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TOM TAT

Trong bai bdo nay, tong hop cobalt oxide dang cau réng bang cach nung cac khudn
carbon cau diéu ché tir glucose da duoc trinh bay. Cac vat liéu duoc dic trung
bang hién vi dién tir quét (SEM), nhiéu xa tia X (XRD), dang nhiét hap phu
nitrogen. Két qua cho thay, san pham 1a cc oxide cau rong cé duong kinh tir 300-
400 nm. Cobalt oxide c6 tinh chét nhay khi v6i CO, H2 va NHs tr nhiét d6 150 dén
350 °C. Tinh chat nhay khi cua cobalt oxide duwgc khao sat & cac nong dd khac nhau
cua CO, H2 va NHs. Cobalt oxide cho két qua cam bién t&t d6i véi CO ¢ 250 °C;
NHs ¢ 300 °C ¢ noéng d6 200 ppm va 100 ppm. Do nhay khi d6i véi Hz it thay doi
khi nong d¢ tang tir 250 ppm dén 500 ppm.

Ttr khoéa: Cobalt oxide, NHs, Hz, CO, cdm bién khi.

1. DAT VAN PE

Vit liéu nano oxide kim loai hinh thai cau duoc ting dung rong rai vao nhiéu
linh vieee nhu xdc tac, cam bién khi, dan thude va khong ché su nha thudc [13].

Phat hién va dinh luwgng cdc loai khi trong khong khi véi chi phi thdp dang tro
nén quan trong cho strc khoé, an toan ctia con nguoi cling nhuw dén hiéu qua nang
lwgng va kiém soat khi thai. Trong s6 d6, cam bién dua trén chat ban dan 1a vat lieu
nano dugc stt dung rong rai nhat. Trong s6 cac vat liéu nano, vat liéu cam bién khi loai
n nhu la TiO2[2], Fe20s [7] va SnO: [1]... da dwgc nhiéu nha khoa hoc quan tam. Trai lai
véi vat liéu cam bién loai n thi vat liéu cam bién loai p nhu NiO, CuO, Cos0s, Cr20s,
MnsOs chua duge quan tam nghién ctu va cac cong bd vé vat liéu cam bién nay chi
moi la bude dau. Vi vay chung t6i da nghién ctru khao sat tinh nhay khi CO, Hz va
NHs cua vat liéu CosOs tdng hop ¢ hinh thai cau khi sit dung khudn carbon cau.
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2. THUC NGHIEM

Cac nguyén liéu bao gom glucose (CsH1206.H20, tinh khiét phan tich); Mudi
cobalt (II) nitrate (Co(NOs)2.6H20, tinh khiét phan tich) duwoc mua tir Hang Merck, Dtc.
Ethanol (C:HsOH) dwoc mua tir Hing Guangzhou, Trung Qudc.

Tong hop khudn cau carbon bang phuong phap thuy nhiét glucose ¢ 185 °C
trong 8 gio theo tai liu [8].

Vat liéu nano oxide cobalt hinh cau réng duwoc tdng hop bang phwong phéap
thay nhiét gian ti€p dua theo tai liéu tham khao [8] nhu sau: Hoa tan 0,24 g carbon cau
tong hop trong 80 mL nudc cdt, thém ti€p 1,2 g mudi Co(NOs)2.6H20, khudy déu o
nhiét d6 phong sau d6 dua hon hop vao binh Teflon day kin, thuy nhiét ¢ 185 °C trong
8 giv. San pham duoc loc, rita bang nude va etanol vai lan, sdy & 80 °C trong 6 gio va
nung 550 °C trong 5 gio d€ loai template carbon thu dwgc nano oxide cobalt dang cau
rong.

Thanh phéan pha tinh thé duoc nghién cttu bang nhiéu xa tia X dugc ghi trén
may D8-Advance, Brucker dung tia phat xa Cu Ka vdi A = 1,5406 A. Anh SEM duoc
ghi trén may SEM JMS-5300LV (Nhat) ¢ 10 kV. Pho XPS duoc ghi trén phd ké ESCA
Lab 250 (Thermo Scientific Corporation) véi mdt ngudn tia X don séc ctia Al Ko (1486,6
eV). Dién tich bé mit riéng duwoc xac dinh bang dang nhiét hap phu va khit hap phu
nito thyc hién trén may Micromeritics ASAP 2020. Phan tich dinh tinh bang phd hong
ngoai (IR) trén may TENSOR 37.

Do d9 nhay khi: hoa tan vat liéu CosOs tong hop trong ethanol roi dung
micropipet nhé phu trén dién cuc rang luoc. Sau dé u 6 600 °C trong 5 gio. Khi do la
CO, Hz va NHs ¢6 nong d6 khao sat trong khoang 1 ppm — 500 ppm & nhiét d6 200 °C,
250 °C, 300 °C, 350 °C. Toc do dong khi do va khéng khi duoc gitt khong doi 1a 200
(cm?/pht). Thoi gian do ctia mdi ndng d6 khi 1a khoang 200 gidy dé twong tac khi véi
bé mat dién cuc dat trang thai bao hoa. P nhay khi S ctia ban dan loai p duoc xac dinh
S = R¢/Rs, v6i Rg, Ra tuong ting 1a dién trd ctia khi can do va cua khong khi [6]. Dién trd
duoc ghi tu dong khi dua khi vao bdi chwong trinh phan mém Keithley cia mdy tinh
duoc két n6i véi may do.

3.KET QUA VA THAO LUAN
3.1. Tong hgp khung carbon

Anh SEM & Hinh 1 cho thdy carbon téng hop 1a nhitng qua cu tuong ddi dong
déu, bé mit nhan véi duong kinh khoang tir 200 dén 300 nm.
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IMS-NKL 5.0kV 4.4mm x80.0k SE(M) 500nm IMS-NKL 5.0kV 4.4mm x10.0k SE(M)

Hinh 1. Anh SEM ctia carbon cau.

Gian d6 nhiéu xa tia X hinh 2 cho thay nano carbon téng hop ¢ dang vo6 dinh
hinh
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Hinh 2. Gian d6 XRD cua carbon cau téng hop.

Pho hong ngoai IR (Hinh 3) dung dé€ xac dinh su c6 mat cac nhém chic cua
carbon cau tong hgp. Dai hap thu ¢ sd song 1707 cm! va 1618 cm! twong tng véi dao
dong ctia nhém C = O va C = C dugc cho ¢ vong thom cta glucose. Dai hap thu 6 s6
song 1400 — 1026 cm™ 1a do dao dong hoa tri cia nhém C-OH va dao dong bién dang
cta nhém OH diéu d6 cd nghia la ton tai mot s6 lugng 16n nhom hydroxyl trong san

phdm carbon cau tong hop [8], [9].
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Hinh 4. Dudng dang nhiét hap phu- giai hdp vat 1y nito.

Hinh 4 cho biét carbon cau tong hop c6 dang dudong dang nhiét hap phu loai
IIT (theo TUPAC) cho biét cac carbon cau tong hop la khong x0p, dién tich bé mat BET
Seer = 10,7 m?/g hay cac qua cau carbon duwoc sdp x&p chit khit va khong ton tai mao
quan gitra cac qua cau carbon. Puong hap phu va khtt hdp phu trung nhau ¢ ty 1€ ap
sudt twong ddi 1on.

Khi thay nhiét thi cac glucozo loai nedc va polyme hda vdi nhau, trong d6 mét
phéan bi khtt nhém —OH tao thanh lién két cong hoa tri v6éi carbon ¢ vong thom tao
thanh cac vi cau bén va bé mat wa nudc thuan loi d€ lam template c6 cau trac lai hop
16i/v6 hay vat liéu rong/xdp.

3.2. Tong hgp nano oxide cobalt trén tenplate carbon cau

Hinh 5 la anh SEM cua oxide cobalt tong hgp trén template carbon cau, cho
thay vat liéu tong hop la nhitng hinh cau, khong tron nhén la do ¢ nhiéu hat nhé tap
hop lai thanh qua cau 16n ¢6 hinh dang twong tw nhu hinh carbon cau ban dau. bBiéu

nay cho thady mot sw chuyén pha tir cac ion kim loai hap phu dang long téi mang oxide
kim loai day déc trong cac cau rong.
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m IMS-NKL 2.0kV 5.0mm x100k SE(M)

Hinh 5. Anh SEM ctia oxide cobalt & céc ty 1é s6 mol carbon cau.

Gian d6 nhiéu xa tia X (Hinh 6) ctia oxide cobalt tong hop xuat hién cac pic
nhiéu xa theo JCPDS s6 00 — 042 — 1467 ctia pha tinh thé CosOs cubic. C4u trtc tinh thé
cta nano oxide cobalt duoc thé hién trén gian d6 XRD ¢ Hinh 6 cho thdy cac ion cobalt
da duoc hoa tan déu trong 16p v wa nude cua cac hat carbon va phan tan vao trong
vo nhu cum vo dinh hinh.

Tt gian d6 cho thdy thanh phan cta nano oxide cobalt chiém loai khoang chu
yéu la:

Tén khoang Chiém (%) Cau truc tinh thé
Quartz (CosOa) 72,83 % Cubic

Lin (Cps)

Hinh 6. Gian d6 XRD cuia Co3Os tong hop.
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Hinh 7. Gian d6 TGA ctia CosOs tdng hop.

Tt gian d6 phan tich nhiét trong luong cho thdy cd sy giam nhe khéi lugng o
110 °C 1a do hién twong mat nwdc vat ly. Khi nhiét do tang dén 331,5 °C thi c6 su giam
manh khoi luong 63,43 % 1a do su chay cua hgp chat hitu co 16i carbon cau. Ttr nhiét
d6 1én hon 400 °C thi khdi luong ctia mau dat 6n dinh va thay d6i khong dang keé.

Khi cho dung dich Co(NOs)2 vao carbon cau thi carbon cau nay phan tan trong
dung dich mudi kim loai, cac cation Co?* hdp phu trén bé mat carbon cau. Trong
treong hop nay thi sy két tu ty nhién khoéng xay ra boi vi sy hap phu Co? tao 16p vo
trén bé mat la thuan lgi d€ tao 16p phu bé mat [3]. Theo tac gia nay thi nano oxide cau
duoc tao thanh tir 2 giai doan: truede tién la cation Co? hdp phu trén bé médt carbon cau
tao thanh qua cau véi 16i 1a carbon cau, vo la 16p ion Co?; sau d6 nung hdn hop nay 6
550 °C thi 16i carbon cau nay bi loai di d€ lai cac cobalt oxide c6 hinh thai cau va kich
thudc teong tu nhu carbon cau ban dau.

Nhu vay oxide cobalt tong hop trén template carbon cau la nhitng nano hinh
cau c6 kich thuéc khoang 300 nm bao gom 16p vo chic dic 1a cac hat nano oxide CosOs
bao phu trén khuon carbon cau, sau d6 dem nung 550 °C thi 16i carbon chdy d€ lai
oxide Co30s4 hinh cau va mot phan 16i carbon khong chay con lai trong san pham tong
hop.

3.3. Nghién ciru hoat tinh cdm bién khi ctia nano oxide cobalt ciu rong

Trong nghién cttu nay chiing toi sé nghién ctru hoat tinh cam bién khi ctia oxide
cobalt dwgc tong hop trén ba loai khi CO, H2 va NHs.

3.3.1. Hoat tinh cam bién khi CO
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Cam bién khi CO duwoc khao sat ¢ cac nhiét do 200 °C (Hinh 8a), 250 °C (Hinh
8b) va 300 °C (Hinh 8c). Khi CO khao sat ¢ sau nong d¢ la 1 ppm, 2,5 ppm, 5 ppm, 10
ppm, 50 ppm, 100 ppm va 200 ppm.
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Hinh 8. Su phu thudc ctia dién tro vao nong do cua khi CO ¢ cac nhiét do:

a. 200 °C,

b. 250 °C, ¢. 300 °C.

Khi vat liéu dé trong khong khi thi oxy ctia khong khi hdp phu trén bé mat vat
liéu S 1ay dién t& nhu phan tng (1) dé tao thanh 16i khong mang dién va vo la 16p tich
lity 16 tréng ting nén dién trd cam bién Ra giam. Khi dwa khi CO vao thi do phéan tmg
(2) nén dién tir di vao vat liéu lam giam s6 15 trong o 16p vo dan dén dién trd cam bién

Rg tang

CO(g) + O(ad) + h*(lattice) — COa(g) + L6 tréng trung hoa dién (e~ + h*— Null)

(1/2)O2(g) + S — O-(ads) + h*(lattice)
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Khi ndng dd khi CO téng thi ca hai phan tng (1) va (2) xay ra ting, dan dén
khuynh huéng téng qud trinh chuyén dién ttr trén bé mat chat ban dan, lam giam s6 16
trdng ¢ 16p vo nén dién trd cam bién Rg tang. Diéu nay giai thich cho ly do tai sao khi
tang nong d6 cua khi CO thi do dap tng (40 nhay khi) déu c6 khuynh hudng tang
(Hinh 9).

Khi nhiét d¢ tang ttr 200 °C 1én 250 °C thi phan ting hap phu hoa hoc c¢6 khuynh
hudng tang nén do dap tng (d6 nhay khi) déu c6 khuynh hudng tang. Tuy nhién, khi
nhiét do tang tir 250 °C dén 300 °C, qua trinh giai hap sé chiém wu thé, khi do téc do
hap phu sé giam, do d6 d6 dap ting giam nhung van c6 gid tri 16n hon d dap tng o
200 °C (Hinh 9).
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Hinh 9. D6 nhay khi CO ¢ cac nhiét do 200 °C, 250 °C, 300 °C.
Vit liéu nano oxide cobalt tong hgp cam bién khi CO ¢ nhiét d¢ thich hop la
250 °C. Va ¢ nhiét do nay thi d6 nhay khi dat gia tri cao nhat 1a 2,7 khi nong d6 khi CO
la 200 ppm.

3.3.2. Hoat tinh cam bién cua khi Hz

Dai v6i khi He thi vat liéu oxide cobalt tong hop chi c6 hoat tinh cam bién &
nhiét d¢ 300 °C. Nong do khi Hz dwa vao la 25 ppm, 50 ppm, 100 ppm, 250 ppm va 500
ppm. Oxy ctia khdng khi hap phu trén bé mét S ctia ban dan p sé nhan dién t& cua bé
mait tao thanh anion O-(ad) va 16 tréng mang dién tich dwong nhuw (1); khi dwa khi Hz
vao thi Hz sé phan tng véi O (ad) va 16 trong dién tich dwong tao thanh H2O va 16
trong trung hoa dién (3):

Hx(g) + O-(ad) + h*(lattice) — H20(g) + L6 tréng trung hoa dién(e- + h*— Null)  (3)

Khi nong d¢ khi tang thi qua trinh hdp phu va phan tng (3) xay ra nhanh nén
dién tro R ting
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Hinh 10. Su phu thudc cta dién trd vao nong do ctia khi Hz ¢ 300 °C.

Tt hinh 10 cho thdy d¢ nhay khi cua vat liéu tang khi nong d¢ khi Hz tang. Khi
nong do khi He tang tir 250 ppm 1én 500 ppm thi d6 nhay khi ting khong dang ké tir
1,98 1én 2,02.

3.3.3. Hoat tinh cam bién cua khi NH3

Vit liéu nano oxide cobalt tong hop cam bién khi NHs ¢ nhiét d¢ 200 °C (Hinh
11a), 250 °C (Hinh 11b), 300°C (Hinh 11¢) va 350 °C (Hinh 11d).
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Hinh 11. Sy phu thudc ctia d6 nhay khi vao néng d cua khi NHs o:
a. 200 °C, b. 250 °C, c. 300 °C, d. 350 °C.

Nong d6 khi NHs dugc do ¢ ndm nong do la: 5 ppm, 12,5 ppm, 25 ppm, 50 ppm
va 100 ppm. Khi khi NHs di vao vat liéu thi xay ra phan g (4) va (5) lam trung hoa 16
trong tich liiy mang dién tich dwong gan bé mat, lam gidam d6 dan dién hay dién tro
tang, do d6 d¢ nhay khi tang. Néu néng dd khi NHs tang lam cho hai phan tng (4) va

(5) xay ra cang manh nén dién tro cang tang hay do nhay khi cang tang.
2NHs + 30" (ad) + 3h* — N2 + 3H20 + Ld trong trung hoa dién  (4)
4NHs + 30> (ad) + 6h* — 2N2 + 6H20 + L trong trung hoa dién ~ (5)
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Hinh 12. D6 nhay khi NHs cua vat liéu tong hop 6 cac nhiét d6 khac nhau.

Hinh 12 cho thay khi nhiét d¢ tang ttr 200 °C 1én 300 °C thi dd nhay khi NHs
tang do qua trinh hdp phu ting lam cho phan tng (4), (5) xay ra nhanh. Tuy nhién, khi
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nhiét d6 la 350 °C thi qua trinh giai hdp chiém wu thé lam cho hai phan ng nay giam
nén d6 nhay khi giam. Nhu vay, vat liéu tong hop cam bién khi ¢ nhiét dd tdi wu la 300
°C ¢6 d0 nhay khi dat gid tri 1on nhat la 3,08 khi nong d6 NHs 1a 100 ppm.

Bdng 1. So sanh d¢ nhay khi cua vat liéu CosOs tong hop

v6i d§ nhay khi cua CosOs cac tac gia khac

Hinh thai Khi Nong d6  Nhiét do D6 nhay khi Tai liéu tham khao
(ppm) Y

Cé&u tric Nano CcoO 25 200 1,9 [13]

Cau rong CcO 200 250 2,7 Nghién ctru nay
Dendritic NHs 200 110 1,63 [12]

Cau rong NHs 100 300 3,08 Nghién cttu nay
Nano ong H> 50 25 34 [7]

Cau rong H> 250 300 1,98 Nghién cttu nay

Tt bang 1 cho thdy vat liéu nano CosOs tong hop c6 dd nhay khi CO va NHs
16n hon so véi cac cong bd [7], [2]. Cu thé la d6 nhay khi NHs cua vat liéu tdng hop ¢
gia tri 3,08 16n hon nhiéu so véi cong bd 1a 1,63. Mac du nhiét d¢ cam bién ctia chung
toi do ¢ nhiét d6 300 °C 16n hon co6ng b6 110 °C nhung nong d6 khi NHs cam bién chi
100 ppm nho bang nita nong d6 khi ctia cong bd tac gia Yu 1a 200 ppm.

4. KET LUAN

Vat liéu CosOs tong hop cé hinh thai cau rong c6 duong kinh ttr 300 dén 400 nm
va dién tich bé mat riéng Seer = 17,7 m?/g khi st dung template carbon cau. Vit liéu
tong hop dugc cd hoat tinh cam bién véi ba khi CO, Hz va NHas. Vit liéu nano oxide
cobalt tong hgp c6 do nhay khi CO ¢ nhiét d¢ 200 °C, 250 °C, 300 °C, trong d6 nhiét do
t8i wu 14 250 °C. O nhiét do nay cho gid tri d¢ nhay khi cao nhat khi néng d¢ khi 200
ppm la 2,7. Vat liéu tong hop cam bién voi khi Hz chi ¢ nhiét d6 300 °C c¢6 d6 nhay khi
la 1,99 khi ndng d6 khi Hz la 250 ppm. Nano oxide cobalt tong hgp c6 cam bién khi
NHs & nhiét d6 200 °C, 250 °C, 300 °C, 350 °C. Nhiét d0 t6i wu ctia vat liéu cdm bién doi
véi khi nay la 300 °C. Va ¢ nhiét d6 nay thi cho gid tri dd nhay khi dat gia tri 16n nhat
3,08 khi nong dd NHs la 100 ppm. Do d6, vat liéu CosOs tong hop dwgc c6 kha nang
tng dung dé€ lam cam bién phat hién cac khi CO, H2 va NHs.
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THE SYNTHESIS OF COBALT OXIDE BY HYDROTHERMAL METHOD
AND USING IN GAS SENSOR

Phan Thi Kim Thu, Le Thi Hoa, Nguyen Hai Phong’
University of Sciences, Hue University
*Email: nghaiphong62@gmail.com; nhphong@hueuni.edu.vn
ABSTRACT

In the present paper, the in situ synthesis of cobalt oxide (Co0304) using
carbonaceous microspheres prepared from glucose solution as templates followed
by a subsequent heat treatment was demonstrated. The obtained materials were
characterized by Scanning electron microscope (SEM), X-ray diffraction (XRD), and
isotherms of nitrogen adsorption/desorption. The calcination of this precursor
provided cobalt oxide hollow spheres with a diameter 300-400 nm. The obtained
Co0304 exhibits sensing property toward gas CO, H2 and NHs in the working
temperature range of 150 °C to 350 °C. Gas sensing properties of fabricated
nanostructures CosOs were investigated with different concentration of CO, H2 and
NHs gas. It was found that CosOs exhibits sensing property toward toxic gas CO in
250 °C and NHs in 300 °C with concentration of CO, NHs gas is 200 ppm and 100
ppm sequence. The sensitivity with H: gas has a little change when the

concentration increasing from 250 ppm to 500 ppm.

Keywords: Cobalt oxide (Co3Os), Sensing for gas CO, H2 and NHa.
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