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Abstract : Adsorption experiments of carbon dioxide were performed on ZSMS5 and Molecular Sieve 13X (MS13X) impregnated
with Monoethanol Amine (MEA). Adsorption efficiency of CO, was investigated in a U type packed column with GC/TCD. The
adsorption capacities of adsorbents are estimated in the temperature range of 30-80C. The modified adsorbents was characterized
by BET surface area, N, adsorption/desorption isotherms, X-ray diffraction and FT-IR. Surface analysis results showed that the
impregnation method did not affect the crystallinity of any adsorbents. BET surface area of the MS13X impregnated amine
decreased to 19.945 m*/g from 718.335 m’/g. These reults showed that amine molecules were filled with the pore volume in MS13X,
as a results restricting access of nitrogen into the pores. The MEA modified MS13X showed improvement in CO, adsorption
capacity over the ZSMS5 impregnated with MEA. The MS13X-MEA showed the highest adsorption capacity due to physical
adsorption and chemical adsorption by amino-group content. This results also showed that adsorption capacity of MS13X-MEA
increases with the temperature range of 60-80°C compared with pristine MS13X.
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Fig. 1. Diagram of the experimental setup (a: CO,, b: Np, ¢
mass flow controller, d: mixing chamber, e: tempera-
ture controller, f: furnace, g: adsorbent in U-tube, h:
GC-TCD, i: PC),
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Fig. 2. The breakthrough curves of CO, adsorbed by type of adsorbensts at different adsorption temperature,
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Fig. 3. Comparison of total amount of CO, adsorbed onto adsorbents and MEA-impregnated adsorbents,
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ZSM5  ZSM5-MEA  MS13X  MS13X-MEA
BET Surfecearea oo, 145 gga1s 718335 19945
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Pore volume 447 0.034 0.360 0.099
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I Journal of KSEE | Vol.39, No.é | June, 2017



J. Korean Soc. Environ, Eng.

Monoethanolamines &H&!8t ZSM52F MS13XQ| CO, SXIEM H|wl

100

—&— ZSM5
O+ ZSM5-MEA

@ ®
S oS
L L

Quantity Adsorbed (cm®/g STP)
&

(000 Q0000+ QDR QP00 QG- gé’o

[N
o
L

0 T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 1.2

Relative Pressure (P/Po)

(@) ZSM5

250

—8— MS13X
O+ MS13X-MEA

200 A

100 +

50 -

Quantity Adsorbed (cm®/g STP)

EOTDDDDDO-DO~QO @000

0.0 0.2 0.4 0.6 0.8 1.0 1.2
Relative Pressure (P/Po)

(o) MS13X

Fig. 4. N, adsorption/desorption isotherms of adsorbents and MEA-impregnated adsorbents,

0.360 cm’/gol|A] 0.099 cm’/g& 7t
ok AR AFE HolFrth 53] Bezerra 5. Hong
593} Chatti 51 Atoll A ofule] FHeo] F7gtozA
HEHA D 7|35 0= A3 Fagithal Baustglon o
£ MEAZ} u|A7]8& Ao 2 715 W A4 Aol A
grElo] F2hs Walskel7] wioletar Awskaict
ZSM59F MSI3X 9 ZSM5-MEA®} MSI13X-MEAS] N,
T2 S EFLAE Fig 4o eIt F FFA %
P/P,7} 0.13} 0.8 o] goofA] 7]&7]9] §ishE Ho|n
IUPACS] 70| ujgt 15 T24lo] Yepdrt o= 72 &
A o] AT SZ3AL0  Bezerra S 2 Hong S'99)
oI Lol At ATE Hof itk E3F Frantz 5'V0] ZSMS5
£ o3t ojatsters F2 Aol Ny A=A 4
A7t 2 Aot gkl o o 2 H3E S Ho
T slag A2 oa ElE 4= qlrkar skl
ZSM59F MS13X 9 A 35lE 52410] XRDZAIE Fig.
50| LR QIch Frantz 5'79] ¢1to] whEw ZSM52] XRD
T3 20 ZH 7.9°, 8.9°, 23.13°, 23.8°9} 24.8°0] A] L+EL
Uthal Bislgon B o A& 7.9°, 8.7°, 23.04°, 23.89°,

2% HojFo] A

—— ZSM5
—— ZSM5-MEA

Intensity(a.u.)

w

T T T T

10 20 30 40 50
2 Theta (degree)
(a) ZSM5

24. 37°°1|A1 T32E HojFo] HEP A2 Al&eto]ES XRD
HES Holz9ict 3] ZSM5U MS13X 9] MEA 3H3 #
9] XRD "= sjeo] fAFsgl=dl o= aLsEFe] MEA
Solle Etotal AlZetolES ARG 2 4
< WX A F5E Ve o] ARt JF
Z2 gty ®Bustgch” T3 Hong S'92 ofnl
29] LS 30 wi%, 50 wit%, 70 wt% =7}gho] ulat
XRDO| 73 =7} @opzlvtal Bal 54¢lon o=
Fo] F7PL Al&etol Bl mlaE AHAA dAgar ot
ATk

ZSM5 4 MS13Xe} - E S&A Q] FT-IR £4 Z3&
Fig. 6] LFERH2Ich ZSM59F MS13X 2] 7-9- 950~1,060 cm’'
FAelA Si-09] w27} el MEAE 3% 4
© 1,515~1,651 cm” o)A N-H, =7} Babe]o] oful
o] FHARE &8 4= 9921 Hong %’10) Pham %1@
o] =53} fARE F4ME 542 7HAth Bezerra 579
whE 1,200014 1,700 em " H$jo A reRdT)
1 3}¢lt}. Hong 5'7-2 3,278 ¢cm™' 0| 4] O-H alcohol s .7}
2,934~2,874 cm A}o]o| 4] C-H stretch®] =7} 1,648~1,581

2 A9

o ot

=
SRIEES

— MS13X
—— MS13X-MEA

S TN S T

10 20 30 40 50
2 Theta (degree)
(b) MS13X

Intensity (a.u.)

Fig. 5. XRD patterns of pristine adsorbent and amine-impregnated adsorbent.
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