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Toém tit. Céac TiO, oxit hidu STO1, ST21 va ST41 (Nhat) vai kich thudc hat khéc nhau dugc sir
dung lam xuc tac cho quatrlnh quang oxi hoa trong pha khi p-xylen. Tinh chét ly—hoa ciia xuc tac
duogc xéc dinh bang cac phwong phép nhu hip phu BET, nhiéu xa tia X (XRD), pho tu ngoai (UV)
va hong ngoai (IR). Két qua nghién ciru cho thay, kich thuéc hat TiO; la yéu tb truc tiép quyet
dinh tinh chat ly-hdéa va hoat d6 cia xtc tac. Dién tich bé mit riéng va sd lugng nhém OH caa xdc
téc tang khi kich thuéc hat giam. Kha nang hip phu va tao cbc caa TiO, tang, con hoat ¢ quang

oxi héa giam khi kich thugc hat tang.

1. Giéi thigu

Trong nhitng nim gan day, oxi héa quang
xuc tac pha hoi dugc quan tdm nghién ctu va
ung dung trong lam sach khéng khi. Quang oxi
héa c&c hop chét hitu co bay hoi (VOC) khéc
nhau nhue ankan [1-3], anken [2,4], cac
hidrocacbon thom [3,5-8], cac hop chit chra
oxi [3,6] va tricloroetylen [3] da duoc nghién
ciru trén xuc téc TiO, dudi tac dung ciatiaUV.
Maria et al [9] d& théng béo ring hoat tinh
guang xuc téc cua TiO, phu thuoc vao kich
thuéc tinh thé vi nd quyét dinh kha ning hip
phu va phan hiay cac VOC trén bé mit cia
chiing. Véi céc TiO, c6 kich thugc tinh thé Ion
hon 7nm, xdc téc nao ¢6 kich thuéc nhé hon sé
c6 dién tich bé mat lén hon va do vay ¢ hoat
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tinh xuc tac cao hon. Viéc giam hoat tinh dbi
v6i cac TiO, ¢ kich thudc tinh thé nho hon
7nm dugc giai thich nhu 1a hé qua caa sy thay
ddi cAu trac vatinh chat dién tr cia cac tinh thé
kich thugc nano.

Trong cong trinh truge day [10] chang toi
da nghién ctu phan @ng trén xdac téc TiO,
Degusa P25 (bc) véi ham lugng pha anatas va
rutil twong @ng la 80 va 20%. Trong d6 da xac
dinh duoc diéu kién phan tng téi wu ciing nhu
vai trd caa hoi nudc va diéu kién xur ly xuc tac
dén tinh chat caa xuc tdc Degusa. Muc dich cia
bai b&o nay la nghién cru su anh huong cia
kich thuéc hat TiO, hiéu ST (Nhat Ban) dugc
xu ly ¢ nhiét do6 khac nhau trong phan ang
quang oxy héa hoi p-xylen trong khéng khi am
duéi tac dung cuatiaUV.
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2. Phwong phép nghién cau

Céc chit xuc téc duoc diéu ché bing
phuong phap nhing phu bot TiO, hiéu STO1,
ST21 va ST41 (ISK- Nhat ban) trén daa thay
tinh pyrex theo phuong phap tuong tu nhu [10].
Luong TiO, duoc nhang pha |a 30mg, diéntich
pha TiO, va duoc chiéu sang 14 68 cm? XUc tac
duoc hoat hod ¢ nhiét do 450, 550°C hoac bang
anh sang UV & nhiét do 40°C trong dong khong
khi, trong 4 gio. Céc tinh chét ly-héa caa x(c
téc nhu dién tich bé mat riéng, kich thuéc hat,
thanh phin pha cia TiO,, ning lwong viing cim
Ebg Mat do nhom OH trén bé mat xdc tac dugc
xéc dinh bang céc phuong phép hip phu BET,
nhiéu xa tia X (XRD), quang phé hdng ngaai (IR)
vartir ngoai (UV), dugc mo ta chi tiét trong [10].

Kha nang hap phu va hoat tinh cia xdc tac
duoc khio sét bing phuong phép dong vi
lugng. Diéu kién phan tng theo két qua nghién
ctu [10] dugc chon nhu sau: ndng d6 cua p-
xylen (Cpxyien ); hoi nuéc (Cazo) va oxi (ng )

trong hon hop khi tham gia phan tng twong ang
bang 15,94 ; 11,5 va 2857 mg/l; téc do dong
khi (V) duoc giit ¢6 dinh 126 I/h, nhiét d6 phan
rng 40°C va chiéu tia UV voi buéc song | =

365 nm. Hap phu p-xylen hoic hoi nuéc ciing
tién hanh trong diéu kién tuong tuy nhung khéng
chiéu UV. Han hop phan &ng dugc phan tich
trén may sic ky khi Agilen 6890 plus, diu do
FID, cot mao quan HP-1 Methyl Siloxane
(30m; 0,32mm; 0,25mm). Lwong cdc tao thanh
trén bé mat xdc tac dugc xéc dinh bang phuong
phép dét xdc tac & nhiét do 500°C va hip phu
luong hoi nuéc va CO, tao thanh bang
anhydron va ascarit theo phuong dugc mé ta
chi tiét nhu trong [10]. Tinh téan kich thudc hat
duoc tinh theo phé XRD, theo phuong trinh
Scherrer (1) [11]:
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trong d6: dxrp- Kich thudc trung binh caa tinh
thé, 1 - budc song caa tia X (nm), B - chiéu
rong cia ¥z peak dac trung (do), 6': géc Bragg
(d6) va 57,3 1a hé sb chuyén tir don vi dé sang
radian

3. Két qua va ban luan

3.1. Tinh chdt ly héa cia xtc tac

Bang 1. Tinh chat céc loai chat xuc téc TiO, higu STO1, ST21 va ST41

bai luong Loai TiO,

ST01 ST21 ST41
Ham lugng TiO,, % 95 95 95
bo pH 6,0-8,0 6,0-8,0 6,0-8,0

Dién tich bé mat riéng (Sger), m7g | [l

320 77,2 693 50 505 41,2 10
Kich thudc hat, nm 7 12

I I I I I I I
18,1 16,7
15 20 23 26 200 - -

(I- trucc xar 1y, 1, 111- xi 1y ¢ nhiét @6 450° va 550°C trong dong khong khi)

Két qua bang 1 cho thiy déi véi cac TiO,
cuing ddy ST dién tich bé mit riéng giam manh
khi kich thudc hat tang tir 7 [én 200 nm va gia
tri dai lugng Sger bién thién trong khoang rong
(10- 320 m?/g). Bén canh d6 su thay ddi dién
tich bé mat riéng khi nhiét ¢6 xu ly thay doi
cing phu thugc vao kich thugc hat. TiO, cd

kich thudc hat cang nho si thay déi kich thudc
hat va dién tich bé mat riéng cang nhanh khi
nhiét do xir ly ting. Mau STO1 véi kich thusc
hat nho (7nm) c6 cac dai lugng ndy thay doi
nhanh nhat. Khi tang nhiét do xu ly dén 450 va
550°C dién tich bé mit riéng caa miu STO1
giam tuong ttng 76 va 78% va kich thudc hat
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tang tuong ttng 70 va 100%. Trong khi d6, sau
khi xtr ly & 450°C kich thudc hat cia ST21 moi
tang 15%, con dién tich bé mat riéng van chua
thay doi va gia tri dai luong Sger chi giam ~
20% khi kich thuéc hat tang 30% ¢ nhiét do xu
ly 550°C. Nguoc lai, déi véi miu ST41 voi
kich thudc hat 16n (200 nm), sau khi xur Iy nhiét
dién tich bé mit riéng cao hon, nhung xuc tac
ndy van co dién tich bé mat riéng rat thip. RS
rang, cac hat co kich thudc trung binh c6 do 6n
dinh cao hon trong qua trinh xu ly nhiét. Tuy
nhién, ngay ca sau khi xu ly & 550°C dién tich
bé riéng cia STO1 van con 69,3 m7g, cao hon
mau ST21 va kich thudc hat méi dat téi 15nm,
nhé hon mau ST21 truéc xir ly.

a

Phé UV-Vis cia cac mau TiO, duoc dan ra
trong hinh 1. Theo phé UV cia cac mau TiO,
c6 thé tinh dugc nang lugng ving cim (Eg)
theo cong thuc (2) [12]:
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Hinh 1. Phé UV caacac mau TiO, : 1) STO1; 2,3)
ST21 vaST41.
|
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Hinh 2. Phd XRD cua cac miu TiO, STO1, ST21 va ST41 chuaxu |y (a), sau khi xir 1y & 450°C (b) va 550°C (c).

Hinh 1 cho thdy, pho UV cia ca bamiu déu
c6 dang dbc dung véi diém udn trong khoang
380-386 nm va nang lugng ving tréng bang
3,2-3,3 eV. Diéu nay ching té trong cac mau
xuc téc TiO, déu & dang anatas. Két luan duoc
kiém chirng qua phan tich XRD (hinh 2). Theo
d6, trong tit ca cac mau TiO, déu chi ton tai ¢
pha anatas. Tuy nhién, dic diém dang phd caa
tirng loai TiO, kh&c nhau. ST01c6 duong kinh
hat TiO, nho (7 nm) dugc dac trung boi cac
mii biu v6i  cuong do thip. Cac oxit titan
ST21 va ST41co kich thuge hat I6n (tr 20 nm

tro 1én) cd cac mai hep, nhon, cuong do cao
hon. DPiéu ndy la do trong cac mau ST21 va
ST41 tinh thé TiO, co kich thudc I6n hon. Sau
khi xir ly & 450°C, dang phé XRD (hinh 2) caa
STO1 d& gan giéng véi mau ST21, cAc mii ¢6
cuong d6 manh hon va kich thuéc hat da tang
dén 12nm, thuoc nhém cé kich thudc trung
binh. Day ciing laly do vi sao dién tich bé mit
riéng cua vat liéu giam 4,2 lan. Khi tiép tuc
tang nhiét do xt ly 1én dén 550°C thi phd XRD
cua x(c téc lic ndy d& hoan toan giéng véi cac
mau ST21, dong thoi kich thuéc hat da dat téi
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15nm va dién tich bé mit xuc téc ciing giam di
4.6 1an, rit gan voi mau ST21. Két qua phan
tich XRD ciing cho thdy sau khi xir ly nhiét
trong tat ca cac mau TiO, déu van chi cd mot
pha anatas ton tai. Két qua nay phi hop voéi
nghién cru cia Kyeung Youl Jung et al. [13],
theo d6 thi trén 500°C pha rutil van chua hinh
thanh va né chi bat dau hinh thanh véi ham
lwong rat thip (khoang 1,5%) ¢ nhiét do 600°C.
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Hinh 3. Phé IR cuacéac TiO,: 1) ST 01,
2) ST 21va3) ST 41.

Ph6 IR (hinh 3) ciia cac TiO,: STO1, ST21
va ST41 cho thiy ca ba miu déu cé mii hip thu
cuc dai & cac tan s 3420 - 3438 cm ™ va 1634 -
1645 cm*, dac trung cho dao dong hoé tri cua
nhom -OH mang tinh bazo lién két mang. Tuy
nhién ddi voi STO1 cuong d6 cua cac phd hap
thu cuc dai ¢ tn sb 3420 cm™ cao hon nhiéu so
vGi TiO, ST21 va ST21 cao hon ST41.
Diéu nay cho thdy mat d6 nhdm -OH trong
mau céac TiO, giam khi kich thudc hat caa no
tang. Cuong do phd IR caa mau STO1 cao hon
ST21 rét nhiéu, trong khi ¢6 ST21 va ST41 xap
xi nhau. Nhu vy ddi vai hat c6 kich thuéc 7nm
kha nang tao nhém -OH cao hon so véi hat co
kich thugc tir 20nm tro 1én.

3.2. Khd nang hap phu p-xylen va hoi nuéc
trén cac xuc tac

Bang 2. Pai lwong hap phu p- xylen (Ax) vahoi nudc (Aw) ciia cac xdc tée sau khi xir Iy nhiét (Biéu kién hap
phu: 40°C, V = 6l/h, khdi lugng xUc tac myr= 30 mg, C°yyie= 15,9 mgll, C;’ o =11,5mg/l, Cg =488 mg/l )

XUc tac ST01 ST21 ST41
Nhiét do xir ly x(c téac, °C 450 550 450 550 450 550
Ax.10%, mmol/g x(ic tac 148 219 112 135 262 146
mmol/m? x(ic tac 1,92 3,16 2,21 3,28 14,48 8,74
Aw.10%, mmol/g xtc tac 333 389 667 500 444 444
mmol/m? x(ic tac 4,31 5,61 13,21 12,13 24,67 26,59
(Ax+Aw).10%, mmol/m? x(ic tac 6,23 8,77 15,42 15,41 39,15 35,33
Ax/Aw 0,45 0,56 0,17 0,27 0,59 0,33
(Ax+Aw)sso/ (Ax+Aw)aso 14 10 09
Soer.sso/Seeraso 09 08 09

Két qua bang 2 cho thdy, kha ning hip phu
p-xylen va hoi nuéc (Ax+Aw) ciia cac oxit titan
tang theo thir tu sau:

ST01<ST21<ST41 3
nghia 14 ting theo chiéu ting cua kich thudc
hat. Kha nang hap phu twong déi cua p-xylen so
vGi hoi nuéc duge danh gia theo ty 1€ Ax/Aw.
Két qua nhan duoc chi rarang, TiO, c6 & luc

V61 hoi nudce cao hon p-xylen va é luc nay phu
thuoc vao kich thudc hat. TiO, anatas vé6i kich
thudc hat 20nm c6 kha nang hip phu nuéc cao
nhat, do d6 kha niang hip phu tuong déi xylen
cua nd thap nhat, con STO1 véi kich thudc hat
7nm c6 kha nang hip phu xylen va hoi nugc
tuong duong nhau.
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Anh huong caa nhiét do xir Iy dén kha nang
hap phu cua cac TiO, dugc danh gia theo ty 1é
téng dai lwong hip phu p-xylen va hoi nuée cua
mau xa ly & 550° va  450°C,
[(Ax+A\N)550/(Ax+A\N)450] Ta thély, khi kich
thudc hat TiO, tang ty 1& ndy giam dan. Diéu
ndy dugc giai thich nhue sau, TiO, kich thudc
trung binh ¢é kha nang hip phu p-xylen va hoi
nuéc tot nhat. Khi nhiét o xir |y ting kich
thudc hat ting, d6i voi STOL do ¢ kich thuge
nhé nén ting nhiét do xir Iy hat caa nd chuyén
tir vung kich thuéc nhé sang vang kich thudc
trung binh nén hap phu ting. ST21 do kich
thudc hat ban dau tuong ddi 16n, sy thay doi
kich thugc hat khéng nhiéu nén kha ning hap
phu caa nd khéng déi. ST41 co kich thuéc hat

qua lén, nén khi tang nhiét do xur |y tir 450° 1én
550°C, dién tich bé mit riéng cua nd giam dan
t6i dai lugng hip phu giam. Biéu nay phi hop
vai két qua phan tich dién tich bé mat riéng va
phd XRD.

Dé trénh su thay dbi kich thude hat dudi tac
dung cua nhiét d6 mau STO1 dugc xt ly bang
UV ¢ 40°C. O diéu kién xir ly nay dai luong
hap phu p-xylen thu dugc cao hon mau xti Iy &
450°C (2,5 so véi 1,92.10% mmol/m?). Trong
truong hop ndy kha ning hip phu cao cua hat
kich thuéc 1on hon khéng bu trir dugc dién tich
bé& mit riéng giam qua nhanh (76%).

3.3. Khdo sét hogt tinh xtc tac

Bang 3. Do chuyén héadau (X), do chuyén hda sau 30 phit (X o), 60 pht (Xeo) 18m viéc va lwong cic tao
thanh sau 60 phut lam viéc (C) trong phan g quang oxy hda p-xylen trén cac xtc tac khac nhau duoc hoat hda
theo céc ché do: 1) 40°C+ UV; 11) 450°C valll) 550°C (Diéu kién phan ung: UV, 40°C,

V = 6l/h, mxr= 30 mg, C’ier= 15,9 mg/l, C° = 115mgll, C? =488 mg/l )

X (c tac STO01 ST21 ST41

Didu kién hoat héa | I I 1T I 1T
Xo, % 85 62 56,9 43,0 49 31,9
X0, % 17 25 7 7,4 6 8,4
X0, % 10,5 10 9 5 3 3

C (mmol/g) 0157 0092 0077 04107 0072 04109 0,125

Két qua khao sét hoat do cua cac xUc tac
dugc trinh bay trong bang 3. Tir bang 3 ta thiy,
ddi voi tit ca cAc mau hoat d6 dau caa xGc tac
giamkhi nhiét do xu ly va kich thudc hat tang.
Ca hai yéu té nay déu néi 1én rang, kich thugc
hat TiO, cang 16n hoat do x(c tac cang thap.
Diéu ndy c6 thé lién quan dén sd lugng nhém
OH trong céc x(c tac. Theo két qua nghién ciru
IR & trén thi TiO, co kich thudc hat nho hon co
lugng nhém OH nhiéu hon. Theo cac tac gia
[14] chinh nhém OH véi vai tro la tdm axit
Lewis, s3 la thm hip phu p-xylen nho lién két
gita nhdm OH va&i H trén phén t p-xylen.
Dodng thoi nthém OH ciing 1a ngudn sinh gbc tu
do OH' la téc nhén cho oxi ho& p-xylen. Sau khi

xt ly bang UV ¢ nhiét d¢6 phong, hoat do cua
chit xuc téc STO1 cao hon so vai khi xu ly
nhiét. Didu ndy ¢ thé giai thich 1a do khi xtu Iy
bang UV & 40°C kich thudc hat va dién tich bé
mat riéng cia xuc tac duoc bao toan, con xu ly
& nhiét d6 cao da lam tang kich thugce hat TiO,
va giam Sger qua nhanh, nén mic du sé nhém
OH tang ciing khéng du bu trr.

Déi véi STO1 do chuyén héa Xz sau khi xur
ly & 450°C la cao nhét, hay n6i cach khéc do
bén lam viéc caa chang tét hon. Theo két qua
nghién ciru trude day, déi véi TiO, Degusa P25
[10], viéc hoat héa cac xUc tac ¢ 450° hodc
550°C gitip cho bé mit cia xdc tac sach hon va
cac tdm cua xUc tac dé ta tao ca&c nhdm



62 N.Q. Tuih va nnk. / Tap chi Khoa hoc PHQGHN, Khoa hoc T nhién va Cong nghé 26 (2010) 57-63

hydroxyl hon so véi xUc téc hoat héa bing tia
UV & 40°C.

So sanh hoat d6 cia xuc tac vai kha nang
hidp phu cua chang, thdy ching bién thién
nguoc chiéu nhau, khi tang kich thugc hat kha
nang hap thy ting, con hoat do giam. Bén canh
d6, ciing thiy riang, d6i véi STO1 sau khi xu ly
& 450°C dién tich bé mit riéng da giam 76% tur
320 xubng 77,2m?/g, nhung hoat do dau chi
giam 27%. i véi tit ca cac xdc tac luong
giam do chuyén héa cia cac mau xir ly khéc
nhau khéng ty & véi sy thay ddi cia Sger. Tat
ca nhitng hién tuong ndy khing dinh rang dién
tich bé mit riéng, ciing nhu kha nang hip phu
khéng phai 1a yéu té tryc tiép lién quan véi hoat
d6 xuc tac trong phan ing quang oxi hda, ma
kich thude hat chinh 1& nguyén nhan tryc tiép
quyét dinh hoat do cua chang.

Tur bang 3 thiy riang luong cbc tao thanh
sau 60 phut phan rng cia cac xuc tac tang theo
thir tu STO1 < ST21 < ST41, trung véi day (1)
theo kha ning hip phu téng (Ax+Aw) cua
ching. Nghia la kich thuéc hat cang 1on, kha
nang hap phu cua TiO, cang cao va luong coc
tao thanh cang nhiéu. Tuy nhién, khéng c6 mbi
quan hé mat thiét giita dai luong hip phu p-
xylen (Ax) va lugng cbc tao thanh. Phan tich
két qua cho thdy dé phan g dién ra cin c6 hap
phu cia ca p-xylen va hoi nuéc, nhung huéng
chuyén tiép cua ching phu thudc vao kich
thuéc hat. TiO, kich thudc hat nho khong
thuan loi cho tao cbc nén p-xylen hap phu
chuyén héa theo huéng oxy héa sau, con TiO,
hat |én thuan loi cho phan (ng tao cbc, dan dén
giam hoat d¢ oxi héa.

Co6 thé thiy rang, khi tang nhiét do xu ly
lwong cdc tao thanh sau 60 phdt 1am viéc caa
xuc tac STO1 va ST21 giam, tuong tu qui luat
bién thién caa do chuyén hda, con trén ST41 thi
ngugc lai. Nghia la trén cac TiO, kich thudc
nhé (< 20nm) tao céc cd quan hé voi san phim

cua phan (rng oxi hda, con trén xuc tac hat I6n
ST41 hai phan ang ndy dién ra canh tranh nhau.

4. Két luan

Qua két qua nghién ciru phan tng quang oxi
héa p-xylen trén cac xic téc ST cd thé rit ra
mot sd két luan vé anh huéng cua kich thudc
hat dén tinh chat ly- héa va hoat d6 cua x(c tac
TiO, anatas nhu sau:

- Dién tich bé mat riéng ciaa TiO, giam
manh khi kich thudc hat tang tir 7 [én 200nm.

- TiO, hat cang nho thi kich thuéc hat caa
né tang cang nhanh va dién tich bé mat giam
cang nhanh khi tang nhiét o xir ly mau. Sau
khi xir ly nhiét, ¢ nhiét ¢6 450°C mau STO1 voi
cac hat kich thugc 7nm co dién tich bé mat
giam 76%, duong kinh hat ting dén 12nm. Mau
ST21 véi kich thuéc hat 20nm c6 d6 6n dinh
cao.

- Kich thudc hat khdng anh huong dén kha
nang hap thu eectron va nang luong viing cim
cua TiO, va sau khi xu ly ¢ 450° va 550°C
thanh phin pha cia c&c mau khéng thay déi,
van & dang anatas.

- TiO, c6 kich thugc hat cang nho thi co sb
lwgng nhdm OH cang cao.

- Kha ning hip phu va tao céc cua céc oxit
titan tang theo khi kich thudc hat tang, con hoat
d6 quang oxi héa thi nguoc lai, TiO, c6 kich
thudc hat cang nho thi hoat @6 cang cao.

Tom lai, kich thuéc hat 1a yéu té truc tiép
quyét dinh tinh chat ly- héa va kha nang hap
phu, hoat d6 quang oxi hda ciing nhu kha nang
tao coc caa TiO, trong phan (rng quang oxi héa
p-xylen.
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Effects of particle size of TiO, on catalyst properties and
activity for p-xylene photooxidation

Nguyen Quoc Tuan®, Nguyen Tri2, Ho Cam Hoai®, Luu Cam Loc?

'Da Lat University, 1 Phu Dong Thien Vuong, Da Lat
%I nstitute of Chemical technology, VAST, 1 Mac Dinh Chi, Ho Chi Minh, Vietnam
3University of Natural Sciences, VNU-HCM, 227 Nguyen Van Cu, Ho Chi Minh, Vietnam

Titanium oxide ST01, ST21 va ST41 have been used as catalysts for gase-phase photooxidation of
p-xylene. Physico-chemical properties of catalysts were determined by the methods of BET
Adsorption, X-ray Diffraction (XRD), UV, and IR. Experimental data showed that, particle size of
TiO, appears as the factor, directly determined the physico-chemical properties of catalysts as well as
their photooxidation activity. The spesific surface area and amount of —OH group of catalysts
increases as partical size of TiO, decreases. Adsorption capacity and coke formation of titanium oxide
increase, but their photooxidation activity decrease as partical size of TiO, rises.



