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TOMTAT

Trong nghién cGtu nay, vét liéu nanocomposite Zn0-rGO dugc tong hop béng phuong phap khir hda hoc xanh st dung chiét xudt tir 14 xa den (Celastrus hindsii
Benth) két hop véi phuong phap két tda hoa hoc. Cac déc diém vé cu tric, hinh thai va thanh phan dugc xac dinh bang phuong phap nhiéu xa tia X (XRD), kinh
hién vi dién tir quét (SEM), kinh hién vi dién t& truyén qua (TEM) va phd téan xa nang lugng tia X (EDX). Vét liéu nanocomposite Zn0-rGO ¢6 kha néng hédp phu va
phan hlly quang xtc tac khang sinh ciprofloxacin. Sau 60 phut hap phu trong bdng t6i va 300 phit quang xiic téc dudi su chiéu xa cta den UV 11W, véi ndng do
ciprofloxacin ban dau la 60mg/L va nong do chat xtc tac la 1,0g/L, téng hiéu sudt xi Iy ciprofloxacin clia mau Zn0-rGO dat 76,9%, cao hon 1,5 lan so vdi mau
In0 va cao hon 3,4 1an so vdi mau khong c6 chat xic tac. Nhitng két qua nay cho thay vat liéu Zn0-rGO nanocomposite ¢6 tiém nang (ng dung trong viéc xi Iy
nudc thai bi 6 nhiém khang sinh.

Tir khoa: Khdng sinh; ciprofloxacin; hoat tinh quang xuc tdc; Zn0-rGO nanocomposite.

ABSTRACT

In this study, Zn0-rGO nanocomposite was synthesized via a green chemical reduction method using Celastrus hindsii Benth. leaf extract, combined with chemical
precipitation method. The structural, morphological, and compositional characteristics were determined using X-ray diffraction (XRD), scanning electron microscopy
(SEM), transmission electron microscopy (TEM), and energy-dispersive X-ray spectroscopy (EDX). The Zn0-rGO nanocomposite material was able to adsorb and
photocatalytically decompose the ciprofloxacin antibiotic. After 60 minutes of adsorption in the dark and 300 minutes of photocatalysis under the irradiation of an
11W UV lamp, with an initial ciprofloxacin concentration of 60mg/L and a catalyst concentration of 1.0g/L, the total ciprofloxacin treatment efficiency of the Zn0-rGO
sample reached 76.9%, which is 1.5 times higher than that of the Zn0 sample and 3.4 times higher than that of the sample without a catalyst. These results suggest
that the Zn0-rGO nanocomposite material has significant potential for application in the treatment of antibiotic-contaminated waste water.

Keywords: Antibiotics; ciprofloxacin; photocatalytic activity; Zn0-rGO nanocomposite.
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1. GIGI THIEU - o' 0
Ciprofloxacin (Ci7H:sFN3Os, ki hiéu la Cip) la mét loai szjdfkou
khéng sinh téng hop thudc nhém fluoroquinolone, ¢ md A

phé khang khuan rong, hiéu qua déi véi ca vi khuan Gram

Hinh 1. Géc vi tri gc tu do tao ra béi phan (ing quang xtc tc tan cong vao
duong va Gram am.

cdu tric ciprofloxacin [1]
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Mac du viéc st dung ciprofloxacin da giup gidm ty Ié
t&r vong do nhiém trung, nhung do nhu cau st dung cao,
loai khang sinh nay thudng xuat hién trong nudc thai
bénh vién va nudc thai sinh hoat [2]. Diéu nay dan dén
tinh trang 6 nhiém gia tang, gy anh hudng nghiém trong
dén con ngudi, dong vat va vi khuan. Tai Viét Nam, bao
cdo giam sat khang khang sinh nam 2020 do Bo Y té cong
b6 da chi ra tinh trang dang lo ngai vé muc do khang
thudc clla mét s6 ching vi khuan. Pang chu vy, co téi
47,8% céac chung Salmonella dugc ghi nhan c6 kha nang
khang ciprofloxacin [3]. Vi vy, viéc phat hién va loai bo
ciprofloxacin khoi nguén nudc la rat quan trong, gop
phan ngan chan su phat trién cla vi khuan khang khang
sinh [1].

Mét s6 phuong phap da dugc ap dung dé xt ly khang
sinh ciprofloxacin khéi nguén nudc gém: phuong phap
quang xuc tac (photocatalysis), phuong phap oxy héa
nang cao (advanced oxidation processes - AOPs), phuang
phap hap phu (adsorption), phuong phap sinh hoc
(biodegradation) [4, 5]. Trong d6, phuong phap quang
xuc tac dugc coi la mot trong nhitng cach hiéu qua va
xanh dé x{ ly khang sinh trong nudc vi c6 thé phan huy
hoan toan thanh cac chat vo co khong déc hai [6]. Co ché
cta phuong phap la khi vat liéu xuc tac bi chiéu sang sé
tao ra cac goc tu do nhu superoxide (‘Oy) va hydroxyl
(‘OH), nhimng g6c tu do nay sé phan ting manh véi khang
sinh da hap phu trén bé mat [7].

Zinc oxide (ZnO) la moét trong nhiing chat xuc tac
quang da va dang dugc quan tam nghién ctu nhd nhiing
uu diém nhu c6 nang lugng viung cdm 16n (~3,37eV &
nhiét dd phong), c6 thé hdp thu buc xa UV, d6 én dinh
hoa hoc cao, khéng doc hai va chi phi san xuat thap [8].
Tuy nhién, su tai hgp nhanh cula céc cap electron-16 tréng
da lam gidm hiéu qud quang xuc tac cda vat liéu ZnO
thuan [9]. Vi vdy, dé tdng cudng hiéu qua quang xuc tac
giadi phap pha tap, dong pha tap hay lai ghép da dugc
thuc hién. Trong dé, lai ghép ZnO véi graphene oxide
dang kh (rGO) la mét trong nhiing chién lugc hiéu qua
nhat. Cach thiic nay giip ma rong dién tich bé mat va uc
ché& qua trinh tai hgp electron-16 tréng trong ZnO [10].
Hon thé nira, nhiéu loai khang sinh cé cau trdc vong thom
nén dé dang hap phu trén bé mat rGO théng qua tuong
tac m—m nén cling thuan Igi cho qua trinh xuc tac quang
phan huy [11]. Pén nay, nhiéu nghién ctu cho thay vat
liéu lai ghép ZnO-rGO cé khd nang phan hay hiéu qua
chat khang sinh nhu ofloxacin [12], tetracycline [13, 14],
amoxicillin [10], chloramphenicol [15] metronidazol [16]
trong méi truéng nudc.
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Trong nghién ctu nay, vat liéu ZnO-rGO dugc téng
hgp bang cach két hgp phuong phap khir hoa hoc xanh
va két ta. Cau truc, hinh thai, thanh phan va hoat tinh
guang xuc tac trong phan tng phan huy ciprofloxacin clia
vat liéu ZnO-rGO da dugc khdo sat.

2. PHUONG PHAP NGHIEN CUU
2.1. Hoa chat

Cac hoa chat sir dung trong nghién ctu: zinc acetate
99,7% (Zn(CH3CO0),.2H,0), sodium hydroxide 99,5%
(NaOH) c6 d6 sach PA, nudc cat, graphene oxide (GO)
dugc téng hop theo phuang phap hummer cii tién trong
nghién ctu trudc clia ching t6i [17], cao chiét turla xa den
(Celastrus hindsii Benth, chiét bang ethanol 50°, ham am
cao 25,0%).

2.2. Téng hop ZnO va ZnO-rGO

Qua trinh téng hgp ZnO-rGO, 0,243g GO va 13,559
Zn(CH3C00),.2H,0 dugc phan tan trong 200ml nudc cat
bang thiét bi rung siéu am & 50°C trong 30 phut. Sau do,
1,0g cao chiét tur 14 Xa den (Celastrus hindsii Benth, chiét
bang ethanol 50°, ham &m cao 25,0%) dugc thém tur tu
vao céc phan Uing dé khit GO vé rGO, khudy tron déu va
gia nhiét dén 80°C trong 1 gid. Tiép theo, dung dich NaOH
4% dugc thém tu tir vao coc phan ting dén khi hon hgp
c6 pH trong khoang tir 9 dén 10, day la khoang pH t6i uu
dé két thia hoan toan Zn* [18]. Sau 3 gid, chat ran I Iting
trong dung dich dugc tach ra bang cach loc rira/ ly tam
V3i nuGc cat vé pH trung tinh. San pham dugc nung G &
nhiét d6 200°C trong 4 gid, nghién min thu dugc bét ZnO-
rGO c6 mau xam den. Nhiét dé 200 °C 1a phu hgp dé thu
dugc ZnO [19] va ddm bado khong lam phan hdy hoan
toan rGO [17]. Mau bot ZnO dugc téng hap véi quy trinh
tuong tu nhung khong thém GO va cao chiét tir1a xa den.
2.3. Xac dinh cau truc va hinh thai vat liéu

C4u trac tinh thé dugc xéac dinh bang phép do nhiéu
xa tia X dugc thyc hién trén may D8 Advance Bruker
(D), Ko(Cu), N = 1,5414A4, 20 ti 10 dén 70°. Hinh thai bé
mat va cau truc vat liéu dugc xac dinh bang kinh hién vi
dién ti quét (SEM) dugc thuc hién trén may Hitachi S4800
va kinh hién vi dién tu truyén qua (TEM) dugc thuc hién
trén thiét bi TEM Tecnai G?-20. Thanh phan héa hoc dugc
xac dinh bang phé tan sic nang lugng tia X, s dung hé
SEM SM6510LV tich hgp dau do EDX X-Act.

2.4. Xac dinh thai gian can bang hap phu

L4y 1,59 mau vat liéu cho vao khay chda 1,5L dung
dich ciprofloxacin néng do 60mg/L roi dé trén may lac
ngang hoat dong trong bong téi, t6c dé lac 150
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vong/phut. Tai cdc méc thai gian khac nhau, 1dy 3ml dung
dich dem ly tam dé tach |ay phan dung dich, pha loang 4
lan r6i xac dinh d6 hap thu quang st dung thiét bi quang
phé UV-Vis Shimadzu UV 1800. T két qua khao sat xac
dinh hiéu suat va thai gian can bang hap phu.
2.5. Nghién ctu hoat tinh quang xtic tac

Hoat tinh quang xuc tac dugc danh gid véi hé thi
nghiém mo ta & hinh 2. Lay 1,5g mau vat liéu cho vao khay
chua 1,5L dung dich ciprofloxacin néng d6 60mg/L réi dé
trén may lac ngang hoat dong trong béng t6i, téc do lac
150 vong/phut. Sau 60 phut, Idy 3mL mau, pha loang 4 lan
réi xac dinh gia tri d6 hap thu quang (Ao). Pua dén UV 11W
vao dung dich, bat chiéu sang, téc d6 suc khéng khi
khodng 1 lit/phut, khéng khudy tron va 6n dinh nhiét hén
hop trong khodng 25 + 1°C. D€ xac dinh hiéu suat, ci sau
mobi khoang 30 phut lay 3 mL mau, ly tam loai bo chat ran,
ldy dung dich pha loang 4 lan va do d6 hap thu quang (Ay).
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Deén UV 1I'W
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Hinh 2. M6 hinh th(r hoat tinh quang xdc tac
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3. KET QUA VA THAO LUAN
3.1. Téng hop vat liéu

DPac trung cau trac, hinh thai, thanh phan ctia hai mau
vat liéu ZnO va ZnO-rGO da dugc xac dinh. Hinh 3 1a két
qua do nhiéu xa tia X mau bot ZnO va ZnO-rGO. Két qua
tur gian dé XRD cho thdy mau ZnO xuat hién cac peak dac
trung tai khoang 31,1° 34,6° 36,1° 47,6° 56,7° va 63,1°
tuong (g vdi cac ho mit phang (100), (002), (101), (102),
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(110) va (103) clia cau tric hexagonal wurtzite ctia ZnO,
phu hgp véi thé chuan JCPDS-36-1451. Mau ZnO-rGO
cling xudt hién cac peak dic trung cho cac ho mat phdng
trén nhung vi tri géc nhiéu xa 26 dich chuyén tang lén,
cudng dé dinh nhiéu xa ng véi ho mat phang (102),
(110), (103) yéu va kém sac nét han so v6i mau ZnO. Ngoai
ra, vi tri dinh nhiéu xa C(002) tai khoang 10 - 11° cGia mau
ZnO-rGO da gan nhu bién mat, thay vao d6 cé mot peak
tu tai khoang 25°, chiing té GO da bi khir béi cac hgp chat
polyphenol cé trong cao chiét 14 xa den tao ra rGO [20].

Zn0O
ZnO-rGO

(101)

(100)

Cuong do tuong doi (a.u.)
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T
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Hinh 3. Gidn d XRD va phd FR-IR mau Zn0 va Zn0-rGO

Hinh 4a, 4b 1a &nh tu kinh hién vi dién ti quét (SEM),
hinh 4c, 4d la &nh ti kinh hién vi dién ti truyén qua (TEM)
va hinh 4e, 4f 13 biéu d6 phan b kich thudc hat phan tich
ti dnh TEM. C6 thé thay, mau ZnO c6 cac hat dang gan
hinh cau chu yéu trong khodng 25 - 40nm, tach r&i nhau,
trong khi mau ZnO-rGO thé hién su phan tan clia cac hat
nano ZnO trén nén vat liéu rGO. Kich ¢& hat trung binh
cla hai mau vat liéu khoang 32nm.

T

004
g: 125000x @ 51 mm 100 nm

* (d)-Zn0-rGO

Zn0-rG0-300001
Print Mag: 125000x @ 51 mm

100 nm
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Hinh 4. Anh SEM (4a, 4b), TEM (4c, 4d), phan bé kich thudc hat (4e, 4f) ctia
mau Zn0 va Zn0-rG0

Hinh 5 |a két qud phép do phé EDX xac dinh ham
lugng nguyén t6 cé trong hai mau vat liéu ZnO va
ZnO-rGO. C6 thé thdy, phd EDX clia mau ZnO-rGO xuat
hién thém peak dac trung clia nguyén té C, cho thay su
cbd mét clia rGO. Ngoai ra, ty Ié nguyén t&r O/Zn trong mau
ZnO-rGO cao han so véi ZnO, cé thé do su déng gép O tur
rGO. TU két qua XRD, anh SEM, TEM va phd EDX c6 thé
khang dinh da téng hgp dugc mau vat liéu
nanocomposite ZnO-rGO [13].
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Hinh 5. Hiéu sudt x( Iy theo thai gian chiéu xa khi st dung bdt Zn0,
In0-rGO

3.2. Ung dung xti ly khang sinh

10 11 12 13 14 15

Hinh 6 1a két qua khao sat thaoi gian can bang hap phu
khi st dung vat liéu ZnO-rGO. C6 thé thay, hiéu suat hap
phu ciprofloxacin tang nhanh trong 20 phut dau, dat
20,5%. Tt 20 dén 40 phut, téc d6 hap phu cham lai va hiéu
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suat hap phu tang nhe, sau d6 gan nhu khéng thay ddi
trong khoang thai gian tur 40 dén 80 phut, cho thay hé da
dat trang thai can bang hap phu. Trong nghién ctiu nay,
dé chic chan hé dat can bang hap phu thdi gian duoc
chon la 60 phat.
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Hinh 7. Ph& UV-Vis cia dung dich theo thdi gian xiic tac sau khi pha loang
41an

Hinh 7 Ia phd UV-Vis cdc mau dung dich duoc pha
loang 4 lan theo thai gian chiéu xa tir 0 dén 300 phut
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chiéu sang. Két qua cho thay su gidam gia tri d6 hap thu
quang tai budc song dac trung clia ciprofloxacin & 271nm
va vung budc séng & khoang 330nm. Trong dé, d6 hap
thu quang gidam manh hon & mau ZnO-rGO so vGi mau
Zn0O. M3u ZnO-rGO c6 hiéu suat hdp phu la 21,7% cao
hon so v6i mau ZnO (6,0%). K&t qua nay cé thé dugc ly
gidi la do rGO c6 dién tich bé mat riéng I6n va cé thé tao
lién két m-m vGi khang sinh ciprofloxacin nén hiéu suat
hap phu mau ZnO-rGO cao hon [11].
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Hinh 8. (a) Hiéu suat xt Iy va (b) Phuong trinh ddng hoc béc 1 theo thi
gian chiéu sang khi st dung Zn0, Zn0-rGO

Két qua xu ly & hinh 8a cho thay hiéu suat quang xuc
tac xac dinh tai budc séng 271 nm tang dan theo thoi
gian. Sau 300 phut, mau s dung xuc tac ZnO-rGO ¢ hiéu
suat xt ly la 76,9% cao hon 1,5 lan mau s dung xuc tac
Zn0 (50,7%) va cao han 3,4 1an mau khéng st dung xuc
tac (22,5%). Nhu vay rGO da lam tang cudng dang ké kha
nang xuc tac cda vat liéu, phu hgp véi mét sé két qua da
céng bé trong cong trinh [10, 14, 15]. Gid tri In(Ad/Ay) phu
thudc tuyén tinh vao thoi gian (t) v6i hé sé héi quy r? >
0,95 (hinh 8b), nén c6 thé xem qua trinh phan hay
ciprofloxacin c6 mat xuc tdc ZnO, ZnO-rGO tuan theo
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phuang trinh déng hoc bac 1, phu hgp véi qua trinh xdc
tac di thé va tuong déng v6i mot sé cong trinh nghién
cltu [10, 13-16, 21]. Hang s6 téc d6 xac dinh dugc khi sur
dung xuc tadc ZnO-rGO la 0,0040 phut’, cao hon 1,82 lan
khi st dung ZnO (0,0022 phut') va cao géap 4,4 lan khi
khdéng dung xuc tac (0,0010 phut™).

Sau lan dau sir dung lam xuc tac, mau vat liéu ZnO va
ZnO-rGO dugc thu hoi bang céach loc rira véi nudc cét va
say khoé ¢ 120°C trong 4 gid, sau do6 dugc tai st dung véi
quy trinh tuong tu lan dau. Hiéu suat quang xuc tac lan
thur 2 sau 300 phut dat 72,3%. So véi lan dau hiéu suat xi
ly ciprofloxacin gidam 5,2% d6i véi mau ZnO va 3,3% vGi
mau ZnO-rGO, cho thay tiém ndng (ing dung cao clia cac
vat liéu nay trong thuc tién.

Co ché ctia qua trinh quang xtc dugc mo ta nhu & hinh
9.Dau tién, ZnO trong ZnO-rGO hap thu photon tirbuc xa
cla dén t ngoai tao ra cac cap electron-16 trong (e /h*)
[13].Tiép theo, cac e chuyén tirvung hoa tri lén ving dan,
moét phan e sau d6 dugc chuyén tiép sang bé mat cda
rGO nh& kha nang dan dién t6t cla graphene, diéu nay
giup giam su tai két hgp gitia electron va 16 tréng. Cac e
tai ZnO va rGO tham gia phan Ung kh véi O, hoa tan
trong dung dich dé tao thanh géc tu do Oy, trong khi dé
h* tai ZnO phan ing véi H,0 tao ra géc "OH. Hai g6c tu do
‘02" va "OH c6 hoat tinh héa hoc manh sé tham gia cac
phan tng oxy héa, dan dén pha v& cau tric phan ti cta
ciprofloxacin.

H,0)

+Cip

CO, + H,

o

Hinh 9. Co ché clia qua trinh quang xtic tac stt dung vat liéu Zn0-rGO
4, KET LUAN

Mau vat liéu nanocomposite ZnO-rGO da dugc téng
hgp thanh cong bang cach két hgp hai phuong phap don
gian la két tua va khir héa hoc xanh. Phan tich cdu trac va
hinh thai cho thdy cac hat ZnO c6 cdu trdc hexagonal
wurtzite, véi kich thudc trung binh khoang 32nm, dugc
phan bo trén nén vat liéu rGO.
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Viéc lai ghép rGO véi ZnO da tang cudng kha nang hap
phu va hoat tinh quang xuc tac, véi hiéu suat xu ly
ciprofloxacin dat 76,9% sau 60 phut hap phu trong béng
t6i va 300 phut chiéu sang, cao hon 1,5 lan so véi mau ZnO
thuan. Mé hinh thi nghiém c6 kha nang ting dung trong
thuc tién dé xtt ly khang sinh trong méi trudng nudc.
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