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Abstract

This final report of “Development of gelled electrolyte for valve-regulated lead-acid battery” project studied the
effects of additives, fumed silica content and fumed silica particle sizes in gel electrolyte on performance of valve-regulated
lead-acid (VRLA) batteries. The experimental divide two parts. First investigate the conductivity, hydrogen-oxygen evolution
by cyclic voltammetry and battery’s performance of gel electrolyte mixed with additive i.e. Polypyrrole doped composite with
carbon black (PPy), Poly(ethylenedioxythiophene)/Poly(styrenesulfonate) (PEDOT:PSS), Ponceau SS (Pss) and ionic liquid
(IL). The results exhibited that the conductivity advise the tendency of proper gel electrolytes, also it could unidentified the
best formulation of gel electrolyte. For certainty, the performance of battery and conductivity measurement was tested
concurrently. The gel electrolyte with mixed of PPy and mixed Pss provide high conductivity and capacity. For gel
electrolyte with mixed of IL can reduce the hydrogen-oxygen evolution. Second part shows investigation of gel electrolyte
with mixed sodium sulfate and additives. Preliminary result shows that adding sodium sulfate in liquid electrolyte increases
discharge capacity and efficiency about 6.85% and 2.35 %, respectively. So that in this study the gel electrolytes were
prepared from fumed silica, sulfuric acid sodium sulfate and different additives (aldehyde, vanilline, polymethyl
methacrylate, polyacrylamide and polypyrrole). The results show that higher silica content and the presence of aldehyde,
vanilline or polyacrylamide shorthen the gelling time and increase the gel strength. Based on CV results, gel electrolytes have
lower hydrogen and oxygen evolution compared to the conventional liquid electrolyte. Addition of aldehyde or vanilline in
gel electrolyte further reduces hydrogen and oxygen evolution. Different electrolyte formulations were filled into the 4 Ah
VRLA batteries to test the battery performance under 100% depth of discharge conditions. The results show that without
additive, the gel electrolyte prepared with 5%w/v fumed silica was found to yield the highest performance. The addition of
0.005 %w/v aldehyde in 4%w/v fumed silica increases discharge capacity on high rate discharge test by 6.34% compared to
gel electrolyte prepared with 5%w/v fumed silica with no additive. It even gives higher performance than the commercial gel
battery. The results of the self-discharge test show that prepared gel battery still has 93 % capacity after has been stored for 3
months, which is about 6% higher than the conventional liquid electrolyte battery. When the negative plates of battery (Pb)
were analyzed by scanning electron microscopy technique, it found that the additives had no reaction on the surface of lead
plate but they caused the different lead sulfate crystals on the surface. The gel invented battery can operate at high

temperature and apply to electrical equipments with good performance.
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PbO,(s) + SO, (aq) + 4H (aq) + 26— PbSO,(s) +2H,0(1) E'=1.686 (1)
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(No additive) > 2 %w/v of fumed silica particle size 7
and 12 nm

» 3 %w/v of fumed silica particle size 7

and 12 nm

» 4 %wlv of fumed silica particle size 7

and 12 nm

» 5 %w/v of fumed silica particle size 12

nm

3
1.280 g/cm” of H,SO,

> Polypyrrole, doped composite

e . . .
with carbon black (PPy) > 25 %(w/v) of fumed silica particle size

7 and 12 nm

> Poly(3,4-

Ethylenedioxythiophene) > Additive

/poly(stylenesulfonate) 0.005 % w/
- . o W/V

(PEDOT:PSS)
- 0.01 % w/v
> Ponceau SS (Pss)
- 0.02% w/v
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> PPy+IL
> Pss+IL
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% o A A S a A : o =
Taad @186a31 50 iiaa IadaeIui TaelHinTe4 Potentionstat/Galvanostat LHUMWUAAIRIZUT 10

o v ad I o a Jd (aaa a a a a =}
ﬁ"l”ﬁﬁ"ﬂ?J!ﬁﬂI‘VﬁllZWWI‘lﬂiﬂ'llﬂi"lgﬁ‘l]Qﬂﬁ81ﬂ"|5!ﬂﬂh1€liﬂiﬁluufﬂ$ﬂﬂ ﬂ“’lﬂ"l]uTﬂﬂl‘l/lﬂuﬂllﬁlfﬂﬁﬂiﬁlmlmllmﬂi

uaagluaisnan 1

Potentionstat/Galvanostat

CE WE
] ]
——
—= =] ()
Pt A’g/AEC Pb — e
[ |
Eg e
J
L] C )
Electrolyt

v P
4 a Y 9 a a
51U 10 swummmsnadeuyad i ualizia 3 91 Aremaia lsasn Traunumms

3 = ad d
- mumauﬂﬁmsﬂmﬂamaﬂiml’la@

= ad J J oA v o A 9 @ < ' =
MiEJlIlﬁ]’d’E']!’dﬂi‘ﬂillfWWInJENﬂ’IJizﬂﬂﬂl%u!ﬂﬂﬁﬂﬂﬂiﬂ'ﬁN‘ﬂ 1 A8AT13I 3000 TDUADUIN L

A v o 3 ' ~ o £ ag /4 A v ¥ 1A o o
ATUAIT NN 2 AYBATUITI 2000 5DUADUIN EUWﬂuuVNWaﬂmﬂ}ﬂiv]ﬂﬁ1/]!,15]5ﬂuhlﬂsluslﬂﬂﬂu%ﬂuigﬂgnﬂW 59U W1

b

wawasanIng ladgnmien'ld insnaaeusae 1l



17

@

A_ag s A Y ' d' < ' A o W o v A a
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AUNUUNS

ORIE dianTns'lad pansznou

1Wan » asazatensadaiiin 1325 g/em’ of H,SO,

> asazaensadaiingy | | 305 g/em’ of H,SO, and 13.25 g/L of Na,SO,
TaReudama

190 > lifiesidunea 1.325 g/em’ of H,SO, and 13.25 g/L of Na,SO,
» 3 %w/v of fumed silica
> 4 %uw/v of fumed silica
> 5 %w/v of fumed silica
> woeduensanlu 1.325 g/em’ of H,SO, and 13.25 g/L of Na,SO,
> 5 %(w/v) of fumed silica

- 0.005 % w/v

- 0.01%wlv

- 0.05%wlv
T30 1.325 g/em’ of H,SO, and 13.25 g/L of Na,SO,
> 5 %(w/v) of fumed silica

- 0.005 % w/v

- 0.01 %wlv

- 0.05% wlv
> msdsznounoad lan 1.325 g/em’ of H,SO, and 13.25 g/L of Na,SO,
> 4%(w/v) of fumed silica

- 0.005 %w/v

- 0.01 %w/v
> nuiidu 1.325 g/em’ of H,SO, and 13.25 g/L of Na,SO,
> 4 %(w/v) of fumed silica

- 0.005 %w/v

- 0.01 %w/v

- 0.03 %w/v
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IA394 Potentiostat/Galvan stat
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aw A9y 4 0 A ¢ 4 g 4 a v Vo A
TuanuAdeiilduuaneiazni-niastianainiuge Fuiluuuamessiams Faunuuegiui vue 4 naz
o [ o o I =3 A ™ A a dyd (] [l
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. £ [ [ J a J o Fd Y @ ' = 1
street light) 9e101509A13529 (Charge) TagWaIEaand101MAd 1WUAY 9INEN1IZNT 1FUAINGTY TIULINT

o

I 1 A J 9 < A
nageuseniu 4 a1 fe 1. MamanNuylumnelszgaunua (100% DOD) naaey laaly 2 695157 Ao M3

1
@

{ o 2 o <3
ﬁl%ﬂuu‘ﬂ‘ﬂﬂﬁﬂﬂ]ﬂi%ﬂﬁ $13113901 (Low-rate discharge, 10 hr) uazmﬂﬁi’fﬂmmum iﬂ?ﬂﬂig{qﬁ ﬁi?lﬁﬂf“‘fﬂ (High-

rate discharge, 1 hr) 2. m3ldnuveannameinguugiiaeg  3.m3smergmsldnuvename; lagigas
ad SAq Y aa = = o AAq Yo Y v ~
waanIng laanldaussouzdnga  wulSeuisunumasuaaeinldmldnuemsm laelduuameioua 7
s @ S Y Y - ~ Ao ' 1 Y
pouuls -2 1ua 12 Trad (ANFudusing Bu.uuames) nadounsaimsmolseygs uazludugaiegn
o o 3 Y A A Y o A
ANudIAY voInNua T lumsinuneuMs 1FuYeUANeIHTENM AT AR B IVOLANDT  (Self

. A o 3
discharge) UAZHNTIDUSVDULUAABIHAINITINY (Shelf storage)
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2.1 miﬂﬂﬁﬂué’ﬂ‘ﬂmimﬂﬂ‘izijﬁ] (Low-rate discharge, 10 hr rate)

o

AT UINT0INATOUE NTTOULUDILANDINOATINTAEUIZYAT AD 1NTDI Universal battery analyzer 4

v Y v v
(UBA 4) danaaalugilil 13 tagdunaumsnagouuuaneinanininisnan 3

4 4 4 Hq. o §ow &
317 13 1nTeanaaeuLUAKOIUBA 4 Nl lumsnaaeusnsimsmelszgd@nininielszg10 431w

@

v E v H
M9 3 TuApUMINATOUEMSULUANDS (12 V/4Ah) upumsaedsegauring (100% DOD) A3131 10

SRLETE

]
@ @

GRS Tuaou
1 991329 (0.8A/14.1 V/7 hr)
2 W (5 hr)
3 M52y (0.4 A/10.5 V)
4 9n1/529 (0.8A/14.1 V/11 hr)
5 a3 89 4 Fus i 6 ade
6 in (24 hr)
7 s 3 094 fudmous Ay

v k4
nnemg 1. mysailszyadlunuameinazmelszgeoniaviua 38091 MInaael 1 501

=t

2. M3oatlizy (0.8 A/14.1 V/7 hr) vaneda Mmsua lihlumssaiszai 0.8 noudlils

a

4 v
@ @

fmuamanuaednd lWihi 14.1 Thad 1¥5zoznanlumsdatlszyianua 7 $2Tus

]
~

3.msmolszy (04 A/10.5 V) vaneds asmsualdihlumsmodszai 0.4 veniluals sunsziasn

anuaadng Iihanasda 10.5 Tad
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2.2 mi"ﬂﬂﬁmj’sfﬂﬂmﬁmﬂﬂiz@gﬁ (High-rate discharge, 1 hr rate)

@

AIMTUATOIMATOUANTT  DULVOIUANBINOAIINIMEITZY g9 Ap 1AT09  Battery

Charge/Discharge and Data Processing Control System User Manual Version 1.0 ﬁmaﬂﬂugﬂﬁ 14 uag

9
1

TUADUMINATOULVAADILAAIAIAITINN 4

& A MR
) ltage test terminal
\

gﬂﬁ 14 1A509NATOULLANDS Battery Charge/Discharge and Data Processing Control System User Manual Version 1.0

]
=

Wl lumsnaaeudasimimelszyge (Gasimsmelszy 1 3 Tu)

v Y

M3 4 TuneuMINATIUdIMSULUAMEI YAvauHaIazoa (12 V/4Ah) uuumsmelszgaunua (100%

Ao 3 )
DOD) N19a5157 1 %3134

E
@

GRl TunoU
1 891329 (1 A/14.1 V/9 hr)
2 W (5 hr)
3 Me13zy (4 A/9.6 V)
4 9a1329 (1 A/14.1 V/9 hr)
5 Fanddui 3 8 4 dus i 15 ade
6 in (24 hr)

Y
@

o o A = o o
1119 UN 3 D3 4 Lflummu 15 A93

|
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2.3 mwmaeué’mmﬁmﬂﬂizqga (High-rate discharge, 1 hr rate) #U1 manual

[

231 Yuneulumsnageunumne’ons N smelsz9gauy manual

'
=

ad Ja Y o ~ ci g )
waotan Ins lad imTen1d demsen 2 szgnussyaslunuame’ 12 Toad 4 weumals -2 Tus (12
V/4Ah) MBINTOUANITZUVFYRINA DanUARes 1 1Az m1insea1szq (Charge) tazmerszq (discharge) Tno
o 1 o dqa ¢ o Vo o an 2
msTamnszua Tiihvewnanes drounaudliines (Clamp meter) tagiamanud1udnd luihdeiaaiines
(multimeter) 11U manual 93171 15 Famsiaanszua Iiihuazmanuadnd ldihlunmsdalszgazsmsfann
~ A oo ' " o o ~ S o 1
15 Wi vazimsiaminszua lihuazannuadnd liihlumsaedseqezsmsiann 5 wiil minrfuiiiag
nszud Idh 2 ldundnnausinnug lihlumsdeilsey  (charge capacity) uazamuy lihlumsaedsgy
(discharge capacity) voauuaae3 a1nwyliih () ausadaldnnms ihanszualih @) quivdou

v I Fa ' v
nan 181411 () FavunsumInaTeULUAMBTLAAIAINITIN 5

msdalszq Inlihdhguuane’ (Charge) msmetlszy Tihanuuaae’ (Discharge)

3UN 15 uanansdalszy (charge) tazn13n1e1sq (discharge) 11111 manual

_Y
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I 0 o ! A { o 3
ﬂ151\1ﬁ 5 muﬁﬂuﬂ’]ﬁ‘ﬂﬂﬁ@uﬁ’]ﬁiuuﬂ@]!ﬂﬂ%"h’u@ma (12 V/4Ah) @S]J’JEJmSmEJﬂi::i;ﬁmﬁilﬂ (100% DOD) ﬁ@mi’"jj 1

#Tug
GRS Tuaeu
1 991329 (1 A/5 hr)
2 WN (20 hr)
3 Meizy (3 A/9.6 V)
4 oa13zy (1 A/5 hr)
5 s 3 99 4 Wudmau 5-15 2

2.4 M3IFNUVDIMUMNDS TN 199

a

P YA, [~ 1 1
Tumsnaaeunuames Ngurgiaiee 11§35 lumanagon  wdailu 2 dau flo davusnaznadeu

Sy A . o 4 ddo 0
AUTTOULHUANDIAIYUATDY Universal battery analyzer 4 (UBA 4) muﬁm“lugﬂ“n 5 Tlﬂﬁi]‘].l‘l/]‘i’]@@lﬁﬂﬁﬂWﬂEZﬂﬂW

a =

4 1
Tugsgainigil 0- 60 perUTATed 11U 4 501 (MInaaeviihinsoalszyiguvgl 30 osswaiFoa) Tagld

3 Q

4 1 '
BNAIUANYUHNNTY WNE 7 UTHN memmert TUADUNINAGDULUANDI UAAIAINITNT 6

ey

v v

M3 6 TuapumMInaaeudmSunUARes TiAveuMAIAZINa (12 V/4Ah) @remsmelszgaunua (100%

{ o I o ~ A
DOD) N803157 10 ¥ T4 NN

U

]
@ @

GRS Tuaou
1 9a1/329 (0.8A/14.1 V/7 hr)
2 W (5 hr)
3 Me1l5ey (0.4 A/10.5 V/30 "C)
4 9a1/529 (0.8A/14.1 V/11 hr/ 0 °C)
5 a3 89 4 Fus i 3 ade
6 Mddud 1 8 s Lﬂﬁﬂuqmﬁgﬁﬁw suit 41514 10,

20, 30, 40, 50 LAY 60 DIAUBALHE

a

Yz NdIUN 2 1 MMINATPUAUTTOULLUAADST ATV manual Tagaziin13oalszquazmellszaigumngil

U

@

25,40 uaz 55 osrnwaed Tagmsaruguaurgiiaz 4e19nIunugamgll U WNE 7 USHN memmert 19@g2i)
' Ed v '
nMsNATEUANTIAUZAIINTEY UBA 4 Taglumsnaaeuaussouziiiimsnaden nuame3agia- nsauun1ad
1 1 Y 1
WiiaalANENTANL A9 PPy, Pss tiaz IANTNTIALLAT 109U 14 501 FITUADUMINATOULLANGDS HAAIAT
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I 0 o ! A { o 3
ﬂ151\1ﬁ 7 muﬁﬂuﬂ’]ﬁ‘ﬂﬂﬁ@uﬁ’]ﬁiuuﬂ@u@ﬂ%"h’u@ma (12 V/4Ah) g]}']ﬂﬂ'ﬁﬂﬁlﬂﬂigﬁﬂqﬁ]uﬁllﬂ (100% DOD) ﬁ@mi’"jj 1

%2 113 NgUHiniaIee

CY

any TunoU
1 9a1/329 (1A/14.8 V/5 hr/25 °C)
2 W (10 hr)
3 Mo1l329 (3.0 A/9.60 V/25 °C)
4 Mddwui 1 8e 3 dfuuan 13 e
o o o o o = 4 A<
5 manaeun 1 894 nlasugunginily 40 uag 55

DIAUB AL

2.5 MsnaaaUa g

1504 Battery Charge/Discharge and Data Processing Control System User Manual Version 1.0 L& miugﬂﬁ 8

i ldmageueigmsldnuvesnnamessiuau 200 sou NoasIMsmedszyge dmsuuuamesminnldnaasy

s o ¢ 4' v C a A
v 7 wounli-51 114 12 Taad uaaalugdi 16 Uszneuade n) tuameInznI-nsaLuuINAINIUANFHAIA (198
4. dqu 9 4 9 a2 A o day Py o
uuaned) Nlsmuiiesnatn v) nuames azM-nsauuulNanugueta Hnlsmuienain uaz a) wuames
M = 4 a ~ 9 ad S ya 9 42, J =} =3 o

AzM-NIANUDENGINIVANTIAA (Fauuanes) TagldeadianTng ladn IdaadudunaazgasulTouieunu

1 ' 1 1 4
Gdlf\ilmﬁlﬂ’ﬂiﬂ\i 3 mu@ﬁmumuam1mwmqmammma’%’mﬁu(mwﬁ’agauu@'Tmmma’%’) fmTuluaoUMINATOU

HUAINDTLAAIAIATIT 1N 8
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sz99unua (100% DOD) ida5 152 1 $2Tus

aAu Tunou
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2.6MsnaaeumMsme)szgaiadiies (Self discharge)
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1.TifNﬂ15ﬂﬂﬁ@ﬂﬂﬁ51ﬂ1§ﬂ"lflﬂi%iﬂﬂ?ﬂ”lll‘{l}ﬂ 2.1 Wuszezna 3 ERY V]Wﬂ"l'i'lluﬁﬂﬂ”lﬂ'ﬂ?ﬁnﬂﬁﬂfjﬁuﬁu

o o =R v o s A ad g A '
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Capacity 12V OCV
100% V>13.0V
90% 12.80 <V <13.00
80% 12.65 <V <12.80
70% 12.50 <V <12.65
60% 12.35<V <12.50
50% 1220<V <1235
40% 12.05<V <12.20
30% 11.90 <V <12.05
20% 11.75 <V <11.90
10% 11.60 <V <11.75
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M3 11 agilszezn @ Tueni) lumanama

Sulfuric acid Speed Mixing Additives Fume silica (%w/v)
Conditions
(Y%ow/v) mixing (rpm) | time(min) (%w/v) 3 4 5 6
40 3000 10 - - - 3:20
50 3000 10 - - - 3:20
10 - - >4 -
15 - - >4 -
1500
20 - - 4 -
Blank -
~ 60 25 - - 3:20 -
2000 >4 >4 3:20 2
3000 10 - - 3 2
4000 >4 >4 2:20 -
70 3000 10 - - - 2
0.005 >4 >4 2:20 -
0.01 >4 >4 - -
0.03 >4 1:40 - -
Aldehyde ~ 60 2000 10
0.05 >4 1:20 - -
0.1 >4 - - -
0.5 >4 - G -
0.005 >4 >4 3 -
0.01 >4 >4 _ _
0.03 >4 >4 - _
Vanilline =~ 60 2000 10
0.05 >4 2:20 - -
0.1 >4 1:20 - -
0.5 >4 - G -
0.005 >4 1 G -
0.01 2 G - -
0.03 P G - -
PAM ~ 60 2000 10
0.05 P - - -
0.1 P - - -
0.5 P - G -

"G" refers to gel-form electrolyte and "P" refers to precipitation
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Voltage (V)
——no additve = ——0.005%PMMA ——0.01%PMMA ——0.05%PMMA
275 2,25 175 -1.25 -0.75
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Average Average
Initial discharge | Final discharge
discharge efficiency
Electrolyte formulations capacity (Ah) capacity (Ah)
capacity (Ah) capacity (%)
10 hr 1 hr 10 hr 1 hr 10 hr 1 hr 10 hr 1 hr
Liquid battery (4 Ah/12 V)
H,SO, 4.51 2.52 3.34 2.3 3.81 243 | 91.90 | 93.12
H,SO, + Na,SO,
4.90 2.66 3.59 2.32 4.07 2.51 | 94.09 | 96.43
(0%w/v si)
Commercial 4.83 2.26 3.42 2.02 3.92 2.15 | 93.56 | 84.79
Gel battery (4 AH/12 V)
no additive 3 %w/v si 3.97 2.32 4.21 2.61 4.10 2.47 | 97.01 | 96.08
4 %w/v si 3.94 2.47 4.12 2.81 4.13 2.69 92.67 92.19
5 %w/v si 3.83 2.47 4.35 2.81 4.28 2.68 88.56 | 95.17
additives

5 %w/v si 0.005 %w/v PMMA 4.07 - 4.21 - 4.19 - 92.36 -

0.01 %w/v PMMA 3.83 - 3.90 - 4.00 - 95.24 -

0.05 %w/v PMMA 3.26 - 3.75 - 3.67 - 93.49 -

0.005 %w/v PPY 4.06 - 431 - 4.25 - 94.61 -

0.01 %w/v PPY 3.60 - 4.30 - 4.14 - 95.43 -

0.05 %w/v PPY 3.64 - 3.79 - 3.71 - 92.73 -

4 %w/v si 0.005 %w/v PMMA 4.10 - 391 - 4.16 - 96.82 -

0.005 %w/v PPY 3.73 - 4.20 - 4.05 - 96.37 -
0.005 %w/v AL 417 2.66 4.39 3.00 433 2.85 | 9579 | 98.10
0.01 %w/v AL 3.96 2.39 3.61 2.63 3.93 2.64 93.05 94.51
0.005 %w/v Va 4.07 2.50 4.20 2.84 4.24 2.80 96.95 93.10
0.01 %w/v Va 3.66 2.12 3.97 2.76 3.95 2.63 91.54 | 90.17

“PMMA” refers to Polymethyl methacrylate
“PPY” refers to Polypyrrole
“Al” refers to Aldehyde

“Va” refers to Vanillin
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