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PHAP SOL-GEL I’'NG DUNG CHE TAO MANG MONG NHIET DBIEN AZO
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Abstract

This paper presents the study results of synthesis of ZnO solutions doped with Al at 1 % and 2 % weight
concentration, based on Sol-Gel technique. Several experimental conditions and different solvents were applied to
consider their influence on the sol-gel reaction. The multilayer AZO thin films were fabricated by dip-coating method
using the solution prepared on Pyres glass substrates. The measurements of typical material properties to investigate the
crystal structure information and film morphology were performed including of X-ray diffraction (XRD) and Field
Effect Scanning Electron Microscope (FESEM). The average grain size of the samples were determined in the range of
about 12-14 nm. The electrics properties were studied between room temperature and around 673 K. The film’s
resistivity was measured by means of four-point probe to calculate the pretty electric conduction. The thermoelectric
property is evaluated throughout the measurement of the Seebeck coefficients showing the relatively good values as
desired. Both measurements were caried out in the temperature range of 27 °C (300 K) to 400 °C (673 K) in order to test

the thermal withstanding of material.
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1. GIOI THIEU

Trong thoi gan day, vat lieu chuyén ddi ning
lugng dya trén hi€u Gng nhiét di€n da nhan dugc su
quan tdm cuia cac nha nghién ciru va cong ngh¢ nho
tiém nang Gng dung hap dan dé ché tao ra cac may
phat dién siéu nho khac hin cac thiét bi truyén
thong, vi thiét ké don gian, khong c6 cac by phén
chuyen dong, khong gy ra tiéng on, do tin cdy cao
va ton hao ning luong thap. Cac linh kién nay c6 thé
dugc tan dung nguon nhiét du thira thai ra tur cac
phuong tién, thiét bi cong nghiép hay dan dung. T6
hop céc linh kién nho nay c6 thé dwoc sir dung dé
ché tao may phat dién, sir dung & cac vung sau, xa
chua c6 ving ludi dién, hd trg cho cac bo nguén cho
cac phuong tién, thiét bi nhu may bay khong nguoi
lai (Unmanned Aerial Vehicle - UAV), dong hd deo
tay, cac dung cu y t& xach tay (may do huyét ap),
hodc ing dung dé giai nhiét, lam mét cho bo vi xir Iy
ciia may tinh, hodc tao ra cac may lam lanh thu nho
gan sau ghé ngdi cia cac 6 t6 hién dai. Pic trung co
ban ctia bd chuyén dbi ning lwong ndy duoc xic
dinh boi hi¢u suét hay thong sb pham chat (figure of
meritm ZT). Pai luong nay ty 1é thuan voi do dan
dién (o), hé s6 Seebeck (S), va ty 1& nghich véi do
dan nhiét (x) [1-2].

Nhin chung, hiéu tmg nhiét dién c6 thé xay ra véi
hau hét cac vat li¢u. Tuy nhién, cac chit ban dan c6
wu thé hon so véi kim loai hay di€n moi vi bén canh
d6 dan nhiét thip thi tinh chat din dién co thé dé
dang dugc diéu chinh dé co thong s6 ZT t6t hon nho
qué trinh pha tap. Oxit kém (ZnO) 1a mdt trong sd
cac chat ban dan dién hinh (loai n) nhu thé véi do
linh dong dién tir cao va c6 cdu truc ving cim rong.
Nhitng nghién ctru gan day cho thiy ZnO khi pha
tap voi cac kim loai (vi du Al dé co thé viét tit l1a
AZO) c6 tinh chat nhiét dién ndi bat. Mt khac, do la
oxide nén ZnO c6 kha nang chiu nhiét tdt ma van on
dinh vé kha ning dan dién néu hoat dong trong moi
truong c6 nhiét do cao, 1a mot lgi thé cho hiéu ung
nhiét dién [3-10]. Dic biét nguoi ta con thiy rang,
gia tri ZT cua vat liéu nhiét dién cdu trac dang day
va mang mong di duoc cai thién dang ké [8-16],
duogc cho 1a nho hiéu ung lugng tir & pham vi kich
thudc nano.

ZnO 13 hop chat kha phd bién, khong doc hai va
dic biét co thé d& dang duogc téng hop tir cac phan
{mg héa hoc pha uét don gian, chi phi thip. Trong
nghién clru ndy, phwong phap sol-gel da duoc ap
dung dé tong ho*p dung dich ZnO c6 pha tap Al
tuong ing cic nong do 1 % va 2 % khdi luong. Phan
ung sol-gel 1a phuong phap dugc sir dung rong rai
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trong ché tao va nghién ctru vat liéu oxit, theo do,
cac hat oxit kim loai nhé kich thudc nm dugc phan
tan trong dung dich nhu mot hé keo chira dung méi
ddng thé vé mit hoa hoc (sol) c6 do nhét, tao lién
két tdt. Do do, dung dich sau khi téng hop, duoc st
dung dé tao mang s€ co su két dinh tot gitra vat liéu
va dé, cy thé thuy tinh pyrex. Cac dic trung ciu tric
tinh thé, hinh thai hoc bé mat, tinh chat nhiét-dién
clia mang mong AZO, ché tao trén co s sir dung
dung dich ZnO ¢6 pha tap Al tong hop bang phuong
phép sol-gel, da dugc do dac va nghién ctru dé xéac
dinh cac dac trung vat liéu tuong Gmg dinh hudng
cho ting dung nhiét dién sau nay.

2. THUC NGHIEM

Hoa chit chinh dugc st dung trong nghién ciru 1a
acetate kém (CH3COQO),Zn.2H,0, 0,5 M hay ZnAc
va hop chat dé pha tap Al (nhém) la nitrate nhém
Al(NO3);.9H,0. Hai mudi dugc hoa tan cing mot
lGc v6i nhau theo mot ty 1& phii hop vé phan trim
khéi lwong, cu thé 99/1 (1 %) va 98/2 (2 %). Cac
dung méi va chat xuc tac sir dung cho phan tng sol-
gel trong truong hop nay 1a etylenglycol (C;HgO,),
isopropanol  (C3HgO), glycerin  (C3HgOz), 2-

ZnAc+ AI(NO,);.9H,0+
ethylen glycol

J, Khuéy 45 phit. 6 90 °C

| Dung dich trong subt |
| Khudy 1givo50°C

‘ thém isopropanol va Glycerin |

Khudy 1 gio & 50 °C sau d6
déngudi dén T° phong

Nhé tir tde TEA

(c6lamlanh)

Khudy déu trong 5 gids
6 T° phong

| Dung dich AZO déng nhit |

(@)

Trinh Quang Thong va cong sw

methoxyethanol hay 2ME (C3HgO,) va triethylamine
hay TEA (CgHisN). Phan ung tao sol da dugc tién
hanh trén co s& hai quy trinh tong hop dung dich co
thay d6i diéu kién phan tmg va dung moi dé diéu ché
duoc dung dich c6 d6 nhdét phu hop cho ché tao
mang AZO (hinh 1).

Dé kiém tra tinh chit vat liéu, dung dich AZO
sau khi tong hop da duoc sir dung dé tao mang da
16p trén dé thuy tinh Corning 1737F bang phuong
phap nhung phu. Téc d6 nhung dé vao dung dich dé
tao mang duoc duy tri 20 mm/phut. Cac dé thiy tinh
¢o kich thude 25 mm x 10 mm x 1 mm da duogc xur
1y 1am sach trude khi phii mang bang k¥ thuét rung
siéu am trong cac dung dich axeton 99 %, etanol 99
% va nudc khir ion, roi duoc 1am kho, sau do, tiép
tuc dugc dit trong ti sdy ¢ nhiét 6 250 °C trong vai
gio trude khi nhing phu mang. Sau mdi lan nhung,
dé c6 mang da phu lai dugc dat trd lai 1én bép say &
cung nhiét d§ trén, trong thoi gian 20 phut. Quy
trinh say-nhlng-say duoc lap lai tir 2 dén 6 lan dé
thu duoc mang c6 do day mong mudn. Cudi cing
cac mau mang nhiéu 16p duge nung u & nhiét d6 550
°C trong méi truong khi quyén, véi thoi gian 1a 4
tiéng dé tinh thé hoa vat liéu.

ZnAc (0.01 mol)
! Say so bo ¢ 40 °C

ZnAc+AI(NO,),.9H,0 ( 2 % wt) +
2 ME (V=20 ml)

VKhuéiytfr45 phut. & 80 °C

Dung dich trong suét
Khuay 1 gi& ¢ 50 °C sau d6
dengudideén T° phong
Nho tir tiTEA
(c61lamlanh)

Khuay déu trong 5 gio &
T?phong

| Dung dich AZO déng nhit |

(b)

Hinh 1: Téng hop dung dich AZO bang phuong phap sol-gel, (a) quy trinh 1 va (b) quy trinh 2

Pé khao sat cau trac tinh thé cua vat liéu, cac
mau mang di dugc do phd nhidu xa tia X trén hé
thiét bi Siemen D5005 Brucker, sir dung ngudn Cu—
Ka phat ra btrc xa c6 bude song A = 1,54056 A. K§
thudt chup anh hién vi dién tir quét hiéu tng truong
(FESEM) di dugc thuc hién dé thu duoc anh hinh
thai hoc bé mit mang, 1a co so dé xac dinh duoc
kich thudc hat tinh thé AZO, trén hé thiét bi Hitachi

S-4800. Tinh chét dién va nhiét dién dugc khao sat
trén co s& phép do 4 miii do dé xac dinh dién tro
mang mong, hay dién tr¢ vudng (R, sheet
resistivity) va phép do xac dinh hé so Seebeck (S).

3. KET QUA VA THAO LUAN

Dua trén hai quy trinh phan ung nhu da chi ra ¢
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hinh 1, cic mau dung dich ZnO pha tap Al néng do
1% va 2% da dugc tong hgp. Mot cach truc quan, co
thé thiy dung dich tong hop theo quy trinh 2 (dd-2)
¢6 dang mo duc hon so voi dung dich téng hop duoc
theo quy trinh 1 (dd-1). Cac mau dung dich nay ciing
c6 mitc d sanh hon, thé hién do nhét tét hon so véi
dd-1. Cac mau dung dich sau d6 da dugc cho quy
trinh nhing phi tao mang trén dé thuy tinh. Do day
mang khac nhau dua trén s6 16p phu tuong tng 14 2
va 4 16p. Cac mang sau khi dugc nung u xt 1y nhiét

4 lop 1% Al
Pz e

Lin (Cps)

2 lop 2% Al ﬂﬂﬂ
Audad i i

T T T T T T T T T T T
10 15 20 25 30 35 40 45 50 55 60 65 70
20 deg.)

(@)

Nghién ciru tong hop dung dich ZnO...

d3 duoc kiém tra cdu trac tinh thé bang phuong phap
nhiéu xa tia X. Hinh 2 12 két qua ctia phép do voi cac
mang ché tao dya trén hai loai miu dd-1 va dd-2. C6
thé thy, ca hai loai mang déu thé hién cu truc
hexagonal wurtzite dién hinh cua tinh thé ZnO voi
cac dinh (peak) phé tai cac goc nhiéu xa 31,8 34,4°
va 36,2°, twong tng cac mit tinh thé (100), (002) va
(101). Cuodng dd cuc dai nhidu xa manh hon tuong
{mg d6 day 16n hon ctia mang ciing nhu ndng do pha
tap Al.

4 lop, 1% Al

Lin (Cps)

210p.2% Al | i}
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(b)

Hinh 2: Pho6 nhidu xa tia X ctia miu mang AZO ché tao bang dd-1 (a) dd-2 (b)

Su hién dién cua ca 3 dinh phé tai 3 goc nhiéu xa
noi trén duogc hiéu 1a do dinh huéng ngau nhién cia
céc hat nano tinh thé. Ddi véi mang ché tao tir mau
dung dich 2, dinh hudéng theo mat (002) c6 su uvu
tién ro rét hon. Do 1a boi vi mat (002) cé nang lugng
tu do nén cac hat tinh thé s& phat trién doc theo truc
¢ nhanh hon so véi cac phuong va mit tinh thé khac.
Su xuat hién dinh phd theo dinh huéng mat (101)
thé hién ciu trac kiéu chop tur giac (pyramid) déi voi
cac mang ché tao tir ca hai loai dung dich. Sy hién
dién cua vo dinh hinh trong phé nhiéu xa c6 thé do

IMS-NKL x200k SE(M)

(@)

anh hudng cia cau trac dé. Trén co so phd nhiéu xa
tia X co thé xac dinh kich thudc hat tinh thé trung
binh bang cong thirc Paul Scherrer.
A
wsino

Trong d6, w 12 d6 rong & phan giita cac dinh pho
(Full Width at Half Maximum - FWHM) tuong ung
goc nhiéu xa @ va A 1a budc song tia X. Dua vao
cong thirc nay, kich thude hat trung binh dwgc tinh
toan trong khoang tir 12 dén 14 nm.

IMS-NKL x150k SE(M)

300nm

(b)

Hinh 3: Anh FESEM ctia mau mang AZO ché tao bang dd-1 (a) dd-2 (b)
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Hinh 3 14 anh hinh thai hoc bé mit cic mang
AZO da ché tao nhan dugc tir thiét bi FESEM. C6
thé thdy rd 14 hat tinh thé trong cdu trac mang chu
yéu c6 hinh dang gidng hat gao, v6i d6 dai khoang
tir 30 dén 50 nm va bé ngang khoang tir 15 dén 20
nm, khé twong thich véi két qua tinh toan kich thudc
trung binh hat tinh thé dya trén phd nhiéu xa tia X ¢
trén. Mang ché tao sir dung dd-1 ¢6 cau trac xSp hon
so voi mang ché tao tir dd-2. Thir nghiém hoa tan
hdn hop 2 mudi trong etylen glycol va dua thém
glycerin nham muc dich tang d6 nhét cua dung dich.
Tuy nhién, dung dich tong hop theo quy trinh 2 cho
d6 nhot t6t hon. Do ¢ thé 1a két qua cua qua trinh
say so b0 ZnAC trude khi hoa tan da loai bo bot
duogc nudc, yéu td anh hudng dén mat do mang sau
khi nhiing va xur 1y nhiét. Nhu vay, viéc hoa tan hai
mudi trong dung méi 2ME véi vai trd 12 chéat on
dinh cho hiéu qua t6t hon quy trinh 1 tong hop dung
dich.

Ca hai phép do khao sat tinh chét dién gdm phép
do x4c dinh dién trd mang va hé sd Seebeck, déu
dugc thuc hién trong pham vi tir nhiét d6 27 °C (300

1.1

1 [m}
104
1 & Mang AZO pha 2% Al
09+ o 5 Mang AZO pha 1% A
0.8
’?D 4
£ 074
E 4 o
a 0.6+ m] -
= o0s5] 4 o o
S ° o
L 04-
& 034
l &
02
0_]: A A A
J A A A i
e
250 300 350 400 450 500 550 600 650 700
T(K)
(a)

Trinh Quang Thong va cong sw

K) dén 400 °C (673 K). Chi cac mau mang ché tao
tir dd-2 duoc lya chon dé do voi cac ndng do pha tap
2 % va 1 % can ct vao két qua chup anh FESEM.
Dién trd vudng do duge clia mau 2 % ndi chung
nho hon so véi mau 1 % (hinh 4a). Thong s nay tot
hon dbi v6i mang pha tap nong do Al 2 %, cu thé
R~ 10° Q/vuéng & nhiét d6 phong va giam xuong
mot béc, tae la R ~ 10° Q/vudng & 673 K. Thyc té,
tri s6 ndy van con kha 16n so v6i muc dich ung dung
mang cho hiu (ng nhiét dién. Bay co thé duge hiéu
1a do kich thudc hat con nh6 va van con cac cau trac
rong trong mang dan t&i lam giam d6 linh dong dién
tir do tai cac bién hat. D6 dan dién cua vat liéu s&
duoc xac dinh tir két qua do nay, cu thé o= p* =
Ry XA, trong do, A la thiét dién mat cit ngang
mang. Nhu thé dé giam dién trd mang tirc 13 ting
tinh chéat dan dién cua mang ché tao tir dung dich
dugc thi phai cai thién didu kién tong hop dung dich
va co thé can nang nhiét d6 nung u tinh thé hoa lén
thém chat it. Piéu d6 s& lam ting kich thudc hat va
lam gidm hiéu Gng tan xa dién tu tai bién hat.
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Hinh 4: Bién tr& (a) va hé s6 Seebeck (b) cia mang AZO

Két qua phép do h¢ sb Seebeck duoc trinh bay &
hinh 4b. Phép do dugc thuc hién trén co sé do chénh
1éch thé nhiét dién AV tai trén hai dién cuc nam & hai
dau ciia mang AZO, ma mot dau c6 nhiét do cao hon
so v6i ddu con lai mot khoang chénh léch AT ~ 20
°C. Gi4 tri thip nhat va cao nhit cua théng s6 nay
xéac dinh duoc tir phép do 1an luot 13 125 pV/K va
220 pV/K véi mang AZO co ndng d6 pha tap Al

1%, 100 pV/K va 165 pVI/IK véi _mang 2 % pha tap
Al. Thong sé nay nhé hon véi nong do pha tap 16n
hon do h¢ qua tinh chat dan dién va tinh chit dan
nhiét c6 mdi lién hé khing khit déng bién véi nhau.
Mic du hé s§ Seebeck co gia tri kha tbt nhung d6
dan dién cia mang con thap hon mong doi din dén

hi€u suat chuyén d6i chua dat yéu cau nhu mong
muon.

4. KET LUAN

Trong nghién cuu nay, dung dich ZnO pha tap Al
VGi cac ndng do 2 % va 1 % khdi lu:ong da dugc tong
hop bang phuong phéap sol-gel ¢ thay d6i mot sb
diéu kién phan ung va dung mdi khac nhau trong hai
quy trinh tong hop. Mang mong AZO da dugc ché
tao trén dé thay tinh bang phuong phap nhung phu,
st dung dung dich téng hop dugc tir hai quy trinh do.
Céc dac trung co ban cua vat liéu AZO da duogc khao
sat va nghién ctru. DA quan sat thiy pha cu tric tinh
thé dién hinh hexagonal wurtzite cia ZnO ciing nhu
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sy hinh thanh cac hat tinh thé trong cac phép do
nhiéu xa tia X va anh FESEM. Piéu d6 cho thay su
thanh cdng trong viéc ché tao vat liéu AZO ciu trdc
nano tir qua trinh tong hop dung dich bang phan ung
sol-gel. Mang AZO dat duoc nhiing yéu cau co ban
dé vé kha nang dan dién va dic biét cd hé s6 Seebeck
khé tt dé c6 thé dinh huéng tng dung trong linh vic
ché tao linh kién nhiét dien. Tuy nhién, quy trinh
téng hop van can phai dugc cai thién dé cé duoc vat
lieu c6 kha nang dan dién tot hon, hé qua 13, s& cho
phép ting dwoc hiéu suat chuyén ddi niang lugng
nhiét thanh dién. C4c nghién ctiru nang cao co thé s&
tap trung vao viéc thtr nghiém céc dung méi phan
g khac hoic tim kiém cac kim loai khéc cho qua
trinh pha tap, vi du Ag hay Cu.

Loi cam on. Nghién ciu dwoc thuc hién trong
khuén khé Dé tai nghién ciru khoa hoc co bdn
NAFOSTED mad sé6 103.02-2013.52. Cdc tdc gid cam
on su hé tro ciia Bé mén Héba vé co, Khoa Héa hoc,
Trueong Pai hoc Sw pham Ha Ngi tgo diéu kién dé
trién khai cdc nghién civu co ban ciia dé tai.
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