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SUMMARY

SYNTHESIS OF ZnO NANOMATERIALS ON BIOCHAR AND APPLICATION
OF ANTIBIOTIC DEGRADATION IN AQUEOUS SOLUTION

In this study, ZnO-biochar (RHZ) composites were synthesized to overcome the ZnO-related problems
(charge recombination, wider band gap, and poor visible light absorption) and improve the properties
and photocatalytic performance of carbon-based ZnO photocatalysts. The antibacterial level of
Sulfamethoxazole (SMZ) after treatment was checked by Bacillus subtilis activity. The research results
show that the photocatalysis material has a great ability to degrade SMZ as well as other antibiotic
residues in the water environment. RHZ composites can be used as stable, efficient, economical, and
sustainable composite for the recovery of pharmaceutical wastewater.
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1. GIOI THIEU

Céc chat khang sinh gan ddy da duoc tim thiy
trong nudc mat, nudc ngém va nudc thai. Du
luong khang sinh khi thai ra méi truong s€ lam
bién ddi hodc tiéu diét cac loai thuy sinh, tich
lily céc chat doc hai trong co thé nguoi va gay
bénh cho ngudi, gy ra hién tugng khang khang
sinh [1]. D4 c6 nhiéu ki thuat dugc phat trién dé
loai bo cac chat khang sinh, trong d6, cong nghé
quang xuc tac dugc coi 1a phuong phap tién tién
cho hiéu qua cao, chi phi thip va than thién vai
mbi trudng, da dugc dung dé xir 1i nudc thai ¢
cac bénh vién, cac nha may san xuét duoc
pham... [2-5]. ZnO la chat ban dan ¢ nhiéu tinh
chit doc d4o nhu niang lwong ving cdm thing
va rong (3,27 eV), ning lugng lién két exiton
I6n (60 eV), dic tinh Ii héa én dinh, d& téng hop
va than thién véi moi truong [6]. Tuy nhién,
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ZnO c6 han ché 1a sy tai két hop nhanh electron
va 15 tréng quang sinh, da lam giam hiéu qua
quang xuc tac cua ching. DBiéu nay c6 thé duoc
khic phuc bing cach tao ra vat lidu c6 kich
thudc nano hay pha tap ZnO bing céc kim loai
hay phi kim [7]. Carbon dugc xem la nguyén té
pha tap day hta hen cho kha ning diéu khién ca
tinh chat tir va tinh dan loai p caa ZnO [8]. Viéc
phan tan ZnO vao céc chat nén carbon nhu
graphene, graphene oxit da dugc &p dung tuy
nhién gia thanh cao, qua trinh téng hop phirc tap
[8]. Gan day, than sinh hoc (biochar) da dugc
quan tdm nham cai thién hiéu suat quang xuc tac
cua vat liéu tong hop oxit kim loai [9]. Nghién
ctru ndy trinh bay két qua téng hop nano ZnO
trén nén than sinh hoc theo phuong phap hoa
siéu am, tham do phan huay khéang sinh
Sulfamethoxazole (SMX) trong moéi truong
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nugc. SMX cé cbng thac phan to la
C10H11N305S, tén theo IUPAC la 4-Amino-N-
(5-methylisoxazol-3-yl)  benzensulphonamid.
SMX 14 khéang sinh thugc nhom sulfonamide,
dugc st dung rong rdi trong chira bénh cho
nguoi, trong chan nudi va nudi trong thiy san
[10].

2. THUC NGHIEM

2.1. Vat liéu

Vo trau lay tai nha may xay xét trén dia ban tinh
Thai Nguyén duoc rira sach, say kho dén do am
<5%, c6 chira khoang 40% cellulose, 30%
lignin, 20% silica. Cac héa  chat:
Sulfamethoxazole, Zn(NOs);, NaOH, HCI Ia
hoa chét tinh khiét cia hing Merck. Nudc sit
dung trong cac thi nghiém Ia nude cit 2 1an va
nudce khir ion.

2.2. Ché tao vit liéu

V6 trau dugc rira sach bang nudc cat 2 1an, sdy
kho trudce khi dot ¢ 800 °C trong 5 phit ¢ moi
truong yém khi, sau d6 d6 nhanh vao nuée lanh
trude khi loc va sy ¢ 80 °C trong 24 gio thu
dugc biochar trdu ki hiéu 1a RH. Sau d6 can 5 g
RH cho vao cbe thuy tinh 1000 mL (dat trong
bé siéu am), thém vao cdc 150 mL dung dich
NaOH 0,5M. Tiép theo nho tir tir 150 mL dung
dich Zn(NO3)2 0,25M vio cbc, khudy tron déu
hdn hop va tién hanh rung siéu 4m (& tan sb 50
kHz, cong suat 250 W) trong 30 phiat. Két tua
thu duoc sau phan tng duoc loc, rira nhiéu 1an
bang nude khir ion dén méi truong trung tinh,
sau d6 say kho ¢ 80 °C trong 24 gid, u nhiét &
400 °C trong 1 gio. Vat liéu thu duge (ki hidu 1a
RHZ) dé ngudi, nghién nho.

2.3. Phuwong phap xac dinh cac dic trung ly
héa cia vat li¢u

Anh hién vi dién st quét (SEM) duoc do trén
may trén may FESEM Hitachi S-4800 (Nhat
Ban); hién vi dién tir truyén qua (TEM) duoc do
trén may trén may JEOL JEM 1010 (Nhat Ban);
phd tan sic ning lugng tia X (EDX) duoc do
trén may FESEM Hitachi S-4800 (Nhat Ban);
gian d6 nhidu xa tia X (XRD) duoc ghi trén may
D8 Advanced Brucker (Dic); phd hong ngoai
(IR) dugc do trén may Irprestige 21; Shimadzu
(Nhat Ban). Dién tich bé mat riéng cua vat liéu
dugc xac dinh bang phuong phap dang nhiét hip
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phu-giai hip phu N, (BET) trén may
MicroActive TriStar 1l Plus 2.03 (M¥).

2.4. Nghién ciru hoat tinh quang x(c tac caa
vat liu

Hoat tinh quang xUc tac cua vat liéu RHZ, RH
va ZnO (Z) dugc danh gia bang cach nghién cau
su phan hay dung dich SMX dudi su chiéu sang
ctia tia UVA (dén Philip-8W): cin 50 mg moi
loai vat liéu (RH, ZnO, RHZ) cho vao 3 éng
dong chira 400 mL dung dich SMX néng d6 5,0
ppm trong mdi truong trung tinh (pH=7,0). Tién
hanh khuay trén déu bang may khuay tir trong
bong t6i 60 phut dé dat can bang hap phu. Sau
do, sir dung dén UVA dé chiéu sang trong 150
pht, ct 30 phat Iay mau mét Ian, dung dich lay ra
duoc ly tam vai the do 6500 vong/phit nham loai
bo két tia. Dung dich sau ly tim duoc loc sach va
cho vao lo t6i mau, phan tich trén may HPLC dé
xac dinh nong do SMX. Dé han ché anh hudng
cua anh sang bén ngoai, toan bo hé thi nghi¢m
dugc dat trong phong tdi. Pong thoi binh phan
mg dugc 1am mat xung quanh bang nudc dé
duy tri nhiét d§ phan tmg 1a 25 °C.

Luong chit bi quang xuc tac phan hiy duoc
danh gia qua hiéu suat quang xuc tac:

Co—C
H=-2_""%%100%
Co

+ Co: ndng do cua chat tai thoi diém ban dau
(ppm); , n

+ Cw: nong do cua chat tai thoi diém sau khi
phan (rng quang xdc tac (ppm).

T NaOH w

Dung dich SMX

Binh phin ing
Nuée lim mit

Khusy tir

Hinh 1. M6 hinh thi nghiém a) ché tao RHZ, b)
quang xuc tac xu ly SMX s dung den UVA

2.5. Nghién ciru hoat tinh khang khuin

Phuong phap do dwong kinh vong khang khuan
theo md ta cua Hadacek [11] duoc sir dung dé
xac dinh kha ning khang khuan Bacillus subtilis
(BS). cia SMX. Kha niang khang khuan cua
SMX dugce xac dinh dua trén sy hinh thanh vong
khéng khuan xung quanh giéng thach nho dung



dich can thr (SMX 5,0 ppm, va dung dich SMX
sau 90, 120 phat quang xUc tac). Mat do vi
khuan khoang 108 vi khuan/mL dwgc phan tan
déu trén bé mat cua dia thach Luria Bertani voi
thé tich dich vi khuan 12 100 pL. Tién hanh duc
15 tao giéng thach duong kinh 8 mm va nhé vao
mdi giéng thach 50 pL dung dich can tht hoat
tinh khéng khuan. Dia Petri dwoc nudi cay ¢ 30
OC trong 24 gio trude khi do duong kinh cua
vong khang khuan. Céc thi nghiém duoc lap lai
3 lan.

3. KET QUA VA THAO LUAN

3.1. Pac trung ly héa cua vit liéu

3.1.1. Gidn dé nhiéu xa tia X

Két qua phan tich nhidu xa tia X cua vat liéu
dugc trinh bay & hinh 2.
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Hinh 2. Gidn dé XRD cua RH, Z, RHZ
Két qua hinh 2 cho thiy, gian d6 XRD cua RH
Xuit hién dinh (002) véi cudong do lon 26=23°
tuong ung vai dinh cua cau trdc 16p carbon chira
nhiéu cac lién két oxi [10], ZnO xuat hién cac
dinh dic trung tai cac goc 20 la 34,40; 36,22;
47,61; 56,58; 62,85; 67,08; 69,08 tuong (g Vi

Element

Weight  Atomic
% %

CK 78.51 83.31

Weight%

cac goc phan xa (002), (101), (102), (110),
(103), (112) va (201) cua cau trac luc giac
wurtzite cua vat liéu ZnO [6-7]. Vit liéu t6 hop
RHZ cho céc dinh dic trung cua ca ZnO va RH
chang to ZnO di duoc tao ra trén bé mat caa RH
[8]. ‘

3.1.2. Hinh thdi hoc bé mdt

Két qua cho thay RH (hinh 3.a) c6 c4u trdc tim
mong, xuat hién cac 16 mao quan/xop trén bé
mat c6 kich thugce Ion [10], trong khi d6 ZnO
(hinh 3.b) 1a cac dam c6 hinh da giac chtra cc
hat nhé hon vé6i cdu trac nano kich thudc
khoang 40-60 nm (hinh 3.d) [7]. Sau khi t6 hop
V6i nhau cé4c hat nano ZnO dd bam 1én bé mat
vat liéu RH 1am hinh thai bé mat caa RHZ (hinh
3.c) thay déi dang ké so véi RH [8]

Hinh 3. Anh SEM a) RH; b) ZnO; ¢) RHZ; 4nh
TEM d) ZnO

3.1.3. Phé tin sic ning lwong tia X (EDX)
Phan tich phd EDX cho thiy, RH xuit hién cac
peak dic trung cta cac nguyén té C, O va Si
(hinh 4 a) chting t6 RH c6 thanh phan chinh la
C, O, Si, trong d6 C, O ¢6 ham lugng cao nhit
[10].

Element Atomic

Atomic%

SiK

OK 20.22 16.11

ZnK

Si1K 1.27 0.58

Totals

Totals 100.00
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Hinh 4. Phé EDX a) RH; b) ZnO; ¢) RHZ
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Pho EDX ciia vat ligu ZnO (hinh 4.b) chi xuét
hién cac peak dic trung ciia Zn va O diéu nay
chang to nano ZnO diéu ché duoc 1a tinh khiét.
EDX caa RHZ (hinh 4.c) xuat hién cac peak dic
trung ctia cac nguyén td C, O, Si, Zn ching to
RHZ c6 thanh phan chinh 1a C, O, Si, Zn, trong
d6 C, 0, Zn c6 ham lugng cao nhét. Nhu vay,
RHZ duoc t6 hop tir RH va ZnO, trong qué trinh
t6 hop cac mudi Zn?* da phan tmg véi cac nhom
chirc chira oxy & bé mit cua than triu, tao ra
ZnO lam thay d6i thanh phan O, Zn trong RHZ
so véi RH [8].

3.1.4. Phé héng ngogi (FT-IR)

Két qua hinh 5 cho thay, phé IR cia RH xuat
hién van phé & tan sb 1546,91 cm™ dic trung
cho dao dong caa nhdm —C=0, van phé & tan s
1045,41 cm? dic trung cho dao dong cua nhdm
COs? [10]. Phé IR ciia ZnO xuét hién van phd
rong, c6 cuong d6 manh ¢ 3371,57 cm dic
trung cho dao dong hoa tri cia nhdm —OH, van
phd & tan s 563,21 cm! dic trung dao dong cua
lien két Zn-O [7]. Phé IR cuia RHZ xuat hién van
pho rong, c6 cudng do manh ¢ 3441,01 cm* diac
trung cho dao dong hda tri caa nhdm —OH, van
phd & tan sé 1612,49 cm dic trung cho dao
dong cua nhém —C=0, van phé rong & tan s
1095,57 cm™? dic trung cho dao dong cua nhdm
COs?, van phé ¢ tan s 432,05 cm? dic trung
dao @ong cua lién két Zn-O [8]. Nhu vay, c6 su
giam cuong d6 van phd cua lién két Zn-O trong
Z (563,21 cmr?) khi tao thanh RHZ (432,05 cm').
Két qua nay ching t, ¢ su hinh thanh lién két
Zn-O-C gitra carbon than sinh hoc va ZnO. Su
Xuat hién cac nhom chirc dic trung cia ZnO, RH
trén bé mat RHZ ching t6 ZnO da duoc gan Ién
bé mit ciia RH, két qua phan tich nay ciing phu
hop vai cac két qua XRD, SEM va EDX [8].
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Hinh 5. Phé IR czia RH, Z, RHZ
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3.1.5. Dién tich bé mdt riéng cia vit li¢u

Dién tich bé mat riéng cua vat liéu duoc xac
dinh bang phuong phap BET. Két qua phan tich
(Bang 1) cho thay dién tich bé mat riéng cua vat
lieu RHZ 1a 255,1773 m#g, nho hon rat nhiéu
so voi RH (467,7980 m?/g) bai sy c6 mat cua
cac hat nano ZnO da 1ap vao céc 16 trong cua
RH, tao diéu kién thuan loi cho qua trinh quang
xUc tac [7-8]. Cac 16 xbp cua céc vat lisu RH, Z,
RHZ déu c6 dwong kinh <20nm.

Bdng 1. Két qua do dién tich bé mdt riéng ciia

vat liéu
»| Dud Thé tich
| Digntichpa| Pwond | Thetic
Vit e kinh lo 16 xop
P mat riéng ; 3
ligu (m2/g) Xop (cm®/g)
(nm)
RH 467,7980 5,5977 0,2329
z 20,0172 18,6184 0,0919
RHZ 255,1773 8,8376 0,1961

3.2. Hoat tinh quang xdc tac cia vat ligu
Hoat tinh quang xtc tac cta vat li¢éu dugc khao
sat trong phan trng phan hiy SMX trong khoang
thoi gian tir 0 dén 150 phut. Két qua dwoc chira
& hinh 6 cho thay, khi hiéu suit phan hity SMX
cia cac vat ligu giam dan theo tht tu
RHZ>ZnO>RH. Sau 150 phdt quang xdc tac,
hiéu suét phan huy SMZ ciia vt liéu RHZ, ZnO,
RH tuong ung 1a 77,91%; 50,45% va 43,10%.
Nhu vay RH da lam tang hoat tinh quang xtc tac
cta vat liéu ZnO, do d6 RHZ c6 hoat tinh quang
xuc tac t6t hon cac vat liéu thanh phan [8].
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Hinh 6. Hiéu suat phan hiy SMX véi cac vt
lieu khac nhau
3.3. Hoat tinh khang khuén
Déi véi du lugng khang sinh, phai danh gid mirc
d6 khang khuan cua ching sau khi xt If 1am co
so xé4c dinh tac dong cua chat 6 nhiém sau phan



hiy dbi voi moi truong. Sy suy giam ndng do
ciia SMX va cac san pham phan hay cia né sau
khi quang xtc tac duoc sir dung dé danh gia sy
sinh truong va phét trién cua khuan Bacillus

subtilis. BS 1a chung khuan ton tai phé bién
trong nhiéu moi truong khac nhau va réat nhay
cam Vi SMX [11].

Bang 2. Kha ndng khdng khudn cia SMX sau thoi gian quang xuc tac

Puong kinh vong khang khuan (mm)
Vi khuan | 1) SMX ban 2) SMX sau 90 phat 3) SMX sau 120 phat
dau (5ppm) guang xuc tac quang x(dc tac
Bacillus
+ +
subtilis 19,36+0.25 12,35+0.30 9,18+ 0,12

Sau 24 gio u trong dia thach, kha nang khang
khuan cua dung dich SMX trudc va sau 90, 120
phut quang xuc tac dwoc thé hién bing vong
khéng khuan. Két qua Bang 2 cho thay, khi thoi
gian quang xUc tac tang thi dwong kinh vong
khéng khuan giam. Sau 120 phat quang xdc tac
¢ 72,15% SMX phén huay, duong kinh vong
khdng khuan cua dung dich giam 47,42%,
chiing to SMX da phan hay nhanh thanh nhirng
chit co it doc tinh sinh hoc nén kha ning khang
khuan caa dung dich giam. Khi SMX phan hay
hoan toan, san pham thu duoc c6 thé khdng gay
doc tinh sinh hoc [11]. Diéu nay c6 thé dugc giai
thich 13 khi chiéu xa vat liéu RHZ di tao ra cac
gbc hoat dong hydroxyl OH®, superoxit 05”.
Cac goc nay s& oxi hoa chat 6 nhiém SMX bj
hap phu trén bé mit chit xdc tac RHZ tao thanh
san pham cudi cung 1a CO; va H,O khong gay
dac tinh sinh hoc [8].
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Hinh 7. Co ché phan hiy SMX cua vat liéu
RHZ
4. KET LUAN
Chiing t6i da ché tao thanh cong vat liéu quang
xUc tac nano ZnO trén nén than sinh hoc (RHZ)
tir triu bang phuong phap héa siéu am. RHZ da
cai thién hiéu suét quang xuc tac so voi cac hat
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nano ZnO. Hoat tinh khang khuin Bacillus
subtilis cia SMX giam dan theo thoi gian quang
xuc tac hira hen Gmg dung 16n cuia RHZ dé phan
hiy du lugng khang sinh trong nude thai thanh
nhimg chét it doc hai hon d6i voi moi truong.
Céc két qua thu dugc s& 14 co s cho dinh hudng
nghién ctru, img dung RHZ trong xir Iy ngudn
nude chira khang sinh - chat “6 nhiém méi” gy
mét can bang sinh thii, anh huong dén moi
truong va suc khde con nguoi.

Loi cam on: Cac tac gia xin chan thanh cam on
B6 GD&DT da hd trg kinh phi cho nghién ctru
nay théng qua dé tai cip bo. Ma sb B2021-
TNA-15

TAI LIEU THAM KHAO

1. Tran Quoc Toan, Do Tra Huong, Ha Xuan
Linh, Nguyen Huyen Phuong, Nguyen Anh
Tien, Ngo Thi Cam Quyen, and Chau Hung
Dung, Study of the Ciprofloxacin Adsorption of
Activated Carbon Prepared from Mangosteen
Peel, Appl. Sci. 12, 8770, (2022).

2. J.ALL. Perini, A.L. Tonetti, C. Vidal, C.C.
Montagner, R.F.P. Nogueira, Simultaneous
degradation of ciprofloxacin, amoxicillin,
sulfathiazole and  sulfamethazine, and
disinfection of hospital effluent after biological
treatment via photo-Fenton process under
ultraviolet germicidal irradiation, Appl. Catal.,
224, 761-771, (2018).

3. Mohammad Malakootian,  Alireza
Nasiri &Majid Amiri Gharaghani,
Photocatalytic degradation of ciprofloxacin
antibiotic by TiO; nanoparticles immobilized


https://www.tandfonline.com/author/Malakootian%2C+Mohammad
https://www.tandfonline.com/author/Nasiri%2C+Alireza
https://www.tandfonline.com/author/Nasiri%2C+Alireza
https://www.tandfonline.com/author/Amiri+Gharaghani%2C+Majid

on a glass plate, Journal Chemical Engineering
Communications, 207(1), 56-72, (2020).

4. Vii Thanh Liém, Nguyén Ngoc Tung, Lé Vii
Tién, Pao Sy Puc, Phan hay khang sinh
ampicilin bang ky thuat Fenton dj thé s dung
tro bay bién tinh, Tap chi Phan tich Héa, Ly va
Sinh hoc, 25(2), 87-93, (2020).

5. Mai Hung Thanh Tung, Bui Thi Ngoc Truc,
HG6 Minh Thién, Nguyén Thanh Viét, Phan Thi
Diéu, Tran Thi Thu Phuong, Nguyén Thi Diéu
Cam, Nguyén Tri Qudc, Tong hop vat liéu xuc
tac quang g-CsN4/BiVO, va ing dung xir ly chat
khang sinh trong méi truong nudc, Tap chi
Phén tich Héa, Ly va Sinh hoc, 26 (4A), 46-51,
(2021).

6. Aryane Tofanello, Elisangela Bellet,
Adrianne M. M. Brito, Iseli L. Nantes-Cardoso,
Photodegradation ~ of  Ciprofloxacin-Zinc
Complexes Produced at the Interface of ZnO
and Cu-Doped ZnO Crystals, Materials
Research, 24(6), e20210198, (2021).

7. Nguyén Ngoc Khoa Truong, Nguyén Vin
Nghia, Ly Thi Kim Cuc, Nguyén Tu, Hoat tinh
quang xuc t&c cua vat liéu ZnO pha tap cacbon
hoat tinh”, Tap chi Khoa hoc - Truong BDH Quy
Nhon, 12(1), 63-69, (2018).

8. Muhammad Amir , Tahir Fazal, Javed Igbal,
Aamir Alaud Din , Ashfaq Ahmed, Asim Ali ,

83

Abdul Razzaq, Zulfigar Ali, Muhammad Saif
Ur Rehman, Young-Kwon Park, Integrated
adsorptive and photocatalytic degradation of
pharmaceutical micropollutant, ciprofloxacin
employing biochar-ZnO composite
photocatalysts, Journal of Industrial and
Engineering Chemistry , 115, 171-182, (2022).
9. G.Prasannamedha, P. Senthil Kumar , A
review on contamination and removal of
sulfamethoxazole from aqueous solution using
cleaner techniques: Present and future
perspective, Journal of Cleaner Production,
250(5), 119553, (2020).

10. Hyun Min Jang, Seunghyun Yoo, Sunkyu
Park, Eunsung Kan (2019), “Engineered
biochar from pine wood: Characterization and
potential  application for removal of
sulfamethoxazole in water”, Environmental
Engineering Research, 24(4), 608-617.

11. Nguyen Thi Cam Tien, Trinh Thi Bich
Huyen, Nguyen Thi Thuy, Dang Van Thanh,
Nguyen Trung Thanh, Nguyen Nhat Huy,
Degradation of enrofloxacin by photocatalysis
using titanium dioxide nanomaterials, 10P
Conference Series: Earth and Environmental
Science, 799, 012033, (2021).

Lién hé: Tran Quéc Toan-Khoa Héa hoc-BH
Su pham Thai Nguyén. Bién thoai: 0978553908


https://www.sciencedirect.com/science/article/abs/pii/S0959652619344233?via%3Dihub#!
https://www.sciencedirect.com/journal/journal-of-cleaner-production
https://www.sciencedirect.com/journal/journal-of-cleaner-production/vol/250/suppl/C
http://eeer.org/advanced/?term=author&given_name=Hyun%20Min&surname=Jang
http://eeer.org/advanced/?term=author&given_name=Seunghyun&surname=Yoo
http://eeer.org/advanced/?term=author&given_name=Sunkyu&surname=Park
http://eeer.org/advanced/?term=author&given_name=Sunkyu&surname=Park
http://eeer.org/advanced/?term=author&given_name=Eunsung&surname=Kan

