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TOM TAT

Titan dioxide (TiO,) 1a vat liéu ban dan duoc ting dung rong rai nho dic tinh quang
xuc tac, dd bén hoa hoc cao va tinh an toan sinh hoc. Tuy nhién, do vung cdm rong
va hién tuong tai hop dién tich nhanh, hiéu suat quang xuc tac ctia TiO, nguyén chat
con han ché dudi anh sang kha kién. Trong nghién cttu nay, ching toi trinh bay
phuong phép téng hop mang mong TiO, va Ag-TiO, bang ky thuat phun ph sol-
gel c6 hd tro oxalat trén nén gém st tréng men. Dung dich tién chat dwoc diéu ché
tlr titanium oxalat va bac nitrat, cho phép tao mang phu dong déu, bam dinh tét,
than thién moi treong va khong yéu cau nhiét dé nén cao. Mang phu duoc khao sat
cac ddc trung XRD va SEM, dong thoi danh gia hiéu suat quang xuc tac thong qua
kha nadng phan huy xanh methylen (MB) duéi 4nh sang kha kién. Két qua cho thay
mang Ag-TiO; ¢d tinh ndng da chiic ndng vuot trdi, bao gom quang xuc tac, dd cing
bé mat cao, mo ra trién vong ting dung thuec t€ trong cac san phdm gém st gia dung

va vé sinh thong minh, bén ving.

T khéa: Mang mong TiOz, quang xuc tac, khang khuan, Ag-TiOz, gdm st da chirc

nang

1. MO PAU

Trong boi canh nhu cau ngay cang tang doi voi cac vat liéu vé sinh, twe lam sach
va than thién v6i moi treong, viéc tich hgp vat liéu nano chiic ndng vao san pham tiéu
dung da tro thanh mot hudng nghién ctru day trién vong [1, 2]. Trong d6, viéc phu mang
mong TiO; va TiO, pha tap Ag nhan dugc nhiéu quan tam nho kha nang két hop gitra
tinh quang xuc tac va khang khuan, pht hop cho cac ting dung trong gém st gia dung,
thiét bi vé sinh va y t& [3 - 5]. TiO; la vat liéu ban dAn ndi bat nho tinh 6n dinh, khong
ddc va gia thanh thédp, c6 kha nang tao ra cac gdc oxy héa manh dwdi chiéu xa anh sang,
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gitip phan huy chat 6 nhiém va tiéu diét vi khudn [6, 7]. Tuy nhién, giéi han hap thu 4nh
sang UV va hién tuong tai két hop dién tich nhanh khién hiéu suat quang xtc tac cta
TiO, nguyén chat con thap [5]. Pha tap bac (Ag) 1a mot hudng cai tién hiéu qua, giap mo
rong kha nang hap thu anh sang kha kién nho hiéu tng plasmon bé mat (SPR), dong
thoi bd sung kha nang khéang khuan ndi tai va giam tai hop dién t-16 tréng [5, 6]. Thay
vi st dung dang bot gay kho khan trong thu hodi va dé 6 nhiém thi cap, viéc phu mang
TiO, va Ag-TiO, 1én c4c nén ran nhu gdm st 1a giai phap hiéu qua, gitp cai thién tinh
nang khang khuan, d¢ béng, do ciing va d6 bén ctua san pham.

Trong nghién ctru nay, chung t6i trinh bay quy trinh phun phu sol-gel c6 ho tro
oxalat d€ ché tao mang mong TiO, va Ag-TiO, trén gém st trang men. Phuong phap st
dung dung dich titanium oxalat d6, khong can nhiét dé nén cao khi phun, thich hgp cho
cac san pham gom c¢d hinh dang phtic tap. Mang phtu duwoc danh gia vé hoat tinh quang
xtc tac (phan htiy xanh methylen duéi anh sdng kha kién), va dac trung cdu trtc bang
XRD, SEM. Két qua cho thdy mang Ag-TiO, mang lai hiéu qua da chiic ning, khang
dinh tiém nang ting dung thwong mai trong cac san pham goém st thong minh, bén virng
va an toan cho nguoi dung.

2. THUC NGHIEM
2.1. Chuén bi dung dich tién chat peroxotitanate va sol titanium oxalat pha tap Ag

Tién chat peroxotitanate duwoc tong hop tir 5 g TiO, phan tan trong 100 mL NaOH
10mol L7, xt¢ 1y siéu am (20 kHz, 100 W) trong 30 phut, sau d6 phan tng thuty nhiét ¢
130 °C trong 10 gio. Két tua thu duoc duoc rira béng nuwoc khtr ion va HC1 0,1 mol L,
sdy kho ¢ 80 °C trong 2 gio [8]. San pham kho dwgc cho phan ting véi 30 mL H,O, 30%
O nhiét d6 phong, khuay 1 gio, thu duoc dung dich peroxotitanate mau vang [9]. Tiép
theo, thém tir tir 30 g axit oxalic vao dung dich vang trén va khudy lién tuc, tao thanh
dung dich sol titanium oxalat mau do trong [11]. Dung dich nay dugc pha loang dén
500 mL bang nuwdc cat, st dung lam dung dich phun phti. D€ pha tap Ag véi nong do t&i
wu nham tang cuong hoat tinh quang xuc tac [6], ty 1é 10% khoi lwong AgNO; so voi
TiO, duoc thém vao dung dich titanium oxalat, khudy 30 phat d€ dong nhat. Dung dich
sol-gel chita ion Ag thu dwoc dung cho qua trinh phun phu mang.

2.2. Phu mang méng TiO, va Ag-TiO,

Cac chén st duong kinh miéng ~115 mm duoc st dung lam nén dé phu mang
TiO, va Ag-TiO,. Trudc khi phu, chén dwoc lam sach bang ethanol, rita nuée khir ion va
say ¢ 60°C trong 30 phut d€ loai bo dm va tang d¢ bam dinh. Dung dich titanium oxalat
mau do dwgc nap vao sung phun (kim phun 0,3 mm) két ndi v6i may nén khi. Chén
dwgc lam néng dén ~60°C nhim cai thién do thAm w6t va bay hoi dung moéi. Qua trinh
phun tao 16p swong min phu déu lén bé mét. Cac thong s6 t6i wu gom: ap sudt khi nén
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3kg/cm?, toc d dung dich 10 mL/phut, khoang cach voi phun 15-20 cm, va thoi gian
phun mdi chén 1a 30 gidy. Sau khi phti, cac mau dugc nung trong khong khi & 550°C
trong 1 gio dé loai bo chét httu co va két tinh TiO,, tao 16p mang méng bén ving [11].
Quy trinh tong hop va phu duoc minh hoa trong Hinh 1.

Phéan tan 5 gam TiO, vao 100 mL NaOH (10 mol/L)

Dung dich sol-gel oxalat Ag-TiO:

H6 trg siéu am (20 kHz, 100 W, 30 phut)

\ 4

Chuyé&n vao binh thuy nhiét, gia nhiét tai 130 °C trong 10 gi&r Sing phun

Puong kinh kim phun 0,3 mm

Rura két tha vdi nude khirion va 0,1 mol/L HCI

Phan (ng vdi H,0, (30%) két hgp khudy tif trong 15 phut

Cho vao 30 gam axit oxalic, khudy dén khi dung dich chuyén Théng so phun

mau do, trong sust +  Ap suit khi nén: 3 kg/cm?

Pha loang véi nudc ct dén 0,5 it * Lm logihg pho: 10 ml/phir

+ Khoang cach voi phun dén dé: 15-20 cm

Thém AgNO; (10% khdi li'gng so véi TiO,) * Thoi gian phun mdi chén: 30 giay

Hinh 1. So d6 quy trinh tdng hop dung dich tién chat va phun phi mang Ag-TiO; 1én chén st.

3. KET QUA VA THAO LUAN

3.1. Phan tich cau trac va vi cau tric

a b s

Hinh 2. (a) Chén sit; (b) Chén st phtt mang mong TiO;; (c) Chén st phu mang mong Ag-TiO,
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Hinh 3. Gian d6 nhiéu xa tia X ctia bé mat chén sit, mang mong TiO, va mang mong Ag-TiO,

phu trén chén st.

Cac chén st duwoc pht mang mong TiO, va Ag-TiO; [11], nhu thé hién trong
Hinh 2 (b) va (c) cho thdy, 16p phu trong su6t va dong déu ro rét. Bé mdt chén tro nén
béng hon véi do phan xa anh sang cao hon so vdi nén chwa phu, da hinh thanh 16p mang
moéng min va lién tuc. Nhitng cai thién vé mat quan sat nay khong chi cho thady mang c6
dd bam dinh tét va d¢ dong nhat cao ma con lam tang tinh thdm my cua chén st. Hinh
3 cho thdy pha tinh thé chu yéu ctia nén men st 1a zirconium silicate (ZrSiOs, PDF#003—-
0443), thé hién qua cac dinh nhiéu xa sic nét va rd rang, phan anh mitc do két tinh cao.
Sau khi pht mang mong TiO, bang phuong phap phun sol-gel sit dung dung dich tién
chat titanium oxalat da tong hop, phé XRD xuéat hién mot dinh rong tai 25,3°, twong ing
voi mat phan xa (101) caa TiO, anatase (PDF#071-1168). Cuong d¢ thap va do rong cua
dinh nay cho thdy su hinh thanh TiO,. Ngoai ra, cdc tin hiéu nhiéu xa manh tir nén
ZrSiO, bén dudi cling c6 thé gdp phan lam che khuadt mot phan cac dinh cua TiO..

D&i véi mang Ag-TiO, chita 10% khdi lwong bac, khdng quan sat thay dinh nhiéu
xa riéng biét nao twong tng vaéi bac kim loai. Viéc khong xuét hién nay c6 thé do mot s6
nguyén nhan: (i) cac nguyén tir Ag duoc phan tan trén bé mat hodc 6 ranh gidi hathoac
(ii) Ag ton tai ¢ trang thai vo dinh hinh [10]. Cac quan sat twong tu cling da duoc bao
cédo trong cac nghién ctu trude day, dic biét & nong do pha tap thidp hodc khi Ag phan
tan manh trong nén vat liéu. Mac du khong phat hién dugc dinh lién quan dén Ag trong
phd XRD, mang Ag-TiO, van cho thay kha nang phan htiy quang xtic tac xanh methylen
vuot trdi so voi TiO, khong pha tap, nhu sé duoc thao luan trong cac phan tiép theo.
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Hinh 4. Anh SEM ctia cdc mang mong trén nén chén st: (a) hinh thai bé mit mang TiO,; (b)

hinh thai bé m3t mang Ag-TiO,; va (c) anh cit ngang mang mong Ag-TiOx.

Hinh anh hién vi dién ti quét (SEM) (Hinh 4 a, b) cho thay cac 16p phu TiO; va
Ag-TiO; hinh thanh bé mit nh&n, dong nhat véi ciu tric hat & kich thiede nano kha dic
va chit ché. Kich thwdc hat woc tinh ctia TiO, nam trong khoang 15-20 nm. Viéc bd sung
bac khong gay ra thay doi dang ké nao vé hinh thai bé mat, cho thay bac phan bd dong
déu & cdp do nano hodc da duoc tich hop vao mang tinh thé TiO,. Anh SEM mit cit
ngang (Hinh 4c) cting cho thdy d6 bam dinh ctia 16p phu véi nén stt. Cac mang phu thé
hién d6 bam dinh t6t, khong c6 dau hiéu bong tréc hay niit vo tai 16p tiép giap. Do day
trung binh cta 16p phu khoang 450 nm. Nhiing quan sat nay khang dinh rang ky thuat
phun sol-gel c¢6 hd tro oxalat, st dung dung dich tién chat dugc diéu ché co thé tao ra
cac 16p phu TiO; chat lwgng cao trén nén gom str.

3.2. Phén tich phd hap thu UV-Vis ctia dung dich MB st dung mang moéng TiO; va
Ag-TiO, phu trén chén st

Hinh 5a 1a su thay d6i cuong d6 hdp thu trong ph6 hap thu UV-Vis cua dung
dich xanh methylene (MB) khi dwgc chiéu sang kha kién trong qua trinh phan ting quang
xuc tac voi mang mong TiO,. Dudi chiéu sang ctia den xenon 35 W, dinh hap thu déc
trung tai 664 nm giam dan theo thoi gian, cho thay nong dé MB giam do hoat tinh quang
xuc tac. Su giam cuong do dinh hap thu nay thé hién dén qua trinh phan huy chat mau.
Hinh 5b cho thdy ph6 hap thu UV-Vis cua dung dich xanh methylene (MB) trong qua
trinh phan hiy quang xtc tac st dung mang mong Ag-TiO, dudi cung diéu kién anh
sang kha kién. So v6i mang TiO, khong pha tap, mau pha bac cho thdy sy giam cuong
dd hép thu tai 664 nm manh hon, cung vdi hién twong dich chuyén vé bude séng thap
hon r6 rét hon. Nhitng quan sat nay cho thay t6c d¢ phan hty MB nhanh hon va hiéu
suat quang xuc tac dugc cai thién nho sy c6 mét cuia bac.
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Hinh 5. Pho hap thu ctia MB sau qua trinh quang xuc tac tai cac thoi gian chi€u sang khac nhau
(a) sit dung mang moéng TiO, phu trén chén stt, (b) sit dung mang moéng Ag-TiO, phu trén chén
s [11].

Hiéu suat quang xtc tac ctia cac mang mong TiO, va Ag-TiO, duoc danh gia
thong qua kha nang phan huly xanh methylene (10 ppm) dwéi anh sang kha kién phat ra
tlr den xenon 35 W. Nhu thé hién trong Hinh 6 [11], ca hai mau déu cho thay hoat tinh
quang xuc tac dang ké, véi mang Ag-TiO; ludn vuot trdi hon so véi mang TiO, khong
pha tap trong cung thoi gian chiéu sang. Sau chi 20 phut chiéu sang, mang TiO, dat hiéu
suat phan hay 19,1%, trong khi mang Ag-TiO, loai bo duoc 33,8% chat mau. Khoang
cach hiéu sudt nay ti€p tuc gia tang theo thoi gian: tai cac thoi diém 40, 60 va 80 phut,
mang TiO, dat cac gia tri phan huy lan luot la 31,6%, 39,7% va 48,5%, trong khi mang
Ag-TiO, dat dwgc cac gia tri cao hon dang ké 1a 55,9%, 75,0% va 87,5%. Sau 100 phut,
hiéu suat loai bé MB tdi da ciia mang TiO, chi dat 55,1%, trong khi mang Ag-TiO, dat
mutc ddng chi y 1a 93,4%.

Nhiing két qua nay nhan manh hiéu suat quang xtc tac vuot troi ctia hé TiO, pha
tap bac. Hoat tinh duoc cai thién cht yéu nho sy ¢ mét cua bac, von ¢ kha nang béy
cac electron duoc tao ra khi chiéu sang, tir d6 lam giam s tai hop cap dién to-16 trong
va tang cuong hiéu qua phan tach chung. Ngoai ra, cac hat nano bac con ¢6 thé cai thién
kha ndng hap thu anh sang kha kién thong qua hién tuwong cong hudng plasmon bé mat
cuc bd (SPR), dan dén su hoat hoa xtic tdic manh mé hon dwdi chiéu xa dnh sang kha kién
[5,6].
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Hinh 6. Qua trinh phan htly quang ctia dung dich xanh methylene (MB) bang phan ting quang

xuc tac véi mang mong TiO, va mang mong Ag-TiO, dudi chiéu xa anh sang kha kién.
3.3. Két qua do do c'ng Mohs ctia mang méng Ag-TiO:

D6 ciing Mohs duoc xac dinh dua trén kha nang cta vat liéu c6 do ciing biét
trudc lam xuedc bé mat mau. Néu dau but do c6 d6 ctiing cao hon mau sé tao vét xuwde rd
rét; nguoc lai néu mém hon, né khong gay xudc. Phuong phap nay phu hop dé€ danh gia
dd cting tuong do6i cua bé mat gom s, 16p phtt mang mong Ag-TiO,. Thiét bi, dung cu:
B0 but do d6 ciing Mohs Model: ZJ-209, bao gom 8 but thtt ¢6 dau lam tr vat liéu do
ctiing Mohs ttr 2 dén 9. Kinh ltp 10x hodc kinh hién vi soi bé mat. Khan mém sach, con
dé1am sach bé mit mau. Két qua do d9 cting bé mat cac mAu st va mau phtt mang mong
Ag-TiO, dugc trinh bay trong Bang 1. Phép do st dung thiét bi but do d ctiing Mohs
Model: ZJ-209, thirc hién theo phuirong phap tiéu chuan. Cac mau chén st porcelain, chau
rira mat va dia st cho két qua do ciing bé mdt trong khoang 6-7 Mohs. Cu thé, chén st
porcelain: xudt hién vét xuwdc nhe khi thir véi but Mohs 7, suy ra d§ cing khoang 6-7
Mohs, phtt hop véi ddc tinh gom st men hda. Pac biét, cac mau chén s pht mang mong
Ag-TiO, c6 d6 cing bé méat 8-9 Mohs, cao hon 10 rét so vdi st khong phu. Vét xudce rat
nhe quan sat duoc khi thit bang bt Mohs 9, cho thdy viéc phtt mang Ag-TiO, da nang
cao dang ké do ciing bé mat so voi nén men st goc. Viéc tang dd ciing giup bé mat san
pham kho bi xudc trong qua trinh st dung, duy tri d¢ béng, thim my va tudi tho cao
hon, ddc biét quan trong d6i voi chén, dia, chau rira va thiét bi vé sinh tiép xtc thuong
xuyeén voi tac dong co hoc.
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Bdng 1. K&t qua do d6 cting bé mat cdc mau g&m st va cic mau phti mang méng Ag-TiO,

Ag-TiOz

mang mong Ag-
TiO:2

STT | Ténmau Vi tri do Do cting Kétqua |Docungbé | Ghicha
but thw Xudc/Khong mat mau
(Mohs) .
xudc
1 Chén st bay, do 3 lan 7 Xudce 6-7 Vét xudce
porcelain nhe
2 | Chénsttphu | Po cac vi tri twong 9 Xude 8-9 Vét xudce
mang mong | tw vat liéu da pha rat nhe

3.4. Thuong mai hoa mdt s6 san pham gém s phtt mang mong TiO; pha tap Ag

Chuang t6i da nghién ctru phu thanh cong mang mong Ag-TiO, 1én nhiéu san

phdm gbém st gia dung va thiét bi vé sinh, bao goém chén, dia, bat, by &m chén, chau rira

mat,... (Hinh 7). Cac san pham sau phtt mang mong khong chi gitt nguyén d6 bong, mau

sac va hoa van trang tri g6c ma con nang cao tinh thdm my, bé mat lang min, c6 hiéu

tng ngoc trai. Dac biét, mang phu Ag-TiO, mang lai tinh ndng phan huy chat htu co

dudi anh sang kha kién thong thuong. Ngoai ra, mang con gop phan tang do cing bé
mat, han ché tray xudc trong qua trinh st dung. Cac san phdm nay da duoc thwong mai

hda, mo ra hudng phat trién méi cho nganh gdm st gia dung va thiét bi vé sinh cao cap
tai Viét Nam.
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Hinh 7. Mot s san phdm gdm st dugc pht mang mong Ag-TiO:z da duoc thuong mai hoa

4. KET LUAN

Chung t6i da ché tao thanh cong mang mong TiO, va Ag-TiO, pht trén nén gém
st bang phuong phap phun pht sol-gel hd tro oxalat. Mang c6 cdu tric nano dong déu
(~15-20 nm), bé m&t nhan, béng, c6 d6 bam dinh va do cting cao, phit hgp cho ting dung
thuc té. Mang Ag-TiO, thé hién hiéu sudt quang xuc tac vugt trdi, voi kha ndng phan
huy MB dat 93,4% sau 100 phut chiéu sang kha kién, cao hon nhiéu so véi TiO, nguyén
chét (55,1%). Dong thoi, mang phu con déng vai tro tang do ciing bé mat, han ché tray
xudc, 16p bao vé, han ché nguy co nhiém déc tir nén si. Két qua khéng dinh tiém néng
tng dung mang Ag-TiO, trong cac san pham gém st gia dung va vé sinh, mang lai hiéu
qua tu lam sach, khang khuan, thim my cao va an toan cho nguoi dung.

LOI CAM ON

Nghién cttu nay duoc tai trg boi BO Gido duc va Dao tao trong dé tai ma s6 B2025
-DHH-01.
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ABSTRACT

Titanium dioxide (TiO,) is a widely applied semiconductor material owing to its
photocatalytic properties, high chemical stability, and biocompatibility. However,
due to its wide band gap and the rapid recombination of charge carriers, the
photocatalytic efficiency of pure TiO, remains limited under visible light. In this
study, we present a synthesis approach for TiO, and Ag-TiO, thin films using an
oxalate-assisted sol-gel spray coating technique on glazed ceramic substrates. The
precursor solution, prepared from titanium oxalate and silver nitrate, enables the
formation of uniform, strongly adherent, and environmentally friendly coatings
without requiring high substrate temperatures. The films were characterized by
XRD and SEM, and their photocatalytic activity was evaluated through the
degradation of methylene blue (MB) under visible-light irradiation. The results
demonstrate that the Ag-TiO; films exhibit superior multifunctional performance,
including enhanced photocatalytic activity and high surface hardness, indicating
strong potential for practical applications in smart and sustainable household and

sanitary ceramic products.

Keywords: TiO, thin film, photocatalysis, antibacterial, Ag-TiO,, multifunctional

ceramics.
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Tong hop mang méng Ag-TiOz: nghién ciru va 1ing dung

Lé Quang Tién Diing nhan bang Tién si chuyén nganh Vat ly Chat ran
tai Dai hoc Hué nam 2014. Hién nay, ong la giang vién Khoa Dién, Dién

te va Cong nghé Vat liéu, Treong Dai hoc Khoa hoc, Dai hoc Hué.

Linh vwc nghién citu: tong hop va ting dung vat liéu nano, dac biét trong
cac linh vuc quang xtc tac, khang khudn, cling nhw nghién cttu ché tao

va ung dung cdc thiét bi siéu am cong suat.
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Linh viec nghién civu: Vat ly ly thuyét va vat ly toan.
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