CHAPTER IV

POLYPYRROLE-LITHIUM BATTERY

Introduction

In the development.of rechargeds ry, the researchersare always
exploring new batteries i mits high energy density and
can be mass produced intgseliable products of lowsmanufacturing cost. Lithium-

polymer battery offers ok atd antages \ s the lightest metal on the
atomic chart and the polyg€r plastiés have dmall}"

It was known ' thay@ § was developed and tested
by BASF and VARTA A’
with lithium negative

s used as positive electrode
i lyte was a solution of
lizniumperchlorate (LiCID4) n ¥ .»f"
From the meas operties of Eppy and Cppy in
rechargeable battery\by_cych Hl, Cppy showed good
electrode properties -y r.atedly driven between

conducting and insulafi ; states, from dnped and undoped processes, with

relatively low dﬂdﬁ:ﬂ W ﬁ Mﬂﬁ C‘]ﬂﬁmsum electrode in

rechargeahl

the positi ele:;tr e coup lithium negatwe ectro e were uunstmcted

Their electrical properties were studied by discharging and charging. Finally, the
performances between both types of batteries using Cppy and Eppy as positive

electrodes were compared.
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Reagents
Reagents used in experiments are listed below.

1. Aluminium metal

2. Lithium metal Aldrich
3. Lithiumperchlorai Fluka
4‘ Prﬂp]rtme a-'.!t'i.i;.,._,.._; - FIUka

5‘ mon gas, ¢ g i‘}."ﬁ.-rh. I‘_.,_.L"j---""-_-""-L. _‘____V nﬁ

AULINENINYINS
AR TN TN
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Experimental
Polypyrrole-Lithium Battery Construction

ole-lithium batteries were constructed.

y)ueu

Table 4.1 Cnmpnn:nls Dol TH. T'u A

Many types of pul
Main components of each type are s

Type

Battery cells with lithium as negative electrodes must be dried
and sealed since traces of moisture in solution and absorption of moisture from the
environment results in strong corrosion of lithium. The requirement for using dried

solvent in battery cells was essential.
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PC was used as a solvent, it must be distilled under reduced
pressure before use. The distillated solvent was collected after 10 percent of main
bulk has passed over and then stored with molecular sieve type 4 A.

It was known that Eppy-lithium battery was developed by BASF
and VATAR. The cell voltage was 3-4 V. In the battery cell, the starting electrolyte
is 0.5 M solution of LiClO4 in PC. During the discharging process the

W 1-4.2 [2].

electrochemical reactions p

(4.1)

VNt Co. (42)

ﬁ eagtion of lithium metal moved
ik f_‘l J 4
ole positive electrode and the

counterion ClO4 was released. fi olypyrmole to the electrolyte. During the

charging process, a revesibl chemical reactions ogerated
Si ,'— Y |

um oisture in atmosphere,
the experimental prnc

ure is thus difficult to handlmTherefore, aluminium, a
weaker reducin m Battery cell with
aluminium neg mmﬁuﬂ?ﬂimlw The cell
voltage should be: decreased to emical rédction should be

e AR S LA TR BLEkiing proces

occurred from oxidation of aluminium to give electrons which move along the
circuit to replace ClOy in polypyrrole positive electrode. For the charging process,

both of Li* and Al3% in the electrolyte associated with electrons from oxidation of
polypyrrole resulted Li and Al plating on aluminium electrode. The quantity of Li
plated on negative electrode should be more than that of Al because the Li” in the
electrolyte was large in number. The battery voltage should be increased to 3-4 V in



other following cycles. With the discharging process, the reversible reaction of
charging should be operated. Consequently, battery type A and B should be
performed. The polypyrrole-lithium battery using Al as negative electrode, can be
constructed.

Polypyrrole-Lithium Batte

V& A
Polypyrrole=hithiur , n&gmﬁumon was performed by

firstly electrochemical syntHESiE GF polypyrre _-mlm- latinum plate for 30 min of
reaction time. After the > was rinsed with PC and

mounted as positive elegif@ / r / \\}\\\

electrode. Electrolyte solutio, \u.- \ PC. An argon gas was
bubbled through the sc / -n, Y ¢ asthensealedl’:gureitl ,

‘_p\ N

uminium metal as negative

showed polypyrrole-lithit rochemical cell current was

shown in Table 4.2, J.r::

Fugure 4.1 Construction details of

NIT N PR

eA

NT&’]’JWEI’WGEI

0.5 M LiClO,/PC




61

Table 4.2 Electrochemical cell current of

polypyrrole synthesis

Time @min) | Current (mA)

After the bauery nstruction was mpleted, the battery was repeatedly

e TR e

Figure 4.2. The eXperimental results were shown i n1 Tables 4.3-4. 4

ammﬂimumawmaa



Positive electrode ' Negative electrode
Polypyrmlc |

ﬂuﬂqwgﬂgggwni

ammﬂ‘imwwﬂmaa

Figure 4.2 Discharging and charging circuits
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Table 4.3 Discharging current in each cycle of battery type A

Time Discharging Current (mA)

(min) Cyele1 Cycle 2 Cycle 3 Cycle 4 Cycle 5
0 0.284 18.5 17.64 17.48 16.54
1 0.301 0.129 0.089 0.132 0.263
2 0.330 0,249 0.085 0.122
3 0.351 0332 0.181 0.209
4 0.360 0.272 0.265
5 0.311 0.287
6 0.322 0.283
7 0.319 0.274
8 0.257
9 0.241
10 0.224
1 0.210
12 0.196
13 0.186
14 0.176
15 0.166
16 0.159
17 0.151
18 0.1 0.144
19 0.193 0.159 0.162 0.162 0.136

¢l o/
20 [ 81 ) 1C : E /] ﬁlj 0.129
» FHYPTRNTNY S | oo
22 v 0.176 0.142¢ 0.132 & 0.132 0.118
Q) 64 1) 0 S 453 1 860 ) B
249 0.167 0.134 0.116 0.116 0.106
25 0.161 0.129 0.109 0.109 0.101
26 0.157 0.125 0.102 0.103 0.096
3% 0.153 0.121 0.096 0.096 0.092
28 0.148 0.118 0.090 0.09 0.088
29 0.145 0.114 0.085 0.085 0,084
30 0.141 0.111 0.081 0.080 0.081
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Table 4.4 The open-circuit voltage (o.c.v.) of battery type A

Discharging cycle open-circuit voltage (V)
before discharging after discharging
I 0.91 026
2 308 0.24
3 0.24
4 0.24
5 0.25

With thes otal electrical charge supplied

from battery in the firs S ealculated from the equation
as follows.
(4.3)
Q = electrical charge. I=
Total of electrical charge (£@) i ’i{ e
_;‘_;“_"‘"“’f".:.-' (4.4)
) 4.5)
[ +12)2(t2-1) (4.6)
FWEI’J Y wbbaidal 1717 @)
(€1 H1)/2](t; (4.8)

e D mmi]imm]aﬁﬁﬂmm

[(I2+13)/2](t3-t2) +...+ [(Li.1 /2] (titi-)) (4.9)
If (t1-to) = (t2-t1) = (13-t2) =..= (tj-ti.1) = At (4.10)
so that: IQ = [(Ig/2) + IjHpH3+. + Ty + (;/2))(AY) (4.11)
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From the data in Table 4.3, the total electrical charge in the first cycle was:
Q - [(Ig/2)+) +Hg+.. +129+(155/2))(AD) (4.12)

Q = [(0.284/2)+0.301+0.330+0.351+0.360+0.360+0.351
+0.340+0.321+0.302+0.289+0.268+0.246+0.238
+0.230+0.222+0.213+0.206+0.199+0.193+0.186

{a cell before discharging
was shown in Table 4.4. T ial between positive and
rmal circuits so that a 091 V
ium electrodes before the
4, they showed the plotting

between the discharging éurgnt-and 4 ith different scales. The clear

negative electrodes with
is the different potential/be
first discharging cycle. Fron

observation was a d:ﬂ‘erent performance bety e first discharging cycle and the

ﬂthem In the ﬁl'st m! ULE O gischarge:! 7—- S ——————————

\ 7 ' )
V.. : ft v current which gradually

increased to a max: m and then decreased. This

QY led 121 ka1l
Q Wqﬁﬂﬂ_ﬁ]ﬂmqlnﬂq a El (4.13)

at the positive electrode

H +
Wﬂ%' TR N Nt Clos (4.14)
H B H H

current resulted from
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Current{mA)
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Figure 4.4 Discharging current curve of battery type A after the first minute of

discharge time
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The electron from the negative aluminium electrodes moves
along a circuit to replace Cl1O4 in polypyrrole positive electrode and the counterion
ClO4~ was released from polypyrrole into the electrolyte.

When discharging was stopped, the o.c.v. was measured. It
decreased to 0.26 V. Afterwards, the fully electrical energy of battery was returned

Table 4.5 is the example of Ballery chafgingi . cycle. The fully charging
time is 29 min. After chaffinge#He€ ¢ v increased.t0 3.08 V since the nature of the
negative electrode was chanficd’ I gith \ rocess, the electrochemical

(4.15)
(4.16)

U
, ¢ o o/
| WTRAITT IR I AT PR FR Y potvpymote
associatediwith AP and Li* in the electrolyte solution, resulted Al and Li plating

on negative electrode. The Li™ can gain the electron since the quantity of Li™ in the
electrolyte was large. The more quantity of Li" in electrolyte, the more Li plating on
aluminium electrode was expected. To maintain charge neutrality in the oxidized
polypyrrole there must be an affilliation of a ClO4~ which came from the

electrolyte.



Table 4.5 Charging current in the first cycle

of battery type A
Time (min) Current (mA)
0 0.740
1 0.483
2 0.396
3 0.352
1 IIII\

AR RIS UL TR Y

q 24 0.179
0.176

26 0.173

27 0.170

28 0.168

29 0.166

“Total electrical 43104
&N‘aﬁ{ut‘i .




When the battery was discharged in the second cycle, the
reversible charging reactions were operated. The discharging current in this cycle
was high but rapidly decreased to a low current in a short time, afterwards a low
current was gradually increased until maximum and decreased again. These results
affected from reactivities of Li and Al electrodes in the oxidation process. The Li
electrode which produced higher voltage supplied the high current. The Al
electrode produced low voltage ~ : L' ow current afterward. Since the
“short, t! that Li" was plated on Al

electrode in very small amouat-eompare i Ad_which is opposite to what was

expected at the beginning \ )

period of high current

in each cycle was

Table 4.6 Inte Sistanice before andiafter discharging in each

AT
cycles of bdtery type-
A T
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The method for internal resistance calculation was presented
from the equation as follows.
E = - IR+ (4.18)
E = different potential, 1= current, R = external resistance, r = internal resistance
For example: The internal resistance before the first discharging cycle was

r = (EM) - R (4.19)

hence: x10-3) - 10

and internal resistan
E = o.c.v. after the fi

1=I3p= 0.141x103 A

hence:

‘ syriole-lithium battery type
A using aluminium me

2gative electrode is easy to
hundle. Though harhery Is tec hargea.ble byt ,impracticable since the discharging

i 'ﬂ%ﬂlﬂ%ﬂ@%mn‘i
AR AINIURIINAE
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Polypyrrole-Lithium Battery type B

A 200 mg of polypyrrole powder from chemical synthesis was
pressed into a disc with 2 tons of hydraulic force in evacuable die for 10 min (¢ =
1.2 em). Afterwards, polypyrrole disc was mounted as positive electrode in battery

LiClO4 in PC. An argon gas wi h the electrolyte solution for 30
min before the cell was *d polypyrrole-lithium battery
type B.
e4.5 Construction details of
polypyrrole-lithium
yattery type B
) - 5fery P
- '}
A —Polyp
i 1
1 MItCIOJ PC

’QW?E‘NﬂiﬂJ NN Y
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After the battery cell construction was completed, the battery was

repeatedly discharged and charged. The experimental results showed in Tables
4.7-4.8.

Table 4.7 The open-circuit voltage of battery type B

Discharging cycle = uit voltage (V)

1 038 ]

2 0.46

3 0.46

4 0.47

5 0.48

With e ofe. phtter 4.7, the different potential
between polypyrrole and || rodes was 0 in the first cycle. From the
discharging current, the plof bétiieen dis g ent and time is shown in

Figure 4.6. In Figure 4.7, the scale of -;f_;_;,_' much enlarged and the current is

-a différent current of the first
,1._‘

discharging cycle an l‘:i .

The fir dmchargmg cycle shuwed a ﬂu current which gradually

s A ‘lﬂﬂﬂﬂﬂ’ﬂﬁ F R
AMIAN TN INAE



Table 4.8 Discharging current in each cycle of battery type B

Time Discharging Current (mA)
(min) Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycles
0 0.082 12.68 12.60 12.58 12.48
1 0.091 0.048 243 141 0.056
2 0.115 0.050 0.076 0.089 0.058
3 0.138 0.101 0.071
4 0.158 0.110 0.081
5 0.179 0.117 0.089
6 0.196 0.122 0.096
7 0.126 0.102
8 0.108
9 0.113
10 0.117
11 0.119
12 0.120
13 0.122
14 0.123
15 0.124
16 | oZip il 0a2s | ones i 0.124
17 &7 = 0.125
18 . 0.125
19 27T ; 0.140 0.126
20 70 ﬁ if 0.126
21 ﬂ ﬁlﬁ ﬁzj VI ﬁ Ell] ﬂ:ﬁ 0.125
22 ﬂ 0.271 0.127" ﬂ.lﬁﬂn 0.141 0.125
QAN RSN T YRTINEA e
2%, 268 0. 0.160 0.141 0.124
25 0.265 0.126 0.161 0.141 0.123
26 0.262 0.126 0.160 0.141 0.123
27 0.259 0.125 0.158 0.140 0.122
28 0.256 0.124 0.157 0.139 0.122
29 0.253 0.123 0.156 0.138 0.121
30 0.250 0.123 0.154 0.137 0.121
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31 0.120
32 0.120
33 0.119
34 0.119
35 0.118
36 0.118
37 0.118
38 0.117
39 0.117
40 0.116
41 0.115
42 : 0.115
43 5 0.114
44 2 0.114
45 E‘.{. 0.114
46 9. 0.113
47 T 0.113
48 [ : 0.113
49 T 0120129 0.112
50 199 , 0.129 0.112
51 198 0.115 0.131 0.129 0.111
52 : ‘;ﬂ- ol1s | 9 12 0.111
s iR RRD Mty | o
54 0.197 0.114, 010 0.128 0.110

ANASATWYRTI NI
a L) e C 1 ‘o127 110
57 0.19 0.114 0.129 0.127 0.110
58 0.196 0.113 0.129 0.126 0.109
59 0.19% |, o0.113 0.129 0.126 0.109
60 0,195 0.112 0.128 0.125 0.109
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Current(mA)

= Cyele |
== Cycle 2
# Cyele 3
* Cycle 4

Time(min)

Figure 4.7 Discharging current curve of battery type B after the first minute of

discharge time



The first discharging process: at the negative electrode
Al — AP+ 3¢ (4.20)

at the positive electrode

N oo @21

o i {ite neg? \M
a circuit to replace CI™ thé plyp§urelepositive. el
was released from polyp¥irol --.-;..

When discha is/stopped

decreased to 0.46 V. Afte ’ ‘ fully charge ofithe battery was returned by
charging with 3.5 V from pgeraupply. The Bie v- bf battery increased to 3.02 V.
he clestrochemical reactions proceed as the

o.c.v. was measured. It

Equations 4.22-4.24 4
The charginggire 29

1 )
giiftvmmdheny o2
ARARLDIN NN INYA Y

ROG=REF
ﬂ)\w cor, M{y:cmw o
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The released electron by the oxidation reaction of polypyrrole
associated with AI3* and Li* in the electrolyte solution, resulted Al and Li plating
on negative electrode. The Li™ can gain the electrode since the quantity of Lit in
the electrolyte was large. The more quantity of Li"in electrolyte, the more Li plating
on aluminium electrode was expected. To maintain charge neutrality in the

ox'dized polypyrrole, there must beyah '

\ liation of anions both ClO4~ and CI-
which came from the electrgls &{: , ﬁarging cycles, the discharging
current characteristics wesgthe saii attery type A

Ins

. 4 ,.r; " ' olyp le-lithium battery type
NS

B using aluminium metal gefls I mete gative electrode is also easy

to handle. Similarly, the bat \ \k\\»

chargeable but impracticable since the
B B
discharging current 1s | : w\'

It must use lithium metal#is gle

£228

s i
RN TP TN

=3




Polypyrrole-Lithium Battery type C

In battery cell type C, lithium metal was used as negative
el ctrode. It must be done in argon atmosphere in glove box since lithium is very
reactive to the moisture in the atmosphere. Glove box in Figure 4.8 constructed in
this experiment was made of transparent plastic and equipped with a pair of rubber
gloves which was fitted thro gh airsught / at the front side of the box.
Electrical switches, inlet tap outlet \ with_the long rubber tube and air-

inlet tap L ik
f---«::

BS

AU RGN
Q7] PG SIS Ao

materials favolved in the glove box. A 99.999 % argon gas of volume 11 time of
the volume of the box was ejected into this glove box through the inlet tap. This
argon gas mixed with air inside the box and then passed out through the outlet tap
to the outer atmosphere. The long rubber tube protected the air to diffuse back to
the box. Theoretically, only about €' of the air originally filled up the box still
remained in the box. Thus the purity of argon reduced to 99.997 % which was still
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acceptable. During the reaction, a supply of argon flowing into the box was
continuously operated. Then, polypyrrole was electrochemically polymerized inside
the box with reaction time for 45 min to obtain a thick film of polypyrrole covered
on platinum plate. After polymerization, polypyrrole film was rinsed with PC and
mounted as positive electrode in battery cell using lithium metal as negative

electrode. Electrolyte solution was a 0.5 M LiClO4 in PC. The battery cell was then

zure 4.9 Construction details of
polypyrrole-lithium

‘o

-
I ‘ L]

THHIRENINYINT
MR ITUNNINGAY



Table 4.10 Electrochemical cell current of

polypyrrrole synthesis
0 574
5 5.73

T
After the b cell cor completed, the battery was
repeatedly discharged ;—*— ed | *——-—* s were shown in Tables
4.11-4.12. I

ﬂ‘UEl’JVIEWIﬁWEJ’]ﬂ'i
Qﬁ?ﬁﬂﬂ‘imuﬁﬂﬂﬂﬂﬁﬂ



Table 4.11 The open-circuit voltage (o.c.v.) of battery type C

Discharging cycle open-circuit voltage (V)
before discharging ‘after discharging
I 3.15 — 210
2 3.16 221
3 1] 221
4 ’&/ 2.18
5 3 ;_é_,_ 223
Table 4.12 Dischargi ' arge in each cycle of
b -
2L
(min) ] | (Cycled | Cycles
0 I - ~ 743 6.57
1 631 f =5 — | 4.94 3.65
2 wr || 15 3.22 3.04
3 3.27 g 47 262
4 7 2,18
5 .62 1.85
6 p—1 m 1.42 1.53
7 4% o 097 | g 110 1.24 134
* AUHINBNINUNAG | =
9 0. 0.60 0.88 0.92 113
1 ’q 079 . | Eﬁ: 7 é" 1.02
R(AEN FEda A 8 6
12 0.57 032 0.61 0.65 0.88
13 0.46 0.27 0.53 0.60 0.82
14 0.34 0.25 0.47 0.56 0.72
15 0.31 0.23 0.43 0.52 0.68
clectrical |  2008.5 1487.4 15099 | 15693 | 15945
charge (mC) L

83



Current{mA)

Trcyele 1
= cycle 2
€ cycle 3
B eyele 4
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Figure 4.10 Discharging current curve of battery type C
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With the o.c.v. of battery cell in Table 4.11, the different
potential between polypyrrole and lithium electrodes was 3.15 V. The discharging
characteristic in Figure 4.10 showed that the current of all cycles was decreased
with time. It resulted from discharging process which proceeded as the Equations
4.25-4.26.

(4.25)
at the positive
+ Clog- (4.26)
ium electrode moves along a
circuit to replace ClO4” in thj p ve electrode, and the counterion

decreased t0 2.10 V. Af ds, the fully charged battery was returned by charging
o

with 3.5 V pﬂ??’}%ﬂﬁ%ﬂ E]!T]f}’?uring the charging

process, the revegsible discharging rgamons were operated.

found mﬂuﬂgﬁw i mm&mﬁﬁﬂﬂ it was

y current curves ecreased with more discharging cycle and
the later current curves were decreased in the second cycle and increased in the
third, fourth and fifth cycles. These behaviors indicated that.

(1) The inner part of polypyrrole did not participate in the redox process
in the early cycle. More and more inner part of polypyrrole participated in the
reaction in the later cycle.
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(2) The neutral form of polypyrrole near the surface was easily damaged
by oxidation reaction probably with remained oxygen in electrolyte solution,

(3) Motion of ClOy from the inner part of polypyrrole contributed to high
ir ‘emal resistance of the cell,

In summary, battery using polypyrrole synthesized from
electrochemical method as electrode,is rechargeable but impracticable since the
)l high. The damage of neutral
polypyrrole by remained oxygen als the problem of cyclability of

AN TUNN NN Y
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Polypyrrole-Lithium Battery type D

Battery type D was first construction by supplied a 99.999 %
purity of argon gas through the glove box for 11 times of box volume. An argon
atmosphere was maintained whilst the experiment is in used by continuously
e box. Afterwards, a 200 mg of Cppy disc

suppling a slow current of argon gas to

(¢ = 1.2 cm) obtained ﬁ'om yith 2 tons of hydraulic force in
evacuable die for 10 min ited as pt trode in battery cell, lithium
metal was used as negative.e de. Blectrolytesolution was 1 M LiClOy4 in PC.
The battery was th ' “polypyrrole-lithium battery
type D

: ‘igure 4']1 Construction details of
¢ a polypyrrole-lithium

BRI T W) e ooe

1 MLiCIO,/PC ¢

JN3UNRIINYA Y

After the battery cell construction was completed, the battery was

repeatedly discharged and charged. The experimental results were shown in Tables
4.14-4.15.



Table 4.14 The open-circuit voltage (o.c.v.) of battery type D

:Ewmqmunun-—mgiv
. =

b
ed D

-

[T L

1.58
151

e

1.08
1.03
0.99
0.95

___0.92

a7

Yy

0.85
0.81
0.77

]‘S}@ ._

251
3.18 251
2.50
2.51

0.8
0.76
0.73

)
— 1.3

1
31
1.22
1.14

b

093

SNy

0.75

.90
.85
0.81
0.78
0.74
0.70
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3.5

Zr Cyele 1

Time(min) :

Figure 4.12 Discharging current curve of battery type D
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The o.c.v. of battery was shown in Table 4.14, From the
discharging characteristic in Figure 4.12, the discharging current of the first cycle
was different to that of other cycles, especially at the early discharging time.

For the first discharging cycle, the current was increased until
maximum and decreased. This current resulted from the discharging process which
proceeded as the Equations 4.27-4.28

(4.27)

ive. lithium electrode moves along a

circuit to replace Cf i the polspizrole posidee sesdsy and the counterion CI-
was released from polypyrrol '

When the discharging was stopped, gu]e o0.c.v. was measured. It

o o/
decreased to 2. W tter ed by charging
with 3.5 V from power supply. The 3.::.?. in to 3.18 V. During the charging
processtherelectropfrom.oxidatio F 7+rﬁulti_ng[,i

To maintain charge neutrality in the oxidized
polypyrrole there must be an affilliation of both counterions CI and ClIOs which
came from the electrolyte. The charging reactions were shown in the Equations
4.29-4 30.
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The charging process: at the negative electrode

L' +¢ —— L (4.29)

at the positive electrode

reversible charging reaCliofis fver e e decrease in current was
observed. For the followifig dist

) polypyrrole was damaged by
the oxidation of polyg entral ’-’"‘“\' in electrolyte solution.
This oxidation oce er of polypyrrole so the

current in the early time\ was dwreasnd with mnre d:schargmg cycle. The oxidative

of the sud'ace w revealed in Figure
4.12. The r.:urrenlu e later u battm-y type D it Iarge[y decreased in the

e AWTR mmmm %9 LR By e ool

dthe

In summary, the battery type D is rechargeable indicating that
polypyrrole synthesized from chemical method can be used as the lectrode.
However the battery is impracticable since the internal resistances are, too high as
well, shown in Table 4.16.
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Table 4.13 Internal resistance before and after charging in each

cycle of battery type D

R

moB W R e

Comparing g
Polypyrrole Electrode from §

Battery

type D using Cppy as posi W
were compared, the diffe ce/in the first discha ging cycle and the

ive electrode and the battery
the characteristic of both batteries

similar in the other cyclesc bserved.—— <
The first discharging E:e(:shuwedthedm
in the high current but 1 ¢ current of hatterz}ype D increased until maximum and
=9

i e L4 P4 A4y s o

battery type D sifice the pnlyp}wnlc‘electmde wa; not passed ﬂl& electrochemical
process m i ﬁl W iZe ﬁoE lém:? "nethud were
difﬁcultl?qn;ﬁad. or meriﬁullaugg cyc e?:l the reactions on polypyrrole electrode
more a;asily reacted so that the current characteristics of the both batteries were the
same.

This means that Cppy can be used as positive electrode of
rechargeable batteries in the same way as Eppy.



Polypyrrole-Lithium Battery type E and type F

Batteries type E and F were designed in order to lower the
internal resistance by increasing the surface area and decreasing the distance
between positive and negative electrodes. These batteries were assembled under an

argon atmosphere which was ope: he same manner as described before. In
these experiments, a 99.999 ¢ as supplied through the box for 11
times of the box volume. A argon atmosphtie-wés maintained by continuously

suppling a slow current g
cm), obtained from p
min, was mounted as peSitiyé cleéirode
in battery type E and

between positive and negativé efe. /-

at, polypyrrole plate (1x4
of hydraulic force for 10
Jne polypyrrole plate used
type F. The distance
. e E and F were 0.3 cm and
0.2 cm, respectively. The/negati 2ctrode was lithium metal and electrolyte
solution was a 1 M LiClOg4 jin PC3 ?}. ...... on details were shown in Figure
4.13. After the h@ cell ;’Eﬁ s1e, completed, they were repeatedly

discharged and fables 4.17-4.20.
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polypyrrole-lithium battery type F

Figure 4.13 Construction details of polypyrrole-lithium type E and F

94



95

Table 4.17 The open-circuit voltage of battery type E

3.06 _ 2.59
3.18 260

2.60
e |
3. 4 2.60

i e W D e

the current
dischargi
discharging current curve was gradually increased until maximum and then
decreased. This is because of the delay discharging reaction, since polypyrrole
electrode from chemical synthesis was not experienced the electrochemical process
before so the first reaction was difficult to initiate. The other discharging current
cuives can be interpreted that the high current was decreased because polypyrrole
electrode reacted easier.



Table 4.19 The discharging current and total electrical charge of battery type E

:Eunqnusunneigi’
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218
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Table 4.20 The discharging current and total electrical charge of battery type F

23

TUYNAI

NENG Lk

0 2016
1 180.6
2 1613
3 151.7
4 143.4
5 137.1
6 1312
¥ 1283
8 1253
9 1222
10 1190
1 1165
12 1140
13 118
14 109.6
15 107.2
16 105.0
17 103.4
18 100.7
19 99§
20 97.3
21 953
1 93.8
23 926
24 91.7
25 912
26 90.8
27 90.%
28 90.2
29 _ 9.9
10 7.5 89.6
21 679 75.5 QM9 86.6 89.4
32 30| 4 . 89.2
s FEHNnNINYRAT | =
34 q) 642 70.1 819 86.2 #8.8
35 62.8 685 ¢ 811 g 88.6

El-q 60.5 882
kL 9.8 63.1 789 859 88.2
40 59.1 62.0 787 B3R 882
41 586 61.0 TE6 B5R 88.0
42 56.0 60,1 785 857 880
43 55.5 593 T8.4 857 819
44 55.0 586 783 856 B79
g 4.6 58.0 783 856 87.8
| charge(©) | 23429 | 29417 | 20309 | asess | amse
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Figure 4.14 Discharging current curve of battery type E
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Figure 4.15 Discharging current curve of battery type F
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For the other discharging cycles, the decreasing of current in the
early time of battery type E and F occurred from the damage of polypyrrole at the
surface of electrode. In later discharging cycles, the current at long discharging
time gradually increased. This may be because more and more inner polypyrroie
was participated in electrochemical process.

From internal resi
internal resistance could b

Tables 4.21-4.22, 1t is clear that the

polypyrrole electrode by decreasing tl n the positive and negative
electrodes of batteries. 7 |
Table 4.21 e infesha fesistan

—

:
AU INININYING
Tablé'4.22 The m: resistance after Jiscng
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The Charge Quantity of Polypyrrole-Lithium Battery

For the battery type F, the weight of two polypyrrole electrodes
was 1.0l g. The 3/4 of polypyrrole electrodes were dipped in the electrolyte
solution so that 0.76 g [= (*/s) x 1.01] of polypyrrole concerned with the charge
supply. With the discharging process.ong thmn is given by three units of pyrrole

1

and one unit of CI-. The molg ular weight of the three pyrrole units and one CI

was 236.5. A 1.6x10"° C ofeharge gi 'b;é&mm so the charge from 0.76 g
of polypyrrole was 308 Guf="10.7¢ g | .5x1.66x10*'g)] . From the

first discharging curve™of Barfers/ pe F, the charge supplied was 234 C,
approximately 76 per F, the. maximum charge supplied of
electrode. \
Some Problems
. polypyrrole-lithium rechargeable
battery, serveral probligms W ound. When ti : y g repeatedly discharged
and charged several iin he: - polypyrrole electrode

was distorted and the ﬂnium plate was swelled up. ore, when the distance
between positive and négative electrodesiivas d decreased, both electroies may

become in mﬂ ummmma The distorted figure
of polypyrrole umrurred from the assbciation to 4~ which has
et B LIS P LI DT AR v

metal formed the crystal.
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Conclusion

In this research, polypyrrole synthesized by both the electrochemical and
the chemical methods could be used as a positive electrode in a rechargeable
batteries, lithium metal and lithium perchlorate in propylene carbonate were used as
a negative electrode and =Iectmlyte solution, respectively. From the results, both
le synthesized from chemical

method can use as --~-,;_‘_._5 aterial geable battery similarly to

tyves of batteries are recharges

polypyrrole synthesized froi. eleetrochemical method In comparison, the battery-
performances of both type€ 1" Uiffare e first discharging cycle but
similarly in subsequenc e of these batteries can be
lowered by increasing , T lectrode and decreasing the
distance between positives gatiye elet lowever, there was a damage
xid 1 ained oxygen in electrolyte

le and lithium electrodes.

of polypyrrole electrodé d

solution which causes the'defo
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