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ABSTRACT

TiO2-Al203 nanocomposite has been successfully synthesized by a sol-
gel method and eight-layers films on quartz substrates were prepared
by a spin coating technique. This work investigated the effect of the
Ti**/AP* ratio and annealed temperature on the Anatase and Rutile
phase transition of TiOz in TiO2-Al203 nanocomposite, transmittance of
thin films in the visible region, and hardness of thin film. FESEM images
show that the surface of the TiO2-A,O3 nanocomposite thin film at the
molar ratio of TiO2-Al203=7:3 is relatively homogeneous and crack-free
with the thickness 190 nm. TiO2-Al203 nanocomposite thin films are
highly transmittance (until 90%) in the visible light shown by UV-vis
spectra. XRD patterns of TiO2-Al,O3 nanocomposite patterns are
annealed in the air at temperature from 85 to 900 °C revealed that, the
anatase phase of TiOzis formed at temperature of about 700 °C, when
temperature increase to 900 °C, the anatase phase changes to rutile
phase.

Gidi thiéu chung

400 nm), va dé bén cao xudc tét [1-5]. Co nhiéu vat
liéu dugc st dung dé lam 16p phd bdo vé nhu vét liéu

Trong nhiing ndm gén day, cdng nghé mang mong
dugc cac nha nghién cltu cling nhu cong nghiép quan
tdm nghién clu va phét trién véi nhiéu muc dich khac
nhau nhu lam I&p bao vé dé chéng tia cuc tim, an
mon, chéng cao xudc bé mat, va tu lam sach... D€
thda man diéu kién st dung lam I8p phd bdo vé trén
bé mat, vat liéu phai c6 dé bam dinh t6t v&i bé mat vat
liéu dugc phd, doé truyén qua vung nhin thay tét (85 —
90%), hédp thu vling tia cyc tim (UVA, khoang 300-

polyme, ceramic, compozit hitu cg, vo cd. So vdi cac
vat liéu da néu, vat liéu compozit vo ca ¢é cac uu diém
nhu bén vai nhiét, do bén cao xudc t6t, két hop cac
tinh chat vat ly va hda hoc clia vat liéu nén va vat liéu
gia cudng & kich thudc nano, két qua lam cho vat liéu
nanocompozit vé cd ¢ nhiéu uu diém néi bat hon
[2,5,7]. TiO2 & kich thudc nano 1a mét chat ban dan co
cac tinh chat thd vi nhu hap thu anh sang & ving UV
(do cb @b réong ving cdm réng), co hoat tinh quang
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xUc tac, tu lam sach [8-10]. ALOs la mdt oxit duoc suf
dung rét nhiéu trong céng nghiép, hang khong va dai
séng hang ngay vi co céc uu diém nhu: dé cing cao,
kho bi oxi héa va bén nhiét [11,12]. Seyyed Alireza
Oliaee va dong sy dd téng hogp mang mong
nanocompozit TiO2-Al:O3z bang phuong phap nhing
pht dé ting cudng dd cing va bdo vé bé mat kim
loai. ™ Mang mong TiO2-Al203 dudc téng hop bing
phuang phap sol-gel dinh hudng Ung dung cdm bién
khi. ™ Hodc mang TiO»-ALOs dugc téng hap bang
phuong phép lang dong nguyén t, c6 dé truyén qua
cao. [ Tuy nhién, mang nanocompozit TiOx-AlLO3
chua dugc nghién cliu mét cach cod hé théng vé su
anh hudng clia nhiét dé, ti 1&é mol Ti**/AP* dén cac tinh
chét ciia mang maong nanocomposite TiO2-ALOs.

Trong nghién clu nay, mang mdng nanocompozit
TiO2-AlzO3 dugc ché tao bang phuong phép sol-gel,
sau do quay phu lén dé thach anh dé khao sat cac tinh
chét. Ti 1é mol cla TiO2/Al203 dugc khdo sat nham
muc dich xac dinh anh hudng cla ti 16 Ti*/AP* dén
tinh chdt cla mang mong tao thanh. Vat liéu
nanocompozit TiO2-Al203 dugc nghién cltu & cac nhiét
dd nung khac nhau dé xac dinh nhiét do6 chuyén pha
godm pha Anatase va Rutile ctia TiO2. Hinh thai bé mat,
d6 day mang, céu trdc tinh thé, tinh chat quang va dé
cling thang Moh clia vét liéu nanocompozit TiO2-AlO3
cling dugc nghién clu va phan tich trong cong trinh
nay.

Thuc nghiém va phuang phap nghién cdu
Héa chat

Tetrabuty! titanat (TBT, 98% Sigma Aldrich), Alumium
triisopropoxide (ATIP, > 98%, Sigma Aldrich) dugc su
dung lam tién chét. Isopropanol (IPA, 99,7%, Fisher
Scientific), etanol (EtOH, 99.7%, Xilong Scientific) dugc
st dung lam dung mdi. axit acetic (Aac, 99,5%, Fisher
Scientific), HNOs (99,5%, Xilong Scientific), nudc chung
cét 2 lan.

Quy trinh téng hop nanocompozit TiOz-AlO3

Quy trinh ché tao cac mau mang méng va mau bét
nanocompozit TiO2-Al203 dugc thuc hién theo sg do
trinh bay & hinh 1. vdi cac budc nhu sau: TBT dugc
phan tan trong dung dich IPA bang may khudy tu
trong 30 phut, sau d6 thém HNOs vao dung dich va
tiép tuc khudy trong thai gian 1 gig, ti 1& mol
TBTIPAHNO3:HO = 1:50:2:5 dé thu dugc sol TiO..
ATIP dugc phan tan trong hén hdp dung mai IPA,

EtOH, Aac véi ti 1é mol ATIP:IPA:EtOH:Aac = 1:40:40:25,
khudy hén hap trong 4 gid dé thu dugc dung dich sol
AlO3. Nhé tU tir dung dich sol Al2O3 vao dung dich sol
TiO2 theo cac ty 1é mol TBT:ATIP trinh bay trong Bang
1, ti€p tuc khudy hdn hop trong thdi gian 1 gid, sau dé
thém chat dém DEG va khudy trong thdi gian 30 phit
dé thu dugc dung dich sol trong suét. Dung dich sol
sau dé dugc gia hoa & nhiét do6 phong 24 gic va dé
tién hanh tao mang 8 I8p trén dé thach anh bdng
phucong phap quay phu. Sau khi quay phd, mang
mong nanocompozit TiO2-Al203 dugc dugc nung &
cac nhiét do 600, 700, 800 va 900 °C trong khéng khi,
thdi gian 3 gid. BEi véi mau bét, tién hanh sdy kho &
85 °C, sau do thiéu két & cac nhiét dé 600, 700, 800 va
900 °C, trong khéng khi, thdi gian 3 gis [6,14].

ATIP

| TBICIAP | | 1AP+AACE(OH
Khuﬁ) 30 phat
H:0 + —-{ Dung | ‘ Dung dich ‘1— + HNOs
Khudy 1 gio Khudy 4 giv
Sol TiO: Sol ALO3 l

Khudy 1 givr

DEG — Dungdich

Khudy 30 phit Xir ly

. nhiét
3 ] Bt TiO2-Al20s ]
Gia hoa 24 gio

Sol TiDz-  —— Xirly
AROs Mang mong nhiét

Phu quay

Mang méng

nanoc nano:

8 lap TiO2-ALOs

Hinh 1: Quy trinh ché tao mau nanocompozit TiOz-
Al2O3 theo phuong phéap sol-gel

Bang 1: Mau vat liéu nanocompozit x%TiO2-y%AlLO3

Tén mau TBT (Ty 1é mol,%) | ATIP (Ty Ié mol, %)
TAS55 50 50
TAG4 60 40
TA73 70 30
TA82 80 20
TA91 90 10
Phuong phdp phan tich

Hinh thai bé mét, thanh phén cac nguyén t& trong
mau dugc phan tich bdi phuong phép hién vi dién ti
quét phat xa trudng (FE-SEM, JEOL JSM-7600F, Nhat
Ban). C4u trdc tinh thé cla vat liéu nanocomposite
dugc nghién clu bang phuong phéap nhiéu xa tia X
(D8-Advance, Bruker-Buic). Cau tao va dac tinh cla vat
litu dugc xéc dinh bang phd Raman (Macroraman,
Horiba, Nhat ban). Tinh chédt quang clia mang dugc
nghién cltu bang phé UV-vis truyén qua va hép thu
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(JASCO V-750, Nhat ban). B6 cling clla mang dugc
xac dinh bang phuong phép do dé ciing thang Moh
(Barbeel, Buc).

Két qua va thao luan

Anh FESEM

Hinh thai bé mat ctia mang nanocompozit TiO>-Al,O3
= xy vdi cac ti 1é khac nhau (xy = 64, 7:3, 9:1) dugc

nung trong khéng khi & nhiét dé 700 °C, 3 gig, va anh
mat cat ngang dugc thé hién qua anh FESEM trén hinh

2. Quan sat hinh 2a, ¢, tuong Ung vdi cac mau mang
nanocompozit ¢6 ty & mol TiO2:ALOs = 6:4 va 9:1
nhan thdy, bé mat mang hinh thanh cac hat phan bd
tuong déi dong nhét, tuy nhién cé xudt hién mét sé
vét nut. BGi véi mau mang mong nanocompozit ¢é ty
lé mol TiO2:Al203 = 7:3, hinh thai bé mat clia mang
nanocompozit TiO2-ALO3; dong nhat, khéng xudt hién
vét nUt va cac hat phan bd déu (hinh 2b). Chiéu day
clla mang nanocompozit TiO2-AlO3 & ty & mol
TiO2:ALOs = 7:3 khodng 190 nm theo két qua phan
tich FESEM-Cross section dugc trinh bay trén hinh 2d.

Hinh 2: Anh FESEM cua mang TiO2-Al203 & cac ti 1é mol khac nhau (a) TiO2:ALOs = 6:4 (b) TiO2:ALO3 = 7:3 (0)
TiO2:Al203 = 9:1(d) chiéu day ciia mang nanocompozit & ty 1&é mol TiO2:Alz03 = 7:3

Phé Raman
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Hinh 3: Phd Raman clia mau bét nanocompozit TiO2-AlOs (a) & cac ti 1é mol khac nhau, dugc nung & 700 °C, (b) &
ti 1é 7:3 dudgc nung & cac nhiét do khac nhau, trong khong khi, thai gian 3 gid
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Hinh 3a 1& phd Raman cla mau bot nanocompozit
TiO2-ALO3 véi cac ti 1é mol khac nhau (TiO2ALOs =
6:4, 7:3, 9:1) dugc nung & nhiét dé 700 °C trong khong
khi, thai gian 3 gid. TU hinh 3a c6 thé thdy, phd Raman
clia mau bot G cac ti 1é mol TiO2Al03 khac nhau déu
c6 cac dinh dac trung cla pha Anatase TiO: tai cac
dinh 147, 400, 517, 642 cm™ [1,8]. Khi tidng ti 1& mol TiO»
lén thi cudng dé cla cac dinh tang. Hinh 3b la phd
Raman cla mau bot nanocompozit TiO-ALOs & ti lé
mol 7:3 dugc nung trong khong khi & cac nhiét dé 85,
700, 900 °C trong 3 gi¢. Quan sat phd Raman trén
hinh 3b nhan théy, & nhiét dé 85 °C, mau chua c6 cac
dinh dac trung cua vat liéu. Khi tdng nhiét do Ién 600
°C, xuét hién cac dinh & vi trf 146, 400, 518, va 641 cm™.
Nhiét d6 700 °C, cac dinh nay c6 cudng dé manh han,
day 1a cac dinh dic trung cho pha Anatase TiOo,!"®
bén canh do, & nhiét do6 nay, phd Raman cla mau
nanocompozit TiOz2-Al203 con xuét hién dinh c6 cudng
do yéu tai 238 cm™ dac trung cho pha Rutil clia TiOs.
Khi tdng nhiét d6 nung dén 900 °C, phé Raman xudt
hién cac dinh déc trung cla pha Rutile TiO2 & 146, 238,
446, 610 cm™ [9].

Phé XRD

——TiO, A0, = 6:4
—Ti0,AL0, =73
——Ti0,:ALO, = 9:1

é

%_

&0

£

P

T T T T T T

101

(101) PDF#84-1286 B Anatase

. . |h' lr 1l . i -

20 30 40 50 60 70 80
20 (do)

Hinh 4a la gian dé XRD clia mau nanocompozit xTiO:
yAl203 dugc nung & 700 °C, & céc ti 1é mol khac nhau
(xy = 6:4, 7:3, 9:71). TU hinh 4a nhan théy, gidn do XRD
clia cac mau bot déu xuat hién cac dinh dic trung cla
pha Anatase & goc 26 = 25.5° 38.6° 48° 53° 55°
tuong vai cac mat tinh thé (107), (004), (200), 105), (211)
(theo thé chudn PDF#84-1286). Tuy nhién, khi ting ty
& mol TiO2:ALOs tU 6:4 1én 7:3 va 91, cudng do cua
cac dinh dac trung cla pha Anatase tang lén ré rét.
Hinh 4b thé hién gian do XRD clia mau nanocompozit
V@i ty 1&é mol TiO2:Al203 = 7:3 dugc nung & nhiét do 85,
600, 700, 900 °C. Co thé théy, & nhiét d6 85 va 600 °C,
mau chua hinh thanh pha tinh thé ma & dang vo dinh
hinh. Khi tang nhiét do lén 700 °C, mau nanocompozit
TiO2-Al203 hinh thanh pha Anatase cla TiO2 & goc 26
= 25.59 38.6° 48°, 53°, 55°, tuong vdi cac mat tinh thé
(101), (004), (200), 105), (211) (theo thé chudn PDF#84-
1286). Tiép tuc tang nhiét dé lén dén 900 °C, mau
nanocompozit hinh thanh pha Rutile cla TiO2 tuong
Ung vai cac mat tinh thé (110), (101), (200), (111), (210),
(211) and (220) (theo thé chudn PDF#34-0180). Khi tang
nhiét do, pha Anatase cta TiO> chuyén sang pha
Rutile, két qua nay tucng tu véi mot s6 cong trinh dé
cong bé [13,14].

B Rultie (PDF#34-0180)

T T T T 2 T
—85°C
— 600 °C
—700°C
——900°C

Cuomg do (d.v.ty.)

T T

I /natase (PDF#84-1286)

| T ] T - JA' - l' 1 B Y R T
20 30 40 50 60 70 80
20 (do)

Hinh 4: Gian do XRD clia mau bt nanocompozit TiOz-AlOs (a) & cac ti 1é khac nhau (b) & cac nhiét dé khac nhau
trong khoéng khi, thdi gian 3 gic

Phé UV-vis
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Hinh 5a) thé hién phS UV-vis cla mau mang
nanocompozit TiO2-Al203 dudc pht 1én dé thach anh
v3i cac ti 1é mol TiO2:AlLOs3 = 5:5; 6:4; 7:3; 8:2; 911, dugc
xC ly nhiét & 700°C va hinh 5b) 13 phé UV-vis clia mau
mang nanocompozit TiO2-ALO3 & ty 1é mol TiO2:Al203
= 7:3 dugc nung trong khong khi & cac nhiét dé 85,
600, 700, 800 va 900 °C, 3 gid. TU hinh 5a nhan thay,
cac mau mang nanocompozit c6 do truyén qua tét,
khodng khoadng 80 — 90% trong vung anh sang nhin
thay (tU 400 dén 800 nm). B4i v&i mau nanocompozit
co ti 1é mol TiO2:ALOs = 55 va 6:4, db truyén qua

100
< 804
=
5 60- —TiO0,:ALO, = 5:5
= i - —
£ ——Ti0,:Al,0, = 6:4
£ 40- ——TiO,Al,0, =7:3
a2 ——Ti0,:Al,O, = 8:2
201 ——TiO,:AL,0, = 9:1
0

200 300 400 500 600 700 800
Budc song (nm)

trong ving nhin thdy khodng 90%. Tuy nhién khi tang
ti 1é mol TiO2ALOs = 7:3; 8:2 va 9:1 thi do truyén qua
gidm xuéng muc ~85%. Quan sat hinh 5b nhan thay,
khi tdng nhiét d6 nung, ving hép thu cla mang
nanocompozit TiO2:Al203 = 7:3 dich chuyén sang viing
anh sang nhin thay (tu 300 dén 500 nm). Két hgp vdi
két qua phéan tich ph6é Raman va XRD, nguyén nhan
clia su dich chuyén vung hap thu co thé la do khi tang
nhiét dé, mau nanocompozit c6 sy chuyén pha tif pha
Anatase sang pha Rutile, két qua lam dich chuyén viing
hap thu cta vat liéu [13,16].

100

o
o
1

(o]
o
1

Do truyén qua (%)

O " I L I L I . I L T T
200 300 400 500 600 700
Budc song (nm)

800

Hinh 5: PhS UV-vis clia mau mang nanocompozit TiO2-ALO3 & cac ti 1é mol khac nhau nung & 700 °C (a) va cla
mau TiO2:Al203 = 7:3 nung & cac nhiét dé khac nhau trong khong khi, 3 gis

D) cliing ciia mang mdong nanocompozit

Hinh 6 thé hién do ciing theo thang Moh cla mang
mong nanocompozit TiO2-Al203 & cac ty 1é mol khac
nhau, dugc nung & 700 °C trong khong khi, 3 gio. Tu
hinh 6 c6 thé thay, mau dé thach anh khéng dudc phu
mang c6 dé cing thang Moh la 6, khi dé dugc pha 16p
mang mong nanocompozit TiO2AL03 vdi ty 1é mol
TiO2ARLOs = 911; 8:2; 7:3; 6:4; 5,5 d6 cing thang Moh
dat dugc tuong Ung la 6,0; 6,5; 6,5; 7,0 va 7,0. Nhu vay,
khi tang ty & Al2O3 trong mang phd nanocompozit, dé
cling cla I&dp mang phu dugc cai thién, diéu nay co
thé dugc giai thich la do két qua cla su hinh thanh lién
két gilta cac hat nanocompozit va sy lap day cac 16
tréng/khe hd trén bé mat mang nanocompozit lam
tdng mat dé hat nano trén bé mat mang. Nhung khi
ti€p tuc tang ham lugng Al20s, cac da vi trf 16 tréng da
bdo hoa, két qua la dd cliing clia mang nanocompozit
TiO2- Al203 khong thay déi. TU céac két qua ching td
rang thanh phan Al20s3 la mét chat gia cudng co tinh
t6t cho mang nanocompozit TiO2-AlLOs.

B cing {Mohs)

TASI TAR2 TAT3

Ti1é Ti/Al (mol %)

TAGS TA3S

D& thach anh

Hinh 6: B6 ciing Moh clia mang nanocompozit TiO»-
Al203 & cac ti 1é mol khac nhau, nung & 700 °C, trong
khéng khi, 3 gic

Két luan
Mang mong nanocompozit TiO2-Al203 vdi chiéu day
khodng 190 nm dudc téng hop bang phuong phap
sol-gel va pht quay 8 I8p 1én dé thach anh cé bé mat
https://doi.org/10.51316/jca.2021.091
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doéng nhét, khéng ndt, va truyén qua tét trong ving
anh sang nhin thay (90%). O nhiét d6 nung 700 °C, vat
liéu nanocompozit TiO2-Al203 ¢ sy hinh thanh pha
Anatase va bat dau hinh thanh pha tap Rutil & dinh dac
trung 238 cm™ trén phd Raman vdi cudng do yéu. Khi
tang nhiét do dén 900 °C, co su chuyén pha sang pha
Rutile cta TiOz. Viéc nghién clu anh hudng cla ti 1é
Ti“*/AR* va nhiét d& dén sy hinh thanh pha va tinh chat
clia hé vat liéu nanocompozit TiO2-AlO3 cd y nghia
quan trong trong viéc dinh huéng Ung dung cla vat
liéu nanocompozit TiO2-AlzOs dang mang mong lam
I&p phi bdo vé cho nhiéu loai vat liéu khac nhau nhu:
vat liéu 6p 14t (d& nhan tao, da tu nhién), kinh, ceramic,
kim loai....
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