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In this work, zeolitic imidazolate framework-67(ZIF-67) was synthesized
by using microwave-assisted method. The obtained ZIF-67 was
characterized by means of scanning electron microscope (SEM), X-ray
diffraction (XRD), and thermal gravity analysis (TG). The microwave-
assisted method enabled to fabricate ZIF-67 with high yield rate and
high specific surface areas of 1935 m?/g in relatively short time as
compared to hydrothermal and solvothermal approaches. The
Langmuir and Freundlich isotherm models were utilized to determine
the adsorption capacity of ZIF-67. It was found that the adsorption

capacity of ZIF-67 for RDB could be as high as 123,5 mg/g.

Gidi thiéu chung

Phdm mau la nhitng hgp chat hda hoc quan trong
dugc s dung nhiéu trong cac nganh nhu dét nhudm,
da, gidy, dugc phdm, my phdm va nhua. Tuy nhién
chding 1a ngudn gay 6 nhiém mai trudng, dac biét 6
nhiém nudc. Vi vay tim kiém nhing k§ thuét than
thién va hiéu qua dé loai bd thudc nhudm tir nudc
thai d& trg thanh van dé quan trong va cép bach, céy
nghfa hét sic quan trong trong cong tac bdo vé maoi
trudng ndi chung cling nhu muc tiéu cla cac nha
khoa hoc néi riéng. Nhiéu phuang phap hoa ly thong
thusng da dugc phét trién dé xr ly nudc thai cd mau
nhu oxi hda sinh hoa, hadp phuy, trao déi ion, xtc tac
quang hda, oxi hda nang cao... Tuy nhién gilta cac
phuong phép trén, thi hdp phu dugc xem xét 1a mot

trong nhtng ky thuat cé hiéu qua x ly cao, chi phi
thap va thuc hién don gian.

Trong thép ky qua, viéc nghién clu vat lieu xdp
khéng nguing phat trién, dac biét vat liéu khung hitu
cd kim loai dugc goi MOFs (Metal organic
frameworks). So vd&i vat lieu x6p khéc, MOFs cé
nhitng dac diém ndi tréi hon: cd cdu triuc dang tinh
thé trat tu ba chiéu xac dinh, tao nén dién tich bé mat
va thé tich mao quan I6n, do x8p cao va co kha nang
bién déi cdu tric trudc hodc sau khi téng hop. Vi
nhitng uu diém nay vat liéu MOFs da nhanh choéng
thu hdt rét nhiéu nha khoa hoc nghién cliu vé su da
dang trong cdu trdc ctia MOFs, nhitng Ung dung day
tim nang trong nhiéu linh vuc nhu: hap phy, luu trix
khi [1], xtc tac [2], cam bién hoa hoc [3].

https://doi.org/10.51316/jca.2021.006
33


https://doi.org/10.51316/jca.2021.006
mailto:tu.ntt@vlu.edu.vn

Vietnam Journal of Catalysis and Adsorption, 10 — issue 1 (2021) 33-39

ZIFs (Zeolitic imidazole frameworks) la mot nhom vat
liéu mdi clia vat liéu khung hitu cd mao quan, mét ho
cla vat liéu khung hitu cg kim loai (MOFs). ZIFs dugc
hinh thanh t&r nhitng ion kim loai chuyén tiép cé phdi
tri t& dién Me = Co, Zn, Fe, Cu.) lién két vdi cac cau
néi imidazolate. Goc M-Im-M (M:kim loai) tucng tu
nhu goéc Si-O-Si dugc quan sat trong zeolite. ZIFs cho
thay cé nhiing dac tinh giéng doc nhét va mong dai
cao tU ca hai Zeolite va MOFs. Cho dén nay da co trén
20 loai vat liéu ZIFs dugc t8ng hgp. Trong s6 dé ZIF-67
dang la loai vat liéu thu hdt dugc sy chd y bdi tinh xdp
8n dinh, bén hoa hoc, bén nhiét cao [4], va cé tinh Ung
dung da dang. ZIF-67 (Co(min);, min =2-
methylimidazole)) dugc hinh thanh bdi cdu néi nhiing
ion 2-methylimidazolate va nhiing Cation Cobalt tao
thanh cdu tric sodalite (SOD). V&i nhiing tinh n&ng néi
troi clia ZIF-67 da thic ddy cac nha khoa hoc tim céc
phuong phap dé téng hap tinh thé x6p ZIF-67 vdi kich
c8 nano hay micromet, cac phuang phap nhu: thly
nhiét [5, 6], nhiét dung mai [7, 8], va vi séng [9]. Céc
nghién clu trudc day chi st dung riéng 1é cac phuang
phap dé téng hop ZIF-67, cac két qua cho thay kich
thudc hat chua dugc dong déu, dién tich bé mat riéng
BET va thé tich 16 x&p con nhd. Nham dé cai thién van
dé nay trong bai viét nay ching téi trinh bay viéc tién
hanh cac nghién cltu két hap dung méi va hd trg vi
séng dé téng hop ZIF-6 c6 nhiing tinh ndng ndi troi
han cac nghién clu trudc day va hdo sat kha nang
hap phu loai bo RDB tif dung dich nudc.

Thuc nghiém va phuang phap nghién cdu
Héa chdt va vdt liéu

Co(NO3)2:6H20 (Deajun); CsHsN> (Sigma-Aldrich);
CHsOH (Guang Zhou); CHsOH (Guang Zhou),
Ca6H21NsNasO10Ss (RDB, Nashik) dugc st dung trong
nghién cltu nay.

Thiét b nghién ctu

Cac dac trung clia vat liéu téng hap dudc xac dinh qua
cac gidn do nhiéu xa tia X (XRD), ghi bdi mét nhiéu xa
ké D8 Advance Bruker , Buc véi mét ngudn buc xa Cu-
Ko (0 = 15406 A). Hinh thai dugc quan sét bdi hién vi
dién ti quét (SEM) (SEM JMS-5300LV, Nhat). Nghién
ctu tinh x6p bang cach do déng nhiét hdp phu va giai
hap phu nitg vai thiét bi Micromeritics 2020 Volumetric
Adsorption Analyzer System, M§. Phan tich nhiét TG-
DSC dugc do trén may Labsys TG SETARAM cla Phap.
Phé tir ngoai kha kién (UV-Vis) do trén thiét bi Lambda
25 Spectrophotometer — Perkin Elmer, Nhat.

T6ng hgp ZIF-67 bdng cdc phuong phdp khdc nhau

ZIF-67 dugc téng hop dua theo Wang [10], Li va cs
M. Can mdét Ilugng chinh xac 2,328 gam
Co(NO3),6H,0 hoa tan trong 100 mL CH3OH va 2,624
gam 2-metylimidazol hoa tan trong 100 mL CH3OH.
Hon hop dugce cho vao binh tam giac 250 mL, khudy
déu bang may khudy tir trong 30 phdt. Cho hdn hgp
mau vao binh Teflon dat trong td sdy vai nhiét dé 100
°C trong cac khodng thdi gian Th, 2h, 3h va 4h, sau dé
mau dugc li thm trong thdi gian 10 phut (5000
vong/phut). Ly phan tha rifa ba lan lién tuc véi dung
m6i Ethanol. S8y san phdm thu dugc trong khoang
24h & nhiét do 120 °C. M&u ran thu dugc ki hiéu ST-
ZIF-67. Thuc hién thi nghiém tuong tu vdi lugng chat
phan Ung nhu trén , nhung dé mau & nhiét do phong
trong 1, 2, 3 va 6 ngay, sau do li tam lam tuong tu nhu
trén, mau ky hiéu RT-ZIF-67. Thi nghiém cling thuc
hién vai lugng tuong tu va mau dudc dat vao trong
thiét bj vi séng. Mau dudgc chiéu vi song trong 20, 30,
40 va 60 phut, mau dugc ky hiéu MW-ZIF-67.

Hiéu sudt san phdm t6ng hop dudc tinh toan dua trén
biéu thiic sau:

Y= ’;—axmo ()

14

Trong d6 mp lugng thuc té ZIF-67 thu dugc; m: lugng ly
thuyét dugc tinh dua trén phan Ung hda hoc

Co(l) + 2MIN - Co(MIM),.

Ap dung phuong trinh Scherrer trén gian d& XRD, kich
thudc tinh thé (Dxro” ) dudc tinh toédn theo biéu thic sau:

K.A
— 2
B. Cos@ ( )

Trong do6 D la kich thudc tinh thé (nm); B bé rong tai
nifa chiéu cao peak; 6: géc nhiéu xa; A 1a d6 dai séng
clia tia X (0,154 nm); K 1a hang s& Scherrer.

Nghién citu kha ndng hdp phu cua ZIF-67 logi bd RDB
6 trong dung dich nuéc

Xdc dinh diém ddng dién cta ZIF-67

Cho vao 7 binh tam gi4c (dung tich 100 mL) 25 mL
dung dich NaCl 0,01M va 0,01 gam ZIF-67. Gia tri pH
ban déu cla dung dich (pHy) dugc diéu chinh nam
trong khoang 2 dén 10 bang dung dich HCl va NaOH.
Day kin va lac bang may lac trong 24 gid. Sau do dé
lang, loc sach huyén phu bang gidy loc, do lai gia tri
pH goi 1a pH:. DO thi bi€u dién mdi quan hé sy khac
nhau gilfa cac gia tri pH ban d&u va sau cung (ApH =
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pHr -pH) theo pH; la dudng cong cat truc hoanh tai
ApH = 0 cho ta gia tri pH dang dién(pHpzc ).

Nghién ciru dnh hudng cua pH [én qud trinh hdp phu

Cho vao 8 binh tam giac dung tich 250 mL chda 200
mL dung dich thuéc nhuém RDB néng dd 30 mg/L,
diéu chinh pH ctia dung dich lan lugt la 4,5, 6, 7, 8, 9,
10 va 12. Cho vao méi binh 0,05 g vat liéu ZIF-67. Cac
binh dugc day kin va lac trén may lac IKA HS/KS 260
trong 24 gid. Sau do loc bd chét rén va xéac dinh ndng
dé con lai clia dung dich CGR.

Nghién cau ddng nhiét hdp phu RDB [én vat liéu ZIF-67

Chudn bi 6 binh nén chra 200 ml dung dich thudc
nhudm RDB ndng dé 30 mg/L, thém vao mbi binh vai
khéi lugng vét liéu ting dan 0.015 dén 0.05 gam, day
kin va 1ac hdn hop déu trong 24 gid & nhiét d& phong
dé ddm bao qué trinh hép phu dat can bang. Dung
dich sau khi l&c dugc ly tam loai bd phén rén va xac
dinh néng dé cua thudc nhudém con lai trong dung
dich bang phuong phap quang phé UV-Vis tai budc
séng, Amax = 600 nm. Dung lugng hép phu can bang
dugc tinh theo phuaong trinh (3)

_ V(€o=Ca) G

e m

Trong do ge(mg/g) dung luong hap phu tai thai diém
can bang; Co (mg/L) 1a néng dd thudc nhudm ban
dau; Ce la ndbng d6 thudc nhudm tai thai diém can
bang; V(L) la thé tich cla dung dich mau ; va m(g) la
khéi lugng cua ZIF-67.

Két qua va thao luan
Ddc trung vt ligu ZIF-67

Hinh 1 trinh bay gidn do XRD cuia cac mau ZIF-67 dugc
téng hgp bang phucong phéap vi séng (MW-ZIF-67),
dung méi nhiét tai nhiét dé phong (RT-ZIF 67) va dung
nhiét tai 100 °C (ST-ZIF-67). K&t qua cho théy tét ca céc
peak nhiéu xa dugc quan sat rd va co sy dong nhat
cao so vd&i mau mo phong chudn cla ZIF-67 theo
CCDC 671073 [12]. Cudng dé nhiéu xa manh cla cac
mat (011), (002), (112), (013), (222), (114), (233), (134),
(044), (244), (235) tai cac giad tri 28 tucong Ung 7,58;
10,08; 12,68; 14,64; 16,38; 17,98, 22,24, 25,00; 26,06;
29,06; 31,02; 32,06 va 33,32° dugc quan sat trén gian
dd XRD. Diéu nay cho thdy tit cd cac mau thu dugc 1a
ZIF-67 v4i pha tinh khiét va do két tinh cao. Kich thudc
tinh thé (D) dugc tinh theo phuong trinh Sherrer (2)
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cho thay D clia mau MW-ZIF-67 1a 1,622 nm trong 40
phut, D clia méu ST-ZIF-67 trong 1 gid 1a 1,482 nm va
D clia mau RT-ZIF-67 trong 3 ngay la 1,464 nm. Diéu
nay cho thdy mau téng hop bang phucong phap vi
song co do két tinh rét cao so vdi cac mau dugc xu ly
bang phuong phap dung nhiét tai nhiét dé phong va
100°C.

Cac mau téng hap bang phuong phap dung moi nhiét
tai nhiét dé phong trong mét ngay, hai ngay, ba ngay
va chin ngay cho thdy cac hat c6 hinh dang khong
dong déu. Mau tai thdi gian mot ngay cé khuynh
huéng két tu va bé mat tinh thé khong séc nét. Nhung
khi cac mau ZIF-67 dugc téng hgp bang phucong phap
dung moi nhiét tai 100°C trong 1, 2, 3 va 4 gid. Co thé
thdy kich thudc hat bat dau tang khi thai gian phan
Ung tang va dat dén gan 2000 nm sau 4 gid (835 nm
sau 1 gio). Tai thai gian phan Ung ngan, ton tai ca hat
I&n va hat nhé. Tuy nhién, khi thdi gian phan Ung kéo
dai thi cac hat nhdé bi tiéu hao do anh hudng cla co
ché chin mudi Ostwald dé tao ra nhiing hat déng déu
va Ién haon.
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Hinh 1: Gidn do XRD cla ZIF-67 tng hop bang céc

phuong phap khac nhau: (a) Mau ZIF-67 chuén; (b)

Phuang phép vi séng & cac thdi gian khac nhau; (c)

Phuong phap dung nhiét tai 100 °C va (d) Phucng
phap dung nhiét tai nhiét d6 phong

Hinh 2 anh SEM clia cac mau ZIF-67 dugc x{ Iy véi cac
thai gian vi séng khac nhau. Nhing tinh thé da dién
hinh thanh khong déng déu va cé khuynh hudng két
tu lai tao cac hat da dién nho sau 20 phdt buc xa vi
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séng. Kich thudc hat trung binh khodng 721 nm (Hinh
2a). Khi thai gian buic xa vi séng tang lén ti 30 dén 40
phut thi cac mat da dién cla hat thé hién rét ro rang,
trong dé nhitng tinh thé nho bi tiéu hiy dé hinh thanh
nhiing tinh thé Ién hon.

Hinh 2: Anh SEM clia ZIF-67 dudc t8ng hap bai
phuang phap hd trg vi séng (a: 20 phut; b: 30 phit; ¢
40 phut va d: 60 phut)

Do sy phéat trién cla nhan theo cg ché chin mudi
Ostwald, cac hat c6 hinh dang déng nhét, dong déu va
kich thudc 16n hon (trung binh khodng 1000 nm) (Hinh
2b, ). Tuy nhién, khi kéo dai thai gian buc xa vi séng
lén 60 phat thi hinh dang va kich thudc tinh thé trg
nén khéng dong déu; kich thudc hat co khuynh hudng
tang. Kich thudc hat clia mau MW-ZIF-67 tai 40 phut
buic xa vi séng co do 1éch chuén nhod hon so véi nhing
mau cla ZIF-67 khac.

Phuong phap vi séng cho hiéu sudt t6ng hop ZIF-67
cao trong khoang thdi gian ngan. Bang 1 biéu dién ty
& % cla ZIF-67 thu dugc dua trén Cobalt (Co) déi véi
cac phuong phap khéc nhau. ZIF-67 t6ng hop & nhiét
dé phong cho hiéu suét rat thap va can thai gian cla
qué trinh téng hop dai, trong khi do hiéu sudt co thé
dudc cai thién khi t6ng hop dugc thuc hién trong diéu
kién dung nhiét tai 100°C. Tuy nhién, t6ng hop vi séng
trong 40 phut cho hiéu sudt 95%, cé hiéu suat tuong
duang clia phuang dung nhiét trong 4 gic.

Bang 1: Hiéu suat téng hap ZIF-67 vdi cac phuong
phap khac nhau

Pic tinh x8p cla ZIF-67 dugc nghién clu qua dang
nhiét hdp phu va giai hdp khi Nitg dugc thé hién trong
hinh 3. K&t qua cho théy tit ca cac dudng dang nhiét
thudc loai dang nhiét hdp phu loai | theo phan loai
IUPAC. Su tang dang ké thé tich hdp phu tai ap suat
tuong déi thdp cho théy su tdn tai vi xGp trong tat ca
mau ZIF-67. Ngoai ra sy tang lugng khi N2 dugc hap
phu gan P/Py = 1, diéu nay cling cho thdy dé x6p bén
trong gilta cac hat ZIF-67 Ién. Dién tich bé mat riéng
tinh theo mo hinh BET clia cac mau ZIF-67 dugc téng
hop bang cac phuong phép truyén théng gidng cod
Seer= 316-1319 m?/g, cac két qua nay giéng vdi cac
nghién cliu truéc day [5]. Mot diém ndi bat dugc thay
& ZIF-67 dudc téng hap bang phucong phép vi séng s&
httu mot dién tich bé mat va thé tich vi x6p rat 16n
(0.98 cm?/g va 1935 m?/g ) so véi nghién clu trudc day
cla Liva cong su [11].
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Hinh 3: Bang nhiét hdp phu va gidi hdp phu nittc cta
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Hinh 4: Gidn do phan tich trong lugng theo nhiét d6
clia mau ZIF-67 dudc t8ng hap bang phucng phap vi
séng trong thai gian 40 phut
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Hinh 4 trinh bay biéu do TG-DSC cla ZIF-67. Cé thé
thdy ZIF-67 trudc tién méat khéi lugng tu nhiét do
phong dén 500°C Ung vdi 4,11% do su thoét nhimng
phan tir nudc va cac phan t khi tir cac héc. Mét khéi
lugng lan hai trong khodng nhiét dé 500-850°C, (ng
Véi 68,247%. Déy c6 thé do su phan hly cac phdi tir
hitu co. Biéu nay cho thay vét liéu ZIF-67 r&t bén nhiét
dén 500°C.

Xdc dinh diém dang dién cta ZIF-67 va khdo sdt dnh
hudng cua pH dén khd ndng hdp phu

Chon méu ZIF-67 dudc t8ng hop bang phuong phap

Vi song trong thdi gian 40 phdt dé tién hanh céc
nghién clu tiép theo.
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Hinh 5: a) pHzpc (zero point charge) dugc xac dinh
b&ng phuong phéap chuyén dich pH; b) Anh hudng cla
pH Ién dung lugng hép phu CGR

Piém dang dién clua ZIF-67 dugc xac dinh bing
phuong phéap dich chuyén pH la khoang 9 hinh 5a. Khi
pH cla dung dich nhd han pHpzc (<9), bé mat ZIF-67
tich dién duong, va khi pH cta dung dich I6n han 9, bé
mat ZIF-67 tich dién am. K&t qué trén hinh 5b cho théy
dung lugng téng manh khi pH = 5 — 8, sau do dung
lugng hdp phu gidm manh khi pH > 9 do bé mat tich
dién am ZIF-67 ddy cac tiéu phan mang dién tich am
clia RDB thong qua lyc déy tinh dién. Ca ché tuong tac
tinh dién nay tuong tu vdi ca ché hdp phu cla axit
phthalic[13] va axit p-arsanilic trén ZIF-8 [14]. Su tucng
tac chdng m—Tt gitta nhitng vong tham ctia RDB va cac
vong tham imidazolate cla khung ZIF-67 ciing tao ra
mét sy hdp phu hiéu qua déi véi RDB. Trong thuc té,
sy tuong tac nay dugc st dung dé giai thich dung
lugng hdp phu cao cla cac chat hdp phu chira carbon
lai hda sp? vdi chét bi hdp phu chita vong thom trong
c8u trdc phan t. Thém vao do, su phdi tri ciia nhiing
nguyén tU nitd va oxy trong phan tif RDB vd&i nhiing
ion Co?* trong khung ZIF-67 cling dugc cho la gop
phan vao su hap phu RDB.

Nghién ciru ddng nhiét hdp phu

Pang nhiét hdp phu dugc nghién clu & nhiét do
phong va hai mé hinh déng nhiét hdp phu Langmuir,
Frendlich dugc st dung nghién cho ctu.

M6 hinh dang nhiét Langmuir dang tuyén tinh dugc

biéu dién qua phuang trinh 4 [15, 16]
1 . 1 1 4

qe - Qmom "~ Kr - Ce

Qmom

Sy tuong thich ciia mé hinh ddng nhiét Langmuir
thuding dugc bidu dién bang hang s6 phan tach khong
thd nguyén Ry [17]

R —=— + (5
1 + Co - Ky

Néu: R. > 1. khong thuan Igiva 0 < RL < 1: thuan Igi
Phuong trinh Freundlich dang tuyén tinh dugc dién ta
qua phuang trinh 6 [15, 18]

1 (6)
Ing, = - InC, + InKx

Trong dd gmom la dung lugng hap phu don I8p cuc dai
(mg/q); Ki, Kr 1a hang s6 can bang hép phu Langmuir,
Freundlich (L/mg); ge (mg/g) la dung lugng hép phu tai
thai diém can bang va Ce (mg/L) la néng dé RDB tai
thai diém can bang va n 1a moét tham s thuc nghiém.

TU cac két qué thuc nghiém & Bang 2 va hinh 6, ca hai
md hinh déu cho hé s xac dinh cao (R? = 0,98) va
theo quan diém théng ké, dudng hodi quy tuyén tinh
gitia 1/Ce Vv&i 1/ge va InCe Vi Inge 6 y nghia théng ké
bdi vi gié tri p < 0,05 cho ca hai mé hinh. Hon nlia, cac
théng s6 dic trung (nhu R. d&i vdi dang nhiét
Langmuir va n déi véi dang nhiét Freundlich) 1a thich
hop vdi R trong khoang 0 dén 1 va gia tri cla n =
3,2+3,8 [17,19].

a
0015 48
0014
0013
g
5 ooz
0011,
0010

L2 a3

T T T T T T 1 T T T T
005 010 015 020 05 03 03 10 15 20 25 30
Uce InCe

Hinh 6: D6 thi mé hinh déng nhiét Langmuir (a) va mo
hinh Freundlich (b) cla hép phu RDB trén ZIF-67
Bang 2: Cac thédng s mé hinh dang nhiét Langmuir va
Freundlich tai nhiét dé phong
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M6 hinh ddng nhiét M6 hinh ddng nhiét

Langmuir Freundlich
Gmom K R? p Kr n R? P
(mg/g) | (L/mg) (/9

1235 | 039 | 098 | <005 3,97 | 3,8 | 098 | <0,05

Viéc phan tich trén cho phép két luan rang cac dit liéu
hip phu ddng nhiét thuc nghiém cla thudc nhudm
RDB trén vat liéu ZIF-67 c6 su tuong thich vdi ca hai
mé hinh dang nhiét Langmuir va Freundlich. Cé nghiia
rang hdp phu don I8p va ton tai bé mat khdng déng
nhat trén chat hdp phu. Mot diém ndi tréi la ZIF-67
cho thdy khd ndng hép phu rét cao déi vdi thudc
nhuém RDB (123,5 m/qg). Dung lugng hdp phu cla
ZIF-67 d6i v&i RDB cao hon tU 2 dén 5 lan dung
lugng hép phu clia cac chat hdp phu d& dugc cong
b trong cac nghién cu trude day [20-22].

Két luan

ZIF-67 dugc téng hop thanh cong bang phuong phap
hd trg vi séng. Cac két qua cho thay phuong phap vi
séng co rat nhieu uu diém vuct tréi so véi cac phuong
phéap tiép can théng thudng vé thdi gian téng hop, vat
liéu c6 hinh thai dong nhat, dé két tinh cao, dién tich
bé mat lén dén 1935 m?/g va hiéu sudt san phdm thu
dudc cao (95%) trong thdi gian vi song trong 40 phut.

pH cla dung dich anh hudng rat I6n dén kha nang
hép phu cla ZIF-67, dung lugng hap phu tdng manh
khi pH= 5 — 8, sau d6 gidm manh khi pH > 9.

Cac s6 liéu hdp phu dang nhiét thuc nghiém clia thudce
nhuém RDB trén vat liéu ZIF-67 co su tuong thich vdi
ca hai mé hinh dang nhiét Langmuir va Freundlich.
Dung lugng hép phu RDB cla ZIF-67 la 123,5 mg/qg,
ZIF-67 c6 thé xem nhu mét trong nhiing chat hdp phu
MOFs hita hen dé loai bd mau thuéc nhuém tir dung
dich nudc.
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