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TOM TAT: Tir ldu dioxit mangan da dwoc sir dung lam cuc dwong cho nguén dién hoa
hoc so cdp truyén thong. Hién nay nhiéu nghién ciru idp trung cai thién tinh nang dién hoa
ciia MnO, nham sir dung né lam cuc dicong cho cdc pin sac do tinh séin ¢é va than thién méi
truong ciia MnO; so voi cdc vdt liéu khdc.

Trong céng trinh nay da déng két tia dién héa hé MnO, va phu gia trén anod graphit tir

N

dung dich acetat mangan (II). Hinh thdi hoc bé mdit va cdu triic tinh thé duoc khdo sdt bing
cde ky thudt Hién vi diéen tr quét (SEM), Hién vi dién tir truyén qua (TEM) va Phé Nhiéu xa tia
X (XRD). Phuong phdp Quét thé vong tuan hoan (CV) duwoc sir dung dé ddnh gid cdc tinh
néng dién dung ciia nhitng dién cyc duwoc ché tao. Két qua nghién ciru cho thdy mét s6 phu gia
carbon bét min da lam ting dién dung va cai thién tinh ndng dién hoa cua dién cuc dioxit
mangan.

Tir khéa: Pioxit mangan, dién dung riéng, carbon, dién cuc 16 hop, pin sac.

1.DAT VAN PE

Cung voi su bung nd céc thiét bi ky thuit $6 cam tay nhu laptop, camera, dién thoai di
dong,... pin sac ngay cang duoc sir dung rong rii. Céc nha khoa hoc tai Trung tdm nghién ciru
dién tir - dién tir (LEES) thudc Vién cong nghé MIT (M§) da tap trung vao viée sir dung cdu
tric nano d& cai thién hiéu qua cia céc thiét bi luu niing lugng, hay con goi la “siéu tu dién”
(ultra-capacitor). Nhom nghién ciru khing dinh: “Siéu tu dién” ding cong nghé nano s¢ két
hop duogc ca tudi tho va cac dic tinh hi¢u sudt cao ctia ultra-capacitor thuong mai trén thi
trudng v6i mat do luu dién cao ma chi pin hoa hoc hién nay mai co [1].

C6 nhiéu phuong phap dugc dé xuf;i dé nang cao cdc tinh ning cta pin sac: cai thién dung
lugng, tinh n dinh, hiéu suét coulomb, tudi tho ... nham dap ng ca yéu cAu cao vé tinh chat
siéu tu dién 1in nhiing tiéu chi an toan va than thién mdi truong. Trong nhiing ndm gan day,
hop chat mangan dioxit (MnOz) [2-9] duogc bién tinh bang carbon duge xem la mét trong
nhimg vét li‘éu diung dé ché tao cuc duong cho pin sac dugc cac nha khoa hoc quan tam nghién
ctru do ngudn nguyén li¢u cia vat liéu nay sin cé tir thién nhién va ciing vi tinh thén thién moi
trudng cta hop chat nay.

Cong trinh nay budc diu diéu ché dién cuc MnO, nhim théa man céc tiéu chi cia cuc
duong cho pin sac. Muc tiéu ciia céng trinh bao gdm: a) Tim diéu kién t6i uu két tia mang
MnO, co kich thu?‘c hat min (micrgn hay nano mét) trén dé graphit; b) Lya chon phu gia
carbon thich hop dé cai thién tinh chét dién hoa ctia mang MnO,.

2. THU'C NGHIEM

2.1.Ché tao dién cye mangan dioxit MnO, v mangan dioxit bién tinh bi cdc phu gia
carbon MnO,/C
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Két tua mang MnO, va MnO,/C bang phuong phép dién phén thé-thoi
(chronopotentiometry) & nhitng mat dé dong khac nhau tir 0,1 dén 1,0 mA/cm® trong binh ba
dién cuc, sir dung may Potentio-Galvanostat PGS-HH6D (Vién Khoa hoc Cong nghé Viét
Nam). )

Lai than graphit duoc cung cép bai Cong ty Pin acquy mién Nam PINACO. B& mit phing
ctia 16i than duoc ding lam dién cuc lam viéc va c6 dién tich 12 0,5 cm”, phan con lai cua 16i
than duoc bao boc béi nhua epoxy (Hinh 1). Mot soi ddy dan béng déng duoc ndi ra ngoal dé
thuén tién trong khi do dién hoa.

Epoxy

Graphit

Hinh 1: Dién cuc graphit (trén) va mat cit ngang dudi).

Truéc mdi thi nghiém dién cuc lam vigc duge mai bﬁng gie‘iy nham nudc min P2000, rira
sach bing nudc, ngdim mau trong dung dich H,SO; 0,2 M trong 10 phut va tiép tuc rira bing
nuéc cat. Sau dé ngdm mau trong C;HsOH 10 phut va cubi cung dénh siéu 4m trong nudce cht
10 phat. Miu duge dé khd trong khong khi & nhiét do phong va sdy & 100°C trong 2 gio. Méu
dugc luu trong binh hut 4m 24 gid trudce khi xéc dinh khdi luong dién cuc trude khi dién phan
mt bf?mg c¢an vi luong Satorius d6 chinh xdc 0,01 mg (BP 211D, Germany).

Mau sau khi xir Iy va xac dinh khéi luong mt duge lép dat vao hé dién phén chia dung
dich acetat mangan (IT) 0,16 M trong nuéc v6i mat do dong i khong dbi trong subt qua trinh
dién phan. Téng dién lugng qua dién cuc bing 1 C.

MaAu sau khi dién phin tao mang MnO, duoc rira nhidu 14n béng nudc cat, dé khé ngoai
khong khi & nhiét d¢ phong, sau do sdy mau & 100°C trong 2 gio. Luu mau trong binh hut am
24 gid trude khi xac dinh khéi luong dién cuc sau dién phdn ms. Khdi lugng m hoat chat
MnO, két tua trén dién cuc dugc tinh theo cong thirc:

m=ms—mt ()

Céc phu gia dugc st dung dé bién tinh MnO, bao gém: cacbon nano tube (CNT) tir
SUNANO — China; cacbon nano léng (CNL) néng d6 17% ctia Khu céng nghé cao Thanh phé .
Hb6 Chi Minh (SGHP); cacbon black (Cb) va carbon nhdo (Csl), néng dd 30% cung chp tur
cong ty cb phan muc in SAIGONMIC; cacbon graphit (Cgr) cung chp boi Cong ty Pin-Acquy

mién Nam — PINACO: ion Ni** liy tir muéi NiSO,. Dé dong két tia véi MnO; phu gia dugc
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cho vao dung dich dién ghan v6i ndng d6 0,2 g/l d6i v6i phu gia cacbon va 1% so voi ndng d6
Mn®* @6i v6i phu gia Ni**

2.2.P4nh gia dién cue

Hinh thai hoc bé mit cia miu va kich c& hat cia cic phy gia va MnO, tao thanh dugc
danh gia boi anh chup hién vi dién tir quét (SEM) trén méy JSM 6480LV, Jeol Co., Nhét Ban
(Phong TN Nano — PHQG-HCM) va hién vi dién tir truyen qua (TEM) trén may JEM 1010,
Jeol Co., Nhét Ban (Vién V& sinh Dich t& - Ha Noi) véi dién ap dugc gia tde tir 10 - 30 kV.
Céu tric mang MnO, tao thanh dugc nghién ciru bing phd nhiéu xa tia X (XRD), D8
Advance, Bruker, Pitc (Phong TN Polymer — PH Bach khoa, PHQG-HCM)/

Tinh chéit dién hoa ciia cic dién cuc dugc dénh gia b%mg phuong phap quét thé vong tuan
hoan (Cyclic voltammetry, CV) trong binh ba dién cyc véi dung dich dién ly 1a KC1 2 M, &
nhiét d6 phong, str dung mdy AutoLab® PGS STAT30 (EcoChemie, Ha Lan). Téc d6 quét thé
tir 5-50 mV/s trong khoang thé 0—1 V. Dién cuc lam viéc 12 mang MnO, hay MnO./phu gia
méi duoc ché tao. Pién cuc dbi 1a ludi Ni 4 x 5 (cm?). Dién cuc so sanh 1a dién cyc calomel
bdo hoa (SCE). Tét ca cac gi4 trj thé trong cong trinh nay déu so véi SCE.

Céc hoa chét str dung déu 13 tinh khiét phan tich (Merck). Cac dung dich duoc pha trong
nude cat hai 1an, mot sb dung dich phu gia c6 str dung siéu 4m va mdt lugng nhé ethanol khi
chuén bi.
3.KET QUA VA BIEN LUAN

3.1. MnO; két tiia anot trén nén graphit

Mang MnO, dugc hinh thanh truc tiép trén anot graphit theo phan tmg [10]:

Mn(COOCH3)2 +2 HZO MnO, + 2 CH;COOH + 2 H' + 28 2)

Gian db CV ciia mau MnO, trinh bay trong Hinh 2 cho thay khong c6 peak nao xudt hién
trong qua trinh nap - phéng cua dién cuc nay trong ving thé 0 — 1,0 V (SCE). Tur duong cong
CV c6 thé tinh dién dung (F/g) cho qua trinh nap (C.), phong (C_) va dién dung trung binh cua
MnO, qua cdng thirc:

9. g9 C,+C
=— C = Lo
mxAE mx AE )
trong d6 q+ va g- 14n Iuot 1a dién luong (C) cta qué trinh nap va phong, m la khéi luong

" (g) hoat chit két taa trén bé mat nén graphit, AE 1a khoang thé (V) khao sat va drong thi
nghiém nay 1a 1,0 V (quét thé tir 0 dén 1,0 V theo SCE).
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0050 107
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Hinh 2: Pudng cong thé vong tuén hoan clia mﬁu’ MnO, véi mét d6 dong két tiia 0,20 mAcm™ trong
dung dich KCl, toc dd quét 5 mV/s.
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Bing 1: Dién dung cua dién cuc MnO, két tia trén nén graphit voi méat do dong dién phan (1)

khéc nhau.
] Dién dung riéng, F/g

iymdfem | gy Tée dd quét thé 5 mV/s Tée @6 quét thé 50 mV/s
Cs C- Ci Cy C. Cu

0,15 0,400 55,0 40,6 47,8
0,20 0,410 | 1183 | 1137 1160 | 752 72,8 74,0
0,40 0,440 91,2 89,8 90,5 54,0 51,6 52,8
0,60 0,467 85,0 81,7 83,3 42,3 39,0 40,7
1,00 0,520 | - 79,1 76,3 777 32,0 30,0 31,5

100
nm

I-Dnh 3: Anh SEM cua MnOz tao thanh trén nén graphit voi cdc mat do dong khéc nhau: a) 0,2; b) 0.4;
¢) 0,6;d) 1,0 mA/cm?. Anh TEM ctia mAu MnO, két tha & i = 0,2 mA/cm’: e) bé mat va f) mit cét
ngang.

Gié tri dién dung ctia cac miu MnO, két tia véi mot dién lrong khéng déi 1 C & cac mat
d¢ dong khéc nhau dugc trinh bay trong Bang 1. RS rang khi tang mét d6 dong két tua thi gia
tri dién dung giam, Ctb dat gla tri cao nhét tai mat d9 dong 0,20 mAcm-2. Véi mdt dién luo‘ng
khong dbi, mat do dong qué 16n lam cho céc phén tr MnO, két ta nhanh trén nén graphit c6
thé khong du thoi gian sip xép cdu tric, dan t6i bé mit kém dong nhat va hé qua la tinh chét
dién hoa khong cao. Quan séat anh SEM & Hinh 3 cfing nhén thdy miu két tia véi i = 0,20
mA/cm?® ¢6 d6 min va d6 x6p cao, kich thuéc hat két tha vao khoang 30-70 nm (Hinh 3, anh e
va f).

Hinh 4 so sanh két qua phan tich phé XRD cia mang do ching toi két tia anot tir dung
dich mangan acetat (Hinh 4 a va 4b) véi phd tuong tu cla téc gia W.T. Tsai (Hinh 4c va 4d)
[7] Bén canh nhig peak nhidu xa rat manh ciia nén graphit, cac mau dién cuc MnO, (Hinh 4b
va 4d) c6 mot sb peak rong voi cuong do rat thip tai goc nhiéu xa 2 theta khoang 40-45°.
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Theo cac tac gid [6,8,10] nhung peak yéu nay dugc ghi nhéan la do sy dong gop cua
mangan oxit ngdm nudc. Tét ca cac pho dd XRD déu cho thay cdu tric tinh the rAt yéu clia
MnO, két tiia anod vi céc peak rong dac trung nhan dugc déu co cudng do rét yéu, chimg t6
dioxit mangan két tiia c6 cau tric chi yéu 1a v6 dinh hinh.

a) nén graphit

]

c) nén graphit |7)

Hinh 4: Phd XRD ciia nén graphit (a) va MnO, két tiia (b) & mat dg dong 0,20 mA/cm’; (c, d) 1a phd
XRD trich dén tir cong trinh [8].

3.2. Pién cuc MnO,/phu gia it

Cac phu gia (graphit - Cgr, C black - Cbl, carbon ‘nanotube - CNT, carbon nano long -
CNL, carbon nhdo (ban thanh pham murc in) - Csl va NISO4) lan lwot duge cho truc tiép vao
dung dich Mn(COOCH;.,)g dé& dién phan tao dién cuc hén hop MnO»/phu gia. Tir két qua trong
phan 1 mat do dong andt i = 0,20 mA/cm da dugc chon cho chudi thi nghlem nay.

Tir gia tri dién dung trinh bay trong Bang 2 nhin thay Cq la phu gia t6t nhit vi phu gia nay
cai th1en dién dung cua dién cuc MnO, tai tat ca cac te do quét thé. Cac phu gia CNT, CNL
va N1 c6 lam tang dién dung ctia MnO, & téc do quét thé thap nhung tinh chét nay bi mit di_
khi téc d6 quét thé tang 1én.

Anh SEM va TEM ciia mu dién cuc MnOo/Cy cho thiy Csl di cling két tiia v6i MnO, tao
nén dang composite MnO,-Cy c6 do x6p ting dang k& (Hinh 5), c6 thé chinh nhd vay ma Cy
da cai thién tinh chit dién hoa ctia MnO, - 1am ting dién dung. Piéu nay ciing giai thich cho
hién tugng cac phu gia carbon c6 kich thudc 16n (Cgr va Cbl) khéng nhiing khong cai thién
dugc tinh ning dién hoa cho dién cuc MnO, ma con lam giam dién dung [11].
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Béng 2: Dién dung cua dién cuc MnO; khi dugc bién tinh bang cac phu gia khac nhau. Trong

ngodc 1a kich thude hat phu gia.

Mau Pién dung Cy, F/g
Téc d6 quét thé, mV/s . 5 10 20 50
MnO, 116,0 110,0 90,0 74,0
MnO,-C,, (3-4 pm) 79,6 67,3 46,9 224
MnQ,-Cy; (1 pm) 83,3 68,8 60,4 50,0
MnO,-Cyr (chuc nanomét) 1271 104,2 85.4 64,6
MnQO;-Cyp, (tram nanomét) 1340 108,5 91,5 72,3
MnQO,-Cy (trim nanomét) 144.4 128.,9 104.4 84,4
MnO,-NiSQO4 143,1 119,6 100,0 64,7

Hinh 5: Anh TEM cua dién cuc MnO2-Csl (trai) va énh SEM cua phu gia Csl (phai)

120 Hiéu suat Coulomb | %
80 e
C, Flg A bién dunghong e
40 | 0 50
Sé chu ky phong nap
200 400 600

Hinh 6: Bién thién dién dung va hiéu suat coulomb cia dién cuc MnO2/Csl theo s6 vong quét thé.
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Hiéu suit coulomb - gid tri [C+/C-]x100% cla dién cuc MnO,/Cq hau- nhu‘ khong thay
601 trung binh dat 97,8% sau 600 chu ky quét & tbc d6 50 mV/s (Hinh 6). Diéu nay chimg to
m&u MnO,/Cq hau nhu nap bao nhiéu thi phéng biy nhiéu, ddy la tinh chat dién hoa t6t dbi voi
dién cyc cia pin sac. So sanh voi cdc dién cuc ché tao bing nhimg vat liéu khac nhu:
Fe20y/Ni [12], LiNi0.5C00.25Mn0.250, [13], Li[Ni0.2C00.6Mn0.2]0, [14], Ag- -Fe-Sn/Cn
[15] va LiCr0.2Mn1.804 [16] c6 hiéu suét culomb tuong (ng lan lugt 12 95,1; 90,3; 68,8; 97,7;
88,9 (%) thi dién cwc MnO,/C,; do ching toi didu ché co wu diém dang ké.

0.300x1 0%
0.250x1 02 e
0.200%1 021 ' //
0.150x102- - :
0.100x1 02+
h 0.0t cr;: Chu ky 60

] A
-0.050%1 02
-0.100x1 024
-0.150x1 024

- .0.200%1021 "

-0.250x1 024
d

Chuky 5

0.250 0400 0750 1000  1.250
Ely -

Hinh 7: Gian d CV ctia miu MnO,/Cy bién thién theo s chu ky. Téc do quét thé 50 mV/s, KC12 M,
25°C

Hinh 8: Anh SEM cta dién cuec MnO,/Cy trude (1) va sau 600 chu ky quét thé (600). Téc do 50 mV/s,
KCI2 M, 25°C.

DBudng cong von ampe tuén hoan ciia chu ky quét thir 5 va 600 (Hinh 7) va anh SEM cua
dién cuc hén hgp MnO,/Cy trudc va sau 600 chu ky quét thé (Hinh 8) minh hoa cho dé dn
dinh dién dung cua dién cuc nay Théy 16 sy phit hop giita két qua do dién hod va anh chup
SEM 1a chi ¢6 sy thay d6i nhe v& tinh chit dién hod ciinh nhir hinh thai b& mit trude va sau
600 chu ky quét thé.
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4. KET LUAN

D két tia MnO, dang vé6 dinh hinh tir dung dich acetat mangan (1I) 0,16 M bang phuong
phép dién phén v&i mat d6 dong anod 0,20 mA/cm?, kich thuéc hat thu duge bién thién tir 30-
70 nm.

Carbon ’nhﬁo Cg 12 phu gia thich hop dé bién tinh dién cuc MnO, véi gia tri dién dung dat
145 F/g & tbe d6 quét thé 5 mV/s trong dung dich KCI 2 M. Pién cuc MnO,/Cy c6 d6 4n dinh
dién dung kha cao, sau 600 chu ky phong nap gié tri nay con giif lai khoang 80%.

Vit lidu MnO, bién tinh béng Cq c6 hiéu sudt coulomb tét so v6i mot s6 vét ligu khac da
dugc nghién ciru, ma hiéu suit coulomb 1a mét trong cac tiéu chi danh gia hiéu qua sir dung
cho pin sac, nhu viy miu MnO,/Cy thod min yéu ciu ndy cta pin sac.

COMPOSITE ELECTRODES MnO,/ADDITIVE FOR RECHARGEABLE
ELECTROCHEMICAL CELLS

Pham Quoc Trung®, Nguyen Thi Phuong Thoa®”
(1)University of Natural Sciences, VNU-HCM
(2)Liksin Ltd.

ABSTRACT: Manganese dioxide has been considered as a promising candidate of
electrode materials for the rechargeable cells because of the natural abundance and
environmental compatibility. In order to utilize the advantages of manganese dioxide, several
effective methods have been developed to improve the characteristics of the electrode MnO,/C
which had been used conventionally for primary cells.

In the present work, co-deposition composite MnO,/additive electrodes were prepared
by introducing the carbon powder inlo the anodically deposited hydrous manganese dioxide
onto a graphite substrate from manganese acetate solutions. The surface morphology and
crystal structure of the electrodes have been examined by Scanning electron microscope
(SEM), Transmission electron microscope (TEM) and X-ray diffraction (XRD) techniques.
Cyclic voltammetry (CV) has been applied to evaluate the electrochemical capacitor
performance of the prepared electrodes. The results demonstrate that mesoporous carbon
powders are effective for increasing the capacitance and improving the electrochemical
properties of the manganese dioxide electrodes.

Key words: Manganese dioxide, specific capacitance, carbon, composite electrode,
rechargeable cell
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