.07 2.57 2.57 62.63
After l l ,h Conversion 0.1004 1.30 0.07 2.31 2.30 66.63
After 12lh Conversion 0.1004 1.30 0.07 2.31 2.30 66.63
After 13lh Conversion 0.1002 1.30 0.07 2.31 2.30 66.57
After Evaporation 0.1005 1.45 0.07 2.57 2.56 62.82



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

Time of Conversion Weight of Extractant-Cl
(g)

AgNOj
(mL) mmole of Ag+= mmole of c r Weight of c r  

(mg) % cr Remaining %Extraction Cl
After 1st Conversion 0.1000 2.60 0.13 4.62 4.62 33.00
After 2nd Conversion 0.1002 2.55 0.13 4.53 4.52 34.42
After 3rd Conversion 0.1007 2.45 0.12 ■ 4.35 4.32 37.30
After 4th Conversion 0.1000 2.23 0.11 3.95 3.95 42.66
After 5th Conversion 0.1006 2.00 0.10 3.55 3.53 48.77
After 6th Conversion 0.1007 1.85 0.09 3.28 3.26 52.66
After 7th Conversion 0.1007 1.65 0.08 2.93 2.91 57.78
After 8th Conversion 0.1004 1.55 0.08 2.75 2.74 60.22
After 9th Conversion 0.1004 1.45 0.07 2.57 2.56 62.78
After 10th Conversion 0.1003 1.45 0.07 2.57 2.57 62.75
After 11th Conversion 0.1003 1.30 0.07 2.31 2.30 66.60
After 12lh Conversion 0.1001 1.30 0.07 2.31 2.31 66.53
After 13th Conversion 0.1004 1.30 0.07 2.31 2.30 66.63
After Evaporation 0.1005 1.45 0.07 2.57 2.56 62.82



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

Time of Conversion Weight of Extractant-Cl
(g)

AgNOj
(mL) mmole of Ag+ = mmole of c r Weight o f c r  

(mg)
% cr Remaining %Extraction Cl

After Is' Conversion 0.1005 2.65 0.13 4.70 4.68 32.05
After 2nd Conversion 0.1003 2.50 0.13 4.44 4.42 35.77
After 3rd Conversion 0.1001 2.40 0.12 4.26 4.26 38.22
After 4th Conversion 0.1000 2.23 0.11 3.95 3.95 42.66
After 5lh Conversion 0.1007 2.05 0.10 3.64 3.61 47.54
After 6th Conversion 0.1006 1.85 0.09 3.28 3.26 52.61
After 7th Conversion 0.1002 •1.65 0.08 2.93 2.92 57.57
After 8th Conversion 0.1003 1.50 0.08 2.66 2.65 61.46
After 9lh Conversion 0.1001 1.45 0.07 2.57 2.57 62.67
After 10lh Conversion 0.1005 1.45 0.07 2.57 2.56 62.82
After l l lh Conversion 0.1000 1.25 0.06 2.22 2.22 67.79
After 12th Conversion 0.1003 1.25 0.06 2.22 2.21 67.88
After 13th Conversion 0.1002 1.25 0.06 2.22 2.21 67.85
After Evaporation 0.1002 1.50 0.08 2.66 2.66 61.42



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

Time of Conversion Weight of Extractant-CI
(g)

AgNOj
(mL) mmole of Ag+= mmole of c r Weight of c r  

(mg) % cr Remaining %Extraction Cl
After 1st Conversion 0.1003 2.65 0.13 4.70 4.69 31.92
After 2nd Conversion 0.1000 2.55 0.13 4.53 4.53 34.29
After 3rd Conversion 0.1001 2.40 0.12 4.26 4.26 38.22
After 4,h Conversion 0.1001 2.20 0.11 3.91 3.90 43.36
After 5,h Conversion 0.1008 2.05 0.10 3.64 3.61 47.59
After 6th Conversion 0.1007 1.80 0.09 3.20 3.17 53.94
After 7lh Conversion 0.1005 1.65 0.08 2.93 2.91 57.69
After 8tb Conversion 0.1001 1.50 0.08 2.66 2.66 61.38
After 9th Conversion 0.1006 1.45 0.07 2.57 2.56 62.86
After 10th Conversion 0.1002 1.45 0.07 2.57 2.57 62.71
After 11th Conversion 0.1000 1.30 0.07 2.31 2.31 66.50
After 12,h Conversion 0.1004 1.30 0.07 2.31 2.30 .66.63
After 13,h Conversion 0.1002 1.25 0.06 2.22 2.21 67.85
After Evaporation 0.1002 ' 1.45 0.07 2.57 2.57 62.71



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

Time of Conversion Weight of Extractant-CI 
(g)

AgNOj
(mL) mmole of Ag+= mmole of c r Weight o f c r  

(mg) % cr Remaining %Extraction Cl
After 1st Conversion 0.1005 2.65 0.13 4.70 4.68 32.05
After 2nd Conversion 0.1004 2.55 0.13 4.53 4.51 34.55
After 3rd Conversion 0.1005 2.40 0.12 4.26 4.24 38.46
After 4th Conversion 0.1004 ร— 2.25 0.11 3.99 3.98 42.25
After 5th Conversion 0.1003 2.00 0.10 3.55 3.54 48.62
After 6th Conversion 0.1000 1.80 0.09 3.20 3.20 53.61
After 7th Conversion 0.1000 1.70 0.09 3.02 3.02 56.19
After 8th Conversion 0.1004 1.50 0.08 2.66 2.65 61.50
After 9th Conversion 0.1006 1.45 0.07 2.57 2.56 62.86
After 10th Conversion 0.1005 1.45 0.07 2.57 2.56 62.82
After 11th Conversion 0.1006 1.30 0.07 2.31 2.29 66.70
After 12th Conversion 0.1003 1.30 0.07 2.31 2.30 66.60
After 13th Conversion 0.1000 1.25 0.06 2.22 2.22 67.79
After Evaporation 0.1005 1.45 0.07 2.57 2.56 62.82



0

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

Time of Conversion Weight of Extractant-Cl
(g)

AgNOj
(mL) mmole of Ag+= mmole of c r Weight of c r

(mg) % cr Remaining "/«Extraction Cl
After Is' Conversion 0.1008 2.65 0.13 4.70 4.67 32.25
After 2nd Conversion 0.1001 2.50 0.13 4.44 4.43 35.64
After 3rd Conversion 0.1001 2.43 0.12 4.30 4.30 37.57
After 4th Conversion 0.1001 2.20 0.11 3.91 3.90 43.36
After 5lh Conversion 0.1003 1.95 0.10 3.46 3.45 49.90
After 6th Conversion 0.1006 1.80 0.09 3.20 3.18 53.89
After 7lh Conversion 0.1002 1.70 0.09 3.02 3.01 56.28
After 8th Conversion 0.1000 1.50 0.08 2.66 2.66 61.35
After 9th Conversion 0.1004 1.45 0.07 2.57 2.56 62.78
After 10th Conversion 0.1006 1.45 0.07 2.57 2.56 62.86
After 11th Conversion 0.1000 1.25 0.06 2.22 2.22 67.79
After 12th Conversion 0.1001 1.25 0.06 2.22 2.22 67.82
After 13th Conversion 0.1000 1.25 0.06 2.22 2.22 67.79
After Evaporation 0.1002 1.50 0.08 2.66 2.66 61.42

๐̂o



Table B ll Conversion of extractant-Cl to be extractant-OH measured by Mohr’s method titration of batch N o.10

Time of Conversion Weight of Extractant-Cl 
(g)

AgNOa
(mL) mmole of Ag+ = mmole of c r Weight of c r  

(mg) % cr Remaining %Extraction Cl
After 15‘ Conversion 0.1005 2.65 0.13 4.70 4.68 32.05
After 2nd Conversion 0.1003 2.55 0.13 4.53 4.51 34.48
After 3rd Conversion 0.1006 2.40 0.12 4.26 4.23 38.52
After 4th Conversion 0.1002 2.20 0.11 3.91 3.90 43.42
After 5111 Conversion 0.1000 1.95 0.10 3.46 3.46 49.75
After 6th Conversion 0.1007 1.80 0.09 3.20 3.17 53.94
After 7lh Conversion 0.1001 1.70 0.09 3.02 3.01 56.24
After 8th Conversion 0.1000 1.55 0.08 2.75 2.75 60.06
After 9th Conversion 0.1004 1.45 0.07 2.57 2.56 62.78
After 10th Conversion 0.1002 1.45 0.07 2.57 2.57 62.71
After 11th Conversion 0.1004 1.30 0.07 ' 2.31 2.30 66.63
After 12lh Conversion 0.1002 1.25 0.06 2.22 2.21 67.85
After 13lh Conversion 0.1002 1.25 0.06 2.22 2.21 67.85
After Evaporation 0.1004 1.45 0.07 2.57 2.56 62.78



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

Time of Conversion Weight of Extractant-CI 
(g)

AgNO,
(mL) mmole of Ag+= mmole of c r Weight o f c r

(mg) %CT Remaining %Extraction Cl
After l sl Conversion 0.1006 2.65 0.13 ' 4.70 4.68 32.12
After 2nd Conversion 0.1000 2.55 0.13 4.53 4.53 34.29
After 3rd Conversion 0.1007 2.45 0.12 4.35 4.32 37.30
After 4th Conversion 0.1002 2.23 0.11 3.95 3.94 42.78
After 5lh Conversion 0.1006 2.00 0.10 3.55 3.53 48.77
After 6th Conversion 0.1003 1.85 0.09 3.28 3.27 52.47
After 7th Conversion 0.1002 1.70 0.09 3.02 3.01 56.28
After 8th Conversion 0.1004 1.55 0.08 2.75 2.74 60.22
After 9tb Conversion 0.1003 1.40 0.07 2.49 2.48 64.03
After 10lh Conversion 0.1002 1.40 0.07 2.49 2.48 63.99
After l l lh Conversion 0.1004 1.30 0.07 2.31 2.30 66.63
After 12th Conversion 0.1002 1.30 0.07 2.31 2.30 66.57
After 13th Conversion 0.1005 1.25 0.06 2.22 2.21 67.95
After Evaporation 0.1003 • 1.45 0.07 2.57 2.57 62.75



Table B13 Conversion of extractant-Cl to be extractant-OH measured by Mohr’s method titration o f batch No. 12

Time of Conversion Weight of Extractant-Cl 
(g)

A gN 03
(mL) inmule of Ag+-  mmole of c r Weight of c r  

(mg) % cr Remaining "/uExtraction Cl
After 1st Conversion 0.1006 2.65 0.13 4.70 4.68 32.12
After 2nd Conversion 0.1002 2.50 0.13 4.44 4.43 35.70
After 3rd Conversion 0.1005 2.40 0.12 4.26 4.24 38.46
After 4th Conversion 0.1003 2.20 0.11 3.91 3.89 43.48
After 5th Conversion 0.1007 2.05 0.10 3.64 3.61 47.54
After 6th Conversion 0.1005 1.80 0.09 3.20 3.18 53.85
After 7th Conversion 0.1000 1.70 0.09 3.02 3.02 56.19
After 8th Conversion 0.1005 1.55 0.08 2.75 2.74 60.26
After 9th Conversion 0.1004 1.45 0.07 2.57 2.56 62.78
After 10th Conversion 0.1007 1.40 0.07 2.49 2.47 64.17
After 11th Conversion 0.1005 1.25 0.06 2.22 2.21 67.95
After 12th Conversion 0.1001 1.25 0.06 2.22 2.22 67.82
After 13th Conversion 0.1004 1.25 0.06 2.22 2.21 67.92
After Evaporation 0.1004 1.45 0.07 2.57 2.56 62.78



Table B14 Conversion o f extractant-Cl to be extractant-OH measured by M ohr’s method titration ofbatch N o.13

Time of Conversion Weight of Extractant-CI 
(g)

AgNOj
(mL) mmule of Ag+— mmole of c r Weight of c r  

(mg)
% cr Remaining %Extraction Cl

After 1st Conversion 0.1001 2.65 0.13 4.70 4.70 31.78
After 2nd Conversion 0.1006 2.50 0.13 4.44 4.41 35.96
After 3rd Conversion 0.1007 2.40 0.12 4.26 4.23 38.58
After 4tb Conversion 0.1003 2.20 0.11 3.91 3.89 43.48
After 5lb Conversion 0.1002 2.05 0.10 3.64 3.63 47.28
After 6th Conversion 0.1007 1.80 0.09 3.20 3.17 53.94
After 7lb Conversion 0.1002 1.70 0.09 3.02 3.01 56.28
After 8(b Conversion 0.1004 1.50 0.08 2.66 2.65 61.50
After 9,b Conversion 0.1005 1.45 0.07 2.57 2.56 . 62.82
After 10lh Conversion 0.1002 1.45 0.07 2.57 2.57 62.71
After 11th Conversion 0.1003 . 1.30 0.07 2.31 2.30 66.60
After 12th Conversion 0.1005 1.30 0.07 2.31 2.30 66.67
After 13th Conversion 0.1004 1.30 0.07 2.31 2.30 66.63
After Evaporation 0.1000 1.45 0.07 2.57 2.57 62.63



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

Time of Conversion Weight of Extractant-Cl
(g)

AgNOj
(mL) mmole of Ag+ = mmole of c r Weight of Ci

ting) % cr Remaining "/«Extraction Cl
After l sl Conversion 0.1004 2.65 0.13 4.70 4.69 31.98
After 2”11 Conversion 0.1007 2.55 0.13 4.53 4.49 34.74
After 3rd Conversion 0.1007 2.45 0.12 4.35 4.32 37.30
After 4th Conversion 0.1002 2.20 0.11 3.91 3.90 43.42
After 5th Conversion 0.1007 2.00 0.10 3.55 3.53 48.82
After 6th Conversion 0.1005 1.80 0.09 3.20 3.18 53.85
After 7lh Conversion 0.1001 1.70 0.09 3.02 3.01 56.24
After 8lh Conversion 0.1000 1.50 0.08 2.66 2.66 61.35
After 9'11 Conversion 0.1007 1.45 0.07 2.57 2.56 62.89
After 10lh Conversion 0.1002 1.40 0.07 2.49 2.48 63.99
After 11th Conversion 0.1005 1.30 0.07 2.31 2.30 66.67
After 12th Conversion 0.1003 1.30 0.07 2.31 2.30 66.60
After 13lh Conversion 0.1001 1.30 0.07 2.31 2.31 66.53
After Evaporation 0.1003 1.45 0.07 2.57 2.57 62.75



Table B16 Conversion o f extractant-Cl to be extractant-OH measured by Mohr’s method titration of batch N o.15

Time of Conversion Weight of Extractant-Cl 
(g)

AgNOj
(mL) mmole of Ag+= mmole of c r Weight o f c r  

(mg)
%C1" Remaining %Extraction Cl

After 1st Conversion 0.1006 2.65 0.13 4.70 4.68 32.12
After 2nd Conversion 0.1007 2.55 0.13 4.53 4.49 34.74
After 3rd Conversion 0.1003 2.45 0.12 4.35 4.34 37.05
After 4th Conversion 0.1003 2.25 0.11 3.99 3.98 42.19
After 5th Conversion 0.1004 1.95 0.10 3.46 3.45 49.95
After 6th Conversion 0.1006 1.85 0.09 3.28 3.26 52.61
After 7th Conversion 0.1005 1.70 0.09 3.02 3.00 56.41
After 8tb Conversion 0.1003 1.50 0.08 2.66 2.65 61.46
After 9th Conversion 0.1003 1.40 0.07 2.49 2.48 64.03
After 10th Conversion 0.1006 1.40 0.07 2.49 2.47 64.14
After 11lh Conversion 0.1005 1.30 0.07 2.31 2.30 66.67
After 12th Conversion 0.1003 1.30 0.07 2.31 2.30 66.60
After 13th Conversion 0.1003 1.25 0.06 2.22 2.21 67.88
After Evaporation 0.1002 1.45 0.07 2.57 2.57 62.71



9 7

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

Bacth - 
No % Extraction  Cl Average 

Conversion (% ) SD Avg ±SD

1 62.82
2 62.67
3 61.35
4 62.82
5 62.82
6 61.42
7 62.71
8 62.82 62.48 0.57 62.48±0.57
9 61.42
10 62.78
11 62.75
12 62.78
13 62.63
14 62.75
15 62.71



98

Average M olecular W eight 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)

Mwavg = 392.60 g/mol

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

B l. E xtractant-O H  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:

Mass o f 1 M o f extractant — OH
1 mol extractant -  OH 1392.60 g extractn t — OH I

=  — — ะ——:— ะ-------- —--------ะ---------- ---------- — -  1000 mL solution
1000 mL solution I 1 mol extractant — OH I

••- Mass of 1 M of extractant — OH = 392.60 g extractnt — OH

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

๐
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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) (g) (g) (M)

1 3 9 2 . 6 0 3 9 2 . 6 1 1 3 1

๐
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Appendix c  Standard  Solution of N eutral M EA D egradation Products 
Preparation

C l. S tandard  Solution of Neutral MEA D egradation 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 g;as chromatography with flame ionization (GC-FID). The retention 
times of each were 18.00, 20.40, 23.50 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 C l, C2, C3 and C4

1400 
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f  -
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10 12 14 16 18 20 22 24 26 28 30
Time (min)

Figure C l Chromatogram of imidazole without MEA in aqueous solution before 
extraction.

imidazole
(18.00)

•__ ___________________________
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Figure C2 Chromatogram of N-acethylethanolamine without MEA in aqueous 
solution before extraction.
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Figure C3 Chromatogram of 2-oxazolidone without MEA in aqueous solution
before extraction.
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Figure C4 Chromatogram of N-(2-hydroxyethyl)-succinimide without MEA in 
aqueous solution before extraction.

C2. Standard Solution of Neutral M EA D egradation Products with M EA

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 by gas chromatography with flame 
ionization (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-oxazolidone and 
N-(2-hydroxyethyl)-succinimide is shown that in Figures C13, C14, C15 and C16.
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Figure C5 Chromatogram of imidazole with MEA in aqueous solution before 
extraction.

Figure C6 Chromatogram of N-acethylethanolamine with MEA in aqueous solution
before extraction.
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Figure C7 Chromatogram of 2-oxazolidone with MEA in aqueous solution before 
extraction.

Figure C8 Chromatogram of N-(2-hydroxyethyl)-succinimide with MEA in
aqueous solution before extraction.

๐



C3. S tandard  Solution of N eutral MEA D egradation Products for Calibration Curve P reparation
The standard solution at concentration of neutral MEA degradation products of 1000 ppm in MEA 0.5 M (30 พt%) or DI water 

was prepared. The standard solution 1000 ppm was diluted to 500, 100, 50, 10 and 5 ppm as follow:

cxv1 = C2V2 Cl

Table C l Dilution of 1000 ppm calibrating solution without MEA to other concentration
Concentration of S tandard  Solution 

(ppm)
5 10 50 100 500 1000

Total Volume (mL) 10 10 10 10 10 10
Volume of N eutral MEA degradation products w ithout M EA 1000 ppm (mL) 0.05 0.10 0.50 1 5 10
Volume of DI w ater (mL) 9.95 9.90 9.50 9 5 0



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

(ppm)
5 10 50 100 500 1000

Total Volume (mL) 10 10 10 10 10 10
Volume of N eutral M EA degradation products with M EA 1000 ppm  (mL) 0.05 0.10 0.50 1 5 10
Volume of DI w ater (mL) 9.95 9.90 9.50 9 5 0

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

Components

Area Peak at Concentration in Aqueous Solution without MEA.
5 ppm.

1*' r 3 3rd Average
AreaRetention Time 

(min) Peak Area Retention Time 
(min) Peak Area Retention Time 

(min) Peak Area
imidazole 17.71 10.03 17.70 10.37 17.71 10.50 10.30
N-acethylethanolamine 20.05 6.44 20.04 6.73 20.04 6.75 6.64
2-oxazolidone 22.94 4.67 22.95 4.66 22.94 4.40 4.58
N-(2-hydroxyethyl)-succinimide 26.54 0.00 26.54 0.00 26.54 0.00 0.00



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

Components

Area Peak at Concentration in Aqueous Solution without MEA.
10 ppm.

1- 2ท<1 3rd Average
AreaRetention Time 

(min) Peak Area Retention Time 
(min) Peak Area Retention Time 

(min) Peak Area
imidazole 17.70 17.27 17.72 17.37 17.72 17.05 17.23
N-acethylethanolamine 20.05 11.11 20.06 10.22 20.05 10.07 10.47
2-oxazolidone 22.96 8.17 22.97 7.97 22.96 9.19 8.44
N-(2-hydroxyethyI)-succinimide 26.54 1.81 26.57 1.66 26.57 . 1.46 1.64

Components

Area Peak at Concentration in Aqueous Solution without MEA.
50 ppm.

1!< 2nd 3rd Average
AreaRetention Time 

(min) Peak Area Retention Time 
(min) Peak Area Retention Time 

(min) Peak Area
imidazole 17.69 63.26 17.69 62.02 17.68 66.28 63.85
N-acethylethanolamine 20.05 41.74 20.05 43.43 20.05 45.56 43.58
2-oxazolidone 22.96 27.17 22.96 27.64 22.96 27.93 27.58
N-(2-hydroxyethyl)-succinimide 26.57 4.52 26.56 5.40 26.57 6.15 5.36



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

Components

Area Peak at Concentration in Aqueous Solution without MEA.
100 ppm.

1,, 2 nd 3rd Average
AreaRetention Time 

(min) Peak Area Retention Time 
(min) Peak Area Retention Time 

(min) Peak Area
imidazole 17.69 153.41 17.69 141.76 17.69 147.18 147.45
N-acethylethanolamine 20.07 121.22 20.07 124.52 20.06 128.60 124.78
2-oxazolidone 22.97 69.12 22.97 68.11 22.97 71.70 69.64
N-(2-hydroxyethyl)-succinimide 26.57 23.43 26.57 23.59 26.57 25.13 24.05

Components

Area Peak at Concentration in Aqueous Solution without MEA.
500 ppm.

1“ 2°̂ 3 ๗
Retention Time 

(min) Peak Area Retention Time 
(min) Peak Area Retention Time 

(min) Peak Area Average
Area

imidazole 17.66 727.03 17.63 754.12 17.65 768.82 749.99
N-acethylethanolamine 20.05 702.72 20.04 723.37 ' 20.04 703.09 709.72
2-oxazolidone 22.93 383.76 22.91 396.45 22.92 392.27 390.83
N-(2-hydroxyethyl)-succinimide 26.50 254.78 26.48 262.27 26.48 239.56 252.21



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

Components

Area Peak at Concentration in Aqueous Solution without MEA.
1000 ppm.

1,, 2nd 3rd Average
AreaRetention Time 

(min) Peak Area Retention Time 
(min) Peak Area Retention Time 

(min) Peak Area
imidazole 17.75 1571.61 17.73 1570.62 17.72 1566.75 1569.66
N-acethylethanolamine 20.16 1433.07 20.15 1439.27 20.13 1413.74 1428.70
2-oxazolidone 23.08 751.70 23.06 770.44 23.03 767.64 763.26
N-(2-hydroxyethyl)-succinimide 26.69 590.78 26.67 535.25 26.62 575.30 567.11
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Figure C9 Calibration curve of the neutral MEA degradation products without MEA.



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

Components

Area Peak at Concentration in Aqueous Solution without MEA.
5 ppm.

1" ï r 3rd Average
AreaRetention Time 

(min) Peak Area Retention Time 
(min) Peak Area Retention Time 

(min) Peak Area
imidazole 18.01 6.23 18.01 6.09 18.00 6.43 6.25
N-acethylethanolamine 20.42 6.20 20.42 5.99 20.42 6.35 6.18
2-oxazolidone 23.49 5.38 23.49 5.76 23.49 5.83 5.66
N-(2-hydroxyethyl)-succinimide 27.30 6.79 27.30 6.65 27.30 6.46 6.63

Components

Area Peak at Concentration in Aqueous Solution without MEA.
10 ppm.

1*‘ 2nd 3rd Average
AreaRetention Time 

(min) Peak Area Retention Time 
(min) Peak Area Retention Time 

(min) Peak Area
imidazole 18.01 9.54 18.01 9.83 18.00 9.51 9.63
N-acethylethanolamine 20.48 12.76 20.43 12.77 20.42 12.65 12.72
2-oxazolidone 23.50 10.82 23.50 10.63 23.49 10.58 10.67
N-(2-hydroxyethyl)-succinimide 27.32 16.50 27.33 14.02 27.31 15.18 15.23



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

Components

Area Peak at Concentration in Aqueous Solution without MEA.
50 ppm.

r 2ท0 3 rd Average
AreaRetention Time 

(min) Peak Area Retention Time 
(min) Peak Area Retention Time 

(min) Peak Area
imidazole 18.01 64.06 18.01 63.60 18.00 60.47 62.71
N-acethylethanolamine 20.4*4 68.47 20.44 71.36 20.43 68.41 69.41
2-oxazolidone 23.52 52.94 23.52 53.00 23.51 50.39 52.11
N-(2-hydroxyethyl)-succinimide 27.34 63.01 27.34 60.59 27.33 61.96 61.85

Components

Area Peak at Concentration in Aqueous Solution without MEA.
too ppm.

1ร, 2ท(1 3 rd Average
AreaRetention Time 

(min) Peak Area Retention Time 
(min) Peak Area Retention Time 

(min) Peak Area
imidazole 18.01 137.80 18.00 130.77 18.00 130.11 132.89
N-acethylethanolamine 20.45 146.77 20.44 143.34 20.44 142.57 144.23
2-oxazolidone 23.52 103.82 23.52 103.73 23.51 « 101.99 103.18
N-(2-hydroxyethyl)-succinimide 27.36 125.44 27.34 130.99 27.34 121.98 126.13



0

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

Components

Area Peak at Concentration in Aqueous Solution without MEA.
500 ppm.

I5' 2ทช y 3 Average
AreaRetention Time 

(min) Peak Area Retention Time 
(min) Peak Area Retention Time 

(min) Peak Area
imidazole 18.05 656.20 18.05 670.82 18.04 667.99 665.01
N-acethylethano lamine 20.51 666.68 20.50 679.97 20.50 . 672.66 673.10
2-oxazolidone 23.62 466.78 23.60 474.70 23.59 472.34 471.27
N-(2-hydroxyethy!)-succinimide 27.46 581.47 27.45 588.89 27.43 586.61 585.66

Components

Area Peak at Concentration in Aqueous Solution without MEA.
1000 ppm.

1" 2ทฝ็ 3 rd Average
AreaRetention Time 

(min) Peak Area Retention Time 
(min) Peak Area Retention Time 

(min) Peak Area
imidazole 18.08 1451.35 18.09 1438.88 18.08 1462.78 1451.00
N-acethylethanolamine 20.56 1407.96 20.57 1421.70 20.56 1427.28 1418.98
2-oxazolidone 23.69 964.44 23.70 986.69 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

Area Peak at Concentration in Aqueous Solution with MEA.
ร ppm.

Components 11! 2 ทิน 3™ Average
AreaRetention Time 

(min) Peak Area Retention Time 
(min) Peak Area Retention Time 

(min) Peak Area
imidazole 17.73 12.26 17.73 11.00 17.74 11.31 11.52
N-acethylethanolamine 20.13 8.28 20.13 8.15 20.13 8.57 8.33
2-oxazolidone 22.97 8.24 22.96 8.71 22.97 8.15 8.36
N-(2-hydroxyethyl)-succinimide 26.53 3.39 26.53 2.86 26.57 2.30 2.85

Area Peak at Concentration in Aqueous Solution with MEA.
10 ppm.

Components T 2ท<1
Retention Time 

(min) Peak Area Retention Time 
(min) Peak Area Retention Time 

(min) Peak Area Area
imidazole 17.73 22.47 17.79 22 24 17.73 21.04 21.92
N-acethylethanolamine 20.13 19.07 20.16 17.89 20.13 18.24 18.40
2-oxazolidone 22.97 17.45 23.00 18.69 22.97 17.36 17.83
N-(2-hydroxyethyl)-succinimide 26.53 6.15 26.56 6.01 26.54 5.74 5.97



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

C o m p o n e n t s

A r e a  P e a k  a t  C o n c e n t r a t i o n  i n  A q u e o u s  S o l u t i o n  w i t h  M E A .
5 0  p p m .

1 ” 2  ทน y 3
A v e r a g e

A r e a
R e t e n t i o n  T i m e  

( m i n )
P e a k  A r e a

R e t e n t i o n  T i m e  

( m i n )
P e a k  A r e a

R e t e n t i o n  T i m e  

( m i n )
P e a k  A r e a

i m i d a z o l e 1 7 . 7 4 7 4 . 3 7 1 7 . 7 3 7 6 . 8 2 1 7 . 7 3 7 2 . 9 8 7 4 . 7 2

N - a c e t h y l e t h a n o l a m i n e 2 0 . 1 5 7 5 . 1 8 2 0 . 1 4 7 9 . 6 5 2 0 . 1 3 7 5 . 4 6 7 6 . 7 6

2 - o x a z o l i d o n e 2 2 . 9 8 5 0 . 5 1 2 2 . 9 8 4 9 . 8 6 2 2 . 9 7 4 7 . 2 7 4 9 . 2 2

N - ( 2 - h y d r o x y e t h y l ) - s u c c i n i m i d e 2 6 . 5 5 1 3 . 0 3 2 6 . 5 5 1 2 . 7 7 2 6 . 5 4 1 2 . 3 3 1 2 . 7 1

C o m p o n e n t s

A r e a  P e a k  a t  C o n c e n t r a t i o n  i n  A q u e o u s  S o l u t i o n  w i t h  M E A .

t o o  p p m .
1 st 2  na 3™

A v e r a g e
A r e a

R e t e n t i o n  T i m e  

( m i n )
P e a k  A r e a

R e t e n t i o n  T i m e  

( m i n )
P e a k  A r e a

R e t e n t i o n  T i m e  
( m i n )

P e a k  A r e a

i m i d a z o l e 1 7 . 7 5 1 5 5 . 8 2 1 7 . 7 4 1 5 8 . 4 0 1 7 . 7 5 1 6 2 . 6 1 1 5 8 . 9 4

N - a c e t h y l e t h a n o l a m i n e 2 0 . 1 7 1 6 7 . 2 4 2 0 . 1 5 1 6 3 . 7 9 2 0 . 1 6 1 6 9 . 3 1 1 6 6 . 7 8

2 - o x a z o l i d o n e 2 3 . 0 1 7 7 . 5 8 2 3 . 0 0 7 4 . 2 2 2 3 . 0 0 7 5 . 7 4 7 5 . 8 5

N - ( 2 - h y d r o x y e t h y l ) - s u c c i n i m i d e 2 6 . 5 8 2 9 . 8 8 2 6 . 5 6 2 8 . 4 3 2 6 . 5 7 2 5 . 2 7 2 7 . 8 6



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

C o m p o n e n t s

A r e a  P e a k  a t  C o n c e n t r a t i o n  i n  A q u e o u s  S o l u t i o n  w i t h  M E A .
5 0 0  p p m .

r 2 nd 3 rd
A v e r a g e

A r e a
R e t e n t i o n  T i m e  

( m i n )
P e a k  A r e a

R e t e n t i o n  T i m e  

( m i n )
P e a k  A r e a

R e t e n t i o n  T i m e  

( m i n )
P e a k  A r e a

i m i d a z o l e 1 7 . 7 7 6 3 6 . 1 4 1 7 . 7 7 6 3 8 . 1 2 1 7 . 7 7 6 5 2 . 3 4 6 4 2 . 2 0

N - a c e t h y l e t h a n o  l a m i n e 2 0 . 1 9 6 8 7 . 9 5 2 0 . 2 0 6 9 0 . 6 1 2 0 . 2 0 6 9 7 . 0 1 6 9 1 . 8 6

2 - o x a z o l i d o n e 2 3 . 0 3 3 0 8 . 4 0 2 3 . 0 3 3 0 5 . 7 6 2 3 . 0 4 3 0 8 . 5 5 3 0 7 . 5 7

N - ( 2 - h y d r o x y e t h y l ) - s u c c i n i m i d e 2 6 . 5 8 1 2 0 . 2 7 2 6 . 5 8 1 2 4 . 1 7 2 6 . 6 0 1 3 0 . 1 3 1 2 4 . 8 6

C o m p o n e n t s

A r e a  P e a k  a t  C o n c e n t r a t i o n  i n  A q u e o u s  S o l u t i o n  w i t h  M E A .
1 0 0 0  p p m .

1 ' 2 n d
A v e r a g e

A r e a
R e t e n t i o n  T i m e  

( m i i^ l
P e a k  A r e a

R e t e n t i o n  T i m e  

( m i n )
P e a k  A r e a

R e t e n t i o n  T i m e  

( m i n )
P e a k  A r e a

i m i d a z o l e 1 7 . 7 8 1 2 2 9 . 5 1 1 7 . 8 0 1 2 1 7 . 2 1 1 7 . 8 1 1 2 3 1 . 5 1 1 2 2 6 . 0 7

N - a c e t h y l e t h a n o  l a m i n e 2 0 . 2 1 1 3 3 8 . 2 5 2 0 . 2 3 1 3 1 4 . 8 0 2 0 . 2 3 1 3 3 4 . 1 1 1 3 2 9 . 0 5

2 - o x a z o l i d o n e 2 3 . 0 5 5 9 0 . 5 1 2 3 . 0 6 5 8 5 . 4 1 2 3 . 0 7 5 8 4 . 0 6 5 8 6 . 6 6

N - ( 2 - h y d r o x y e t h y l ) - s u c c i n i m i d e 2 6 . 5 9 2 5 2 . 7 8 2 6 . 6 0 2 1 2 . 2 3 2 6 . 6 1 2 5 3 . 8 4 2 3 9 . 6 1



Figure C ll  Calibration curve of the neutral MEA degradation products with MEA.



Appendix D Extraction Neutral MEA Degradation Products

Dl. Neutral MEA Degradation Extraction Products Preparation

Table Dl 1 M of average extractant-OH preparation for neutral MEA degradation products 1000 ppm in aqueous 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 ๐c
Volume of Extractant-OH 

(mL) Neutral MEA Degradation Volume of Neutral MEA Degradation 
(mL)

Total Volume 
(mL)

5 imidazole 5 10
5 N-acethylethanolamine 5 10
5 2-oxazolidone 5 10
5 N-(2-hydroxyethyl)-succinimide 5 10



Table D2 1 M 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 ๐c , 40 ๐c  and 60 ๐c
Volume of Extractant-OH 

(mL) Neutral MEA Degradation Volume of Neutral MEA Degradation 
(mL)

Total Volume 
(mL)

5 imidazole 5 10
5 N-acethylethanolamine 5 10
5 2-oxazolidone 5 10
5 N-(2-hydroxyethyl)-succinimide 5 10



Table อ3 1 M 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 ๐c  and 60 °c
Volume of Extractant-OH 

(mL) Neutral MEA Degradation Volume of Neutral MEA Degradation 
(mL)

Total Volume 
(mL)

5 imidazole 5 10
5 N-acethylethano lamine 5 10
5 2-oxazolidone 5 10
5 N-(2-hydroxyethyl)-succinimide 5 10



Table D4 1 M 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 1:1

Extraction Neutral MEA Degradation Products with C 02 Loading 0.05, 0.10 and 0.30 (mol/inol amine) at 25 ๐c
Volume of Extractant-OH 

(mL) Neutral MEA Degradation Volume of Neutral MEA Degradation 
(mL)

Total Volume 
(mL)

5 imidazole 5 10
5 N-acethylethanolamine 5 10
5 2-oxazolidone 5 10
5 N-(2-hydroxyethyl)-succinimide 5 10
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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:

R e m a i n i n g  c o n c e n t r a t i o n  o f  n e u t r a l  M E A  d e g r a d a t i o n  a f t e r  e x t r a c t i o n
%  E x t r a c t i o n  e f f i c i e n c y  =  ----------- -----------------------------—  -------- -— ;— - —  ---------- ;— :-------—  -------------------- —  ---------------  X  1 0 0

C o n c e n t r a t i o n  o f  n e u t r a l  M E A  d e g r a d a t i o n  b e f o r e  e x t r a c t i o n

C o n c e n t r a t i o n  o f  n e u t r a l  M E A  d e g r a d a t i o n  b e f o r e  e x t r a c t i o n  — E x t r a c t i o n  o f  n e u t r a l  M E A  d e g r a d a t i o n
%  E x t r a c t i o n  e f f i c i e n c y  =  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- X  1 0 0

C o n c e n t r a t i o n  o f  n e u t r a l  M E A  d e g r a d a t i o n  b e f o r e  e x t r a c t i o n

«ร
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Extraction of Neutral MEA Degradation Products Solution with Diluent Alone

Table D5 Concentration of neutral MEA ^degradation products in aqueous solution before extraction with diluent alone

C o m p o n e n t s Y  =  a X  +  b
B e f o r e  E x t r a c t i o n  o f  N e u t r a l  M E A  D e g r a d a t i o n  P r o d u c t s  w i t h  D i l u e n t  A l o n e

P e a k  A r e a
C o n c e n t r a t i o n  

( p p m )
i m i d a z o l e y  =  0 . 6 3 8 7 x  +  5 . 1 5 2 9 1 5 6 9 . 6 6 1 0 0 7 . 6 9
N - a c e t h y l e t h a n o l a m i n e y  =  0 . 6 9 5 5 X  + 6 . 9 7 1 1 4 2 8 . 7 0 1 0 0 0 . 6 3
2 - o x a z o l i d o n e y= 1 . 2 9 9 9 x  4- 3 . 0 7 0 9 7 6 3 . 2 6 9 9 5 . 2 3
N - ( 2 - h y d r o x y e t h y l ) - s u c c i n i m i d e y  =  1 .8 0 3 Ô X 5 6 7 . 1 1 1 0 2 2 . 8 4

Note X = Peak Area, Y = Concentration



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

C o m p o n e n t s

E x t r a c t i o n  o f  N e u t r a l  M E A  D e g r a d a t i o n  P r o d u c t s  w i t h  D i l u e n t  A l o n e
0

1” 2«id 3  ๗

R e t e n t i o n  T i m e  

( m i n )
P e a k  A r e a

R e t e n t i o n  T i m e  

( m i n )
P e a k  A r e a

R e t e n t i o n  T i m e  

( m i n )
P e a k  A r e a

i m i d a z o l e 1 7 . 6 9 9 1 1 . 7 7 1 7 . 6 7 9 0 1 . 3 1 1 7 . 6 7 9 4 6 . 2 5

N - a c e t h y l e t h a n o l a m i n e 2 0 . 1 1 1 3 8 0 . 5 4 2 0 . 0 9 1 3 4 4 . 3 8 2 0 . 0 8 1 3 6 4 . 9 4

2 - o x a z o l i d o n e 2 3 . 0 0 7 6 3 . 4 5 2 2 . 9 7 7 2 4 . 1 8 2 2 . 9 6 7 3 5 . 6 9

N - ( 2 - h y d r o x y e t h y l ) - s u c c i n i m i d e 2 6 . 5 7 4 9 9 . 0 5 2 6 . 5 3 4 5 5 . 6 9 2 6 . 5 2 4 6 7 . 7 1

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

C o m p o n e n t s Y  =  a X  +  b

E x t r a c t i o n  o f  N e u t r a l  M E A  D e g r a d a t i o n  P r o d u c t s  w i t h  D i l u e n t  A l o n e
1 st 2«d 3  rd

P e a k  A r e a
C o n c e n t r a t i o n

( p p m )
P e a k  A r e a

C o n c e n t r a t i o n
( p p m )

P e a k  A r e a
C o n c e n t r a t i o n

( p p m )
i m i d a z o l e y  =  0 . 6 3 8 7 x  +  5 . 1 5 2 9 9 1 1 . 7 7 5 8 7 . 5 0 9 0 1 . 3 1 5 8 0 . 8 2 9 4 6 . 2 5 6 0 9 . 5 2
N - a c e t h y l e t h a n o l a m i n e y  =  0 . 6 9 5 5 . x +  6 . 9 7 1 1 3 8 0 . 5 4 9 6 7 . 1 4 1 3 4 4 . 3 8  ' 9 4 1 . 9 9 1 3 6 4 . 9 4 9 5 6 . 2 9

2 - o x a z o l i d o n e y  =  1 . 2 9 9 9 X  +  3 . 0 7 0 9 7 6 3 . 4 5 9 9 5 . 4 7 7 2 4 . 1 8 9 4 4 . 4 3 7 3 5 . 6 9 9 5 9 . 3 9
N - ( 2 - h y d r o x y e t h y l ) - s u c c i n i m i d e y =  I . 8 0 3 6 X 4 9 9 . 0 5 9 0 0 . 0 9 4 5 5 . 6 9 8 2 1 . 8 9 4 6 7 . 7 1 8 4 3 . 5 7



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

C o m p o n e n t s
%  E x t r a c t i o n  E f f i c i e n c y  o f  N e u t r a l  M E A  D e g r a d a t i o n  P r o d u c t s  w i t h  D i l u e n t  A l o n e

1 st E x t r a c t i o n 2 nd E x t r a c t i o n 3 rd E x t r a c t i o n A v e r a g e  E x t r a c t i o n  E f f i c i e n c y S D A v g  i S D
i m i d a z o l e 4 1 . 7 0 4 2 . 3 6 3 9 . 5 1 4 1 . 1 9 1 . 4 9 4 1 . 1 9 i l . 4 9

N - a c e t h y l e t h a n o l a m i n e 3 . 3 5 5 . 8 6 4 . 4 3 4 . 5 5 1 . 2 6 4 . 5 5 ± !  . 2 6

2 - o x a z o l i d o n e - 0 . 0 2 5 . 1 0 3 . 6 0 2 . 8 9 2 . 6 4 2 . 8 9 ± 2 . 6 4

N - ( 2 - h y d r o x y e t h y l ) - s u c c i n i m i d e 1 2 . 0 0 1 9 . 6 5 1 7 . 5 3 1 6 . 3 9 3 . 9 5 1 6 . 3 9 i 3 . 9 5



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

C o m p o n e n t s Y  =  a X  +  b
B e f o r e  E x t r a c t i o n  o f  N e u t r a l  M E A  D e g r a d a t i o n  P r o d u c t s  w i t h o u t  M E A

P e a k  A r e a
C o n c e n t r a t i o n

( p p m )
i m i d a z o l e y  =  0 . 6 9 2 6 x  +  8 . 8 3 8 7 1 4 5 1 . 0 0 1 0 1 3 . 8 0

N - a c e t h y l e t h a n o l a m i n e y  =  0 . 7 0 9 5 x  +  2 . 2 3 5 2 1 4 1 8 . 9 8 1 0 0 9 . 0 0

2 - o x a z o l i d o n e y  =  1 . 0 3 3 X  - 0 . 8 5 7 3 9 7 4 . 6 6 1 0 0 5 . 9 7

N - ( 2 - h y d r o x y e t h y l ) - s u c c i n i m i d e y  =  0 . 7 5 8 4 . x 1 3 5 1 . 1 2 1 0 2 4 . 6 9

Note X = Peak Area, Y = Concentration



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

C o m p o n e n t s

E x t r a c t i o n  o f  N e u t r a l  M E A  D e g r a d a t i o n  P r o d u c t s  w i t h o u t  M E A  a t  2 5  ° c

1" 2ทน 3  rd

R e t e n t i o n  T i m e  

( m i n )
P e a k  A r e a

R e t e n t i o n  T i m e  

( m i n )
P e a k  A r e a

R e t e n t i o n  T i m e  

( m i n )
P e a k  A r e a

i m i d a z o l e 1 7 . 4 9 8 8 5 . 2 5 1 7 . 4 8 8 7 1 . 8 2 1 7 . 4 9 8 4 9 . 4 8
N - a c e t h y l e t h a n o  l a m i n e 2 0 . 2 7 1 0 5 0 . 4 0 2 0 . 2 6 1 0 0 7 . 0 3 2 0 . 2 8 1 0 1 2 . 2 7
2 - o x a z o l i d o n e 2 3 . 2 2 1 5 0 . 5 7 2 3 . 2 0 1 5 8 . 5 4 2 3 . 2 3 1 5 8 . 3 3
N - ( 2 - h y d r o x y e t h y l ) - s u c c i n i m i d e 2 6 . 9 3 7 . 8 2 2 6 . 9 1 7 . 6 7 2 6 . 9 5 7 . 2 0

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

C o m p o n e n t s Y  =  a X  +  b

E x t r a c t i o n  o f  N e u t r a l  M E A  D e g r a d a t i o n  P r o d u c t s  w i t h o u t  M E A  a t  2 5  ° c

T' 2»d T 3

P e a k  A r e a
C o n c e n t r a t i o n

( p p m )
P e a k  A r e a

C o n c e n t r a t i o n
( p p m )

P e a k  A r e a
C o n c e n t r a t i o n

( p p m )
i m i d a z o l e y  =  0 . 6 9 2 6 . x +  8 . 8 3 8 7 8 8 5 . 2 5 6 2 1 . 9 6 8 7 1 . 8 2 6 1 2 . 6 6 8 4 9 . 4 8 5 9 7 . 1 9

N - a c e t h y l e t h a n o l a m i n e y  =  0 . 7 0 9 5 X  +  ÿ . 2 3 5 2 1 0 5 0 . 4 0 7 4 7 . 5 0 1 0 0 7 . 0 3 7 1 6 . 7 2 1 0 1 2 . 2 7 7 2 0 . 4 4

2 - o x a z o l i d o n e y  =  1 . 0 3 3 X - 0 . 8 5 7 3 1 5 0 . 5 7 1 5 4 . 6 8 1 5 8 . 5 4 1 6 2 . 9 1 1 5 8 . 3 3 1 6 2 . 6 9

N - ( 2 - h y d r o x y e t h y ] ) - s u c c i n i m i d e y  =  0 . 7 5 8 4 x 7 . 8 2 5 . 9 3 7 . 6 7 5 . 8 1 7 . 2 0 5 . 4 6



Table DI 2 Calculation extraction efficiency o f neutral MEA degradation products without MEA at 25 °c

C o m p o n e n t s
%  E x t r a c t i o n  E f f i c i e n c y  o f  N e u t r a l  M E A  D e g r a d a t i o n  P r o d u c t s  w i t h o u t  M E A  a t  2 5  ° c

1st E x t r a c t i o n 2 nd E x t r a c t i o n 3 rd E x t r a c t i o n A v e r a g e  E x t r a c t i o n  E f f i c i e n c y S D A v g  ± S D
i m i d a z o l e 3 8 . 6 5 3 9 . 5 7 4 1 . 0 9 3 9 . 7 7 1 . 2 3 3 9 . 7 7 i l . 1 2

N - a c e t h y l e t h a n o l a m i n e 2 5 . 9 2 2 8 . 9 7 2 8 . 6 0 2 7 . 8 3 1 . 6 6 2 7 . 8 3 i l . 6 6

2 - o x a z o l i d o n e 8 4 . 6 2 8 3 . 8 1 8 3 . 8 3 8 4 . 0 9 0 . 4 7 8 4 . 0 9 i 0 . 4 7

N - ( 2 - h y d r o x y e t h y l ) - s u c c i n i m i d e 9 9 . 4 2 9 9 . 4 3 9 9 . 4 7 9 9 . 4 4 0 . 0 2 9 9 . 4 4 i 0 . 0 2

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

C o m p o n e n t s

E x t r a c t i o n  o f  N e u t r a l  M E A  D e g r a d a t i o n  P r o d u c t s  w i t h o u t  M E A  a t  4 0  ° c

I s ' 2ทฟ่ 3 ™

R e t e n t i o n  T i m e  

( m i n )
P e a k  A r e a

R e t e n t i o n  T i m e  

( m i n )
P e a k  A r e a

R e t e n t i o n  T i m e  

( m i n )
P e a k  A r e a

i m i d a z o l e 1 7 . 4 8 8 5 7 . 3 7 1 7 . 4 7 8 5 1 . 0 5 1 7 . 4 8 8 4 1 . 6 9

N - a c e t h y l e t h a n o l a m i n e 2 0 . 2 4 1 0 1 1 . 8 2 2 0 . 2 1 1 0 2 9 . 7 2 2 0 . 2 3 1 0 1 6 . 1 1

2 - o x a z o l i d o n e 2 3 . 3 7 1 5 6 . 0 9 2 3 . 3 5 1 5 4 . 8 8 2 3 . 3 7 1 5 1 . 9 7

N - ( 2 - h y d r o x y e t h y ! ) - s u c c i n i m i d e 2 6 . 8 7 5 . 3 1 2 6 . 8 0 6 . 3 9 2 6 . 8 5
_________________________ 2_

5 . 2 6



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

C o m p o n e n t s Y  =  a X  +  b

E x t r a c t i o n  o f  N e u t r a l  M E A  D e g r a d a t i o n  P r o d u c t s  w i t h o u t  M E A  a t  4 0  ° c

l !t 2nd 3 rd

P e a k  A r e a
C o n c e n t r a t i o n

( p p m )
P e a k  A r e a

C o n c e n t r a t i o n
( p p m )

P e a k  A r e a
C o n c e n t r a t i o n

( p p m )
i m i d a z o l e y  =  0 . 6 9 2 6 x 4 - 8 . 8 3 8 7 8 5 7 . 3 7 6 0 2 . 6 6 8 5 1 . 0 5 5 9 8 . 2 8 8 4 1 . 6 9 5 9 1 . 7 9

N - a c e t h y l e t h a n o l a m i n e y  =  0 . 7 0 9 5 x  +  2 . 2 3 5 2 1 0 1 1 . 8 2 7 2 0 . 1 2 1 0 2 9 . 7 2 7 3 2 . 8 2 1 0 1 6 . 1 1 7 2 3 . 1 7

2 - o x a z o I i d o n e y =  1 . 0 3 3 X -  0 . 8 5 7 3 1 5 6 . 0 9 1 6 0 . 3 9 1 5 4 . 8 8 1 5 9 . 1 3 1 5 1 . 9 7 1 5 6 . 1 3

N - ( 2 - h y d r o x y e t h y l ) - s u c c i n i m i d e y  =  0 . 7 5 8 4 X 5 . 3 1 4 . 0 3 6 . 3 9 4 . 8 5 5 . 2 6 3 . 9 9

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

C o m p o n e n t s
%  E x t r a c t i o n  E f f i c i e n c y  o f  N e u t r a l  M E A  D e g r a d a t i o n  P r o d u c t s  w i t h o u t  M E A  a t  4 0 ° c

1 st E x t r a c t i o n 2 nd E x t r a c t i o n 3 rd E x t r a c t i o n A v e r a g e  E x t r a c t i o n  E f f i c i e n c y S D A v g  ± S D
i m i d a z o l e 4 0 . 5 6 4 0 . 9 9 4 1 . 6 3 4 1 . 0 6 0 . 5 4 4 1 . 0 6 ± 0 . 5 4

N - a c e t h y l e t h a n o  l a m i n e 2 8 . 6 3 2 7 . 3 7 2 8 . 3 3 2 8 . 1 1 0 . 6 6 2 8 . 1 1 ± 0 . 6 6

2 - o x a z o l i d o n e 8 4 . 0 6 8 4 . 1 8 8 4 . 4 8 8 4 . 2 4 0 . 2 2 8 4 . 2 4 ± 0 . 2 2

N - ( 2 - h y d r o x y e t h y l ) - s u c c i n i m i d e 9 9 . 6 1 9 9 . 5 3 9 9 . 6 1 9 9 . 5 8 0 . 0 5 9 9 . 5 8 ± 0 . 0 5



Table DI 6 GC-FID Analysis of the extraction of neutral ME A degradation products without ME A at 60 °c

C o m p o n e n t s

E x t r a c t i o n  o f  N e u t r a l  M E A  D e g r a d a t i o n  P r o d u c t s  w i t h o u t  M E A  a t  6(1 ° c

I ” 2ท<1 3  rd

R e t e n t i o n  T i m e  

( m i n )
P e a k  A r e a

R e t e n t i o n  T i m e  

( m i n )
P e a k  A r e a

R e t e n t i o n  T i m e  

( m i n )
P e a k  A r e a

i m i d a z o l e 1 7 . 4 4 5 2 0 . 1 2 1 7 . 4 5 5 2 9 . 1 7 1 7 . 4 7 5 5 5 . 3 6

N - a c e t h y l e t h a n o  l a m i n e 2 0 . 1 6 6 8 7 . 3 2 2 0 . 1 7 6 8 1 . 1 6 2 0 . 1 9 16 6 0 . 2 1

2 - o x a z o l i d o n e 2 3 . 3 0 2 7 . 1 6 2 3 . 1 0 2 8 . 7 7 2 3 . 3 4 2 4 . 1 8

N - ( 2 - h y d r o x y e t h y l ) - s u c c i n i m i d e 2 6 . 6 9 4 . 7 1 2 7 . 0 6 4 . 8 3 2 7 . 1 6 4 . 6 6

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

C o m p o n e n t s Y  =  a X  +  b

E x t r a c t i o n  o f  N e u t r a l  M E A  D e g r a d a t i o n  P r o d u c t s  w i t h o u t  M E A  a t  6 0  ° c

1 st T 3

P e a k  A r e a
C o n c e n t r a t i o n

( p p m )
P e a k  A r e a  •

C o n c e n t r a t i o n
( p p m )

P e a k  A r e a
C o n c e n t r a t i o n

( p p m )
i m i d a z o l e y  =  0 . 6 9 2 6 x  +  8 . 8 3 8 7 5 2 0 . 1 2 3 6 9 . 0 7 5 2 9 . 1 7 3 7 5 . 3 4 5 5 5 . 3 6 3 9 3 . 4 8

N - a c e t h y l e t h a n o l a m i n e y  =  0 . 7 0 9 5 x  + 2 . 2 3 5 2 6 8 7 . 3 2 4 8 9 . 8 9 6 8 1 . 1 6 4 8 5 . 5 2 6 6 0 . 2 1 4 7 0 . 6 6

2 - o x a z o l i d o n e y  =  1 . 0 3 3 X -  0 . 8 5 7 3 2 7 . 1 6 2 7 . 2 0 2 8 . 7 7 2 8 . 8 6 2 4 . 1 8 2 4 . 1 2

N - ( 2 - h y d r o x y e t h y ] ) - s u c c i n i m i d e y  =  0 . 7 5 8 4 X 4 . 7 1 3 . 5 7 4 . 8 3 3 . 6 6 4 . 6 6 3 . 5 3



Table DI 8 Calculation extraction efficiency of neutral MEA degradation products without MEA at 60 ๐c

C o m p o n e n t s
%  E x t r a c t i o n  E f f i c i e n c y  o f  N e u t r a l  M E A  D e g r a d a t i o n  P r o d u c t s  w i t h o u t  M E A  a t  6 0  °c

l !l E x t r a c t i o n 2 nd E x t r a c t i o n 3 rd E x t r a c t i o n A v e r a g e  E x t r a c t i o n  E f f i c i e n c y S D A v g  i S D
i m i d a z o l e 6 3 . 6 0 6 2 . 9 8 6 1 . 1 9 6 2 . 5 9 1 . 2 5 6 2 . 5 9 i l . 2 5

N - a c e t h y l e t h a n o l a m i n e 5 1 . 4 5 5 1 . 8 8 5 3 . 3 5 5 2 . 2 3 1 . 0 0 5 2 . 2 3 i l . 0 0

2 - o x a z o l i d o n e 9 7 . 3 0 9 7 . 1 3 9 7 . 6 0 9 7 . 3 4 0 . 2 4 9 7 . 3 4 i 0 . 2 4

N - ( 2 - h y d r o x y e t h y l ) - s u c c i n i m i d e 9 9 . 6 5 9 9 . 6 4 9 9 . 6 6 9 9 . 6 5 0 . 0 1 9 9 . 6 5 i 0 . 0 1



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 aqueous solution before extraction with MEA

C o m p o n e n t s Y  =  a X  +  b
B e f o r e  E x t r a c t i o n  o f  N e u t r a l  M E A  D e g r a d a t i o n  P r o d u c t s  w i t h  M E A
P e a k  A r e a C o n c e n t r a t i o n  ( p p m )

i m i d a z o l e y  =  0 . 8 2 0 3 X  - 1 4 . 8 1 1 1 2 2 6 . 0 7 9 9 0 . 9 4

N - a c e t h y l e t h a n o l a m i n e y  =  0 . 7 5 1 6 x  -  8 . 6 5 3 3 1 3 2 9 . 0 5 9 9 0 . 2 6

2 - o x a z o l i d o n e y  =  1 . 7 2 5 4 X  -  2 0 . 8 8 9 5 8 6 . 6 6 9 9 1 . 3 4

N - ( 2 - h y d r o x y e t h y l ) - s u c c i n i m i d e y  =  4 . 1 3 0 2 X 2 3 9 . 6 1 9 8 9 . 6 6

Note X = Peak Area, Y = Concentration



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

C o m p o n e n t s

E x t r a c t i o n  o f  N e u t r a l  M E A  D e g r a d a t i o n  P r o d u c t s  w i t h  M E A  a t  2 5  ° c

1 ” 2  nd ^  rd

R e t e n t i o n  T i m e  

( m i n )
P e a k  A r e a

R e t e n t i o n  T i m e  

( m i n )
P e a k  A r e a

R e t e n t i o n  T i m e  

( m i n )
P e a k  A r e a

i m i d a z o l e 1 7 . 1 9 1 0 3 8 . 6 4 1 7 . 1 8 1 0 3 5 . 6 4 1 7 . 1 7 1 0 0 8 . 7 2

N - a c e t h y l e t h a n o l a m i n e 2 0 . 2 1 1 0 7 7 . 9 7 2 0 . 2 3 1 0 6 4 . 9 6 2 0 . 2 3 1 0 4 6 . 6 5

2 - o x a z o l i d o n e 2 3 . 0 3 2 6 4 . 8 1 2 3 . 0 5 2 5 2 . 6 6 2 3 . 0 5 2 6 1 . 2 7

N - ( 2 - h y d r o x y e t h y l ) - s u c c i n i m i d e 2 6 . 1 7 6 1 . 2 9 2 6 . 1 9 6 4 . 6 3 2 6 . 1 9 7 3 . 0 9

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

C o m p o n e n t s Y  =  a X  +  b

____________ h__________

E x t r a c t i o n  o f  N e u t r a l  M E A  D e g r a d a t i o n  P r o d u c t s  w i t h  M E A  a t  2 5  ° c

1 ” 2ท<1

P e a k  A r e a
C o n c e n t r a t i o n

( p p m )
P e a k  A r e a

C o n c e n t r a t i o n
( p p m )

P e a k  A r e a
C o n c e n t r a t i o n

( p p m )
i m i d a z o l e y  =  0 . 8 2 0 3 X - " 1 4 . 8 1 1 1 0 3 8 . 6 4 8 3 7 . 1 9 1 0 3 5 . 6 4 8 3 4 . 7 2 1 0 0 8 . 7 2 8 1 2 . 6 4

N - a c e t h y l e t h a n o l a m i n e y  =  0 . 7 5  1 6 x -  8 . 6 5 3 3 1 0 7 7 . 9 7 8 0 1 . 5 5 1 0 6 4 . 9 6 7 9 1 . 7 7 1 0 4 6 . 6 5 7 7 8 . 0 1

2 - o x a z o l i d o n e y  =  1 . 7 2 5 4 X  - 2 0 . 8 8 9 2 6 4 . 8 1 4 3 6 . 0 1 2 5 2 . 6 6 4 1 5 . 0 6 2 6 1 . 2 7 4 2 9 . 9 1

N - ( 2 - h y d r o x y e t h y l ) - s u c c i n i m i d e y  =  4 . 1 3 0 2 x 6 1 . 2 9 2 5 3 . 1 6 6 4 . 6 3 2 6 6 . 9 3 7 3 . 0 9 3 0 1 . 9 0



Table D22 Calculation extraction efficiency o f neutral MEA degradation products with ME A at 25 °c

C o m p o n e n t s
%  E x t r a c t i o n  E f f i c i e n c y  o f  N e u t r a l  M E A  D e g r a d a t i o n  P r o d u c t s  w i t h  M E A  a t  2 5  ๐c

l ”  E x t r a c t i o n 2 " d E x t r a c t i o n 3 ld E x t r a c t i o n A v e r a g e  E x t r a c t i o n  E f f i c i e n c y S D A v g  ± S D
i m i d a z o l e 1 5 . 5 2 1 5 . 7 6 1 7 . 9 9 1 6 . 4 2 1 . 3 6 1 6 . 4 2 i l . 3 6

N - a c e t h y l e t h a n o l a m i n e 1 9 . 0 6 2 0 . 0 4 2 1 . 4 3 2 0 . 1 8 1 . 1 9 2 0 . 1 8 i l . I 9

2 - o x a z o l i d o n e 5 6 . 0 2 5 8 . 1 3 5 6 . 6 3 5 6 . 9 3 - 1 . 0 9 5 6 . 9 3 i l . 0 9

N - ( 2 - h y d r o x y e t h y l ) - s u c c i n i m i d e 7 4 . 4 2 7 3 . 0 3 6 9 . 4 9 7 2 . 3 1 2 . 5 4 7 2 . 3 1 i 2 . 5 4

0

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

C o m p o n e n t s

E x t r a c t i o n  o f  N e u t r a l  M E A  D e g r a d a t i o n  P r o d u c t s  w i t h  M E A  a t  4 0  °c

1” 2 no

R e t e n t i o n  T i m e  

( m i n )
P e a k  A r e a

R e t e n t i o n  T i m e  

( m i n )
P e a k  A r e a

R e t e n t i o n  T i m e  

( m i n )
P e a k  A r e a

i m i d a z o l e 1 7 . 1 6 8 6 6 . 8 4 1 7 . 1 6 8 9 3 . 8 2 1 7 . 1 5 8 7 0 . 3 6

N - a c e t h y l e t h a n o l a m i n e 2 0 . 2 3 9 8 0 . 7 9 2 0 . 2 4 9 8 5 . 5 3 2 0 . 2 3 9 1 6 . 4 6

2 - o x a z o l i d o n e 2 3 . 0 5 1 6 9 . 4 3 2 3 . 0 6 1 7 7 . 0 5 2 3 . 0 5  • 1 7 0 . 0 3

N - ( 2 - h y d r o x y e t h y l ) - s u c c i n i m i d e 2 6 . 2 0 6 3 . 5 6 2 6 . 2 3 4 8 . 7 8 2 6 . 2 2 4 8 . 7 8



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

C o m p o n e n t s Y  =  a X  +  b

E x t r a c t i o n  o f  N e u t r a l  M E A  D e g r a d a t i o n  P r o d u c t s  w i t h  M E A  a t  4 0  °c
1 ” 2  nd 3 rd

P e a k  A r e a
C o n c e n t r a t i o n

( p p m )
P e a k  A r e a

C o n c e n t r a t i o n
( p p m )

P e a k  A r e a
C o n c e n t r a t i o n

( p p m )
i m i d a z o l e y  =  0 . 8 2 0 3 X  -  1 4 . 8 1 1 8 6 6 . 8 4 6 9 6 . 2 6 8 9 3 . 8 2 7 1 8 . 3 9 8 7 0 . 3 6 6 9 9 . 1 5

N - a c e t h y l e t h a n o l a m i n e y  =  0 . 7 5 1 6 x -  8 . 6 5 3 3 9 8 0 . 7 9 7 2 8 . 5 1 9 8 5 . 5 3 7 3 2 . 0 7 9 1 6 . 4 6 6 8 0 .  L6

2 - o x a z o l i d o n e y  =  1 . 7 2 5 4 X  - 2 0 . 8 8 9 1 6 9 . 4 3 2 7 1 . 4 4 1 7 7 . 0 5 2 8 4 . 5 9 1 7 0 . 0 3 2 7 2 . 4 9

N - ( 2 - h y d r o x y e t h y l ) - s u c c i n i m i d e y  =  4 . 1 3 0 2 x 5 0 . 5 6 2 0 8 . 8 2 4 8 . 7 8 2 0 1 . 4 7 4 8 . 7 8 2 0 1 . 4 6

Table D25 Calculation extraction efficiency of neutral MEA degradation products with MEA at 40 ๐c

C o m p o n e n t s
%  E x t r a c t i o n  E f f i c i e n c y  o f  N e u t r a l  M E A  D e g r a d a t i o n  P r o d u c t s  w i t h  M E A  a t  4 0  ° C

I s' E x t r a c t i o n 2 nd E x t r a c t i o n 3 rd E x t r a c t i o n A v e r a g e  E x t r a c t i o n  E f f i c i e n c y S D A v g  ± S D
i m i d a z o l e 2 9 . 7 4 2 7 . 5 0 2 9 . 4 5 2 8 . 9 0 1 . 2 1 2 8 . 9 0 i l . 2 1

N - a c e t h y l e t h a n o l a m i n e 2 6 . 4 3 2 6 . 0 7 3 1 . 3 2 2 7 . 9 4 2 . 9 3 1 2 7 . 9 4 ± 2 . 9 3

2 - o x a z o l i d o n e 7 2 . 6 2 7 1 . 2 9 7 2 . 5 1 7 2 . 1 4 0 . 7 4 7 2 . 1 4 i 0 . 7 4

N - ( 2 - h y d r o x y e t h y l ) - s u c c i n i m i d e 7 8 . 9 0 7 9 . 6 4 7 9 . 6 4 7 9 . 4 0 0 . 4 3 7 9 . 4 0 i 0 . 4 3



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

C o m p o n e n t s

E x t r a c t i o n  o f  N e u t r a l  M E A  D e g r a d a t i o n  P r o d u c t s  w i t h  M E A  a t  6 0  ° c

l 5' 2 nd 3 r"

R e t e n t i o n  T i m e  

( m i n )
P e a k  A r e a

R e t e n t i o n  T i m e  

( m i n )
P e a k  A r e a

R e t e n t i o n  T i m e  
( m i n )

P e a k  A r e a

i m i d a z o l e 1 7 . 1 5 6 7 6 . 3 1 1 7 . 1 5 6 7 6 . 0 1 1 7 . 1 3 6 8 1 . 4 1

N - a c e t h y l e t h a n o  l a m i n e 2 0 . 2 1 7 2 0 . 1 9 2 0 . 2 1 7 0 6 . 5 8 2 0 . 2 4 7 1 6 . 8 9

2 - o x a z o l i d o n e 2 3 . 0 3 1 3 2 . 8 5 2 3 . 0 3 1 1 7 . 4 3 2 3 . 0 6 1 3 9 . 8 3

N - ( 2 - h y d r o x y e t h y l ) - s u c c i n i m i d e 2 6 . 2 0 3 8 . 9 8 2 6 . 2 1 3 4 . 6 5 2 6 . 2 5 4 5 . 8 4

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

C o m p o n e n t s Y  =  a X  +  b

E x t r a c t i o n  o f  N e u t r a l  M E A  D e g r a d a t i o n  P r o d u c t s  w i t h  M E A  a t  6 0  ° c
l 5' 2 ๗ 3 rd

P e a k  A r e a
C o n c e n t r a t i o n

( p p m )
P e a k  A r e a

C o n c e n t r a t i o n
( p p m )

P e a k  A r e a
C o n c e n t r a t i o n

( p p m )
i m i d a z o l e y  =  0 . 8 2 0 3 x  -  1 4 . 8 1 1 6 7 6 . 3 1 5 3 9 . 9 7 6 7 6 . 0 1 5 3 9 . 7 2 6 8 1 . 4 1 5 4 4 . 1 5

N - a c e t h y l e t h a n o l a m i n e y  =  0 . 7 5 1 6 x -  8 . 6 5 3 3 7 2 0 . 1 9 5 3 2 . 6 5 7 0 6 . 5 8 5 2 2 . 4 2 7 1 6 . 8 9 5 3 0 . 1 6

2 - o x a z o l i d o n e y  =  1 . 7 2 5 4 X - 2 0 . 8 8 9 1 3 2 . 8 5 2 0 8 . 3 3 1 1 7 . 4 3 1 8 1 . 7 2 1 3 9 . 8 3 2 2 0 . 3 7

N - ( 2 - h y d r o x y e t h y l ) - s u c c i n i m i d e y  =  4 . 1 3 0 2 x 3 8 . 9 8 1 6 1 . 0 0 3 4 . 6 5 1 4 3 . 1 3 4 5 . 8 4 1 8 9 . 3 4



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

C o m p o n e n t s
%  E x t r a c t i o n  E f f i c i e n c y  o f  N e u t r a l  M E A  D e g r a d a t i o n  P r o d u c t s  w i t h  M E A  a t  6 0  °c

l 5' E x t r a c t i o n 2 '"1 E x t r a c t i o n 3 ,d E x t r a c t i o n A v e r a g e  E x t r a c t i o n  E f f i c i e n c y S D A v g  i S D
i m i d a z o l e 4 5 . 5 1 4 5 . 5 3 4 5 . 0 9 4 5 . 3 8 0 . 2 5 4 5 . 3 8 ± 0 . 2 5
N - a c e t h y l e t h a n o l a m i n e 4 6 . 2 1 4 7 . 2 4 4 6 . 4 6 4 6 . 6 4 0 . 5 4 4 6 . 6 4 ± 0 . 5 4
2 - o x a z o l i d o n e 7 8 . 9 8 ' 8 1 . 6 7 7 7 . 7 7 7 9 . 4 7 1 . 9 9 7 9 . 4 7 i l . 9 9
N - ( 2 - h y d r o x y e t h y l ) - s u c c i n i m i d e 8 3 . 7 3 8 5 . 5 4 8 0 . 8 7 8 3 . 3 8 2 . 3 5 8 3 . 3 8 i 2 . 3 5



Extraction of Neutral MEA Degradation Products Solution with CO2 loading 0.05, 0.10 and 0.30 kmol/in3 at 25 °c

T a b le  D 29 Concentration of neutral MEA degradation products in aqueous solution before extraction with CO2 loading at 25 °c

B e f o r e  E x t r a c t i o n  o f  N e u t r a l  M E A  D e g r a d a t i o n  P r o d u c t s
C o m p o n e n t s Y  =  a X  +  b w i t h  C 0 2 L o a d i n g  0 . 0 5 ,  0 . 1 0  a n d  0 . 3 0  k m o l / m '  a t  2 5  ๐c

P e a k  A r e a C o n c e n t r a t i o n  ( p p m )
i m i d a z o l e y  =  0 . 8 2 0 3 X  - 1 4 . 8 1 1 1 2 2 6 . 0 7 9 9 0 . 9 4
N - a c e t h y l e t h a n o  l a m i n e y  =  Q . 7 5 1 6 x -  8 . 6 5 3 3 1 3 2 9 . 0 5 9 9 0 . 2 6
2 - o x a z o l i d o n e y  =  1 . 7 2 5 4 X  - 2 0 . 8 8 9 5 8 6 . 6 6 9 9 1 . 3 4
N - ( 2 - h y d r o x y e t h y l ) - s u c c i n i m i d e y  =  4 . 1 3 0 2 x 2 3 9 . 6 1 9 8 9 . 6 6

Note X = Peak Area, Y = Concentration

c

O Jนัว

ft



Table D30 GC-FID Analysis of the extraction of neutral MEA degradation products with CO: loading 0.05 kmol/m3 at 25 °c

C o m p o n e n t s

E x t r a c t i o n  o f  N e u t r a l  M E A  D e g r a d a t i o n  P r o d u c t s  w i t h  C O i  L o a d i n g  0 . 0 5  k m o l / m 3 a t  25 °c
1 “ 2nd 3 rd

R e t e n t i o n  T i m e  

( m i n )
P e a k  A r e a

R e t e n t i o n  T i m e  

( m i n )
P e a k  A r e a

R e t e n t i o n  T i m e  

( m i n )
P e a k  A r e a

i m i d a z o l e 1 7 . 8 3 1 0 7 9 . 7 0 1 7 . 8 2 1 0 9 2 . 1 1 1 7 . 7 7 1 0 7 5 . 7 4
N - a c e t h y l e t h a n o l a m i n e 2 0 . 2 4 1 0 9 2 . 7 0 2 0 . 2 4 1 0 9 4 . 5 6 2 0 . 1 8 1 0 8 8 . 2 5
2 - o x a z o l i d o n e 2 3 . 0 6 3 7 4 . 0 5 2 3 . 0 5 3 5 2 . 6 1 2 3 . 0 2 3 6 6 . 0 3
N - ( 2 - h y d r o x y e t h y l ) - s u c c i n i m i d e 2 6 . 5 6 1 0 1 . 9 8 2 6 . 5 5 1 1 3 . 8 7 2 6 . 5 6 1 1 6 . 8 4

*

o



Table D31 Remain concentration of neutral MEA degradation products in aqueous solution after extraction with CO2 loading
0.05 kmol/m3 at 25 ๐c

C o m p o n e n t s Y  =  a X  +  b 
»

E x t r a c t i o n  o f  N e u t r a l  M E A  D e g r a d a t i o n  P r o d u c t s  w i t h  C 0 2 L o a d i n g  0 . 0 5  k m o l / m 3 a t  2 5  °c
I s' 2 nd 3 rd

P e a k  A r e a
C o n c e n t r a t i o n

( p p m )
P e a k  A r e a

C o n c e n t r a t i o n
( p p m )

P e a k  A r e a
C o n c e n t r a t i o n

( p p m )
i m i d a z o l e y  =  0 . 8 2 0 3 X  -  1 4 . 8 1 1 1 0 7 9 . 7 0 8 7 0 . 8 6 1 0 9 2 . 1  1 8 8 1 . 0 4 1 0 7 5 . 7 4 8 6 7 . 6 2

N - a c e t h y l e t h a n o  l a m i n e y  =  0 . 7 5 1 6 x -  8 . 6 5 3 3 1 0 9 2 . 7 0 8 1 2 . 6 2 1 0 9 4 . 5 6 8 1 4 . 0 2 1 0 8 8 . 2 5 8 0 9 . 2 8

2 - o x a z o l i d o n e y  =  1 . 7 2 5 4 X  - 2 0 . 8 8 9 3 7 4 . 0 5 6 2 4 . 4 9 3 5 2 . 6 1 5 8 7 . 5 0 3 6 6 . 0 3 6 1 0 . 6 6

N - ( 2 - l i y d r o x y e t h y l ) - s u c c i n i m i d e y  =  4 . 1 3 0 2 x 1 0 1 . 9 8 4 2 1 . 1 8 1 1 3 . 8 7 4 7 0 . 3 0 1 1 6 . 8 4 4 8 2 . 5 7

Table D32 Calculation extraction efficiency of neutral MEA degradation products with CO2 loading 0.05 kmol/m3 at 25 °c

C o m p o n e n t s
%  E x t r a c t i o n  E f f i c i e n c y  o f  N e u t r a l  M E A  D e g r a d a t i o n  P r o d u c t s  w i t h  C O j  L o a d i n g  0 . 0 5  k m o l / m 1 a t  2 5  ๐c

l sf E x t r a c t i o n 2 nd E x t r a c t i o n 3 rd E x t r a c t i o n A v e r a g e  E x t r a c t i o n  E f f i c i e n c y .  S I ) A v g  ± S D
i m i d a z o l e 1 2 . 1 2 1 1 . 0 9 1 2 . 4 4 1 1 . 8 8 0 . 7 1 1 1 . 8 8 ± 0 . 7 1

N - a c e t h y l e t h a n o l a m i n e 1 7 . 9 4 1 7 . 8 0 1 8 . 2 8 1 8 . 0 0 0 . 2 5 1 8 . 0 0 i 0 . 2 5

2 - o x a z o l i d o n e 3 7 . 0 1 4 0 . 7 4 3 8 . 4 0 3 8 . 7 1 1 . 8 9 3 8 . 7 1 i l . 8 9

N - ( 2 - h y d r o x y e t h y l ) - s u c c i n i m i d e 5 7 . 4 4 5 2 . 4 8 5 1 . 2 4 5 3 . 7 2 3 . 2 8 5 3 . 7 2 ± 3 . 2 8
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Table D33 G C -FID  A nalysis o f  the ex traction  o f  neutral M EA  degradation  products w ith  CO2 load ing  0.10 km ol/m 3 at 25 °c

Components

Extraction of Neutral MEA Degradation Products with COi Loading 0.1 (J kmol/m3 at 2 5  0 c

1" 2 nd 3  rd

Retention Time 
(min) Peak Area Retention Time 

(min) Peak Area Retention Time 
(min) Peak Area

i m i d a z o l e 1 7 . 7 9 1 0 9 2 . 6 6 1 7 . 7 6 1 1 1 1 . 5 0 1 7 . 7 6 1 0 9 8 . 9 6
N - a c e t h y l e t h a n o  l a m i n e 2 0 . 2 1 1 1 3 8 . 2 6 2 0 . 1 7 1 1 4 8 . 2 6 2 0 . 1 6 1 1 5 9 . 0 2
2 - o x a z o l i d o n e 2 3 . 0 5 4 2 2 . 0 5 2 3 . 0 1 4 1 6 . 6 1 2 3 . 0 1 4 2 7 . 0 3
N - ( 2 - h y d r o x y e t h y l ) - s u c c i n i m i d e 2 6 . 6 0 1 3 5 . 1 8 2 6 . 5 5 1 4 8 . 2 5 2 6 . 5 5 1 4 2 . 1 2



Table D34 Remain concentration of neutral ME A degradation products in aqueous solution after extraction with CO i loading 0.10

kmol/m3 at 25 ° c

C o m p o n e n t s Y  =  a X  +  b

E x t r a c t i o n o f  N e u t r a l  M E A  D e g r a d a t i o n  P r o d u c t s  w i t h  C 0 2 L o a d i n g  0 . 1 0  k m o l / m ' 1 a t  2 5  °c
I s' T 3

P e a k  A r e a
C o n c e n t r a t i o n

( p p m )
P e a k  A r e a

C o n c e n t r a t i o n
( p p m )

P e a k  A r e a
C o n c e n t r a t i o n

( p p m )
im id a z o le y  =  0 .8 20 3 X  -  14.811 1092.66 8 8 1 .5 0 1 1 1 1.50 8 9 6 .9 5 1098.96 8 8 6 .6 6

N -a c e th y le th a n o  la m in e y  =  0 .751Ô X -  8 .6 53 3 1 1 3 8 .2 6 8 4 6 .8 6 1 1 48 .26 8 5 4 .3 8 1159.02 862 .47

2 -o x a z o lid o n e y  =  1 .7 2 5 4 X - 2 0 .8 8 9 4 2 2 .0 5 707 .31 4 16 .61 6 9 7 .9 2 4 2 7 .0 3 715.91

N - (2 -h y d ro x y e th y l) - s u c c in im id e y  =  4 . 1 3 02x 135 .18 5 5 8 .3 2 148.25 6 1 2 .2 9 142.12 5 8 6 .9 9

Table D35 Calculation extraction efficiency of neutral MEA degradation products with CO2 loading 0.10 kmol/m3 at 25 °c

C o m p o n e n t s
%  E x t r a c t i o n  E f f i c i e n c y  o f  N e u t r a l  M E A  D e g r a d a t i o n  P r o d u c t s  w i t h  C 0 2 L o a d i n g  0 . 1 0  k m o l / m 1 a t  2 5  ๐c
1 st E x t r a c t i o n 2 nd E x t r a c t i o n 3 ld E x t r a c t i o n A v e r a g e  E x t r a c t i o n  E f f i c i e n c y S D A v g  ± S D

i m i d a z o l e 1 1 . 0 4 9 . 4 8 1 0 . 5 2 1 0 . 3 5 0 . 7 9 1 0 . 3 5 ± 0 . 7 9

N - a c e t h y l e t h a n o l a m i n e 1 4 . 4 8 1 3 . 7 2 1 2 . 9 1 1 3 . 7 0 0 . 7 9 1 3 . 7 0 ± 0 . 7 9

2 - o x a z o l i d o n e 2 8 . 6 5 2 9 . 6 0 2 7 . 7 8 2 8 . 6 8 0 . 9 1 2 8 . 6 8 ± 0 . 9 1

N - ( 2 - h y d r o x y e t h y l ) - s u c c i n i m i d e 4 3 . 5 8 3 8 . 1 3 4 0 . 6 9 4 0 . 8 0 2 . 7 3 4 0 . 8 0 ± 2 . 7 3



Table D36 GC-FID Analysis of the extraction of neutral MEA degradation products with CO2 loading 0.30 kmol/m3 at 25 °c

C o m p o n e n t s

E x t r a c t i o n  o f  N e u t r a l  M E A  D e g r a d a t i o n  P r o d u c t s  w i t h  C O i  L o a d i n g  0 .3 U  k m o l / m 3 a t  2 5  ° c

1" 2ท<1 3 rd

R e t e n t i o n  T i m e  

( m i n )
P e a k  A r e a

R e t e n t i o n  T i m e  

( m i n )
P e a k  A r e a

R e t e n t i o n  T i m e  

( m i n )
P e a k  A r e a

i m i d a z o l e 1 7 . 7 9 1 1 1 2 . 6 6 1 7 . 7 6 1 1 3 1 . 5 0 1 7 . 7 6 1 1 5 8 . 9 6
N - a c e t h y l e t h a n o  l a m i n e 2 0 . 2 1 1 1 9 8 . 2 6 2 0 . 1 7 1 1 7 9 . 2 6 2 0 . 1 6 1 1 9 1 . 0 2
2 - o x a z o l i d o n e 2 3 . 0 5 5 0 8 . 4 7 2 3 . 0 1 5 0 2 . 4 9 2 3 . 0 1 5 1 6 . 4 1
N - ( 2 - h y d r o x y e t h y l ) - s u c c i n i m i d e 2 6 . 6 0 1 7 5 . 1 8 2 6 . 5 5 1 9 5 . 2 5 2 6 . 5 5 1 7 6 . 1 2



Table D37 Remain concentration of neutral MEA degradation products in aqueous solution after extraction with COi loading 0.30
kmol/m3 at 25 ๐c

C o m p o n e n t s Y  =  a X  +  b

E x t r a c t i o n o f  N e u t r a l  M E A  D e g r a d a t i o n  P r o d u c t s  w i t h  C O j  L o a d i n g  0 . 3 0  k m o l / m 3 a t  2 5  °c
I st 2ท<1 3 rd

P e a k  A r e a
C o n c e n t r a t i o n

( p p m )
P e a k  A r e a

C o n c e n t r a t i o n
( p p m )

P e a k  A r e a
C o n c e n t r a t i o n

( p p m )
i m i d a z o l e y  =  0.8203X - 14.81 1 1 1 12.66 897.91 1131.50 913.35 1 158.96 935.88
N - a c e t h y l e t h a n o l a m i n e y  =  0 .7 5 1 6 x -  8.6533 1198.26 891.96 1179.26 877.68 1191.02 886.52
2 - o x a z o t i d o n e y  =  1.7254X - 20.889 508.47 942.70 502.49 932.37 516.41 956.39
N - ( 2 - h y d r o x y e t h y ! ) - s u c c i n i m i d e 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 CO2 loading 0.30 kmol/m3 at 25 °c

C o m p o n e n t s
%  E x t r a c t i o n  E f f i c i e n c y  o f  N e u t r a l  M E A  D e g r a d a t i o n  P r o d u c t s  w i t h  C 0 2 L o a d i n g  0 . 3 0  k n t o l / m 3 a t  2 5  °c
1”  E x t r a c t i o n 2 nd E x t r a c t i o n 3 rd E x t r a c t i o n A v e r a g e  E x t r a c t i o n  E f f i c i e n c y S D A v g  ± S D

i m i d a z o l e 9 . 3 9 7 . 8 3 5 . 5 6 7 . 5 9 1 . 9 3 7 . 5 9 ± 1 . 9 3

N - a c e t h y l e t h a n o l a m i n e 9 . 9 3 1 1 . 3 7 1 0 . 4 8 1 0 . 5 9 0 . 7 3 1 0 . 5 9 4 0 . 7 3

2 - o x a z o l i d o n e 1 3 . 6 1 1 4 . 6 5 1 2 . 2 3 1 3 . 5 0 1 . 2 2 1 3 . 5 0 i l . 2 2

N - ( 2 - h y d r o x y e t h y l ) - s u c c i n i m i d e 2 6 . 8 9 1 8 . 5 2 2 6 . 5 0 2 3 . 9 7 4 . 7 3 2 3 . 9 7 i 4 . 7 3
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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

[HAJinitiai -  [HA]aq = [HA]o,g El

Where [HAJinitiai is represented the initial concentration of undissociation (ppm) before 
extraction, [HA]ai1 and [HA]01), is concentration of undissociation (ppm) in aqueous 
phase and organic phase after extraction.

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

Appendix E The Neutral MEA Degradation Products Equilibrium Extraction

Concentration of Undissociation at 25 °c
Components [HAJinitial

(ppm)
[HA]aq
(ppm)

[HA]urg
(ppm)

imidazole 1007.69 592.61 415.08
N-acethylethanolamine 1000.63 955.14 45.49
2-oxazolidone 995.23 966.43 28.80
N-(2-hydroxyethyl)-succinimide 1022.84 855.18 167.66

๐
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Table E2 Calculation concentration of neutral MEA undissociation (ppm) in organic
phase without MEA

Concentration of Undissociation at 25 ๐c
Components [ H A J i n i t i a l [ H A ] a q [ H A ] o r g

(ppm) (ppm) (ppm)
imidazole 1013.8 610.60 403.20
N-acethylethanolamine 1009 728.22 280.78
2-oxazolidone 1005.97 160.09 845.88
N-(2-hydroxyethyl)-succinimide 1024.69 5.74 1018.95

Concentration of Une issociation at 40 ๐c
Components [H A J i n i t i a l [ H A ] a q [HAJurg

(ppm) (ppm) (ppm)
imidazole 1013.8 597.57 416.23
N-acethylethanolamine 1009 725.37 283.63
2-oxazolidone 1005.97 158.55 847.42
N-(2-hydroxyethyl)-succinimide 1024.69 4.29 1020.40

Concentration of Uric issociation at 60 ๐c
^Components [ H A ] i n i t ja i [ H A ] , 11 [HA]urg

(ppm) (ppm) (ppm)
imidazole 1013.8 379.30 634.50
N-acethylethanolamine 1009 482.02 526.98
2-oxazolidone 1005.97 26.73 979.24
N-(2-hydroxyethyl)-succinimide 1024.69 3.59 1021.10
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Table E3 Calculation concentration of neutral MEA undissociation (ppm) in organic
phase with MEA

Components
Concentration of Undissociation at 25 ° c
[HAJinitial

(ppm)
[HA]aq
(ppm)

[HA]org
(ppm)

im idazole 990.94 828.18 162.76
N -acethylethanolam ine 990.26 790.44 199.82
2 -oxazolidone 991.34 426.99 564.35
N -(2-hydroxyethyl)-succinim ide 989.66 273.99 715.67

Components
Concentration of Unt issociation at 40 ° c
[HA] Initial 

(ppm)
[HAlaq
(ppm)

[HA]urg
(ppm)

im idazole 990.94 704.60 286.34
N -acethylethanolam ine 990.26 713.58 276.68
2 -oxazolidone 991.34 276.17 715.17
N -(2-hydroxyethyl)-succinim ide 989.66 203.92 785.74

Components
Concentration of Une issociation at 60 ๐c
[HA]initial

(ppin)
[HA]aq
(ppm)

[HA]org
(ppin)

im idazole 990.94 541.28 449.66
N -acethylethanolam ine 990.26 528.41 461.85
2 -oxazolidone 991.34 203.47 787.87
N -(2-hydroxyethyl)-succinim ide 989.66 164.49 825.17 .
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Table £4 Calculation concentration of neutral MEA undissociation (ppm) in organic
phase with CO2 loading

Components
Concentration of Undissociation at 

0.05 (mol/mol amine)
โHA.] Initial

(ppm )
[HA]aq
(ppm)

[HA] 01.8 
(ppm)

im idazole 990.94 873.18 117.76
N-acethylethanolam ine 990.26 811.97 178.29
2 -oxazolidone 991.34 607.55 383.79
N -(2-hydroxyethyl)-succinim ide 989.66 458.02 531.64

Components

Concentration of Undissociation at 
0.10 (mol/mol amine)

[HA] Initial
(ppm)

[HA]aq
(ppm)

[HA]org
(ppm)

im idazole 990.94 888.37 102.57
N-acethylethanolam ine 990.26 854.57 135.69
2 -oxazolidone 991.34 707.05 284.29
N -(2-hydroxyethyl)-succinim ide 989.66 585.87 403.79

Components

Concentration of Undissociation at 
0.30 (mol/mol amine)

[HA] Initial
(ppm)

[HA]aq
(ppm)

|HA]org
(ppm)

im idazole 990.94 915.71 75.23
N-acethylethanolam ine 990.26 885.39 104.87
2 -oxazolidone 991.34 857.55 133.79
N -(2-hydroxyethyl)-succinim ide 989.66 752.45 237.21
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El. Distribution Ratio

The undissociation m olecule can be extracted by extractant in organic phase 
m easured by distribution in betw een aqueous and organic phases is referring “the 
distribution or partition coefficient” as refer to K D which is a ratio o f  the solubility o f 
undissociation dissolved in organic phase to the solubility o f  undissociation dissolved in 
aqueous phase. W hich K d w as calculated by undissociation m olecule in organic phase 
[H A ]0lg divide by undissociation m olecule in aquouse phase [H A ]aq from  GC-FID 
analysis as follow

Kd = [HA:R4N + OH“]org 
[HA]aq

[HA]org
[HA]aq E2

Table E5 Calculation distribution ratio o f  neutral M EA degradation with diluent alone

Components

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

[HA]aq
(ppm)

[H A ]org
(ppm) K d

im idazole 592.61 415.08 0.70
N -acethylethanolam ine 955.14 45.49 0.05
2 -oxazolidone 966.43 28.80 0.03
N -(2-hydroxyethyl)-succinim ide 855.18 167.66 0.20

o
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Tabic E6 Calculation distribution ratio of neutral MEA degradation without MEA

Components

Extraction Neutral MEA Degradation Products 
without MEA at 25 ° c

[H A ]aq
(ppm)

[HAJorg
(ppm) Ku

im idazole 610.60 403.20 0.66

N-acethylethanolam ine 728.22 280.78 0.39
2 -oxazolidone 160.09 845.88 5.28
N -(2-hydroxyethyl)-succinim ide 5.74 1018.95 177.52

Components

Extraction Neutral 
without

MEA Degradation Products 
MEA at 40 ๐c

[HAJaq
(ppm)

[HAJorg
(ppm) K d

im idazole 597.57 416.23 0.70
N-acethylethanolam ine 725.37 283.63 0.39
2 -oxazolidone . 158.55 847.42 5.34
N -(2-hydroxyethyl)-succinim ide 4.29 1020.40 237.95

Components

Extraction Neutral 
withou

MEA Degradation products 
MEA at 60 ° c

[HAlaq
(ppm)

[HAJorg
(ppm) Kn

im idazole 379.30 634.50 1.67
N-acethylethanolam ine 482.02 526.98 1.09
2 -oxazolidone 26.73 979.24 36.64
N -(2-hydroxyethyl)-succinim idc 3.59 1 0 2 1 .1 0 284.58
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Tabic E7 Calculation distribution ratio of neutral MEA degradation with MEA

Components

Extraction Neutral MEA Degradation Products 
with MEA at 25 ๐C

[HA]aq
(ppm)

[HA]org
(ppm) K„

im idazole 828.18 162.76 0.20

N -acethylethanolam ine 790.44 199.82 0.25
2 -oxazolidone 426.99 564.35 1.32
N -(2-hydroxyethyl)-succinim ide 273.99 715.67 2.61

Components

Extraction Neutral
with r

MEA Degradation Products 
MEA at 40 °C

fHA]aq
(ppm)

fHAjorg
(ppm) Kn

im idazole 704.60 286.34 0.41
N -acethylethanolam ine 713.58 276.68 0.39
2 -oxazolidone 276.17 715.17 2.59
N -(2-hydroxyethyl)-succinim ide 203.92 785.74 3.85

Components

Extraction Neutral 
with r

MEA Degradation Products 
MEA at 60 °C

|HA]aq
(ppm)

[HA]org
(ppm) Kn

im idazole 541.28 449.66 0.83
N -acethylethanolam ine 528.41 461.85 0.87
2 -oxazolidone 203.47 787.87 3.87
N -(2-hydroxyethyl)-succinim ide 164.49 825.17 5.02

๐
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Table E8 Calculation distribution ratio of neutral MEA degradation with.C02 loading

Components

Extraction Neutral MEA Degradation Products 
with C 02 Loading 0.05 (mol/mol amine).

[HAjaq
(ppm)

[H A ]org
(ppm) Ko

im idazole 873.18 117.76 0.13
N -acethylethanolam ine 811.97 178.29 0.22

2 -oxazolidone 607.55 383.79 0.63
N -(2-hydroxyethyl)-succinim ide 458.02 531.64 1.16

Components

Extraction Neutral 
with C 02 Loadii

MEA Degradation Products 
lg 0.10 (mol/mol amine).

fH A ]aq
(ppm)

[HAJorg
(ppm) Ko

im idazole 888.37 102.57 0 .12

N -acethylethanolam m e 854.57 135.69 0.16
2 -oxazolidone 707.05 284.29 0.40
N -(2-hydroxyethyl)-succinim ide 585.87 403.79 0.69

Components

Extraction Neutral 
with C 02 Loadii

Y1EA Degradation Products 
lg 0.30 (mol/mol amine).

[H A ]aq
(ppm)

fHAjorg
(ppm) Ko

im idazole 915.71 75.23 0.08
N -acethylethanolam ine 885.39 104.87 0 .12

2 -oxazolidone 857.55 133.79 0.16
N -(2-hydroxyethyl)-succinim ide 752.45 237.21 0.32
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E2. Equilibrium Extraction

W hen only undissociate m olecule was involved in equilibrium  extraction. The 
extraction o f  neutral M EA degradation products by extractant thus can be correspond to 
as

[HA]aq +  [R4N + 0 H - ] org «  [H A :R 4N + O H -]org E3

Therefore, extraction the undissociatcd m olecule o f  neutral M E A  degradation 
by tetra am ine interaction is equilibrium  com plexation equal to

K _  [HA:R4N+0H-]org 
E =  [HA]aq[R 4 N+OH-lorg E4

W here K e is equilibrium  extraction o f  neutral MEA degradation products and [R 4N +O H ' 
] is concentration o f  extractant w hich base on 1 M. Therefore, equilibrium  extraction can 
be assum ed equal to distribution ratio as follow

Kd = [HA:R4N+OH-]org
[tïAJgq E5

Ke =  [R4N+OH-]org E 6

Ke =  Y  E7

Ke = Kd E8



155

Table E9 Calculation equilibrium extraction of neutral MEA degradation with diluent
alone

Components
Extraction Neutral MEA Degradation 
Products with Diluent Alone at 25 ๐c

K e

im idazole 0.65
N -acethylethanolam ine 0.37
2 -oxazolidone 5.22
N -(2-hydroxyethyl)-succinim ide 177.20

Table E10 Calculation equilibrium  extraction o f  neutral M E A  degradation without 
M EA

Extraction Neutral MEA

Components Degradation Products without MEA

น0IT) 'น © 0 ท 60 ๐c  •
K e Ke Ke

im idazole 0.66 0.70 1.67
N -acethylethanolam ine 0.39 0.39 1.09
2 -oxazolidone 5.28 5.34 36.64
N -(2-hydroxyethyl)-succinim ide 177.52 237.95 284.58
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Table E ll Calculation equilibrium extraction of neutral MEA degradation with MEA

Components

Extraction Neutral MEA 
Degradation Products with MEA
25 ° c บo0 บ0©NC

K r K e K e
im idazole 0.20 0.41 0.83
N -acethylethanolam ine 0.25 0.39 0.87
2 -oxazolidone 1.32 2.59 3.87
N -(2-hydroxyethyl)-succinim ide 2.61 3.85 5.02

Table E l2 Calculation equilibrium  extraction o f  neutral M EA degradation with CO : 
loading

C o m p o n e n t s

E x t r a c t i o n  N e u t r a l  M E A  D e g r a d a t i o n  P r o d u c t s  

w i t h  C O 2 L o a d i n g
0 . 0 5

( m o l / i n o l  a m i n e )
0 . 1 0

( m o l / m o l  a m i n e )
0 . 3 0

( i n o l / m o l  a m i n e )
K p K f K f

i m i d a z o l e 0 .1 3 0 . 1 2 0 . 0 8

N - a c e t h y l e t h a n o l a m i n e 0 . 2 2 0 . 1 6 0 . 1 2

2 - o x a z o l i d o n e 0 .6 3 0 . 4 0 0 . 1 6

N - ( 2 - h y d r o x y e t h y l ) - s u c c i n i m i d e 1 .1 6 0 . 6 9 0 . 3 2

o
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