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TOM TAT

Cacbon cau dugc téng hop bang phwong phap thay nhiét & 185°C trong 5 gid c6
duong kinh ttr 200 — 300 nm. Ttr cacbon cau nay lam template d€ tong hop vat liéu
Co0304 ¢6 hinh thai cau v6i duong kinh tir 300 — 400 nm. Vat liéu CosOs tong hop
duoc dac trung bfing XRD, SEM, UV-Vis, IR, BET. Vat liéu c6 tinh cam bién véi khi
ddc HaS trong khoang nhiét do ttr 150°C  dén 350°C. Do nhay khi ctia vat liéu tong
hop duwoc khao sat ¢ cac nong d9 khi HeS, dac biét la vat liéu c6 do nhay khi ngay
ca khi néng d6 HsS thdp chila 1 ppm.

Tw khoéa: cacbon cau, coban oxit cau, cam bién khi HzS, template.

1. MO PAU

Nhitng ndm gan day, cc oxit ban dan da thu hit sw quan tam nghién cttu ctia
cac nha khoa hoc. Trong s6 d6, cac oxit ban dan loai n nhu SnO: [[1], [2] ], Fe20s [[3]],
TiO:2 [[4] ], ... d& duoc nghién cttu va ting dung rong rai trong quan ly khi thai moi
treong. Trdi lai, cdc oxit ban dan loai p nhu CosOs, CuO , NiO [[5]], ...chwa duoc
nghién ctru nhiéu, cy thé 1 s cong trinh cong bd ctia ban dan loai p chi chiém 9,41 %
so v6i cong bS ctia ban dan loai n (theo khao sat bai bdo cua knowledge ngay
15/7/2013).

Trong s& cac nano oxit ban dan loai p, nano CosOx4 12 ban dan c6 trién vong ting
dung trong cam bién khi, xuc tac di thé, thiét bi dién, ... [[6]]. Nano CosOs duoc tong
hop ¢d nhiéu hinh thai khac nhau nhu hinh thai cau, hinh lap phwong, hinh soi, .... [[7],
[8], [9]]- Tinh chat ctia nano oxit CosOs phu thudc nhiéu vao hinh thai, cau trac, kich
thudce ... [[6], [10], [11]]. Hydro sunfua H:S la chat khi ¢c6 mui tring thdi va rat doc.
Trong cong nghiép, khi HzS la khi thai ciia qua trinh tinh ch€ dau mo, tai sinh soi, xt ly
rac thai, .... Trong ty nhién, khi nay la san phdm ctia s phan hty nhitng chat hitu co ¢
hé thdng vé sinh va cdng thoat nudc thai. Néu khi ¢6 & ndng do rat cao thi ¢6 hai cho
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stec khoe, tham chi c6 thé gay chét nguoi [[12]] . Vi thé trong bai bdo nay, da nghién
ctu khao sat tinh nhay khi HeS cua vat liéu CosOs tong hop c6 hinh thai cau khi st
dung template cacbon cau.

2. THUC NGHIEM

Glucose (CeH1206.H2O (Merck)) duoc stt dung dé€ tong hop template nano
cacbon cau, Co(NOs)2.6H20 (Merck) dung lam tién chat tong hop nano oxit coban,
C:HsOH (PA, Trung qudc) dugc dung lam méi treong dé két tinh.

Bai bao nay tdng hgp nano cacbon cau theo tai liéu [[13], [14]] nhu sau: cho 4 g
gluco vao 40 mL nuwdc khudy tan va dwa dung dich nay vao binh Teflon, ddy kin va
thity nhiét & 185 °C trong 8 gio. Hon hop thu duoc duoc ly tam, rita bang etanol nhiéu
lan duoc san pham cacbon cau.

Hoa tan 4 g cacbon cau tong hop trong 40 mL nuwdc cat, thém ti€p 1,2 g mudi

Co(NOs)2.6H:0, khudy tlr & nhiét d6 phong sau d6 dwa hdn hop nay vao binh
Teflon day kin, thty nhiét & 185°C trong 8 gio. San phdm duoc loc, rita bang etanol vai
lan, sdy & 60°C trong 24 gio va nung 550°C trong 5 gio d€ loai template cacbon thu
dwoc oxit coban cau.

Thanh phan pha tinh thé dugc nghién ctu bang nhiéu xa tia X (Bruker,
Advance D8) dung tia bttc xa Cu Kt voi A = 1,546 A va tc d6 0,01 do/phat. Hinh thai
ctia vat liéu duoc nghién cttu bz“ing hién vi dién t&r quét SEM (JSM-5300 LV). Phan tich
c&u tric bé mit duoc xac dinh biang phd quang dién ti tia X (XPS) duoc do trén may
Shimadzu Kratos AXISULTRA DLD spectrometer, st dung nguén phat tia X véi bia
Al, 8ng phat lam viéc & 15 kV - 10 mA. Xac dinh dién tich bé mat riéng bang dang nhiét
hap phu va khtt 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 r6i dung
micropipet nho phu trén dién cuc rang legc. Sau do u & 600°C trong 5 gio. Khi do la
H>S ¢6 nong d¢ khao sat tir 1 ppm — 20 ppm ¢ nhiét d6 150°C, 200°C, 250°C, 300°C,
350°C. Tdc do dong khi do va khong khi dwgc gitt khong d6i la 200 scem (cm?/pht).
Thoi gian do ctia mdi ndng dd khi 1a khoang 200 giay d€ tuong tac khi véi bé mat dién
cuc dat trang thai bao hoa. B nhay khi S cua ban dan loai p duoc xac dinh S = R¢/R,,
vOi Rg, Ra twong ting la dién tro caa khi can do va cta khong khi [[5]]. Bién trd duoc
ghi te dong khi dua khi vao boi chuong trinh phan mém Keithley cua mdy tinh duoc
két n6i v6i may do.
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3. KET QUA VA THAO LUAN
3.1. Tong hgp template cacbon cau

Anh SEM ¢ Hinh 1a cho thdy cacbon duoc tong hop c6 hinh thai qua cau tuong
doi dong déu, bé mit nhan vdi duong kinh khoang ttr 200 - 300 nm. Cacbon cau dwoc

stt dung nhu 1a template d€ tam oxit cobalt, két qua anh SEM Hinh 1b thu dwoc la cac
qua cau ¢ kich thudce 16n hon khoang tir 300 — 400 nm bao gom nhitng hat nano nho

sap x€p trén qua cau cacbon dé tao thanh qua cau lon.

IMS-NKL 2.0kV 5.0mm x100k SE(M) 5000m

Hinh 1. Anh SEM a. Cacbon cau tdng hop, b. Oxide cobalt

Faculty of Chemistry, HUS, VNU, D8 ADVANCE-Bruker - Co-R3

Lin(Cps)

Faculty of Chemistry, HUS, VNU, D8 ADVANCE-Bruker - Cacbon

Lin (Cps)

2-Theta - Scale

EAlFile: Khieurue Cacbon.raw - Type: 2Th/Th locked - Start: 10.000 * - End: 79.990 * - Step: 0.030 * - Step time: 0.2 = - Temp.: 25 “C (Room) - Time Startad: 14 = - 2-Theta: 10.000 * - Theta: 5.000 * - Chi: 0.00 * - Phi: 0.00 * -

Hinh 2. Gian &6 XRD cua cacbon cau va oxide cobalt tong hop.
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Gian d6 nhiéu xa tia X hinh 2 cho thdy nano cacbon t6ng hop & dang vo dinh
hinh. Trong khi d6 gian &6 XRD ctia oxide cobalt tdng hop xudt hién cac pic nhiéu xa
phti hop theo JCPDS s8 00 — 042 — 1467 ctia pha tinh thé CosOs. Diéu nay duogc khang
dinh & gian d6 phd hong ngoai ctia oxit coban (Hinh 3) xuét hién thém 2 pic sac nhon
0 v0i cua cacbon & s6 séng 569 cm! va 665 cm 1a dao dong hda tri cta lién két Co — O,
kh;fmg dinh cho su tao thanh oxit spinel CosOx ) [[15]]. S& séng 569 cm! dwgc cho la & vi
tri bat dién cua Co** va sd song 665 cm™ duoc cho la Co* ¢ vi tri t& dién trong mang
spinel [[16], [17]]. Dao déng ctia nhom C =0 va C = C (s6 song 1707 cm™ va 1618,28 co-
1) ctia vong thom giam manh nghia la 16i cacbon bi chdy khi nung. Phd XPS (Hinh 5)
nay co 2 pic 2p12 0 nang lwong 779,59 eV 2pi2 794,59 eV duoc cho la cia Co?** va Co*
trong khi 2 pic vé tinh 2ps2 ¢ ndng luong lién két 785,7 eV va 2pi2 803,7 eV dugc cho
la caa Co*[[18]].
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Hinh 5. Puong dang nhiét hap phu va giai hap phu nito cta vat liéu CosOs tong hop.

Hinh 5 la duong dang nhiét hap phu va khir hap phu N ctia vat liéu CosOs tdng
hop la loai III cta vat liéu khong x6p nén dién tich bé mat riéng BET do dwoc la 17,7

m?/g.
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Duong tré 1a ki€u H1 c6 nhanh hap phu va khte hdp phu d6i xting twong tng
sit hinh thanh mao quan gitta cac hat nano CosOa.

Vit liéu nano oxit coban cau tong hop co6 tinh nhay khi H2S trong mot khoang
nhiét d¢ rong 150 °C , 200 °C, 250 °C, 300 °C va 350 °C. Nong do khi HzS khao sat &
nam nong do 1 ppm, 2,5 ppm, 5 ppm, 10 ppm va 20 ppm.

Khi dua khong khi vao thi oxy cua khong khi hdp phu va 18y dién tx trén bé
mat vat liéu CosOs (S) nhu phan tng (2), (3), (4); sé tao thanh 16p vo tich liy 16 trong
trén bé mat vat liéu va cac dang hap phu (Oz, O, O%) [[5]]. Su hdp phu nay cang nhiéu
thi 16p vo tich liiy 16 tréng ctia vat liéu cang tang nén dién tré ctia vat liéu Ra giam.

Oz (g) — Oz (hp) 1)
O:2(hp) + e(S) — Ox(hp) + h*(lattice) )
Or(hp)+e (S) — 20+(hp) + h*(lattice) 3)
O(hp) +e(S) — O>(hp) +h*(lattice) (4)

Khi dwa khi khtt H2S vao thi tac dung vdi cdc dang hdp phu cta oxy nhu phan
tng (5), (6) tra lai dién ttr cho vat liéu, trung hoa dién 16 tréng nén s8 16 tréng & 16p vo
giam, dan dén dién trd cdm bién R, ting. Nong do H:S cang ting thi dién tré cam bién

cang tang:
H:S + 30-(hp) + h*(lattice) — H20 + SOz + L trong trung hoa dién (5)
H->S + 30z (hp) + h*(lattice) — H20 + SO2 + Lo trong trung hoa dién (6)

Khi nhiét do tang tir 150 °C 1én 300 °C thi qua trinh hap phu la chinh va xay ra
nhanh nén dién tro cua khi do HS (Rg) tang, dan dén dé nhay khi tang. Khi nhiét do
tang dén 350 °C thi qud trinh giai hap phu chiém wu thé, lam dién trd cta khi do giam
va do dé d¢ nhay khi giam. Ttr d6 thi Hinh 6 thi nhiét d6 t6i wu d€ cam bién hoat dong
la 300 °C, diéu nay cliing trung vd6i cong bd cua tac gia Quang [[19]] nhung vat liéu cua
cong bd nay cam bién ¢ nhiét dd cao hon la 250°C, 300°C, 350°C. O nhiét d6 nay thi do
nhay khi cua vat liéu tong hgp cé gid tri 16n nhat la 5,01 khi nong dé H2S 1a 20 ppm.
Déi chiéu véi cong bd ctia Quang 1a tong hop vat liéu mao quan CosOs ¢ hinh thai
chudi mat xich bang phuong phép thuy nhiét khong c6 chat hoat dong bé mat thi c6 do
nhay khi xap xi 1a 5 nhung ¢ nong do khi HeS 1a 100 ppm. Nhu vay , vat liéu CosOs
tong hop dwgc c6 cam bién khi ¢ nhiét d thap hon va nong do khi thap hon so vdi
cong bd [[19]]. Pay la chinh la mong mudn cua cac nha nghién ctru dé€ ché tao vat liéu
cam bién nham tng dung phat hién khi.
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Hinh 6. Dién tr¢ ctia vat liéu cam bién khi HaS & cac nhiét do a. 150°C, b. 200°C,
c. 250°C, d. 300°C, e. 350°C, f. DY nhay khi cua vat liéu 6 cac nong dd HeS.
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4. KET LUAN

Vit liéu CosOs tong hop ¢ hinh thai cau c¢6 duong kinh ttr 300 — 400 nm khi st
dung template cacbon cau. Vat liéu CosOs tdng hop cd cam bién khi H2S trong khoang
nhiét do rong tir 150 °C dén 350 °C va nhiét do cam bién thap ¢ 150 °C. Dac biét la nong
dd cam bién cta vat liéu tong hop rat nho chi la 1 ppm, d6 nhay khi c6 gia tri 16n nhat
la 5,1 khi do & nhiét d¢ la 300 °C va nong d¢ khi 1a 20 ppm. Do d6, vat liéu CosOs tdng
hop c6 kha nang ting dung d€ lam cam bién phat hién khi doc HzS.
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ENHANCED H:S GAS SENSING BY COBALT OXIDE SPHERES
WITH A TEMPLATE OF CARBON SPHERES
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ABSTRACT

In the paper, carbon spheres were synthesized by hydrothermal method at 185°C
for 5 hours with a diameter of 200-300 nm. These carbon spheres were the template
for synthesizing nanostructures CosOs with a spherical diameter of 300 — 400 nm.
The as-prepared nanostructuresCosOs were characterized by means of the X-ray
diffraction (XRD), scanning electron microscope (SEM), ultraviolet (UV-Vis) and
isotherms of nitrogen adsorption/desorption. The obtained CosOs exhibits sensing
property toward toxic gas H2S in the working temperature range of 150°C to 350°C.
Gas sensing properties of fabricated nanostructures CosOs were investigated with

different concentration of H2S gas, especially concentration of H2S gas is only 1
ppm.

Keywords: carbon spheres, cobalt oxide spheres, sensor of HsS gas, template.
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