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Ché tao va tinh chat nhay khi NH; ciia to hop nano rGO/WOs
Synthesis and NH3 gas sensing characteristics of rGO/WQO3; nanocomposite
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Tém tat

Ché tao vt liéu nano méi nham (g dung trong phét trién cdm bién khi phuc vu quan trdc méi truong dang
thu hat dwoc sw quan tdm cla cac nha khoa hoc. Trong bai bao nay, véat liéu t6 hop nano reduced graphene
oxide/tungsten trioxide (rGO/WOs) da dwoc téng hop thanh céng bang phuwong phép thdy nhiét tai nhiét do
120°C. Hinh thai cta vét liéu rGO/WOs; khdo sét bang kinh hién vi dién tir quét (SEM) cho thay duong kinh
trung binh cua day nano WOs khoang 10 nm, chiéu dai trung binh khoang 300 nm. Phé UV-Vis cta vét liéu
ciing da dwoc nghién cutru cho thay vét liéu €6 do réng vung cém vao khodng 2.9 eV. Tinh chét nhay khi cda
vét liéu duoc khdo sét véi khi NHs tai cac ndng do va céc nhiét d6 khéc nhau cho thdy cam bién cé thé do
khi NHs & néng do thép t6i 25 ppm.

Tir khoa: rGO/WOs nanocomposite; Ché tao; Cam bién khi
Abstract

Synthesis of advanced functional nanomaterials for gas sensor application has been the topic of interested
in recent years. Herein, the rGO/WO3 nanocomposite was synthesized by facile and scalable hydrothermal
method at temperature of 120°C for gas sensor applications. Materials were characterized by some
advanced techniques such as scanning electron microscopy (SEM), and UV-vis spectroscopy. Results
reveal that the rGO/WO3 nanocomposite was obtained in which WOs nanowires of an average diameter of
less than 10 nm with a length up to 300 nm. UV-vis measurement reveals the semiconductor property of
WO3 with a wide band gap of about 2.9 eV. Gas sensing measurements demonstrate that the rGO/WOs3

nanocomposite can monitor low level concentration of highly toxic NHs gas down to 25 ppm.
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1. Giéi Thiéu

‘Ngay nay, 6 nhiém khong khi da tro thanh van
dé cap béach cua toan thé gioi, viéc phat hién kip thoi
cac loai khi doc dac biét 1a o nong do thap (c& ppm)
1a co s& quan trong cho viée kiém soat 6 nhiém, canh
bao an toan. Khi ammoniac (NHz) la mét khi khur
dién hinh, n6 1a mot khi doc, khong mau va c6 mui
déc biét dugc thai ra tur cac hoat dong nong nghiép va
cong nghiép. Phat hi¢n khi NH3z & nong d6 thap c6 vai
trd quan trong trong cong nghé thie phim, chan doan
y té, bao vé va canh bao modi trudng, cic quy trinh
cong nghiép [1].

Cho dén nay, cac oxit kim loai cam bién ban din
(MOS) da dugc st dung rng rai trong cac cam bién
khi. Cac nghién ciru vé vat liéu t6 hop nano
rGO/WOQs3 da va dang dugc cac nha nghién ciru quan
tam. Viéc ché tao vat liéu t& hop nano rGO/WO; dé
dung cho di6t phat quang va phat hién khi NO dugc
nhém cua Xiaogiang An (Trung Qudc) cong bd nim
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2012 [2]. Nhom cua Xiangfeng Chu (tai truong Dai
hoc cong nghé Anhui-Trung Qudc) da nghién ctru ché
tao vat liéu nano Graphene/WOj; bang phwong phap
thity nhiét dé khao sat tinh nhay khi [3]. Seon-Jin
Choi (Han Qudc) di nghién ctu vat liéu nano
Graphene/WOs hemitubes nhim ché tao cam bién khi
do thé dé chuin doan bénh [4].

Ké tir khi phat hién ra graphene, mg dung
graphene trong linh vuc cam bién (cam bién khi va
cam bién sinh hoc) di va dang dugc cac nha khoa hoc
quan tdm nghién ctu [5,6]. Tuy nhién mot trong
nhitng nhugc diém ctia graphene trong ing dung cam
bién khi d6 1a d¢ dap tmg khi chwa cao va thoi gian
hoi phuc con dai. Chinh vi vdy cic nghién ctru gan
day déu tap trung cai thién tinh nhay khi cua loai vat
liéu nay bang cac phuong phap nhu pha tap, bién tinh
hodc sir dung vat liéu t6 hop v.v.

Trong nghién ctru nay, ching t6i ché tao vat liéu
t6 hop nano rGO/WOj3 bang phuong phép thiy nhiét
don gian. Cam bién dua trén vat liéu rGO/WOj3 cling
da duoc ché tao va khao sat. Cac Kkét qua chira r?lng,
cam bién dya trén t6 hop nano rGO/WOs3 c6 d6 nhay
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cao, thoi gian dap tmg va hdi phuc ngin hon so véi
rGo.

2. Thue nghiém
2.1. Ché tao vit ligu rGO

Vit liéu rGO dugc ché tao bang phwong phap
Hummer v6i mot chut thay doi cho phu hop diéu kién
phong thi nghiém [7]. Cu thé, 1dy 2 g NaNOs cing 94
ml H,SO4 vao trong binh dung tich 1000 ml ddng thoi
khudy (300 rpm) hdn hop trén trong bdn lanh 10 phut.
Sau d6 lay 10 g KMnO, cho tir tir vao hdn hop trén
trong vong 20 phit. Khudy (200 rpm) tiép trong vong
45 phut tai nhiét d6 phong sau d6 chuyén qua bdn
nuée (30°C) va khudy (200 rpm) tiép trong vong 1
tiéng. Thém 160 ml H,O vao khudy (200 rpm) tiép 40
phit két hop dun cach nhiét & 90°C. Thém 200 ml
H>0 va cho tir tir 12 ml H,0; 30%. Dén khi khong
con bot tao ra dung dich dugc loc rira véi 500 ml HCI
(10%), rira lai bang nudc khir ion dén pH = 7 va siy
kho ¢ 60°C.

2.2 Ché tao t6 hop nano rGO/W0Os

T hop nano rGO/WOs3 duogc ché tao bang
phuong phap thuy nhiét. Cu thé, 15 ¢
N3.2WO4.2H20, 1 g muéi NaCl va 0,25 g CeHsOe
duogc hoa tan hoan toan trong 80 ml nudc khir ion
bang may khudy tir. Sau d6 700 pl dung dich 2g/100
ml rGO dugc thém vao va khudy déu, ddng thoi nhod
tir tir axit HCI vao hdn hop trén dé diéu chinh pH = 2.
Cho dung dich thu dugc vao binh thiy nhiét va tién
hanh & ¢ 120°C trong 12h. San phdm két tua thu dugc
duoc ria nhiéu 1an bang nuge khu ion va con, sau do
tlen hanh quay ly tam voi toc do 5800 rpm va dem
sdy kho trong ti siy & 60°C trong 24h.

2.3 Ché tgo cim bién va khio sdt tinh nhay khi NH

Hon hop bot rGO/WOs thu duge duge phan tan
trong dung dich Dimethylformamide (DMF) va nho
1én trén bé mat dién cuc rang lugc Pt trén dé Sio; [8,
9], sau d6 tién hanh & ¢ 400°C trong vong 1 gior dé on
dinh dién tré. Cam bién thu duoc dugc nghién clu
tinh nhay khi NHs trén hé Keithley 2700 v&i phan
mem VEE Pro tai phong thi nghi¢m Nghlen ctru phat
trién va img dung cam bién nano tai vién ITIMS (Pai
hoc Bach Khoa Ha N61i).

Hinh thai bé mit ciia vat ligu rGO/WO; duge
khao sat boi kinh hién vi dién tir quét (SEM, JEOL
7600F). Phd hip thu quang hoc dugc khao sat boi
méay quang phd tir ngoai — kha kién (UV-730, Jasco,
Japan).

3. Két qua va thao luan

Hinh thai, cdu trac cia vat liéu rGO/WO;3 téng
hop dugc dugc quan sat bang kinh hién vi dién tir
quét véi cac do phan giai khac nhau nhu trén hinh 1.
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Trén Hinh 1(a) v6i d6 phéan giai thap ta c6 thé thiy
ting dam céac thanh nano WOz da duoc tao thanh.
Hinh 1(b) v6i d6 phan giai cao hon ta nhin 18 céc
thanh nano vai chiéu dai khoang 300 nm, dudng kinh
wde lugng khoang 10 nm, chi c6 mot sb it cac thanh
bi dit giy. Ciing c6 thé quan sat thiy cac 16p
graphene rat mong bao phu xung quanh cac thanh va
bé thanh nano WOs3. Cac thanh tap hop lai thanh céac
bo thanh hodc tach roi nhau véi kich thuée va dinh
hudng khac nhau trong khong gian tao thanh nhiéu
khoang tréng va cac 16 x6p trong bo vat lidu tao nén
bé mit riéng 16n. Chinh didu d6 lam cho cac phén tir
khi khuéch tan d& dang va héap thy trén bé mat thanh
nano lam ting d6 nhay va giam thoi gian dap tng, hoi
phuc cia cam bién khi.

Hinh 1. (3, b) Anh SEM cua miu rGO/WO; véi cac do
phong dai khac nhau

Hinh 2 trinh bay phd hdp thu cia maiu
rGO/WOs, trong d6 bién hép thu chinh xuit hién &
budc song 341 nm. Pay chinh 1a bién hip thu cua
WO; [10]. Ning luong ving cdm (Eg) ciia to hop vat
liéu rGO/WO3, dugce xac dinh tir phuong trinh Tauc:
(ahv)"2 = C x (hv - Eg), 5 d6 C, o, Eq va hv tuong (g 1a
hang s6 ty 18, hé s6 hap thy, ning lugng ving cdm va
nang luwong photon [11]. Tir d6 gia tri cia nang lugng
ving cAm Eg~ 2.9 eV. Két qua nay tuong tu béo céo
ctiia Maoyong Zhat [11] va cua H. Hajishafiee [12].
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Hinh 2. Ph6 hip thu cua mau rGO/WOs. Hinh bén trong
xac dinh nang lugng viung cam tir phuong trinh Tauc

Tinh nhay khi cua vat ligu rGO/WO; da dugc
chung t6i khao sat voi khi khir NHz & 5 nong d6 khi
la 25 ppm, 50 ppm, 100 ppm, 250 ppm, 500 ppm va
tai cac nhiét do lam viéc 250°C, 300°C, 350°C va
400°C. Hinh 3 1a d6 thj thé hién sy thay doi dién tro
ctia cam bién véi cac ndng d6 khi NHz khac nhau so
v6i khong khi tai cac nhiét do khao sat. Két qua
nghién cuu chi ra
rang dién tro ciia cam bién giam khi tiép xtic véi NH3
& tat ca cac nhiét do khao sat. Pidu nay ciing phu hop
v6i 1y thuyét vi khi NH; 1a khi khir, do vay khi cac
phan tir khi NHs tiép xtc va phan ung véi cac loai
oxy (027, O~ hoic 072 hap phu trén bé mat cia vat
liéu nano WO3 tao ra H20 va Ny va ddng thoi nha lai
dién tir cho céac thanh nano WO3 dan dén dién tro cua
cam bién giam. Két qua nay hoan toan phu hop véi
céc cong bd gan day vé cam bién khi sir dung vat liu
WO; [8]. Tir két qua do nhay khi co thé thay rang to
hop nano rGO/WO; c6 thé dap tng véi khi NHs &
ndng do rat thip ¢ 25 ppm. Tir Hinh 3 ciing dé dang
thdy rang téc do dap tmg va hoi phuc ting 1én khi
nhiét d6 1am viéc cua cam bién tang. Diéu nay khang
dinh toc do hap phu va giai hap duoc ting cuong boi
nhiét do.

Hinh 4 cho thiy cam bién cho do dap tng t6t
nhét tai nhiét d6 1a viéc 250°C & tat ca cac nong do
khi NHs khao sat. Chung t61 khong nghién ctru ¢
nhiét do thap hon do thoi gian dap ung va h01 phuc
clia cam bién 1a kha lon. Do dap tmg theo ndng do
khi NH; ciing gan nhu tuyén tinh tai cic nhiét d6 lam
viéc khac nhau. Cam bién co thé do khi NH3 trong
khoang nong do tiru 25 dén 500 ppm tai nhiét do
250°C (Hinh 4).

Thoi gian dap ung va thoi gian hoi phuc cia
cam bién dugc tinh trén dit liéu trén Hinh 3. Thoi
gian dap tmg va hoi phuc cua cam bién tai nhiét do
lam viéc 250, 300, 350, va 400°C thé hién trén Hinh
5. Két qua cho thiy thoi gian dap ung giam khi nhiét

d6 lam viéc va ndong d khi NH; ting 1én (Hinh 5(a).
Ngugc lai, thoi gian hoi phuc cua cam bién tang khi
nong do khi NH; ting. Thoi gian dép Gmg ctia cam
bién 14 kha ngén, dudi 100 gidy. Tuy nhién thoi gian
hdi phuc kha 16n, 1én dén khoang 20 phut tuy thudc
vao n6ng do khi NHs. Mac du vay, so vdi cac két qua
nghién ciru vé cam bién khi NHz st dung vat lidu
WOs3, két qua cua chiing toi 1a kha t6t [1].
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Hinh 3. Sy dap ting khi NHs theo thoi gian ¢ cac nhiét do
khac nhau.
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Hinh 4. B dap ting cia cam bién tai cac nhiét do thay dbdi
theo nong d6 khi NHs
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Hinh 5. Thoi gian dap Umg 7 (a) va thoi gian hdi phuc zreco
(b) cua cam bién tai cac nhiét d¢ khac nhau

4. Két luan

Bing phuong phéap thuy nhiét don gian chung
t6i di ché tao thanh coéng td hop vat liéu nano
rGO/WO;. Trén co so vat liéu tong hop duoc, ching
t6i dd s dung cong nghé nhoé phu dé ché tao cac
cam bién khi. Két qua do nhay khi NH3 cho thay cam
bién c6 46 dap ung cao. Nghién ciru nay cho thiy
rang t6 hop vat liéu rGO/WOj3 cé tiém ning 16n trong
céc tmg dung vé cam bién khi.
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