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This article presents the results for synthesis of ZIF-8 and its CO:
adsorption ability. The material was characterized by XRD, TEM, BET,...
ZIF-8 was a porous structure and high BET surface area. ZIF-8 showed
great potential for the capture of carbon dioxide, having a capacity of
11,1776 mmol/g and the data of CO2 adsorption on ZIF-8 were well fitted
to the Langmuir isotherm. The principle mechanism of CO2 adsorption
on ZIF-8, simultaneous proton transfer and nucleophilic attack of
nitrogen on the CO2 molecules created an ammonium carbamate; after
that, the bond for zinc ion with ammonium carbamate was formed.
Morever, the interaction of ammonium with carbamate of neighboring

ammonium carbamate species also increase COz adsorption capacity.

Gidi thiéu chung

Carbon dioxide (CO2) la mdt khi hién hiu trong khi
quyén trai dat, 1a san phdm cla qué trinh hd hap, ndi
Ilra, chéy rung, dét chay nhién liéu, cdng nghiép hoa,
giao théng,.. Bang chu vy, cudc cach mang céng
nghiép & cac nudc dang phét trién da tiéu thu luong
I&n nhién liéu hoa thach nén thai vao maoi trudng mét
lugng khi COz dang ké [1]. Khi CO» cé vai tro thiét yéu
trong su séng nhu quang hgp cla cdy xanh, lam &am
khi quyén tréi dat [2]; dugc Ung dung trong réng rai
trong san xudt nudc giai khat, bdo quan thuc pham,
bdng kho, binh chita chay,... Gan day, khi CO2 con
dugc st dung trong cac chu trinh siéu t&i han dé san
xudt nhiét va dién két hgp [3]. Tuy nhién, khi ham
lugng khi CO2 trong khi quyén qué cao thi s& anh
hudng dén su séng nhu ngd doc khi COz, hiéu Ung
nha kinh gay bién déi khi hau, mua acid,... Do dé, can
co nhiing gidi phép luu gi, thu gom khi thai CO, dé
lam nguyén liéu dau vao cho cac nganh cong nghiép

va dong thai gidm thiéu lugng khi thai, gép phan bao
vé moi trudng.

Vat liéu khung hitu co kim loai (MOFs) la loai vat liéu
c6 nhiing dac tinh thuén Igi cho su hdp phu khi han so
vdi cac vat liéu thudng dung silicate, carbon,... Ba co
hon 23 loai vat liéu MOFs dugc tao ra v&i muc dich
hap phu va luu trr CO2 [4,5]. Biéu dang chu y, mot s6
loai zeolite imidazole frames (ZIFs) thé hién kha nang
luu gitr dac biét doi vai CO2. Trong ho ZIFs, vat liéu
ZIF-8 dugc nghién cu réng rai nhat, do ¢ uu diém vé
bd khung uyén chuyén, tinh 6n dinh nhiét va do bén
hoé hoc [4,5],... ZIF-8 (Zn(MelM)2) dugc tao thanh tu
zinc ion (Zn®*) lién két vai 2-methylimidazole (MelM),
dugc biét dén nhu mot chét luu trlt, hdp phu va tach
khi nhu Hz, CO2, CHs4, NHs, Nz, c&c ankan mach dai
[5,6]; Ung dung trong diéu tri khéi u bang nhiéu
phuong phap khac nhau [7,8]... Bai bao nay trinh bay
két qua nghién clu vé qué trinh hdp phu khi CO2 cla
vat liéu ZIF-8.
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Thuc nghiém va phuong phap nghién cdu

Héa chdt

Céc hdéa chét dugc dung trong nghién ciu: Zinc nitrate
hexahydrate (Zn(NO3)26H20, Han Qudc, > 99%);

methanol (CHsOH, Trung Qudc,99%); 2-
methylimidazole (CaHsNz, Aldrich- My, 99%).

Thuc nghiém

Téng hgp ZIF-8 theo tai liéu [4,5,6], Hoa tan hoan toan
2,8 mmol Zinc nitrate hexahydrate trong 57ml methanal,
sau dé cho tu tUr vao dung dich gébm 64,4 mmol 2-
methylimidazole hoa tan trong 57ml methanol; khuéy
déu hdn hap trong 24 gid & nhiét do phong, sau do |i
tam trén méay Hettich EBA 8S vdi téc db 3000 vong/phut
trong 10 phdt, thu ducc két tda mau trang; ria két tua
bang 20 ml methanol va li tam tach 18y két tua, 18p lai 3
[an; sdy két tha & 120°C trong 24 gid.

Vat liéu ZIF-8 téng hop dugc xéc dinh bdng cac
phuong phap hda ly nhu: XRD, TEM, BET.

Hdp phu khi CO;

Qué trinh do hdp phu céac khi CO dugc thyc hién tu
déng do trén méy High Pressure Volumetric Analyzer -
Micromeritics HPVA-100 G 298 K, ap suét thay déi ti 1
dén 30 bar va mau ZIF-8 dugc hoat hda trong chan
khong & 423 K trong 12 h trudc khi hdp phu.

Ké&t qua va thao luan

C4u tric cud vat liéu ZIF-8 dudc xac dinh bang ky thuat
phan tich XRD trén may D8 Advance, Bruker (Germany)
vai goc 20 = 1% 60° két qua duac thé hién trén Hinh 1a.
Cac peak nhiéu xa tia X cla mau ZIF-8 phu hgp vdi
nhiéu céng trinh cong bd trudc day [4,5,6]. Cucng do
peak nhiéu xa manh ctia cac mat (011), (002), (112), (022),
(013), (222), (114), (233), (134) va (334) tai gié tri 20 tuang
Ung la 7,3; 10,3; 12,7, 14,9; 16,3; 22,1; 24,9; 25,5 va 26,5°
trong gian do XRD. Diéu nay ching to rang vat liéu ZIF-
8 t6ng hap dugc cé do két tinh cao.

500 Cps

Cuong do (abr)
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20 (do)
Hinh 1: 1a - Gidn dé XRD va 1b - &nh TEM (1b) clia mau
ZIF-8.
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Hinh thai va kich thudc hat cta vat liéu ZIF-8 dudc
quan sat bang kinh hién vi electron truyén qua trén
may JEOL JEM - 2100F electron microscope (Japan), két
qué dugc trinh bay trén Hinh 1b. Hinh thai cla mau
ZIF-8 quan sat dugc & dang hinh cau kich thudc khoang
33 nm - 45 nm.

Dién tich bé mat vat liéu ZIF-8 dugc xac dinh bang
phuang phap dang nhiét hdp phu va gidi hdp phu nita
G 77 K dugc do trén méay Micromeritics ASAP 2020,
mau dudc hoat hoa & 150°C trong chan khong 3h
trudc khi do. Két qud dugc trinh bay trén Hinh 2,
dudng dang nhiét hdp phu va giai hdp phu N2 thudc
ki€u | theo phén loai ctia IUPAC, chiing té ZIF — 8 t6ng
hgp dugc la vat liéu vi mao quén co dién tich bé mat
1478 (m?/g) va thé tich mao quan 1,16 (cm?/qg). Vay, vat
liéu ZIF-8 t6ng hop dudc co do x6p cao.
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Hinh 2: Budng dang nhiét hdp phu va giai hdp phu N>
cua ZIF-8

DEé danh gia kha nang hap phu CO; cla vat liéu ZIF-8
téng hop dugc, qué trinh hdp phu dugc thuc hién &
28°C va ap suét tang tu Tohar dén 30bar. Dung lugng
hap phu CO2 clia mau ZIF-8 dugc thé hién trén Hinh 3.
Két qua cho théy, dung lugng hdp phu CO; trén ZIF-8
tdng khi tang ap suét, dat 11,776 mmol/g & 30 bar va
qua trinh hadp phy van chua dat bdo hoa cho dén 30
bar, cé thé do thé tich mao quan cla cac mau ZIF-8 I6n.
Vat liéu ZIF-8 téng hgp dugc co khd nang hdp phu
COz rét tét va cao hon nhiéu so véi mét sé cong bd
trudc day [4,9,10].
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Hinh 3: Dang nhiét hdp phu CO2 clia ZIF-8
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D{f liéu hdp phu dang nhiét khi CO> trén ZIF-8 dudc
mé ta& theo hai mo hinh déng nhiét Langmuir va
Freundlich. Phuong trinh Langmuir mé ta hdp phu don
I&p 1én trén bé mat, dung lugng hdp phu dugc tinh
theo phuang trinh (1):
q — KLclmomCe
° 1+K.C,
trong dé, gmom la dung luong hap phu cuc dai don I6p
(mg.g™), KL la hang s6 hap phu Langmuir (Lmg™), Ce Ia
nong dé chat hdp phu trong dung dich can bdng
(mg.L™.

(0

M6 hinh dang nhiét Freundlich dua trén gia thiét rang
bé mat chat hdp phu khéng déng nhéat vdi cac tam
hép phu vé s& lugng va nang lugng hap phu. Phuong
trinh Freundlich (2) nhu sau:
1
qe = KFCen @

trong do, K¢ la hang s6 Freundlich, thudc do dung Iucng
hdp phu, n 1a mét tham s& thuc nghiém lién quan dén
ban chét va luc clia qué trinh hap phu.

Hinh 4 va Bang 1 thé hién dudng cong mé hinh va cac
tham s& cla hai m6 hinh hdp phu dang nhiét
Langmuir va Freundlich déi vdi sy hdp phu CO: cla
ZIF-8. Két qua cho thay di liéu thyc nghiém cla qua
trinh hdp phu céac khi CO2 trén ZIF-8 phtu hop vdi mo
hinh dang nhiét Langmuir han mé hinh Freundlich.
Piéu nay dugc thé hién qua hé s tuong quan cla
phuang trinh héi qui theo mé hinh Langmuir rat cao
(R? = 0,991).
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Hinh 4: M6 hinh h&p phu déng nhiét CO> ctia ZIF-8

S& di ZIFs c6 khd nédng luu gitt dugc mot lugng 16n
CO:z la do cac tam base trén bé mat vat liéu, tudng tac
gitia vong benzen trén bé mat mao quan vdi cac phan
tir CO2 va tuong tac ludng cuc/td cuc manh cla COz vdi
cac nguyén tr N trong vat liéu [11,12,13]. Hon nia, lién
két phdi tri gilia cap electron clia nguyén tif oxi trong
CO2 Vvdi cac ion kim loai trén bé mat vat liéu cting lam

tang kha nang hadp phu CO: cla vat liéu [11, 14]. Theo
Qian va cong sy [12], qué trinh hép phu CO> trén vat
litu MOFs xdy ra 2 giai doan: Xay ra dong thdi su
chuyén giao proton cho nitrogen lién hop va su tén
cébng nucleophin vao cac phan ti CO2 cla nitrogen
lién két vai kim loai chuyén tiép trong vat liéu dé tao ra
mot loai amoni carbamate; Su hinh thanh lién két gitia
nhém amoni carbamate va kim loai chuyén tiép trong
vat liéu, dong thdi gitla amoni (+) va carbonate (-) cla
hai amoni carbamate 1&n can cling ton tai lyc tuong tac.

Bang 1: Tham s& ctia hai mé hinh hdp phu dang nhiét
Langmuir va Freundlich déi véi su hdp phu CO> cla

ZIF-8.
Langmuir Freundlich
K dm 4 R’ Kr n R
(mg.g)
0,08 16,62 0,991 2,08 1,92 0,956

TU nhitng thao luan trén, ca ché hép phu CO> trén ZIF-
8 c6 thé dugc mo ta trén Hinh 5.

Qué trinh hap phu CO: trén vat liéu ZIF-8 xay ra 2 giai
doan:

Giai doan 1: Nguyén tU nitrogen trong ZIF-8 vUa tan
cong nucleopnin vao phan t&r CO2 vira chuyén proton
cho nitrogen lién hgp dé tao ra mét loai amoni
carbamate

Giai doan 2: Hinh thanh lién két gitta nguyén tr oxygen
clia amoni carbamate va Zn* trong vat liéu ZIF-8.
Dong thdi, lyc tuong tac amoni (+) - carbonate (-) cla
hai amoni carbamate lan can Zn®* cling dudc hinh
thanh.

Hinh 5: Ca ché hép phu COz trén ZIF-8
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K&t luén

Vat liéu ZIF-8 t6ng hap tir 2 — methylimidazole va Zinc
nitrate hexahydrate c6 do két tinh cao, ¢ dang hinh
cau vdi kich thudc 33 — 45 nm, dién tich bé mat dat
1478 m?/g va bén nhiét dén khoang 400°C. ZIF-8 t6ng
hap dugc co kha nang hdp phu khi CO:2 cao, 1én dén
1,2 mmol.g”" va phu hdp v&i md hinh dang nhiét
Langmuir v&i hé s6 tuong quan cla phuong trinh hoi
qui rat cao (0,991). Su hép phu khi CO» trén ZIF-8 xay
ra hai giai doan.
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