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Abstract: Titanium dioxide (TiO2) is widely applied in the field of pollution treatment due to its
good catalytic properties and being an environmentally friendly material. In this study, TiO;
nanotubes were prepared from commercial TiO- particles. The effects of carboxymethyl cellulose
(CMC) and liquid glass (sodium silicate) on catalyst activity and catalyst adhesion on quartz tubes
were investigated. Transmission microscopy (TEM), scanning microscope (SEM), X-ray
diffraction (XRD), X-ray energy dispersive spectroscopy, Fourier transform infrared spectroscopy
(FT-IR) were used for the characterization of the catalyst. In this study, the ethanol degradation
ability of the catalyst, which was added with 0; 0.5; 1, and 1.5% liquid glass and calcined at
400 and 500 °C, was determined. TiO, nanotubes after preparation have a uniform diameter from
10-12 nm and an average length of about 150nm, specific surface area increases markedly
compared to commercial granules (nearly 15 times). The results showed that CMC plays an
important role in the thickness and distribution of TiO, on the quartz surface. Liquid glass
significantly affects the ethanol degradation efficiency.
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Vai tro cua Carboxymetyl Cellulose va NazSiOs
trong qua trinh phu 6ng Nano TiO; l1én nén thach anh
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Nguyén Th~i Lam, Pao Thi Thu Thuy, Lé Tuén Anh, Pham Thanh Déng,
Nguyén Thi Minh Chau, Lé Thi Hoang Oanh, Hoang Van Ha"
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Nhén ngay 01 thé[]g 07 nam 2021
Chinh stra ngay 08 thang 8 nam 2021; Chap nhan déng ngay 09 thang 8 nam 2021

Tém tit: TiO; duge ing dung phd bién trong linh vuce xir Iy 6 nhiém do c6 déc tinh xtc tac tot va
1a loai vt liéu thén thién véi moi truong. Trong nghién ciru nay TiO, dang dng nano duoc tién
hanh diéu ché tir dang hat TiO, thuong mai. Anh hudng cta cacboxymetyl celulozo (CMC) va
thuy tinh 16ng (natri silicat) dén qua trinh phu xtc tac TiO; va d6 bam dinh cua xtc tac lén 6 ong
thach anh duoc khao sat. Cac phuong phap chup anh kinh hién vi thudng, kinh hién vi truyén qua
(TEM), kinh hién vi quét (SEM) nhiéu xa tia X (XRD), ph tan sic ning luong tia X, phd hong
ngoai bién ddi Fourier (FT-IR) duoc st dung dé x4c dinh dic diém hinh thai va pha tinh thé, thanh
phin ciia mau xic tac. Trong nghién ctru ndy ciing tién hanh khao sat hoat tinh xtr 1y etanol clia céc
mau xtc tac duogc bd sung thém 0; 0,5; 1 va 1,5% thuy tinh long dwgce nung & 400 va 500 °C. Ong
nano TiO sau khi diéu ché c6 kich thudc dudng kinh dong déu tir 10-12 nm va chiéu dai trung
binh khoang 150 nm, dién tich bé mat riéng ting rd rét so voi dang hat thuong mai (ting gap gan
15 1an). Két qua nghién ciru cho thdy CMC déng vai trong quan trong tdi do day va su phan b
TiO, trén bé mit thach anh. Natri silicat anh huong dang ké téi hiéu suét xir 1y hoi etanol trong
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khong khi.

Tir khéa: Titan dioxit, dng nano, thiry nhiét, xuc tic quang, CMC, thuy tinh 1ong.

1. Mé dau

Céc chit hitu co dé bay hoi (VOCs) la
nhom céc chét chinh giy 6 nhiém mdi truong
trong nha va anh huong ti€u cuc toi stic khoe
con ngudi. P co nhiéu ky thuat nhu loc, hip
phu khac nhau dé loai b6 VOCs, tuy nhién
phwong phéap oxi hoa quang xuc tac di thé bang
cach st dung cac chat xdc tac nhu TiO,, ZnO,
WOs, ZnS, CdS,... duoc kich hoat bing tia UV
& diéu kién nhiét d6 moi truong xung quanh
cho thdy tiém ning dé xu Iy VOCs [1]. Titan
dioxit 1a vat liéu xuc tac dugc sir dung phd bién
trong xr Iy modi truong hién nay do kha nang
xtic tac tot, tinh bén virng vé mat hoa hoc,
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khoéng doc hai va gia thanh ré [2]. TiO, c6 3
dang thu hinh la anatase (Eg = 3,2 eV), rutile
(Eg = 3,02 eV) va brookite (Eg = 3,14 eV) [3].
Trong qua trinh x1ic tac quang oxi hoa, dang thu
hinh anatase hoat dong tdt hon rutile do dic
diém vi tri ving dan cta n6 thuc dy cac phan
ung lién hop ctia cac dién tir hi¢u qua hon [4].
Ning luong ving cdm cua dang thu hinh
anatase la khoang 3,2 eV do vdy cac dién tr
trong vat liéu nay s€ dugc kich thich khi chiéu
xa budc song nho hon 387 nm, qua trinh kich
thich ndy s& tao ra cdp dién tur - 16 tréng. Khi
cap dién tir - 18 trong nay ¢ trén bé mit vat liéu
s& co mot sb cap co thé tai két hop, giai phong
nang lugng dudi dang anh sang hodc nhiét,
trong khi nhirng cip khac c6 thé phan ung véi
0,, H,0 va OH dugc hap thy trén bé mit TiO,
dé tao thanh cac gbc tu do co thé oxy hoa cac
phan tir chat 6 nhiém tao thanh CO, va nudc.
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Cung véi thanh nano (nanorods) va day
nano (nanowires)..., 6ng nano (nanotubes)
thudc nhom co6 cau tlnh thé mot chiéu (1D) [5].
So véi cac hat nano TiO, thuong dugc st dung,
ong nano TiO, cho thay cic dic tinh riéng co
lgi trong qua trinh quang xdc tac: i) Dién tich
bé mit riéng ting 1én dang ké so véi hat TiO,
(100 - 478 m?/g) [6] va thé tich 15 rdng ciing rat
16n (0,25 - 1,10 cm®g) [7]; ii) Kha nang van
chuyén dién tir nhanh, giam kha ning tai to hop
electron va 13 trong [8]; va iii) Tang cuong hap
thu anh sang do ty 1¢ gitra chiéu dai va duong
kinh éng 1a tuong d6i 16n [9]. Nhimg déc trung
nay cho thay tiém ning phat trlen trong nghién
clru va ing dung ctia vat lidu dng nano TiO,.
Phuong phap thity nhiét dugc sir dung phd bién
dé diéu ché TiO, dang ng do hiéu sudt cao, quy
trinh don gian va chi phi théip va vat liéu duoc tao
ra c6 do dong nhét cao. Nhiing yéu t6 nhu: tién
chit TiOy, diéu kién thuy nhiét (nhiét d6, nong do
chit phan tng, thoi gian thiy nhiét), qua trinh
ngam rira vat liéu (néng do axit, thoi gian rua)
dong vai tro quan trong va kiém soét cu truc, tinh
chét hoa 1y cua vat lidu [10, 11].

Trong nghién ciru nay, dé tdi wu héa kha
ning xuc tac quang ctia vat liéu TiO2 dng nano,
TiO, s& duoc phi 1én cac éng thach anh do éng
thach anh c6 kha ning truyén, phan xa anh sang
tbt va gitp khuéch tan dong khi qua 16p vat liu
xuc tac tot hon. Ngoai ra vat lidu phu 1én 6ng
thach anh s& tiét kiém duoc vat liéu hon so voi
khi phi1 1én cac dang gia thé khac nhu dang tim
thach anh hodc kinh phang. Nghién ciru nay
khao sat anh huéng cia CMC dén 16p phu xtc
tac trén 6ng thach anh va anh hudng cua thuy
tinh 16ng dén d6 bam dinh cua xuc tac.

2. Thwe nghiém
2.1. Héa chdt, thiét bi

Trong nghién ctru nay, cac hoa chat duogc st
dung gém c6 TiO2 dang hat thwong mai KA100
Han Quéc ¢6 ham lugng 99% & hat 50-300 nm,
carboxymethyl cellulose (CMC), NaySiOs
(thty tinh 1ong 40%), NaOH, HNOs tiéu chuén
phan tich. Ong thach anh duong kinh trong
2,8 mm thanh day 0,4 mm.

Thiét bi, dung cu: XRD MiniFlex 300/600,
TEM TECNAI G2 20, Nova Nano SEM
450-FEl, autoclave hinh tru 100 mL hai 16p
(teflon vo thép khong gi), may rung siéu am
CJ-010 thé tich 2 L cong suat 80 W va cac dung
cu thiét bi khac, 10 nung, ti siy, may khudy tir
gia nhiét.

Heé thi nghiém d¢ dénh gia hiéu qua xuc tac
quang xu ly etanol c6 dang hinh hop kin duoc
boc gidy phan quang gitip tan dung triét dé ning
luong anh sang trong buong phan tng. H¢ vi
mach diéu khién vé6i cong két ni may tinh lay
dir liéu thyc nghiém tin hi€u VOC va bd cap
ng116n cho dén. Bo phan kiém soat nhiét do
duge két ndi v6i mot ro-le dé didu khién b
phan gia nhiét. Ngin xiac tic gom dén UV
254 nm & gitra va vat liéu xic tac xung quanh.
Bén trén ngin x(c tac 13 quat tudn hoan gitp
khong khi can xtr Iy di qua xtic tic va phan tan
déu khap hé. Cac cam bién duoc sir dung trong
thi nghiém bao gdm cam bién VOCs va cam
bién nhiét am.

Hién thj va ghi
tin hiéu vOC

Quat tuan
hoan
Hién thj d6 &m

Penuv

Hién thjva
kiém soét
Xuc tac 8ng nhiét do
thach anh phd
6ng nano TiO2

Bubng diéu \ : %
nhiét va do am

Hinh 1. C4u tao hé thir nghiém hoat tinh quang xtic tac.

@-é é

2.2. Diéu ché TiO, dang ong nano

Can lugng chinh xac 2 g TiO. dang bot
thuong mai sau d6 phén tan trong 100 ml dung
dich NaOH dic rdi thuc hién khudy tir trong
30 phat dé thu dugc hdn hop huyén phu dong
nhat. Hon hop sau d6 dugc cho vao binh thuy
nhiét va dé trong autoclave trong 6 gid. Sau khi
thuy nhiét, vat li€u dugc loc, rra sach béng
nude cit rdi ngdm trong dung dich axit HNOj3
0,1 M trong 2 h. Sau d6, tiép tuc rira dén khi pH
trung tinh va say kho & 105 °C.
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2.3. Phurong phap phii TiO, lén éng thach anh

Nguyén liéu dng nano TiO; dugc cho vao
ong ly tam, sau do6 dung dich CMC 1% s& dugc
thém vao va cudi cling bd sung nuéce cat sao
cho dat nong do TiO, 1a 20 mg/ml, nong do
CMC khao sat 1a 0,05; 0,1; 0,25; 0,5 va 0,75%.
Céc dng ly thm nay s& duoc rung siéu am 3 lan
cong suat 80 w, mdi lan 15 phut. Khi rung siéu
am xong tién hanh phu dung dich nay lén céc
ong thach anh (duong kinh trong 2,8 mm, do
day 0,4 mm) bang phuong phap phu nhung, roi
sdy kho & 80 °C trong 15 phut. Khi dng da kho
tién hanh quan sat va chup lai 16p phii bén trong
6ng bang kinh hién vi & d6 phong dai 40 lan.

Sau khi tim dugc nong d6 CMC phu hop s&
sir dung nong do nay trong thi nghiém kiém tra
anh hudng cua thuy tinh 1ong dén sy bam dinh
ctia TiO; 1én dng thach anh. Thuy tinh 1ong s&
duge b sung vao dung dich phan tan TiO; sao
cho dat néng dd cudi 1a 0,5; 1 va 1,5%. Quy
trinh phu 6ng tién hanh tuong ty nhu trén, sau
d6 cac dng thach anh da dwoc phu xtc tac s&
duoc dem nung & cac nhiét do 400 va 500 °C
trong 2 h, qua trinh gia nhiét tuyén tinh sau
20 phut dat nhiét d6 can nung. Dé danh gia do
bam dinh ciia TiO, 1én 6ng thach anh, tién hanh
rung cic mau ong thach anh 3 lan, mdi lan
15 phat trong nuée. Khdi luong dng trude khi
phu, sau khi nung, sau rung siéu am dugc ghi
lai & danh gia d6 bam dinh qua cong thirc sau:

M =M 100 (%)

2 1

Trong do: )

i) m la phan tram khoi lugng bam dinh cua
TiO2 (%); ) )

if) my 1a khoi luong 6ng thach anh (g);

iii) my 1a khoi lugng ong thach anh sau khi
nung (9); , )

iv) ms la khoi lugng Ong thach anh sau khi
rung siéu a&m (Q).
2.4. Ddnh gia hiéu qua xu Iy etanol cua cdc
mau xuc tac

Mot luqng thé tich xac dinh etanol duoc
bom vao budng phan g chira vét liéu xic tac,
dén khi tin hiéu dién cua cam bién VOC 6n

dinh s& bat dén UV dé thu thap tin hiéu dién,
nhiét 6 va do am. Két qua duoc quy doi tir tin
hiéu dién AE ma cam bién thu nhan duoc sang
ndng do etanol trong budng phan tmg thong qua
phuong trinh dudng chuan:

y = 0,0019x3 - 0,4093x?+ 31,683x - 740,19

Hiéu suit xir Iy cia etanol duoc tinh theo
cong thtrc sau:

H (%) = 22— 100%
C

0

Trong d6, Co va C: lan luot 13 ndng do
etanol ban dau va sau xur 1y (sau thoi gian t)
trong budng phan tng. Trong nghién ctru nay,
nong do Co = 350,06 mg/m* dugc ap dung cho
tat ca cac mau xuc tac.

2.5. Nghién cuu ddc trung cua vt liéu xuc tdc

Gian d6 XRD cua TiO, dang 6ng nano
duogc do bang thiét bj MiniFlex 300/600 v&i birc
xa CuKa (A = 1.54nm), toc d6 quét 1a 7 °C/phat
hodc 0.02 °C/step va khoang do goc 20 = 20 toi
80 °C. Pho hong ngoai IRAffinity-1S cua
Shimadzu, duoc st dung dé xac dinh cac lién
két dic trung cua vat liéu TiO, ciing nhur lién
két Ti-O-Si gitta vét liu va 6ng thach anh.
Ngoai ra, phuong phap EDS (phd tan sic ning
luong tia X) dwoc 4p dung nhim xac dinh
nhiing thanh phan héa hoc cua vat liéu. Kinh
hién vi théng thuong véi do phong dai 40 lan
dung dé quan sat lorp mang phu ong nano TiO:
1én thach anh. Vi cau tric va hinh thai hoc cua
TiO; dang 6ng nano dugc chup bang kinh hién
vi dién tir truyén qua (TEM) bang thiét bi TEM
TECNAI G2 20 va kinh hién vi dién tir quét
(SEM) Nova Nano SEM 450-FEI voi d9 phong
dai 145000 lan.

3. Két qua va thao luin

3.1. Bdc diém hinh théi cia TiO; dang ong nano
Quan sat trén anh SEM cho thdy TiO,

thuong mai c6 dang hat véi duong kinh co

150-250 nm. Sau qua trinh thuy nhiét va ngam

rira trong dung dich axit HNO3 da chuyén hoa
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hoan toan thanh TiO, dang ong vi duong kinh
khoang 10-12 nm, chiéu dai c¢& 150 nm (Hinh 2).

Hinh 2. Anh SEM méau b6t TiO, thuong mai (a)
va anh TEM cua mau TiO; dang ong nano (b).

Sy hinh thanh dng nano TiO, trong qua
trinh thuy nhiét da duoc mé ta voi co ché nhu
sau: Trong moi truong thity nhiét kiém lién két
Ti-O-Ti bi pha v& va hinh thanh nén cac lién
két Ti-O-Na, Ti-OH. Sau khi thiy nhiét 6ng
nano chua dugc hinh thanh, tuy nhién cAu trac
dang hat da bit dau chuyen sang ciu trac dang
tam. Mau nay sau do tiép tuc rira bang nudc
khir ion pH 7 va céu tric dang tim van duy tri.
Su 6n dinh ciu tric nay duoc cho 1a do co su
tdn tai cua lién két Ti-O-Na* trén bé mit TiOx,
dién tich tong thé can bang nhung c6 dién tich
du & dang vi mo nay. Luc day tinh dién s& duy
tri trang thai tim va day ching ra xa nhau tir
tam hat TiO. ban dau. Khi rua bﬁng nudc,
Ti-O-Na* bj thay thé dan boi Ti-OH va 6n dinh
bdi mdi trudng nude. Lién két Ti-O-Ti va lién
két hidro Ti-O,... H-O-Ti chi hinh thanh bai
qué trinh tach nuéc khi rira bang dung dich axit
lodng 0,1 - 0,2 M (HCI hoac HNOs3), khi d6
khoang cach lién két giita cac phan tir Ti trén bé
mit giam dan dén sy cudn lai cia tAm TiOy, tir
d6 hinh thanh cau triic ong nano. Khi nong do
axit ddm dic, dién tich trén bé mit tim TiO;
mét dot ngodt dan dén su co cum tAm TiO; theo
bbn hudng va tuong tac voi cac tim bén canh
nén 6ng nano TiO, khong duge hinh thanh. Qué
trinh trao ddi ion cua vat liéu sau thuy nhiét
trong mdi truong axit gop phan loai bo cac ion
Na" du thira va thay thé cac ion Na* bén trong
cdu tric cua xdc tac dang ong nano bang cac
ion H dong thoi 1am cho xuc tac c6 cau tric
ong dong nhat hon [12]. Két qua do BET cho

thdy dién tich bé mit riéng cho thdy TiO; &
dang ong nano tang dang ké so voi dang hat
thuong mai tir 5,5 (m?/g) Ién 81,7 (m?/g).

3.2. /fnh’hwéng clia nong do CMC t6i su phan
tan cua ong nano TiO2 trén ong thach anh

CHOD 1%

T !H 10

Hinh 3. Hinh anh 16p mang phu xuc tic quan sat
bang kinh hién vi thudng c6 d6 phong dai 40 lan.

Cacboxymetyl xelulozo (CMC) 1a mét dan
sut anion polysaccharit tir xelulozo, n6 da
duoc coi la mot vat li€u phu do ¢o dac tinh tao
mang tot [13, 14]. CMC dugc bd sung vao
huyén phu TiO, dé phu 1én dng thach anh, sau
khi trai qua qua trinh sy s& giup hinh thanh 16p
mang chira TiO;, trén dng thach anh. Quan sét
16p mang trén kinh hién vi cac diém den 13 vi tri
ong thach anh khong dugc phit TiO,, mang mau
xam 1a 16p phit méng va mau tring 1a 16p phu
dy. Anh chyp hinh 3 cho thdy CMC 0,25% cho
lop phu min va phén tan déu khoéng co cac
khoang trong Tai cac ndng do khac thiy xuét
hién cac 16 rong 16n, vat liéu bam khong dong
déu trén dng thach anh. Do vay, nghién ciru nay
s€ lwa chon néng do CMC la 0,25% cho céac thi
nghiém tiép theo.

3.3. Do bam dinh cua cac lop phu trén bé mdt
ong thach anh va thanh phan cac lop phu

Huyén phu TiO, duoc bd sung CMC va
Na;SiOsz v6i ham lugng khac nhau rdi phu trong
long dng thach anh sau d6 nung & hai nhiét do
Ia 400 va 500 °C. Trén Hinh 4 la d6 thi biéu
dién % d6 bam dinh cua 16p phu TiO; trén bé
mit 6ng thach anh sau khi rung siéu am. Két
qua cho théy d6 bam dinh ti 1€ thuan véi nf”)ng
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do thuy tinh long va nhiét do nung 6ng thach
anh. Khi tang nong do thuy tinh long thi luong
TiO; bam 1én nhiéu trén éng, giup gitr duoc xtic
tac 1au hon. Lép phii khong ¢6 thanh phan thuy
tinh 16ng thi sau khi rung siéu am s€ bi rura troi.

100
90
80

op/0
c
gﬁo

550
<0

R3p
20
10

TTL0.5% TTL 1% TTL 1.5%

B400°C m500°C

Hinh 4. Phin trdm khoi lugng bam dinh
cua cac mau xuc tac bo sung thiy tinh long
nung ¢ 400 °C va 500 °C.

Quan sét trén gian d6 EDS cila mau xuc tac
bd sung thuy tinh 16ng voi ndng do 1an luogt 1a
0,5; 1 va 1,5% thi luong Si trong mau xuc tac
tang dan 1én cho thiy di thanh cong trong viéc
dua thuy tinh long két hop voi TiO, gitp tao
lién két véi ong thach anh (Hinh 5). Ngoal ra,
van nhan thiy sy xuat hién cua cac nguyén t6 C
va O 1a cac nguyén t6 déc trung cho CMC cho
thiy & 500 °C, CMC Van chua bi phan huy boi
nhiét hoan toan. Sy xuit hién nguyén t6 Ca véi
luong khong dang ké & miu xtc tac bo sung 1%
thuy tinh long.

3.4. PBdac trung nhiéu xa tia X

Trén hinh 6 thé hién gian d6 XRD cua mau
xuc tac éng nano TiO, da pha tron thém CMC
va thuy tinh léng. Khi mau xuc tic nung tai
nhiét do 500 °C, TiO, van ton tai & dang tinh
thé anatase va dugc dic trung boi cac dinh
nhiéu xa tai goc 20 béng 25,42 °C; 38,12 °C;
48,14 °C; 55,15 °C. Khi ndng do thiy tinh long
tang dan tir 0,5% dén 1,5%, 1am ting nhiéu nén

cho thiy co thé ¢ sy pha v& cdu trac tinh thé
clia mau xuc tic va sy tham gia cua silicat vao
c4u trac hdn hop voi dng nano TiO,.

Tat ca cac miu xuc tac déu khong xuat hién
TiO, dang thu hinh rutile, van giir cac pic
anatas dién hinh.

1,5%TTL

0.5%TTL
1%TTL

Hinh 5. Gian d5 EDS cua cac mau xtc tac bd sung
thuy th Gy tinh long nung ¢ 500 °C.
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H‘Inh76. Gian dd XRD cua cac mau vat liéu khéng
bo sung NapSOs3 (A), ¢6 bo sung 0,5% (D);
1% (C) va 1,5% (B).

3.5. Phé FT-IR mdu vdt liéu chira thuy tinh long

Chat phan tan CMC c6 cac dinh pl'c tai
3439, 2910, 1605, 1410, 1328, 1059 cm?, Dai
s6 song rong va manh dinh c6 1a 3439 cm? do
dao dong kéo dai O-H dbi véi cac lién két duoc
tao ra boi nhiéu nhom hydroxyl va cacboxyl
trong CMC, phan dinh kép trong dai sé song
2880 t&i 3000 cm™ do dao dong kéo dai C-H.
Dai s6 song lan can 1605 cm™ do dao dong
khéng dbi ximg C=0 trong c4c nhém cacboxyl.
Cac dai ¢6 pic ¢ 1410 va 1328 cm™? lién quan
dén dao dong kéo gidn ddi xtimg cua cac nhom
alkyl trong CMC. Dinh & pic & 1059 biéu thj
dao dong kéo dai C-O-C.

Ph6 FT-IR cta miu xic tac c¢6 su thay doi
hoan toan do CMC bi oxi hoa va phan huy
trong qua trinh nung cung voi sy cd mat cua
Ti02 va Na28i03.
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Hinh 7. Phé IR cia CMC va clia mau xic tac TiO2
dang ong nano bo sung thuy tinh long 1%.

Dai s6 song c6 pic trung binh, nhon
3700-3584 cm? dic trung cho dao dong gidn
ctia c4¢ nhém O-H ty do. Pic ¢6 sd song 3275
dic trung do giao dong dan O-H lién két phan
tir. Nhém pic trong giai 1800 t6i 2400 xuét
hién do sy phan huy va taich nuéc CMC tao ra
céc hop chat chira ndi doi va ndi ba, nhu dao
dong din yéu C=C (2260-2190 cm?), dao
dong dan trung binh C=C=C (1900-2000 cm™)
[15-17].
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S6 séng c6 dinh tai 690,52 cm™ do dao
dong kéo dai Ti-O dac trung cho TiO, [18].
Ti-OH dao dong trong khoang sd song
580-590 cm™ [19]. C6 thé xuét hién lién két
Ti-O-Si gitta TiO2 dang dng nano véi SiOz hodc
nhom silicate & s6 song 926-916 cm'? [20].

3.6. Hiéu suat xi Iy Etanol
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Hinh 8. Hi¢u qua xu 1y etanol cta cac mAu XUc tic
b6 sung thiy tinh long 0% (A); 1% (B) va 1,5% (C),
nhiét d¢ nung 400 va 500 °C.

Hinh 8 cho biét anh hudng cta nhiét do
nung xuc tdc va ham lugng thuy tinh long téi
kha nang xur 1y hoi etanol. Xu huéng chung cho
thdy nhiét khi nung miu xuc tac & 500 °C cho
hiéu qua kém hon khi nung ¢ 400 °C. Nguyén
nhan do nhi¢t d0 nung cao kéo dai lam mét
thanh phan hydrogen titanate trong 6ng nano va
mot s6 didu kién co thé chuyén héa mot phan
dang anatase sang rutile ddn dén lam giam hoat
tinh xdc tac [5, 10].

Hinh 8A khi khong bo sung thuy tinh long
mAu xuc tac nung & 400 °C cho hiéu xuat xir 1y
hoi etanol t6t hon mau xuc tac nung & 500 °C,
dat t6i 100% sau khoang 4000 s. Két qua nay
t6t hon khi xudc tac TiO, dang dng nano duoc
phu 1én tdm kinh, hiéu suit xir ly etanol sau
4800 s chi dat 40 % [11] cho thiy viéc phu xtc
tac vao Ong thach anh cho hiéu qua xur 1y tdt
hon dang ké. Khi bd sung 1% thay tinh
long cac mau xuc tac nung & 400 va 500 °C
(Hinh 8B) khong thay dbi nhiéu vé hiéu qua xir
1y khi so voi mau khong bd sung thuy tinh 1ong.
Tuy nhién khi ham luong thay tinh long bd
sung la 1,5% hiéu qua xu 1y hoi etanol cta cac
mAiu xuc tic ting dang ké, mau nung & 400 °C
can khoang 3000 s, miu nung & 500 °C cin
khoang 4000 s dé oxi hoa hoan toan hoi etanol.
Nhu viy viéc bd sung thém thuy tinh long &
ham lugng phu hop khong chi gitp tang d6 bam
dinh ma cong gitip 1am ting hiéu suat xir 1y
etanol va giam thoi gian xtr 1y. Két qua ciing cai
thién dang ké so véi mau xuc tac TiO, dang 6ng
nano trong nghién curu trude, sau 4800 s chi x
ly etanol véi hiéu suat khoang 18% [21].

Su bd sung thuy tinh long véi ty 1& nho
1,5% gidm ham lugng TiO: tuy nhién giup ting
téng luong vat liéu bam trén thach anh. Ngoai
ra, N6 cé thé gilp tang do x6p cua vat liéu xuc
tac ddc biét 1a ting kha ning hap phu hoi nudc,
mdt didu kién thiét yéu cua xtc tac TiO,.

4. Két luan

Nghién ctru dd tao ra dugc vat lidu 6ng
nano TiO, phu trén nén dng thach anh duong
kinh ¢& 4 mm dai 15 mm cho hiéu xuit xu ly
etanol dat 100% sao 3000 s. Viéc bo sung CMC
& nong d 0,25% gitip cho tao 16p mang phu vat
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liéu TiO, dang ong nano dong déu trén ong
thach anh. Viéc b6 sung thuy tinh l6ng s& gitp
cho 16p vét liéu bam dinh tdt hon 1én 6ng thach
anh ngoai ra khi ting nhi¢t d0 nung va tang
luong thuy tinh 16ng bd sung vao dung dich phu
6ng thach anh s& lam ting kha ning bam dinh
clia xtic tic 1én ong thach anh. Pa c6 su hinh
thanh lién két giita TiO, dang 6ng nano va dng
thach anh do xudt hién lién két dic trung
Si-O-Ti trén phd IR mau xtc. Két qua khao sat
hiéu suat xir 1y etanol cho thay nhiét d6 nung
anh huong dén kha ning xur 1y etanol mau xitic
tac khong bd sung thuy tinh long, khi ting nhiét
d6 nung lam giam hiéu qua phan huy etanol.
MAu xuc tic bo sung 1%, 1,5% thuy tinh long
nung & 400 °C cho hiéu qua xir 1y t6t hon nung
6 500 °C va lam giam thoi gian xir ly so véi
mau khéng bd sung thiy tinh 1ong.
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