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ABSTRACT: Biphasic solvent is attracted considerable
attention due to its huge reduction on regeneration energy. A
novel alkanolamine based biphasic solvent DAH containing
50%  N,N-diethylethanolamine  (DEEA), 25% 2-(2-
aminoethylamino) ethanol (AEEA) and 25% H,O0 was
investigated for degradation performance. It was found that
DEEA of main composition in upper phase shown satisfied
anti-degradation performance. Only 15.96 % of degradation
rate was achieved in 10% CO, condition through four weeks
degradation process, which was 17.8% lower than benchmark
30wt. % MEA, while AEEA of main composition in lower
phase degrades seriously. Approximately half of the free amine
was transferred to the degradation product, which was hard to
be regenerated. The increase of degradation rate of AEEA was
47.3% compared with aqueous MEA. Oxygen concentration
was illustrated as the key affecting factor of degradation
process in this case which was proportional to the degradation
rate. Eight main degradation products including piperazine,
imidazolidone and pyridine derivatives was analyzed by
GC-MS technology. Relating degradation mechanism was
speculated.

KEY WORDS: CO, capture; chemical absorption; biphasic
solvent; oxidative degradation; degradation mechanism

FEEE - 7 B AH RMSCR e LA B AL P A AR 7 T 0 2
IR 2K MEET RGN, N-— 25 ZREHE(N,
N-diethylethanolamine , DEEA) fl ¥ Z 3 2. — & (2-(2-
aminoethylamino) ethanol , AEEA) K 37 % P 48 " Wiz 7
DAH(50% DEEA+25% AEEA+25% H,O) ] a1 e k4T T

EEWB . HEHESHILIRITE (2017YFB0603300); HivL A I
TRBHEL B 347 BR A 7] 51 H (TD-KJ-18-011).

The National Key R&D Program of China (2017YFB0603300);
Program of Zhejiang Tiandi Environmental Protection Technology CO. LTD
(TD-KJ-18-011).,

RN RILP ARG & T -2 B RS> DEEA Hi
WEARYEREBCUT, 10% CO, U T 4 JA(28 K)MEMHRIUA
15.96%, HHLLH BRI 30% Z B (monoethanolamine,
MEA) T FE T 17.8%; PIAHRIBGRE W T 2 R 2 AEEA
AR ™ B, 4 JF(28 K)IE 1/2 AEEA K3, FLL MEA &
T LR T 47.3%; DAH FEMRAT MK SH B N UR
) Oy ¥R B, WA I AR R AR T 43 5 O, Wk SR IEEL . 1tk
A, S ISR R R RS B R UERT T 8 B A A
W), EAENRIEE WKL 24 B bk e 28 B Ad =4, JEHED T
R 8 it S AL o

EHEIR: CO AR AU PIAHIRISGR); AAubefg; %
b3

0 35lI&

2020 kA [ Ko b [ B AR ) SR
TR EE B, R AR AR 4T 2030
SERTIA R, 254+ EL 2060 4F HT SCHLRR AT
Hir. fEARZ CO, HifE. FIH S5H1FH A (carbon
capture, utilization and storage, CCUS)H, #Ake)5
WEFAR B THANFENG KRG 5161% CO, itk
RE, WMEARRLHE, EHTIARER
FRA A F AR A s 7 B B, TR e, Ry
WOEDR I T2 . R mAE S Lr, 2 H
il 50 L 15 AO R U4 CO, BRI 2k 2 — P9,

5 5 S I N S | R 73
(monoethanolamine, MEA)ETEMEIFR & EEIS, 1%
T 4y RO I T A ke T R e, AR R
FWE A B REAEM WSO IRTF) 2 i . H R B2
WSO A A o3 FE i 1N B AR B B O R D, AT
BREAES 17 P A o R e 110 28 T A B A8 A 388 ) e R A7



1348 moOE OB HL TR ¥ ik

42 %

iF UK B B AERE 0 B g0,

V5 A B B AT R B IL AT R ) DMXT™
PRIARIR SO AR REFESUN 2.1 GINCO,, AHEH #
MEA WRCHI T8 T 45%04%0, i j2H 4 H ) 0
T ok B M N N- = 2 3 Z B & (NN-
diethylethanolamine, DEEA)F¥2 2,5 2 — % (2-(2-
aminoethylamino) ethanol, AEEA)JR&r 17 FH IR U
7 DAH 7E CO, R U 2 A 25 535 B & 427t
Hrp, JEHAEAE 30%MEA #2757 58%, FA
BEFETT PR 2.2 GItCOM M,

WS B e e TR T2 MRS, BR TR
WH R . 2 S BERE S B MR RE LIS, PR RE
J P RIS R e A Fee K, JRE &R
TAVAC R E B K — . WS 1 B A 2 s i i
FUEN F5 3 I, Wl CO, RE I IiEtk, $EE AR
GUIBAT AR, T EL PR P AR 2R 2 T ol A 5 I
D8l BRAR R LA Ay, 45 1 R ) th 233 S
B35 YL W R R TR R R B 5 N
P AR POVR AP P12 R, B AR B2 il
oM R AT AR, AR TRE O,
S5 2 KA TRE . HP SRR G R
2K 70%, A 30%EdR ok B T H B Ak UL K b &
R PR E RR R R,

25 R A R 0 e R AR IR s 70 DMXT™ AL
AHBRMPURMARIERE, ISR EICT 160°C LR
iR RN, EAZR SR T AR A AR, i 2
SERF R 1) Zhang S50t 70 K LTRSS A TR & i
PR AR U A A Rk A 4y N- O3 IR O
(N-Methylcyclohexylamine, MCA) %%k 5 %A@, 6
JEI PN BRI T B A R 38 R4 2R A2 5 I MEA T3k
10 3514 SRTITZF FEAL A AR IR A 791 B — R
Sy IIBEREVERE, R 5 R HLIR A JS 1 AH LA
F o DRI AR S 35 i R AR B A Y0V 79 A TR 5
DAH, Hf 58 HAN AT 5 — MRS i S A R A T
N, BT R 5 G I A b T B
T A FRAR = HEAT 53 B FRAT
1 KWAR%

1.1 iRF

AR SCRES BT A A AT ik 2l : ZBERE(MEA),
N,N- " 2.3 2 BE 1% (DEEA) 1 ¥% 2.3 2. — i (AEEA)
BT b TRAAE RA R . SEIRRTH A B
(99%). % <(99%) [ — A ALk (99%) 3 1 T-Fi 4

TYIEARAF . FCE BRI NS TK.
1.2 XWHE%
1.2.1 MRS S e e e B

R e B R ) 1 R, MR R
W B 5T 0 3 73 2 WY P RE B PR R 7 v e 50%
DEEA+25% AEEA+25% H,0"%, [t A 3% i 1%
e 7 HEAT I BB ARAT N IE o $4 i & a3 i R
PR E DAH WU 300g, I\ ZE B N 28
KB INFAE 40°C. BNIBHFLRA T N, 1 CO,
PRA A, R TR E TR CO.(5%, 10%
Je 15%) . FIH COp 73 #r A (db 5 4 = A 2%,
GHX-3010E1, EF% 0~20%, ¥/ 40.4%)I& H 11
COp WP H 2 IR FEARFFAAL, R IRk 3]
CO, MFLIRZS o

fremmmmmmmmmmmnes » i
o > FARE
sk oo
, R
WA ”
>§:§ R
Wi
| s
5
v . .
| K i i
@ ksl @

E1 WMEEBEEREE
Fig. 1 Absorption test apparatus
1.2.2  FACBFARSEIAN > Tk B
ARSI R B R E EmE 2 s, O, Ml
CO, W& AL IR s I M A By CO, Ll

NE] w
0.6MPa % /ﬂ}lg‘zgu 0.6MPa %

B % 1R IR BENE
s LA D

¥ 5 16MPa
S
pesn | pestens
1| % :or 1 :Dr
ex:l =
e 22 Lo
e | o
P ST N

[
HHL

2 FEBRIBREREE
Fig. 2 Schematic diagram of
oxidative degradation apparatus



4 1

PRI S e B NG SR PRSI B AR 1k BERTT 7T 1349

(5%\10% Az 15%) i A & il S - KR UL CO, AT
W R FRIIN 22 R i S 2 2 v, 4T A B HE <01 A
RN ZEHA A, RREENTRAS 30min DUEHEH &
RLEE S, TR AR IE A ImL/min. £
HAxEE, RMRMEHAD, JFEHE
(800r/miny, FFJE INAAE 2 iR Fa e 7E 65T (W Uscts
SPYJIRFE), ARG SR N 1 e e
0.5MPa(i i s A0 B g 7)o 43 AIAESE O R 28
2R VEARVEHE L E 2. 53 FLE 4 F(0d.
2d. 4d. 1w. 2w. 3w. AW)IBEATHURE SmL. FEfERE
MR RE 5000 fif i A\ BH B 7 i (388K Aquion
AQ)HAT ik i 72 T 3T, 19 B8 Uk 43 B B
(ARG . 5 4 JR PR o N SR i 5 i
¥ X (DFS Trace 1310)HEAT B&AR = M fEhfT o

2 SEWHERSHR

21 MEFEASLEAR
W2 A5 2% e T 93 X () R FH R A R0 e e 93
453 2% 1R B b0 IR BRI B A T N AT i . B
AR
=S =5 100% )
CO

s ISR MR 43 B, %; Co AFRRE 5000
15 Ja B B OBGRIA G R B, malL, Ci AR
5000 15/ FEfR i S RSO A Uk o T B
mg/L.
211 PRAHIRUSCR b 2 v R I 1

PIARIR T DAH BRI CO, Ja 4 A A P e i
BB A FE TR . UG & AR
SRS, HTRANEA SRS, FIEETWE
B tE 2, WS RAEBR IS, HhET
BrEWAW N LR T EERT, WFEN
CO, E4M. WMIE K LJZ45 L DEEA A=,
AEEA % &5 /000, 3f HAR T FH 88 7 (il PR
DRI LG T AR IS 7). DAH L J2 5 9 B i 1k e F 7 DA
DEEA A . K 3 K/ LE¥ i+ DEEA 7TEA[H CO,
EE A SUA T B A B 0 BB e SR [R] AR A ] . 5 A
Niff] 50% DEEA H— Ji W Wi DL Ko i 2R 0 i 5]
30% MEA {EJxf LW s N vri. Hrpr, 2
Folr . — RSN 7T 15%C0, SR F (T S
H1 CO, LU A5 ) I B A 12 RE:

S 2 AR, USRI A E 4 LU 359I e S e
[ HE AT 3G 0, AR e T A R S5 H & CO, AR5

20+

e

—=— |2-DEEA (15% COy)
—=— |- ]2-DEEA (10% CO,)
—&— |- Z-DEEA (5% CO,)
-0--50% DEEA (15% CO,)
-A--30% MEA (15% CO,)

1 1

R AR T 9 L%

wF

0 1 2 3 4
S SE 8]/
3 FERYLT DAH EEBXEZ
F% 4 DEEA MBSt
Fig. 3 Degradation rate performance of
DEEA in upper phase of biphasic solvent DAH
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It is pledged by Chinese government that China will
achieve the peak of carbon emission by 2030 and carbon
neutrality by 2060. Hence, chemical absorption method
which is considered as the most mature technology of
CO, Capture, Utilization and storage (CCUS) field is
placed great expectation. Different kinds of novel solvent
has been investigated, in which biphasic solvent is
attracted considerable attention due to its huge reduction
on regeneration energy. It is illustrated that degradation
performance is one of the most critical influence factors
for solvent evaluation.

A novel alkanolamine based biphasic solvent DAH
containing 50 wt. % N, N-diethylethanolamine (DEEA),
25% 2-(2-aminoethylamino) ethanol (AEEA) and 25%
H,O achieves low regeneration energy (2.2GJ/tCO,) and
is further investigated for degradation performance in
this paper.

It is found that DEEA of main composition in upper
phase shown satisfied anti-degradation performance.
Only 15.96% of degradation rate is achieved in 10%
CO2 condition through four weeks degradation process,
which is 17.8% lower than benchmark 30wt. % MEA.
While AEEA of main composition in lower phase
degrades seriously. Approximately half of the free amine
is transferred to the degradation product, which is hard to
be regenerated. The increase of degradation rate of
AEEA is 47.3% compared with aqueous MEA. Oxygen
concertation is illustrated as the key affecting factor of
degradation process in this case which is proportional to
the degradation rate. Eight main degradation products
including piperazine, imidazolidone
analyzed by GC-MS
Relating degradation mechanism is speculated (see in

and pyridine

derivatives is technology.

Figure 1).

Fig. 1 Supposed mechanism of DEEA degradation products

S10



