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SUMMARY

SYNTHESIS OF ZnO-BIOCHAR BY SONOCHEMICAL METHOD,
APPLICATIONS TO REMOVE CIPROFLOXACIN ANTIBIOTICS IN WATER

Currently, the occurrence of antibiotic in the water environment has raised serious concerns. Therefore,

the effective removal of antibiotic pollutants has become a research hotspot in the field of water treatment.

This study reported the results of removal of the antibiotic Ciprofloxacin (CFX) in water using ZnO-

Biochar materials (RHZ) fabricated by sonochemical method. ZnO-Biochar materials was characterized

by X-ray diffraction (XRD), energy-dispersive X-ray spectroscopy (EDX), scanning electron microscopy
(SEM) . The influence of factors such as pH (3-9), a mass of RHZ material (200-500 mg), and the initial
concentration of CFX (10-100 ppm) was investigated. The research results show that, at the optimal

conditions for CFX processing: pH=5.0, RHZ dosage is 4g/L, CFX concentration is 10 ppm, about
96.59% of CFX has been processed in the CFX process. time 180 minutes.
Keywords: Antibiotics, sonochemical method, ZnO-Biochar, remove, Ciprofloxacin.

1. GIOI THIEU

Thuéc khang sinh dugc nghién cau va phét
trién manh m& dé chira tri va phong bénh cho
con nguoi, vat nudi tir nhitng ndm 40 cua thé ki
XX. Tuy nhién, chi c6 mét phan khang sinh
dugc hip thu va chuyén héa trong co thé
ngudi, vat nudi, con phan 16n (khoang 50 -
80%) dugc thai vao moi trudng gay 6 nhiém
modi truong sinh thai [1-3]. Ciprofloxacin
(CFX) la thuc khang sinh fluoroquinolone
thé hé thir 2, c6 phé khéng khuan rong, duoc
biét dén 1a 1 trong nhiing khang sinh manh
nhat trong nhém fluoroquinolone dung diéu tri
cac bénh nhiém khuan nhu nhu ho hép, tiét
niéu, rudt (tiéu chay, thuong han)... Hién nay
CFX dang bi khang thuéc nhiéu do su lam
dung trong diéu tri dic biét 12 & cac nudc phat
trién [3]. Viéc loai bo khang sinh néi chung va
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CFX ndi riéng la rat quan trong vi khang sinh
ton du trong nudc giy doc ddi vai sinh vat
trong moi trudng va co thé gay ra tinh trang
khang khéng sinh [2-3]. Nhiéu k¥ thuat khéc
nhau d3 dwoc phéat trién va st dung dé loai bo
khang sinh nhu hap phy, mang sinh hoc, phan
hay quang xdc tac, oxy héa néng cao, Fenton
[4-9]... Trong d6, quang xtc tac hip phu st
dung &nh séang tia cyc tim (UV) duoc quan tdm
rat nhiéu do hiéu qua xtr Iy cao, than thign voi
mdi trudng. Trong cac chat ban dan TiO, va
ZnO dugc danh gia 1a chat xdc tac quang co
nhidu trién vong. So véi TiOz, ZnO c6 kha
ning xtic tac quang hoa cao hon do c¢6 phd hip
thu &nh sdng mat troi rong hon cua TiO2 [9-
10]. Bé tang hoat tinh quang xdc tac, mé rong
pham vi tng dung cia ZnO trong vung kha
kién cAn lam giam do rong ving cim cuia nd


https://vi.wikipedia.org/w/index.php?title=Fluoroquinolone&action=edit&redlink=1

bing cach lam giam kich thuéc cua hat bing
cach tao ra vat liéu co kich thudc nano hoac
phan bd ching trén mot chat nén (vat ligu
cacbon...),... Cac vat liéu nay duoc coi la cac
vat liéu quang xdc tac hap phu thé hé méi, co
kha nang loai bé cac chat & nhiém nhu khang
sinh mot cach hiéu qua [6-7]. Trong nghién
ctru nay, chdng toi cong bd két qua nghién ciu
tong hop vat liu ZnO-Biochar bang phuong
phap hoa siéu am, ung dung xir Ii khang sinh
CFX trong méi truong nudc.

2. THUC NGHIEM

2.1. Vit liéu

Vo tréu thu thap tai cac nha may xay xat trén
dia ban tinh Thai Nguyén duoc rira sach va sdy
kho dén do am <5%, c6 chura khoang 40%
cellulose, 30% lignin, 20% silica [7]. Cac hoa
chét Ciprofloxacin, Zn(NOs),, NaOH, HCI Ia
hoa chét tinh khiét duoc mua tir Merck. Nuge
sir dung trong céc thi nghiém 1a nu6e cat 2 lan
va nudc khir ion.

2.2. Ché tao vit liéu

- Vo triu duoc rira sach béng nudc cat 2 lan,
sdy kho truge khi dwoc dét & 800 °C trong 5
phat & méi truong yém khi [7], sau do dd
nhanh vao nuéc lanh trude khi loc va siy kho
& 80 °C trong 24 gid thu dwoc than tréu kho, ki
hiéu 1a RH.

- Can 5g RH cho vao cdc thuy tinh 1000 mL
(dat trong bé rung siéu 4m) sau d6 thém vao
c¢be 150 mL dung dich NaOH 0,5M. Tiép theo
nho tr tr 150 mL dung dich Zn(NO3); 0,25M
vao cdc, khudy tron déu hdn hop sau do tién
hanh rung siéu &m (o tan s6 50 kHz, cong suat
250 W) trong 30 phat. Két taa thu dugc sau
phan mg dugc loc, rira nhidu 1an bang nudc
khir ion dén méi trudng trung tinh, sau dé sdy
kho & 80 °C trong 24 gid, u nhiét & 400 °C
trong 1 gio. Vit li¢u thu dugc (ki hi¢u 1a RHZ)
sau khi dé ngudi, dem nghién nhé va bao quan
trong binh hat 4m.

2.3. Phuong phap xic dinh mjt sb dic trung
ly héa cia vét liéu

Vit liu RHZ sau khi ché tao duoc xac dinh
hinh thai hoc bé mit bang phwong phap hién vi
dién st quét (SEM) (trén may FESEM Hitachi
S-4800), thanh phan héa hoc bang phuong
phap phé tan sic ning lugng (EDX) (trén may
FESEM Hitachi S-4800). Céu trac vat lidu dugc
xac dinh béng phuong phap nhiu xa tia X
(XRD) (ghi trén may D8 Advanced Brucker).
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2.4. Nghién ciru kha niang xir Ii CFX caa vat
liu

Kha nang xtr li CFX cua vat liéu RHZ dugc
danh gia bang cach nghién ctiu quang xuc tac
hap phu dung dich CFX dudi su chiéu sang cua
tia UVA duoc phat ra tir dén Philip - 8W. M6
hinh thi nghiém dugc mé ta & hinh 1.
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Hinh 1. M6 hinh thi nghiém xu ly CFX
Binh phan tmg dugc lam mét xung quanh bang
nuée dé duy tri nhiét do phan ung la 25 °C.
Céc yéu t6 anh huong dén qué trinh xir If CFX
cta vat lieu RHZ duoc tién hanh khao sét la:
pH, khéi lwong vat liégu RHZ, nong do CFX
ban dau. Thi nghiém duoc tién hanh nhu sau:
Can mot lugng vat liéu RHZ (200 + 500 mg)
cho vao ong dong chira 400 mL dung dich
CFX (ndng d6 10 + 100 ppm, duoc gy nhiém
nhan tao). Piéu chinh pH cia dung dich dén
cac gia tri 3,0; 5,0; 7,0 va 9,0. Tron déu dung
dich, sau d6 khudy tir trong bong tdi 60 phut dé
dat trang thai can bang dong. Sau d6 khudy déu
dung dich, dong thoi chiéu sang dung dich
bang birc xa cua dén UVA (Philip-8W) trong
thoi gian 180 phit, thé tich mau mdi lan lay la
1,5 mL. Dung dich ldy ra duoc ly tim véi toc
d6 6000 vong/phit trong 20 phut dé loc bo pha
rin. Nong do CFX trudc va sau qua trinh xtr 1i
dugc xac dinh bing méay quang phd hép thu
phén tir (UV-Vis Hitachi UH5300) tai budc
s6ng A = 272 nm theo phuwong phap duong
chuan. Lugng chat CFX bi xir li dugc danh gia
qua hiéu suét theo cong thuc:

H = 2252 % 1009 (1)
o
Trong do:
+ Co: ndng do cua chét tai thoi diém ban du
(Ppm); , ﬂ
+ Cw: nong do cua chat tai thoi diém sau khi
phan {tng quang xuc tac (ppm).



2.5. Kha néang thu hdi va tai sir dung vit li¢u
Ldy 1,0 gam vat lieu RHZ dem xu |i CFX
trong thoi gian 180 phdt & diéu kién tdi wu, sau
d6 loc chan khong lay RHZ, rira bang nudc
khtr ion, li tAm sau dé siy kho ¢ 80 °C. RHZ
sau d6 duoc tai sir dung cho céc thi nghiém xu
If CFX tiép theo. Hiéu suat xur If CFX bang vat
liéu RHZ dugc tinh theo cong thuc (1).

3. KET QUA VA THAO LUAN

3.1. Mgt s6 dic trung Iy héa cia vat ligu

Két qua phan tich anh SEM (hinh 2.a) cho
thdy, vat lieu RHZ gom cac hat ZnO hinh da
gi4c phan b kha dong déu, bam 1én bé mat cua
RH c6 ciu tric tim moéng. Két qua phan tich
EDX cua RHZ (hinh 2.b) cho thdy, c¢6 xuét
hién céc pic dac trung cua C, O, Si, Zn, chiing
t6 RHZ c6 thanh phan chinh 1a C, O, Si, Zn,

Element | Weight % ic.

trong d6 C, O, Zn ¢6 ham lugng cao nhat. Nhu
vay, vat liéu RHZ duoc t6 hop tir RH va ZnO.
Két qua phan tich cau triic cua RHZ bang phép
do XRD (hinh 2.c) cho thy, gian dd XRD cua
RHZ xuat hién dinh (002) véi cuong do 16n
268=23° tmg vé6i dinh cua ciu trac 16p carbon
chira nhiéu cac lién két oxi [8], [10] va cac
dinh dic trung 26 tai 31.20, 34.70, 36.52,
47.61, 56.58, 62.85, 66.41, 67.93, 69.08, 72.54
va 76.85° twong ung véi cac mat (100), (002),
(101), (102), (110), (103), (200), (212), (201),
(202) va (203) cua cau truc luc giac wurtzite
ZnO [8]. Vit lidu t6 hgp RHZ c6 cac dinh dic
trung cda ca ZnO va RH ching t6 ZnO duogc
tao ra trén bé mit ciia RH, két qua nay phi hop
v6i két qua anh SEM va EDX.
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Hinh 2. (a) anh SEM, (b) phé EDX, (c) gian do6 XRD cua vt liéu RHZ

3.2. Kha nang xir Ii CFX cua vat ligu
3.2.1. Anh huéng ciia pH
pH 12 yéu té quan trong anh huéng 1on dén quéa

100 -

95 |

w
=]

trinh quang xtc tac hap phu.
85,96 86.32
84,48
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Hinh 3. Hiéu suat xi# If CFX bang vat liégu RHZ
¢ cac pH khac nhau

Két qua hinh 3 cho thiy, khi ting pH tir 3,0

dén 5,0 thi hiéu suét xir 1i CFX tang tir 84,48%

1én 86,84%, con khi pH ting tir 5,0 dén 9,0

hiéu suit xtr Ii CFX giam. Didu nay cé thé

duoc giai thich do CFX c6 hai gi4 tri pKa la

o
o

Hiéu suit (%)

g
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6,1 va 8,7 nén khi pH < 6,1 thi CFX ton tai ¢
dang cation, luc hat tinh dién gidp cho su hdp
phu cation CFX trén bé mit 4m dién cua chat
xuc tac RHZ tang, lam tang kha nang tao cac
gbc oxi hoa va hiéu suat xir Ii quang xuc tac.
Khi pH > 6,1 thi CFX tdn tai ¢ dang ion ludng
cuc va anion nén sy hap phu cac dang nay trén
bé mat RHZ khong thuan lgi bing dang cation,
lam giam kha ning tao géc oxi hoa nén lam
giam hiéu suit quang xuc tac [2], [7]. Sau 180
phut chiéu sang bang dén UVA, hiéu suét xu Ii
CFX & pH= 5,0 dat gia tri cao nhit 13 86,84%.
Do vdy pH = 5,0 dwoc chon 12 gia tri t6i wu va
dugc sir dung cho cac nghién cuu tiép theo.
3.2.2. Anh hwong ciia khoi lwong vit licu

Anh huong cua khéi lugng RHZ dén hiéu suat
xt li CFX duoc chira ¢ hinh 4.
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Hinh 4. Higu suat xi Ii CFX véi khoi lwong
RHZ khac nhau

Két qua & hinh 4 cho thay, khéi luong vat liéu
RHZ tang tir 200 mg dén 400 mg thi hiéu suat
xu li CFX ting tir 80,89% lén 83,17%. Tuy
nhién, khi khéi luong RHX ting tir 400 mg |én
500 mg thi hiéu suat xir Ii CFX ting cham,
khong dang ké (tir 83,17% lén 83,26%). Piéu
nay dwoc giai thich 1a dudi anh sang tir ngoai
chiéu tir dén UVA, cac phan tr RHZ di duoc
hoat héa tro' thanh “chat xdc tac hoat dong”,
tao ra céc goc ty do nhu superoxit, hydroxyl
[10]. Céc gbc hoat dong nay s& oxi hoa “cac
chit 6 nhidm” thanh cac hop chat hitu co tao ra
céc chit CO, va H,0 hoidc cac phan tor don
gian thtr cdp. Khi khéi lwong cua vat liéu ting
thi dién tich bé mat quang xuc tac ting, tao ra
cang nhiéu géc ty do hoat dong nén hiéu qua
xtr lf CFX tang [11]. Tuy nhién khi khéi luong
chat xtc tac I6n dan dén can tré anh sang tiép
xtc lam CFX phan hay khéng nhiéu. Do do,
khéi lwong RHZ 12 400 mg duoc lya chon cho
céc thi nghiém tiép theo.

3.2.3. Anh hwéng ciia néng dp CFX ban ddu
Hiéu sudt xir li CFX phu thudc ndng do diu
cia CFX, két qua phan tich duogc thé hién ¢
hinh 5. Két qua cho thdy, vai cang khdi luong
RHZ 12 400 mg, nong d6 dau caa CFX 10 ppm
thi hiéu suat xir Ii CFX dat 96,59%. Khi ting
nong d6 dau cua CFX tir 10 ppm dén 100 ppm,
hiéu suit xu 1i CFX giam tir 96,59% xudng
28,00% sau 180 phdt chiéu sang bang dén
UVA. biéu nay duoc giai thich 1a & cung didu
kién thi nghiém, cing mat lugng vat liéu s& tao
ra cung lugng goc tu do, nén xu 1y duge luong
CFX nhét dinh. O ndng d6 CFX cao, khdi
lwong RHZ gitr nguyén thi lwong géc tu do
hinh thanh trong qua trinh quang xuc tac giam,
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do do6 giam hiéu suat xu Ii CFX [10]. Khi CFX
c6 Co=10 ppm, sau 180 phit quang x(c tac hip
phu cho hiéu suat loai bo CFX cao nhit. Vi
thé, ching t6i chon nong d6 CFX ban dau 1a 10
ppm lam gia trj t6i da co thé xir ly.
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Hinh 5. Hiéu sudt xiz Ii CFX ¢ cac néng dé dau
khéc nhau
3.2.4. Kha nang tdi sw dung ciia vt liéu
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Hinh 6. Hiéu suat xi Ii CFX khi tai si dung
vat lieu RHZ

Kha nang tai st dyng cta vat liéu c6 y nghia
quan trong dé danh gia kha ning (ng dung cua
vat liéu trong thyc tién. Vat lieu RHZ sau khi
xtt i CFX duoc thu hdi, rira giai nhiéu lan
bang nuéc khir ion, sau do say kho. Két qua
nghién ctu hiéu suét xir Iif CFX sau 4 lan tai sir
dung vat liéu duoc trinh bay trong hinh 6. Két
quéa cho thdy, vat liéu RHZ dat hiéu suat xu Ii
CFX dén 79,15% (gan 80%) sau 4 lan sir dung.
Ngoai ra d6 léch chuan cua cac 1an thi nghiém
la rat nho. Diéu d6 chung to vat liéu RHZ ¢6
kha nang tai st dung, thu hdi cao, tiét kiém
kinh té trong xur li CFX.

4. KET LUAN

Pi ché tao thanh cong vat liéu ZnO-Biochar
(RHF) bing phuong phap héa siéu 4m ung

Lin 1

dung xtr 1i khang sinh CFX trong moi truong
nudc. Két qua khao sat cho thiy, ¢ diéu kién
pH = 5,0, khdi lugng vat liéu RHZ 1a 400
mg, ndng d6 dau CFX 10 ppm thi hiéu suét
xur li CFX dat gié tri 16n nhét 1a 96,59%. Vat



litcu RHZ c6 kha ning tai s dung tt, véi
79,15% lwong CFX dwoc xur Ii sau 4 lan sir
dung. Céc két qua thu dugc s& 1a co so cho
dinh huéng nghién ciru nhim tng dung trong
viéc xir 1i ngudn nudc bi 6 nhidm khang sinh.
Loi cam on: Cac tac gia xin chan thanh cam
on Bo GD&DT da hd trg kinh phi cho nghién
clru nay thong qua dé tai cdp bo. Ma s B2021-
TNA-15
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