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Synthesis of Mesoporous In,Os Nanocubes for H, Gas Sensor Applications

Pham Vin Tong ", Lwu Hoang Minh', Bui Quang Thanh', Chir Manh Hung’
"Trwong Pai hoc Xay dung (NUCE) - 86 55 Gidi Phong, Hai Ba Trung, Ha Ngi
2Truwong Pai hoc Bach khoa Ha Ngi — S6 1, Pai Co Viét, Hai Ba Trung, Ha Nji

DPén Toa soan: 08-3-2019; chép nhén ddng: 20-01-2020

Tom tat

Vét lidu nano In20s c6 céu tric hinh thai dang khéi Iap phuong xép duoc ché tao bdng phuong phép phén
trng thay nhiét don gian, gia thanh thdp, khéng st dung khuén mém va két hop véi qua trinh x& ly nhiét.
Hinh thai va cu tric tinh thé cda vét liéu nano In203 da duoc khdo sat bang kinh hién vi dién tir quét
(SEM), kinh hién vi dién ti truyén qua (TEM) va gidn db nhiéu xa tia X (XRD). Cam bién khi da duoc ché
tao bang phuwong phép nhé phi va khdo sét tinh chét nhay khi véi khi chdy né H: tai cac nhiét d6 lam viéc
khéc nhau. Két qué cho théy, cam bién cho do dap umng cao nhét tai nhiét do lam viéc 350 °C, & néng d6
1000 ppm khi Hz dO dap tng Rari/Rgas cO gid tri bdng 2,3 Ian. Cam bién c6 thoi gian dap tng/héi phuc nhé (5
s/45 s) va dé 6n dinh rét tét sau sdu chu ky mé/déng khi lién tiép.

T khéa: Cam bién khi, Khéi nano In203, nano In203 x6p
Abstract

Mesoporous In203 nanocubes were synthesized through a simple, low-cost hydrothermal method without
using soft template, followed by calcination. The morphology and crystal structure of the In203 nanocubes
were examined by scanning electron microscopy (SEM), transmission electron microscopy (TEM), and X-ray
diffraction (XRD). The gas sensors were fabricated by drop casting method and tested over flammable and
explosive Hz gas at different temperatures. The best performance was found at working temperature of
350°C with the highest response of 2.3 to 1000 ppm H. The sensor showed fast response/recovery time (5

s/45 s), and good stability after six consecutive measurement cycles.

Keywords: Gas sensing, In203 nanocubes, mesoprous In203

1. Téng quan

Hydro (H,) dugc du bao s& tré thanh ngudn
ning lugng xanh tai tao thay thé cho ngudn ning
luong hoéa thach trong tuong lai, dugc sir dung trong
nhiéu linh vuc khic nhau nhu: pin nhién liéu, may
phat dién, hang khong [1, 2]. Tuy nhién, H, la chat
khi khong mui, khong mau, nhe va c6 thé gay chay
n6 & ndng do thé tich tir 4% dén 75% trong khong khi
[3, 4]. Su 10 ri khi hydro c6 thé xay ra va dan dén cac
vu chay n6 gdy hau qua nghiém trong, ching han vu
nd ctia 16 phan tng hat nhan & Fukushima (Nhat Béan)
nam 2011 do sy giai phong hydro trong qua trinh sac
lai pin nhién liéu [5]. Do vay, can phai phat trién cac
bd cam bién H; véi chi phi thdp, hiéu qua, st dung
trong thuc té dé canh bao som sy ro ri khi H, ciing
nhu trong qua trinh san xuét, luu trit va van chuyén.
Cam bién khi trén co so vt liéu oxide kim loai ban
dan 13 sy lya chon déy htra hen cho viéc phat trién cac
bd cam bién hydro cho d6 nhay cao, chi phi thip va
d& tich hop trong céc thiét bi dién tr didu khién don
gian. Indium oxide (In,Os3) thé hién 1a mot oxide kim
loai ban din loai n c6 ving cdm rong (3,6 eV), thé

* Dia chi lién hé: Tel.: (+84) 983237800
Email: tongpv@nuce.edu.vn

46

hién tinh chit dién va quang diy hira hen [6]. Pic
biét, In,O; da dugc tmg dung dé phat trién cac cam
bién khi doc nhu NH, HaS va Cly [6, 7]. Trong
nhitng nadm gan bang nhiéu phuong phap tong hop
khac nhau, nhiéu cu triic nano cua In;Os véi nhiéu
hinh thai khac nhau da duogc tong hop [8, 9]. Inx03
Vv6i cu triic xdp, ¢6 dién tich riéng bé mat 16n va dic
biét thich hop cho viéc hap phu va khuéch tan nhanh
céc phan tir khi, khién no tré thanh vat liéu ddy hua
hen dé phat trién cac bo cam bién khi co thé phat hién
céc khi myc tiéu & dai ndng do thap.

Trong nghién ctru ndy, chung t6i tép trung vao
ché tao vat liéu In;O3 6 cau trac nano bang phuong
phap thuy nhiét, ddng thoi khao sat tinh nhay khi Hy
va danh gia tinh chon loc ciia chung v6i mot sé loai
khi khac. Day la phuong phap kha don gian, khong
yéu ciu hé chan khéng hay cac kim loai quy hiém
lam xuc tac. Ngoai ra, phuong phap thuy nhiét cho
phép ché tao s6 luong 16n vat liu (c& gram) voi gia
thanh thap.

2. Thuc nghiém
2.1 Ché tgo vit liéu

Hoa chat ché tao bao gdm nudc khir ion, mudi
InCl3, Urea. Cac héa chat st dung déu la hoéa chat co
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do se_}ch co 99.99%‘. Quy trinh ché tao vat liéu InyOs
c6 cau trac nano bang phuong phéap thuy nhiét dugce
md ta trén Hinh 1.

[1g nC141,0| | S0m1H,0 || 1gUrea |

\

-
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180°/12h

v
Rira sach va siy kho
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]
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Hinh 1. Quy trinh ché tao vat liéu nano In,O3 cb cAu
tric khoi 1ap phuong

Mubi InCl;.4H,0 (1 g) duoc hoa tan trong 50 ml
nude khir ion ¢ nhiét d6 phong bang may khudy tir,
sau d6 cho thém 1 g Urea va tiép tuc khudy thém 10
phat. Dung dich thu dugc chuyén vao binh phan tng
bang teflon ¢6 dung tich 100 ml va c6 vé chiu ap suat
bang thép khong gi. Qua trinh thiy nhiét dugc tién
hanh & nhiét do 180 °C trong khoang thoi gian 12 h.
Sau khi tién hanh thuy nhiét, vat liéu ché tao dugc thu
lai bang may quay ly tdm va rira sach bon lan bing
nude khir ion va hai lan bang dung dich ethanol. Vat
liéu thu dugc sau khi quay ly tim va siy kho & nhiét
d6 60 °C trong moi truong khong khi trong 24 gio.
Cubi cung, vat liéu duoc xur 1y nhiét & nhiét d6 600°C
trong 2h dé thu dugc hop phan cubi cing 1a InyO;.
Hinh dang, cu trac tinh thé cia vat liéu da duge
nghién ctru bang cac phép do nhu anh hién vi dién tir
quét (SEM - JEOL model 7600F), anh hién vi dién tir
truyén qua (TEM - JEOL model 2100F) va gian do
nhiéu xa tia X (XRD- Bruker D8 Advance) sir dung
budc song CuKa (4 = 0.15406 nm).

2.2 Ché tao cim bién

Pé danh gia tinh chét nhay khi cua vat li¢u, 20
mg vat liéu thu dugc sau qua trinh thiy nhiét, dugc
phan tan trong dung dich ethanol bang rung siéu am
cuong do6 thap. Hon hop duge nhoé phi 1én dé SiO; ¢o
san dién cuc rang lugc Pt c6 do day khoang 200 nm,
v6i khoang cach giira cac dién cuc 1a 20 um, mdi dién
cuc ¢ 15 rang luge. Cudi cing cam bién duogc xir Iy
nhiét tai 600°C trong 2 gio voi tc do gia nhiét
5°C/phut dé dam bao tinh 6n dinh dién tro clia cam
bién, sau d6 16 tu dong tit va ngudi tw nhién v& nhiét
d6 phong, thu dugc cam bién.

Dic trung nhay khi cua cam bién dugc nghién
clru béng cach do sy thay ddi dién tré cua vat lidu
trong moi truong khong khi va méi truong khi can do
bang phwong phap do dong voi dong chay 6n dinh
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400 sccem. Trong nghién ctu nay, khi dugc lua chon
1a khi H,, do day 1a mot loai khi dé gay chay nd khi
dat trong khong khi. Do dép ung cua cam bién duoc
dinh nghia boi cong thiic S' = Rgus/Ruir, trong d0 Rgas
va Ru;r 1an luot 13 dién tro cua 16p mang vat li€u nhay
khi trong moi truong khi do va trong khong khi. Thoi
gian dap ung 1a thoi gian dién tro cua cam bién dat
duogc 90% gia tri bao hoa (Tresp.g09,) va thoi gian hdi
phuc duoc tinh 13 thoi gian dé dién tré cia cam bién
tro vé va dat dugc 90% gia tri dién tro ban dau
(Trecov.90%)'

3. Két qua va thio luin

3.1. Két qud ché tao vit liéu

3.1.1 Céu truc tinh thé cua vit liéu

CAu trac tinh thé cta vat liéu sau khi 6 xy hoa
nhiét & 600 °C/2 h dugc xac dinh bang phuong phép
nhidu xa tia X (Hinh 4). Két qua phan tich nhidu xa
tia X cho théy, cac dinh nhiéu xa cta vat liéu sau khi
oxy héa nhiét thé hién cau trac tinh thé 1ap phuong
ctia InyOs, pht hop véi thé chuin (JCDPS, 06-0416).
Két qua nay ciing twong dong vdi bao cao ciia Wang
va cong su [10], vat liéu thu dugc sau phan Gng thuy
nhiét c¢6 cdu trac tinh thé 1ap phuong cua In(OH)s.
Khi 6 xy hoa ¢ nhiét d6 trén 450°C, In(OH)3 bi phén
huy thanh In,Os3 va H>O theo phuong trinh phan Gng:

2In(OH)3; = In,05 + 3H,0 1)

Trén gian db nhiéu xa tia X ctia mau sau khi oxy

hoéa nhiét khong phat hién dugc dinh nhiéu xa nao

khac cua In,Os, diéu nay cho thiy vat lidu thu duoc
¢6 tinh don pha.

In, 05, JCPDS 06-0416, space group laj(ZﬂG)‘
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Hinh 2. Gian d6 nhiéu xa tia X cua vat liéu thu duogc
sau khi oxy hoa nhiét & 600°C/2 h.

3.1.2 Hinh thdi cua vdt liéu

Hinh thai cta véat li¢u thu duoc sau qua trinh
thuy nhiét va 6 xy hoa nhi€t ¢ 600°C/Zh trong moi
truong khong khi da dugc khao sat bang anh SEM thé
hién trén Hinh 3.
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Hinh 3. Anh SEM cua vét liéu thu duoc sau qua trinh
thuy nhiét (A, B); va sau khi oxy hoa nhiét & 600°C/2
h (C, D).

Hinh 3 (A) l1a anh SEM cua vat li¢u thu duoc
sau qua trinh thuy nhiét. Hinh thai cta vat li¢u thu
duoc c6 dang céc khéi lap phuong véi kich thudce
khong dong nht, khdi to co kich thudce canh 1én dén
700 nm, con khdi nho chi khoang 300 nm, cac khoi
¢6 kich thuée 500 nm chiém da s6. Anh SEM c¢6 do
phong dai 16n hon cho thiy bé mit cua cac khdi rat
phing va nhin (Hinh 2 (B)). Hinh 3 (C) va (D) la anh
SEM cuia mau sau khi 6 Xy hoa nhiét ¢ 600°C trong
moi truong khong khi. Két qua cho thay, sau khi 6 xy
héa nhiét, hinh thai vat liéu vé co ban van giit dugc
dang cac khdi 1ap phuong. Tuy nhién, bé mat cac
khoi khong con phang va nhin nita, c6 mat xuat hién
cac 16 x6p, do d6 co thé tmg dung vat liéu dé phat
trién cac bd cam bién cho do nhay cao.

Hinh 4. Anh TEM cua khdi nano InyO; xp sau khi
6 xy hoa nhiét 600 °C/2 h.

Dé quan sat rd hon cac 156 xbp, ciu tric xbp cua
vat liéu nano In,Os, ching t6i da tién chyp anh TEM
cia mau sau khi oxy hoa nhiét. Anh TEM Hinh 3(A)
cho thay hinh thai vat liéu thu dugc van c6 dang khbi,
v6i midt quan sat nay khong thdy xuét hién 16 xdp,
kich thudc vao khoang 500 x 500 nm . Con anh TEM
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Hinh 3(B) cho thidy mot 16 x6p c6 kich thude khoang
80x200nm rong giira hai mat ddi dién ciia khoi.

3.2 Tinh nhay khi cia vit li¢u

Tinh chit nhay khi cia cam bién trén co s&
mang nhay khi 1a vat liéu In,O; ché tao, dugc nghién
ctru dbi vai khi chay nd Hy. Hinh 5 1a db thi sy thay
d6i dién tré cta cam bién khi tiép xuc véi khi H, tai
cac nhiét d6 lam viéc 300°C, 350°C, 400°C va 450°C.
Tai méi nhiét d6 lam viéc, cam bién dugc khao sat
v6i bbn ndng do khi H, 1a 100 ppm, 250 ppm, 500
ppm va 1000 ppm. Ket quéa cho thiy, dién tro cua
cam bién giam khi tiép xuc v6i khi Ha va tro vé dién
tr& nén khi ngét khi H, ¢ tit ca cac ndng do va nhiét
d6 1am viéc. Két qua nay c6 thé dwoc giai thich nhu
sau: Hydro la khi khtr nén khi tdc dung véi cac ion
oxy hép phu bé mit (0™, 05) clia mang nhay khi tao
thanh H,O va nha lai dién tir cho cac khéi x6p nano
In;O3 ban dan loai 7 cia mang nhay khi ciia cam
bién, 1am cho néng d6 dién tr cua khoi tang, dién tré
cua mang giam. Phan tmg cua khi H» véi cac ion oxy
hap phu bé mit cac khéi xp InyO; duge mo ta boi
cac phuong trinh sau [11]:

Haz(g) = 2Haas) 2
ZH(adS) + O(_ads) d ZHZO(g) +e” (3)
ZH(adS) + O(za_ds) 4 HZO(g) + 2e” (4)
< 2000
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< -
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1k [B
900 @ 300°C
600
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E so00}
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Hinh 5. Sy thay d6i dién trd ciia cam bién v6i mang
nhay khi 1a vat liéu InoO3 trong moi truong c6 khi Ho
& dai ndng d6 100 - 1000 ppm so v6i khi nén khong
khi lam viéc tai cac nhiét d khac nhau.

D6 thi 6 dap tmg ctia cam bién theo nhiét do tai
cac ndng do khi 100 ppm; 250 ppm; 500 ppm va
1000 ppm khi H, da dwoc tinh toan tir d6 thi Hinh 5
va dugc biéu dién trén do thi Hinh 6 (A). Két qua cho
thdy, tai nhiét d6 lam viéc 350°C, cam bién cho do
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dap tng (Rui/Rgas) cao nhit & ca bdn gia tri néng do
khi H,. Con khi nhiét d6 lam viéc cua cam bién 16n
hon hoic nhé hon 350°C thi d6 déap ng ctia cam bién
déu giam. Két qua nay phu hop véi cong bd cua
Yeon-Tae Yu va cong su [12]. That vay, do dap ung
ciia cam bién tai nhiét d6 lam viéc 350 °C & n6ng do
1000 ppm khi H, cho d6 dap Gng Rui/Reas = 2,3, cOn
khi nhiét do lam viéc 1a 300°C; 400°C va 450°C thi
cam bién cho d6 dap tmg twong ung 1a 1,8; 1,5 va 1,4.
Cam bién co thé phat hién dugc khi H ¢ nong do con
thdp hon 100 ppm, gia tri nay la rét nho so v6i nong
do ¢ ngudng chay nd cua Hy la 4 % (40000 ppm).
Ngoai ra, thoi gian dap tmg cta cam bién ciing réat
nhoé c& vai gidy. That vay, tai nhiét ¢ lam viéc cho
dd dap tmg cao nhat 350°C, thoi gian dap ung
Tresp.90y CUa cdm bién tai ndng d6 1000 ppm khi H,
tinh duogc tir dd thi sy thay dbi dién tré cia cam bién
theo thoi gian co gia tri vao khoang 5 gidy, con thoi
gian hdi phuc Trecov.90% €O gid tri khoang 45 gidy.
Trong k¥ thuat, cac bd cam bién canh béo ro ri khi H,
c6 thoi gian dap tng cang nho cang t6t, do d6 co thé
tang nhiét d¢ lam viéc ciia cam bién dé giam thoi gian
dap ung. Tai nhiét d§ lam viéc 400°C va 450°C &
ndng do 1000 ppm khi Hy, cam bién c6 thoi gian dap
g tuong umg 1a 3,5 va 2,5 gidy, thoi gian hoi phuc
cling giam va c6 gia tri 1a 39 va 30 giay.
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254 e s In,0; @ H, (A)
=2 50ppm
- =@=100ppm
& 2.04
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oF 157
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Hinh 6. Cac d6 thi dac trung nhay khi H, cia cam
bién véi mang nhay khi 1a vat liéu In,O3: (A) Do dap
ung theo nhiét d6 tai cac néng do khi H, khac nhau
va (B) b dap ung theo néng d6 khi H» tai cac nhiét
do lam viéc khac nhau.

Hinh 6 (B) la d6 thi d6 dép tng cua cam bién
theo néng d0 khi H, tai cac nhiét d6 lam viéc 300 °C,
350°C, 400°C va 450°C. Két qua cho thz‘iy do dap ung
kha myén tinh theo dai néng d6 do tai tat ca cac nhiét
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do lam viéc. Piéu nay cho thiy, c6 thé img dyng cam
bién dé tich hop vdi cac mach dién tir tuyén tinh de
xay dung, thiét ké thiét bi do va canh bao r0 ri khi Ho.

Panh gi4 tinh 6n dinh cia cam bién, ching t6i
da tién hanh do do lap lai sau 6 chu ky mo/déng khi
H; cting mot ndng d6 250 ppm tai nhiét d6 lam viée
350°C (Hinh 7). Két qua khao sat cho thdy, cam bién
c6 do lap lai (hay do on dlnh) tét v6i cac chu ky
md&/dong khi so voi khi nen Dleu nay ching to 16p
vét liéu nhay khi c6 do 6on dinh t6t do cac khdi nano
x6p 203 c6 do két tinh tinh thé cao.
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Hinh 7. B9 lap lai cua cam bién véi mang nhay khi la
vt lidu InyOs sau 6 chu ky mé/déng khi H, & ndng do
250 ppm so v6i khi nén (khong khi kho) tai nhiét do
lam viéc 350°C.

Hinh 8. B chon loc cia cam bién khi khao sat voi
cac loai khi khac nhau: H, (1000 ppm), NH; (1000
ppm), CO; (50000 ppm) va CHy4 (5000 ppm) tai nhiét
d6 lam viéc 350°C.

Pé danh gia tinh chon lgc khi cua cam bién trén
co s6 mang nhay khi 1a vat liéu In,Os, chiing t6i da
tién hanh khao sat tinh chat nhay khi cia cam bién tai
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nhi¢t do lam viéc 350°C d6i voi cac khi H,
(1000 ppm), NH3 (1000 ppm), CO, (50000 ppm) va
CHy4 (5000 ppm). B¢ dap tng (Ruir /Rgas) cia cam
bién dbi voi 4 loai khi trén dugc trinh bay trén do thi
Hinh 8. Két qua khéo sat cho thay, cam bién cho do
dap (mg cao nhat ddi v6i khi Hy (2.3 14n) va tiép dén
1a khi NH; (1.7 14n), con cac khi CO; va CHy do &
nong do cao hon gép 5 lan so voi Ha va NH; déu cho
d6 dap g khong dang ké. Pidu nay cho thay c6 thé
ding cam bién trén co s& mang nhay khi 1a khéi lap
phuong nano In,Os dé phat hién va do khi H, va NH;.

4. Két luan

Chung t6i da ché tao thanh céng vat liéu nano
In,03 ¢6 ciu trac xbp béng phuong phap thuy nhiét
don gian, gia thanh thap va khong sir dung chét dé tao
khuén mém. Vat liéu nano In;O; thu dugc sau qua
trlnh thuy nhiét c6 dang cac khdi 1ap phuong x0p
rong va da dugc nghién ctru tmg dung trong cam bién
khi Hy. Céc két qua khao sat danh gia tinh nhay khi
ciia cam bién trén co s& mang nhay khi 1a vat li¢u
dang khéi nano c6 céu trac x6p. Cam bién cho do dap
g tot nhat dbi v6i khi Hy tai nhiét d6 lam viéc
350°C trong dai nong do 100 ppm - 1000 ppm. Ngoai
ra, cam bién c6 thoi dap Gmg nho va do 6n dinh cao,
¢6 thé tmg dung trong cac thiét bj do va canh béo ro ri
khi H,.
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