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Tom tat

Bang phuwong phép 6xi héa nhiét tAm sét & nhiét d6 300 °C - 500 °C trong khéng khi, thanh nano 6xit s&t
duwoc ché tao thanh cong. Hinh thai va cu tric cta vét liéu nano Fe2O3 duwoc nghién ciru bdng phuong
phép hién vi dién tir quét va nhiéu xa tia X. Pdc tinh nhay khi cta thanh nano Fez20s duroc khdo sat trén hé
do khi tinh & nhiét dé lam viéc trong dai nhiét dé vung tir 300 °C dén 500 °C véi cac khi C2HsOH,
CH3COCHSs, LPG va NHs. Két qua thu duroc vat liéu thanh nano Fe203 cho dé nhay cao va dap (ng tét véi
khi CHsCOCH3s. D6 nhay thu dwoc I6m nhét 19 lan véi khi CH3COCHs & néng dé 1000 ppm va nhiét dé

400 °C.

Tl khoa: Fe203, thanh nano, dxi hda nhiét, cadm bién khi

Abstract

Iron oxide nanorods were synthesized by thermal oxidation of iron foil in the air at 300 °C - 500 °C. The
scanning electron microscopy (SEM) and X-ray diffraction (XRD) were used to investigate the crystal
structures and morphologies properties of the Fe20s nanorods. The gas sensing properties of the Fe203
nanorods were investigated using a static-gas measuring system in a range of 300 °C - 500 °C with the
target gases of C2HsOH, CH3COCHs, LPG, and NHs. The results show that Fe2O3 nanorods possess high
sensitivity and selectivity toward CH3COCHSs. The highest response of 19 was recorded with 1000 ppm
CHsCOCH: at the operating temperature of 400 °C.
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1. Gié6i thiéu

Dau nhitng nam 1950, nhém K. G. Compton da
quan sat théy hién tugng moc soi trén bé mit kim loai
bang qua trinh 6xi hoa nhiét, nung nong tim kim loai
¢ nhiét do cao trong khong khi [1,2]. Hién tuong nay
da mo ra mdt hudng nghién ctru mdi cho cac nha
khoa hoc béi wru diém quy trinh don gian, gia thanh ré
ddng thoi gitup ché tao cac vat lidu nano oxit kim loai
v6i s6 lugng 16n va do dong déu cao [3,4]. Bing
phuong phap 6xi hdéa nhiét & nhiét do cao trong
khong khi, mot s6 vat liéu da ché tao thanh cong nhu
day nano CuO [3,5], ddy nano Fe;Os [6], tim nano
Co0304 [7] va thanh nano WOs [8].

Vit lidu 6xit sat c6 thé duoc ché tao bang nhiéu
phuong phép nhu 1a: phuong phap ling dong pha hoi
vat ly, phuong phap hoa uét, phuong phap sol-gel,
phuong phap dong két tua, phwong phap vi nhii
tuong, phuong phép nhi¢t thuy phan [9,10] vv... Tuy
nhién, ching t6i lya chon phuong phap 6xi hoa nhiét
dé ché tao vat liéu day nano sit o6xit vi phuong phap
nay don gian va c6 thé thyc hién trén quy mé 16n véi
d6 ddng déu cao.
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Oxit st da va dang dugc st dung rong rii trong
cac linh vyc nhu xuc tac, pin nang lugng, pin mat
troi, 16p phu khang khuan va cam bién khi [11-16].
Trong linh vyc Ung dung lam cam bién khi, cac
nghién ctru vé ché tao s6 luong 16n vat li¢u nano 6xit
kim loai véi d6 dong déu cao va hinh thai nhu mong
mudn van dang 1a chu dé duoc cac nha khoa hoc trén
thé gidi dac biét quan tam.

Trong nghién ctru nay, chung t6i dua ra quy
trinh tong hop thanh nano Fe,Os tryc tiép tir kim loai
st dong thoi khao sat dic trung nhay khi cua vat ligu
nay sau ché tao.

2. Thuc nghiém

Tam sit c6 do tinh khiét 99,9% duoc mai nhén,
xtu i bang CH;COCH; va ethanol dé loai bo 1op
mang chong gi va cac tap chét trén bé mat. Sau do,
tam sit duge dua vao 16 ¢ nhiét & nhiét d6 300 °C va
thoi gian 6xi hoa dugc dat la 96 h. Sau khi ché tao
duoc 16p mang 6xit trén bé mat, miu duoc phan tich
bang phuong phap nhiéu xa tia X (XRD; XPERT-
PRO) va hién vi dién tor quét (SEM; JEOL JSM-
7610F).

Dé nghién ciru dic trung nhay khi cia miu sau
khi ché tao, chang t6i rung siéu am mau trong dung
dich C,HsOH, dé tach va phan tan phan Oxit st trén
bé mit tim sit. Sau d6, dung dich nay dwoc nho phi
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1én trén bé mat dién cyc rang lugce Pt (kich thudce khe
rang luoc 12 20 pm trén dé SiO,/Si) hinh 1. Céc dién
cuc sau khi phu vat liéu dugc G ¢ 400 °C trong 2 h
trude khi khao sat véi cac khi C;HsOH, CH3;COCH3,
LPG va NHs.
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Hinh 1. Anh cam bién sau khi ché tao s dung dién
cuc rang lugc Pt.

. Cac dac tinh nl}ay khi ctia miu dugc khao sat
bang hé do khi tinh. O day tin hiéu 1a dién trg cua 16p
vat li¢u nhay khi.

S = Rair /Rgas (1)

trong do:
- Ruir 12 dién tro cia mang cam bién trong khong khi.

- Rgus 12 dién tré ciia mang cam bién khi xuét hién khi
thur.

Cung voi do nhay, kha nang chon loc va cac yéu
t6 khac nhu nhiét do lam viéc, thoi gian dap ung va
hdi phuc ciing 1a cac thong s6 duoc khao sat trong bai
bao nay.

3. Két qua va thao luin

Hinh 2 1a két qua XRD cua tim sit dugc nung &
300 °C. Trén phd XRD cua mau, dinh nhidu xa &
44,9° iing v6i mat (011) 1a dinh dac trung cua Fe [Ma
JCPDF s6 96-900-6604]. Cac dinh nhidu xa con lai
ctia mau & 30,2°, 33,9°, 35,5°, 43,4°, 53.8°, 57,6°,
62,7° va 65,1° déu pht hop vai cac mit (220), (310),
(311), (400), (422), (511), (440), (530) cua Oxit sat
a-Fe;O; [Ma JCPDF s6 00-004-0755]. Khi néng
nhiét d¢ nung 1én 400 °C va 500 °C, phé XRD cua cac
miu nay xuat hién thém cic dinh nhiu xa nho &
37,1°, 43,0° va 62,7° twong ung vdi cac mat (222),
(400) va (440) cua pha Fe;04 [Ma JCPDF s6 00-001-
1111]. Két qua nay phu hgp véi nghién ctu cia nhom
L. Liao téng hop céc céu tric nano Fe,0s [6]. Trong
d6, khi 6xi hoéa nhiét & 300 °C miu la oxit sat
a-Fe,0s, trén 300 °C dén 400 °C miu c6 thém pha
oxit sat Fe;Ou.

Két qua khao sat hinh thai bé mat cho thiy bé
mat mau duoc nung & 3()0 "Q (hinh 3a) c‘(') dang thanh
nano phu kin bé mat tam sat voi do dong déu cao.
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Céc thanh nano 6xit st c6 chiéu dai 1 pm dén 3 pm,
bé rong trung binh khoang 50-70 nm, dinh hudng
moc theo phuong thing dimg vudng goc voi bé mat
mau. Khi ting nhiét d6 nung 1én 400 °C - 500 °C (hinh
3b-c), cac tAm nano véi kich thude trung binh 500 nm
da xuét hién v6i mat do day dac. Qua trinh chuyén dbi
hinh thai tir thanh sang tim nano Fe,Os khi nung tim
sit & nhiét do trén 300 °C da dugc ly gidi trude d6 [6].

——T=500°C

L] L ]
o ——T=400°C
A ——T=300°C

Cwing d8 (a.u.)

40

20 ()
Hinh 2. Phé XRD cua thanh nano 6xit sit Fe,O3 ché
tao béng phuong phép 6xi héa nhi¢t & 300 °C (a),
400 °C (b) va 500 °C (c).

20 70

Vit liéu thanh nano oxit a-Fe,O; duoc nhiéu
nhom cac nha khoa hoc quan tdm nghién ctu va tng
dung 1am cam bién nhay khi [17]. N6 Ia chit ban dan
loai n ¢6 ning lugng ving cdm E,=2,1 eV va la chat
oxit sit on dinh nhat trong didu kién moi truong xung
quanh [17]. Trong thi nghiém ctia chiing toi, mau sat
nung & 300 °C cho két qua ché tao vt liéu nano thanh
Fe,03 don pha. Do d6, mau nay dwoc chon dé khao
sat dac tinh nhay khi. Hinh 4 1a két qua do nhay khi
phu thude nhiét d6 véi cac khi C;HsOH, CH3COCH3,
LPG va NH3 ¢ nhiét ¢ lam viéc trong vung 300 °C
dén 500 °C v&i ndng do cac khi déu 1a 1000 ppm.

Két qua khao sat tinh chat nhay khi cia mau cho
thiy, vat liéu dap tmg tot nhit voi khi CH;COCH; &
nhiét d6 400 °C, d6 dap tmg ¢ ndng d6 khi 1a 1000
ppm 1a khoang 19 1an. Trong khi d6 do dap ung &
cung nong v6i C.HsOH d6 tét nhat khoang 7 lan, voi
LPG va NH; thi hdu nhu khong nhay. Két qua nay
cho théy mau thé hién tinh chon loc v&i khi
CH;3;COCHs.

Hinh dang thanh tao 16p x0p trén bé mit 6xit rat
16n lam tang kha nang phan ung gilta khi thu voi
(Oy, O, O¥) nén do nhay ciia cam bién ting. Trén bé
mat oxit ban dan kim loai, 6xi ngoai moi trudng cod
thé duoc hép phu vat Iy va hoa hoc theo cac phuong
trinh sau [18]:

0,(gas) <> O,(ads) 2
O, (ads)+e” <> O, (ads)(T <100 °C) 3)
O, (ads)+e” <> 20 (ads)(100 °C <T <300 °C) (4)
O (ads)+e” <> O™ (ads)(T > 300 °C) 5)
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Hinh 3. Anh FE-SEM bé mit tim sét sau khi nung &
300 °C (a), 400 °C (b), 500 °C (c) trong 96 h.

Khi vat liéu tiép xac v6i khi khir nhu
CH3COCH; hodc C,HsOH. Sé xay ra phan ung gitra
cac khi nay véi cac ion (02, O va 0%) tao thanh CO,
va H,O ddng thoi giai phong cac dién tir lam tang do
dan cua thanh nano sit 6xit. Cac qué trinh nay duoc
mo ta bdi phuong trinh 6 va 7 [19]:

(6)
(7

CH,COCH, +40, <> 3CO0O, +3H,0+4e”
C,H,OH +30; <> 2CO, +3H,0+3e”

Khi tang nhiét do lam viéc lam tdng kha nang
khuéch tan cua khi C;HsOH. Piéu nay khién cho do
dap tmg khi cua cam bién tang khi nhiét d6 lam viéc
16n hon 300 °C. Khi nhiét @0 lam viéc tiép tuc tang do
oxi hap phu trudc do bi giai hap phu khoi bé mit vat
li¢u thi d6 nhay s& giam dan.

20F (a) 8 300q]
- 45000
% 15 s/ SUDOC-
V4
3 :
& 10 :
@A o -
0 120 240 360
Thoi gian (s)
20 B L] L] v L] v L] v L]
Il Acetone
18 (b) =E’t3h§nol
< °F I 3
QE 14k
o0 12
< f
o0 L
£ .
\% 4
[ I
0
300 350 400 450 500
Nhiét do (°C)

Hinh 4. Két qua do nhay khi trong dai nhiét d¢ 300-
500 °C, véi 1000 ppm CH3COCH;3 (a) va dd thi so
sanh dap mg khi ciia mau véi mot sd khi khac nhau
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Hinh 5. Két qua d6 ldp lai khi phu thudc nhiét do vai
1000 ppm CH;COCH3; 6 400 °C.

Tur cac két qua trén cho thiy thanh nano 6 xit st
nhay nhat v6i khi CH3COCH3 ¢ nhiét d6 400 °C do
d(’)‘ chung toi tiéq hanh khéo sat do lap lai cﬁa’méuf"r
dieu kién nay. Ket qua khao sat (hinh 5) cho thay mau
c6 d¢ lap lai cao, cac xung kha giong nhau va dong
déu.
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Thoi gian ddp tng va hdi phuc cua miu &
400 °C v6i 1000 ppm CH3;COCH; duge thé hién trén
hinh 6. Két qua cho thay thoi gian dap g 14 24 s va
thoi gian hoi phuc 14 38 s.
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Hinh 6. két qua do nhay khi phy thudc nhiét d¢ voi
1000 ppm CH3COCH3; ¢ 400 °C.

100

Béng 1. So sanh thoi gian dap tng hdi phuc ctia thanh
nano Fe,Os3 nhay khi CH3;COCH3.

Nhiét T?a‘: s
o 6 lam g : Tai liéu

Vit liéu vide bap ng tha}n

oc / hoi khao

(°C) phuc

0.6% CNT & Fe203 220 40 - 44 [20]

Ong nano a-Fe>0;3 2712 40 - 13 [21]

0-Fe203/Sn0O2 HNAs 340 14-70 [22]

0-Fe203/CuO NRs 400 80 - 80 [23]
Thanh nano o-Fex0s | 400 24.3g | Nehién
cuu nay

Thoi gian dap ung va thoi gian hdi phuc cia
thanh nano o-Fe>O; ciing tuong duong so véi cac
mau c6 hinh thai khac nhu trén bang 1. Véi két qua
trén mau c6 kha ning mg dung lam cam bién nhay
khi.
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Hinh 7. Két qui do nhay ctia mau theo nong

CH;3COCH; cua thanh nano Fe;O3 ¢ 400 °C.
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Hinh 7 cho théy su phu thudc gitta d6 nhay cta
mau theo ndng d¢ khi aceton ctia thanh nano Fe,O3 &
nhiét do t6i wu 400 °C. D6 nhay cia mau do co xu
huéng ting tuyén tinh v6i ndng do khi CH;COCH;.
Két qua nay cho thay thanh nano Fe,Os ché tao bing
phuong phép oxi hoéa nhiét kim loai sit 1a mot tmg
vién t6t 1am cam bién aceton.

4. Két luan

Béng phuong phap 6xi hdéa nhi€t, cic thanh
nano o-Fe>O3 c6 hinh dang chidu dai 1 um dén 3 pm
da duoc ché tao thanh cong. Khi nang nhiét d6 tu
300 °C 1én 400 °C - 500 °C, cac tAm nano Fe,O; da
xuét hién thay thé cac thanh nano Fe,Os. Tuy nhién,
cac mau dugc nung ¢ 400 °C - 500 °C da xuét hién
thém pha Fe;O4. Thanh nano a-Fe,Os thé hién tinh
chon loc véi khi CH;COCH; tai nhiét d6 lam viée tdi
uu 400 °C. B nhay cao nhét mau nay ghi nhan duoc
1a 19 lan. Thoi gian dap ung hdi phuc cia mau lan
luot 14 24 s va 38 s. Thém vao d6, hoat dong 6n dinh
clia cam bién va kha ning bién ddi tuyén tinh cta dap
{g theo ndng d6 CH;COCH; cho thay thanh nano o-
Fe>Os ché tao bang oxi hoa nhiét tAm sat c6 kha ning
g dung 1am cam bién aceton.
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