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PHAT TRIEN CAM BIEN KHi NH, O NHIET PO PHONG
DUA TREN MANG NANO POLYPYRROLE
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Tom tat:

Mang polymer dan Polypyrrole (PPy) dwoc tong hop bang phwong phdp don gian tu pha hoi (Vapour
Phase Polymerlzatlon VPP) truec tiép trén dé AL O, voi dien cuc Pt sir dung xiic tde mudi F eCl,. Hinh thai
bé mdt va cdu triic héa hoc ciia mang dwoc xem xet lan ot boi kinh hién vi dién tir quét (SEM) pho hong
ngoai bién doi fourter (FT-IR). Tinh chdt nhay khi ciia mang PPy dwoc khdo sdt diwa trén s thay doi dién
tré theo cdc nong do khi NH, (100 - 400 ppm) tai nhi¢t phong Bdc tinh nhay khi ciia cam bién cho thdy anh
hwong manh vao cdu triic hlnh thdi ciia mang PPy. Két qua trong céng trinh nay cho thdy mang PPy tong

hop tir pha hoi hira hen la vdt liéu cho ung dung cam bién khi hoat dong tai nhiét do phong.
Tir khéa: Cam bien khi NH, tai nhi¢t do phong, polymer hoa tir pha ho'.

Gidi thi¢u

NH, la loai khi doc va gy o nhlem moi
truong, neu bi nhiém ngay & nong do rat thap c&
50-80 ppm trong 2 gio gy thay déi & mét va kich
thich hong Nénviéc phat hién va phan tich nong do
khi NH, dé dua ra canh bao va xu 1y khi & cac giéi
han nguy hlem khi no6 phat thai ra moi truong khong
khi 1 rat can thiét.

Trude day, Cam bién d6 dan dién dua trén
céc oxit kim loai cdu tric nano cho phat hién nhanh
khi NH; nhu ZnO, WO,, SnO, duoc quan tam
nghién cuu do chiing cé u'u dlem vé do nhay cao,
thoi gian hdi dap nhanh, nho gon, gia thanh ré [1- 3]
Tuy nhién, mét trong nhitng nhuoc diém 16n nhat
cta loai cam bién loai nay 1a hoat dong ¢ nhiét do
cao dén vai traim d¢ °C, diéu nay dan dén giam tinh
6n dinh theo thoi gian hoat dong do sy thay ddi vé
hinh thai cau trac hat tinh thé cua vt liéu nhay khi
[3, 4]. Vi vay, viéc tim kiém nhitng vat li¢u nhay
khi thay thé c6 thé hoat dong & ving nhiét ¢ phong
dugc quan tam déc biét.

Ngay nay, trong s6 cac vat lidu polymer
dan nhu Polyaniline (PANi), Polypyrrole (PPy),
polythiophene (PT) thi vat liéu PPy c6 ciu triic nano
1a vat liéu duoc thudng xuyén sir dung nhét cho cam
bién khi, dic biét 1a cam bién khi NH, tai nhi¢t d6
phong. Boi nhitng thudc tinh vu viét cua chung nhu:
dap ung nhanh, héi phuc tét, bén trong cac moi
truong va dé diéu khién duoc cac mirc 6xy hoa khac
nhau. Cac mang PPy c6 thé duoc téng hop duoc
bang cac phuong phap khac nhau nhu hoa hoc, vat
1y va dién hoéa [5, 6]. Trong do6, phuong phap trung

30  Khoa hoc & Cong nghé - S6 18/Thang 6 - 2018

hop tir pha hoi sir dung chat xtic tic mudi FeCl, la
kha don gian dé co thé dat dwoc 16p mang PPy ciu
trac nano c6 do xdp cao. Uu diém nita cua phuong
phap nay la kha nang tong hop polymer truc tiép
trén céc ciu tric dé khac nhau (de Si,ALO, vaca dé
polymer déo), do d6 n6 c6 uu thé khi che tao thanh
céc linh kién cam bién khac nhau.

Trong bao cdo nay, cac mang PPy dugc moc
trén dé Al O, v6i hinh thai bé mat dwoc khao sat qua
thay d6i ndng do chat xuc tac (FeCl ,) vadinh huéng
cho nhay khi NH, tai nhiét do phong Trong nghién
clru ndy chung t6i tap trung vao viéc tao ra cac hinh
thai bé mat dac biét (hat nano, day nanocho mang
PPy dé c6 thé ting cudng cac thudc tinh ciia cam
bién khi NH.,.

Thuwe nghiém

Trong nghién ctru nay cac hod chét dugc
sur dung gdm: monomer pyrrole (Merck do tinh
khiét 98%); F eCl,.6H,0 (Trung Qudc, do tinh khiét
99%). Cac dung dlCh muoi FeClI3 trong H,0 lan
luot 13 0.02M, 0.1M va 0.5M. Bé ALO, co hal dién
cuc Pt song song duoc sir dung dé moc mang PPy.
Phuong phap nhtng phu dugc sir dung dé tao 16p
xtc tac FeCl, trén cac aé ALO, tuong g v6i moi
dung dlch mudi trén. Tiép theo cac dé nay duogc
dugc tiép xtic voi hoi monomer trong mot binh chan
khong sau mot thoi gian thi mang PPy s€ hinh thanh
truc tiép trén cac dé ALO

Mau mang PPy sau kh1 tong hop duorc phan
tich hinh thai b& mit va thanh phan nguyén té bang
kinh hién vi dién tir quét (SEM — Hitachi S-4800).
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Cam bién dugc khao sat dic trung nhay khi qua sy
bién ddi dién tro cua 16p mang khi twong tac voi khi
NH, tai nhiét d phong. Buéng do c6 thé tich 50 ml,
téc d6 khi chuan qua budng do 1a 500 ml/phiit.

Két qua va thao luin

Su hinh thanh mang PPy theo phuong phap
trong nghién ctru nay c6 thé dwoc giai thich 1a do
khi cdc monomer Pyrrole bay hoi va gip chat oxy
hoa (mudi FeCl,) da xay ra sy phén ung trung hop
tao thanh mang polymer trén de. Viéc hinh thanh
PPy c6 thé nhan biét qua sy bién d6i mau sic cia bé
mat dé ALO, khi chuyénv tur rpéu nau vang (16p xuc
tac FeCl, ban dau) chuyén dan thanh mau den (sau
khi polymer hoa).

Hinh la-c 12 anh SEM bé mit cta cic mau
mang PPy trén dé ALO, ung véi nong df} mubi
FeCl, st dung 1a 0,02; 0,1; va 0,4 M (céc méu duoc
ky hiéu tuong Gng la M1, M2 va M3). Két qua nay
cho thdy hinh thai bé mit mang PPy phu thudc
manh vao néqg do muéi’ xtc tac FeCl, su dung. O
do, mau voi nong d¢ mudi xtc tac 0,02M (Hinh 1a)
cho thiy bé mat mang dugc hinh xuat hién cac & hat
nano hinh cau véi dudng kinh khac nhau. Khi nong
d6 mubi xtic tac 0.1M thi hinh thai bé mit ciia mang
PPy la cac hat bam trén cac day (Hinh 1b). Tiép tuc
tang nong d6 mudi xtic tac dén 0.8M trén bé mat
dién cuc 1a cac dai san ho phu (Hinh 1¢). Ca ba miu
v6i hinh thai bé mat thu duoc déu & dang xép, diéu
nay rat phit hgp cho cam bién, ddc biét 1a mau M1.

CAu tric hoa hoc ctia miu duoc nghién curu
thong qua phd bién ddi hong ngoai FT-IR, két qua
chi ra cac dac trung ctiia dang aromatic tai 1529
(cm™) va cia dang quinoid tai 1480 (cm™) va cac
dai cua “=C-H” trong mit phing tai 1078 cm.
Lién két C-N trong di vong pyrol tai 1295 (cm™).
Ngoai ra ciing ¢6 cac didc trung lién két ciia N-H cua
polypyrol trong vong pyrol 1a 1044 (cm™) va pic
907 (cm') dic trung lién két C-H trong vong pyrol.

Pinh tai 2386 cm™ va 606 cm™' ddc trung
cho dao dong “C=C” co gian va “C-H” ngoai
mit phing. Cac pic 1167 cm va pic 3461 dugc
quy cho dao dong kéo dan trong mit phing cia
imine “NH™ (c4u trac quinoid) [8] nd dugc tao
thanh boi qua trinh proton hoa trong cac chudi PPy.
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Hinh 1. Anh SEM cua mang PPy dwgc tong hop img
voi cac mau M1 (a), M2 (b), M3 (c)
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Hinh 2. Phé FT-IR ciia mang PPy vmg véi mau M1
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Hinh 3. B¢ ddp iing ciia cam bién M1, M2 va M3
theo nong do khi NH, tai nhiét dp phong

Pac trung nhay khi cua cac cam bién duoc
khao sat d6i véi mau M1; M2 va M3 theo su bién
thién dién tré v6i cac chu ky bom ndng do khi NH,
la 100, 200, 300 va 400 ppm tai nhi¢t d6 phong.
Hinh 3 chi ra rang d6 dap ung (d6 dép ctia cam bién
dugc xac dinh bang cong thic: S = RgaS/Rm.r, trong
do R vaR, tuong img la dién tro cua cam bién
khi tuong tac voi khi NH, trong m6i truong khong
khi) cua cac cam bién tang khi dap ung V('?i khi NH,,
sau do dat toi gia tri b:Zlo hoa va khi ngét khi NH,
thi do dap cua cam bién giam va tré vé trang thai
ban dau. Khi NH, 1§i la khi khtr nén mang PP~y tong
hop dugc 1a ban dan loai “p”. Trong do, mau M1

Tai liéu tham khao

cho d6 dap tng ciia cam bién cao hon so véi mau
M2 va mau M3 Ydi cung mot nf“)ng d6 khi NH, dua
vao (Hinh 3), dicu nay hoan toan véi anh SEM chi
ra & trén. Co ché twong tac khi lién quan dén sy hép
phu khi NH, trén bé mit mang PPy va tuong tc
véi cac tdm oxy hoa/khur cua polymer. Do d6, khi
kich thudc hat cua vat liéu nho s& ton tai nhiéu tim
hoat dong va s€ lam tang d¢ nhay cling nhu tinh dap
g khi thuan nghich t6t hon. Két qua nay cho thay
viéc giam kich thudc hat ciia PPy da lam giam dang
ké thoi gian dap Gmg va hdi phuc ciia cam bién khi
twong tac voi khi NH,.

Két luan

Mang PPy vdi hinh thai hoc khac nhau (ti
dang tap hop cac hat nano dén cac dai san ho trai
kin trén dé) da dugc ché tao thanh cong trén dé
ALQO, tir pha hoi su dung nong do chat xuc tac FeCl,
khac nhau. Hinh thai bé mat mang PPy anh hudng
rat manh iién dac trung nhqy khi NH, tai n}}iét do
phong. Mau PPy sir dung chat xtic tac FeCl, nong do
nho (0,02M) cho d§ dap tng khi 16n va tinh thuan
nghich cao. Két qua nghién ctru ban dau nay 1a dinh
hudng tot cho nghién ciru vé vat liéu polymer dan
cho cam bién nhay khi & nhiét do phong.
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DEVELOPMENT OF NH, GAS SENSOR OPERATING AT ROOM TEMPERATURE BASED ON
POLYPYRROLE NANO FILMS

Abstract:

We have successfully synthesized Polypyrrole (PPy) films directly formed on the surface of the
electrodes by a facile route of vapor phase polymerization method, with the oxidant and dopant agent are
ferric chloride (FeCl,). The surface morphologies and chemical structure of samples were considered by
scanning electron microscopy (SEM), Fourier transforms infrared spectroscopy (FT-IR). The sensitivities
of sensing were studied based on resistance change to the concentration of the NH, gas (100 - 400 ppm) at
room temperature. These results demonstrated that the response of gas sensor has been strongly affected
by surface morphologies of material membrane. This work shows that PPy films were fabricated from the
vapor phase for a lots promising in applications of NH. , gas sensors operating at room temperature.
Keywords: NH ; gas sensor at room temperature; vapor phase polymerization.
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