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Tém tit. Cac TiO, oxit hiéu STO1, ST21 va ST41 (Nhat) véi kich thudce hat khac nhau duge sir
dung lam xtic tic cho qua trinh quang oxi héa trong pha khi p-xylen. Tinh chét ly—héa cua xic tac
duge x4c dinh bing céc phurong phép nhu hip phu BET, nhiéu xa tia X (XRD), phé tir ngoai (UV)
va héng ngoai (IR). Két qui nghién ciu cho thy, kich thu6c hat TiO;, 1a yeu 10 truc tiép quyét
dinh tinh chit ly-héa va hoat d6 cia xuc tac. Dién tich bé mit Tiéng va s6 lurgng nhém OH ciia xiic
tac tang khi kich thuéc hat giam. Kha niang hip phu va tao ce cua TiO, tang, con hoat do quang

oxi hda giam khi kich thudc hat ting.

»

1. Gié6i thidu

Trong nhitng nam gan day, oxi hoa quang
xuc tac pha hoi duge quan tim nghién ciru va
ing dung trong lam sach khoéng khi. Quang oxi
héa cac hop chét hitu co bay hoi (VOC) khéc
nhau nhu ankan [1-3], anken [2,4], céc
hidrocacbon thom [3,5-8], cac hop chét chua
oxi [3,6] va ftricloroetylen [3] di dugc nghién
ctru trén xuc tac TiO, dudi tac dung ciia tia UV,
Maria et al [9] dd thong bio ring hoat tinh
quang xic tic cua TiO, phu thudc vio kich
thude tinh thé vi n6 quyét dinh kha ning hép
phu va phin hiy ciac VOC trén bé mit cia
ching. Véi cic TiO, c6 kich thude tinh thé 16n
hon 7nm, xuc tac nao ¢6 kich thude nho hon sé
¢6 dién tich b& mit 1én hon va do véy c¢6 hoat
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tinh xac tic cao hon. Viéc giam hoat tinh di
véi cac TiO, ¢6 kich thuée tinh thé nhé hon
7nm duge gidi thich nhu 12 hé qua cia sy thay
ddi cAu triic va tinh chit dién tir cia cac tinh thé
kich thudce nano.

Trong cdng trinh truée ddy [10] chung t6i
dd nghién cru phan ng trén xac tic TiO,
Degusa P25 (Duc) véi ham lugng pha anatas va
rutil tuong ng la 80 va 20%. Trong d6 da x4c
dinh duoc diéu kién phan vng t6i wu cling nhu
vai trd clia hoi nude va diéu kién xir ly xac tac
dén tinh chét cia xdc téc Degusa. Muc dich cta
bai bdo nay 1a nghién ctru sy anh huéng cua
kich thudc hat TiO, hiéu ST (Nhat Ban) dugc
Xt ly & nhi¢t d§ khac nhau trong phan tng
quang oxy héa hoi p-xylen trong khong khi 4m
dudi tac dung cua tia UV.
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2. Phwrong phap nghién ciru

Cac chit xic tic duoc diéu ché bing
phuong phdp nhung phu bdt TiO, hiéu STO1,
ST21 va ST41 (ISK- Nhit ban) trén diia thuy
tinh pyrex theo phuong phéap tuong ty nhu [10].
Luong TiO, duge nhang phu 13 30mg, dién tich
phu TiO, va duge chiéu sang 1a 68 cm?. Xuc tac
duoc hoat hoa ¢ nhiét d6 450, 550°C hogc béng
anh sang UV & nhiét d6 40°C trong dong khéng
khi, trong 4 gid. Céc tinh chét 1y-hda cta xic
téc nhu dién tich bé mit riéng, kich thudc hat,
thanh phin pha cua TiO,, nang lugng ving cdm
Epg, mat do nhom OH trén bé mit xuc tac duge
xdc dinh bing cac phuong phap hip phu BET,
nhidu xa tia X (XRD), quang phé hdng ngoai (IR)
va tir ngoai (UV), dugc mo ta chi tiét trong [10].

Khé ning hip phu va hoat tinh ctia xtic tac
duge khao sit bing phuong phap dong vi
lugng. Piéu kién phan g theo két qua nghién
ctru [10] duoc chon nhu sau: néng d6 cua p-
xylen (C’pyten ); hoi nude (Cl';2 o) va oxi (CS:)

trong hén hop khi tham gia phan ung tuong \ing
bing 15,94 ; 11,5 va 285,7 mg/l; tbc d6 dong
khi (V) dugc giit ¢ dinh 12 6 I/h, nhiét d6 phan
{rng 40°C va chiéu tia UV véi budc séng A =

365 nm. Hap phu p-xylen hodc hoi nuée ciing
tién hanh trong diéu kién twong tw nhung khong
chiéu UV. Hbn hgp phan tmg dugc phan tich
trén may sic ky khi Agilen 6890 plus, diu do
FID, ¢6t mao quan HP-1 Methyl Siloxane
(30m; 0,32mm; 0,25pum). Lugng cbc tao thanh
trén bé mit xuc tac dwoc x4c dinh bing phuong
phap d6t xuc tic & nhiét d6 500°C va hap phu
lugng hoi nuéc va CO, tao thanh bing
anhydron va ascarit theo phuong dugc mé ta
chi tiét nhu trong [10]. Tinh téan kich thudc hat
dwgc tinh theo phd XRD, theo phuong trinh
Scherrer (1) [11]:
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trong d6: dxgrp- kich thudc trung binh cua tinh
thé, A - budc séng cua tia X (nm), B - chiéu
rong cua % peak dic trung (d6), 6’: gbc Bragg
(d6) va 57,3 14 hé s6 chuyén tir don vi do sang
radian

3. Két qua va ban luin

3.1. Tinh chdt Iy héa cua xiic tdc

Bang 1. Tinh chét c4c loai cht xuc tac TiO, hiéu STO1, ST21 va ST41

Dai lugng Loai TiO,

STO1 ST21 ST41
Ham lugng TiO,, % 95 95 95
D6 pH 6,0-8,0 6,0-8,0 6,0-8,0

Dién tich bé mat riéng (Spgr), m'/g 1 il

320 77,2 69,3
Kich thuéc hat, nm 7 12

i TS R )| I I II 1
50 505 41,2 10 18,1 16,7
15 20 23 26 200 - -

(I- trube xic Iy, 11, III- xir Iy & nhiét dg 450° va 550°C trong dong khong khi)

Két qua bang 1 cho thiy déi véi cac TiO,
cung day ST dién tich bé mit riéng giam manh
khi kich thude hat ting tir 7 1én 200 nm va gia
tri dai lugng Sggr bién thién trong khoang réng
(10- 320 m*/g). Bén canh d6 sy thay ddi dién
tich bé mit riéng khi nhiét d6 x&r ly thay dbi
cling phu thudc vao kich thuée hat. TiO, cé

kich thudc hat cang nho su thay ddi kich thudc
hat va dién tich b& mat riéng cang nhanh khi
nhiét d6 xr ly ting. MAu STO1 v&i kich thudc
hat nhé (7nm) cé cac dai lwong nay thay ddi
nhanh nhét. Khi ting nhiét 36 xir ly dén 450 va
550°C dién tich bé mit riéng cia miu STO1
gidm tuong ing 76 va 78% va kich thudc hat
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ting tuong ung 70 va 100%. Trong khi d6, sau
khi xir ly & 450°C kich thuée hat ctiia ST21 mai
ting 15%, con dién tich bé mat riéng van chua
thay ddi va gi4 tri dai luong Sgger chi giam ~
20% khi kich thudc hat ting 30% & nhiét do xir
Iy 550°C. Ngugc lai, d6i véi mau ST41 véi
kich thudce hat 16n (200 nm), sau khi xir 1y nhiét
dién tich bé mit riéng cao hon, nhung xic tac
niy vin c6 dién tich bé mit riéng rat thip. R
rang, cac hat c6 kich thudc trung binh cé6 d6 bn
dinh cao hon trong qua trinh xir ly nhi¢t. Tuy
nhién, ngay ca sau khi xir ly & 550°C dién tich
bé riéng cia STO1 van con 69,3 m?/g, cao hon
mau ST21 va kich thudc hat mdi dat tdi 15nm,
nho6 hon miu ST21 trude xir ly.

Phé UV-Vis ciia cac miu TiO, duge dan ra
trong hinh 1. Theo phd UV cua cic miu TiO,
c¢6 thé tinh dugc nang lugng ving cim (Eg)
theo cong thire (2) [12]:
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Hinh 1. Phb UV cia cac miu TiO, : 1) ST01; 2,3)
ST21 va ST41.

= s.Ti.._‘_____, _Jll____J—-b W T

~ —
T2
e S '-_.__;'_..J'l_.!"ii__“."-h,./-\_-’«_.
i i
il |
R Y AN N NN e S LG
Vi o e AR i (e P e ity veu N T B N S

a

b c

Hinh 2. Phd XRD cuia cac miu TiO, STO1, ST21 va ST41 chua xir 1y (a), sau khi xir Iy & 450°C (b) va 550°C (c).

Hinh 1 cho thdy, phd UV ciia ca ba miu déu
¢6 dang dbc dirng voi diém udn trong khoang
380-386 nm va ning lugng ving tréng bing
3,2-3,3 eV. Piéu nay chitng to trong cic miu
xtc tac TiO; déu & dang anatas. Két luan duogc
kiém chimg qua phén tich XRD (hinh 2). Theo
d6, trong tat ca cac mau TiO, déu chi ton tai &
pha anatas. Tuy nhién, dic diém dang phd cua
timg loai TiO, khac nhau. STO01cé duong kinh
hat TiO, nho (7 nm) dugc dic trung bdi céc
miii bau véi cudng d6 thdp. Cac oxit titan
ST21 va ST41cé kich thude hat 16n (tir 20 nm

tré 1én) c6 cac miii hep, nhon, cudng dd cao
hon. Piéu nay 1a do trong c4c miu ST21 va
ST41 tinh thé TiO, ¢6 kich thuéc 16n hon. Sau
khi xir ly & 450°C, dang phd XRD (hinh 2) ciia
STO1 da gan gidng voi miu ST21, cac mii c6
cudng d6 manh hon va kich thudc hat da ting
dén 12nm, thudc nhém c6 kich thude trung
binh. Pay ciing 13 Iy do vi sao dién tich bé mit
riéng cia vit liéu giam 4,2 1an. Khi tiép tuc
ting nhiét 6 xir ly 1én dén 550°C thi phd XRD
clia xiic téc lac nay da hoan toan gidng véi cac
méu ST21, ddng thoi kich thude hat da dat téi
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15nm va dién tich bé mit xic tac ciing giam di
4,6 14n, rit gin véi mau ST21. Két qua phan
tich XRD ciing cho thdy sau khi xir Iy nhiét
trong tt ca cac miu TiO, déu van chi c6 mot
pha anatas tdn tai. Két qua nay phu hop voi
nghién ciu cia Kyeung Youl Jung et al. {13],
theo d6 thi trén 500°C pha rutil vin chua hinh
thanh va n6 chi bit ddu hinh thanh v&i ham
luong rat thdp (khoang 1,5%) & nhiét d6 600°C.
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Hinh 3. Phd IR cia cac TiO,: 1) ST 01,
2) ST 21 va 3) ST 41.

Phd IR (hinh 3) cia cac TiO,: STO1, ST21
va ST41 cho théy ca ba mau du ¢ miii hip thu
cuc dai & cac tAn s6 3420 - 3438 cm ' va 1634 -
1645 cm’', dac trung cho dao ddng hod tri cua
nhém -OH mang tinh bazo lién két mang. Tuy
nhién d8i voi STO1 cuong do clia cac phé hap
thu cuc dai & thn s6 3420 cm’' cao hon nhiéu so
véi TiO, ST21 va  ST21 cao hon ST4l.
Didu nay cho thidy mat d6 nhém -OH trong
mau cac TiO, giam khi kich thude hat cua nd
ting. Cudng do phd IR ctia miu STO1 cao hon
ST21 rét nhidu, trong khi d6 ST21 va ST41 x4p
xi nhau. Nhu vy dbi véi hat ¢6 kich thuéc 7nm
kha ndng tao nhém -OH cao hon so véi hat c6
kich thude tir 20nm trd 1én.

3.2. Kha néng hdp phu p-xylen va hoi nudc
trén cdc xuc tdc

Bang 2. Dai luong hip phu p- xylen (Ay) va hoi nuéc (Aw) cia céc xtic tac sau khi xir Iy nhiét (Piéu kién hip
phu: 40°C, V = 6l/h, khéi lugng xtc tac myr= 30 mg, C'xyien= 15,9 mg/l, C;’{ o =11,5 mg/l, CS =488 mg/l)
) 2

Xuc tac STO1 ST21 ST41
Nhiét d6 xtr ly xiic tac, °C 450 550 450 550 450 550
AX.IOZ, mmol/g xtic tac 148 219 112 135 262 146
mmol/m’ xtic tc 1,92 3,16 2,21 3,28 14,48 8,74
Aw. 102, mmol/g xtc tac 333 389 667 500 444 444
mmol/m” x1c tic 431 5,61 13,21 12,13 24,67 26,59
(Ax+Aw).10%, mmol/m’ xtic tAc 6,23 8,77 15,42 15,41 39,15 35,33
Ay/Ay 0,45 0,56 0,17 0,27 0,59 0,33
(AxtAw)sso/(AxtAw)aso 1,4 1,0 0,9
SgET.550/SBET450 0,9 0,8 0,9

Két qua bang 2 cho thdy, kha ning hép phu
p-xylen va hoi nude (Ax+Aw) clia cac oxit titan
tang theo thir ty sau:

STO01 < ST21 < ST41 3)
nghia 1a ting theo chiéu ting cua kich thude
hat. Kha ning hip phu twong dbi cla p-xylen so
vOi hoi nuée duge danh gia theo ty 16 Ax/Ay.
Két qua nhan dugc chi ra rz"ing, TiO, ¢ ai hre

v64i hoi nude cao hon p-xylen va ai lyc nay phu
thude vao kich thudc hat. TiO, anatas voi kich
thudc hat 20nm c6 kha ning hip phy nuée cao
nhat, do dé kha ning hip phu tuong dbi xylen
ctia n6 thip nhét, con STO1 véi kich thudc hat
7nm ¢6 kha ning hdp phu xylen va hoi nuéc
tuong duong nhau.
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Anh hudng ciia nhiét d6 xtr ly dén kha ning
hép phu cua cic TiO, duge danh gia theo ty 1€
tdng dai lugng hip phu p-xylen va hoi nuéc cuia
midu xtr ly & 550° wva  450°C,
[(Ax+Aw)sso/(AxtAw)aso]. Ta thiy, khi kich
thude hat TiO, ting ty 18 nay giam dan. Didu
ndy dugc giai thich nhu sau, TiO, kich thudc
trung binh c¢6 kha niang hip phy p-xylen va hoi
nude 46t nhit. Khi nhiét d6 xir ly ting kich
thudce hat tang, ddi voi STO1 do c6 kich thuge
nho nén tang nhiét 46 xir ly hat ciia n6 chuyén
tir viing kich thudc nhd sang vung kich thude
trung binh nén hip phu ting. ST21 do kich
thue hat ban ddu tuong dbi 16n, sy thay dbi
kich thudc hat khong nhiéu nén kha ning hip
phu ciia n6 khéng d6i. ST41 c6 kich thuéc hat

qua 16n, nén khi ting nhiét d6 xir ly tir 450° Ién
550°C, dién tich bé mit riéng ciia n6 giam dan
t61 dai lugng hip phu giam. Didu nay phit hop
v6i két qua phan tich dién tich bé mit riéng va
phd XRD.

Pé tranh su thay ddi kich thuéc hat dudi tac
dung ctia nhiét d6 mau STO1 duoc xir Iy bing
UV & 40°C. O diéu kién xir ly nay dai luong
hép phu p-xylen thu duge cao hon miu xir Iy &
450°C (2,5 so v&i 1,92.107 mmol/m?). Trong
trudng hop ndy kha ning hép phu cao clia hat
kich thude 16n hon khéng bu trir duge dién tich
bé mit riéng giam quéa nhanh (76%).

3.3. Khdo sdt hoat tinh xuc tdc

Béang 3. D9 chuyén hoéa dau (Xo), do chuyén héa sau 30 phiit (Xs0), 60 phut (Xeo) 1am viéc v luong ce tao
thanh sau 60 phut lam viéc (C) trong phan ung quang oxy héa p-xylen trén céc xuc tac khac nhau dugc hoat hoa
theo cac ché do: I) 40°C+ UV; II) 450°C va III) 550°C (Piéu kién phan tmg: UV, 40°C,

V = 6Vh, mxr= 30 mg, C’yyiea= 15,9 mg/l,
»

C! ,=11,5mg/l, C; =488 mgl)
2

'H,0
Xuc tac STO1 ST21 ST41
Diéu kién hoat héa | I 1I I 1I 111
Xo, % 85 62 56,9 43,0 49 31,9
X0, % 17 25 7 7,4 6 8,4
Xeo0, Y0 10,5 10 9 S 3 3
C (mmol/g) 0,157 0,092 0,077 0,107 0,072 0,109 0,125

Két qua khéo sat hoat d6 ciia cic xic tac
dugc trinh bay trong bang 3. Tir bang 3 ta thay,
dbi véi tht ca cic mu hoat 46 dau cia xuc tac
giam khi nhiét d6 xir ly va kich thudc hat ting.
Ca hai yéu t6 nay déu néi 1én ring, kich thudc
hat TiO, cang 16n hoat do xiic tic cang thép.
Diéu nay c6 thé lién quan dén s luong nhém
OH trong c4c xuc tac. Theo két qua nghién ctru
IR & trén thi TiO, c¢6 kich thudc hat nhoé hon ¢co
lugng nhém OH nhiéu hon. Theo céc tic gia
[14] chinh nhom OH véi vai tro 1a tAm axit
Lewis, s& 1a tim hip phu p-xylen nh& lién két
gitta nhém OH véi H trén phén tr p-xylen.
Ddng thdi nhém OH ciing Ia ngudn sinh gbc tw
do OH’ 1a tic nhan cho oxi hoa p-xylen. Sau khi

xir ly bing UV & nhiét d6 phong, hoat d6 cua
chét xuc tic STO1 cao hon so vdi khi xir ly
nhiét. Didu nay co thé giai thich 1a do khi xir ly
bing UV & 40°C kich thudc hat va dién tich bé
mat riéng cia xtc tac duge bao toan, con xur ly
¢ nhiét do cao da lam ting kich thude hat TiO,
va gidm Sggr qua nhanh, nén méc du s6 nhom
OH ting ciing khong da bu trir.

Déi véi STO1 d6 chuyén hoa Xy, sau khi xir
ly & 450°C 1a cao nhit, hay noéi cach khac d6
bén 1am viéc cia ching t6t hon. Theo két qua
nghién ciru trude day, dbi véi TiO, Degusa P25
[10], viéc hoat hdéa cc xic tic & 450° hodc
550°C gitp cho bé mit ciia xtc tic sach hon va
cic tAm cia xuc tac d& tai tao cic nhém
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hydroxyl hon so véi xiic tic hoat héa bing tia
UV & 40°C.

So sanh hoat d6 cua xuc tac véi kha nang
hip phu cia ching, thiy chﬁng bién thién
nguoc chiéu nhau, khi ting kich thuéc hat kha
nang hép thu tang, con hoat d§ giam. Bén canh
dé, ciing thiy rang, dbi v&i STO1 sau khi xtr Iy
& 450°C dién tich bé mit riéng da giam 76% tir
320 ‘xuéng 77,2m%/g, nhung hoat o dau chi
giam 27%. D6i voi tit ca cic xlc tic luong
giam d6 chuyén héa ciia cdc mau xur ly khac
nhau khéng ty 1€ véi su thay ddi coa Sper. Tht
ca nhitng hién tugng nay khéng dinh ring dién
tich bé mit riéng, ciing nhu kha ning hép phu
khong phai 14 yéu t6 truc tiép lién quan véi hoat
d% xuc tic trong phan ung quang oxi héa, ma
kich thudc hat chinh 13 nguyén nhén truc tiép
quyét dinh hoat d6 cia chiing.

Ti bang 3 thdy ring luong cdc tao thanh
sau 60 phit phan (g cia cc xic tac ting thep
thir twr STO1 < ST21 < ST41, trung véi day (1)
theo kha ning hip phu téng (Ax+Aw) cia
chiung. Nghia 13 kich thudce hat cang 16n, kha
nang hip phu cta TiO, cang cao va lugng cbe
tao thanh cang nhiéu. Tuy nhién, khong c6 mdi
quan hé mat +hiét gitra dai lugng hdp phu p-
xylen (Ax) va lugng cbc tao thanh. Phan tich
két qua cho thdy dé phan tmg dién ra can c6 hdp
phu cua ca p-xylen va hoi nuéc, nhung hudng
chuyén tiép cua ching phy thudc vao kich
thuée hat. TiO, kich thudc hat nho khong
thuan loi cho tao cbc nén p-xylen hép phu
chuyén hoéa theo huéng oxy héa sau, con TiO,
hat 16n thuan 1oi cho phan img tao cbc, din dén
giam hoat d¢ oxi hoa.

C6 thé thdy ring, khi ting nhiét d¢ xir ly
lwgng cbc tao thanh sau 60 phut lam viéc cua
xtc tac STO1 va ST21 gidm, tuwong tuw qui luat
bién thién cia dd chuyén hoéa, con trén ST41 thi
nguoc lai. Nghia 1 trén cac TiO, kich thuée
nho (£ 20nm) tao c¢be c6 quan hé véi san phém

cua phan Ung oxi héa, con trén xuc tdc hat 16n
STA41 hai phan tmg nay dién ra canh tranh nhau.

4. Két luan

Qua két qua nghién ctru phan (mg quang oxi
héa p-xylen trén céc xic tdc ST c6 thé rit ra
mdt sb két luan vé anh hudng cia kich thudc
hat dén tinh chit 1y- héa va hoat d6 cla xiic tic
TiO; anatas nhu sau:

- Dién tich bé mit riéng cta TiO, gidm
manh khi kich thudc hat ting tir 7 1én 200nm.

- TiO, hat cang nho thi kich thuéc hat cta
no6 ting cang nhanh va di¢n tich bé mit giam
cang nhanh khi ting nhiét d6 xir ly mau. Sau
khi xir Iy nhiét, & nhiét 46 450°C miu STO1 véi
chc hat kich thuéc 7nm c6 dién tich bé mit
giam 76%, duong kinh hat tdng dén 12nm. MAu
ST21 véi kich thudc hat 20nm c¢é d6 6n dinh
cao.

- Kich thué. hat khong anh hudng dén kha
ning hip thu electron va ning lugng ving cAm
cua TiO, va sau khi xir ly & 450° va 550°C
thanh phin pha ctia cic miu khong thay doi,
van & dang anatas.

- TiO, ¢6 kich thudc hat cang nhé thi c6 sb
lugng nhém OH cang cao.

- Kha ning hip phu va tao cdc cia cac oxit
titan ting theo khi kich thudc hat ting, con hoat
dd quang oxi héa thi ngugc lai, TiO, c6 kich
thudc hat cang nho thi hoat d6 cang cao.

Tém lai, kich thu6c hat 13 yéu t6 truc tiép
quyét dinh tinh chit ly- héa va kha ning hip
phu, hoat d§ quang oxi héa ciing nhu kha nang
tao coc clia TiO, trong phéan (mg quang oxi héa
p-xylen.
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Effects of particle size of TiO, on catalyst properties and
activity for p-xylene photooxidation
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Titanium oxide STO1, 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.



