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A conductive polymer is a compound with the ability to conduct
electricity and exhibit elasticity, with numerous applications in the
research and fabrication of flexible sensors and soft robots. To
synthesize a conductive polymer, it is necessary to combine conductive
polymer materials with other suitable materials to provide durability
and elasticity. In this study, we have combined conductive polymer
polypyrrole (PPy), utilizing crystalline nanocellulose (CNC) as the
substrate material, successfully creating a conductive and elastic
composite material in the form of a hydrogel. Several experiments were
conducted to verify the synthesis process and the material's conductive
properties. The creation of CNC was confirmed by using the dynamic
light scattering method and an electron microscope with the CNC’s
particle diameter ranging from 50-650 nm. The electrical property of
the hydrogel was verified in the form of a flexible strain sensor. The
hydrogel material demonstrates the potential for applications in the
fabrication of strain sensors, force sensors, flexible -electronic
applications, etc.
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Polymer dan dién 1a hop chat c6 kha ning dan dién va dan hoi, voi
nhiéu tng dung trong nghién ciru va ché tao cac thiét bi cam bién mém,
16 bdt mém. Dé ché tao polymer dan, can sir dung polymer dan dién két
hop véi vat liéu nén va dang thac két hop vat liéu phu hop. Trong
nghién ctru nay, chung t6i da két hop polymer din polypyrrole (PPy)
vai vat liéu nén 1a nanocellulose tinh thé (CNC) va ché tao thanh cong
vat liéu composite & dang hydrogel ¢6 kha ning dan dién, dan hoi. Thi
nghiém kiém tra dugc tién hanh dé giam sat qua trinh tong hop va xac
nhan dic tinh cua vat liéu. Su tao thanh cuia CNC da duoc kiém ching
bang cach sir dung phuong phap tan xa anh sang dong, va kinh hién vi
dién tir. Puong kinh hat CNC thu dwgc nam trong khoang 50-650 nm.
Tinh chit din dién cua hydrogel duoc minh ching thong qua viéc ché
tao va khao sat mot cam bién do bién dang. Thi nghiém dong thoi cho
thdy vat liéu c6 tiém ning Gng dung trong ché tao cam bién do bién
dang, cam bién lyc va cac (tng dung dién tir dan hdi, v.v.
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1. Gigi thigu

Nhitng nam gan day, polymer dan dién 1a mot huéng nghién ctru dugc nhleu nha khoa hoc
quan tdm nho tiém nang tng dung rong rai trong cac linh vyc nhu ro bt mém, thiét bi Tuu trix
nang luong, thiét bi miac duge va cac thiét bi theo ddi stc khoe gan trén co thé [1]. Dé co thé tng
d1:1ng duoc, vat lidu polymer dan can c6 su 6n dinh vé cdu tric vat liéu, tinh din dién va tinh dan
hoi cao.

Dé tao ra tinh dan dién, polymer thuong dugc pha tap véi cac hat kim loai, chat ban dan, axit
hay cac chat hoat dong bé mat [2]. Trong do6, PPy 12 mt polymer déc trung boi dién tich bé mit
cao va do dan dién tét, qué trinh tong hop da dang va don gian [3]... Khi két hop chat dan dién
polypyrrole (PPy) trén nén cellulose s& tao ra hdn hop polymer dan c6 tinh hoa trén cao, mém
déo va linh hoat [4].

Ban than cac polymer dan thuong bi han ché do d& bj hoa tan, tinh 6n dinh vé céu triic thap
[5]. Dé tao ra sy on dinh Vvé Ciu tric va tinh dan hoi cho polymer dan, ngudi ta thuong két hop
thém mot s6 chat nén voi polymer din dé tao thanh dang composite, gitp tang tinh mém déo, dan
hoi cua vat liéu [6]. Trong s6 cac vat lidu nén, nhém cac vat liéu nanocellulose (NC) c6 ngué)n
gdc ty nhién véi do bén cao, dién tich bé mat 16n va bé mat hoa hoc dé dang thay doi [7], dé dang
tuong tac tot vai polymer dan kich thudc nano, nhat 1a nanocellulose tinh thé (CNC).

Ban chit tich dién ctia nanocellulose cung vé6i sy kho khin trong viéc tong hop chung trong cac
dung méi ky nudc di khién cho viéc phan tan NC trong cac polymer dan tro nén kho khan [8]. Cac
phuong phap két hop polymer dan vai NC nhu pha dung dich, phii phiin xa va qua trinh lang dong
hoi khong thich hop dé phan tan déu NC trong polymer dan. Dé tao dugc ciu tric mang dong nhat
va d6 bén co hoc, ngudi ta thudng sir dung phuong phép tring hop va pha tron [9].

Bén canh d6, hinh thai cua vat liéu composite tao thanh ciing ¢6 anh huéng dén tinh déo, dan
hoi va din dién. Vat liu composite gitta nanocellulose va polymer dan di dugc tong hop thanh
cong dudi dang mang [10], dang vién nén [11] hay dang aerogel va hydrogel [12]. Trong do, NC
thé hién dic tinh chat nén tét voi dang hydrogel [13], do cac mang ba chiu hinh thanh lién két
chéo vé mat vat Iy va hoa hoc, c6 kha ning ngdm nudc cao tao nén su da dang Vé cau trac, thiic
day kha ning phan tan cua chat don trong ma tran ua nude [12]. Mot s6 nghién ctru di trude da
tdng hop composite cua polymer dan va nanocellulose & dang hydrogel ¢6 co tinh tbt va tinh dan
dién cao dya trén PPy/CNF/PAM va CNF/PPy/Fe;0,4 [14], [15].

Trong nghién ciru ndy, chung t6i da tong hop mot loai vat lieu polymer dan dién kiéu
hydrogel trén co s& két hop polymer dan PPy trén nén CNC, sir dung phuong phap trung hop,
pha tron. Vat liéu duoc tao ra c6 kha ning din dién va c6 co tinh phuc hdi sau bién dang. Dic
tinh dan dién duoc kiém nghiém va minh ching tiém ning tng dung trong ché tao cam bién do
bién dang, cam bién luc,...

2. Phwong phap nghién ciru
2.1. Vat liéu va hod chat sir dung

Bang 1. Danh muc héa chat sir dung

Tén Nha san xuit
Pyrrole (C,HsN) (D6 tinh khiét 99%) Shanghai Macklin Co. Ltd Trung Qudc
Cellulose powdered (D9 tinh khiét 97%) Himedia Laboratories Pvt. Ltd, An Do

Axit sunfuric (H,SO, nong do 98%)

Sodium hydroxide (NaOH, 98%)

Iron chloride hexahydrate (FeClz.6H,0) Xilong Chemical Co. Ltd, Trung Quéc
Sodium tetraborate decahydrate (Na,B40,.10H,0)

Polyvinyl alcohol (PVA)

Nuéc cat 99% (Thiét bi FST-UV)

PTN Khoa VLKT&CNNN, Trudng Dai hoc
Céng Nghé, DHQGHN.
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Thong tin vé néng do va nguén géc cua hoa chit dugc sir dung trong thi nghiém duoc liét ké &
Bang 1. Trong d6, cac hoa chat Pyrrole, Cellulose powdered, Axit sunfuric, Sodium hydroxide,...
1a san pham thuong mai sin c6 trén thi truong. Nudc cat duoc san Xuat tir may loc nudc cat FST-
UV tai phong thi nghiém Khoa Vit 1y k¥ thuat va Cong nghé nano, Truong Pai hoc Cong nghé,
Dai hoc Qudc gia Ha Noi.

2.2. Phwong phdp téong hop vt ligu
2.2.1. Tong hop nanocellulose tinh thé tir cellulose powdered

Nanocellulose duoc tao ra tir cellulose powdered bang phuong phép thily phan axit dwa trén
nghién ctru trude d6 cia Xue et al. [16] va Patchiya et al. [17]. Trong d6, cellulose dugc thuy
phan bang axit pha loang véi nong do H,SO, 1a 60% vai ty & 1:9 g/ml. Hn hop dugc quay Véi
tbc d6 1000 rpm dong thoi gia nhiét bang may quay tir Daihan SMHS-3 & 45°C trong 45 phut.
Phan tng dugc ngung bang cach thém nudc cat vao hdn hop. Sau do, hdn hop dugc quay ly tim
bang may LC-04R CENTRIFUGE 800B ¢ toc d6 4000 rpm trong 10 phut, dé loai bo phan nuéc
trén bé mit, thu duoc bot CNC. Str dung may rung siéu am (DR-MS40 tan sé 40kHz) phén tan
déu CNC trong 30 phit. Dung dich NaOH 2M duoc st dung dé trung hoa miu, dén khi dat
pH=7. Nanocellulose tinh thé thu dugc dudi dang huyén phu (Hinh 1).

45°C
45 phut 4000 rpm

10 phut
Cellulose

Hinh 1. Quy trinh chiét xuat nanocellulose bang phiong phdp thiiy phén axit
2.2.2. Ché tao vt liéu polymer dang hydrogel ddn trén nén CNC

CNC/PPy x 30ml H,O

CNCx80ml H,O FeCL,.GH,0 Pyrrole
0 .
‘ 40kHz

40kHz

DI

3mi Bogax 1000 rpm

120 phat
90°C

AN

\-"\\)
-

/
Hydrogel w

Hinh 2. Ché tgo polymer ddn trén nén cellulose
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Qua trinh tong hop hydrogel cia PPy/CNC duoc mé ta theo so d6 Hinh 2. Pau tién, 10 ml
huyén phi CNC (20% wt CNC) dugc thém 80 ml nudc cit va phan tan bang bé rung siéu 4m
trong 20 phit. Thém d6ng thoi 0,3 ml Pyrrole va 10 ml FeCL3.6H,0 vao hdn hop va khuay lién
tuc trong 90 phiit dé hinh thanh Ppy [18]. H3n hop PPy/CNC duoc loc qua mang mixed cellulose
ester kich thudc 16 0,22 mm. Trong qua trinh loc, hdn hop duoc rira sach nhiéu lan bang nuéc
khtr ion (DI) dé loai bo cac mudi va tap chét, thu dugc bt PPy/CNC ngam nudc trén gidy loc.
Bot PPy/CNC duoc phan tan trong 30 ml nudc khir ion. 2 g PVA duoc thém tir tir vao hon hop va
khudy lién tuc trong 60 phit & nhiét d6 phong dé PVA truong nd hoan toan, sau d6 hon hop dugc
gia nhiét dén 90°C va khuay trong 2 gid. Sau phan g, PVA tan hoan toan, 3 ml Na,B,0,.10H,0
dugc thém tir tir vao hdn hop va khudy déu dé thu duoc san pham dudi dang hydrogel.

3. Két qua va ban luan
3.1. Téng hep vit ligu
3.1.1. Tong hop nanocellulose tinh thé

Qua trinh tong hop nanocellulose crystal (CNC) thu duoc két qua dang huyén phu, ¢ sy dong
nhat va it su lang dong. Kich thudc hat dugc khao sat bang phuong phép tan xa anh sang dong
DLS (HORIBA LB-550) so sanh giita mau cellulose va nanocellulose trong Hinh 3.
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Hinh 3. D6 thj DLS ciia mau (a): cellulose va mau, (b): nanocellulose

(@) o ) (b)
N Hinh 4. Hinh anh chup mau bang kinh hién vi dién tu
(): Mau cellulose powdered chwa thity phdn, (b): Mau cellulose powdered da thity phdn

Mau CNC c6 kich thuéc hat nam trong khoang 50-650 nm, nhé hon 10 1an so véi truée do,
cho thay hi¢u qua cua qua trinh tong hop bang phuong phéap thity phén axit. Hinh thai cia CNC
sau khi thuy phan duoc thé hién trong Hinh 4. Trong qua trinh thily phan, axit sunfuric tac dong
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vao vung v6 dinh hinh va ca vung tinh thé, dan dén viéc pha v& cac cAu tric tinh thé 16n va hinh
thanh nén nhiing tinh thé nho hon, két qua phu hop voi két qua do DLS néu trén. Tuy nhién, co
thé nhan thay 1a kich thudc cac tinh thé con chua dong déu.

3.1.2. Vat liéu hydrogel PPy/CNC

Hinh 5 mé ta qué trinh hinh thanh PPy theo thoi gian, mau tring ban dau cua cellulose chuyén
dan sang mau den do qué trinh tring hop hinh thanh PPy trong hdn hop. Vat liéu hydrogel
PPy/CNC thu duoc c6 mau den, do nhét va tinh dan hdi cao, c¢6 thé diéu chinh duge. Trong do,
nanocellulose dong vai trd lam chat nén con PPy dong vai tro 13 tac nhan dan dién. Viéc bo sung
borax da tao cac lién két Borat — Diol Ester [19] giira cac chudi PVA va CNC tao mot mang lui
hydrogel bén viing.

(b)
Hinh . Hydrogel composite PPy/CNC
(a): Qud trinh chuyén doi PPy/CNC, (b): Hydrogel PPy/CNC

3.2. Khdo sdt dién tré vt ligu hydrogel PPy/CNC

Ong day silicon ¢ cau tao nhu mo ta trong Hinh 6 duoc st dung dé khao sat d6 dan dién cua
vat liéu hydrogel PPy/CNC thu duoc. Dién ap 5V DC duogc dit vao 2 dau day dan cua ong. Dién
tro duoc do bang dong hd van nang EXCEL DT9205A. Su phu thudc cua dién tro vao chiéu dai
va tiét dién cua 6ng silicon duoc khao sat. Ong silicon dwgc sir dung c6 kich thudce duong kinh
trong 2 mm va duong kinh ngoai 1a 4 mm.

Ong sili Nut
Day dan < Ong silicone

. “d
—I- Hydrogel PPy/CNC -I—

Hinh 6. M6 hinh minh hoa 6ng silicon chiza hydrogel dan ding trong khao sat

3.2.1. Sw phu thugc cuia dién tré vao dé dai ong day

Trong thi nghiém, cac mau 6ng ddy silicon bén trong chira hydrogel PPy/CNC c¢6 d6 dai ting
dan tir 3, 5, 8, 10 va 15 cm dwoc ché tao va do dién tro. Két qua do dac duoc biéu dién trong
Hinh 7 cho thay dién tré ting dan khi d dai day din tang dan cho thiy rd kha ning din dién cua
vat liéu hydrogel PPy/CNC. Tuy nhién, sy gia tang dién tr¢ con chua ty |¢ Vi su gia tang d6 dai.
Nguyén nhan cé thé do vt liéu hydrogel chua hoan toan lap day cac khoang tréng trong dng day
hay phan bd khong dong déu trong khong gian dng va do sai s trong phép do.
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Hinh 8. D6 thi su thay doi dién tré khi kéo dan ong silicon

Trong thi nghiém nay, mot mau 6ng silicon co cau tao nhu md ta trong Hinh 6 véi do dai 10
cm duoc do dién tré trong trang thai binh thuong va trang thai bi kéo dan thém 1 cm va 1,5 cm.
Két qua do dac dugc mo ta trong Hinh 8. Khi dng day bi kéo dan, tiét dién ngang ciia dng thu hep
lam tiét dién cua day vat liu dan bi thu hep. D6 thi cho thiy dién tré do duoc cé xu hudng ting
cung v6i su kéo din cua 6ng diy hay sy thu hep cua tiét dién vat liéu dan. Sau khi ngung tac
dung lyc, dng day tro lai trang thai ban dau. Thuc nghiém tai khang dinh kha ning dan dién cua
composite. DOng thoi, cho thay tiém ning (ing dung trong ché tao cam bién do bién dang, cam
bién luc,...

4. Két luan

Nghién ciru nay da ché tao dugc vat liéu hydrogel PPy/CNC c6 c6 kha ning dan dién. Vat ligu
nay 1a composite dang hydrogel sir dung polymer dan PPy trén nén CNC, duoc téng hop thanh
cong bang phuong phap tring hop tai chd va pha tron. Nghién ctru di xdy dung duoc quy trinh téng
hop nanocellulose, thu dugc nanocellulose c6 dang tinh thé véi kich thudc tir 50-650 nm. Vat ligu
hydrogel PPy/CNC thu duge c6 khd ndng dan dién. So voi cac dang vat liéu polymer dan dién khac
st dung hat dan 14 kim loai, hon hop polymer dan duoc tao ra c6 tinh hoa tron cao, mém déo va
linh hoat. Khao sat budc dau cho thiy dién tro cia mau vat phy thudc rat I6n vao sy bién dang cua
vt liéu, cho thy tiém nang ung dung I6n trong ché tao cam bién do bién dang, cam bién luc, va
cac ung dung dién tir dan hoi,... Trong twong lai, nhém nghién ctru s& khao sat chi tiét hon cac dic
tinh cam bién khéac cua vat liéu dé hoan thién va ché tao thir nghiém cam bién.
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