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SUMMARY

ELCTROCHEMISTRY SUPERCAPACITOR PROPERTIES OF MnQO,/CNT
NANOCOMPOSITE FOR SUPERCAPACITIVE APPLICATIONS

In this work, MnOy/carbon nanotube (CNT) nanocomposite is synthesized by chemical deposition

method. Electrochemical properties of the synthesized material was studied using cyclic voltammetry
(CV) in 1 M Na>;SO, aqueous electrolyte that showed a high specific capacitance of 236.64 Fg'. In
addition, the synthesized nanomaterial showed a good reversibility and cycling stability. After 500 cycle

tests, material maintain 78.14% of its initial specific capacitance. The MnO»/CNT nanocomposite makes

it promising as an electrode material for supercapacitors.
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1. MO PAU

Nghién ctru va phét trién cac ngudn ning
lwong méi dang duoc nhiéu nha khoa hoc trén
thé gidi quan tam, trong d6 phai ké dén siéu tu.
Siéu tu la thiét bi tich trir dién tich c6 mat do
tich trit 16n va thoi gian song dai hon so véi
pin, dc quy, mat khac né c6 mat do niang luong
cao hon rat nhiéu so véi tu dién thong thudng
[1-7]. Cac vat liéu c6 thé sir dung lam siéu tu
gém nhom vat liéu cacbon, nhém vat liéu
polymer, nhém vat li¢u oxit kim loai va oxit
rutini (RuO,) [4-7]. Pdc biét khi st dung cac
vat liéu nano thudc cac nhom nay nhu nano
oxit kim loai, graphene, 6ng nanocabon
(CNT)...s€ dem lai cac tinh nang rat cao cho
siéu tu nhu dung lwong cao, tudi tho 16n, than
thién v6i moi trudng [2,8]. Trong sb cac vt
liéu nay, mangan dioxit da va dang dugc chu y
boi cac wu diém nhu: c6 ngudn nguyén liéu
tuong ddi ré, phong pht trong tw nhién, cach
ché tao don gian va d& dang ché tao theo nhiéu
phuong phéap khic nhau, tinh dan dién va hoat
tinh dién hoa twong doi tbt, lai rat than thién
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véi moi truong [3,6]. Tuy nhién, mangan
dioxit lai chua hoan toan dap ing dugc céac yéu
cau k§ thuat cua vat liéu siéu tu do dung luong
riéng va tudi tho chua cao. Pé cai thién nhuoc
diém nay, mot s6 nghién ctru gan day cho thdy,
viéc lai héa CNT vao mangan dioxit c6 thé lam
tang tinh chat dién hoa va kha ning tng dung
cua no trong linh vyc siéu tu [6-8]. Trén co so
d6, trong bai bao nay ching toi trinh bay két
qua nghién ctru tinh chit dién hoa cta vat lidu
nanocompozit MnO,/CNT téng hop theo
phuong phap két tiia hoa hoc.

2. THUC NGHIEM

2.1. Héa chit

Céc hoa chat chinh sir dung trong nghién ctru
gém: KMnO4, C,H, den, HCI, H,SO4, etanol,
PTFE, (Trung Quéc), dién cuc déng ma niken
mo.

2.2. Thiét bj

Mot s thiét bi duoc su dung nghién ctru nhu
méy siéu am, ly tm, khudy tir, cin phan tich
¢6 do chinh xac + 105g (BP 211D, D), tu
sdy (Memmert, Dic), thiét bi chup anh SEM



Hitachi-S4800 (Nhat Ban), phan tich XRD trén
méay D8 Advance-Bruker (Ptc) va thiét bi do
dién hoa da nang PGSTAT 302N (Ha Lan).
2.3. Téng hgp vit li¢u va ché tao dién cuc
Qua trinh tong hop vat lidu dién cuc dugc thuc
hién: 50 mg CNT dugc thém vao hdn hop gém
50 ml dung dich axit HCI dac va 50 ml dung
dich axit H,SO4 dic. Hon hop dugc siéu am
khoang 5 - 10 phut, thém nuéc cat (khoang 400
ml) sau d6 dung dich duoc ly tam va giit lai
khoang 20 ml huyén phu, khudy déu trén may
khudy tir & nhiét d6 phong. Hoan tan 0,32 g
KMnO, vao dung dich huyén phu thu dugc &
trén, nho tir tir dung dich HCI (1 : 1) vao hon
hop nay t6i khi dung dich mat mau tim hoan
toan, thém nudc cat va ling loc nhiéu lan thu
dugc két tia mau ndu sim (MnO,/CNT), dé
kho tu nhién trong 48 gio.

Ché tao dién cuc: Hon hop gém MnQ,/CNT,
C,H, den, PTFE ldy theo ti 18 75: 15: 10 (vé
khdi lugng) dugc tron déu va d6 vao khuon
kich thude 1 cm x 1 cm, ép chit, séy d 120°C
trong 3 gio. Vit lidu sau khi 1iy ra khoi khuon
duoc gén 1én dién cuc dc‘”)ng ma niken mo béng
keo bac, sdy ¢ 60 °C trong 2 gid.

2.4. Phuong phap nghién ctru

Hinh thai bé mat va cdu tric cua vat lidu duge
nghién ctru bang phuong phap chup anh SEM,
gian d6 nhidu xa tia X (XRD).

Tinh chét dién hoa clia vat lidu dién cuc duge
nghién ctru theo phwong phap quét thé vong
tudn hoan (CV) thuc hién trén thiét bi do dién
héa da nang PGSTAT 302N véi dung dich
dién 1i Na;SO4 1 M, tdc d6 quét thé 10 - 20
mV/s trong khoang dién thé -0,1 dén 1,0 V.
Dung lugng riéng cua vat li€u dugc tinh theo
LA O (1) Trong do:
mAE  mAE

C —1a dung luong riéng (Fg'); I —1a cudng
do dién phong (hodc nap) trung binh (A); AE —
12 khoang quét thé (V); At — la khoang thoi
gian quét mot chu ky (s); m — 1a khéi lwong

cong thic: C =

riéng cua vat liéu (g); Q — 1a dién lugng phong
nap (culong) va dugc tinh bdi cong thuc:

0= Ltlzi(t)dt
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3. KET QUA VA THAO LUAN

3.1. Hinh thai bé mit, cAu tric vét liéu

Hinh 1 trinh bay 4nh SEM cta MnO, va
MnO,/CNT.

] ~asl...
IMS-NKL x100k SE(U)

IMS-NKL x100k SE(U)

Hinh 1. Anh SEM ciia MnO; (a), MnO»/CNT (b)

Anh SEM quan sat dugc cho théy vat liéu
MnO, va MnO»/CNT déu c6 dang vay, bong,
x6p, kich thudc khoang 40 + 50 nm. Tuy nhién,
trong qué trinh tong hop vat liéu MnO,/CNT
c6 xay ra phan tng: 4KMnO4 + 3C + H,O —
4MnO; + K>CO; + 2KHCOs, dan dén su két
tia ctia MnO, trén bé mat CNT (Hinh 1b) va
anh SEM cho thdy vit liéu nay c6 bé mit bong,
x6p hon, kich thuéc nho hon so voi vat liéu
MIlOz.

Gian d6 XRD cia vat lieu MnO, va
MnO,/CNT (Hinh 2) cho thiy khi thém CNT
khong 1am thay d6i ciu tric cua vét liéu MnO,.
Ca hai vat liéu MnO, va MnO,/CNT déu c6 pic
dac trung & 26 khoang 37,1° va 66,4° ing vai
dang tdn cua vat liéu dang y-MnO,. Tuy nhién,
cuong d6 cac pic nay thip chung to vat liéu
chu yéu ¢ trang thai vo dinh hinh, mirc d6 tinh
thé thap.
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Hinh 2. Gian d6 XRD ciia MnO; (a),
MnO,/CNT (b)
3.2. Tinh chét dién hoa
3.2.1. Ddc trung CV va dung lugng riéng ciia
vdt liéu

1 (mAlem?)

02 00 02 04 06 08 10
E (V vs. Ag/AgCl)

Hinh 3. BPuong cong CV cua MnO: (a),
MnO/CNT (b) tai toc do quét thé 10 mV/s
Hinh 3 cho thdy duong CV cia cac vat lidu co
dang hinh chir nhét, gidng voi dudng phong
nap dic trung cia tu dién 1y tudng, co thé tmg
dung lam véat li€u cho siéu tu. Tuy vat li€u
MnO; ¢ dudng CV giéng hinh chit nhat hon
nhung vét liéu MnO,/CNT cé cudong do dong
phong nap 16n hon chirng to viéc dua CNT vao
MnO; c6 tac dung lam ting dung lugng riéng
cua vat li€u. That vay, dung lugng riéng cua
tung vat liéu dugc tinh toan theo cong thue (1),

két qua duoc thé hién ¢ Bang 1.
Bang 1. Dung lwong riéng cua vat liéu
(v=10mV/s)

i Vit liéu
Thong so
MnOQO: MnO,/CNT
m (mg) 1,63 1,63
Quw (mC) 367,06 424,29
C (Fgh 204,72 236,64
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3.2.2. Dj bén phong nap

Do bén phong nap cua si€u tu dugc nghién cliru
thong qua sy giam dung lugng riéng cia vat
liéu sau 500 chu ky quét thé CV trong dung
dich Na,SO4 1 M véi toe do quét 20 mV/s. Két
qua trinh bay ¢ Bang 2 va Hinh 4.

Bang 2. Su phu thugc cua dung luong riéng
vdo s6 chu ky quét thé

. Dung lwgng riéng (Fg™)
Chu ky
MnO: MnQO2/CNT
10 204,72 236,64
100 197,35 211,57
200 185,66 208,34
300 173,29 196,18
400 154,28 190,23
500 146,65 184,91
Do bén
phong nap 71,63% 78,14%
sau 500 CV
120
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Hinh 4. Su giam dung luwong riéng cia MnO;
va MnO,/CNT

Dung lugng cua vét liéu giam khi ting s6 chu
ky quét CV c6 thé do sy mai mon vat liéu
trong qua trinh hoat dong hodc su suy giam déc
tinh cai va giai cai cua vat li€u trong qua trinh
quét CV. Su suy giam nay s& nho néu qua trinh
cai va giai cai dién ra thuan loi, it 1am thay doi
thé tich cua vat [9].
Tur cac két qua trén cho théy su c6 mdt cua
CNT khong 1am thay d6i céu triic vat liéu ma
¢6 tac dung ting do xdp, dung lugng riéng va
d6 bén phong nap ciia MnO,.
4. KET LUAN
Pa tong hop thanh cong vat lidu MnO, va
nanocomposit MnO,/CNT theo phuong phap
két tia hoa hoc. Vat liéu chu yéu dang vo dinh




hinh, ¢6 ciu triic nano (40 = 50 nm), bé mit
x0p.

Bing phuong phap quét thé vong tuan hoan
(CV), nghién ctru tinh chit dién hoa cua vat
liéu MnO; va MnO,/CNT trong dung dich dién
li Na;SO4 1 M cho théy vat liéu hoat dong co
tinh thuan nghich cao, 6n dinh. Vat liéu
MnO,/CNT c6 dung lugng riéng dat 236,64
Fg! cao hon vat liéu MnO,, sau 500 chu ky
quét CV dung lugng riéng con duy tri 78,14%
so v6i ban dau.
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