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TOM TAT

TiO, trong nghién ciru nay duoc diéu ché
béng cach dun héi lwu keo TiO, trong dung
dich H,O0,. Anh hwéng cua pH dung djch dun
héi lwu, thoi gian dun héi lweu, ham lueong
H,0, dung dun héi lwu, va diéu kién sy mau
dén sw hinh thanh TiO, va hoat tinh quang
xdc tac cda chung da dwoc khdo sat. Tinh
chét hda ly ctia cdc méu dwoc nghién ctu
bang XRD, BET, IR, va DRS. Kha ning hap
phu va hoat tinh quang xuc tac cua TiO»
duoc khao sat qua sw giam mau cua dung

dich methylene xanh dwé&i anh sang kha
kién. Két qua nghién ciru cho thay chi thu
duoc tinh thé TiO, khi dun héi lwu trong dung
dich H,O, khéng diéu chinh PpH. Kéo dai thoi
gian dun héi Iy, hodc tdng nhiét do sy déu
lam gidm hoat tinh quang xuc tac cua TiO..
Khi tang ham lwogng H.O, trong dung dich
dun héi lwu dén 25 mL, hoat tinh quang xuc
tac caa TiO, tdng, sau dé khéng tang nira
khi tiép tuc tang luong HzO..

Twr khéa: Bot TiO,, dun héi lwu, H,O,, xtc tdc quang héa

GIOI THIEU

TiO, dugc biét nhu 1a chét xdc tic quang
tiém nang trong linh vuc 1am sach méi truong vi
tro héa hoc, sinh hoc, d& san xuét, khong ddc, va
tvong dbi ré. Voi nhitng tinh chat d6, TiO, gin
nhu 1a chit xtc tic 1y twong. Tuy nhién chit xic
tédc quang TiO, ciing c6 nhitng han ché nhit dinh.
Nhuoc diém 16n nhét cua TiO, 1a c6 ndng luong
viing cdm 16n, chi hép thu anh sing trong viing
UV, nghia 12 chi hip thu khoing 5 % tong sb
photon cta dnh sdng mat troi [1]. Hon nira, tbe do
tai két hop cua cip electron va 15 tréng quang
sinh 12 rdt nhanh (xép xi 10 ns), lam cho cac
electron quang sinh va 18 tréng quang sinh khong
kip tiép xic voi cdc chat trong moi truong dé gay
ra phan tng quang xic tdc, diéu nay ciing gop
phén lam giam hiéu sut quang héa ciia TiO, [2].

C6 nhiéu cdch khdc nhau dé didu ché TiO,,

gén day phuong phap dun hdi lru cho thiy c6 thé

diéu ché TiO, tinh thé c6 hoat tinh xiic téc quang
héa t6t & nhiét do thap [3-8]. Céc nghién ciru cho
thay khong chi c6 thé diéu ché TiO, ma ci TiO,
doping N hoic Fe theo phurong phdp dun hdi luu
[9, 10]. Hién vin con mot sb két qué khac nhau
trong cdc céng bd vé& tinh chit TiO, didu ché
bang phuong phdp dun hdi luu. Lei Ge va cong
su [6] cho réng viéc dun hdi luu trong H,0, lam
xudt hién cdc nhém peroxo O-O trén bé mat
TiO,, din t6i ting hoat tinh quang xic tdc cla
TiO,. Ho cho ring kéo dai thoi gian dun hdi luu
t6i 10 gid lam ting d6 tinh thé héa cia TiO,
nhung gidm hoat tinh xdc tdc cua né do sy phan
hity cdc nhém O-O khi dun hdi luu kéo dai. Tuy
nhién, mét s6 cic cong bd khac cho thiy khong
¢6 sy tang kich thude hat hay dg tinh thé héa cua
TiO, theo thoi gian dun hdi luu [4-6], hodc tang
ndng d6 H,0, [7, 8].
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Nhin chung, cic nghién ciru diéu ché TiO,
béng phwong phdp dun hdi Ivu con it, cic yéu td
anh huéng dén hoat tinh quang xiic tic cta TiO,
theo phuong phdp nay chua dugc nghién ciru mot
céch hé thong. Vi vay nghién ctru nay s& diéu ché
TiO, bang phuong phap dun hoi Iuu, va khao sat
mot s6 yéu té anh huong dén qué trinh diéu ché
va tinh chét quang xic tic ctia san phdm TiO, tao
thanh nhu pH dung dich dun hdi lwu, nhiét do siy
mau, thoi gian dun hdi lwu, ham luong H,0,
trong dung dich dun hoi luu.

VAT LIEU VA PHUONG PHAP

Cdc miu TiO, trong nghién ctru nay dugc
diéu ché bang phuong phap dun hdi luu trong
dung dich H,0,. Trudc tién, 10 mL tetraisopropyl
orthotitanate (TIPOT, loai AR, Merk) duoc thuy
phan trong 80 mL ethanol (AR, Guangdong
Guanghua, Trung Quéc). Két tiia keo mau tring
duoc loc, rira, roi phén tan vao 125 mL nudc cht
bang khudy tir két hop véi siéu am. Sau d6 thém
25 mL dung dich H,0, 30 % (AR, Guangdong
Xilong, Trung Qudc) vao hdn hop, tiép tuc khudy
trong 30 phit, rdi dun hdi lvu & 100 °C trong
2 gio.

Dé khao sit anh huong cta pH dén su tao
thanh san phém TiO,, cdc dung dich keo TiO,
trong H,O, s€& dugc diéu chinh pH dén 0,5 - 2
hoic 3 — 4 trude khi dun hdi luu (bing céc dung
dich HNO; hodc NH;). biéu kién pH thu duoc
mAu TiO, tét nhét s& duogc dung dé khéao sdt anh
huong ctia thoi gian dun hoi luu (0 — 6 gio), va
lwong H,0, trong dung dich dun hoi luu (0 -
35 mL).

M3u sau khi diéu ché va mau so sdnh (TiO,
thuong mai, Degussa, ky hiéu TiO,-P25) dugc
khao st dic tinh hap phu va hoat tinh xic tic
quang héa va chup XRD dé danh gia ciu tric va
muc do tinh thé héa. Methylene xanh (MB) duoc
ding 1am dung dich d& khao sdt kha ning hip
phu va hoat tinh quang xtic tic clia cic mau dudi

deén VIS. Hoat tinh quang xtc tidc duoc danh gid
qua hing s tdc d6 giam mau MB theo thoi gian,
tinh trén gia thiét phan ¢ng bac nhét [11]. Tir céc
két qua vé cu tric tinh thé va hoat tinh xiic téc
quang, mot s6 miu duoc chon dé chup phé IR, do
dién tich b& mat (BET), chup phd phan xa khuéch
tan (DRS) dé bd tro giai thich anh hudong cia
dung dich dun hdi Ivu dén hoat tinh quang xic
tdc cua ching. Diéu kién do XRD, IR, BET, va
DRS ciia cdc mau twong ty nhu trong thi nghiém
trudce day [9, 10].
KET QUA - THAO LUAN
Anh huéng cia pH dung dich dun héi lwu dén
su tao thanh tinh thé TiO, va hoat tinh xic tac
quang cia ching

Céc dung dich keo TiO, trong dung dich
H,0, dugc diéu chinh t6i pH khic nhau va dun
hdi luu trong 2 gid cho thdy ba nhém véi hién
twong khdc nhau, dugc tém tat trong Bang 1. Két
qua cho thdy chi thu dugc san pham TiO, khi dun
héi luu dung dich khéng diéu chinh pH (nhém 2).
Nhén xét dau tién 12 mau sic cua dung dich keo
TiO,-H,0, trudc khi dun hdi luu (thuong duogc
goi 1a dung dich phtric peroxo titanium(IV) [12])
thay ddi khi diéu chinh pH dung dich theo chiéu
chuyén tir mau cam sang vang khi pH ting. Su
thay dbi mau cia cic dung dich nay twong tw nhu
céc cong bd trude day, va duoc cho la do sy c6
mit cia cdc tiéu phan phirc peroxo titanium(IV)
voi dién tich duong giam dan khi pH ting [12].
Ciing néi thém rang, Motoshichi Mori va cong su
[12] da dun cdc phuc peroxo titanium(IV) c6
pH > 3,0 dén 70 °C, tit ca déu tao thanh két tua
sau khi dun. Két qua d6 khdc véi hién trgng quan
sat dugc trong nghién clru cua ching t6i. Tuy
nhién, néng d6 Ti(IV) va H,0, trong dung dich
phtic, ciing nhu pH dung dich khi dun dén 70 °C
déu khong dugc néu Ién trong bai bio ctia Mori
va cong sy nén khong du co s& dé ching toi so
sanh voi két qua nghién ctru nay.
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Bing 1. T6m tit hién tugng khi thay d6i pH cta dung dich dun hoi luu

Nhém 1 Nhém 2 Nhém 3
pH=0,5-1-1,5-2 pH=2,5 pH=3-35-4
Dung dich truée khi | (didu chinh bing HNO;) | (khéng diéu chinh pH) (diéu chinh bang NH;)

dun hdi lvu Dung dich keo, mau cam

sam, sui bot khi

Dung dich keo, mau cam

Dung dich keo mau vang

sam, sui bot khi nhat, sti bot khi

pH=15-2

Dung dich sau khi N o
Huyén phtt mau trang,

dun hoi 1 .
anfor ot khong lang loc dugc

Két tia tring vang, ling

pH=6-7
pH=5-6 Dung dich keo mau
vang, gin nhu trong
sudt, khong ling loc

duoc

loc dé dang

Cho dén nay, chua c6 cong bd nao nghién
ctru sy thay d6i pH va thanh phan cua dung dich
phtrc peroxo titanium (IV) & cdc pH khic nhau
khi dun hdi lwu dung dich t6i 100 °C. Trong
nghién ctru nay, hién tuong 1dp lai trong céc thi
nghiém 1a pH dung dich sau khi dun hdi Iuu ting
1én va mau dung dich nhat di. Nhu da dé cap &
trén, khi cho dung dich H,O, vao dung dich keo
TiO,, céc tim phirc chat hydroxo va peroxo cua
Ti IV) dang keo ¢6 dién tich bé mat khéc nhau
dugc tao thanh [12]. Chung t6i cho ré“mg viéc diéu
chinh pH trudc khi dun hdi luu c6 thé chi tic
dong chu yéu dén dung dich va bé mat mot sb hat
keo. Trong qua trinh dun héi lwu, dung dich H,0,
& céc pH khéc nhau tiép tuc phan ¢ng siu hon
vdi cdc hat keo, l1am ting pH dung dich va phan
hity mot phan phirc oxo nén mau ciia dung dich
sau khi dun hdi Iuu nhat hon ban déu, thi dy nhu:
Ti(OH),>* + H,0, = Ti(0-0)** + 2 H,0
Ti(0-0)** + H* = Ti(0-OH)**

Ti(0-OH)** = Ti(OH)** + 2 0,
2 Ti(OH)(0-0)* = [Ti(0-0)],0** + H,0

C6 thé sy ting pH cua dung dich lam dién
tich bé mat cua hat TiO, trong dung dich thay
d6i, din t6i san pham cta nhém 2 véi pH cudi
khoang 5 — 6 1a phu hgp véi diéu kién keo tu (hat
keo trung hoa), nén TiO, két tua dé dang nhat. Dé
kiém tra diéu nay, ching t6i da diéu chinh pH cua

céc dung dich nhém 3 sau khi dun héi lwu: khi
thém mot it dung dich NH; vao cdc dung dich
nay thi khong thdy xuit hién két tia; nhung khi
cho vai giot acid vao cic dung dich nay thi c6
xuat hién chat két tia mau vang tring. Pidu d6
phit hop véi su diéu chinh pH dung dich vé& gan
pH dung dich nhém 2 hon, ttrc 12 gin véi hat keo
trung hoa dién hon nén c6 sy Kkét tua cdc hat keo.
O céc dung dich nhém 1, pH dung dich vin con
thap (mg véi c6 qua nhiéu ion H' trén bé mat
TiO,, 1am cho céc hat TiO, c6 dién tich bé mat
duong, ching bi diy nhau trong qud trinh phan
tmg nén céc ion khong tiép xiic dwoc véi nhau,
thu dwoc hén hop huyén phit ¢6 mau tring va
khong loc dwoc san phim.

Trong céc thi nghiém tiép theo, chi ¢ TiO, thu
duoc trong diéu kién khéng diéu chinh pH duoc
diing dé khao sat tiép. Sau khi loc, rira, san pham
¢6 mau trang vang khi dé kho trong khong khi,
nhung mau nhat dan va chuyén sang tring khi
sdy & 100 °C. Dé kiém tra ché do siy c6 anh
huwong dén hoat tinh quang xic tic ciia san phdm
hay khong, chiing t6i da khao sat hoat tinh quang
xic téc cta cdc mau sdy & 35 °C — 48 h (ky hiéu
mau: TiO,-25H-35-48h), sdy & 100 °C — 2 h, va
100 °C — 4 h (ky hiéu lan lugt Ia TiO,-25H-100-
2h va TiO,-25H-100-4h).
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Hinh 1. D6 thi biéu dién kha niing hép phu MB cua cdc mau TiO, dun hdi Iuu ¢6 ché do siy khdc nhau

Kha ning hip phu MB trong t5i va hoat tinh
quang xdc tic ciia ba mAu nay rat khac biét. Hinh
1 12 @6 thi biéu dién kha ning hép phu MB trong
tdi cua cdc mau, cho théy cdc miu déu dat can
bang hip phu & khoang 30 — 60 phit, kha ning
hap phu MB cta chiing déu cao hon TiO,-P25, va
giam dén khi ting nhiét d6 va thoi gian siy. Hoat
tinh quang xuc tdc cta ching dugc ddnh gid qua
hing s6 téc do giam mau MB (Bang 2) cho thiy
hoat tinh quang xiic tdc ctia chiing giam dan theo
kha ning hip phu MB, hay nhiét d6 va thoi gian
sdy mau.

Phé XRD ciia cdc mau nay cho thdy ching c6
pha anatase véi d6 tinh thé héa thip (xem phd
XRD ciia mau TiO,-25H-2 & Hinh 4) tuong tu

nhu cdc mau TiO, diéu ché bing phwong phip
dun hdi lwu trong céc nghién clu trude day
[6, 9, 10]. Mau vang cua céac mau nhat din khi
tang nhiét do va thoi gian sdy c6 thé do su phan
hity dan ctia phirc peroxo Ti (IV) khi sdy. Diéu
nay ciling c6 thé anh huong dén kha ning hap thu
4nh séng cua TiO,. So sanh phd phan xa khuéch
tdan (DRS) cta cdc mau séy khac nhau (Hinh 2)
cho thiy bién hip thu 4nh séng cua mau P25,
TiO,-25H-100-4h, TiO,-25H-100-2h, TiO,-25H-
35-48h chuyén dan vé ving 4nh sang kha kién.
Piy la mot yéu to lam hoat tinh quang xic tic
dudi anh sang VIS cua TiO,-25H-35-48h cao hon
céc mau khéc.

Bang 2. Bién hip thu dnh sdng va hoat tinh quang xic tdc cua cic mau TiO,

sdy trong diéu kién khéc nhau

M Bién hip thu 4nh _ Hing sb tdc d6 giam mau MB
sdng (eV)* k (107 phat 1y D6 léch chudn®
TiO,-25H-35-48h 2,48 5,460 0,176
Ti0,-25H-100-2h 2,92 3,500 0,345
Ti0,-25H-100-4h 2,95 3,060 0,090
P25 2,99 1,710 0,030

Ghi chi: a. tinh tir bién hip thu trén phdé DRS (Hinh 2)
b. k va d6 léch chudn tinh tir két qua 3 1an do trén mot mau diéu ché.
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Hinh 2. Phé DRS ctia cdc mau P25, TiO,-25H-100-4 h, TiO,-25H-100-2 h, va TiO,-25H-35-48 h

8 - 7

Transmittence [%6]
© L

-0

Y

Ti02-25H-100-4h

Ti02-25H-35-48h

2000 1500 1000 500
Wavenumber cm-1

Hinh 3. Phé IR ciia cic miu TiO, c6 ché d9 sdy khdc nhau

Phd IR cia cdc mau TiO,-25H-35-48h va
Ti0,-25H-100-4h twong tu nhau (Hinh 3), cho
thdy cdc tin hiéu thong thuong cua lién két Ti-O
hay Ti-O-Ti (500-800 cm™), lién két O-H (dao
dong hoéa tri & 3100-3500 cm’!, dao dong bién
dang & 1626-1629 cm™). Tin hiéu dao dong cua
nhém peroxo thudng thdy ¢ 900 cm™ [6] c6 thé
bi che 14p boi dao dong Ti-O (s& dé cap chi tiét
sau) nén khong quan sat thdy trén pho IR ciia cic
mau nay. Mic di phd IR ciia hai mau nay da
dugc chup dinh lwong, nhung van khong thiy su
khac biét dang ké vé& cuong d6 twong dbi cua céc

nhém chirc - OH va Ti-O trong hai diéu kién siy
khac nhau.

Nhu vay, chi thu dugc tinh thé TiO, khi dun
héi lvu trong dung dich H,O, khong diéu chinh
pH. Viéc giam nhiét d¢ sdy va thoi gian sdy mau
6 thé da gép phan bao toan phiic peroxo, lam
dich chuyén ving hap thu dnh sing sang viing
VIS, déy 1a mot yéu té 1am ting hoat tinh quang
xtic téc ciia TiO, trong ving kha kién, tuy nhién
két qua IR khong néu 1én sy khdc biét cdc nhém
chitc héa hoc cta ching. Dya trén két qua nay,
TiO, diéu ché trong céc thi nghiém tiép theo chi
dugc lam kho trong khong khi ma khong say.
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Anh hwéng ciia thoi gian dun hdi hru dén hoat
tinh quang xic tac cia TiO,

Anh huong cua thoi gian dun hoi luu dén
hoat tinh quang xtc tic cta TiO, da dugc mot )
tdc gid khdc khao sat truge day [6, 9]. Lei Ge va
cong su [6] cho réng mot trong cac yéu t6 1am
TiO, dun héi luu trong H,O, cé hoat tinh quang
xtc tdc tdt 12 do sy ¢6 mat ctia nhém peroxo trén
TiO,. Cdc nhém peroxo c6 thé tao ra goc tu do
*OH lam kha ndng quang xuc tic thong qua mot
loat phan ting trén bé mit TiO,. Khi kéo dai thoi
gian dun hdi lvu 1am ting d6 tinh thé héa TiO,
ddng thoi 1am phan hiy nhém peroxo trén nd,
nén hoat tinh quang xic tic cua TiO, didu ché
theo phuong phdp nay s& tot nhat voi cidc mau

dun hoi luu trong 6 gio. Trong nghién ctru nay,
I -

ching t6i khdo sat hoat tinh quang va sy hién
dién cia nhém chuc peroxo trén TiO, ¢ céc thoi
gian dun hdi Iuu nge"m 0, 2, 4, 6 gio), cic mau
sau khi dun hdi Ivu chi 1am khd & nhiét d6 phong.

Nhian xét dau tién 12 mau khong dun héi lvu
(Ti0,-25H-0) ¢6 mau vang cam, khi kéo dai thoi
gian dun héi luu dén 2 va 4 gi (Ti0,-25H-2 va
TiO,-25H-4), cdc miu chuyén sang vang nhat, rdi
chuyén sang tring néu dun 6 gio (TiO,-25H-6).
Hinh 4 cho thiy trir mau TiO,-25H-0 khong dun
hoi luu 1a v6 dinh hinh, cdc miu dun hoi luu véi
thoi gian tir 2 dén 6 gio déu c6 pha anatase véi
mirc d6 tinh thé héa khong cao twong tw nhu
TiO, diéu ché bing phuong phip dun hoi luu
trong cdc nghién ctru trude day [6, 9, 10].

o S P
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0 [P ST PP T —— | 1
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n n 50 -] ™
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Hinh 4. Phd XRD cuia cdc mau TiO, c6 thoi gian dun hdi lwu khac nhau.

Khi khao sit can bang hap phu MB cua cic
mAu c6 thoi gian dun hdi luu khac nhau (Hinh 5),
chiing toi quan st thiy mau khong dun hdi luu,
Ti0,-25H-0, hép phu MB rét cao (khoang 10 1in)
so v6i cdc mau dun hdi luu va TiO,-P25. Khéc
v6i cdc mau con lai, miu TiO,-25H-0 khong dat
can bang hap phu khi kéo dai thoi gian dén
120 phiit. Cdc mau véi thoi gian dun hdi luu khac
nhau duoc do dién tich bé mat riéng clia cic mau
theo phuong phdp BET dé kiém tra nguyén nhan
hap phu MB bét thudng cta ching. Phép do nay
duoc thuc hién sau khi mau dugc dudi khi & nhiét

o 150 °C. Mic du didu d6 c6 thé 1am bé mat cua
mau bi thay ddi va lam sai 1éch két qua do di¢n
tich bé mit ctia mau, nhung chiing van c6 gia tri
dé so sdnh dién tich bé mat cdc mau mot cich
twong ddi. Két qua cho thdy miu TiO,-25H-0 c6
dién tich bé mit hoi thip hon cdc mau dun hdi
luu khdc (Bang 3), nhung vin hdp phu MB cao
hon cdc miu c¢6 dun hdi luu rat nhidu. Piéu d6
cho thdy dién tich bé mit riéng khong phai 1a yéu
t6 quyét dinh kha ning hip phu MB cao khic
thudng ctia mau TiO,-25H-0.

Trang 101



Science & Technology Development, Vol 18, No.T2- 2015

9

8

1

6 \ —4#—Ti02-25H-0
9 s \ == Ti02-25H-2
2 4 . —4=Ti02-25H-4
33 N\ —=Ti02-25H-6

2 \ —9—P25

: &%

0

0 30 60 90 120
Thé gian (phit)

Hinh 5. Do thi biéu dién kha nang hap phu MB theo thoi gian cua cdc miu
¢6 thoi gian dun hoi luu tir O dén 6 gio

Miu TiO,-25H-0 va hai mau dai dién
Ti0,-25H-2 va TiO,-P25 dugc do diém déng
dién (PZC) theo phuong phap do pH trong dung
dich NaCl, diéu chinh pH bing HCI hoic NaOH
[13] & tim 1y do hap phu cao bét thudng clia mau
nay. Két qua cho thdy miu P25 va TiO,-25H-2
c6 pHy,c Xép xi nhau, khoang 6,3 — 6,4, tuong tu
nhu diém déng dién cua TiO, trong cdc nghién
ciu trude ddy [14]. Riéng mau TiO-25H-0 c6
pHp,.e = 3.8, rt thép s0 v4i hai mau trén. Khi
phan tdn TiO,-25H-0 trong dung dich MB c6
pH = 6, bé mit mau TiO,-25H-0 s& tich dién Am,
d6 1 1y do miu nay hap phu tot cht mau cation
MB so v6i cdc mau TiO, théng thuong.

Mau TiO,-25H-0 khong dat cin bang hép
phu trong thoi gian kha dai (120 phit), nén khong

thé xdc dinh hoat tinh quang xtic tic ctia né theo
quy trinh thong thudng. Hoat tinh quang xtc tic
clia mau nay duoc khao sat béng cach thuc hién
hai thi nghiém do sy giam mau MB song song,
trong béng tdi va dudi dnh sang VIS, rdi so sinh
v6i nhau. Phép do dugc tién hanh ctr mdi 30 phuit
mét 1an, cho toi 180 phit. Két qua cho thdy su
thay ddi néng d6 MB trong hai thi nghiém trén
hoan toan twong ty nhau. Piéu d6 ching t6 miu
Ti0,-25H-0 dit hdp phy MB rat t5t nhung khong
¢6 hoat tinh quang xuc tic trong vung dnh sing
VIS. C6 thé cu tric vo dinh hinh cua TiO, hodc
ham lugng MB hip phu cao trén bé mat TiO, la
nguyén nhén cta su bit hoat quang ciia mau nay.

Bing 3. Cic thong s6 héa 1y va hoat tinh quang xic téc ctia cac mau dun hdi luu tir 0 dén 6 gio

x Dién tich bé mat Bién hép thu anh Héng sb toe do giam mau MB
Mau 2 PHpc p a T ~1a b
BET (m"/g) sang (eV) k (10™ phit ™) D¢ léch chuan

Ti0,-25H-0 113,8 3,8 2,14 - -
TiO,-25H-2 176,1 6,4 2,48 5,460 0,176
TiO,-25H-4 181,2 - 2,48 0,919 0,052
TiO,-25H-6 187,3 - 2,64 0,931 0,034

P25 - 6,3 2,99 1,710 0,030

Ghi chi: a. tinh tir bién hip thu trén phdé DRS (Hinh 2)
b. k va d6 léch chudn tinh tir két qua 3 14n do trén mot mau didu ché.
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Hing s6 toc d6 phan ing giam mau MB dudi
4nh sang VIS cua cdc mau TiO, c6 thoi gian dun
hdi lwu khdc nhau (Bang 3) cho thiy hoat tinh
quang xuc tic cua ching giam r6 rét khi tang thoi
gian dun hoi luu trén 2 gid. Két qua nay khac véi
cong bo cua Lei Ge va cong su [6], cho rang khi
tang thoi gian dun hoi Iuu thi d¢ tinh thé héa
ting, nhém peroxo giam, dan ti hoat tinh quang
ciia san phim t6t nhit khi dun hdi lvu 6 gio.
Trong nghién ciru nay, ching tdi thiy ring do
tinh thé héa ciia TiO, tang khong déng ké, nhung
mau vang cua TiO, gidm khi kéo dai thoi gian
dun héi luu. Nhu da dé cap & trén, mau vang c6
thé lién quan t6i sy c6 mit ciia nhém peroxo trén
san pham.

Ph6 IR dugc cho 1a khd nhay dé phat hién
cic nhém chirc héa hoc. Trong nghién clru nay,

peak ddc trung O-O cua nhém peroxo ¢ khodng
900 cm™' [6] chi quan sat dugc trén phé IR cua
mau Ti0,-25H-0 (khong dun hdi luu), nhung
khong thay trén phd IR cua miu dun hdi luu
khéic, ngay ca voi thoi gian dun 2 gio (Hinh 6).
Pang Iuu ¥ trén phd IR 1a viéc dun hdi luu trong
2 gio lam gia ting ddng ké cuong do hép thu cia
dao dong Ti-O trong vung 500-900 em’, ¢6 thé
su gia ting hip thu cua dao dong Ti-O & ving
nay lam che 14p hip thu ctia nhém peroxo. Ciing
néi thém rang, giéng nhu két qua phd IR cua
ching t6i, Akbarzadeh Rokhsareh va cong su
[15] cling quan sit dugc dao dong ctia nhém O-O
trén phd IR khi khong dun hdi luu peroxo
titanium (IV), va Naofumi Uekawa [3] khong
quan sét dugc O-O trén phd IR khi dun héi luu
TiO,.
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Hinh 6. Phé IR ctia miu Ti0,-25H-0 va miu TiO,-25H-2.

Nhu viy, trong didu kién ciia nghién ctru
nay, sy tinh thé héa TiO, trong méi truong dun
hdi Iwu 1am céan tré quan sit dao déng ctia nhém
peroxo trén phd IR. Thoi gian dun hdi luu kéo dai
dén 6 gio khong 1am ting déng ké do tinh thé héa
TiO,, nhung c6 thé lam thay dd6i phirc chét
peroxo trén bé& mat TiO, (thé hién & mau sic),
dan téi giam hap thu dnh sing kha kién va giam
hoat tinh quang xtc téc.

A,rlh huwéng cia ham lwgng H,0, dun héi luu
dén hoat tinh quang xic tac cia TiO,

Pé khao sat anh huong cua ham lwong H,0,
dén hoat tinh quang cta san pham, cic lugng
H,0, thay dbi tir 0 — 35 mL duoc ding dé diéu
ché cdc mau khdc nhau. Cdc miu déu dugc dun
héi Ivu trong 2 gio va san phim duoc 1am kho &
nhiét d6 phong. San phim thu dugc cho thiy miu
dun hdi luu khong cé6 H,0O, (TiO,-0H) cé mau
tréng, con cdc miu c6 H,0, déu c6 mau vang.
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Mau vang ting din theo chiéu ting luong
H,0, khi dun hdi Iru, phit hop véi lwong phirc
peroxo tang theo cdc quan sat trén. Khi luong
H,0, thay d6i tir 5 mL dén 35 mL, san phim thu
duoc dit ¢6 mau sic hoi thay d6i, nhung phd
DRS ciia chiing hoan toan giéng nhau (Hinh 7),
va déu c6 bién hip thu dnh sang chuyén vé viing
kha kién 16 rét (E, = 2,48 eV, tinh tir gid tri tiép

tuyén bién hap thu) so véi TiO,-P25 va mau dun
hdi luu khong c¢6 H,O, (B, =2,99 eV va 2,95 eV,
Béng 4). Piéu nay 1am manh hon gia thuyét cho
ring mau vang cua TiO, diéu ché theo phwong
phép nay chinh 1a chi ddu ctia phirc peroxo véi Ti
(IV). Chinh sy c6 mat cua phic nay da chuyén
viing hip thu quang ciia TiO, vao viing kha kién.

p2s
wod  Tioz.0H
0 \
o =
%R \ﬂu 2-5H
Ti02-15H
a TI02-25H
TIO2-35H.
20 -
L b ¥
90 490 L2 ] ] TR

A (am)

Hinh 7. Phé DRS cua cdc miu TiO, dun hdi luu véi ham lugng H,0, khic nhau
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Hinh 8. D4 thi biéu dién kha ning hip phu MB ciia cic mau TiO, c6 dun hdi Iuvu véi ham lugng H,0, khac nhau
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Bang 4. Cic thong s6 héa 1y va hoat tinh quang xtc tic ctia cdc mau dun hdi lvu véi lwong H,0, khic
nhau (0 — 35 mL)

Mn Dién tich bé mat Bién hip thu _ Hing sb tdc d giam mau MB
BET (m?%/g) 4nh sang (eV)* | k (10° phit ")® | D¢ léch chuin®
TiO,-0H 2242 2,95 0,863 0,045
TiO,-5H 221,2 2,48 1,290 0,017
TiO,-15H - 2,48 4,790 0,196
TiO,-25H 176,1 2,48 5,460 0,176
TiO,-35H - 2,43 5,680 0,311

Ghi chu:

a. tinh tir bién hap thu trén phd DRS (Hinh 2)

b. k va d6 1éch chudn tinh tir két qua 3 l4n do trén mot mau didu ché.

Kha ning hap phu MB ctia cdc mau tang theo
luong H,O, dun hdi Iuu, va déu dat can béng hép
phu trong khoang 30 — 60 phiit (Hinh 8). Miu
dun hdi luu khong c6 H,0, (TiO,-0H) hodc ham
luvong H,0, thip (TiO,-5H) hip phu MB tuwong
tw nhu TiO,-P25. Tuy nhién, dién tich bé mit
riéng ctia cdc mau dun hoi luu trong nudc hodc
khong dun hdi Iuu van cao twong duong cic miu
dun hdi luu trong H,O, (Bang 4). Hoat tinh
quang xic tic cta cdc mau TiO, bién thién ciing
chidu véi kha ning hip phu MB cua chiing, nghia
la ting dan theo ham lugng H,0, trong dung dich
dun hoi luu, nhung néu ting ham lugng H,0, dén
khoang 25-35 mL H,0, thi hoat tinh quang xtc
tdc ciia cdc mau TiO, dun hdi lwu khong ting
nira. Didu nay c6 thé 1a do sy bio hoa céc tim
hoat héa quang trén mau.

KET LUAN

Két qua nghién ciru cho thiy bing phwong
phap dun héi luu trong dung dich H,O,, chi thu
duoc tinh thé TiO, khi khong diéu chinh pH cta
dung dich dun hdi Iuu. Sy tang manh tin hi¢u IR
ctia dao dong Ti-O cua cdc mau diéu ché theo
phwong phdp nay c6 thé can tré viéc quan sit dao
d6ng ciia nhém O-O trén phd IR. Tuy nhién, mau
vang ciia cic mau TiO, didu ché bing phuong

phép nay c6 thé 1a chi diu dé nhan biét sy c6 mat
cta phic Ti(IV)-peroxo. Cic qud trinh kéo dai
thoi gian dun hdi luu va siy ¢ 100 °C déu c6 thé
lam phén huy phan nao phirc chét Ti(IV)-peroxo,
dan dén giam hap thu quang cua TiO, trong viing
kha kién, va giam hoat tinh quang ctia TiO,. Két
qua nghién ctru cling cho thay viéc dun hdi luu
trong nudc, hodc cho keo TiO, phan tdn trong
dung dich H,O, ma khoéng dun hdi luu déu cho
san phdm c6 hoat tinh quang khéng cao hoic
khong cé hoat tinh quang. Tang ham luong H,O,
trong dung dich dun hdi luu khong anh huong
dang ké t6i do tinh thé héa, bién hap thu quang,
cling nhu dién tich bé mit riéng cua TiO, tao
thanh. Nhung ting ham lugng H,0, trong dung
dich dun hdi lwu lam ting hoat tinh quang xic tdc
ctia TiO, trong khoang ham lugng H,O, thip, sau
d6 hoat tinh ctia TiO, dat téi gidi han. Diéu kién
dé thu dugc TiO, c6 hoat tinh quang t6t nhat
trong nghién ctru nay dugc didu ché vai ti 18 tac
chét a 10 mL TIPOT / 25 mL H,0,, dun héi luu
trong 2 gid, mau TiO, tao thanh chi duoc lam
khd ¢ nhiét d6 phong.

LOI CAM ON: Nghién ciru nay dwoc tai tro' boi
Bai hoc Quéc gia Thanh phé Ho Chi Minh trong
khuon khé dé tai ma sé C2014-18-07.
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Ti10,

photocatalyst

synthesized by

refluxing method in H,O; solution

¢ Nguyen Hai Nam
e Le Thi So Nhu
University of Secience, VNU-HCM

ABSTRACT

In this study, TiO. was synthesized by
refluxing gel TiO. in H.O. solution.
Experiments were carried to investigate
effects of the acidity of the reactions,
refluxing time, quantity of H.O, and the
drying condition to the formation and
photocatalytic activities of products. Samples
were characterized by XRD, BET, IR, and
DRS. Adsorption and  phototcatalytic
properties of samples were studied by the
degradation of methylene blue (MB) under

visible light. Results showed that TiO, was
crystallized only from the refluxing baths that
were not adjusted their acidity after mixing
TiO, sol with H,O, solution. Increasing the
refluxing time or drying products at 100 °C
led to decreasing photocatalytic activities of
TiO,. Increasing the amount of H.O, in the
refluxed solutions, photocatalytic activities of
TiO, increased to a maximum level when
25 mL of H,O, was used.

Key words: H.O., photocatalysis, refluxed method, TiO. powder.
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