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MEA (monoethanolamine)®} PZ(piperazine)s 3319t 48 A S2IO|E 13X S2AIE o]8351o] ALn7lA 5 oAt
SiekAaE Felstaat solth olF 918l MEA, PZE 717t 30, 50, 70 wi%® A3 Algeto]Ee] st se
33 AlgetolE 13X FRAl tist B4 B7HE 218 XRD, FT-IR, BETE ©]8-3813]th. olitsleta: #2548 24}
sl7] flato], 33 AlsetelE, MEA 33 3 AlsEiolE, PZ 33 AF Alslo|Eel st 25, 50, 75 °Collx] &
As& ZARBINTE ol 33 Y AlgEolE SRl 257t TS S8 At HEH 0 R At
29 “HEQEO] 50 °CollM] F25-& Hlud o, P77t 3 A8 AlselolEx Y AlSuo|ERT) 188 T27]aL
MEA 3% A AEele|ERT 200) o349 ojabslets: F3s-& KT

Abstract — In order to separate of carbon dioxide in the combustion exhaust gas, monoethanolamine (MEA) and pip-
erazine (PZ) impregnated zeolite 13X adsorbents were used. A series of adsorbents were synthesized by impregnating
30, 50 and 70 wt% of MEA and PZ respectively on zeolite 13X pellet. XRD, FT-IR and BET were used to characterize
the properties of impregnated pelletized zeolite 13X absorbents. In order to investigate the separation characteristics of
carbon dioxide, zeolite pellet, MEA impregnated zeolite and PZ impregnated zeolite pellet were investigated at 25, 50
and 75 °C. Amine impregnated pelletized zeolite absorbent has shown that adsorption decreases with increasing tem-
perature. Finally, the carbon dioxide adsorption capacity when emission temperature of the combustion exhaust gas, PZ
impregnated zeolite pellet was 1.8 times than zeolite pellet as well as 20 times than MEA impregnated zeolite pellet.
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Separation of Carbon Dioxide Using Pelletized Zeolite Adsorbent with Amine Impregration
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9l A= Xu S92 MCM-41 A&7}l polyethyleneimine
(PEDS 3AIA “molecular basketBh= F2HA1E Alxstal, oAt
shekh SRS S8 2 Ay 75°ColA 2.6 mmol/igs: UL
T3t Chatti 5 [1012> Al22°] E 13Xl monoethanolamine(MEA )=
s & oalslekA FAS-S S AlS | E 13XS AlE Tl E
13X/MEA”} Z¥Z} 37 mg-CO,/gr-adsorbent, 49 mg-CO,/gr-adsorbent
olgh= gk ATt Diogo S111> sk} AlSo|E 13Xe]
monoethanolamine(MEA), triethanolamine(TEAYS &3t & 2%

oF ghelel uet ol BRI FAS 2Alelch. 1 % AlgelolE
13Xl MEA 50%% 33t 5 olilsheba Fa#e 543 At &

b FRASE EABE ast, Gl B25E FHYo] F
7Rk 2 218k Sl Beld E{120] MEAZH 87
E2ATZ shglon,

| s FAAE o]g3le] olaksleka
MEAZ 33 MCM-41 3 2H11= 40 °CollA]
o] Fe= Hlrh

ol 3 FAA AT FE BT FHIE AMEslo] oitslE
kel thet A7} raE] o Siet. Al M*OML 93k &
ZAlE o] gatar Qlont ool thgh A= w]n|gk ook, BESt o
A ag WElely] f1ste] ARgE o] & ofyl FAlel lojA
Piperazine(PZ)7+= 2|3 oWl 3 EAREA] olikslekiolo] wt
557} MEA Rk 108U w27 witel] 35 ofvle] 3 55
FIAZ17] D18l EFAE ARG o] ghet. whEbA] 2 ARellM = g
g 1A A ST ES o] 43le] MEAS} PZ 3HE AlgElolE
BXAAE FEAE Alzskar o]ef tigt 54 24 W oibsheka &
HA5-S wpokslaal 6133t MEA, PZ 3 55 30, 50, 70 wt%
% 343k 3 XRD, FT-IR, BETS AHEalo] 548 B431900). &
TEHA7IE o83l MEAS) PZ $H1E 433 AlEetolE 13X &
Ao ot olakshekA FAA S-S ARSI

57.1 mg-CO,/gr-absorbent
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2-1. AlSf

FHAZAMD B8 AlSe)o)E 13X(Sigma-Aldrich CO,, Cylindrical
pelletyo]™, A& A|e}o]E 13X2] g3lof=
(Samchun pure chemical CO., 99.0%), Piperazine(Samchun pure chemical
CO., 99.0%)5 AFE-3FtE. $F3A] methyl alcohol(Samchun pure
chemical CO., 99.5%)¥} Distilled WaterS &1 2 A+&-5}31TH MEA
¢} PZ E49] 7% % 5492 Table 191 ERAITE

Monoethanolamine

Table 1. Physical properties of MEA and PZ
Monoethanolamine (MEA)  Piperazine (PZ)

Molecule structure HzN\_/OH [ j

N
Molecular formula C,H,NO C,H;¢N,
Molar mass 61.08 gmol™ 86.14 gmol™
Boiling point 176 °C 145-146 °C
Melting point - 108-112 °C
Polar surface area 46.25 A2 24.06 A2
Density 0.974 g/em® 0.874 g/em’
Enthalpy of vaporization 47.428 kJ/mol 38.624 kJ/mol
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2-2. HI22I0|E 13X 20| MEA, PZ &2
/3 Aol El oS FHlsl] Hsto] ©
15l o opyl S~g-la} A& A 22O EE rotary evaporator®l] ¥
2 5 ollE A AlZeo)Ee ISt & - 25°CellA 4
A A AFR T AT MEAR 39 Y Ao
13X3= 70 °CollM, PZ2 3% A A SEl0)E 13X 100 °CollA
2407 FF A AAZ3IGI). olw|e] ElRke v 2 4 (1)
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A8 ALl E 13X9F MEA, PZ 839 A8 Ale&eo)E 13X
A B4, shetA S4S vfetetaat sigivk. SRl A9
AER|E 13X9] spshaE doliy] $13ll XRD(x-ray diffiactometer,
rigaku Co., M/N: D/MAX 2500H)E ©]8-319] 713tk FT-IR
(fourier transform infrared spectroscopy, Thermo electron Co., M/N:
NICOLET 6700y ©]€3F91 MEA, PZ 33t A8 A &ElolE
13X°] 545 500~4,000 em™" W91l S433Iet. B3t Surface
area analyzer(Micromeritics Co., M/N: Tristar 11 3020 V1.03)5 A}
galo] ARl s MERA D /) FRERNS ST Bi
B AAR) S13) 150°C, 241 AR E Shglord, e F 2
8 0|91 U U8 LA 24 7 Mol WA
A¥sE7] 18 BET(brunauer-emmett-teller)[ 1318 ARSI, 715
3 342 BIH(barret, joyner and halenda)[13]2 01%3]'93«51'.

2-4. OXEIEM &N

30, 50, 70 wi%= 3FJ¥ MEAS}H PZ AJY Al &elo)|E Q) olits)
b 25738 TGA(thermal gravimetric analysis, TA Instrument
Co., SDT Q600)2 AM&alo] Z4aaitt. A a7t 270l 10°C/
min®] 7}EEEE oM AL/ Z1EEIgit A (25,
50, 75 °C)ell =8 o islRbA: S2F S48 flate] 15% oAt
3leka (N, balance) 7}~2 WA $ 20 mi/min® 2 4A17F 53 F
gk & 43|}

3. At 3 nE

3-1. XRD 2A Zq}

A8 xﬂ%ﬂME 9l MEA, PZ 339 A8 Al&efo|EQ EAS
Ttesl7] 918l XRDE A3 oM, #-447= Fig. 10 YERAS]
o} (= A AlgEolE 13X8F MEA 3 555 30, 50, 70 wt%
7 3lo] A3 AlgelolE 13Xl $33 XRD A3}olt). Fig. 10114
Hog BAIE F ¥AE B MEA 35 557} Ho45E XRD
979 7= gl o) MEA $53o] Z71eEE AE A
SO EL] I T E HAA FHAE vk s e o= Helld 5

13]4 AgAzte} vlszsit). (bys AE ALE)E 13X9) PZ T

= ggslo] 30, 50, 70 wi% PZE THE AE AlLTlo|E 13X
XRD ZAzolr], Mo F TAIE F JIE B PZE MEAS} w7}
A2 3 FTF wodSE XRD ¥ A oA, 1 o)
£ MEAS} =2 d/dolgtar et
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Fig. 1. XRD patterns of MEA, PZ impregnated zeolite 13X pellet;
(a) MEA impregnation (b) PZ impregnation.

3-2. FT-IR &4 A}

A8 ASTolE 13Xl MEA, PZ 33 A359] EAS vlets)y)
8l FRIRS S4313lom, 1 A3E Fig. 20 YeRSITE (ay=
MEA 3 552 30, 50, 70 wi%= 31o] Ad A2l E 13Xl
e & FTIRS 3743t Aot} 71 F F3°] A7|7} 2t 70
wt% MEAS 318 A3 AlEeio]E 13X9] 935 B 3278 em™

N W2 Al712] FF 99 O-H alcohol®] F]=7}F =] it
2,934~2,874 cm™ Ae]2] Z3F A7] = ool C-H stretch ¥ 7}
AAE]] om | 1,648~1,581 cm~ Aolof|2] =71 A718] B4 ododo
A primary amine N-H 337} Z2=|{th. MEA 33 &5l ujet
FTIRS] 3]79] A|7)7} Z7}ek= AL sHolak 4= ¢Jt}. MEA 3+
Ael= 0-H I A4 N-H ﬁ]i—e— Zlo} 2 4= X)W MEA 32 3o

£ O-H 979} N-H 935 glgd 5= QI Fﬂd A= st
o] AlgelolE 13X Aol MEAZF 93 H95-8 1819k (b)
= pz9] SHEEE 30, 50, 70 wi%E 510 AE Al2go)E 13X
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Fig. 2. FT-IR spectra of MEA, PZ impregnated zeolite 13X pellet;
(a) MEA impregnation (b) PZ impregnation.

o] 3F3E T FTIRS S 3k Ayjolt}. 979 A|7)7} 33 30 wi%e
Pz 38 A2 E 13X 1,637 cm oA 2R Al719] &
N-H 377} B2} ol 50 wt%} 70 wi%® PZ
]Q.E].O]E 13X—4 _419], H]JJ_??L uH = x],o]E u1-7:]31-
PZ2] ool I Y& F= Aoleta ALt pZ
_A §].o]z;L Z': g\oiz]u]- PZ %ch]( “Soﬂ__ N-H _\J:lﬂ
Aer, ol= PZ7H A E AlgElolE 13Xel $H3H
Sh= Aol

}

et 4
oJelel N
R
It thet
] 7 N-
J‘]—
o O
=

o go
-

19 _J:I

M omol )y moh

H
2~
T

Jﬂ

kel
=
2ol

LA

¥Q

il

Z73}0] Table 2¢]] UrE}
Lﬂgm /\464 AL FHHL 613.5mYe0) L, 7%

3= 29.4x1072 cm /gj%*éﬂ&’iiﬂi,r = 2} ‘Qﬂok— %kﬂﬂr
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Table 2. Surface area, pore volume and pore size of zeolite 13X pellet with MEA and PZ impregnation amount

Material Impregnation amount (wt%)

Surface area (m%g)

Pore volume (cm?/g) Pore size (nm)

Zeolite 13X - 613.5 29.35x1072 1.9

30 0.4 3.19x107* 35

MEA impregnated Zeolite 13X 50 0.3 1.97x107* 2.6
70 0.3 1.92x107* 22

30 569.4 29.38x1072 2.1

PZ impregnated Zeolite 13X 50 566.9 29.42x1072 2.1
70 564.2 29.82x1072 2.1
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Fig. 3. N, adsorption-desorption isotherms curves of adsorbent; (a)
zeolite 13X pellet (b) 50 wt% MEA impregnated zeolite pel-
let (c) 50 wt% PZ impregnated zeolite pellet.
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olof] gk AA|St A-E Table 30| HERNSITE AE Al&etolEx
FHRETY STMEEE FH e sk, 25°CelA 83.0 mg-
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Fig. 4. Adsorption amount of MEA impregnated zeolite 13X pellet
according to temperature.
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Table 3. CO, adsorption amount of MEA impregnated zeolite 13X pellet according to temperature

TCC) zeolite 13X zeolite 13X MEA 30 wt% zeolite 13X MEA 50 wt% zeolite 13X MEA 70 wt%
(mg-CO,/gr-adsorbent) (mg-CO,/gr-adsorbent) (mg-CO,/gr-adsorbent) (mg-CO,/gr-adsorbent)

25°C 83.3 2.6 4 4.8

50°C 43.8 33 34 3.6

75°C 284 2.8 3.1 1.5

Table 4. CO, adsorption amount of PZ impregnated zeolite 13X pellet according to temperature

T(C) zeolite 13X zeolite 13X PZ 30 wt% zeolite 13X PZ 50 wt% zeolite 13X PZ 70 wt%
(mg-CO,/gr-adsorbent) (mg-CO,/gr-adsorbent) (mg-CO,/gr-adsorbent) (mg-CO,/gr-adsorbent)

25°C 833 88.1 853 88.9

50°C 43.8 78.7 77.9 86.7

75°C 284 43.2 45.4 44.5
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Fig. 5. Adsorption amount of PZ impregnated zeolite 13X pellet
according to temperature.
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