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Abstract: [Purposes] Oxidative degradation of alkanolamine absorbents significantly limits the
economical viability of CO, capture process. A detailed investigation into oxidative degradation behav-
ior of alkanolamines with different molecular structures is crucial for the screen of highly stable absor-

bents, the optimization of process parameter, and the elucidation of degradation mechanisms. [Meth-
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ods] In this study, the oxidative degradation characteristics of 13 CO,~loading alkanolamines were
systematically examined under conditions of 120 °C and 1.0 MPa with O,.[Results] The experimental
results reveal that the steric hindrance effect in the alkanolamine molecular structure is a key factor in-
fluencing oxidative stability. Notably, N, N-dimethylethanolamine and 2—-amino—2-methyl-1-propa-
nol exhibit superior oxidative stability (with amine loss ratios of 9.5% and 2% after 8 h degradation,
respectively) owing to the strong steric hindrance around their amino groups, significantly lower than
the 26.2% loss for monoethanolamine. The oxidation degradation process reduces the alkalinity of the
system, and the degree of alkalinity loss is basically the same as that of amine loss. The pH of the so-
lutions generally decreases by 1%-7% , viscosity decreases by 0.6 % -16% , conductivity increases sig-
nificantly, and surface tension declines. These physicochemical changes are primarily attributed to the
accumulation of organic acids and the cleavage of alkanolamine molecular chains. Furthermore, for-
mate and oxalate are detected in all degraded alkanolamine solutions, while acetate formation is
strongly correlated with the presence of ethyl side chains in the molecular structure. In addition, dur-
ing the oxidative degradation of primary alkanolamine at high temperatures, its primary oxidation prod-
ucts undergo further intermolecular condensation reactions to generate more complex secondary degra-
dation products.

Keywords: CO, capture; alkanolamines; oxidative degradation; structure; physicochemical pro—-

perties
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Fig.1 Structures of 13 alkanolamines
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Fig.2 Schematic diagram of oxidative degradation device
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contents of solutions after 8 h of oxidative degradation experiments
with 13 alkanolamine solutions

10 W 3 v B R0 S 9 A i R VT R ST i
2 E] A, P 2 A AR EOK A B Al D YRR AR
K7 B8R 20 Besbh, YRR i AT RE A T I M 4 T e fie
AR & TR 2 WA A O R, P i R R —
A A X TR L TR 1 A TR T B A
SAL 5 B AL SR o B IR A [R) I i 45 A 2 S B



% 31

FEPERR 45 13 R 38 CO, B /K ¥ TR 2R 10 v et 4 P R A e 463

fiff S5 AR R P ) A A 1 22 55 (0 HR R AR A 3 ol A 7 1Y
AACREfG =), K B WA EEZE L., LRI
Azl B BERE A R LSS R A G R iR
1T RE AL £ T 1 Ak, Qi B 7 B AR 3, B £ )
AW S 2 R W], SAP E AL MR R 2
R I o B 195 (0.5%0) , Xl fig 5 C3 4 &5 AT
Ko ME T MEA B C28E45H , X Fl & 25 55 e 3L A
B 3 ANk S5 1) 43 1 # BB ) I AR £ T b T A
Ik — L SH A O TR . AN EAE BRI £ TR
J R A BB A (0.4 %0) 3 5 H 41 b i £ N B
SEFAE DG . 13 i e SR AL R A I R T o By
BARC<0.2%), FHRRATREE i & LR 4
T R 1) 3 6 R AT W, AN B 7 i AR 4 TR . Hiod
EAE [ fife W v 50 2 Jot 2 0 B0 =1 (0.1%6) , 3 7] fig
S S M ZS A G . LR AL
N ERR T L BEBRAE 60 °C LA b 5 ik — 1k hy
R

o 0

I

N 0 =~ HkOH

R, R,

Carbamate Formate (1)

Formate
(2)
0 O
(0} (0}
R, ~ OH 2 2
N HSCJ\H = H3CJ\OH
R, Acetate @)
O

B7 ERESUEBERFR. CRUARERNEE
Fig.7 Oxidative degradation pathways of alkanolamine to formate,
acetate, and oxalate

2.4 FUBEMBEERARGC-MSHEYHH

BT BT W2 i S A I 8 T 5 1) AR DR 253817
i Ak I A 2ok R T BE T S A OE 8 TR 2 A LR
MG o ERRAMT XL =Y n] jE &
b — 2 R e RN T N R IR IR R A= . N
I, ASBIE 5T R GC-MS X 5 e 375 0 48 Ak B figk i 1)
VR 7= AT 0 — 25 A T, AR R S A, A )
TV A 1) e VI T o i i A2 4 TR A

K F GC-MS 4381 T DU i1 B e (MEA (3AP .
DGA ,1A2P){E 120 °C . 1.0 MPa, 4fi O, & T & 1k
Rt S h G B F= 4 4l an 2 1 frm o 45 R W, AR TH

1P IE i ) 6 it 7= ) A AE W 0 25 5% 0 MIEA U 3AP il
LA2P Wy 3 BBl 7= W) oh & RO & 2 & 9 (it
R RN BE 2 ) o SAP [ i 7y v 3 A6 ) 3] 5 4R
WG, R HRE R N R 2%, DGA R FE
BEARF=HI N 1, 4- 5N,

%1 BERELEMREIRSHEGCMSHRNER

Table I GC-MS products after 8 h of primary amine oxidative
degradations
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Table 2 GC-MS products after 8 h of secondary amine
oxidative degradations
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