
To:Our Battery Friends around the WOrid

From:Akiya Kozawa and」 ohn c,N餌Ⅲdi
(ITE Battery Research lnstitutc))

Our iead―alばd battery activaltOr(o昭抑ic p01ymOr added tO thc札ばd
eloctrOlyte)produced tho roH。宙ng excdlcant reslttts Over tho pttL 18

yews(1992-2010),

1, VVo have dovelopod a new typ0 0f activa,こOr, arl o「ganic p01ymor
(soluble in tllc acid electrolyte).U.S,Paterit 5,958,623(Soptomber 28,

1999)and u,S.Patent 7,160,645(Janualy 2,2007),Five persons

hav0 0btttnod PhDs from YaHttagata UFliVersity rrolm 2000 t0 2008

based Orl tilis new activator tecl〕irlo10gy,

2, ′rhe leaid一acid ba,ttery ls heavyn Therek)re, 1に s ilture use is
considored tO b0 1lrnited fOr e18CtriCity stく〕rago usilng the solar c011
systern or silnilar areas, we can now reduco tlle olょ

girle starti地目
battery weight,We kl10w thtrat the power density ofa leaくl一acid batte甲
is 160 W/Kg,which is 3 timos that oゴlithillm ion batto丸(,s.ThOre景)rじ,
we can reduce the lettd battery size to 1/8 or less when used ittr

hyb丸d carst This Flealls fOr hybttd cttr applications】thO load battorty
with Out polylner activatOr lnay cOmpete with iithiurrl batteries,

3. Our basic rosoarch indicates that the mttn acti10n ()f Our polymer

31CtiVator is to hcre乱さe the hydrOgen ovolw01tage く)f the negtttive
electrOdeB Becaus0 0f this,the hydrogen ev01ution fIヽOrll the negaLivc
electrodo ls「oducod ttnd a cOmplote chTgo oFthc battory is ttchittved.
rrherefore, 110 slllttLtiOn takes p18″

Ce, Or the existing sultiLtlon is
&utomatic亀lly lヽcduced,

4. We tested 200 truck batto対es with Our activator ndiditiOn()rlco&year

fbr 10 years, Durimg the 10-yett pertodJ no bactery replacement was

needed in配守Ofthe 200 trucks,

rr)
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5B In anのther test, 50% 、rna110r batterlos were usod々 For exalrlp‖o, an
80All bttttery wILS uさ Od iFl plaCG O「 thlo 150Ah batteryナ bl‐ 10 oF 20 tOn

trucks`During tho 4 year period7 F10 battery detOriOratiOrl]wars lbund,

T'his ilidic白,ted that wc can reduce thO batt01ゎァ size by 50% ror si″l
u s e s ,

Because Of tho polyTrler activator, we can rcduce the hydiヽ
Ogen

evolutiOrl at tiェoだlegat貯e electrodei thO shOrt battery l対b(2 yealrs in
hot areas Orthe worid)ctt be Oxtended t0 3 o「4 years.

Anothor po思sibttity is the uso Of ai sllshtly impLire 10れd fOr 10段d
batterios, since tile irlllpurity surttce is covered by the Organic

polymer molecuics and the hyldrogen evollュ tiOn is stlb吊|ナ母ntially
rOduced,

tく)lt'猟j、111席rけdl,cゃ11ltB wとsttS bstt ur.y魁11く〕,Flと

li指9末tθnttiorl is t9Hnil,lo l,9 2 10 S tiIIltl母

8, 1)eep discharbre batteHcs with 30-500/6 deほGI:Oration wore fourld to

llOCOVer these capaclty O代 h)with our actiivator ttd,ditiOn■ 仕Or 2 to 3

month oper就lon,

Wじ h`)p口じLtr神甘eqュHじ1l will出モュ1)StalitiuHy cOntribHtじ

‖Il(1 1lelp せolltribiite 10 the envirollmerlt sill●t,the

g】
“じFltOr=

1.「E Btttery Rese卸 せil Gr【〕up 8Plpm鎖 ld【チ,S,A`)

r〕r、Akiyu KozRwn,J。1ln C,N,rdi,Shn秘o lw:LS●.
Advitturs,P「of Y,Ohbと,PrtoF S.Mllnmi C▼ュmagわにと
R口J・Br〔)did(lBAi Boュrd〔〕hュirIIla11)

Littvers■F R118 0月掛ktt City【テrliv9rsity),Dr,
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HCW b LhetTE'c Ottanic Potttner Atttvator r●『Rtowe呼

of Detarlomted L●adBAcid Ba■eHcs

By John C,Nardi,Tatsuya Shibano,R盟lph JコBrodd and Attytt KozaW昭

(ITE Veager―Kozawtt Battery Resetth Group ttpm))

F張:81-(0)52-45弟船88,

Abstmcti

ln 1995ithe】冊 Battery Group dscovered tt new owanにpolンner ntivE3or forttuventtng

d“criorated lead4actt battedett itte"sLI(starth日,lighthg and isnitton)battOr糸描and deep cドに

batteries.The research Broup has tested this ncw activator in v■riOus iead,ュじid ba曲試es that are

used in trucks,buscs,taxis,9olfcarts,的rkliIIs,ctc.in Japan,IndiらChina and othcr colanttes=

The d●teriorated battcHes having a dk埒large capacity ofonly 20-300/.oFthe缶。dginal capaci呼

can be regmeratod的 60-90%oftheir。 拭sinal capacity and that the recovered batttry can be

used for rnore曲観 3 1o S ycars.

In this PttPGrtt the regen研取lom process usingはstti■l charttng pttЩttis dαttribod and the

process ofthe how this orga■ic Polだner wOrks is explainedゃ

1. I出併odllcdoEl

lTB's activator was dev胡oped iB 199S bascd oΠ a oomposm ofHl位 粗inc carbon and an orgnic

P o l y t nげ ( 1 ) , T h i S  c o印 p o s i t t  r n a t e t t a l  w n s的o n  t h c r c a 3にr  P a t e n t c d ( 2 ) , L a t研, w c  f o u n d  t h a t t h o

orgatlic Pol〕rner a●tivator,call●d Super…K〕cDn eFFndvely【苺over detsriomtod battories,namcty,

remove the surtttion ofthe negtttive el―de(3). Ordinary ttck batteries curently in use httve

a life of3 to 4 yean.The odgin,lcapacitt dtt With use,typically decrensing to 20-30%of

thc o「距郵nal capacity Mth oonttnued usc.

ln this paperJ a new and si】mple mcthod ibrthe ttvtty ofthese dst働印GHted batterics is

dcscttbod aFld thC pos母 ;ble rcactictt FneChanis出 Ofthe organtc pDl押 er is presented.

2,Expe拭 醐 enttL口 同 じdCa1 0P● 「atio鳳 )

だ

t多)



We recommett the fol10wing proo弱 ses(l and 2),PttCess(1)お for bittedes stnl in use,while

process(2)is ttr de俺主orated battedes that have been rcmoved ttm a caF2trtlck,ctc白

(1) Add O,5‐ 1.O gBms Ofact市ator(的 let Or powdeo to例で'h cell o『50 to 80 Ah battcric8 0r
l,0‐2,0蝉 Ett per cel】1的r100-1 50 Ah battettes.

(2)祖 ほdtteriO□抱d and replacod bュ世enes nttuire a special twO‐就,p Chttrging attr the
activatOr addihonB

鞘他bntteけdctcriOmllo■(caPBCity reducti。息t。20-30%ofthe orisinal CaPanity)iS recOwered by

「emOvine thc sulfation as fO1lows、Atter the additiOn ofwater and nctivatOr(ITE tabl曲or

powder),chatto the batteげone,伸o9rthree days as shOwn in Fig,l in Order for the voltagc t。

increase‐

Volt

16

15

14

1ユ

12

(a)Norln41 Chだ鴫:c Secthn

(b)StdfatOn Removal S車 ion

Chargc timc →

(A)a―bHCrd_e  ■ormal ncw batt叩

OB)と
'口
b'→'■'ど 3H4y9囲rs。ld deteHomted battery(having only 20‐3070 capacity of
new battery)

Figure l.Voltageとwre軽●dttng GhaFei翻唱

Scction(a)Of Fi冨 _l is for charging the eood aCt巾 e mterhl(PbS04)While ttCtion● )iS fO「

charging the suIF■led mat研ねl at a low currentthat requires one ortwo daysJ When thc battcry is

used for 3 1o 4 yett in a truck,car,ctc,,tlle tegative clmode accumulttes iarge deposits of

crystalMne PbS04●y sttfatiOn)and tlC discharrablo mctaH沌lcad bc●omes slnaH dueto a

‐鳴‐‐‐……と由
14.5Volt

(ケ )



dccrcase in the activO surface arcatt ln the pttnce ofOur organic Pol脚
cr in the acid s01utionJ

the polymer moleculcs are adsOrbed ontc thc Pbs04 and the mmllic lead surfaces UPOn

discmtte,tho chemical reacばOB,Pb→ Pb2ヤ→ Pbs04 0CCl嶋 "軸 e PbS04iS prOduced in the

pttslcnce Ofthc Owanic p01ymer mol●cules,thercfOre,掟crystal sitt ofthe PbS04 ig stnnH and

POrOuS(Or amOrphous),Which has a htth gurfacc ttrea and is still very active fOrthe slectrOde

府action.Forthe charging pttcess Ofthe negativc clectrode,PbSo4‐
→ Pb2+_Pb(metaめ 。CCu馬 、

in the prese温●●。fthe organic POlymer mol∝船les,he metaHic ic■d is likety to be veけ虚口。

partttles thtt have a vett hish Suぬ●じarca wHch櫓 。xpectetH to bc acitve for a good dischar鱗

的action_

As showll h Fi宮.1(A)and(B),When the b■tttty becomes old,the activc mateHal ofthc

negative electrode becomes smaller,th"fO「c,the◆httgc curve拶 施 m(A)For a nttv bm●ry
的(B)ofthe dcteiomted battctt that is mostilkely 3 to 4 ycars Old.rfthe battery is in section

(A99古Can be challgcd at a hitt Current(0.lC-0,05C).HOwevcr,ifthe bRtcry is in ttct10n(B),

it C鮒
?nly be durged at巳 10W cur「 ent(0.olC-0.02C)sirlCe largo orystallitt PbS04 iS Very

slow to dissolvet We recOmrtlend the following charge cuttnts fOr(a)and(b).Al詢飾owtl臨
Table l is the aFnOunt Ofactivator(。

)tO add tO朝 ch cell ofthe b■ttc甲`

Table i、Rmmmerlded chargc current and activator for balteFy regenemtiorl using

】115's crganic poly“ner中

The rlntt acばv銃o「charge opcratiO■requires one to twO days,but the second and third●hargoⅢ

discharge cyctts do nOt距 輔 舶 GrO than one`均 r each白

Section AmpereLHour C四 盟。iw ofPb―Acid B筑使rv
40-60 Ahr 80-100A廿

~~~~「 ~~~T責
疋弱扇下京群r一

一―

(a) ュ.25 amPs 輸 戸
―

●) 0.4-0,5倒 mps 0 8々-1,O amDS 1.2-2,0
(c) 0.5-1.0翔 化oll LO-2.O Fcell 1.5-3_0 1

「介)



3B Rほ好u】ts

Table 2 gholws the rettits ofthe activat9「
傘ddition的2‐3 ycar Old truck bateries dutthg actual

oP●ration,Wh nOte ttatthe sl時cisc gnvity Ofthe e10ctttlytc incmttes over a 3-E10nth period

indicating that the sllifation is sittincantty reduc田
`Υable 3 ghOwsthe ttme nsuits fOr a batery

used in a golfcan. ARer the activator additions the sPcciflc tt「
■vity values were r■easured On

Sept,2Sh and NOv.12m aner a fullわattcry charge.The sPedttc graviw Vttues O「
(B)art thoso

beFore the agばwatOr additioll白 ′「hCSle r,suits indicate that the activator additiOn incruses the

specittc gttviけthus showing thatthe battedes wett imprOved,that is,regenented、

Figure 2 shOws thO sPecinc ttaviけincttase For three forkliR batteries four ttonthsュfler Our
activator addition durine amal u歓 伊Of曲 ●ba“ じryt The F,Suits shOw4 in Table 3 alc those of

熙 g e n c m t e d  u t t d  b a t t c d e s ( 1 1 7 5‐ 9 5  A h t出 O k  b a t m t t e s ) h  t h e伸 的 母t e p s  l穐t e d  b e l o w  a n e r t h e

addttiOn Ofthc ITE ActivatOr(5%solut10n,10 0c Pcr ce11).

Fittt Step: 5‐arnp charge fOr 20 hOurs

(60田ョspOnds tO scction(りin Fig,1)

Scoond Step:2刊叩Charge ttr 68 hOu内

(ccrresporlds to scctio出(b)itt Fig、1)

ARer each ch賀鱗,臨けspeciac ttavたy Ofthe electrOlyte was measured,The resutt indimtcd
that the sPeciic gravitt Values inGreaSed as the sulfatiOn wtt removEld,The anal battery tett was

done by a 75 amp discharge for 5 seconds. A】l thc resulls indictted that thesc batteries are■
gah

sultable for usc in trucks.

ごび ノ



Table 2, Improvemellt ofmck batterics using ITE tttivatOr

(155 AttPOnc ofm的 12V battedes frOm a

of240cc Ofadditive)

10-ton mck cOnttlining a tctat

5 months iater

(14S AHr,one O出 辞0 12V battedes衝品ma

of 1 80co of aldditive)

10‐ton truck containing a total

Celll Col1 2 Ccl1 3 Cel1 4 Celi S Ccl1 6
Before addition

Junc 2.2002 1,21 1‐21 1,20 1.18 1.18 1ゥ20

l mO■th陥的『
July 21.2002

1.26 】,25 l.25 1,26 1.26 1.25

3 months ittcr

Septcmber l.2oo2
1、25 1.2S l、27 l.27 】.25 125

(80A附 ,one oftw0

120cc oFadditive)

12V batteries froFn a 4とtorltrucL contュining a to位ュi of

Cel11` Cel1 2 Cel1 3 Ceti 4 Ce11 5 Cel1 6
Befo的andition

June 9,2002 1,18 1・18 l,19 1,20 1.20 1.19

3 rnonths later

September l.2002
1,20 1,22 1.25 1,21 】,24 コ_25

卜燕ery41(145 AHr battcry cond対減宮a total of 180cc ofaddばve)

Celll Ccl1 2 Cel1 3 1  cel1 4 Ccii1 5 Cel1 6

`夕)



Tお lc 3.Results Of事01fcart htteries

(Ali speciSc graviけmeasurcmeFlts done aner nHl charge,e■cept on Aug.20th.

No口6

No.4 No.5

Noゃ2 No.3

No.1

Battery amngerngntin g01fcarts

●meり :8 vOL,iSO Ah,Tttm bmnd)

(B)BefOre activator addittOn

(A)ARer acばvator addiばon

(8/20:虫Rぉrl,s ttund on Aug,20山)

8/20,1.5R(rncasured。海Aug,20m arl研 1,5

rO四ld,胡thout charge)

9/25(mettured On Sept_25h aner抽 11

charge)

`')
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Tabに 4.AbandOned batteries regenerated by n的白Step charge.

i
P b 1 2 ) P b r l )

i t t  i  卜4・1
20V61,

( A )

(+)EloOdc:Pb一 →Pb2++2●

Pb2■+s04歩 ~→PbS04

(b)ElectrOdc, Pb02+4H・ +2● 中→Pb2+ヰ2H20

Pb外 +S04み ~→FbS04

Total Reactioni Pb02キ 2H2S04+Pb口 →Pbso4+2H20+PbSo4

Figure 3.RettttiOns and v01ta観弱。fthO LeadttAcid Battp

(占|

Side rea【対orl:H20~→H2↑

Side r08●傾Ont H20→ 02↑

く/θ)

BatteFy Nlw battery
CaFacity(Ahrj

Mensured

CttaCity

(Ahゅatel
2A・18 hr
Charee

(1村Step)

speciac

観aVわ aRcr

5A-20 hr

charge

r2m電車cP) ~
speciftc

押 Viけntter
2Aぃ68 hr

Char思0

Closed circutt

voltagoぅ5 scc
at 75 A

No.1 75 6,8 1.27-1.28 1.30ょ1.31 1 lsSS
No.2 75 23、4 l.27‐1,28 lB30 11・49Nc.3 75 51.0 1_26虫I_27 Is3 1 ll,73
NoB 4 75 37、S IぃZ7-1_28 1.30-1.31 11.69
No.5 75 ′う17 1,30‐1.3】 1.32 11.98
No,6 55 13.7 i,23-1.24 1.24-1,25 10,41
No.7 55 22,8 1.23…1=24 1.24-1_25 10_72
No.8 9S 24_0 1,25,I.26 1,31-I_32

1、30‐1.32
llコ91

No,9 95 29_6 1コ25-1.27
1 1 _ 9 4

No,10 95 64、2 1,28‐1.29 1.31-1.32 11.89
NO,11 95 4,3 】,27-1‐30 1.27‐1.31 11.69
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有機ポリマーなどは鉛負油に慨薦けるか嗜

も00

‐70o

嘔00

口900

,1000
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Fi〔鼻忠t●5_ 輸 ●crcct ofadditives On the tirRe tO passivatiOrl ofュ
Putt tead electttc at a curRnt

o f O , l m A  h O , S M  H 2 S 0 4・(O B 0  4 d d“市e,●)li g n h L ( c ) S n S O他(d) p o l y V hメaにOho L  O ) a c r y l

polymOr(均,and(9己Cryl pol押峰r(B),

Table Theto

Adattve D43mPttTheT。

Pagsivュは0恩て■意na)
a NO ttdditve 180

bl Limh 160
G l SnS04 110

d. PollnおIlvl aloOhol 90

e l AcryHc polly,距T(Aヽ ｔ
，

i Acrylic D01Vmer rB〕 16

`′2)
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口〔ド、`
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AddiitivG Dischartt Time to

PttsivatiOn(Frlin)と
A No additive 180
B Lignin 160
C SnS04 110
D Ps述壁iny!Alcohol 90

E Acrylic P91抑cr【A〕 55

F Acrylic PolyRnerてB〕 16
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Tablle 4.Discharge Tine tt PttsivatiOn

0      2      4      8      8     10     12     14     18     18     20     22     21     28

attTEBば me徹 )

Fisure 6,Batttry voltage with or without activatcr,Deterklated 38 Ah(38B20)batteries wcre

charged by tt SL‐3 chargcn

位7ノ

5常Aじtivator S。lution

〔1)_i without addttvo

(2) 4:addiJv.2co/cetl

(3) ti白 ばditiv白4●o/o●‖

(4) ― iaddiばv●6co/ccti



4,DiscusstOn

FigJre 3 shows the mctiOfls and their v。ltages ofthe lcadtcid batteie自由¶hC Onetell v01tags is
2,l volts tequilibrium v。ltar),butthe acmal ope‖circutt vOltage is about o,5 volts gttater tttRn
the hydrOger1/wat●「cquilibrium v01似gc and oょygttater equllibrium vol協ge,This means that
the stab19 high leadttacid vOltagc of2,l volts or 12_5 volts For a 6モ

ell battcry)is based On the
high hydrogcn and oxygen gv01utiOn owcrvoltagest when we examhe thc hydrogcn ev01ution

on the read olectrodc by syclic v91taHllnetty,thc hydroBcn ev01ution Owervolfage significantly

hcreaseギin t中匹SenCe ofthe oreantt polylncr h the actt sOlution,as hdLated by the dashed
lino in Figurc 3.

This higher hydroBcn overvOltage t‖tlle presence oftthe Organic P01ymer at the ncgative lttd

etecmdo was dsO oOnttmed m a cOrnttcrciallend_actt batte守
(Fig`4),ARCher exPcriment

involvl■g the lead e19ctttde pttsivatiOn at a condartt current discharge ts shOwn in Fig.5. i「he
voltュge ofthe discharge curve quiokly cha&ges in the prcsence ofthc orga他ic polymers

001yVinyl alcoh。l and acrylic pOも圧■Crs),Sinco the hydrogen Overvoltage is high due to thじ

polymer FI101Ccule nd30甲 tiOnion th 91駅 丸的 dC―

Another exPerimentく FiBb o waS donc using dgteriOmted ebandoned)に adttcid batに ri鶴.Four

abandoned batteries were obtained,ITE'9o「
5anic POlymer的 !ぃtiOn(5%PvA in wateぅ was

added at 2,4 or 6 cs Ftt Cell in three batteries.one battctt was ttstcd withOIItthc Polymer

additiOn tt the cOntrol.These batteries were char感胡 using the sL,3 ch88er at l,Sa田
甲●res

ovemight then dischttged就 10 3mpettst0 9,O vo比s.¶慎s chargettitth盟嘔c Gycle Was r●匹駅ed
24 ttt■es. Th。●harge end voltag●s are shown in Fig.6.WithOut the polymer activator,thc

battery voltagc is 10w(13,S-14,O vOlts)during the rlrst ten cyclcs.Ali the Othcr batteries havhg

the poも汀ner addition in the acid etectro、たC had incre芝ぃed charge end voltaces ttК)In 14.5t。15.0
volts for the early cycles,1.e,ょaner the third cycle. 'rhis indicates that the Organic poltter is

協dsorbcd on the nc思ユLive elecmdG,thuS the voltage itlcmsts and rninirnizes the hydrogen

evolution. WithOutthe oreanic Polymer,the ncgative el駅文rOdc PTodllces a side reaction

Olydrogttn evOlution),therefore,rcduci[oR ofthe surfation is slow白

Based on these cttp●riments,we can intettxぇthe IIlain benerlclal actio■Ofthe cFginiC Polymer

as increasing tte hydrogcn overvoltagc and efFectively remOves the suifatiOn mm the nesative

electttdc,

S, Lon足屯じ■lH Practical Truck Tests

「1牛'



Based on the previously descHbed reseanh sttdie8 0ver a periOd Of】
5 years since 1990,we

tested。止r河■OrEBnic P01yme「attivatorin 2oo wOrking truck晩血qたs used by tte Sanwa
TttnsPorねtiOn COrP,iOoated in TbkyO,Japan.

r

く4Avettge 56 for 1997‐2000

Fcittn to add acjvatOr in 2001.

｀
| |` ′| ド

Fig`7中 Batt●呼 Changcs per ycar for 200 truck battOぷes llsed by tho sanwa TranspormtiOn cO,

loctted in To町0,Jap軸 (tel:03-386●6154,Preddentt Mr口Korlemtta SaL■i)

The cornPany has rrlaintained good batery replace】阻ent Xた。rds overthe Pa主帥 y― 口As

sho綱 in Fig,7,the averagβ battery rcPracement was 56 in 200 mc臨,地d in our ies低. ln】998,

the rePlacemcFltヽ鳩S very low(only 39)sintt th●oolnPany pllrchasod a lttge number oFncw

trucks.We bOgan tt■dd Our acばvntor to dle truc胞血 2001ョ耐 the addtton to al1 200 mtctt was

completed in 2002` Aner 2003,the orgttic polぢmer actvator additton was done oncc a year at

the govemmentinspMion飾 ■●,ln Japan,such an o鮒 cial msttHiOn fur trucks,buses and ttls

is required once a year by govemmellt rcgulation. Atthけinspecdorl service shop,the ndded

師 OuntS oFou「activator are t糸充od in Tabl。5,

Table 5.Amount ofAddtt Activator
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SO・80 Ahr baHttrv 10いlSO AL mtt● 甲 160‐2tXI Ah bnttcrv
Avg,Amount 0。s yccll i40 JCC】l 1,5ゴcell
Range Q.5ぃ1,OE/cell) (1.0‐2.0ノ cell) 1.S‐3,0ゴ cell

じ|leSS acHvator addidon had,o nettaば ve c搬 巧t On perFoFrnanCe

(,「|



酎ncothettmJetion year h 2oo34 nO battcrychange wns Hceded h thttrmcts.Theに

fO円 ,■ 為SuttCSted that the b■ltery lifc is 8‐10 years by adding O雌 主TE activatOr Once a Pttr=

FOr pril確ltc Pas8●nger cars,such a「●quired gove― ent in朝脚Ⅸ光,9絶is requFred Once〔丹空ィy twO
ye邸 ` Thus acttvator additiOn wOuld be done oRCe Cttry two yea職

, How.verr the crt郵 Jlic
p。けmer activatoris s10wiy decomposed by。対dttiOn tt the positive etectrodc,but his。対dadOn
is very slow,sinoe the laFgc pOlyner rn019culcs are slow tO difFuse tt the pOsiti、

′e elttttrode`

l. Dete拭o革lted batteries in use can be reJuvenat●d from su】FatiOn based On the spcc】Sc
gravity'Plcrease during use in tucks,golfcarts and fOrklins when ll岡's Orgnic POlttner

agttvator is used.9脇bleS i nnd 2 and Fig.2)ち

2 . D e t eボ o m t e d  a n d  a b a n d O n e d  t t u c k  b a t t t r i e s  c a n  b e問
留数e田的d b y aい 的増te p  cと蟹g h g

OperaLion aner the additiOn oFiTIrs organic PO、
βtter activatOr,

3.The mttn benencial actiOn ofthe o鴫
anic p01ymer is increasing thc hydttgcn OvervOita鱗

at thc negative srectrode.

4_The battery的 6very mm sHifas。 8。nry sI。ャly tak●s Prace by th..・harscdisch醍 母
procedure(Fig白6),

5, The beneRciar action OFthe polymor iasts iJ2 ycars. Thc icad,acid battett IM｀
Can be

輔 onded t0 8・10 years inst胡10f3・4 ycars with the sκ鴻ビly adtttiOn Ofthe Organic

POrymer acばvator.

6_ Extcllding the lif8 0fuSed icadHacid battcdes can signiscantly reduce the number Of

Waste battedes,save enew and cOnttRbutc t0 0ur留
岡en gOclety.
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