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SUMMARY

TREATING TOLUEN WITH NANO TITANIUM DIOXIT DOPED
NITROGEN COVER ON ALUMINA OXIT FIBER (N-TiO2/Al,05)

We study photocatalysis of toluene in ambient air by using nitrogen doped TiO,
(N-TiO;) covered on alumina (Al,O3) fiber using a mixed solution of
tetraisopropoxit titanium (TTIP), diethanolamine (DEA) and ethanol (EtOH) with
different molar ratios (TTIP:DEA:EtOH =1:1:34 and 1:2:34) by sol-gel method.
The crystalline structure and the uniformity of N-TiO, layers on Al,O3 fiber were
confirmed by XRD. The morphology of the coatings was observed by SEM. UV-
VIS devices used to determine the absorption spectrum of N-TiO, samples.

SEM analysis indicates that N-TiO, is granular. XRD analysis has shown that
when increasing DEA moles from 1 to 2, the N-TiO, particle size not be much
decreases, but the crystallization is finer in the sol solution which DEA mole is 2.
When doping nitrogen, that is creating the Ti-N link and the absorption edge of
the N-TiO, have shifted into visible light region of about 27 — 40 nm compared
with TiO, - P25,

Toluene with the concentration of 0.4 mg/m® can be easily decomposed by N-
TiO2/Al,03 under UV light (365nm, 40W) and daylight at illuminated distance of
20 cm. The result showed that the toluen treated efficiency was 90% and 70% for
UV light and daylight by N-TiO,/Al,Os, respectively.

Thus, N-TiO, coated on Al,O;3 fiber is suitable for the treatment hazardous
substances in air environment.
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1. MO PAU

Dé xur ly cac tac nhan & nhiém trong
khéng khi nhu VOCs, vi khuan, nam,
méc,.. nguoi ta thuong sir dung mot sb
phuong phap nhu hip phu bing than
hoat tinh, khur trung nhiét dong, ion
hoa, ozon hoéa, chiéu xa tia cuc tim,
...[1]. Tuy nhién cac phuong phép nay
thuong hay sinh ra san pham phu hoic
nhitng phan tng khéng mong mubn.
Phuong phap xuc tic quang hoa vai
chat xdc tac 1a titan dioxit (TiO,) c6
nhiéu wu diém nhu khir hoan toan cac
chit doc thanh dang khoang, nuéc,
CO, va khéng sinh ra cac chat phuy,
thuc hién trong diéu kién nhiét do va
ap suat thuong, vat liéu lai dé kiém va
ré tién duoc ung dung dé xu ly doi
tuong trén rat tt [2]. Tuy nhién, TiO,
¢6 nhuge diém 1a d6 rong ving cam
Ion (Eg 3,2eV), phan ung chi xay ra
khi birc xa nam trong ving tir ngoai,
tdc do tai két hop cua cap dién tu - 16
trbng cao nén hiéu suat luong tir va
hiéu qua xdc tac quang héa thap. Vi
vay, nguoi ta thuong pha tap (doping)
cac kim loai (Ni, Fe,..) hoac phi kim
(N, S,..) vao céu tric mang tinh thé
cua TiO, d thu duoc chat xlc tac
hoat dong trong vung anh sang kha
kién [3,4]. Trong s6 cac nguyén tb
pha tap, nito duoc sir dung nhiéu hon
ca, do cach pha tap nito thuong don
gian nhung mang lai hi¢u qua cao.
TiO, phu trén sgi oxit nhdm kim loai
(TiO2/Al,O3) 12 vat liéu rat co trién
vong dé xur ly mot sé chat 6 nhiém
nhu VOCs (toluen, benzen,...), NOy,
CO, vi khuan trong méi trudng khong
khi, dac biét TiO,/Al,O3 pha tap nito
(N-TiO,/Aly03) s€ lam tang tinh ung
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dung cua vat liéu trong thuc té xu ly
triet @& mot sé chat 6 nhiém trong
viing anh sang nhin thay.

Chinh vi vay, nghién ciu ché tao vat
licu N-TiO2/Al,03 va (g dung dé xir
1y toluen trong moi truong khong khi
la noi dung dé cap trong bai béo nay.
2.THIET BI VA HOA CHAT
Tetraisopropylorthotitanat (98%)
(TTIP), diethanolamine (99%)
(DEA), ethanol (EtOH) mua tir hdng
Merck, B¢ sir dung trong qué trinh
pha ché dung dich sol. TiO, thuong
mai (TiO; - P25) ctia hang Bic dugc
st dung 1am mau so sanh. Soi Al,O3
c6 duong kinh 0,1mm, dién tich bé
mat 0,015m%g duoc mua tir hang
Alus, Nhat Ban dung lam vat liéu
mang tam TiO,. Ong than (Supelco
ORBOTM-32 Large Charcoal Tubes-
400mg, M¥y) dung dé hap phu toluen
trong khéng khi. Qua trinh xir ly nhiét
duoc thuc hién trong 10 nung co
chuong trinh diéu khién nhiét do tu
dong caa hdng Yamato, Nhat Ban.
Céu trac tinh thé caa cac 16p mang
dugc xac dinh bang phwong phéap
nhidu xa tia X (XRD, Siemens
D5000, buc). Hinh thdi bé mat va
chiéu day 16p mang dugc quan sat boi
qua trinh quét vi dién ta truyén qua
SEM (Hitachi S-4800, Nhat Ban).
Ngoai ra, cac thiét bi Sibata MP-
sigma 30NII, Nhat Ban va sac ki khi
GC-FID, GC- 2010, Shimadzu, Nhat
Ban dung dé hit mau khi chira toluen
va phan tich nong do toluen.

Hé thir nghiém kin xa 1i khi c6 thé
tich 1m*® gdm duong dan khi vao va
ra, quat gi6, cic ngudn sang dén
huynh quang cong suat 10w va dén



UVv365nm cong suit 8w duoc sir
dung nghién cttu qué trinh phan huay
toluen.

2.1. Chuan bi mau

Chudn b;i dung dich sol va vt liéu
TiO2/Al, O3

Dung dich sol nano N-TiO, dugc diéu
ché bang phuong phap sol-gel di tur
tién chat alkoxit TTIP. L6p phu nano
N-TiO, duoc tao ra bang céch ling
dong sol TiO; Ién vat liéu mang (soi
Al,03). Thanh phan hoa hoc ban dau

cia sol N-TiO, la TTIP:
DEA:EtOH=1:1:34 (sol Si.1); 1:2:34
(sol S1-5).

Cac soi Al,O3 dugc cudon nho. Theo
cac két qua nghién ctu truéc cua
nhém [6], thoi gian nhing sgi Al,O3
trong dung dich sol N-TiO, tt nhat 1a
60 phat, diéu kien u nhiét tot nhat de
thu dugc tinh thé TiO, dang anatas &
470°C trong 3 gio [5]. Mau sau qué
trinh 0 nhiét c6 I6p N-TiO, mau vang
nhat pha déu xung quanh sgi Al,Os.
Phan tich nong do toluen theo tiéu
chuan 1SO/DIS 17168-3.

1. KET QUA VA THAO LUAN

3.1. Phan tich thanh phan, cu truc
cua lop phia N-TiO,/Al,O3

Céu trdc va thanh phan pha tinh thé
cua TiO, va hinh thai bé mat cia nano
TiO, tao thanh trong qué trinh sol-gel
cua mau vat liéu N-TiO,/AlL,O3 duoc
phén tich XRD va chyp anh SEM.
Chu trinh nhing phu-lam khé-u nhiét
la 5 1an, 2 mau vat lisu N-TiO/Al,O3
duoc ki hiéu lan luot 1a Siq va Si
twong wng vai dung dich sol N-TiO;
& céc ti Ié thanh phan TTIP: DEA:
EtOH =1:1:34 va 1:2:34. Két qua
chup SEM d6i voi vat lieu N-
TiO,/Al,O3 & hai ti & trén cho théy,
N-TiO, déu ¢ dang hat trong ca 2
mau. Mau c6 sé6 mol DEA la 2 ¢6
kich thuéc hat ddng déu hon so véi
mau c6 sé mol DEA 1a 1. Biéu nay c6
thé do téc do cua cac phan tng thuy
phan va ngung tu ti 1¢ nghich véi
luong DEA. Nhan dinh nay sé duoc
lam sang t6 khi phan tich mau trén
gian d6 XRD.

Hinh 3.2 14 két qua phan tich gian do
nhiéu xa tia X cua cac mau Si.1 Va Si.o.
Két qua cho thdy ca hai mau déu xuat
hién hai dinh pho rat 16n Al(200) va
A|(202) la cua A|203. Nhu Vély, A|203
khong bi thay déi cau tric khi o nhiét &
470°C cung vai TiO,.

Hinh 3.1. 4Anh SEM cua cac mdu N-TiO»/Al,03 6 ti 1é thanh phan sol khac nhau
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Hinh 3.2. Gidn d6 XRD ciia c4c mau
N-TiO,/Al,O3 vai thanh phan sol
khac nhau.

Cac dinh nhiéu xa nhé hon xuat hién tai
cac vi tri goc 26 25,3°(101),
37,8°(004),  48°(200),  54°(105),
55°(211) déu la pha anatas cua TiO,
trong do paek A(101) & vi tri goc 20 =
25,3°c6 cudng d6 manh nhat. Kich
thudc hat trung binh duoc tinh tir ban
do rong cua peak nhiéu xa 26 ~25,3°
A(101) theo cong thuc Scherrer thu
dugc két qua 1a 13,5nm va 12,6nm
tuong 1’rng VGi méu Si14 va Sio. Nhu
vay, khi tang s6 mol DEA tir 1 dén 2
mol, kich thudc hat N-TiO, giam
khong déng ké. Tuy nhién, d¢ sic nét
cia cac dinh phd c6 su khac nhau
gitta hai mau, dic biét dinh pho nho
A(004) tai goc 20 ~ 37,8° dé nhin
thiy trong mau S;, nhung rat kho
nhan ra & mau Si.;. Nhu vay, mau S,
c6 do két tinh tot hon so v6i mau Sy.q.
DPé danh gia kha nang hap thy anh
sang vung nhin thay cua vat liéu N-
TiO2/Al,03, tién hanh do phd hap thu
cuiia C4C MAuU Sy.1. S1.2va TiO-Pys. Két
qua do phd hap thu UV-VIS cua N-
TiOz cua cac méu S11, S va TiOz-
P25 duoc trinh bay trén hinh 3.3.

~
~
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Hinh 3.3. Ph¢ hdp thy UV-Vis cua
TiO2 - P25 (a); N-TiO2 trong mau
S1-2 (b) va N-TiO2 cua
mau S1-1(c).

Tir hinh 3.3 ta thay, budc song toi han
cua mau TiO, - P25 1a 399nm, trong
khi d6 budc song téi han cua N-TiO;
trong cac mau Si; va Sy, twong ing
la 426nm va 439nm. Bo hip thu coa
cac mau N-TiO; dich chuyén vé phia
budc song kha kién so véi mau TiO, -
P,s khoang 27 — 40nm, diéu nay
chung to khi pha tap N vao tinh thé
TiO, da tao ra cac lién két Ti-N lam
dich chuyén b& hap thu anh sang sang
ving nhin thay. Nhu vay, phan ung
xUc tac quang khi dung vat liéu N-
TiO2/Al,O5 cd thé hoat dong hiéu qua

vé6i anh sang kha kién.

3.2 Thir nghiém hoat tinh xuc tac
quang d6i véi vat liéu N-TiO2/Al,O3
Toluen 14 hop chit c6 chta vong
benzen, cau tric nhan thom bén viing
nén rat kho phan hay bang phuwong
phap thong thuong. Cac thir nghiém
xtr 1y toluen duoc tién hanh danh gia
hiéu qua xuc tdc quang cua vat liéu
N-TiO./Al,O3 di ché tao trong nguon
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sang den huynh quang va den
UV365nm ddi voi hai loai vat liéu Sa.
1Vé Sio.

Két qua khao sat anh huong cua
ngudn sang duoc trinh bay trong hinh
3.4a-b cho thay, khi kich hoat bang
dén huynh quang (hinh 3.4a), cac mau
N-TiO,/Al,O3 cho hiéu suat twong ddi
cao, 68% dbi Vi mau Sy va 72% véi
mau S;.,. Kha ning xtic tic quang cua
cic mau Sy.1 va Sy, 6 hiéu qua khi sur
dung dén huynh quang la do TiO, da
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Hinh 3.4a. Hiéu sudt xit Iy toluen ciia
N-TiO2/Al,O3 va nguon sang huynh
quang
Hiéu suat xi ly toluen cua N-
TiO./Al,0; va ngudn sang UV
365nm cao hon so v&i ngudn sang
huynh quang d6i véi ca hai mau. Diéu
nay 1a do buc xa tia cuc tim chuyén
héa nang luong photon thanh nang
luong nhiét manh hon so véi anh sang
thudng mau Si., hap thu anh sang tot
hon va hoat dong xuc tadc cho hiéu
qua cao hon so v&i mau Si;. Nhu
vay, vat liéu N-TiO;, phu trén Al,O3
cd kha nang xuc tac quang hoa trong
viing anh séng nhin thay.
4. KET LUAN
Vit ligu N-TiOz/Al,03 duoc ché tao

A

duoc pha tap N, mac du &anh sang c6
budc séng nam trong ving kha kién
hoic cudng do6 anh sang yéu thi vat
lisu van hap thu duoc niang luong
nay, do d6 ‘OH va ‘O, van duoc
sinh ra trén bé mit cua khéi N-TiO,.
Trong khi d6, khi sir dung nguon
sang UV-365nm, két qua trong hinh
3.4b cho thay, hiéu suat xu ly toluen
dat 85% v&i mau Siq va 90% Véi
mau Sio.
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Hinh 3.4b. Hiéu sudt xit Iy toluen ciia
N-TiO,/Al,O3 va ngu(;n sang UV365nm
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tir dung dich sol - gel di tir chat gdc
TTIP, DEA va EtOH vadi cac ti 1€
thanh phan s6 mol khac nhau. Khi
pha tap nito, da tao ra cac lién két Ti-
N Iam dich chuyén bo hip thy anh
sang sang vung nhin thiy so véi miu
TiO; - Pys khoang 27 - 40nm. Hiéu
suat xu 1y toluen dat khoang 70%
trong vung anh sang. Nhu vay, N-
TiO,/Al,O3 ¢6 thé xir ly toluen trong
ving anh sang nhin thay, day 1a vat
liu co trién vong rat tét wng dung
trong xu 1y cac hop chat VOCs giam
tiéu tén nang lwong va giam chi phi
xu ly.
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