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TOM TA T: Lop phu TiO; trén nén phosphate diegre tao ra bang phirong phdp quét phii ¢ nhiét do
phong va dp sudt khi quyén. Lop phu duwoc xit I nhiét ¢ cdc vung nhiét do khdc nhau (tir 25°C- 5500C)
toc dé nang nhiét 2°C/phiit, thoi gian lweu tai nhiét do cao nhat la 30 phiit va dé ngugi theo sw giam nhiét
tw nhién cua 16. Cau triic tinh thé va hinh thdi ciia 16p phii twong iing duwgce danh gid bang cdc phwong
phdp nhiéu xa tia X (XRD) va hién vi dién tir quét (SEM); d¢ bam dinh ciia 16p phi dwoe xdc dinh bang
phwong phap cdt (TCVN 2097-1993). Két qud nghién cieu cho thdy I6p phii diege 4 nhiét ¢ 350°C c6 dg
bam dinh t6t va hoat tinh quang xiic téc cao trong phan tmg phdn hity xanh methylen.

Tir khéa: Lép phii quang xiic téc, nén phosphate, i nhiét, phan hity xanh methylen.

1. GIOI THIEU

Trong thoi gian gan ddy, két qua cta nhiéu
cong trinh nghién ciru trong va ngoai nudc cho
thdy qua trinh oxi hoa quang xuc tac trén TiO,
¢6 kha nang xir li nhiéu chét 6 nhiém hiu co
trong moi truong nude va khong khi. Trong do,
TiO, duogc st dung cho qua trinh quang xuc tac
¢ dang bt phan tan cao trong nudc hodc dang
mang mong dugc gin cb dinh trén cac loai dé
mang bang nhiéu phuong phap khac nhau [1-5].
Tuy nhién, viéc trién khai tmg dung hé xiic tic
TiO, dang huyén phu bi han ché do viéc tach/loc
va tai st dung xuc tac dang bot doi hoi phai st
dung cong nghé mang véi chi phi cao. Vi vay,
dé nang cao tinh kha thi ctia viéc tmg dung qua
trinh quang hoa xuc tac, mot trong nhiing huong
nghlen ctru chi yéu hién nay l1a nghlen clru gin
két TiO, 1én dé mang bang chit két dinh v co
phu hop, nhim tao 16p phii quang hoa vira c6 do
bam dinh tdt, vira c6 hoat tinh quang xuc tac cao
[2-5].

Trong s6 cac chét két dinh vo co da dugc
nghién ctru, hé phosphate kim loai c6 nhiéu dic
tinh théa min dugc yéu cdu ché tao 16p phu
quang hoa [6-9]. Hon nira, dé ting do bén két
dinh, 16p phu phosphate cAn duoc xir 1i nhiét
phu hop [10] Vori 16p phii quang héa, ché do
xtr li nhiét can ndm trong giéi han nhiét do du
dé 1am tang do bam dinh va dong thoi khong
lam bién ddi thanh phan pha ban diu cua TiO,.
Bai bao nay trinh bay két qua nghién ciru anh

hudng cta nhiét d6 G dén mot s tinh chat cau
tric va hoat tinh quang hoéa cta 16p phu
TiO»/Zn(H,PO,), trén nén thép dd phosphate
hoa.

2. THUC NGHIEM

2.1 Ché tao 16p phi TiO,

Dung dich huyén phu dé tao 16p phu la
TiO,/Zn(H,POy), (100g TiOy/lit), dugc chuin
bi bing viéc cho tir tir bot TiO, thuong mai
(KA 100, Korea, 98% anatase) vao dung dich
Zn(H,POy), 0,1M va khudy tron déu trong thoi
gian 1h. Trong d6, dung dich Zn(H,POy,), dugc
didu ché bang viéc hoa tan bdt ZnO (mac ky
thuat) trong dung dich H;PO, 65% (mac ky
thuat) [11, 12]. Dé mang la tim thép CT3 (day
2mm, dién tich 15x10cm?) dd duoc phosphate
hoa bang dung dich Zn(H,PO,), 0,075M.

L6p pha TiO, dwoc ché tao bing viée quét
phit mét 16p huyén phu TiO,/Zn(H,PO,), trén
dé mang va dé khé tw nhién & nhiét d6 phong.
Ké tiép, cac mau duge xtr 1i nhiét & cac nhiét
d6 khac nhau trong khoang 25-550°C, véi téc
dd nang nhiét 2°C/phit véi thoi gian luu tai
nhiét d6 u 1a 30 phut va sau do dé ngudi theo
su giam nhiét ty nhién cua lo.

2.2 Panh gia kha ning hip phu va hoat
tinh quang hoa xiic tac

Déi tuong dé danh gia kha nang hip phu
va hoat tinh xtic tic quang hoa cua cac 16p phu
la thubc nhudm xanh methylen
(C16H13CIN3S3H20, khé)l lu(mg phén tor 373,9
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g/mol, ki hi¢u MB), day la mdt loai thude
nhuom dugc st dung phé bién trong cong
nghiép dét nhudm. Dung dich MB duoc chuén
bi bang nudc cat véi nong do ban diu ciia MB
14 2.10° M, budc song hép thu cuc dai Ay =
660nm. Céu triic phan tir MB va phd hap thu
cua dung dich MB dugc trinh bay ¢ hinh 1.
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Hinh 1.C4u tric phén tir (a) va phd hép thu (b) cia
xanh methylen.

Qua trinh khao sat duogc thuc hién trong hé
phén tmg tinh st dung cac cbc thuy tinh chira
1000m! dung dich MB. Mdi cc dung dich
phan g dugc nhiing mdi mau 16p phi khac
nhau. Cac mdu 16p phii dugce treo thang ding
va cho ngap hoan toan trong dung dich. Ngudn
UV duoc phat ra tir dén thuy ngan 8W (c6 dinh
burc xa Iy} 360nm, FL15BL-360,
Mitsubishi/Osram), dwgc dat & vi tri cach bé
mit 16p phu 10cm. Dung dich duoc khudy tron
bz"ing dong khong khi cp tryc tiép tir may thdi
khi. Toan bd hé phan tmg dugc dit trong budng
toi.

Kha niang hép phu téi (khong chiéu UV)
cua cac 16p phu dugc danh gid thong qua ti 1€
hap phu (T) ciia MB trén bé mit 16p phi & thoi
diém dat dugc can bang hip phu, dugc xéac
dinh thong qua nong do6 MB trong dung dich
theo cong thure:

_ CO Yy o
T=—"—-x100%
C

Trong dé, C, 1a ndng d6 MB & thoi diém ban
dau, C, 1a ndng dd MB tai thoi diém lay mau.

Qua trinh hip phu duoc tién hanh cho dén
khi nong d6 MB trong dung dich khong thay
dbi, twong tmg voi thoi gian dé dat duoc can
béng hap phu MB trén bé mit 16p phu.

Hoat tinh quang hod cta cac 16p pha dugce
danh gia thong qua su suy giam nong do6 MB
trong dung dich theo thoi gian chiéu UV.
Trude thoi diém chiéu UV, cac dung dich phan
g dwoc khudy trong ti trong thoi gian 4 gio
dé bao hoa sy hap phy MB trén bé mat 16p phu.
Trong qua trinh chiéu UV, sau mdi khoang thoi
gian 30 phut, 14y miu dung dich phan tmg dé
xac dinh néng d6 MB. Qua trinh quang héa
duoc tién hanh 3 chu trinh lién tiép; mdi chu
trinh kéo dai 6 gio chiéu UV. Sau moéi chu trinh
quang hoa, dung dich MB dugc thay thé bang
dung dich méi co cing ndng do ban dau (2.10°
*M).

2.3 Phan tich

Dic trung cdu trac va hinh thai cua 16p
phi twong tng duoc danh gia bing cac phuong
phap phan tich nhiu xa tia X (XRD,
ADVANCE A8-Bruker-Model 2006) va hién
vi dién tor quét (SEM, HITACHI S-4800). B9
bam dinh cua 16p phu duge xac dinh bing
phuong phap cit theo TCVN 2097-1993 [13].

Nong do6 MB trong dung dich duoc xac
dinh béng phuong phap tric quang (OPTIMA
SP-300) v6i phuong trinh dudng chuén tuong
quan gitra ndng d6 MB va do hip thu & budc
song hép thu cuc dai: y = 6,345x + 0,0153.

3. KET QUA VA THAO LUAN

3.1. Tinh chét ciu tric ciia 16p phi

Gian dd XRD ciia cac mau 16p phit it & cac
nhiét d6 khac nhau dugc trinh bay trén hinh 2.
Trong d6, KA100 la gian d6 pha XRD ctia mau
bot TiO, véi cac peak diac trung clia pha
anatase; A025-A550 1a gian d6 pha XRD cua
cac mau 1ép phu dugc U & cac nhiét do tuong
tg tir 25-550°C. Hinh 2 cho thdy rang, ¢6 su
thay ddi cdu triic pha ciia cac thanh phin tao
nén 16p phu khi 0 ¢ cac nhiét do khac nhau.
Céu trac pha cta thanh phan TiO, trén 16p phu
khong thay déi khi dwoc u & cac nhiét d6 trong
khoang 25-550°C. Déi v6i thanh phin cta chit
nén phosphate, c6 su thay dbi thanh phan pha
kha rd rét.
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Hinh 2. Gian dd XRD ctia mu bot TiO,-KA 100 va cac mau 16p phu dugc 1t 6 cac nhiét do khac nhau.

Céc mﬁu’ 16p phu dugc G ¢ nhiét d6 dudi chit ké& dinh phosphate 1a Spencerite

250°C, sy xuat hién cia peak dic trung ¢ vi tri (Zny(PO4),(OH),.3(H,0), (hinh 3)
20=31,7 tuong Gng va4i thanh phan pha cia
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Hinh 3.Gian d5 XRD cta miu 16p phit A150

Cac miu 16p phu dugc 0 & nhiét do trong vi tri 20 = 29,5 va 20 = 44,8; tuwong tng voi
khoang tur 350-550°C, cac peak ¢ 20=31,7 bién thanh phan pha Zinc phosphate oxide
mat cung véi su xuat hién cta cac peak médi & (Zn,P,05) (hinh 4).
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Hinh 4.Gian d XRD ctia miu 16p phit A350
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Nhu vy, khi nhiét d6 1 thay doi tir 250°C
lén 350°C, d4 co su chuyén tir pha Spencerite
sang pha Zinc phosphate oxide, twong tmg véi
su thay ddi cu trac hoa hoc tir dang mudi ngam
nudc cua  (Zny(PO4),(OH),.3(H,0) thanh
Zn,P,0,véi cAu triic phtrc tap cta di mach P-O-
P [14]. Mot cach téng quat, trong qua trinh 1
nhiét dd ¢6 su chuyén héa thanh phan phosphate
cta 16p phu tir dang dung dich Zn(H,POy), thanh
dang oxide theo chudi phan ting sau:

Zn(H2PO4)2 > Spencerite ZII4(PO4)2(OH)2
3(H,0) > Zinc phosphate oxide (Zn,P,07)

Su thay dbi thanh phan pha céu trac & cac
nhiét d6 u khac nhau phi hop voi sy thay dbi
v& hinh thai cia 16p phi nhu dugc quan sat trén
cac anh SEM ¢ hinh 5. Anh SEM cua mau bot
TiO; (hinh 5a) gém cac hat c6 kich thudc nim
trong  khoang  100-200nm. Lép  phu
TiO,/Zn(H,PO,), sau khi @ & nhiét do 150°C,
gdm céc hat TiO, ndm xen lan véi cac phién
Spencerite (hinh 5b). Khi dugc G ¢ nhiét do
350°C, cing voi sy chuyén pha tir Spencerite
- Zinc phosphate oxide, cac phién Spencerite
chuyén thanh dang dung dich rin gin két cac
hat TiO, v6i nhau va tao thanh 16p phu bam
dinh vao dé mang. Twong tr v6i miu A350,
anh SEM cta mau A450 mg véi nhiét do 0
450°C ciing cho thdy su hinh thanh 16p phu
tuong d6i dong nhét véi lién két chit ché gitra
céc hat TiO,. Hinh 5 ciing cho thay hinh dang
va kich thudc ciia cac hat TiO, hau nhu khong
thay ddi so v6i ban dau.

Két qua xac dinh do bam dinh cua cac 16p
phu dugc u & cac nhiét d¢ khac nhau dugc trinh
bay trong bang 1.

Bang 1.D6 bam dinh ctia cac 16p phil véi cac

nhiét d6 1 khac nhau
Ki hiéu Nhiét do Do bam dinh
miu 4, °C (TCVN 2097-1993)
A025 25 Diém 3
A150 150 Diém 3
A250 250 DPiém 3
A350 350 Piém 2
A450 450 DPiém 3
A550 550 Piém 5

Bang 1 cho thiy d6 bam dinh 16p phi cia
cac mau A025, A150, A250 va A450 dat diém 3
(c6 cac mang 16p phu bi bong doc theo vét cit,
dién tich phan bi bong ndm trong khoang 5-15%
dién tich mang luéi [13]); mau A350 c6 do bam
dinh dat diém 2 (c6 cic mang nho bi bong ra &

cac diém cat nhau, dién tich phan bi bong khong
qué 5% dién tich mang luéi [13]). Mau A550 ¢
d6 bam dinh kém nht, dat diém 5 (I6p phu bj
bong doc theo vét cit theo cac méang rong hay ca
mang hinh vuéng 6 ludi, dién tich bi bong lén
hon 35% dién tich mang ludi [13]). Cac két qua
nay kha trong ddng v6i quan sat thuc nghiém:
Cac mau A025, A150, A250, A350, A450 déu
¢6 mau tréng, déu va min; khong c6 hién tuong
bong tréc khi tién hanh rira mau dudi voi nude
trong 5 phiit. Riéng miu A550, c6 hién tuong
bong troc 16p phu & cac ria mép.

||||'-||‘|||.
500nm
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Hinh 5. Anh SEM cua cac mau (a) bot TiO,-KA100,
(b) 16p phit A150, (c) 16p phu A350, (d) 16p phu
A450

Nhu vay, trong cac khoang nhiét do u da
khao sat, mau 16p pht A350, duoc 0 & nhiét do
350°C, c6 do bam dinh cao nhat. Lién hé véi
céc két qua phan tich XRD va SEM trén day co
thé noi réng, yéu t8 nhiét d6 ¢ anh hudng truc
tiép dén su chuyén hoa thanh phan phosphate
ctia 16p phii, va didu do da din dén sy thay dbi
hinh thai va d6 bam dinh cia 16p phi. Dbi voi
cac 16p phu duoc u ¢ nhiét 16n hon 350°C, mic
du thanh phéan pha ciu triic cua 16p phu khong
thay dbi nhung do bam dinh bi suy giam, didu
nay c6 thé qui cho sw chénh léch vé tinh co
gidn nhiét giita 16p phu va vat liéu dé mang.

3.2. Pj hip phu va hoat tinh quang xiic
tac

Sy thay dbi ti 18 hip phu tdi theo thoi gian
cia MB trén bé mat 16p phu dwoc biéu dién
trén hinh 6. Su thay d6i kha nang hap phu tdi

cta céc 16p phi U ¢ cac nhiét do khac nhau la
khong dang ké. Céc 16p phu dat dwoc can bang
hép phu t6i di véi MB sau thdi gian hép phy 2
gio véi ti 18 hip phu can bang xap xi 8%. Piéu
d6 cho thdy, nhiét d6 @ khong lam thay dbi
dang ké kha niang hip phuy tdi cua cac 16p phu,
hay néi cach khac, kha nang hap phu téi chi
lién quan dén thanh phan TiO, cta 16p phu.
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Hinh 6.Sy thay di ti 18 hap phu MB trén bé mit cac
16p phu theo thoi gian.

Dé khing dinh ban chét quang héa ciia cac
16p phu, trude khi tién hanh qué trinh quang
hoa, thi nghiém tring dugc tién hanh véi viée
chiéu UV truc tiép coc chira 1000ml dung dich
MB ndng d6 2.10°M (khong nhing 16p phu)
trong 4 gio lién tuc. Két qua cho thiy hiéu sut
quang phan truc tiép ciia MB duéi UV nho hon
2%. Nhu vy c6 thé bé qua phan quang phan
tryc tiép cuia MB trong qua trinh khao sat hoat
tinh quang xuc tac.

Su thay d6i nong d6 MB trong dung dich
phan ting theo thoi gian chiéu UV ciia cac chu
trinh quang hoéa dugc trinh bay trén hinh 7. 0
chu trinh quang hoa dau tién, su suy giam ndng
do MB trong cac dung dich chtra cac mau 16p
phii khac nhau gin nhu twong dwong nhau,
ndng d6 MB trong dung dich giam tir 0,2.10™
M xudng con 0,05.10™ M sau 6 gio chiéu UV.

O chu trinh quang hoa tht hai, ¢6 su chénh
léch vé tc d6 quang phan hiy MB & cac dung
dich chira cac 16p phu khac nhau. O cac dung
dich chira cac mau A025 va A150, hidu suat
quang phan hiy MB sau 6 gio chiéu UV dat
khoang 45%. Trong khi d6, ¢ cac dung dich
chira mdu A250, A350 va A450, hiéu suét
quang phan hiy MB cua chu trinh quang hoa
van duy tri & muc xap xi 77% nhu trong chu
trinh quang hoa thir nhét.
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Hinh 7.D5 thi biéu dién su suy giam ndng d6 MB
trong cac dung dich chira mau 16p phu quang xuc tac
theo thoi gian.

O chu trinh quang hoa thtr ba, sy khac biét
vé hiéu suit quang phan huy MB & cac dung
dich chira cac 16p phu khac nhau dwoc thé hién
kha 16 rét. O cac dung dich chira cac mau A025
va A150, hidu sudt quang phan hiy MB chi dat
khoang 13% so v&i ndng do ban dau. Trong chu
trinh nay, hidu sudt quang phan huy MB cia
dung dich chira mau A250 gidam con 47%.

Su duy tri hiéu sudt quang phén huy cua
cac dung dich chtra cac 16p phi A350 va A450
qua ba chu trinh quang héa lién tiép thé hién do
bén hoat tinh quang xuc tac cua 16p phu tuong
ung.

That ra, su suy giam 10 rét hoat tinh quang
hoda cta cac 16p phu A025, A150 va A250 chu
yéu 1a do sir d6 bén kém cua céu tric Spencerite
(hinh 2) trong méi trudng nude trong diéu kidu

khudy tron bang dong khi trong qua trinh
quang hoa, sy hoa tan cua thanh phan
(Zn4(PO4),(OH),, 3(H,0) 1am rira troi dan cac
hat TiO, qua cic chu trinh quang hoa dan dén
viée 1am giam hiéu suat quang phan hity MB &
cac chu trinh ké tiép. Viéc rira tr6i céc hat TiO,
6 thé théy dugc qua su xuét hién cac hat mau
trang lo ling trong dung dich phan ng vao
cudi cac qua trinh quang hoa: cac dung dich
chira cac 16p phu A025, A150 va A250 bi duc
dan trong khi cac dung dich chira cac 16p phu
A350 va A450 van trong sudt cubi cac chu
trinh quang hoa.

4.KET LUAN

Lép phi TiO, di dugc ché tao bing
phuong phap quét phu dung dich huyén phu
TiO,/Zn(H,PO,), trén dé thép da phosphate hoa
va dugc U nhiét & cac nhiét do trong khoang
25-550°C. Két qua khao sat anh huéng cia
nhiét do 0 dén tinh chit cAu trac va hoat tinh
quang hoa cua 16p phi cho thdy ring, qua trinh
U nhiét di lam chuyén hoéa thanh phan
phosphate ctia 16p phu dan dén sy thay doi vé
chu tric pha, hinh thai va d¢ bam dinh cua 16p
pht. Nhiét d6 u khoang 350°C trong thoi gian
30 phit, twong Gng véi sy chuyén pha hoan
toan cuia thanh phan phosphate trong 16p phu tir
chu trac Spencerite thanh céu trac Zinc
phosphate oxide, da lam tang d6 bam dinh va
tang do bén hoat tinh quang hoa cua 16p phi.

INFLUENCE OF THE ANNEALING TEMPERATURE ON STRUCTURE
PROPERTIES AND PHOTOACTIVITY OF TITANIA COATING ON PHOSPHATE
SURFACE

Nguyen Thi Truc Linh o, Nguyen Huu Tri o, Nguyen Van Dzung @
(1) University of Sciences, VNU-HCM
(2) Institute of Applied Materials Science - VAST

ABSTRACT: The titania coating on phosphate surface was made by the painting method in air
and at room temperature. The coatings were dried at 25°C and sintered at 150°C, 250°C, 350°C, 450°C,
550°C for 30 minutes. X-ray diffraction, scanning electron microscopy and the cutting method (TCVN
2097-1993) were used to characterize the coatings. The results showed that the coating annealed at
350°C had the high photoactivity in the photodegradation of methylene blue.

Trang 15



Science & Technology Development, Vol 13, No.T1- 2010

TAI LIEU THAM KHAO

[1]. Tran Thi Ptrc, Lé Thi Hoai Nam, Bui
Tién Diing, Phung Thi Xuéan Binh,
Hoang Xuén Nguyén, Ché tao va nghién
civu 1kng dung cde dang mang chira chat
xuc tac quang hoa TiO,, Tap chi Hoa
Hoc, 40(4), tr.27, (2002).

[2]. Jimmy C.Yu, Wingkei Ho, Jun Lin,
Hoyin Yip, Po Keung Wong,
Photocatalytic  Activity, Antibacterial
Effect, and Photoinduced Hydrophilicity
of TiO, Films Coated on the stainless
steel substrate. Environ. Sci. Technol.,
37 (10), pp 2296-2301, (2003).

[3]. Junshui Chen, Meichuan Liu, 1i Zhang,
Jidong Zhang, Litong Jin, Application of
nano TiO2 towards polluted water
treatment  combined  with  electro-
photochemical method, Water Research
37, P 3815-3820, (2003).

[4]. Li Zhang, Yongfa Zhu, Yu He, Wei Li,
Hongbin ~ Sun,  Preparation  and
performances of mesoporous TiO2 film
photocatalyst supported on stainless
steel, Applied Catalysis
B:Environmental 40, P 287-292, (2003).

[5]. US patent 2006/0111460 Al.

[6]. A. Nakajima, K.Takakuwa, Y.
Kameshima, M Hagiwara, S.Sato, Y
Yamamoto, N Yoshida, T Watanabe, K
Okada, Preparation and properties of
titania apatite hybrid films, Journal of
Photochemistry and Photobiology A :
Chemistry 177, pp. 94-99, (2006).

[7]. S.Ji, S. Murakami, M. Kamitakahara, K.
Ioku, Fabrication of
titania/hydroxyapatite composite
granules for photocatalyst, Materials
Research Bulletin 44, pp. 768-774,
(2009).

[8]. Masato Wakamura, Photocatalysis by
calcium hydroxyapatite modified with Ti
(IV), Fujitsu Sci.Tech.J., 41 (2), p.181-
190, (2005).

[9]. Kato Shinji, Iwata Misao, Nonami Tooru,
Preparation and Characterization of TiO,
and Apatite Coated Photocatalyst, Journal
of the Society of Materials Science, Vol.51,
No.6, pp. 599-603, (2002).

[10].T. Sugama, L. E. Kukacka, N. Carciello,
J. B. Warren, Influence of the high
temperature treament of zince phosphate
conversion coatings on the corrosion
protection of steel, Journal of materials
science 26, pp. 1045-1050, (1991).

[11].Nguyén Thi Trac Linh, Nghién ciru diéu
kién tao madng phosphat-TiO, trén nén
thép, Luan van Cao hoc Hoéa Vo6 Co K15,
Truong DPH KHTN TP HCM, (2009).

[12].Nguyén Qudc Chinh. Khdo sdt thanh
phan va tinh chdt cia I6p phit hinh thanh
trén bé mdt thép khi photphat héa bang
dung dich Zn(H,PO,), dwoc bién tinh
bang cdc ion Ni**, Mn*', Ca®*, Na',
Luén van thac si Hoa V6 Co, Truong
DH KHTN, Tp HCM, (2002).

[13].TCVN 2097 1993: Son - Phuwong phap
cat xdc dinh dg bam dinh ciia mang.

[14].Nguyén Thi T6 Nga, Héa Vé Co, Tép 3,
NXB bH QG TP HCM, (2000).

Trang 16





