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ABSTRACT

In this paper, ZIF-11 materials were synthesized from benzimidazole
(BIm) and zinc acetate in different solvent systems at room temperature.
The obtained samples were characterized using XRD, SEM, FTIR and
TGA measurements and tested for toluene and iodine adsorption
ability. The results show that the synthesized materials had nano-size,
and uniformity with the sharp rhombic dodecahedrons structure of ZIF-
11. The studied solvent systems almost did not affect the crystal size of
the materials, but had an small influence on their thermal stability and
the toluene adsorption ability. The samples synthesized in methanol-
toluene and ethanol-toluene solvent systems had higher thermal
stability than those synthesized in ethanol-xylene and ethanol-benzene
solvent systems. The obtained materials had high adsorption ability for
toluene. Adsorption capacity reached 303.5 mg/g, 306.1 mg/g, 295.6
mg/g and 279.7 mg/g for the materials synthesized in methanol-
toluene, ethanol-toluene, ethanol-xylene and ethanol-benzene solvent
systems, respectively. The samples also had high adsorption ability for
the iodine from aqueous solution and the studied solvent systems
almost did not affect iodine adsorption ability of the materials.

Gidi thiéu chung

trong nhiing loai ZIFs ¢é tiém néng Ung dung Ién theo
Yaghi va cong sy nhd cé dd bén nhiét va thuy nhiét

Vat liéu zeolitic imidazolate frameworks (ZIFs) la mot
ho vat liéu lai gilta v6 co va hitu cg, trong do, cac tam
kim loai lién két v&i cac phaoi tr imidazole tao thanh cac
tinh thé xGp vdi cdu truc ba chiéu md réng tuong tu
cau tric mang zeolite. Diéu nay dan dén kha nang én
dinh nhiét va hoa hoc cao cta vat liéu. Vi thé, ZIFs va
vat liéu bién tinh tUr ZIFs dugc xem la cac vat liéu cé
tiém nang Ién va da dudgc nghién clu Uing dung trong
nhiéu inh vuc khac nhau [1-3]. Bén nay, da cd hang
chuc loai ZIFs dugc cong bé [1], trong do, ZIF-11 la mét

cao trong nudc cling nhu trong dung méi hitu ca [2-
4]. ZIF-11 ¢6 céu truc kiu RHO dugc tao thanh tir cac
ion Zn?* va phdi ti benzimidazole (BIm). Cling nhu cac
loai ZIFs khac, ZIF-11 Iic dau dugc téng hgp chi yéu
bang phuong phéap nhiét dung maéi [5]. Viéc t6ng hop
3 nhiét do cao la mét trong nhiing tr& ngai I6n trong
nghién ctu ZIF-11. Tuy nhién, hién nay, ZIF-11 c6 thé
dugc téng hop thuan Igi hon bang phuong phéap dung
moi & nhiét d6 phong [4] hodc bang phuong phép c6
sy hd trg cla vi séng [6),... Vi thé, ZIF-11 ngay cang
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nhan dugc sy quan tdm nhiéu han clia cac nha khoa
hoc.

DE dénh gia anh hudng clia cac hé dung moi khac
nhau dén cdu truc va tinh chat cla vat liéu ZIF-11. Bai
b&o nay trinh bay két qua dac trung vat liéu ZIF-11
téng hgp tU 6 hé dung méi khac nhau. Bén canh dé,
khd nang hdp phu cla cac vét liéu téng hop cling
budc dau dudc xem xét.

Thyc nghiém va phuang phap nghién cdu
Tong hop vat liéu

Vat liéu ZIF-11 dugc téng hop theo quy trinh clia M. He
va cong su [4] co su diéu chinh, cu thé nhu sau: hoa
tan 0,60 gam (BIm) trong 43 mL dung maéi 1, ti€p theo
cho 26,50 mL dung mdi 2 va 0,35 mL dung dich NHs
(25 %) vao dung dich BIm, khudy hén hgp trong 5
phut. Sau do thém 0,55 gam Zn(CH3COO)2.2H20 vao
dung dich thu dugc & trén roi tiép tuc khudy dung dich
thu dugc trong 4 gid & nhiét do phong. Két tda dugc ly
tam, ria bang dung maéi 1, sdy kho trong 24 gic & 80
°C thu dugc vat liéu ZIF-11.

Trong nghién cliu nay, sdu hé dung méi da dugc khao
sat, trong do, dung méi 1 [an lugt la methanol va
ethanol, dung moi 2 lan luct la toluene, xylene va
benzene. Cac mau ZIF-11 t6ng hop dugc ky hiéu theo
hé dung mdi st dung: Me-To (methanol-toluene), Et-
To (ethanol-toluene), Me-Xy (methanol-xylene), Et-Xy
(ethanol-xylene), Me-Be (methanol-benzene) va Et-Be
(ethanol-benzene).

Bdc trung vat liéu va hogt tinh hdp phu

Vat liéu t6ng hop dugc dac trung bang cac phuong
phép: Phd XRD dugc ghi trén may nhiéu xa Ronghen
VNU-D8 Advance (Bruker, Germany), s& dung nguon
buc xa CuKe v&i budc song A = 1,5406 A, géc quét 26
thay déi tir 2° dén 60°. Phé FTIR dugc ghi trén may IR-
Prestige-21(Shimadzu) s&t dung ky thuat ép vién KBr.
Anh SEM dugc do bang thiét bi SEM JED 2300. Phan
tich nhiét TGA dugc thuc hién trén may Setaram
Labsys TG (Phap) trong mdi trudng khi tra (Ar).

Khd ndng hép phu cua véat liéu téng hop dugc danh
gia qua sy hdp phu toluene va iodine.

Thi nghiém hép phu toluene dugc tién hanh & nhiét do
phong (20 °C): Cho 100 mg ZIF-11 vao dia petri, sau do
cho vao binh kin dung tich 500 mL c6 chda 25 mL
toluene, dia petri dugc ldy ra theo thai gian dé xac
dinh khdi lugng toluene hap phu cho dén khi dat can
bang.

Thi nghiém hép phu iodine dugc tién hanh nhu sau:
Cho vao céc (loai 100 mL) 50 mL dung dich iodine 100
mg/L, 6n dinh & nhiét d6 phong (25 °C), thém vao dé
20 mg chat hap phuy, tién hanh khudy trong 60 phut,
ldy mau, ly tdm loai chat h&p phu va chudn doé mau
bang dung dich Na25203 0,01 N (pha tir 6ng chuén) dé
xac dinh ndng doé iodine. Dung lugng hap phu dugc
tinh theo cong thic: g = LoDV ), trong do, Co va C
la ndng dé ban d&u va ndng doé sau khi hép phu cla
dung dich iodine (mg/L), V la thé tich cla dung dich
(mL) va m la khéi lugng chét hdp phu (mg).

K&t qua va thao luan

Gidn do nhidu xa tia X cla cac mau vat liéu tng hop
trong cac hé dung mdi khac nhau dugc trinh bay &
hinh 1.
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Hinh 1: Gidn do XRD cla vat liéu ZIF-11 dugc téng hap
trong cac hé dung méi khac nhau

Cé thé thady gian dé XRD cua cac mau téng hop déu
xuat hién cac peak nhiéu xa dac trung cho vét liéu ZIF-
11 & cac goc nhiéu xa 20 = 4,38° 6,19 7,58°; 8,74°;
9,78°; 12,38°; 13,14°; 13,84°; 15,18°; 15,78° va 18,60°,
tuong Uing vdi cac mat nhiéu xa (011), (002), (112), (022),
(013), (004), (033), (024), (015), (044) va (006) [7]. Cé&c
peak nhiéu xa d3c trung déu sic nét va cé cudng do
I6n thé hién cdu trac vt liéu ZIF-11 t8ng hgp c6 ban
chét tinh thé cao. Hau nhu khéng thdy xudt hién cac
peak la trén gian d& XRD clia cac mau, chiing to vat
liéu téng hop co do tinh khiét cao.

Phuong trinh Scherrer [3] dugc sit dung dé tinh kich
thudc hat vat liéu dua vao peak nhiéu xa chinh Uing vdi
mat (011) va két qua dugc trinh bay & bang 1. Tu két qua
nay co thé thdy, kich thudc hat clia vat liéu ZIF -11 téng
hop trong cac hé dung méi khéc nhau hau nhu khong
khac nhau nhiéu, nam trong khoang tir 104,2 —111,6 nm.
Nhu vay, cac mau ZIF-11 téng hop déu co kich thudc

https://doi.org/10.51316/jca.2021.122
202


https://doi.org/10.51316/jca.2021.122

Vietnam Journal of Catalysis and Adsorption, 10 — special issue 1(2021) 201-205

nano va cac hé dung méi khdo sat gan nhu khong anh
hudng nhiéu dén cau tric vat liéu téng hop.
Bang 1: Kich thudc hat tinh thé clia cac vat liéu ZIF-11
t6ng hap trong cac hé dung méi khéac nhau

Mau Kich thudc hat (nm)
Me-To m,5
Et-To m,5
Me-Xy 107,3
Et-Xy m,6
Me-Be m,1
Et-Be 104,2

Hinh 2 trinh bay anh SEM vd&i cac db phdng dai khac
nhau clia cac mau vat liéu t8ng hop trong cac hé dung
moi khac nhau. Cac mau vat liéu déu hinh thanh cac
khéi céu tric da dién 12 mat hinh thoi dac trung cla
ZIF-11 r4t r6 rang va sac nét, tuong tu véi két qua cla
J. Sanchez-Lainez va céng su khi téng hgp ZIF-11 trong
hé dung méi methanol-toluene [8]. Kich thudc hat vat
liu clia cac mau t8ng hop rat déng déu. Két qua nay
mot lan nifa cho thdy rdng cac hé dung méi st dung Hinh 2: Anh SEM clia cc mau ZIF-11 t8ng hop vdi cac

dé tng hap vét liéu ZIF-11 trong nghién cdu nay hau hé dung mai khac nhau: (a) Methanol-Toluene, (b)
liéu, pht hop véi két qua XRD dd trinh bay & trén. (d) Ethanol-Xylene, (e) Methanol-Benzene

va (f) Ethanol-Benzene

Dé xac dinh cac nhom chic bé mat va xem xét su hinh
thanh cdu tric cda vat liéu ZIF-11 téng hop, phé héng
ngoai (FTIR) d& dugc st dung. (O day tap trung khao
sat phé FTIR cho cac mau trong hé dung méi co
ethanol va chi dic trung mét mau cé methanol dé so
sanh vi methanol la dung mdi thuan Igi va thudng
dugc st dung hon trong téng hop vat liéu ZIFs noi
chung va ZIF-11 ndi riéng [4,6,8].

EtBe

Do truyén qua

o
T 5= g
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Hinh 3: Ph& FTIR cla cac mau ZIF-11 trong cac hé dung
moi khac nhau
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Hinh 3 I3 phd FTIR clia cac mau Me-To, Et-To, Et-Xy va
Ft-Be. C6 thé thdy, phd FTIR clia cac mau ZIF-11 téng
hop vdi cac hé dung méi khac nhau déu xudt hién
peak dac trung cho dao déng hoéd tri cla lién két
7Zn-N & s6 song 428 cm™ [6,9. Phd FTIR clia cac mau
ZIF-11 cling xudt hién cac peak trong vung tur 600 dén
1600 cm™" dic trung cho dao déng hoa tri va dao
ddéng udn cong cua cac lién két trong vong Blm [9,10].
Cac peak & s8 séng 740 cn™ va 1182 cm™ lién quan
dén lién két C — H trong vong benzene cla Blm [8,9],
peak & s6 song 1117 cm™ dac trung cho dao déng udn
cong cla lién két N — H trong vong imidazole [8], peak
& 56 song 1242 cm™' dic trung cho lién két C — N [6],
peak lién quan dén lién két C = C xuét hién & s& séng
1464 cm™" va peak lién quan dén lién két C — C trong
nhan thom cla BIm xudt hién & s6 séng 1610 cm™
[9,10], cac peak yéu & 3028 cm™ va 3076 cm™' lién
quan dén lién két = C — H cla nhan tham [9]. Ngoai ra,
cac mau con xuat hién 1 peak tu & s6 séng 3420 cm™
dac trung cho lién két O — H cla nudc hap phu vat ly
[9]. Nhing phén tich vé ph& hdng ngoai cling chi ra
rang da téng hgp thanh cong vét liéu ZIF-11 véi cac hé
dung moi khac nhau. Tuy nhién, ti phd FTIR cling
cling dé nhan thay cudng dé cac peak déc trung, nhat
la d&i véi lién két Zn-N gidm tUr cac mau téng hop
trong hé dung mdi co toluene sang hé dung mdi céd
xylene va benzene. Nhu vy, c6 thé dung mdi toluene
thuan Igi han dung maéi xylene va benzene trong viéc
hinh thanh phic gitta Zn®* va phdi t& Bim va cling c6
thé day la nguyén nhan lam gidm dé bén nhiét clia vat
liéu nhu dugc thé hién & két qua TGA.
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Hinh 4: Gidn d6 phan tich nhiét TGA cla vat liéu ZIF-11
téng hop vdi cac hé dung maéi khac nhau

Hinh 4 trinh bay két qua phan tich nhiét trong lugng
(TGA) clia vét liéu ZIF-11 téng hop trong cac hé dung
mdi methanol-toluene,  ethanol-toluene,  ethanol-
xylene va ethanol-benzene. Gian dé TGA clia cac mau
ZIF-11 t6ng hop trong cac hé dung moi khac nhau cé
dang tuong tu nhau. Co thé cho rang gian do TGA cla

m&i mau vat liéu t8ng hop déu cé 2 khoadng gidm khéi
lugng. O khodng nhiét dé thap (< 270 °C) khéi lugng
mau gidm khong dang ké (< 7%), dudc cho la lién
quan dén su bay hadi cla H20 hédp phu vat ly hoac
cling c6 thé clia mét s6 phan tif BiIm chua phan Ung
hét bam & bén ngoai. O khoang nhiét dé cao hon (>
400 °C), cac mau déu c6 sy giam khdi luang 16n, lién
quan dén su phan huy cac cau ndi BIm trong vat liéu
[6]. Khéi lugng gidm trong giai doan nay clia cac mau
khao sat kha tuong dong, cu thé mau Me-To gidm
62,84%, mau Et-To gidm 64,98%, mau Et-Xy giam
62,72 % va mau Et-Be gidm 63,41%. Nhu vay, thanh
phan cac mau vat liéu ZIF-11 téng hop trong cac hé
dung méi khdo sat hau nhu khdng khac nhau nhiéu.

Tuy nhién, quan sat nhiét d6 phan huy & giai doan 2
clia cac mau téng hgp cé thé nhan thdy do bén nhiét
clia cac mau nay c6 khac nhau. Cac mau Me-To va Et-
To bén nhiét trén 500 °C, trong khi mau Et-Xy bén
nhiét & khoang 430 °C, con mau Et-Be & khoang 445
°C. Nhu vay, cac hé dung mdi héu nhu khéng anh
hudng dén cdu tric va thanh phan cla vat liéu téng
hgp, nhung cé anh hudng dén dd bén nhiét cla vat
liéu, mac du khéng 16n. Mau téng hop trong cac hé
dung mdi methanol-toluene va ethanol-toluene c6 dé
bén nhiét cao hon trong cac hé dung mobi ethanol-
xylene va ethanol-benzene.

Theo M. He. Va cong su [4], vat liéu ZIF-11 co khé ndng
hép phu t6t toluene nhg tinh linh déng cda cac nhém
phenyl cta Blm trong mang céu tric. Vi thé, trong
nghién cltu nay toluene dugc st dung dé danh gié kha
nang hdp phu cla cac mau vat liéu téng hop trong
ca4c hé dung mdi khac nhau. Dung lugng hép phu
(DLHP) toluene clia cac mau Me-To, Et-To, Et-Xy va
Et-Be theo thdi gian dugc trinh bay & hinh 5.

Két quéd & hinh 5 cho thdy rang, qué trinh hép phu xay
ra nhanh trong khodng 100 phdt dau (DLHP dat
khoang 90% DLHP Itc can bang) va qué trinh hép phu
dat can bang sau khoang 300-350 phut. Cac mau vat
liéu ZIF-11 t6ng hap trong cac hé dung méi khac nhau
déu thé hién kha nang hap phu toluene cao. DLHP lan
lugt dat 303,5 mg/g; 306,1 mg/g; 295,6 mg/g va 279,7
mg/g déi véi cac mau Me-To, Et-To, Et-Xy va Et-Be.
Nhu vay, co su khac biét nhd vé DLHP toluene clia cac
mau ZIF-11 t6ng hop trong cac hé dung mdi khac
nhau.

Cac mau t6ng hap trong hé dung moi cé toluene thé
hién kha nang hap phu toluene t&t han mét chit so
vGi hé ¢ xylene va hé cé benzene. Biéu nay cho thay
hé dung mdi cé anh hudng dén khad nang hép phu
toluene cuia vat liéu téng hop mac du khéng 16n.
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Hinh 5: Dung lugng hap phu toluene cla vat liéu
ZIF-11t6ng hap trong cac hé dung moi khéac nhau

Két qua danh gia kha nang hap phu iodine cla cac vat
liéu ZIF-11 t6ng hop trong cac hé dung moi khac nhau
cho thdy cac mau ZIF-11 t6ng hgp cé DLHP iodine khé
cao, dat 237,4 mg/g, 236,1 mg/g, 232,3 mg/g va 234,6
mg/g lan lugt déi véi cac mau Me-To, Et-To, Et-Xy va
Ft-Be. Nhu véy, cac mau ZIF-11 t6ng hop déu thé hién
kh& nang hap phu t6t ddi vdi iodine tUf dung dich nudc
va hau nhu khéng cd su khac nhau dang ké vé kha
nang hédp phu iodine clia cac mau vat liéu téng hop
trong cac hé dung méi khac nhau. Digu nay co thé la
do su tuong thich vé kich thudc phan tir cta iodine va
kich thudc mao quan cla vat liéu ZIF-11 nhu nhan dinh
ctia C. Falaise va cong sy [11]. Theo C. Falaise va cong
su [11], cac vat liéu lai hitu ca vo co (MOFs, ZIFs) c6 do
x6p cao vdéi cac héc 16n néi két véi cac clia s6 nho ¢
kich thudc tuang duang vdi kich thudc phan t iodine
nén chiing la nhiing vat liéu hép phu iodine tiém nang.

K&t luén

D3 t6ng hop thanh cong vét liéu ZIF-11 trong cac hé
dung moi khac nhau & nhiét doé phong, dac biét Ia
trong cac hé dung mdi methanol-xylene, ethanol-
xylene, methanol-benzene va ethanol-benzene. Vat
litu t6ng hop cé kich thudc nano, dong déu, c6 do
bén nhiét cao va thé hién khd niang hdp phuy tét
toluene va iodine tUr dung dich nudc. Két qua budc

dau nay md ra trién vong cho hudng nghién clu tng
dung cla vat liéu ZIF-11.
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