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KHA NANG QUANG XUC TAC CUA TiO, TAP HOA NITO TONG HQP BANG
PHUONG PHAP DUN HOI LUU
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(Bai nhdn ngay 21 thang 08 nam 2012, hoan chinh swa chita ngay 13 thdng 09 nam 2012)

TOM TAT: B¢t TiO, tap héa véi N dwoc tao ra bang phwong phdp thiy phdn tién chat
Ti(C;H,0), két hop voi dun héi luu & nhiét do khoadng 1 00°C. Anh huwong cua sy bién tinh N, thoi gian
dun héi luu, sw hién dién ciia H,0, trong dung dich hoi luu dén sw hinh thanh tinh thé TiO, va hoat tinh
quang xiic tdc ciia chiing da duoc khdo sdt. Déc trung héa li cia mdu tao thanh dirge xde dinh bang cdc
phuwong phdp XRD, FE-SEM, DRS, FTIR, BET, EDS. Hoat tinh quang xiic tdc ciia cdc mau TiO, dwoc
xdc dinh béi s giam d¢ hdp thu quang ciia methylen xanh duwdi birc xa UVA va Vis. Két qud nghién cieu
cho zhcfy cdc mau TiO, tap hoa N c6 hoat tinh quang xiic tdc cao hon méu TiO, khong bién tinh. Sw dun
hoi luu cdc mau TiO, bién tinh N trong dung dich mede chi tao pha anatase, nhing dun hoi heu véi
H,0; tao hén hop pha anatase- rutile voi bé mat xcfp, lam tang ddng ké dién tich bé mdt va hoat tinh
quang xiic tdc ciia TiO,. Ngodi ra, kéo dai thoi gian dun hoi luu trong H,O, hodc trong mwde tir 2 gicr
dén 10 gio lam tang do tinh thé héa ciia TiO, nhing khong lam anh hieong ddng ké dén thanh phan pha
tinh thé ciia TiO, ciing nhw hoat tinh xiic tdc quang ciia chiing.

Tir khoa: TiO,, TiO, tap hoa N, dun héi lweu, HyO», hoat tinh xiic tdc quang, methylen xanh.

MO PAU

Kha nang quang oxi héa ctua TiO, da duoc
biét i 1an dau tién vao nam 1977 [1]. Tir d6
dén nay, TiO, duoc coi la mot trong nhitng tic
nhin hira hen nhat trong viéc lam sach méi
truong do c¢6 tinh bén héa hoc, khoéng doc, va
gid thanh khong quéd dit. Tuy nhién, viéc st
dung TiO, trong thuc té bi han ché do nang
lwong ving cAm ctia né khd 1én (3,0 eV dbi voi
Rutil va 3,2 eV ddi voi Anatase). V6i nang
luong ving cAm nhu vay, TiO, chi hoat ddng
quang héa chu yéu trong ving UV, tirc 1a mot
phan rat nho ctia ning luong mit troi. Dé khic
phuc nhuge diém nay, nhidu phwong phap khéc

nhau da dugc nghién ctru dé chuyén hoat tinh

quang héa cia TiO, qua ving kha kién. Mot
trong cic phuong phép thu hit nhidu sy quan
tam 12 tap héa (doping) céc nguyén t6 héa hoc
khdc nhau (c6 thé 12 kim loai hay phi kim) 1én
TiO,.

Nhiéu két qua nghién ctru cho thdy TiO, pha
tap nito rit htra hen trong viéc tang hoat tinh
quang héa cua TiO, trong viing kha kién [2-7].
C6 rat nhiéu cdch khdc nhau dé diéu ché TiO,
pha tap N nhu phuong phédp sol-gel, thiy nhiét,
thuy phan, phin xa... [4]. Cdc nghién ctru khic
nhau cho thiy hoat tinh quang xic tic cta TiO,
bién tinh phu thudc vao rat nhidu yéu t6: ban
chét va ham lugng chit bién tinh, va dic biét 1a

phuong phép didu ché chét xiic tic. Gin day,
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Ge va cong su [8] cho théy viéc dun hdi luu gel
TiO, trong dung dich H,0, vira cé tic dung
thiic ddy qud trinh tinh thé héa TiO, & nhiét d6
thép, vira nang cao hoat tinh quang xiic téc ciia
TiO,. Tuy nhién, chua c6 cong bd nao vé diéu
ché TiO, pha tap bing phwong phdp dun hdi
Iuu gel TiO,. Hon nita, vai tro cua viéc dun hoi
lwu d6i véi su tinh thé héa cia TiO, ciing chwa
duogc biét ro rang. Do d6, trong dé tai nay
ching t6i s& tién hanh nghién ctru anh hudng
cua su dun hdi luu dén su tao thanh tinh thé va
hoat tinh quang héa cua TiO, c6 tap hda N.
VAT LIEU - PHUONG PHAP

Céc héa chit chinh diing trong nghién ciru
nay gdm tetraisopropyl orthotitanate (TTiP,
loai AR, Merck), uré (AR,Guangdong), ethanol
tuyét déi (EtOH, AR, Guangdong), H,0, 30%
(AR, Guangdong). Cic miu TiO, tap héa N
duoc diéu ché béng cédch cho tir tr TTiP, rdi
dung dich uré 1 M vao EtOH khudy déu theo ti
1¢ thé tich TTiP/EtOH /Uré = 1/19/1 [3]. Sau
khi cho hét urg, dung dich duc dan rdi xuit hién
két tha tréng. Loc, rira va thu Két tia vao binh
clu, sau d6 cho tiép nudc cit vao, khqu dé
phan tén két tia trong nudc, tiép tuc cho tir tir
dung dich H,0, vao, khuéy cho dén khi tao
thanh sol mau vang dam. Ti 1& thé tich giita
TTiP/ nu6c cat/ H,O, 1a 1/15/1,5 [8]. Tién
hanh dun hoi lwu hén hop trong binh & nhiét do
khoang 100 °C trong thdi gian 2, 6, hoac 10
gid. Loc, rira san phdm va sy trong 2 gio &
110 °C, thu duoc cdc mau dun hoi luu trong
dung dich H,0,, ky hiéu 1a TiN-H-2, TiN-H-6,
TiN-H-10. Cic miu dun hdi luu trong dung

dich nudc ciing dugc didu ché tuong tu, nhung

khong thém H,O,, va dugc ky hiéu la TiN-2,
TiN-6, va TiN-10. Mau TiO, khong tap héa N
ciing dwoc didu ché bing phuong phép dun hdi
Ivu nhu trén, nhung khéng dung uré va H,O,.
Thoi gian dun hoi luu mau nay 1a 10 gio, mau
dugc ky hiéu la Ti-10.

CAu tric tinh thé coa cdc mau dugc xdc dinh
bing phwong phdp nhiu xa tia X (XRD). Thi
nghiém dwoc thuc hién tai trung tdm thiét bj
khoa hoc va phan tich héa ly, Vién Khoa hoc
Vit liéu Ung dung thanh phé H6 Chi Minh trén
mdy D8 Advance cua hang Bruker — Duc (d6i
am cuc la Cu, Ky = 1,540601&), gbc quét tur
20-70° (26), budc nhay géc 26 1a 0,03°, thoi
gian luu & mdi bude 1a 0,8 s. Ti 1¢ pha anatase
va rutile cia cdc mau duoc xdc dinh theo
phuong phdp Rietveld chay trén phan mém
X’pert Highscore Plus. Kich thudc trung binh
ctia tinh thé duoc tinh theo cong thirc Scherrer
[3] v6i 20 = 25,3° cho pha anatase, va 27,5° cho
pha rutile. Hinh thdi mau, mirc d6 phan b hat
duoc do trén thiét bi kinh hién vi dién tir quét
phét xa truong (FE-SEM) thyuc hién tai phong
thi nghiém khu Coéng Nghé Cao thanh ph Hb
Chi Minh, trén mdy S-4800 cta hiang Hitachi —
Nhat Ban. Phé tin xa nang lugng (EDS) duoc
do ¢ phong thi nghiém vat liéu nano y sinh,
Vién Khoa hoc va Cong nghé Viét Nam, thuc
hién trén mdy 6490 (LA) dé dinh lurgng nguyén
t5. Phép do quang phd hdng ngoai ding phép
bién do6i Fourier (FTIR) dugc tién hanh tai
trung tdm thiét bi khoa hoc va phén tich héa 1y,
Vién Khoa hoc Vit li¢u Ung dung thanh phé
Ho Chi Minh trén may EQUINOX 55 ctia hing

Bruker (Ptc) nham nghién ctru cdc nhém chuc
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trén bé mat cdc mau TiO,. Phd phan xa khuéch
tdan (DRS) duge tién hanh tai phong Khoa hoc
Vit liéu, Vién Khoa hoc Vit liéu Ung dung
thanh phd HO Chi Minh, sir dung dé khao sat
kha ning hip thu 4nh séng cua cdc miu trong
viung UV va Vis véi khoang budc séng khao
sét tir 300 -700 nm, thuc hién trén mdy V-550 -
C2951309. Dién tich bé mit riéng ciia cic mau
duoc do bang phuong phap BET, tién hanh trén
mdy Quantachrome version 11.0, khi str dung
phan tich 1a nito, nhiét &6 dudi khi trong miu 1a

150 °C, thoi gian dudi khi 1a 2h, thoi gian phin

tich 90-110 phit, nhiét d6 phan tich mau Ia
-196 °C. Hoat tinh quang xtc tic clia cdc miu
TiO, dugc xac dinh theo sy giam do hép thu
quang cuia methylen xanh (MB) duéi buc xa
UVA va VIS. Mat d¢ quang cuia dung dich
dugc do ¢ budc séng A = 660 nm trén mdy
Optima SP-300. Khéi lwong méu xic tic sir
dung trong mdi thi nghiém khdo sét 13 0,1 gam,
thé tich dung dich MB 1,2 x10° M 1a 200,0
mL. Bén UVA (Trung Quéc) va den VIS (den

compact Pi¢én Quang) st dung trong cic thi

nghiém déu c6 cong sudt 9 W.
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Hinh 1. Phé FT-IR cua cdc miu Ti-10, TiN-6 va TiN-H-6

KET QUA - THAO LUAN

Pic tinh héa Ii ciia cic miu

Khéc v6i miu TiO, khong cé N (Ti-10), phé
FT-IR cia hai mau TiO, ¢6 bién tinh N (TiN-6
va TiN-H-6) c¢6 xuét hién pic hap thu méi &
khoang 1400 cm™ (Hinh 1). Pic nay thé hién
dao dong hoa tri cua lién két N-H, chung to su
¢6 mit ctia N trong cdc miu c6 bién tinh nito
[8]. biéu nay ciing dugc xac nhén tir Kkét qua
phd EDS: ham luong N trong cic miu Ti-10,
TiN-6 va TiN-H-6 lan luot 1a 0, 2,02, va 1,97%

theo khdi lwong. D ham lwong N trong miu
xdc dinh tir phd EDS kha thép so voi lugng N
dua vao theo 1y thuyét (khoang 9% khéi
lugng), két qua cho thay dua uré vao qua trinh
thity phan dung dich TTiP c6 thé tao TiO, tap
héa N. Ngoai ra, trén phé FT-IR ctia cdc mau
ciing thdy duoc cic dao dong héa tri va bién
dang ctia nhém —OH (pic hap thu réng & 3100-
3500 cm™ va pic 1626-1629 em™), va cic dao
dong ciia lién két Ti-O (636-654 cm™) [8].
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Phé XRD (Hinh 2) cho thdy dd c6 sy hinh
thanh tinh thé & cdc mau diéu ché bang phuong
phap dun hdi lvu trong nghién ctru nay. Tuy
nhién phd XRD ciia cdc mau déu c6 duong nén
con gb ghé, cuong do thap, miii rong, ching to
d6 tinh thé héa chua cao. Trudce day, khi Ge va
cong su [8] diéu ché cdc mau TiO, thuin béng
phwong phdp dun hdi lwu trong dung dich
H,0,, tinh thé TiO, thu dugc chi c¢6 pha
anatase. Trong nghién ciru nay, cic mau TiO,
du c6 doping hay khong doping v6i N khi dun
hdi Ivu trong dung dich nuwéc déu cé thanh
phén pha tinh thé chu yéu 1a anatase (xem Bang
1), ham lugng pha rutil khong déng ké, chi ¢
0-3,5%, nam trong khoang sai s6 ciia phép do.
Tuy nhién, khi dun hdi Ivu cdc miu TiO, bién
tinh N trong dung dich H,0,, cic mau tao

thanh déu 1a hdn hop ciia hai pha anatase va

rutile véi ti 1€ rutil kha cao (khodng 45% rutil
va 55% anatase). Nhu vy, dun hdi Iuu trong
dung dich nude hay dung dich H,0, déu thic
day su tinh thé héa TiO,, tuy nhién thanh phan
héa hoc ctia mau va thanh phan dung dich dun
hdi lwu déu ¢6 anh hudng quan trong t&i thanh
phin tinh thé tao thanh. Ké qua thanh phin
pha va kich thué6c tinh thé & Bang 1 ciing cho
thdy thanh phan pha cic mau khong thay doi
déng ké khi thay dbi thoi gian dun hdi lvu. Khi
kéo dai thoi gian dun hdi lwu tir 2 gio dén 10
gio thi d9 tinh thé héa va kich thude tinh thé ¢6
tang, nhung khong nhiu. Két qua nay hoi khic
véi ciia Ge va cong su [8] khi dun hdi luu TiO,
thudn trong dung dich H,O, tir 2-10 gio. O thi
nghiém cta Ge va cong su, do tinh thé héa tang
kha 13 rang theo thoi gian dun hdi lwu trén phd
XRD.

Bang 1.Thanh phén pha anatase, rutile va kich thudc tinh thé ctia cdc mau

Mau Ti-10 TiN-2 TiN-6 TiN-10 TiN-H-2 TiN-H-6 TiN-H-10
Thanh phan pha (%) | Anatase 96,5 99 100 100 54,1 55,8 50,3
Rutile 35 1 0 0 459 442 49,7
Kich thudc tinh thé Anatase 6,7 49 6 10,2 5 6,5 9,5
(nm) Rutile - - - - 8,7 10,2 12,4
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Hinh 2. Phd XRD ctia cdc mau
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Dién tich bé mit riéng cua cdc mau Ti-10,
TiN-6, va TiN-H-6 x4c dinh theo phuwong phap
BET lan luot 12 93,9, 124,9, va 151,7 m%/g. So
véi xuc tdc TiO, tao thanh theo phuong phép
truyén théng bing cdch thity phan hodc sol-gel
10i nung thuong ¢6 dién tich bé mit riéng trong
khoang 50-70 m2/g [7], TiO, tao thanh theo
phuong phdp dun hdi luu c6 dién tich bé mat
riéng cao hon rd rét. Ngoai ra, viéc doping N
vao TiO, cling lam ting dién tich bé mit riéng
so voi khong doping N. Sy dun hdi lru TiO,-N
trong dung dich H,O, ciing 1am dién tich bé
mit riéng ctia mau ting Ién dang ké so v6i dun
hdi lwu trong dung dich nuwdc. Anh FE-SEM
cuia cdc mau Ti-10, TiN-6 va TiN-H-6 (Hinh 3)
cho thdy céc hat TiO, da phdt trién thanh tinh

thé ¢6 géc canh, cdc hat c6 kich thuéc khéng

S S-4800 10.0kV x100k

§-4800 15.0kV x100k

(a)

ddng déu, xay ra su két tu hat. Riéng mau TiN-
H-6 duge dun hdi luu trong dung dich H,0, ¢6
kich thudc hat 16n hon, dac biét anh FE-SEM
cho thdy bé mit hat c6 dang xdp. Pay c6 thé Ia
nguyén nhan khién dién tich bé mit riéng cta
TiN-H-6 cao hon so véi cdc mau Ti-10 va TiN-
6 dun hdi lru trong nude. Hinh thai bé mit cua
céc miu ciing anh huong t6i kha nang hip phu
MB cua ching. Chiing t6i nhan théy réng cac
mau dun hdi luu trong nudc (c6 hay khong cé
doping v6i N) déu hép phu MB twong duong
nhau, va thip hon cdc miu dun hdi luvu trong
dung dich H,0O, [9]. biéu nay phu hop véi su
tao thanh b& mat xbp c6 dién tich bé mat riéng
cao hon ciia miu TiN-H-6 so vé6i cdc mau Ti-

10 va TiN-6.

Sl 5-4800 15.0kV x100k

(©

Hinh 3. Anh FE-SEM cua cdc miu a) Ti-10, b) TiN-6, ¢) TiN-H-6

Phd phan xa khuéch tin DRS (Hinh 4) cho
thay bién hap thu dnh sang ctia cac mau chuyén
dan vé viing dnh séng kha kién theo thir tu ting
dan tir Ti-10, TiN-6 va TiN-H-6. Ning luong
viing cam E, cua cdc miu tinh dua vao tiép

tuyén ciia bién hip thu ciia cdc miu trén lan

luot 1a 3,16, 3,01, va 2,90 eV. Nhu vay, ngoai
viéc bién tinh TiO, véi N, viée dun hdi luu
trong dung dich H,O, di lam tang dién tich bé
mit riéng, dong thoi chuyén ving hip thu dnh

sdng clia mau vé phia kha kién.
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Hinh 4. Ph6 DRS ciia Ti-10, TiN-6 va TiN-H-6

Hoat tinh quang xiic tic ciia cic miu diéu
ché bing phuong phép dun hdi luu

Hinh 5 cho thiy hoat tinh quang xtc tic cila
c4c mau dudi bic xa UVA cao hon dudi birc
xa VIS. Tuy nhién, dudi cd hai loai buc xa nay,
hoat tinh quang xtc tdc cta cic mau déu chia
thanh ba nhém twong tu nhau: cic mau TiO,
doping N dun héi luu trong dung dich H,0, c6
do chuyén héa MB cao nhét, cdc miu TiO,

doping N dun hdi Iuu véi dung dich H,O ¢6 do

miu xdc tic quang TiO, bing phwong phdp
dun hdi lwu, viéc doping N vao TiO, lam ting
hoat tinh quang xtc tdc ciia ching. Két qua nay
twong tw nhu két qua ctia cic nghién ciru diéu
ché xdc tic TiO, doping N bang phwong phdp
nung di cong bd trude day [3-7, 10], va da
duogc giai thich 1a do sy hinh thanh cdc mirc
ning luong pha tap gilta cdc van dao hoda tri
ctia N va O, dan t6i giam ning lugng band gap

hodc giam tc do tai két hop electron — 18 tréng

chuyén héa MB trung binh, va cudi ciing la quang hoa.
TiO, khong doping N. Nhu vdy khi diéu ché
100 TiN-H-10 704
90 TiN-H-6
TiN-H-2 TiN-H-6
80 - TiN-10 TiN-H-10
70 4 TiN-2 TiN-H-2
60 - TiN-6
~ TiN-6
& 50 '
=
40 4 Ti-10 TiN-10
30 A
20 4 Ti-10
10
0 — 77— .
0 30 60 90 120 150 180 210 240 270 0 30 60 90 120 150 180 210 240 270
Thoi gian (phat) Thoi gian (phit)
(@) (b)

Hinh 5. Phan trim chuyén héa (H%) MB cua cic mau dudi birc xa UVA (a) va VIS (b)
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Thanh phéan dung dich dun hdi luu 1a yéu t6
anh huong déng ké dén hoat tinh quang xc tic
clia cdc miu: cic mau dun hdi luu trong dung
dich H,O, c6 hoat tinh xidc tdc quang clia cao
1 rét hon cdc miu dun hdi lru trong dung dich
H,O0. Theo Li (trich trong [8]), su hién dién cia
dung dich H,0, khi didu ché miu c6 thé lam
xuét hién cdc nhém peroxo trén bé mit xic tic,
dan t6i d& dang tao ra gdc tu do .OH khi dwoc
hoat héa quang, 1am tdng hoat tinh xdc tic
quang ciia cdc mau TiO, diéu ché trong dung
dich H,0,. Ngoai ra, bé mit xbp, dién tich bé
mit 16n, kha nang hap phu MB cao cua céc
mau dun hdi lvu trong H,0, ciing ¢ thé déng
g6p vao viéc tang hoat tinh quang cua ching.

Két hop hoat tinh quang héa véi phd XRD,
c6 thé néi yéu td thoi gian dun hoi luu (trong
khoang 2-10 gi®) c6 anh huwéng khong nhidu
lén thanh phan pha tinh thé ctia cic miu ciing
nhu hoat tinh quang xtic tic clia cdc mau trong
nghién ciru ciia chiing toi. Két qua nay c6 khac
biét so voi quan sit cua Ge va cong sy [8].
Trong nghién ciru cia Ge va cong sy, mau
TiO, thuan dun hdi lvu & 6 gio ¢ hoat tinh
quang dudi den UV cao hon cdc mau dun hdi
Iuu ¢ 2 va 10 gio. bidu d6 duoc céc tac gia [8]
cho 1a khi dun héi lwu 2 gio thi d tinh thé héa
clia mau con thép nén hoat tinh quang khong
cao, khi kéo dai thdi gian dun hdi luu trong
dung dich H,0, thi d¢ tinh thé héa tang nhung
luong nhém peroxo trén mau giam dan, lam

cho hoat tinh quang xic tdc ciia cdc mau dun

héi lru & 2 gid va 10 gio kém hon mau dun hdi
Iuu trong 6 gio.
KET LUAN

Két qua cua nghién ctru cho thdy dua dung
dich uré vao giai doan thuy phén tién chat Titan
Kkét hop véi dun hdi luu da tao ra cdc mau TiO,
bién tinh N. Hon nita, phwong phdp dun hdi lvu
trong dung dich nudc va dung dich H,0, déu
thiic ddy sy hinh thanh tinh thé TiO, doping N
& nhiét do thap. Viéc bién tinh N 1én TiO, diéu
ché bang phuong phap dun hoi luu lam ting
hoat tinh quang xiic tdc cta TiO, thuan véi
cch didu ché twong tw. Thanh phin héa hoc
ctia TiO, va thanh phan dung dich dun hdi lvu
anh huéng o rét dén thanh phan pha cua TiO,
tao thanh: TiO, doping N diéu ché bing
phuong phap dun héi luu trong dung dich nudc
chi tao pha anatase, nhung dun hdi luu trong
dung dich H,0, tao hdn hop ca hai pha rutile
va anatase. Phuong phdp dun hdi lvu mic di
tao chét xic tdc c6 do tinh thé héa chua cao,
nhung lai ¢6 dién tich bé mat cao va hoat tinh
xiic tic cao. TiO, doping N bing phuong phap
dun héi luu trong dung dich H,0, c6 bé mat
x6p, dién tich bé mit riéng cao, va d6 hép thu
quang chuyén manh vao viing kha kién. Kéo
dai thoi gian dun hoi luu tir 2 gio dén 10 gio
lam ting d6 tinh thé héa, nhung khong anh
huéng nhidu dén thanh phin pha tinh thé cua
mAu TiO, ciing nhu hoat tinh xdc tdc quang ctia

no.
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PHOTOCATALYTIC ACTIVITIES OF NITROGEN-DOPED TIO, SYNTHESIZED
BY REFLUX METHOD

Tran Thi Xuan Duyen, Le Thi So Nhu
University of Science, VNU-HCM

ABSTRACT: N-doped TiO, powder was prepared by hydrolyzing titanium precursor combined

with refluxing at the temperature around 100°C. Effects of N doping, refluxing time, and the presence of

H,0; in the refluxed solution on the formation of TiO, and their photocatalytic activities were

investigated. The samples were characterized by XRD, FE-SEM, DRS, FTIR, BET, and EDS. Their

photocatalytic activities were characterized by photodegradation of methylene blue under UV and VIS

radiation. Results showed that the N-doped TiO, samples presented higher photocatalytic activities than

undoped sample. The N-doped TiO, refluxed in H,O, solution performed porous samples with mixture

of anatase and rutil, leading to higher surface area and higher photocatalytic activities than those

refluxed in water. Increasing the reflux time from 2 hours to 10 hours improved the crystallinity of

samples, but insignificantly affected phase composition as well as photocatalytic activities of N-doped

TiO..
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