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Tém tit

Trong nghién ctiu nay, hiéu qua quang xtc tac phan hiry hop chat khang sinh sulfamethoxazole
(SMX) sir dung hé xdc tac UV/S,04/TiO, va UV/H,0,/TiO, dugc danh gia dudi sy anh huong
cta céac didu kién khac nhau, bao gdm anh huong cua cac cation Na*, K*, Ca®*, Mg va cac

anion NOjy’, CI va SO,*. Két qua nghién ctu chi ra ring, SMX phan hay tét nhat khi hé xc tac
UV/S,0¢/TiO, duoc st dung, khoang 82,36% SMX duoc loai bo sau 180 phut chiéu sang.

Ngoai ra, két qua nghién ctru ciing cho thay anion va cation ¢6 anh huong manh dén hoat tinh
guang xuc tac phan hay SMX trén hé xic tac UV/S,0/TiO,. Hoat tinh quang xdc tac tang nhe
khi c6 sy hién dién cua anion CI" va cation Na*, khoang 89,78% SMX dugc loai bé sau 180
phut chiéu sang. Trong khi d6, hoat tinh quang xtc tac phan hay SMX giam dang ké dudi su
hién dién cua anion SO,* va cation K* tuong tng véi 53,70% va 60,73% SMX duoc loai bo sau

180 phut chiéu sang. ..
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1 Gidi thiéu

Hién nay, viéc st dung cac chat khang sinh tré nén phd
bién va cac ki thuat phan tich tién tién duoc phat trién thi sy
ton tai ciia cAc chat nay trong moi trueong sinh thai tra thanh
méi quan tdm cua céc nha khoa hoc. Vi cc chét khang sinh
Ia nhitng hop chét c6 do bén va tinh 6n dinh twong di cao
nén sy hién dién cua céc chit khang sinh trong nudc thai
gay ra nhiéu mbi de doa dbi véi moi truong[1]. Do d6, viéc
loai bo cac hop chit nay trong nudc thai dat dén tiéu chuan
cho phép trude khi di vao hé thong thoat nudc 1a can thiét.
Pén nay, c¢6 nhiéu cong nghé phat trién dé loai bo chat
khang sinh trong méi truong nudc nhu ki thuat dién phan,
mang loc va phuong phdp oxi hoa bac cao (advanced
oxidation processes, AOPs)[2]. Tuy nhién, viéc &p dung cac
cong nghé nay bi han ché boi mot sé tré ngai nhu chi phi
cao va tiéu tén nhiéu ning luong. Vi vay, viéc phat trién
cong nghé loai bo céc hop chat khang sinh trong moi
truong nudce dat hiéu qua cao va phai c6 chi phi hop Ii can
dugc quan tdm nghién cuu.

Qua trinh oxi hoa bac cao (AOPs) dang trd nén quan trong
trong viéc loai bo triét dé cac chat khang sinh trong moi
truong nude do cac uu diém trong xir If cac chat hitu co bén
va khong bi phan hity sinh hoc[3]. Vé co ban, AOPs c6 thé
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duoc phan chia ra cidc qué trinh nhu sau: ozone hda, song
siéu am, oxi hoa tong thé, UV, qua trinh Fenton va xuc tac
quang héa st dung cac vat liéu ban dan, phan hay bing
phéng xa, phuong phap dién va dién hoa[4]. Trong cac qua
trinh nay thi viéc sir dung cac vat liéu ban dian dugc déanh
gia cao do cac vu diém nhu Ia xay dyng va van hanh dé
dang ¢ nhiét @6 phong. Ngoai ra, sy hinh thanh cac cép
electron-15 tréng trong qué trinh AOPSs c¢6 thé tham gia vao
cac phan tng vai cac chit nhan dién tir nhu O, va chit cho
dién tir nhu H,O hoic OH™ d tao ra céc gdc phan tng, dic
biét 1a cac gdc hydroxyl c6 thé phan hay cac chét hiru co
doc hai[5]. V& huéng nghién ciru ndy, vat liéu ban dan TiO,
duoc biét dén rong rai, c6 thé phan hay cac thudc khéng
sinh v&i d6 bén cao va than thién véi méi truong. TiO, s&
hiru ndng lwong ving cim I6n Ey = 3.2 eV. Khi chiéu buc
xa UV 1én bé mat cua TiO,, TiO, bi kich thich hinh thanh
céc cap electron (¢) va 16 trong (h*) can thiét cho qua trinh
xuc tac quang héa oxi hoa va khu. Electron (e) va 15 tréng
(h") c6 thé phan &ng higu qua voi cac phan tir nuéc va oxi
hip phu trén bé mat TiO, dé tao ra cac goc tw do. Tuy
nhién, ngay lap tic trong qué trinh nay, qua trinh tai té hop
cua electron (e) va 16 tréng (h*) ciing dién ra, do do hoat
tinh quang hoa cua qua trinh bi han ché. Pé ngan chan qua
trinh tai hop nay, viéc sir dung céc ion persulfate va phén tir
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H,0, V&i vai trd nhu 1a cac biy dién tar do d6 co thé nang
cao hiéu qua xtc tac cua TiO, trong phan hay cac hop chit
hitu co, dic biét 1a cac hop chat khang sinh. V& huéng
nghién ctu ndy, Emad S.EImolla v& Malay Chaudhuri
ching minh rang viéc thém H,0, vao hé xtc tac UV/TIO,
cho két qua la c6 thé phan hay hoan toan amoxicillin,
ampicillin, va cloxacillin trong 30 phat. DOC dugc loai bo
va nitrate (NO; ), ammonia (NH;), sulfate (SO.) duoc
hinh thanh trong quéd trinh phan hay. Do d6, hé xic tac
UV/H,0,/TiO, dugc danh gia 1a hiéu qua cho qud trinh
phan hay amoxicillin, ampicillin va cloxacillin trong mdi
truong nu6c[6]. Bén canh d6, Mantzavinos va dong nghiép
da bao cao hiéu qua xdc tac cuaa TiO, pha tap tungsten (W)
cho phéan huy quang hoa sulfamethoxazole (SMX) véi sy cd
mat cta persulfate dudi anh sang mat troi mé phong. Ho da
chi ra rang, qua trinh phan hay SMX trai qua qué trinh hinh
thanh hang loat cc san pham chuyén hoa so cp va thir cap
(transformation by-products, TBPs) dugc xac dinh bing
phan tich LC-TOF-MS[7]. Ngoai ra, Ismail va cong su
ciing danh gia hiéu qua cua persulfate trén cac hé phan ung
khéac nhau (UV, solar light, electron, Fe(ll)) trong phan hay
sulfaclozine cing véi sy anh huong ca nong do persulfate.
Hé UV/TIO,/K,S,0g cho két qua hoat tinh cao ¢ tat ca cac
nong do6 cua persulfate khéc nhau[8]. Do do, su c6 mat cua
cac tdm hoat dong nhu la ion persulfate va phan tor H,O,
V6i vai tro la cac tdm bét electron c6 thé cai thién téc do
phan huy va hiéu qua cua qua trinh.

Gan day, ap dung phuong phap oxi hda bac cao ciing dugc
sy quan tdm ctia cic nha nghién ciru trong nudc cho phan
hay cac chat khang sinh. Vi dy, nhom tac gia Lé Truong
Giang (Vién Hoa hoc, VAST) phéat trién cong nghé phan
hay céc chat khang sinh sarafloxacin st dung hé xdc tac
UV/H,0,. Hé xtic tic UV/HOCI/CIO™ ciing thu hat duoc sy
quan tdm nghién ctu[9]. Tuy nhién cho dén nay, theo tim
hiéu cua nhdm nghién cau, cac nghién ctu trude do trong
nudc hau hét chua tap trung vao nghién ciru danh gia hiéu
gua xuc tdc quang hoda cua hé xuc tdc UV/S,06/TiO, va
UV/H,0,/TiO, trong phan &ng phan hay cac chit khang
sinh. Do d6, trong nghién cttu ndy, hiéu qua xuc tac quang
hoa cua hé xic tac UV/S,0g/TiO, va UV/H,0,/TiO, trong
phan g phan hiy cac chat khang sinh dwgc danh gia dudi
s anh huong cua cac diéu kién khac nhau, bao gdm anh
huong cua cac cation Na¥, K*, Ca®*, Mg*" va céc anion
NOs, Cl'va SO,”.

2 Thuc nghiém

2.1 Hoa chat

Titanium(lV) oxide (TiO,(P25), anatase, 99,8% (Sigma-
Aldrich), sulfamethoxazole (Sigma-Aldrich), sodium
persulfate (Na,S,0s, >98%, Sigma-Aldrich), hydrogen
peroxide (H,0,, 30%, hoa chit cho phan tich (analytical

reagent, AR), Xilong Chemical, Trung Quéc), nudc cat (tir
méy nudc cat 2 lan caa hang Lasany, An D).

2.2 Phuong phéap danh gié hoat tinh quang hda

Hoat tinh quang xuc tac cua vat liéu dugc danh gia dua trén
phan trng quang xuc tac phan hay sulfamethoxazole (SMX)
trong moi truong nude, dudi ngudn chiéu xa 1a dén UV
(UV lamp; Shenzhen Yisi Technology Co., Ltd, Longhua
New, Shenzhen, China; Wavelength range: 300 ~ 400nm;
Main wave for peak: 365nm; Wattage: 20W). Qua trinh thi
nghiém cu thé nhu sau: Xuc tac (50mg) dwoc phan tan
trong dung dich SMX (100ppm) va khuiy trong bong téi 60
phit. Sau d6, chiéu dén va miu duoc lay ra theo cac khoang
thoi gian bang nhau (30 phat). Dung dich sau khi liy ra
dugc li tam 5000 vong/phut trong 10 phat dé loai bo xtc
téc. Nong d6 cia SMX duoc kiém tra trén may UV-vis
(Evolution 60S UV-Visible Spectrophotometer).

3 Két qua va ban luan

3.1 Két qua hoat tinh quang xuc tac cua TiO,-P25

Hoat tinh quang xdc tac cua cac mau TiO, duoc danh gia
thdng qua phan ung quang xuc tac phan hay SMX trong
mbi trudng nude dudi anh sang dén UV. Theo két qua danh
gia hoat tinh quang xtc tac duoc thé hién trong Hinh 1A, ¢6
thé thiy sy hién dién cua H,0, va S,0g” ¢6 anh hudng quan
trong dén hoat tinh quang xdc tac cua TiO,. SMX khéng bi
quang phan khi khong c6 mit caa TiO,, cho thdy SMX bén
duéi é&nh sang UV. Hiéu qua phan hiy SMX ting tur
57,92% trén hé UV/TIO; Ién 68,66% trén h¢ UV/H,0,/TiO,
sau 180 phut chiéu sang. Két qua nay la do, H,0, duoc st
dung thi hiéu qua phan tach electron va 15 tréng cua TiO,
duoc cai thién, tir d6 ning cao hoat tinh quang xUc téc caa
vt liéu do sy hinh thanh gc hydroxyl nhiéu boi phan ting
cua H,0O, vai TiO, khi bi kich thich bai birc xa v6i bude
s6ng thich hop. Anh huong cua hiéu qua phan tach electron
va 15 tréng I18n hoat tinh quang xuc tac cia TiO, c6 thé quan
sat ro hon & hé xuc tac UV/SzogrnOz, truace khi S,0g duoc
stir dung, khoang 57,92% SMX dugc loai bo trén hé xic tac
UVITiO,, kha nang phan hiy SMX ting dang ké voi
khoang 82,36% SMX bi phan huy sau 180 phdt chiéu sang
khi hé xic tac UV/S,04/TiO, dugc sir dung.

Su quang xuc tac phan hay SMX theo thoi gian tuan theo
ddng hoc bac nhat, dugc xac nhan thong qua dudng tuyén
tinh cua In(Co/Cy) theo t dugc biéu dién trong Hinh 1B.
Hoat tinh quang xtc tac tang theo thir ty cac hé xUc tac sau:
UV/TiO< UV/H,0,/TiO,< UV/S,04/TiO, véi hing sb toc
do (k) tuong Gng la 4,77x10° phat?, 6,20x10° phit? va,
9,17x10° phat™.

Hinh 1C cho thay su thay di trong phé hip thu UV-vis
cia SMX theo thoi gian chiéu sang khi hé xlc tac
UV/S,04/TiO, dugc st dung. Khi ting thoi gian chiéu
sang, dinh hap thu cuc dai cia SMX ¢ budc séng 266nm
giam dan.
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Hinh 1 Hiéu quéa phan huy SMX trén mau P25: (A) C/Cy theo thoi gian(t), (B) —In(C/Cy) theo thoi gian (t) va
(C) su thay dbi phd hip thu cua SMX theo thoi gian trong hé xuc tic SMX/S,0¢/P25.

SMX-P25-5,0,-NaCl

®) ®) 5. ©
_ | m P2s-s208 A
1.04 °43< @ P25-S208-NaNO3 ’ .
A P25-5208-NaCl RAEN 1 —— -60min
WV P25-S208-Na2S04 o, —— -30 min
08 \¢ 1.5 7 e’ —— Omin
\ ,/ ¢ —— 30 min
V\ - G g —— 60 min
O 0.6 N o e /‘ = —— 90 min
O \V S 1.0 . ,/’/ 2 —— 120 min
\2 ~v = Ry 2 —— 150 min
0.4{-0— P25-5208 % vy 2 —— 180 min
—0— P25-5208-NaNO3 R s v
—A— P25-S208-NaCl ig 0.5- . v
AN AR
0.24—g— P25-S208-Na2S04 ~ v-
~A ‘/”, -
;/
0.0 f-——F—"—7—"T"—T+——T—T— 0.0 T T T T T T
-60 -30 0 30 60 90 120 150 180 0 30 60 90 120 150 180 200 250 300 350 400 450 500
Time (min) Time (min) Wavelength

Hinh 2 Hiéu qua phan hity SMX trén mau P25 dudi 4nh hudng cia cac anion khic nhau: (A) C/Cy theo thoi gian (t), (B) —In(C/Cy)
theo thoi gian (t) va (C) su thay dbi phd hip thu cia SMX theo thoi gian trong hé xuc tic SMX/S,04/CI/P25.

SMX-P25-S,0,-NaCl

(A) B) 55 ©
/9_ W P25-5208
1.0la=0= @ P25-5208-NaCl )
o \A A P25-5208-KCI L4 — -60 min
204 P25-5208-CaCl2 ’ —— -30 min
O\ ' x P25-5208-MgCI2 .’ ——  Omin
0.8 1 . .
\A . [ ] —— 30 min
0\0\ ~> 1.5 ,7 g g —— 60 min
O 064 \\A\ Q AP 4 = —— 90 min
o O\K e e ,’; . o —— 120 min
\8 O\ £ Lo, v /;/ -2 S —— 150 min
0.4{—0— P25-5208 Ng. RNa ' AR X - —— 180 min
—0— P25-5208-NaCl o O K & =
—A— P25-5208-KCl \ﬂ\\ 05 A S
0.2{—— P25-S208-CaCl2 a 7 ,,’f;; -
—O— P25-5208-MgClI2 %o /!/: -z
27
ool 00—
-60 -30 0 30 60 90 120 150 180 0 30 60 90 120 150 180 200 250 300 350 400 450 500
Time (min) Time (min) Wavelength

Hinh 3 Hiéu quéa phan hily SMX trén mau P25 dudi 4nh hudng cia cac anion khic nhau: (A) C/Cy theo thoi gian (t), (B) —In(C/Cy)
theo thoi gian (t) va (C) su thay dbi phd hip thu cia SMX theo thoi gian trong hé xuc tic SMX/S,0¢/Na*/P25

Anh huéng cua anion va cation dén hiéu qua phan huy  53,70%), tuy nhién hiéu qua phan hiy SMX ting nhe dudi
SMX trén hé xuc tac UV/S,0g/TiO, ciing dugc nghién cuu. sy hién dién cua anion CI" (ting tir 82,36% lén 89,78%).
Hinh 2 cho thdy hiéu qua phan hiy SMX giam dang ké  Trong khi do, sy hién dién cia anion NO; khéng anh
dudi sy hién dién cua anion SO,* (giam tir 82,36% xudéng  huong dang ké dén hisu qua phan hay SMX. Bén canh d6,
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su hién dién cua cation ciing cho thay anh huong déng ké
dén hoat tinh quang xdc tac phan hay SMX trén hé xdc tac
UV/S,0¢/TiO,. Hinh 3 cho thdy hiéu qua phan hay SMX
tang nhe dudi sy hién dién cua cation Na* (ting tir 82,36%
I18n 89,78%), hi¢u qua phan hiay SMX giam nhe dudi su
hién dién cua cation Ca®* va Mg?" va giam manh dudi su
hién dién cua cation K* (giam tir 82,36% xudng 60,73%).
Dudi sy xuit hién cua anion va cation, sy quang xuc tac
phdn hay SMX theo thoi gian trén hé xdc tac
UV/S,0¢/TiO, Van tuan theo dong hoc bac nhit, nhu dwoc
X&c nhan thong qua duong tuyén tinh cua In(Co/Cy) theo t
dugc biéu dién trong Hinh 2B va 3B.

4 Két luan

Dé tai da nghién ctu hiéu qua quang xUc tac phan huy
hop chat khang sinh SMX st dung hé xlc tac

Tai liéu tham khao

UV/S,0¢/TiO, va UV/H,0,/TiO;, dudi anh hudng cta cac
diéu kién khéc nhau, bao gom anh huéng cua céc cation
Na*, K*, Ca**, Mg®* va cac anion NOs, CI', va SO,*. Két
qua quang xUc tac chi ra rang, hiéu qua phan hay SMX
st dung hé xic tadc UV/S,0¢/TiO; cao hon
UV/H,0,/TiO,. Su hién dién cta anion CI" va cation Na*
lam téng hoat tinh quang xic tac phan huy SMX trén hé
xuc tdc UV/S,04/TiO,. Trong khi d6, su hién cua anion
SO, va cation K* 1am giam dang k& hoat tinh quang xc
téc phan huy SMX. Nghién ciru ndy mo ra tiém niang tng
dung I6n cua TiO, trong linh vuc xtr Ii chat khang sinh gay
6 nhiém mdi truong.
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Study on the evaluation of UV/S,0g/TiO, and UV/H,0,/TiO, process efficiency for degradation
of antibiotics from aqueous solutions

Nguyen Huu Vinh, Nong Xuan Linh, Nguyen Thi Thuong, Tran VVan Thuan, Duy Trinh Nguyen”
NTT Hi-Tech Institute, Nguyen Tat Thanh University
“ndtrinh@ntt.edu.vn

Abstract In this study, the photocatalytic effect of decomposition of sulfamethoxazole (SMX) using UV/S,0g/TiO, and
UV/H,0,/TiO, systems was evaluated under the influence of different conditions, including the effects of Na*, K*, Ca”,
Mg2+ cations and NO3’, CI', and SO,* anions. The results indicate that about 82.36% SMX was removed after 180 minutes of
lighting using UV/S208/TiO2 catalytic system. In addition, the results also showed that anion and cation have a strong
influence on photocatalytic activity of SMX decomposition on UV/S,0g/TiO, system. The photocatalytic activity slightly
increased in the presence of CI anion and Na® cation, and about 89.78% SMX was removed after 180 minutes of
illumination Meanwhile, SMX degradation photocatalytic activity significantly reduced in the presence of SO,*anion and K*
cation, approximately 53.70%, and 60.73% SMX were removed after the180 minutes of lighting in the appearance of SO,*
anion and K" cation, respectively.

Keywords TiO, material, photocatalysis, sulfamethoxazole degradation, UV irradiation
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