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The CO; Absorption of Synthetic Amine using the Ethylene
Oxide-Ammonia Reaction
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TCorresponding author :
scnam@Kkier.re.kr Abstract >> In this study, a synthetic amine made using the ethylene ox-

_ ide-ammonia reaction was used as an absorbent to remove carbon dioxide.
Ez\iies'zzd i g‘;i:;:ﬁfgow Existing absorbents were used in a mix in order to improve performance; how-
Accepted 30 October, 2017 ever, because the ethylene oxide-ammonia reaction generates primary, secon-

dary, and tertiary amines simultaneously, it has the merit that separate mixing of
the absorbents was not needed. The performance of carbon dioxide absorption
with the synthetic amine was compared to that of MEA. As a result of an experi-
ment, it was determined that the CO; loading was 1.15 times better than that of
MEA (a commonly used amine), while the cyclic capacity was 2.28 times higher.
Because the heat of reaction was 1.10 times lower than for MEA, the synthetic
amine showed superior performance in terms of absorption and regeneration.

A, Monoe-

Key words : Ethylene oxide(of 2 2l 2 A}o| E), CO, capture(O|A3tEFA T
E| £5), Heat of

| H
thanolamine(2 L. of| Et-20t81), CO, loading(O| A3} EFA
reaction(dF2 &)

S
5
=]

1. M & A A7k viEEEL] oF 65% (Gtooe/yn) 2 ©]0]] T
3t Aoje} FAl= wl$ Zast dolp?, AbedEof
e, 2, g, oA miEEE oalslEAS AeEly] st 74

e ol e gt A

= s 9
o). 7| HEE QU7 RATEA FolA o] 7] - BErlg] gigt dArt A&E ek o
AstER A 76% (Gteorey) S AHA|BEIL Qlom,  Zo|A, oS o] 838l HAGHHE A7IAS
6T SATFA FolA 7HY ] ol 77 ARgE o] 7]zolp).

A, E3], Abjoll A wj =

561
2017 The Korean Hydrogen and New Energy Society. All rights reserved.



562 OISALOI=St FEL0M9| HSS 018t EH0rTO| O|MatE4 &

2 HiE9S Agshrlol f-83 A= A gt
onf? gwrHs o]ejow A - Hio] ek -
HE 5 F=9| ojitsleta & A&
g1 QY. olilsletaE Aeshr] $i3 A4 &

H7|@o= dukF o2 ofdl7](amine group)2}
221 7](hydroxyl group)S W% 35t o7}
wolulo] A=A ASE. gl dbs
ol o) = W - of| &0l (monoethanolamine, MEA),
tof|g-Zofvl(diethanolamine, DEA), ™2t ofj gk
o}3](N-methyldiethanolamine, MDEA)o] 9J.0.1'",
IUPAC g Holl whet 22t 1, 2, 39 ofvle= &
FHETh G7hzoluls o] &g olitetea 2F
ol Al FAl ¥]-8-2 AA| &41]-8-2] 57%ef| i
FEIL, 2FoA Al EF(make-up)o] FA
H|-8-9] 70%5 AR whebA, #7Fe] 93k A4
= Ml FTAIE idshs Aem 349 &
“5H|-&(operating cost)e W= = Stk A7He] o
o EFAIE NS sk B A AES Al
2 o ofilEs 96t deS MAlshs d
52 At

Adeosun 52 MEAO9] piperazine(PZ)& &35}
o 58S A95HaL, MEAS T Eo= AL
&ol3e ek 10 wt%2] PZ7F S9tE3le o
i osEst ANE S BEeH. Nuchit
prasittichai®} Cremaschit= &S 0]-235}o] MEA
oF theFgt ol =9 Edg Aol gt Aol
st} F7Eskeleh ol 59 A Autol A MEAS}
TEA®] &7} ZF7F 22 wt%2! u), DEAL} TEAS
HEoR Agetd S vut ol ssheka 7 )
go] AEE AL BASATH?. Ao 1
o7 uhol ol FAY A5 A et
T F4Ale Batolu $A4 AHATt
o}, shAg obulg g abgel A A4
oA &Eelskal, thAl sk A
=2 ol ARgSE7] wioll o] I efA =
7HA QL AZEE Hlgo] aFtE ek & AtolA =
A Lole} of FAlo| S A FAE ofvlS 57
Q1 AF Eotst= T lo] ojAtstetaE i

g 1
tlo .

<

s

ol\

=
)

{

Moot bR
o
=)

1

|o
(o
I

ol

N

-

» BREADNOL{RIEE] =2

+
re
-

gt AR ey o) S EA Aol Al
(ring strain)& 7} A3 Qlom g WS- Ao] uj- =
o} mebd, | EAfO] S AL Byt o] ek Al 7]
o] Ao oA = S\2 Hh-g-o] A P =L
chaFet obul e Al4Ee ehmyolel ofEAje]=
HEg oA ShEU ol @7)50) JEg oL o=

Aol el AL Bl ofng

3 At
Bhgo® ANE olWIEE 1,2, 33 obule] &
22 120 FRYNN Z73to] 7 oSS B
eaet S B AT A AQkshs Tyobul g
THAR vk A gk, 1,2, 339 A2 5
Aol AU F4A19 A4S 1Y AOR ik
olek. 53] T Kake) A% A7 39 E o4
OFRIAAL FHE FHH T QOnR FrA| YA
1% F7bael B4 AHulgol gon FAA

H A32 oful(KA}, monoethanolamine 52.4%,
diethanolamine 23.6%, triethanolamine 24.0%) A]2F
= =9 A flo] ARgsklaL, FAle] s
2 vwslr] YsFe] MEA (Samchun, 2-amino-
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Fig. 1. Continuous stirred-tank reactor for evaluating CO;
absorption performance; @ Nz gas(99.999 vol.%) @ CO:
gas(99.999 vol.%) 3 gas mixer @ reactor ® pressure trans-
mitter ® temperature transmitter (7) agitator ® condenser ©
water bath 10 gas chromatography @ recorder
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Fig. 2. Measurement apparatus of heat of absorption of CO,
in the absorbents; D 30 vol.% CO,(30 vol.% CO./balanced
N2) @ chiller 3 temperature transmitter @ sparger G calibra-
tion probe ® mass flow controller (D) gas chromatography
reactor '
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Table 1. Break and saturation point of each absorbent at
the various temperature

MEA 30 wt% | DEA 30 wt% | TEA 30 wt% | KPA 30 wt%

Temp. | ts to t to ts o ts
(©_| (min) | (min) | (min) | (min) | (min) | (min) | (min) | (min)
40 | 1600|2519 | 727 |171.6 | - | 1043|1019 | 1623
60 | 1607|2213 | 582 | 1470 | 39 | 549 | 492 | 1529
80 | 668 |202.7| 281 | 113.6| 09 | 234 | 504 | 117.2

- t, : Break point of each absorbents at C./C; = 0.10,

- ts : Saturation point of each absorbents at C./C; = 0.95

- KPA 30 wt% contains MEA 15.72 wt%, DEA 7.08 wt%
and TEA 7.20 wt%.
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Table 2. CO; loading of various 30 wt% absorbents at the 40, 60, and 80°C
' Temperature (C)
Absorbents €O, loading 40 60 80
[COy/amine] 0 0 0
This work Ref. This work Ref. This work Ref.
mol/mol 0.46 0.469 0.48 0.502 0.39 0.266
MEA 30 wt%
wt/wt 0.33 - 0.35 - 0.28 -
mol/mol 0.47 0.426 043 0.404 0.27 0.141
DEA 30 wt%
wt/wt 0.20 - 0.18 - 0.11 -
mol/mol 0.17 0.384 0.12 0.279 0.06 0.090
TEA 30 wt%
wt/wt 0.05 - 0.04 - 0.02 -
mol/mol 0.53 - 0.48 - 0.37 -
KPA 30 wt%
wt/wt 0.25 - 0.23 - 0.18 -

@The [mol/mol] and [wt/wt] as units of CO, loading mean [mol CO2/mol amines] and [g CO./g amine], respectively.
- KPA 30 wt% contains MEA 15.72 wt%, DEA 7.08 wt% and TEA 7.20 wt%.

vl Zlo] Wasdict 40Co| A kg2 H
Wl F4A19] A5(g COyg amine)> MEA >
KPA > DEA > TEAR Uehgteh. wowte] vl oA
MEA®] 4350] 7] UEE e MEAS] 22
ZHM.W.=61.08)0] DEA (M.W.=105.14)} TEA
(MW=149.19) 2t} @7 fjRo2 T Aoz
MRS U, MEAZ} o S B 58 ©e 4
A7) woleh & vlet A Vs slaoksl
KPAL TEA, DEART} 0] 95517 e
3, MEASH ARG S et

»

£

4.2 OMstEta THHEY

Chowdhury 592 40C2} 70C oA 9] Tk
2}Fo] & cyclic capacity® A 2|5t 0w, o] A&
F4% FolA AR E Frtshe st
& YeR9le}. Chowdhury 5o wh2w, o]
shet: ZYFAANN oA LTFE g

7] AL B olATEL BREE, F2 oy
clic capacity, ¥-& "¢ go] Q=) 3}9ch
B ATolAL 40Te} 80T Fbo] Aol
cyclic capacity® A 2|}l FE7}Z ¢l o]AtsletA
Ao grlsls g2 &olstarct. zF 34249
cyclic capacity+= Table 3] LR STt

KPAZ2] cyclic capacity+= 0.16 mol CO,/mol amines

N XNogog (o
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Table 3. Cyclic capacity of 30 wt% absorbents between the
40and 80T

Temperature Cyclic capacity (mol CO»/mol amines)

(©) MEA

DEA

TEA KPA

40-80 0.07

0.20

0.11 0.16

- KPA 30 wt% contains MEA 15.72 wt%,

and TEA 7.20 wt%.

DEA 7.08 wt%

2 MEA (0.07 mol COymol amine)of H]S}o] 2.28H]
=7 Yehgon, dut oz PYEA o] £ A
© 2 ¢4#Z TEA (0.11 mol COx/mol amine)o]] H]

stole 1458 A YeEbdoh o

DEA (0.20

mol COxmol amines)2 T} 0.80ul] 7] LeRtT).
7+ Z Ao tidt cyclic capacity= DEA > KPA
> TEA > MEAZ UElyttt.

olitater Aot T4

___5
=T
A<
,_'_

Aeke] wkg-o] 7hdbt
Aol gAd
Atk BREE

Table 4¢] Yeb Qlct. vE

5 OﬂLWE A KPAS] B

KeX
L
=
)

Ah=-74.75 kJ - mol' & MEA (-82.38 kJ - mol ™)X
o} L1aj 2 yett o, DEA, TEAR T =4 U

E}wr/} 7

> MEA &A= W7 vebgt
ol 4 KPASH MEAS] 4%

oj¥BtErL: F4

E4A 9] WHS-E-2 TEA > DEA > KPA
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Table 4. Heat of reaction with 30 wt% absorbents at the 25C

Absorbents Amine | CO,-absorbed | CO,-absorbed | Capacity Ah ; Al_ll Q
(mol) (mol) (2) (COy/abs) | (kJ - mol .co) (kJ - g co2) k)
MEA30wt% | 0.4912 0.2491 10.9617 0.5072 -82.3807 -1.8723 -20.5235
DEA30wt% | 0.2853 0.1769 7.7846 0.6201 -58.0012 -1.3182 -10.2617
TEA 30 wt% | 0.2011 0.0810 3.5655 0.4030 -36.5318 -0.8303 -2.9603
KPA 30 wt% | 0.3005 0.1996 8.7828 0.6644 -74.7503 -1.6989 -14.9209

- KPA 30 wt% contains MEA 15.72 wt%, DEA 7.08 wt% and TEA 7.20 wt%.
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