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Nghién ctru cdc ddc trung cia cam bién khi NH,
dira trén cac mang nhay polypyrrole pha tap FeCl, o nhi¢t do phong
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Tom tat:

Cac mang polymer din (PPy) duwgc pha tap FeCl, thu dwgc cac hinh thai dang dam hat nano va tAm moéng nano
moc truc tlep trén bé mit dién cwe Pt/Al , theo mot cach don gidn bang cach két hop giira phun phu va trung hop
pha hoi. Cac dic trung hinh thai va ciu truc ciia mang PPy dwge phan tich thong qua anh kinh hién vi dién tir quét
(SEM), phd tin sic ning lugng tia X (EDS) va phé hong ngoai bién d6i Fourier (FTIR). Két - qué do nhay khi cho
thiy, tit ca cac ‘mang PPy déu dap ung tot véi khi NH, 6 nhiét d§ phong va dj dap tng cao nhit khoing 135% dwgc
tim thiy khi tiép xiic véi 400 ppm khi NH, cuaa miu mang PPy@30. Cac cam bién PPy ché tao dwoc khong nhirng
cho thoi gian dap u'ng/h01 phuc nhanh, dac biét 1a thoi glan dap Gng chl ¢0 vai gidy ma con cho do chon loc tot nhat
v6i khi NH, ¢ nhi¢t d) phong. Két qua thu dwge chirng t6 rang, hiéu suét ciia cam bién khi NH, ¢ nhiét d§ phong bi
anh huwéng dang Kké béi pha tap va hinh thai bé mat cia cic mang PPy. Ngoai ra, co ché nhay khl ciia cam bién dua
trén cac mang PPy ciing da dwgc thdo ludn trong nghién ctru nay.

Tir khéa: cim bién khi NH,, nhiét d§ phong, PPy.
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Abstract:

The FeCl,-doped conductive polymer (PPy) films exhibited nanoparticle clusters and nanosheet structures that were
grown directly on the surface of the Pt/Al,O, electrodes in a simple way using a combination of spray coating and
vapour phase polymerisation. The morphological and structural characteristics of PPy film are analysed through
scanning electron microscopy (SEM) images, energy-dispersive X-ray spectroscopy (EDS), and Fourier transform
infrared (FTIR) spectroscopy. The results of the gas sensitivity measurement show that all PPy films respond well to
NH, gas at room temperature and the highest response of 135% was found when the PPy@30 sample was exposed to
400 ppm NH, gas. The fabricated PPy sensors not only exhibit fast response/recovery times, especially with response
times of only a few seconds, but also show excellent selectivity toward NH, gas at room temperature. The obtained
results demonstrate that the performance of NH, gas sensors at room temperature is significantly affected by the
doping and surface morphology of the PPy films. Additionally, the gas sensing mechanism of the sensor based on PPy
films has also been discussed in this study.
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1. Dt van dé

O nhiém khong khi 1a mot trong nhiing van dé chinh dbi
voi su phat trién cua xa hoi ngdy nay. Viéc phat hién cac khi
doc gy 0 nhiém moi truong nhu NO,, CO, H,S, NH,... 1a
rat can thiét [1]. Trong s6 d6, NH, la mot khi rat dé thoat ra
ngoai va khuéch tan manh trong khong khi, gdy anh huong
nghiém trong dén strc khoe con ngudi va dong vat. Sau khi hit
phai mét lugng lon NH, trong thoi gian ngan, nguoi ta co thé
bi chay nudc mat, dau hong, khan giong, ho, khé tho, chong
mit, nhirc ddu, budn nén... Tham chi, gdy ton thuong dén
nhiéu bo phan nhu phdi, gan, than, tim [2, 3]. Giéi han phoi
nhiém cho phép ddi v6i con ngudi 1a 25 ppm trong 8 gio [4].
Déi véi cac vat nudi nhu gla stic, gia cam khi tlep xuc voi NH,
trong thoi gian dai, ngoai viéc gay t6n thuong dén cac bo phan
(mét, mii, hong) con anh huong tidu cuc dén sy ting trudng,
chirc nang sinh 1y va kha nang mién dich [5]. Mot vi du dién
hinh la con lon khi bi tiép xtic v6i 100 ppm NH, trong 4 dén s
tuan s& bi giam tang trong va kha ning tiéu thu thae an dugce
[6]. Tuy nhi€n, khi NH, lai dugc Gng dung rat nhiéu trong cac
nganh cong nghiép. V1 vy, viéc giam sat khi NH, trong méi
trudng dua trén cac cam bién khi 1a diéu rat quan trong Trong
linh vuc cam bién khi, cac vat lidu polymer din thu hut sy
quan tdm cua rat nhiéu nha khoa hoc trén toan thé gidi trong
hai thap nién gan ddy, boi cac tinh chat hoa Iy phong phu, linh
hoat trong ché tao ciu tric linh kién, gia thanh ré, bén, than
thién v6i méi trudng va c6 wu diém rat 16n 1a hoat dong dugc
& nhiét do phong [7, 8]. Trong do, PPy 1a mot trong s nhiing
polymer dan dwoc nghién ciru rat phé bién cho cam bién khi
NH, ¢ nhiét d6 phong [9]. Hinh thai bé mat cua cac 16p mang
polymer dan c6 cau trac nano dugc xem 1a mot trong nhirng
yéu té then chét anh hudng 16n dén hiéu sudt cua cam bién khi
[10, 11]. Trong thoi gian gin ddy, cic mang polymer co cau
trac nano véi dién tich bé mat riéng 16n, bao gém cac dang
nhu hat nano, soi nano va tim nano da thu hat su quan tam
dang ké trong nhiéu nghién ctru khoa hoc. Y.J. Hong va cs
(2010) [12] da chi ra nhiing hat nano PPy cho d¢ dap tng c&
1,12 khi tiép xtc véi 200 ppm khi NH,. Bén canh d6, mot s0
cu tric khac cua PPy nhu 6ng nano cho do dap tmg la 1,11
g v6i ndng do 100 ppm khi NH, [13], s¢i nano cho do dap
tng la 1,53 v6i 150 ppm khi NH, [14] va ddm day nano c6 do
dap ting 1a 1,26 Gng véi 77 ppm khi NH, [15]. Ngoai ra, do
dap tng ciia cac cam bién khi NH, ngay cang dugc cai thién
thong qua ky thuét pha tap bang phuorng phap dién hoa hodc
oxy hoa hoa hoc dé lam thay ddi do dan ciia cac 16p mang
PPy. Gan day, A. Jain va cs (2023) [16] da st dung FeCl, dong
vai tro 14 chat pha tap rat tot cho qua trinh tong hop cac mang
PPy dé phat hién khi NH, ¢ nhiét d phong.

Tuy nhién, nhirng nghién ctru trén chi yéu tap trung vao
tung hinh thai riéng 1¢ ma chua c6 hé thong va do dap ung
van con ¢ mirc thap. Do d6, trong nghién ciru nay nhom tac
gia tap trung vao viéc ché tao ra cac mang PPy c6 ciu trac
nano véi cac hinh thai bé mat khac nhau (dam hat nano, tAm
nano), chtra ndng d¢ pha tap khac nhau, gop phan cai thién
o dap tmg cho cam bién khi NH, ¢ nhiét d phong.

%H%-IE 67(6) 6.2025

2. Vat liéu va phuong phap nghién ciu

Trong nghién ctu nay, cac hoa chat dugc st dung cho
tong hgp mang PPy bao gom: monome pyrrole (Merck, ¢
do tinh khiét cao >99%); mudi st (III) clorua (FeCl,.6H,0)
va ethanol déu xuat xur tr Trung Quoc. Dign cuc PY/ALO,
(tir Hang AdValue Technology - M¥) co kich thudc dé 1a
6,3x6,3x0,25 mm cung voi 2 day Pt nhu mo ta chi tiét &
trong tai li€u [17]. Pién cuc dugc lam sach b?mg con va
nude cat hai lan truée khi dem st dung. Dung dich mudi
FeCl,.6H,O co ndng d6 0,02 M dugc pha nhu mé ta trong
tai liéu [17]. Sau do6, cac dé Al O, dugc phu mot 16p mong
FeCl, 1én trén bé mat bang ky thudt phun phu dya trén thiet
bi Electrospinning - NTEC, vdi dién thé st dung 1a 13 kV,
luu luong phun 14 0,2 ml/gid, thoi gian phun thay doi 30, 50
va 100 pht. Cac dé Al O, sau khi dugc phun phu FeCl, voi
thoi gian khac nhau, dugc tién hanh polymer hoa dong thoi
trong mot buéng kin c6 chtra mot nguén monome pyrrole.
Qua trinh polyme héa dugc thuc hién trong thoi gian 60 phit,
& nhiét d6 5°C va ap suit khi quyén. Phuong trinh phan tmg
tong hop mang polypyrrole xay ra nhu sau:

nC,H\N + (2+y)nFeCl, — [(C,H,N) ¥ nyCI] + (2+y)
nFeCl, + 2nHCI (1)

San phém thu duoc dem rira sach, séy kho va goi tén
theo thoi gian phun phu lan luot 1a PPy@30, PPy@50 va
PPy@100.

Pac trung nhay khi cua cam bién duoc khao sat b?mg dién
trg dap ng thong qua thiét bi Keithley, model 2700 véi cac
ndng do khi NH, khac nhau (100, 200 va 400 ppm) trong
moi truong khi mang la khong khi kho (80% N, +20% O,) &
nhiét d6 phong theo phuong phap théi tron ty dong. Do dap
(g ciia cam bién khi dugc tinh toan theo cong thirc:

S = Rgas—Rair | 100% 2)

air
trong do: R R, lﬁn luot 1a dién trd trong moi truong khi
can do va trong khong khi.

£ 2 < < ~
3. Ket qua va ban luan
3.1. Hinh thdi va cau tric ciua cic mang PPy

Hinh 1A-C 13 anh SEM bé mit cta cac miu mang PPy
dugc tong hop voi 0,02 M F eCl, theo thoi gian phun phu
khac nhau (30, 50 va 100 phat). Quan sat thdy, khi duoc
phun pht trong thoi gian 30 phut, mau mang PPy thu duoc 1a
nhitng dam hat kha dong déu va c6 duong kinh kha nho (hinh
1A) dugc ude luong trung binh ¢& 50 nm. Diéu nay gop phan
lam tang dién tich bé mat riéng cua mang, s¢ rat thuan loi cho
qué trinh tuong tac khi trén bé mit.
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Hinh 1. Anh kinh hién vi dién t&r quét clia cac mau mang. (A)
PPy@30, (B) PPy@50, (C) PPy@100, (D) Phé tan sac néng lwong cla
mau PPy@30.

Tang thoi gian phun phu [én 50 phat, mang PPy quan sat
dugc 13 cac tim mong duoc sap xep mot cach ngau nhién
(hinh 1B). Khi tiép tyc ting thoi gian phun phi 1én toi 100
phut thi mang PPy nhan dugc nhu ¢ hinh 1C, 1a nhitng cum
dam hat xép chat ch€ vdi nhau.

Thanh phan cic nguyén té trong mau mang PPy tong
hop duoc phén tich thong qua EDS cho mét mau dién hinh
PPy@30 nhu trén hinh 1D. EDS cua mang PPy chi ra céc
dinh déc trung cho cac nguyén t C, N, Cl, Fe, Al va O.
Trong d6, C, N, Fe va ClI 1a nhitng nguyén t6 cua mang PPy,
con Al va O 1a nhimg nguyén t6 thé hién cho dé ALO,

Céc nhom lién két dac trung cho mang PPy da téng hop
dugc nghién cuu dua trén phé FTIR (hmh 2) v6i pham vi
dai song khao sat tir 500 dén 2000 cm' cho mau PPy@30.
Tt ca cac dao dong ctia cac nhom lién két didc trung cho ciu
triic cia mang PPy déu xudt hién. Cu thé: cac dinh & vi tri
1540 va 1486 cm' duoc cho 1a cac lién két kéo cang C=C
va C-C trong céc chudi chinh ctia PPy [18].

Cuong do (d.v.ty)
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Hinh 2. Phé hdng ngoai bién dbi Fourier ctia mau mang PPy@30.
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bang chu y, dinh ¢ xung quanh vi tri 1096 cm™ duge quy
cho dao dong ubn cong trong mit phing cta cic nhom bat
ngudn tir chudi PPy duoc proton héa [19], diéu d6 cho thay
su ton tai cia cac trang thai polaron trong mang PPy duogc
téng hop ciing nhu cac proton xdy ra & cic nguyén tir nito
trong cac vong pyrrole. Cac dinh & vi tri s6 song ¢& 1040
va 923 cm! 1an luot dic trung cho cac dao dong C-H bén
trong mit phang va cac dao dong C-H bén ngoai mit phang.
Céc dao dong rung lic dugc tim thiy & s6 song 784 cm! va
cac dinh & 1306 va 1187 cm! thé hién cho cac dao dong kéo
cang cua lién két C-N [20]. Sy xuat hién cua dinh 675 cm’!
dugc gan cho cac dao dong cua Fe*” hoac C-H [21]. Piéu
nay goi y rang, su khir Fe¥* thanh Fe** da xay ra trong qué
trinh oxy hoa cac monome pyrrole bang tring hop pha hoi
va sau d6 tao ra cac trang thai pha tap. Nhu vay, cac mang
PPy di duoc tong hop thanh cong vai su pha tap ctia Fe va
Cl vao trong mang.

3.2. Ddc trung nhay khi NH, 6 nhi¢t dp phong

O nhiét d6 phong, 16p phu FeCl, trén bé mat dé ALO
khi dugc tiép xuc véi khi NH, khong c6 su thay doi dién tro
Kiém tra dic trung /- V cho tat ca cac 16p mang PPy téng hop
duoc déu cho dic tuyen cua tlep xuc Ohmic. Hinh 3 1a dién
tr& dap tmg theo thoi gian ciia cac mau PPy@30, PPy@50 va
PPy@100 khi tiép xtic véi cac nong d6 khi NH, & 400, 200
va 100 ppm trong mdi truong khi mang la khong khi kho,
tai nhiét do phong. Cac két qua chira rﬁng, dién tro ban dau
clia cac mau giam theo sy tang thoi gian phun phu tir 30 dén
100 phut, nghia Ia tinh dan dién cua cac mang PPy ting. Diéu
nay goi ¥ rang, ndng do pha tap vao trong cac 16p mang PPy
tang theo sy tang cua thoi gian phun phu. Mat khac, cac 16p
mang PPy déu cho déap tmg thuan nghich véi khi NH,, cu thé
la dién tro dap ing tang khi co mat khi NH, va tr& 1a1 trang
thai ban dau khi ngat khi NH,. Hon nira, khl NH, lai 1a khi
khir, vi vay PPy 1a ban dan loal p.
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Hinh 3. Dién tr& dap rng theo thi gian ctia cac mau. (A) PPy@30,
(B) PPy@50 va (C) PPy@100 khi tiép xuc véi cac noéng do khi NH,
khac nhau 100, 200 va 400 ppm.
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Do dap mg cua cac mau PPy@30, PPy@50 va PPy@100
theo cac nong d6 100, 200 va 400 ppm khi NH, dugc chi
ra trong hinh 4A. C6 thé thiy rang, khi nong do khi NH,
tang tir 100 dén 400 ppm thi d6 dap Umg cua tat ca cac mau
déu ting, cu thé 1a mau PPy@30 tang tr 94-160%; PPy@50
tang tur 49-87; PPy@100 tang tur hong ngoai bién d6i Fourier
37-70%. Trong d6, mau PPy@30 cho do dap tmg voi khi
NH, vuot troi hon cac mau khac ¢ tat ca cac nong do duoc
khao sat va do dap tmg cao nhat dat duoc khoang 160% khi
tiép xtc v6i 400 ppm khi NH,.

Thoi gian dap ung va thoi gian hf)i phuc ciia cic mau
PPy@30, PPy@50 va PPy@100 khi tlep xuc véi 400 ppm
khi NH, dugc chi ra trén hinh 4B. C6 thé thiy, cac cam bién
khi NH 0 nhi¢t d phong dua trén cac 16p mang PPy déu cho
thoi glan dap tmg va thoi gian h01 phuc kha t6t. Trong do,
thoi gian dap tmg cua tit ca cac miu mang PPy 1a rat nhanh
va dao dong trong khoang tir 2 dén 6 gidy; thoi gian hoi phuc
tang tir 37 dén 62 giay khi ting thoi gian phun phu tir 30 dén
100 phat va mau PPy@30 cho thoi gian hdi phyc t6t nhat
khoang 37 giay.
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Hinh 4. D6 dap rng (A) ctia cac mau PPy@30; PPy@50; PPy@100
theo cac néng dé khi NH, khac nhau: 100, 200 va 400 ppm. Thoi
gian dap trng va thoi gian hdi phuc (B) clia cac mau PPy@30, PPy@50,
PPy@100 khi tiép xuc véi 400 ppm khi NH,.

Céc thong sb dic trung cho cam bién khi NH, ¢ nhiét do
phong trong nghién ctru nay dugc so sanh voi nhung cong bo
qudc té (bang 1). Tir bang tong hop cho thay, cac tham s vé
déc trung nhay khi cua mang PPy ¢ trong nghién ctru nay
1a kha tot (do dap ung cao, thoi gian dap ng va hoi phuc
ngin) so véi két qua cong bd gan day. Piéu nay cho thay,
nhiing 16p mang PPy cau trac dang dam hat nano thua va
tam nano 13 nhiing vat liéu htra hen nhiéu tiém nang cho Umg
dung phat hi¢n khi NH, ¢ nhi€t do phong.

Bang 1. Téng hop cac dic trweng nhay khi NH, & nhiét dé6 phong
dwa trén cac mang PPy c6 hinh thai khac nhau.

Hinh hiicia g;’;'{il B . Thifgian dip ::l";ﬁz" x:;:eu
TR )RR 37 A @ iy khio
Hat nano 200 1,12 12 1 - [12]
Day nano 300 1,25 25 900 - [9]

Soi nano 150 1,53 53 15 - [14]
Hat nano 100-400  1,94-2,60 94-160 4(400 ppm) 37 (400 ppm) Nghign
Tém nano 100-400  1,49-187  49-87 2(400ppm) 60 (400 ppm) CUu ndy
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Do chon loc ciia cam bién dua trén 16p mang PPy duoc
xem xét thong qua do dap ing ctia mau véi 1an lugt cac khi
NH,@100 ppm; NO,@100 ppm; H,S@100 ppm; H,@1000
ppm; CO@IOOO ppm va do am RH@94% o nhiét do phong
(hinh 5). Két qua cho thiy, ca hai mau PPy@30 va PPy@50
déu cho do dap umg cao nhét vé6i khi NH, ¢ nhi¢t do phong.
Tuy nhién, mau dang dam hat nano thua (PPy@30) cho do
chon loc voi khi NH, t6t hon nhiéu so v6i mau dang tim
nano (PPy@50) & cung diéu kién khao sat nhu nhau.

100 - T T 5 N T

[ no,@100ppm
B H,s@100ppm | |
228 co@1000ppm
B8 v, @1000ppm
Bl RH@o4%

50

D6 dap ung (%)

PPy@50

PPy@30

Hinh 5. D6 dap trng ctia cac mau PPy@30 va PPy@50 véi cac loai
khi khac nhau NH,, NO,, H,S, H,, CO va d¢ am.

3.3. Co ché nhay khi

Vé co ché nhay khi, cic cam bién mang PPy do déng gop
ctia pha tap CI- ¢6 thé xem nhu 1a ban dan loai p khi tuong
tc vdi cac khi oxy hoéa/khu. Vi vay, khi twong tic vdi khi
khir NH, thi PPy co6 thé nhan dién tr tir phan tir khi NH,,
diéu nay lam trung hoa tam tap (CI') hay la giam tam tap nhu
& phuong trinh (3). Mot co ché khéc co thé lién quan boi su
dich chuyén proton (H") giita PPy va NH, thong qua anion
NH," va tam tap (CI), nhu dugc chi ra trong phuong trinh
(4). Co ché nhay khi cia mau PPy c6 thé dugc mo ta theo
nhu tai li€u [18].

PPy"/Cl-+NH, < PPy"/NH,", CI
PPy*/Cl +NH, < PPy (-H)’+NH, CI"

)
“)

Vi vdy, 40 dan dién cia mau PPy bi giam (hay dién tro
tang) khi tuong tac voi khi khur NH; va s€ tang doi v6i khi
oxy hoéa nhu NO,. Hon nita, mau mang PPy@30 co céu triic
dam hat nano phan b6 thura s& ¢6 dién tich bé mat riéng 16m,
didu nay mang lai nhiéu vi tri twong tac khi va do dan dién
ph hop, din dén d6 nhay khi ctia mang cao vuot bac so véi
cdc mau dang tim nano va dam hat nano phan b chit. Dong
thoi, dién tich bé mat riéng 16n lam cho khi dé dang khuéch
tan va giai phong nhanh trong qua trinh hdi phuc, do d6 thoi
gian hoi phuc ctia mau PPy@30 1a tot nhat.

4. Két luan

Mang nhay khi dya trén vat liu PPy da dugc tong hop
thanh cong bang viéc sir dung mudi FeCl,, vira dong vai tro
1a chét 6xy hoa, vira dong vai tro 1a chat pha tap, dé thu dugc
cac hinh thai dang dam hat nano va tAm nano. T4t ca cic mau
déu cho do dap tmg tot véi khi NH, ¢ nhi¢t d¢ phong, trong
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d6 mau dang dam hat (PPy@?30) véi do dan dién phu hop
va dién tich bé mat riéng 16n cho do dép tmg tot nhat; thoi
gian d4p Gmg ngin dao dong tir 2 dén 6 gidy va thoi gian hoi
phuc nhanh tir 37 dén 62 gidy. Ngoai ra, cac mau mang PPy
tong hop dugc déu cho do chon loc tot v6i khi NH, ¢ nhiét
d6 phong. Két qua thu duge chimg minh rang, thoi glan phun
pht da anh huong dén hinh thai bé miat va nong do pha tap
vao trong cac 16p mang PPy va tinh chat nay dong gop nhiéu
vao cac ddc trung nhay khi NH, ¢ nhi¢t do phong.

Nghién ctru nay duoc hd tro boi d& tai khoa hoc va cong
ngh¢ ma s6 UTEHY.L.2023.21. Nhom t4c gid xin trin trong
cam on.
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