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NGHIEN CUU CHE TAO PIN SAC KEM — POLYANILINE
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TOM TAT: Pa ché tao va khao sat cdc ddc trung dién hoa cua pin sac Zn — Polyanilin
(PANI). Pin sac Zn-PANI co céu tao gém dién cuc duong duoc ché tao tir dién cue graphrt
phu polyaniline, dién cuc dm la kém tinh khiét, dung dich dan dién la hén hop 1,0 M ZnCl; va
0,5 M NH,CI. Polyaniline duwoc diéu ché truc tiép trén dién cuc graphit bang phuong phdp
dién hoa tir dung dich anilin 0,1 M hoa tan trong H,SO,; 0,75 M.

Cadc két qua nghién ciru vé chu ky phong nap va hiéu thé mach ho cho thdy pin cé dién
thé tiong doi on dinh va thoi gian séng cao.

Tir khoa: polyanilin, kém, graphit, téng hop dién héa, pin sac.

1. GIOI THIEU

Tir khi polyme dan duoc phat minh, cac nha khoa hoc da tdp trung nghién clru cic tinh
chét ctia né nhiam phat huy vu diém cia polyme dan vao trong linh vuc ché tao dy trit ning
luong.

Nho vao tinh din dién cao, nhe, dé ché tao, ponamlm 1a vét liéu hira hen trong linh vuc
ché tao pm sac (rechargeable battery). Tuy nhién loai pin ndy cho dén nay van chua dugc
thuong mai hoa vi van con mét s6 nhugce diém chwa khic phuc [1-5]. Trong dé tai nay, chung
t6i tién hanh ché tao, khio sat chu ky song, dién thé va kha ning du tri nang luong cua pin,
nhim tim ra nhitng uu diém, nhu'orc diém dé gop sirc vao thuong mai héa loai pin ndy.

Pin Zn — PANI cé cu tao gdm anot (Zn), catot (Graphit/PANI), chét dan dién (ZnCl,,
NH4CL,...)

(-) Zn | ZnCl, NH,CI | PANI-cacbon (+)

Cuc am 12 Zn, cuc duong 12 Graphit phit PANI, dung dich dién ly Zn — PANI 1a hdn hop

cua ZnCl,, va NH,CL

Phan wng dién cue

Phong
TaiCatdt nZn = nZn* +2ne (1)
nap  Phong
Tai Anét: 2 PANI (Cl), +2ne’ 2 PANI+2n CI (2)
nap
Phan img tong quét xay ra trong pin la:
Phéng
nZn + 2 Pan (Cl), 'nap 7 nZn*+ 2PANI +2nCI
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2. THU'C NGHIEM

2.1. Thiét bi do
_ — Hé Potentiostat/Galvanostat HA-151 (Nhat Ban): do quét thé vong tudn hoan (CV) va
tong hop dién hoa.
— May Fisher General Scientific ctia My, do thé mach hé (OCV).
— Do phd héng ngoai (IR) bang miy TENSOR37 ciia trung tdm phan tich dit tai Dai hoc
Bach Khoa Tp HCM.

- Xur ly dién cuc trén bé siéu 4m Soniclean MHT 240V 50/60Hz 320W. Serial Number
160-94-1126.

2.2.Ché tao dién cwe graphit/Pani

Hinh 1.Dién cuc graphit chua pha PANI

Dién cuc lam viée (graphit) dugc chudn bj qua céc budc sau:

— Xir Iy bé mit bing gidy nhdm nudc 1an lwot qua céc cap hat 600, 800 va cudi cung 2000.

— Cho dién cuc vao mét cbe thiy tinh chira etanol va siéu 4m khoang 20 phit dé tach cac
hat cacbon bam khéng chit con dinh trén dién cuec.

— Séy khd dién cuc trudc khi tién hanh tdng hop polyanilin.

Dién cuc ddi 14 platin, dién cuc so sdnh la dién cuc calomen bio hoa.

2.3.Chuén bi dung dich di¢n phan

— Dung nuéc ct pha loang dung dich axit H,SO, dic, thu dugc dung dich axit & cic nong
d6 khéc nhau (dung dich nén).

— Cho tir tir anilin 16ng da dugc chung cat vao dung dich nén, thu duoc két tua tring 1a
muodi CﬁHsNH3+HSO4-.

— Khudy hdn hop thu duoc trén méy khudy tir cho dén khi mudi tan hoan toan, thu duoc
dung dich dién phan (Bang 1).

Bing 1.Thanh phan dung dich dimg dién phén téng hop PANI

H,SO4, M 0,25 0,5 0,75 1
Anilin, M 0,1 0,2 0,3 0,4

Hinh 2.Dién cuc graphit/PANL
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Didu kién ti wu cho qud trinh dign phan tong hop PANI

Dung phuong phip quét thé vong tuan hoan (cyclic voltammetry — CV) trén dién cuc
graphit trong dung dich nén c6 chira anilin (Bang 1) dé tim ra thé téng hop PANI t6t nhit.

Quét thé vong tudn hoan (CV) dé nghién ctru anh huéng cta ndng do axit, ndng anilin, tbc
d6 quét va anh hudng ciia chu ky dén qué trinh tong hop PANL

Két qua nghién ciru [6] cho thdy ring, diéu kién toi uu dé téng hop dién hoa PANI trén
graphit 13: anilin 0,1 M, H,SO4 0,75 M tai thé antt 0,8 V (SCE) va téc do quét thé 50 mV/s. O
4idn kién nay PANI bam chit vao graphit (Hinh 2) va dad chuyén thanh dang oxi hoa hoin
toan [6].

3.KET QUA VA THAO LUAN
3.1. Phan tich sin phim bang phd hong ngoai

Pé xdc dinh cAu trac PANI bam trén dién cuc, ching i tién hanh tong hop PANI tai
nhiing ndng do khéc nhau. Két qua nhan dugc cho thiy phd hong ngoai (Hinh 3) cua sin phim
PANI thu duoc dic trung boi 7 dinh tuong tu nhau véi cuong dd kha én dinh. Ngoai ra, tiy
thudc vao ndng dd ciia PANI ma phé héng ngoai cho thém cdc dinh khéc.

Trén phé db hdng ngoai nhan danh duoc dinh 3447 em™ la cua O-H, 1647 cm™ va
1561cm™ Ia cic dinh vong ben zen, 1476 cm™ 1a dinh N-H, dinh 1304 cm™ va 1246 cm”' la cic
dinh C-N, 1118 cm™ 12 dinh C-H, dinh 805 cm™ 13 céia H' va 617 cm™' 1a ciia C-N-C (Bang 2).

Hinh 3. Phé héng ngoai ciia polyanilin tdng hop dién héa trén graphit tir dung dich 0,1 M anilin + 0,25

M H,SO..
Bing 2. Céc miii phd (cm™) IR ciia PANI tong hop dién hoa tir dung dich anilin v&i nhimg
nong d¢ khac nhau
0,1 M | 3447 1647 1561 1476 1299 1118 805 617
02M | 3439 2923 1648 1565 1478 1304 1124 819 619
0,3M | 3447 1640 1493 1302 1118 803 615
04M | 3441 2925 1569 1487 1302 1119 816 617
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3.2.CAu triic bé mat

Anh chyp bang kinh hién vi dién tir quét (SEM) trén Hinh 4 cho théy, PANI bam lén
graphit & dang soi nano (nano wire), mot mit tao lién két cao véi nén graphit x6p, mit khac c6
dién tich bé mat rit 16n thuén loi cho phan (g dién héa xay ra trong pin khi déng vai tro 1a
mdt dién cuc. Ciu triic nano cia PANI gdm cac dang nhu: s¢i nano, dang diy va dang 6ng
chic chén 1am tang hiéu qua din dién vi dién tich tiép xtc l6n gitta PANI va moi truong,

1BkV - X15,00%

c)
Hinh 4: Anh chup béng kinh hién vi dién tr quét (SEM) ciia bé mit dién cuc graphit/Pani.
(2)d phong dai 2.000 lan, (b) d6 phong dai 5.000 lan, (c)d phong dai 15.000 lan.

3.3.Khdo sit cdc diic trung ciia pin Zn - PANI

3.3.1.Anh hwéng ciia dong nap

Di tién hanh phéng va nap pin & ba ché d6 10, 20 va 30 mA/cm? va nhén théy:

- Dong nap 10 mA/cm’: mang PANI khdng bi bong tich; khéng c6 khi thoat ra tai cic dién
cuc; higu thé mach hé (OCV) do dugc trong didu kién nay 1a 0,964 V., chirng t6 mang PANI
hoat dong rat tét & diéu kién dong nap 10 mA/cm®.

- Dong nap 20 mA/cm?: mang PANI khong bi bong tach; cé khi thoat ra tai cac dién cuc;
OCV bing 1,962 V. Khi thoét ra chimg t6, ciing v6i phan tmg dién cuc ctia PANI thi & day co
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ca phan ung dién cuc cla graphit lam tdng dong lén rit cao, dan dén mot phan PANI da bi
bong ra. Nhu vdy, pin s& hoat dong khong tdt & diéu kién dong nap 20 mA/cm® mit du hiéu thé
mach hé 16n. Thyuc nghiém trong diéu kién nay cho thdy pin hoat dong khéng qua 20 chu ky.

- Dong nap 30 mA/cm’: mang PANT bi bong ra mdt luong nho; khi thoét ra tai cdc dién
cuc rat nhiéu. OCV bing 2,962 V. Dong nap qué cao lam lién két PANI/graphit khéng bén,
hoat dong khong qua 5 chu ky.

Vi vy mat do dong téi wu dugc chon dé nap pin 12 10 mA/em’,

3.3.2. Anh hwéng ciia qud trinh ti phong

Tién hanh nap pm 3 1n tai dong 10 mA/cm®. Sau d6, do thé theo thoi gian dé khao sat qua
trinh tu phong cuia pin. Két qua cho thiy sau 5 ngay dién thé cta pin glam 0,028 V. Sy giam

thé nay co thé quy két cho qua trinh tu phong dién cla pin, do khong c6 mang ngin gitta andt
va catdt.

3.3.3. Thoi gian nap

Tién hanh thi nghiém trén 10 pin véi thoi gian nap khac nhau. Dung duong cong hiéu thé
mach hé OCV theo thoi glan (Hinh 5), nhén thay thoi glan can thiét dé nap day pin 12 300 s &
mét d6 dong nap 10 mA/cm’.
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Hinh 5: Anh hudng ciia thoi gian nap 1én thé mach hd OCV & dong nap 10 mA/cm?.

Str dung cac dléu kién nap téi wu & cac thi nghiém trén da ché tao mach gém 5 pin Zn —
PANI ghép néi tiép va theo ddi hiéu thé mach hd cia mach nay trong thoi gian dai. OCV do
dugc cho gia tri 5,63 V. Két qua nay cho thiy dién thé cia mdi pin kha én dinh, khoang 1,13
V, trong thoi gian dai nhiéu ngay.

3.3.4. Chu ky phong - nap

Thyc hién 400 chu ky phong nap, mdi chu ky 120 s, dién the dau cia pin Zn-PANI la 1,42
V. Két qua cho thiy trong 300 chu ky diu, dién thé pin kha 6n dinh (Hinh 6), sau mdi chu ky
dién thé pin giam du6i 0,001V. O cac chu ky sau dién thé pin giam manh hon va dén chu ky
thir 400 thi dién thé giam con 1,096 V.
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Hinh 6: Dudng cong dong phong nap pin Zn — PANI 20 chu ky.
4 KET LUAN

Di ché tao thanh cong va thir nghiém céc dic trung dién héa clia pin Zn — Pani. Két qua
nghién ctru cho thiy:

1. Bién tong hop mang PANI tir anilin trén dién cyc graphit bang phuong phap quét thé
vong tudn hoan trong dung dich H,SO, véi khoang thé quét tir -1,1 dén 2,0 V (SCE). Diéu kién
tong hop t6t nhat 1a: ndng do H,SO,4 0,75 M, ndng d6 anilin 0,1 M va tdc do quét thé 0,05 V/s.
PANI két tua trén dién cuc graphit c6 dang s¢i nano.

2. Céc dac trung dién hoa cta pin Zn — PANI:

- Dong nap tét nhét 13 10 mA/cm2.

- Dién thé mach hé (OCV) 6n dinh cia 1 pin dat & mirc > 1,1 V, i da c6 thé dat trén 1,4
V.

- Trong diéu kién khéng sir dung mang ngin gifta andt va catdt, qua trinh tu phéng lam
giam 0,028 V sau 5 ngay (trén 100 gio) sau khi nap dién.

- Khao sit so b cho thdy sau hon 300 chu ky phéng nap, dién cuc van c6 hoat tinh dién
héa cao, do giam cap khéng déng ké.

Véi nhiing két qua dat dugc, chung t6i cho ring can t1ep tuc tién hanh cac nghién ctu ché
tao va thir nghiém & quy mé 16n hon nhim sém thuong mai héa loai pin nay.
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Zn — PANI RECHARGEABLE BATTERY

Nguyen Thi Hiep, Le Viet Hai, Nguyen Thi Phuong Thoa
University of Natural Sciences, VNU-HCM

ABSTRACT: The Polyaniline (PANI) film is prepared on graphite electrode
(graphite/Pani) in the solution consisting of aniline 0.1 M and acid sulfuric (H:50,) 0.75 M by
the electrochemical methods. The Zn-Pani rechargeable battery was prepared from purity
Zinc and graphite/Pani as a negative and a positive electrode respectively. These electrodes
were immersed in the electrolysis containing 1.0 M ZnCl, and 0.5 M NH,CI.

The battery is charged and discharged by a constant current (galvanostatic). The factors
affecting the cycle-life and the open-circuit potential (OCV) of Zn—polyaniline (PANI)
rechargeable batteries are studied by means of electrochemical techniques and analyses of
electrode surface. Results demonstrated a high current efficiency and a long cycle — life time
of the prepared Zinc-Pani battery.

Key words: Polyaniline, zinc, graphite, electrosynthesis, rechargeable cell.
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