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THONG BAO KHOA HOC

NGHIEN CUU SU DUNG CHITOSAN TU VO TOM LAM CHAT DPIEN LY CHO
SIEU TU PIEN

CHITOSAN FROM SHRIMP SHELLS AS AN ELECTROLYTE FOR SUPERCAPACITORS
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Ngay nhan bai: 5/2/2018; Ngay phan bién thong qua: 18/4/2018; Ngay duyét dang: 27/4/2018

TOM TAT

Siéu tu dién la thiét bi trit nang lwong rat hiéu qua do kha nang nap nhanh, dong phong lon, an toan va
thén thién véi méi trieong. Trong nghién cieu nay, mét loai vit liéu t6 hop kich thuée nano ciia graphene va
NiCo,0, c6 do x0p cao dwege tong hop bang phirong phdp vi séng va san pham sir dung lam vt liéu cho dién
cure cua siéu tu dién. Hinh dang, kich thudc, tinh chdt héa ly cua vat liéu dwoc phan tich bdng kinh hién vi quét
dién tir (SEM), kinh hién vi dién tir truyén qua (TEM), phé nhiéu xa tia X (XRD), phé photon tia X (XPS). Pdc
biét, chitosan chiét tach tir vé tém dwoc sir dung lam chat dién ly ran cho siéu tu dién. Két qua cho thd'y vat
liéu thu dwoc co do xép cao, cdac hat NiCo,O, c6 kich thudc khodang 30-50 nm dwoc phdan bé déu trén bé mat
ctia tam graphene. Khi sir dung vat liéu nay lam dién cuc cho siéu tu dién thi hiéu qua luu trit nang luwong cao
hon ddng ké so voi t6 hop graphene/NiO va graphene/Co 50, Hon nita, chdt dién ly chitosan ciing cho thdy
kha néng lieu trit cao hon nhiéu so véi sir dung Nafion. Ngodi ra, siéu tu sir dung chitosan lam chdt dién ly ¢6
dé bén dién dung dat trén 96% sau 2000 vong lap.

T khoa: Chitosan, vo tom, sié€u tu dién, vat li¢u nano, luu trit nang lugng
ABSTRACT

Supercapacitors are potential energy storage devices due to their fast charging, large discharging time,
safety and environmental friendly. In this study, a nanocomposite of graphene and NiCo,O , with a high porosity
was sythezied by a microwave-assisted method and used for supecapacitor electrodes. The morphology, size,
physic-chemical properties of prepared samples were characterized by scanning electron microscopy (SEM),
transmission electron microscopy (TEM), X-rays deffractions (XRD), X-rays photoelectron spectroscopy
(XPS). Interestingly, chitosan from shrimp shells was used as a solid electrolyte for supercapacitor. Results
show that the nanocomposite has a high porosity and NiCo,O, nanoparticles have a size of 30-50 nm and
distributed evenly on the graphene sheets. The supercapacitors that were prepared by using graphene/NiCo,0,,
nanocomposites showed a significant improvement of energy capacity in compared to pure graphene or
bare NiCo,0,. In addition, chitosan electrolyte also shows much higher energy capacity than that of Nafion
electrolyte. Moreover, the prepared supercapacitor with chitosan electrolyte showed excellent stability with
over 96% after 2000 cycles.

Keywords: Chitosan, shrimp shells, supercapacitors, nanomaterials, energy storage

. DAT VAN PE xe hoi, xe bus, can cau, v.v. [1]. Tuy nhién,

Gan day, siéu tu duoc xem I1a thiét bi triv diém yéu cla siéu tu hién tai Ia dién thé hoat
nang lwong hira hen rat hiéu qua do kha niang ddng thap (2,7 dén 75V). Do do, cac siéu tu
nap nhanh va dbng phéng I&n, rét an toan doi hdi can phél co thé tich Ion hoac phél dwoc
khi str dung va than thién véi mai trwong [7]. sac nang luong thuong xuyén thi moi cé the
Chung c6 thé dwoc st dung trong lwu tri ning st dung hiu hiéu [5]. Bay la ly do chinh khien
lwong tai tao, thiét bj dién t& b tai va cac viéc ap dung siéu tu dién vao doi song con gap
phwong tién di dong str dung dién nhw xe dap, nhieu kho khan.

1 Trung tdm Thi nghiém Thyc hanh, Truong Dai hoc Nha Trang
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Theo cong the tinh nang lweng lwu triy:
E = % C.U2 [12], dé tdng nang lvong E c6 hai
cach: (i) tang thé hoat dong (U) théong qua thay
ddi chat dién ly; (i) tang dién dung (C) cta siéu
tu théng qua viéc lwa chon vat liéu lam dién
cwe phu hop. Cac chét dién ly théng thwong
da va dang dwoc nghién ctu nhiéu do 1a
dung dich axit (H,SO,, HNO,), dung dich kiém
(NaOH, KOH), dung dich trung tinh (Na,SO,,
KCI) [12]. Gan day, chitosan dwoc biét dén la
mot chéat dién ly ran hira hen cla cac pin dién
[11]. Hon nira, chitosan la mét polyme c6 kha
nang phan hly sinh hoc, nén an toan va than
thién v&i moi tredng so véi cac vat liéu vo co
dang dung trong cac siéu tu khac. Mat khac,
theo cac nghién ctru da cong bd, mot vat liéu ly
twdng lam dién cwc cho siéu tu can cé cac tinh
chét nhw dién tich bé mat Ién, do xép phu hop,
do6 dan dién cao va dién dung 16n [4,9].

Tl cac ly do trén, chung téi chon chito-
san lam chat dién ly va ché tao mot vat liéu
nano dwa trén cac tdm graphene va hat nano
NiCo,0, trng dung cho siéu tu dién. Cac tam
graphene c6 dién tich bé mat rat Ién (theo ly
thuyét 1a 2629 m2/g) va dd dan dién cao (d6
linh dong cua electron & nhiét d6 phong la
15000 cm2/V.s) [2]. Trong khi dé cac hat nano
NiCo,0, ¢ tdng dién tich bé mat cac hat lon
va la vat liéu lam dién cwc cho siéu tu co dién
dung cao. Vi vay, t6 hop graphene/NiCo,0, rat
thich hop dé lam vat liéu dién cwc cho siéu tu
¢6 hiéu nang cao.

Il. VAT LIEU VA PHUONG PHAP NGHIEN CUPU

1. Nguyén vat liéu

Chitosan (Mw 700 kDa, DD 90%) dwoc
thu nhan tr phong thi nghiém, Trwdng Dai hoc
Nha Trang. Than chi (graphite, 99,99%, Sig-
ma), CoCl,.6H,0 (99%, Sigma), NiCl,.6H,0O
(99%, Sigma), KMnO4(98%, TCI) dwgc s
dung ngay khi mua vé& ma khéng can tinh ché.
TAm Nikel foam mua tir MTIKorea (Han Quéc).
Céc hda chét khac c6 do tinh khiét phan tich.
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2. Phwong phap nghién ctru
2.1. Téng hop graphene oxit (GO)

GO duwoc tdng hop theo phwong phap céi
tién ctia Tour va cong s [6]. Cu thé, cho 1,5g
graphite vao 200ml hén hop axit dac H,SO,va
H,PO, voi ty 18 9:1 (v/v) trong mét binh cau
day tron. Sau do, cho tir tir 9,09 KMnO, vao
trong ltc khudy hén hop trén. Phan (ng duoc
thwe hién & nhiét dd 55°C trong 20 gidr. Khi két
thuc phan &ng, hén hop dung dich dwoc cho
tw tlr vao 200 ml dung dich c6 chira 0,1% H,O,
va khudy trong 4 gi¢. H6n hop sau doé duoc ly
tam va rtra nhiéu 1an bang nwédc cat dén pH 7.
Phan rén dwoc sdy dong khd dé thu nhan GO.
2.2. Téng hop graphene/NiCo,0,

Hoa tan 30 mg GO, (0,1 mmol) NiCl,.6H,0,
(0,1 mmol) NiCl,.6H,0O dwec hoa tan trong 30
ml nwéc cat va khudy trong 30 phut. Sau do,
cho 10 ml dung dich chra 0,3 mmol H,C,0,
va 0,1 ml NaOH 0,5 M. Hén hop dung dich
duwoc cho vao éng phan (rng Teflon va chay vi
séng & 700 watt trong 2 phat. Sau phan rng,
phan ran dwoc tach va rira nhiéu 1an bang ly
tam va nwéc cat. San pham thu dwoc sau khi
séy & 60°C trong 6 gid, sau do, nung & 300°C
trong 3 gio.

2.3. Thiét bj do tinh chat vat liéu

Hinh dang, kich thwéc, tinh chat héa ly ctia
cac mau dwoc do trén cac thiét bi SEM (Hita-
chi, S-4200), TEM (Philips, CM-200) thé gia téc
200 kV, XRD (PANalytical, X'Pert-PROMPD)
tia phéng xa Cu Ka, XPS (Thermo Scientific,
K-Alpha) tia phong xa don Al Ka.

2.4. Ché tao dién cuc va danh gié tinh chét
siéu tu dién

Dién cwce lam viéc clia siéu tu dwoc chuan bi
nhw sau: tron vat liéu graphene/NiCo,O, (3 mg,
80wt.%) voi 15wt.% acetylene va Swt.% dung
dich chitosan (1% trong axit axetic). Chitosan
duoc st dung lam chét dién ly va cé tinh chét
két dinh. H&n hop bét nhao nay dwoc phi lén bé
mét cGia tAm Ni foam (Hinh 1) va dwoc sdy kho &
60°C trong 2 gi&r. Cac tinh chat dién hoa dwoc do
trén may VersaSTAT 3 (AMETEK Model).
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Hinh 1. TAm Ni foam (a) truéc, (b) trong, (¢) sau khi phi 16p vat li¢u graphene/NiCo,0

lll. KET QUA VA THAO LUAN
Qua trinh gan t6 hop oxit kich thwéc nano NiCo,0, 1&n tdm graphene c6 thé mo ta theo cac giai
doan sau. Dau tién, khi tién hanh phan &ng trong vi séng cac caion Ni2* va Co2?* sé& phan rng v&i
céac anion OH™ tao thanh hén hop két tda (Ni, Co) hydroxit bam trén bé mat thm graphene oxit (GO).
S tao thanh hén hop hydroxit 1a do hang sb tich s tan cia Ni(OH), (2,8 x 10-16) gan bang véi cla
Co(OH), (2,8 x 10-'6). Phwong trinh phan &ng xay ra nhw sau:
xNi?*+ 2xCo?" + 6xOH™ — Ni Co, (OH),,
Cudi cung, trong qua trinh nung san pham & 300°C, graphene oxit s& chuyén thanh graphene va
xay ra s chuyén héa hydroxit thanh oxit NiCo,O, theo phwong trinh phan &ng sau:
2Ni, Co,,(OH),, + xO, — NiCo,0, + 6xH,0
Hinh dang va kich thwéc clia vat liéu td hop graphene/NiCo,0, dwoc danh gia dwa trén hinh anh
SEM va TEM (Hinh 2). Két qua cho thay cac hat NiCo,O, c6 hinh dang twong ddi tron, kich thuwéc
khoang 30-50 nm va phan bb kha déu dan trén bé mét clia cac tAm graphene. Sy phan b nay lam
tang d6 dan dién, tang dién tich bé& mat cha vat liéu do dé lam tang dién dung va kha nang lwa tri
dién tich cla siéu tu dién [5,7,8].

Hinh 2. Hinh énh (a) SEM va (b) TEM cia vt li¢u graphene/NiCo,0,
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DPé khang dinh cac hat dwoc tao thanh la
cac hat NiCo,0, va c6 do két tinh cao, vat liéu
duoc do trén may phd nhiéu xa tia X va phd
photon tia X (Hinh 3). Két qua cho thay, cac dinh
dé&c trung trén phd XRD (Hinh 3a) cla vat liéu
thu dwoc hoan toan trung hop véi phd chuén
ctia NiCo,0, c6 ma sb JCPDS#20-0781. Peak
C (100) cua graphene tai vi tri khodng 12°.

Nhw vay, cac hat kich thwéc nano tao thanh
theo quan sat & Hinh 2 chinh la NiCo,0, gan
trén cac tm graphene. Ngoai ra, phé XPS
cling cho thay sw xuét hién cla cac peak
Ni 2p, Co 2p, C 1s, O 1s khéng dinh su tao
thanh t6 hop graphene/NiCo,O, cta vat liéu
thu duoc
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Hinh 3. (a) Phé nhiéu xa tia X, (b) phé photon tia X ciia vat liéu graphene/NiCo,0,

Sau do, vat liéu graphene/NiCo,0, dwgc
st dung dé lam dién cwc cho siéu tu dién
theo cac bwéc chuan bi nhw mé ta trong Hinh
1. Khi danh gia tinh chat dién héa cho thay,
tai mot tbc d6 quét nhw nhau (5 mV/s) (Hinh
4a) t6 hop graphene/NiCo,O, dung chét dién
ly la chitosan c6 mat do dong cao hon dang
ké so v&i cac dung dich dién ly truyén thdng
NaOH va Na,SO,. Diéu nay cé thé giai thich
do chitosan cé do dan dién cao hon, dan dén
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sy di chuyén dé dang cda cac electron [11].
Hinh 4b cho thdy d6 bén dién dung riéng rat
cao cua siéu tu dién. Sau 2000 vong nap va
xa, dién dung riéng cla siéu tu dién van dat
trén 96%. Sy gidm sut mot chat vé dién dung
riéng cé thé giai thich do sw thay déi ciu tric
xbp trén bé mat cua dién cwc do qua trinh
nap va xa dién nhiéu lan trong mot thoi gian
thei gian ngén [3,12].
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Hinh 4. (a) Thé di¢n héa ciia dién cuc sir dung chét dién ly khic nhau véi cing tde dd quét 5 mV/s, (b) dd bén cita
dién dung riéng cua di¢n cwc lam tir vit li¢u graphene/NiCo,O, sau 2000 vong l3p véi mét d§ dong S A/g
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Dé danh gia kha nang lwu trir cla siéu tu
dién khi dwa vao &ng dung trong thuc t&. Mot
hé gdém 2 dién cwc dwgc mo ta va bd tri nhw
trong Hinh 5. Qua trinh nap/xa dién dwoc thwe
hién nhiéu 1&n. Trong d6, cb dinh th&i gian nap
dién la 1 phut. Ngoai ra, cac siéu tu dién cla
cac chat dién ly khac nhau cling dwgc so sanh.

Két qua dwoc trinh bay trong Bang 1. Theo do,
t6 hop graphene/NiCo,0, st dung chét dién
ly 1a chitosan c6 kha nang lwu trir gép khoang
1,5 va 2,5 |1an so v&i cac dung dich dién ly 1a
NaOH 0,3 M va NaSO, 1M. Két qua nay ciing
da dwoc quan sat khi do mat dé dong dién &
Hinh 4a.

Bing 1. So sanh hiéu qua hru trit ning lwgng ciia siéu tu dién véi cac chét di¢n ly khac nhau thong qua

thoi gian nap va xa dién

Thi Thoi gian nap Thoi gian x4 (gidy)
nghiém (gidy) Chitosan Dung dich NaOH Dung dich Na,SO,
1 150 100 60
2 150 98 59
3 60 152 98 59
4 151 97 58
5 151 96 58

Hinh 5. (a) Pién cue ciia siéu tu dién, (b) nap dién cho siéu tu dién, (c) xa dién qua dén led cong suét 1 watt
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IV. KET LUAN VA KIEN NGH]I

Mot td hop vat liéu kich thwéc nano da
duoc tdng hop thanh cong bang phwong phap
vi séng st dung dung méi 1a nwéc. Cac chat
dién ly cho siéu tu dién khac nhau da dwoc so

nang cao. Dé co thé tién gan dén ng dung
trong thuc té thi can tién hanh cac nghién ctu
tiép theo bao gdm anh hwéng cla loai chitosan
khac nhau (khéi lwong phan tiv, do deacetyl),
ham lwong chitosan str dung va tang sb vong

sanh. Trong d6, tu dién sir dung chitosan lam |ap nap/xa dién.
chét dién ly thé hién kha nang lwu trlr nang
lwong cao, d6 bén dién dung dat trén 96%
sau 2000 vong lap. Pay la nghién ctru budc
dau cho viéc &ng dung vat liéu t& hop kich
thuwdc nano graphene/NiCo,O, va chét dién
ly chitosan & dang ran lam siéu tu dién hiéu
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