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Tom tat: Trong bai bao nay, composite CuO/ZnO/C dugc tong hop bang
phuong phép nhiét phan trén co so vat liéu ZIF-7 doping Cu(ll). Anh huéng
cua nhiét do nung dén thanh phan pha ciia composite ciing da duoc khao sét.
Vit lidu téng hop duge dic trung cau tric va tinh chat bang cac phuong phap:
nhiéu xa tia X (XRD) va phé tan sic ning luong tia X (EDX). Két qua cho
thiy nhiét d6 nung anh huong dén thanh phan pha cua vat liéu tong hop.
Composite CuO/ZnO/C hinh thanh tbi vu & 500 °C. O nhiét d6 nung cao hon,
mot phan CuO s& chuyén thanh Cu,0 va Cu. Kha nang hap phu va quang x(c
tac ciia composite CuO/ZnO/C tong hop ciing duge danh gia. Két qua thuc
nghiém cho thay vat liéu composite cai thién hoat tinh hap phu rhodamine B
S0 Véi ZIF-7 (ting hon 2 1an). Bén canh do, vat liégu CuO/ZnO/C ciing thé hién
dugc hoat tinh quang xuc tac phan huy rhodamine B dudi tac dung ctia anh
sang nhin thay.

Tir khoa: CuO/ZnO/C, ZIF-7, hip phu, quang xdc tac, rhodamine B.

1. MO DAU

Vit lieu khung hitu co—kim loai ¢ ciu trac twong tu zeolite (zeolitic imidazolate
frameworks, ZIFs) 1a mot phéan 16p caa ho vat liéu khung hiru co—kim loai (Metal-Organic
Frameworks, MOFs). ZIFs dugc tao thanh tir céc ion kim loai (Zn?*, Co?*, ...) va cac phdi
ttr hiru co imidazole. Vi dién tich bé mat 16n, hé théng mao quan da dang va do bén nhiét
cao, ZIFs thé hién duoc tiém niang tng dung trong nhiéu linh vuc khac nhau nhu: hap
phu, xuc tac, dién hoa, luu trir va tach chat khi, ... [1, 2, 3]. Nhitng cdng bb gan day con
cho thay ring, ZIFs c6 thé dugc sir dung nhu 14 tién chat dé tong hop cac nano oxide kim
loai [4]. Bén canh do, voi khd nang chirc ndng hda linh dong béng cac ion kim loai khac
nhau, ZIFs cling dugc st dung nhu 13 tién chat tiém ning dé tong hop cac vat liéu
nanocomposite da thanh phan [5, 6]. Hon nita, vi ZIFs chtra cac cau nol hiru co, nén khi
nhiét phan trong mdi truedng khi tro s& tao ra cac nguyén tir carbon xdp véi cac hat nano
phan tan tot. Ngoai ra, cau tric xp caa ZIFs con cung cap su két hop cua céc thanh phan
chuc niang hoda vao cac “1ong” (mao quan) cua ching trude khi nhiét phan, dan dén cac
san pham pha tap da dang [7]. ZIF-7 duoc tao thanh tir cac ion Zn(lI1) va phéi tir hiru co
benzimidalate. ZIF-7 ¢ ciu tric kiéu SOD nén c6 do bén nhiét va thuy nhiét cao, hua
hen cho viéc bién tinh d& dang. Vi thé, ZIF-7 1a mot trong nhitng loai vat liéu ZIFs nhan
duoc sy quan tdm cua nhiéu nha khoa hoc trong linh vuc xdc tac va hap phu [3, 8, 9].
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Trong bai bao nay, ching toi trinh bay két qua tong hop vat liéu composite CuO//ZnO/C
duva trén co so vat liéu ZIF-7 pha tap Cu(ll) va danh gia hoat tinh quang xdc tac cua vat
liéu tong hop dugc.

2. THUC NGHIEM
2.1. Hoa chat

Cac hoa chat sir dung trong nghién ctu ndy bao gém: Zn(CH3C00)2.2H20 (Guangdong,
Trung Qudc), Cu(CH3C00)2.H20 (Merck, Bic), benzimidazole (Shanghai, Trung Quéc),
ethanol (Xilong, Trung Quéc), dung dich NH3 25% (Xilong, Trung Qudc) va rhodamine
B (Merck, buc).

2.2. Téng hop vat liéu
Vit ligu composite CuO/ZnO/C dugc tong hop qua 2 giai doan.

Giai doan 1, tong hop vt liéu Cu-ZIF-7: Vit liéu Cu-ZIF-7 duoc tong hop theo quy trinh
tong hop ZIF-7 cua M. He va cong su [9], c6 su diéu chinh: Hoa tan 0,4599 g
Zn(CH3C00),.2H20 va 0,1800 g Cu(CH3COOQ)..H20 trong 13 mL ethanol thu dugc
dung dich (1), hoa tan 0,7200 g benzimidazole trong 38 mL ethanol thu dugc dung dich
(2). Cho dung dich (1) vao dung dich (2), thém vao do 3,84 mL dung dich ammonia
(25%), khuay hé trong 10 phut & nhiét do phong. Két tiia duoc rira bang ethanol, sau d6
say kho & 80 °C.

Giai doan 2, tong hop composite CuO/ZnO/C: Vit liéu CuO/ZnO/C dugc téng hop bang
phuong phép nhiét phan. Nung yém khi Cu-ZIF-7 trong 2 gio & cac nhiét d6 khac nhau
(400, 500 va 600 °C) véi toc d6 gia nhiét 4 °C/phut thu dugc cac vat liéu CuO/ZnO/C. Ki
hiéu mau twong tng la COM.400, COM.500 va COM.600.

Dé so sénh, vat lidu ZIF-7 ciing duoc tong hop theo quy trinh tong hop Cu-ZIF-7 ma
khong sit dung Cu(CHsCO0)2.H:0.

2.3. Pic trung vat ligu tdng hep va thir hoat tinh hip phu, xic tac

Cac vat liéu tong hop duoc dic trung bang cac phuong phap: Phd XRD dugc ghi trén
maéy nhiéu xa Ronghen VNU-D8 Advance (Bruker, Germany), str dung ngudn bic xa
CuKq véi budc séng 4 = 1,5406 A, goc quét 20 thay doi tir 2 — 80°; anh SEM & cac do
phong dai khac nhau duoc do bang thiét bi SEM JED 2300 va phé EDX duoc do trén
may SEM JED 2300.

Kha ning hap phu cua cac vat lidu tong hop dugc danh gia qua su hap phu rhodamine B
(RhB) tir dung dich nuéc. Cho vao céc 150 mL dung dich RhB 10 mg/L, 6n dinh ¢ nhiét
d6 phong (25 °C), thém vao d6 30 mg vat liéu tong hop va tién hanh khuay hdn hop trong
bong t6i. Sau cac khoang thoi gian 10, 20, 30, 45, 60, 90, 120 va 150 phat, lay mau ly
tam loai chat hap phu va xac dinh nong do RhB bang phuong phap pho UV-Vis. Dung
luong hap phu (DLHP) duoc tinh theo céng thuc:
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trong d6, Ci va Ct 1a ndng do cua dung dich RhB ban dau va ¢ thoi diem t (mg/L), V 1a
thé tich cua dung dich (mL) va m la khoi Iuwgng chat hap phu (mg).

Hoat tinh quang xuc tac cua vat liéu dugc danh gia qua kha nang phan huy RhB. Cho vao
coc 150 mL dung dich RhB 10 mg/L, on dinh & nhiét do phong (25 °C), thém vao d6 30
mg vat liéu tong hop va tién hanh khudy dung dich trong bong tbi trong 60 phut dé qua
trinh hap phu dat can bang. Sau d6 dung dich dwoc chiéu sang bang dén halogen (250 W,
c6 kinh loc tia UV). Sau cac khoang thoi gian 10, 20, 30, 45, 60, 90, 120, va 150 phut,
ldy mau ly tdm loai chat xuc tac va xac dinh nong d6 RhB bang phuong phép phd UV-
Vis. Hiéu suat phan huy RhB duoc tinh theo cdng thic sau:

H=".100 (2

Cl r r
trong do, Ci (mg/L) va Ct (mg/L) la nong d6 RhB trugc khi chiéu sang va ¢ thoi diém t
sau khi chiéu sang.

3. KET QUA VA THAO LUAN

CAu tric cua céc vat liéu ZIF-7, Cu-ZIF-7 va CuO/ZnO/C nhiét phan ¢ 500 °C (mau
COM.500) dugc dic trung bang phd XRD va két qua duoc trinh bay ¢ Hinh 1. Gian do
XRD cuia mau ZIF-7 chira day du cac peak dic trung cua loai vat liéu nay [3, 9], cac peak
déu rd rang, c6 cuong d6 cao va sic nét, nhat I peak chinh & goc 20= 8,93° ng vai mit
nhidu xa (110), chiing té vat liéu ZIF-7 da duoc tong hop thanh cong va cé do tinh thé
cao. Gian ¢6 XRD ctia mau Cu-ZIF-7 ciing xuit hién cac peak dic trung twong ty mau
ZIF-7. Ngoai ra, cac mau nay con xuit hién mot vai peak méi co cuong do yéu, chang
han, peak ¢ goc 26 = 10,4° hay 260 = 13,9° (ki hi¢u (*) ¢ Hinh 1a). Nhu vay, vat li¢u Cu-
ZIF-7 ciing c6 Cau trac twong ty ZIF-7, nhung c¢d thé mau nay da xuat hién thém pha méi
bén canh Zn(blm), cua ZIF-7. Tuy nhién, chung tdi chua xac dinh dwoc thanh phan pha
maoi ndy. Sau khi nhiét phan, bén canh cac peak dic trung twong ty ZIF-7 (Hinh 1a), mau
COM.500 con xuat hién cac peak dic trung cho ZnO (20 = 31,57°, 34,42°, 36,35°, 56,5°
va 62,94°) [10, 11] va CuO (26 = 48,12°, 61,28° va 68,19°) [12, 13]. Ngoai ra, mau
COM.500 con xuét hién 1 peak ¢ goc 26 = 42,29° dic trung cho Cu20 [13] (Hinh 1b).
Diéu nay c6 thé 1a do trong qua trinh nhi¢t phan, san pham cua sy chay/phan huy chat
hitu co (C, Hz) da khu mot phan CuO vé Cup0. Nhu vay, mau composite tong hop c6
thanh phan chinh 1a ZnO va CuO, ngoai ra con c6 C (két qua phan tich EDX bén dudi),
nghia 1a composite CuO/ZnO/C da dugc tong hop va b ciu tric twong ty ZIF-7.

Dé khao séat anh hudong cua nhiét do nung dén thanh phan pha cua vat liéu composite, cac
mau composite da duoc tong hop & cé~c nhiét d6 nung khac nhau la 400, 500 va 600 °C.
Hinh 2 la két qua pho XRD cua cac mau nay.

Két qua XRD & Hinh 2 cho thay, vé co ban cac mau composite van duy tri cac peak dic
trung gidng ZIF-7 déng thoi xuat hién thém cac peak cia ZnO va CuO nhu da trinh bay
O trén. Tuy nhién, khi tang nhiét d¢ nung tur 400 1en 500 °C, céc peak déc trung cho ZnO
[10, 11] va CuO [12, 13] xuét hién rd rang hon, ngoai ra con xuét hién thém cac peak dac
trung cho pha Cuz0 [13] (Hinh 2b). Con khi ting nhiét d6 tir 500 1&én 600 °C, sé peak va



TONG HGOP VA HOAT TiNH XUC TAC CUA COMPOSITE... 27

cuong do cac peak dac trung twong tu ZIF-7 giam manh, trong khi cuong do cac peak
dac trung cho cac oxide ZnO va CuO ting, dic biét xut hién thém cac peak dic trung
cho Cu rét rd rang va sic nét (20 = 43,3°, 50,42° va 74,04°) [13] (Hinh 2b). Diéu nay co
thé nhiét do ting da lam ting kha nang khir CuO thanh Cu cua cac san pham nhiét phan
(C, H2). Nhu vay, nhiét d6 nung 500 °C thich hop cho viéc hinh thanh composite
CuO/ZnO/C va duy tri cau trac twong tu ZIF-7.
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Hinh 2. Gian doé XRD (a) va XRD gdc lén (b) ciia cac mau COM.400, COM.500 va COM.600

Phé tan sic nang luong tia X (EDX) duoc sir dung dé phan tich thanh phan nguyén tb cua
mau COM.500. Két qua dic trung dugc trinh bay & Hinh 3 va Bang 1.

Tur Hinh 3 va Bang 1, c6 thé thay vat liéu composite tong hop c6 cac nguyén té chua yéu
la C, O, Zn va Cu. Ngoai ra con c6 1an mot luong rit nho tap chat Ni. Két qua EDX khing
dinh thém vé sy hinh thanh composite CuO/ZnO/C sau qua trinh nhiét phan.
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Cac vat liéu tong hop duoc danh gia kha nang hap phu théng qua su hip phu RhB tir dung
dich nuéc. Hinh 4 trinh bay DLHP RhB ctia cac mau ZIF-7, Cu-ZIF-7 va COM.500 theo
thoi gian. Co thé thiy kha ning hap phu RhB cua vt liéu ZIF-7 1a khéng cao, dat 15,09
mg/g sau 60 phut. Nhu nhitng cong bé trudce day [3, 9], vat li¢u ZIF-7 ¢6 kich thudc mao
quan nho trong khi céc phan tir RhB c6 kich thudc 16n nén khong thé di vao bén trong
cac mao quan vat liéu, do d6 qua trinh hip phu chi xay ra & mat ngoai, vi vay ma DLHP
khong cao. Kha ning hip phu RhB cia mau Cu-ZIF-7 duoc cai thién so véi ZIF-7, dat
31,28 mg/g sau 60 phit. Két qua nay c6 thé la do su ¢6 mat cua Cu(Il) da tao thém céc
tam hap phu trén bé mat vat liéu lam gia ting kha ning hap phu. Mau COM.500 ¢4 DLHP
RhB cao hon Cu-ZIF-7 nhung khong nhiéu, dat 33,79 mg/g sau 60 phit. Két qua & Hinh
4 ciing cho thay qua trinh hap phu RhB gan nhu dat can bang sau 60 phit.
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Céc vat ligu tong hop tong hop ciing dugce danh gia hoat tinh quang xuic tac qua phan imng
phan huy RhB duéi tac dung cua anh sang nhin thay. Hinh 5 trinh bay hi¢u suat phan huy
RhB cua cac mau ZIF-7, Cu-ZIF-7 va COM.500.

100

=
o

74 07

)

2 80

g 4945

£ r -

[=9 '

= 40

7

= 20
315

0 =7 S ¢

2IF-7 Cu-ZIF-7 COM 500

Hinh 5. Hiéu sudt phan hiy RhB cua céc vt lidu ZIF-7, Cu-ZIF-7 va COM.500 sau 120 phdt

C6 thé nhan thay rang miu ZIF-7 hau nhu khong thé hién hoat tinh quang xuc tac dudi
tac dung caa anh sang nhin thay khi hiéu suat phan huy RhB chi dat 3,15%. Vat liéu ZIFs
la mot loai vat liéu ban dan véi nang luong viing cim cao. Theo tinh toan, nhitng vat liéu
ZIFs ¢6 thanh phan Zn(blm), nhu ZIF-7 ¢6 nang luong ving cam 1én dén 4,6 eV [14], vi
thé ching hau nhu khong thé hién hoat tinh quang x(c tac trong viing anh sang nhin thay.
Sau khi doping bang Cu(ll), mau Cu-ZIF-7 thé hién hoat tinh quang xdc tac trong viing
anh séng kha kién voi hiéu suat phan huy RhB dat 49,45%. Con sau khi nhiét phan tao
composite CuO/ZnO/C miu COM.500 da thé hién hoat tinh quang xuc tac cao nhat véi
hiéu suat phan huy dat RhB dat 74,07%. Diéu nay c6 thé la do trong vat liéu composite
d3 hinh thanh nén cac bé mat tiép xtc di thé. Khi nhiét phan Cu-ZIF-7, ludng oxide
CuO/ZnO dugc hinh thanh trén nén carbon, 1am ting bé mat tiép xdc di thé, dan dén sy
dan xen ning luong viing cam giira 2 oxide ban dan, 1am ting kha niang hap thy anh sang
trong viing nhin thay, gitp cho su hinh thanh cip electron - 15 tréng quang sinh duoc dé
dang hon [5]. Bén canh d6, su c6 mat caa carbon lam ting do x6p ciling nhu han ché su
tai hop gitra electron - 13 tréng quang sinh, tir d6 ting hoat tinh quang x(c tac.

Pé khao sat dong hoc ctia phan ng quang xuc tac, hiéu suit phan hiy RhB ctia mau
COM.500 theo thoi gian da dugc xac dinh va trinh bay & Hinh 6. Tir két qua nay co thé
thdy, hiéu suat phan huy RhB cua vat ligu composite ting theo thoi gian phan tng. Tuy
nhién, & khoang 30 phut dau, hiéu suat phan huy khong cao, hiéu suit phan huy chi tang
nhanh sau khoang thoi gian nay. Nhu vay, c6 thé can mot khoang thoi gian nhat dinh dé
che}t xuc tac hp thu anh sang, kich hoat electron va hinh thanh cac gbc tu do dé phan huy
chat mau.

Phan tmg quang x{ic tac phan hily chat mau thuong tuan theo trinh dong hoc béac 1. Vi

vay, ¢ day phuong trinh dong hoc bac 1 cling da duogc s dung. Phuong trinh dong hoc
bac 1 c6 dang:



30 HOANG VAN DUC va cs.

C
N =kt (3)
Cc
trong d6, Co 12 ndng d6 can bang cua RhB trudce khi chiéu sang.
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Hinh 6. Hiéu sudt phan hiy RhB ciia mau COM.500 theo thoi gian
Hoi qui tuyén tinh In % theo t thu duoc dd thi biéu dién & Hinh 7. Vi hé sb xac dinh 16n
(R? = 0,9913) chung t6 phan ng phan huy quang xuc tac RhB trén vat liéu composite
CuO/Zn0O/C tong hgp tuan theo dong hoc phan tng bac 1. Hang so toc d6 phan huy RhB
tinh toan dugc 1a 0,0066 phatL.
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4. KET LUAN
i tong hop thanh cong composite CuO/ZnO/C trén co s Vét ligu ZIF-7 doping Cu(ll) bang
phuong phap nhiét phan trong diéu kién yem khi. Nhiét do nung thich hop cho su hinh thanh

vat ligu 12500 °C. Vit liéu composite cai thién hoat tinh hap phu chat mau RhB so véi ZIF-
7 v&i DLHP tang hon 2 1an. Vat liéu composite tong hop cting thé hién hoat tinh quang xuc
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tac trong phan tng phan huy RhB duéi tic dung cua &nh séng kha kién. Qué trinh phan huy
tudn theo dong hoc phan tng bac 1 véi tbe d6 phan huy dat 0,0066 phat™.

Loi cam on: Nghién, ctru nay duogc tai tro boi Trudng Dai hoc Su pham, Pai hoc Hué
trong nhiém vu m& s6 T.21 - TN.NCM - 02.
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Title: SYNTHESIS AND CATALYTIC ACTIVITY OF COMPOSITE CuO/ZnO/C BASED ON
ZIF-7 DODING Cu(ll)

Abstract: In this paper, CuO/ZnO/C composite was synthesized by the pyrolysis method based
on ZIF-7 material doping Cu(ll). The effect of annealing temperature on the phase composition
of the composite was also investigated. The structure and property of the synthesized materials
were characterized by the X-ray diffraction (XRD) and X-ray energy dispersion spectroscopy
(EDX) methods. The results showed that the calcination temperature affects the phase
composition of the composites. 500 °C is the optimal temperature for the synthesis of CuO/ZnO/C
composite. Part of CuO in the composite will convert to Cu,O and Cu at higher calcination
temperatures. The adsorption and photocatalytic capabilities of the CuO/ZnO/C composite were
also evaluated. Experimental results show that composite materials improved rhodamine B
adsorption activity compared to ZIF-7 (more than two times). Besides, CuO/ZnO/C materials also
exhibited photocatalytic activity of rhodamine B degradation under visible light.

Keywords: CuO/ZnO/C, ZIF-7, adsorption, photocatalytic activity, rhodamine B.



