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Aceorcing LoHendten & storage battery,
Pathdyy colisled of twe inert plates of

acoymlator or secon
i or net¥ailic oxige
o & cnrrent cheninal
s vlaco meh that the electro-positive or eletro-neg-
ative racicals are Aeposited on the plates;and after breakiig the
charging eurrentax an ordinary voltalc vattery remains whick is
narable ol generating an electric current, The cilfference between
a primary and a secondary battery is ;the primary battery is active
in itself;mt alter expencing its energy cannot he renewegwhiie a
secontary battery has to be acted mpon by some external current,
and then,after belng run down,can te re-energized,

T™e storage hattery is as vet coiparatively new so far as i?s
practical application is eoncernecd; but 1t is rapidly becomin an
important Tactor in the electrical fieid;vartienlarly as an eco-
nomie factor in the generation of eleetrie light angd nower,

in »egard Lo this nartienlar branch of its nse We,7,L.Adgars,
in a pager read vefore the Alsrican Tnsti‘ule of Bleetrical dngin-
e bat srics fer eenteal

i

DFdrdds ih ah elteetvelyte, Onr the passage
reant, iorns

7

carc, shate’ that 4
station work:were:
1, Po carry the meak ol the load,
2, To ecarry the sntire loas” during minipaus hours,
3. To aet as an emalizer or reservoir,
4, Tor the equipment of an annex or smbstatlon,

WMor ordinary cantral stationsthe peak of the load lasts fTor only
2 or 3 hourpjand were it not Tor the storage batieries suificient
power wonld have to te at harnd to earry tris maxirmun load.

In many cases the battery can carry the entire load& at ndnimug
honrs, This is a great advaniage in &= rmech ap i% saves the run-
ning oX large dynameocs at a siadl and wneconciical load,

T4 has Tesn sai’ on goo? authoriiy that where a storage batier:
i used at least 150 in fuel is saved,

Another flelid,in which the storage battery if raking rapid 2mr3-
cevelounient,is in $he Ffleld of telegraghy and telephony,sheres the
corstaney,cleanliness and flexibility of storape bvatteries is rap-~
i2ly Adriving out the gravity cells. As an examle in Washington
D.M.%7200 oravity cells were replaced by 724 ehloride acewmlators
a Tew vears ago,

Mor traction work the storage battery is alse becoming an impor-
tant factor;pamticenlarly in its avolization to antoiwiiles where
it is by far ithe iost satisfactory motive power,

It is now ahont 2C years since storage bha*teries were bronght to
sch a state of perfection that ther were off any eoisercial nse;
bt unfortunately the mamfacitursrs claiiied to rmeh entirely for
their hatteries in the way of ecapacity and durability and this
combiined with its Lirst cost soon bronght the whole storage vat-
tery into AlstTavor,

The later lLuproverenis in the storage vatteries and greater ~™e-
senvatigg in the clains of the mamfaeturers has oW overcorie thie
affaect so thai in the last teén vears itany of the largest and heet
cenegrating plants have installed acowmlator systeins;and have sg-
rives very satisfactpry an® nnexpectedbenesitsfrom then,

e fonr nees of stora
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The history of ihe storage battery begins in 18C)L, In 1800,the
yoar in »Nieh Tnl aiscovarad the voltaie eell it was airo found
that thle voltaile eell monld deco @ose watar;and in 180l Gantherod,
founs that if the elastroses were cennected together,afier having a
voltaic enrreid, passed through Hthen,that a short secondary current
¥onld Clow, TPoi Hlme to tine other investigators a’ded to this
to this first knowliedge,ans in 138% Sir ¥, Grove Found that metal
vlatas,covered with a layer of oxide,wmere mmch better than plain
rietal plates., Wheatstorie an® Siemen found that lead-peroxide was
the hest for this purpose,

In 1863 . Gaston Plantd made his Tirst famons battery,in which
ne nged eniled lead vlates, Prorm tals tiie np to about 1330 great
Prograss was Mmatae in tha lavelopnant oF s arage Pasieries,sartigu-
larly by Planie. Arong the impodbtant dis coveries was the fact
that tMe per-oxide of 1lea” ecoul” be apnlied mechanically and so
the telions Toraing vroszess sonls be Jdon eaway with.iietggar is ac-
eradited with filrst Joing this,but “amille Panre eame 1o $he Tront
in “eveloping thie Torm of the secontary battery,

Several classifications have been made of secondery hatteries,
tht probably thebhest is thabh suggested by Revnisp wriech is afF fol-
lows: s

1. Ths Lead-sulphiric-acid gemis, ™iis elass inelndes all those
cells Lelonging to the Planté and tothe Jaure gronns and solnaindes
neariy all batteries in use tocay,

2, The lLead-cepumer gerus, This clase has metal plates coveragd
with lead-oxice Tor the positive eleetroiss,and copper nlate, for
18 negulive ciuGuruedes, Phne eiectrolyne is a solution of coprer se
sulphate (™80, ). These batteries ave of verr little praectical use.

3. e Lead=zine germs, T™is group 1ls slillar to the precakd-
ingexeept that it hag zine plaier insteac of copver and zine sml-
rhate (7168, )Tfor the electrolyte inusteas of conper snlphate,

4, The Alkaline-gzinecate gemig, Crfonper nlates are uvsed for the
positives and iron plategsor ganze for the negatives,with so lwn or
votéssiua zincate for the slectirolyte.

6. Misxecelleneous, 7Tlose eells which ecaunot be placed under
the osther for alass=as,

One of the reqnirsmants for a goad c2ell is that wnen it has béen
chzrged and discharged the final conditions are so nearly like
those at the begiming jthat is,the actnal chenical and phrsical
change 18 so sall,that the eell can e cHarges and discharged a
greal wugher of tinmes Tafrra A nial o ahange is suffi-
ciery to make the cell useless. The change in west cell,using other
metals than lesad,is so large that they deteriorate 1uch move rapid-
1y than 9o the lead-snlamric acis cells, The snuperiority of the
lead-sniphnirie acid cells over others is due largely to the chemi-
cal ans phvsical properties of lead an® lts componnds. Lead is the
only rietal whoss sulphate 1s not actes upon by water and dilnte
sulphiric acid. Its ver-oxide is also not acted wpon kL these cher—
icai agents,and yet is a good condncior elsctrically. When stuech a
eell is Aischargsd,the lea? sulphate (Pbsoq)whieh is formaed is de-
Losited on theplates an? remains wnafiectesby the flnid,to be ra-
;xidized when the cell is chawged. In many cells of other mnetals W
the compounds formied are dissolved as rapidly as formed. p

™e flrst elass of cells is Aivided into ivo groups, the Planfe
and Tare groups of accmlators. Tach of there groubs ére agéln
Adivided according to tneir improvements and mebtnods of Ioruatfgn._

M, Gaston planté mace the Tiret praciical secondary ?atterg in ¥
1860, It was made iy win’ing two stripe of leagd ?insniateﬁ f'ror
each other by pieces of felt,aroun’ a wooden cylinder. Thie was 1
jmmersed in Ailute sulphurie acid. wWhen a current wa§ passedwthrg
tnistre electrolyte was decorpesed end hyﬁrogﬁn,?afflhg to tiepgeﬁ—
ative plate, made a pright surface of metallic lead;while oxygen ,

B0 A BN,
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passiing to the wositive »lat, ,nw“ 4“4 coating of lead-neroxide,
}“Lan*(’ foue that hy disenarging the battery and then recharging
in the ovmosite direection several tines,the capacityof the eell
Was greatly inereased, ™ers was a great Jlsadvatage in thils how-
evar ,bheeanse of % 18 washe of powsr and partienlarig, in the fact
that the plates becaie rolten artrer a Tew ol thess reversals,

st A 1380,many irmprorsments have been mads on the original
Planté eell. S0 many in faet,that it has lead to a subdivision of
the Planté ceil;the eells being elassad ac rcording to the lqethod ns-—
ed in their fornmation, The method of fommation by reversals how-
ever,has been “one away with and all Planté cells are nov foriied
in a few hours,by veing vlaced in soine 'riak;ing or forming bath,

The general wetmns of mak¥ing a Plartd cell,is tc give the plater
s01ae hreatment which reduces then to spongy lead,afier which a
enreent, 1t pagsed through,fomiing leai-peroxide on the positive
and mstallie iea? on 47e negative nlate, Mestplates are groovesd orx
ribha? in some way,in order te glve a lerger effeective avea Lo
tye flcatrelivie eTel also to give a better nechanical suppert te
the nevoxile,

The firsi, groun of the Planté cell, which wiil »e consldered;is
the "henieal or Tleetro-chealiicalgronr, The platas o' this class
are formsd by mithing in seme bata,whieh is gencrally a Jilubsrecl-
ntion of nitric and snlplnric acid, Soie nse a very strong oxifiz-
ing solntion ans thus have the peroxide formesd on the plates while
in the batnh, Under this head wonld coie the Willard batéerw. For

“@:is battery plates of pare rolled lead ,ent deeply on hoth sidern,
are nsed, M™ass dlabas are places in the oxidizing solution and a
thick laver of veroxide is deposited on them,ceipletely f£illing
the grooves, ATter #emaining in the solution about four hours they
are warror thepoughly erd glver trelr ecrargs, The pleater are care-

3 Puliiyinsvniatod
49 o i ] P ‘l ] A fro). ezeh other a
< = —.i‘——';lll%‘/ = — are 1@ vlater of
=" - J .
e o= b 1 1 T all Tatteries. In
A1 a3 F—aeTeC T U7 T +rie casre corriu-
- - 7 i | ga10€ S are yuiker
i | Tt el cplp b Ll 8-
‘*g ,~:. | I ! \_ Teling weed,se pers
I } - T ‘\ Forahed that the
e T T T eleetrolyie has
\ Py ] \' fese cironlation,
G 78 | ] 1 -
a1 ' ! Big. . ahows "he
. (e | . | —_— elharyn and ¢le-
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- 7’”‘1» T sharge eurve of
ey ] thie nattery,

There are lany of‘nar forms of the chemical eells,snch ag trose uo
mamifaetured by Plante,Blweli-Parker,pstein,ete,

The Tieetro-cneamical Storage Jattery Co.mamfactures nlates as
follews: Plates of vnre rolled 1sad are grooved hyv machine, Thev
are then plaesd in an oxi<tiging wsolution whieh attacks the plales,
oy e L _ WES after vhich a enrrent ia

}\L [ passad Lhrongh,filling
P the grooves with pure

1 peroxice, The whole plate

\% T 1= ix thne ecovered with per—

15 | oxife which prevents anly

[ | local actiecn between +l.0
17 cric and electroivie,.

o Y 8 14 Ak :
Fig.2.shows the dis-
HO“M DM‘W‘;?/L charpe cnrie of this

battery.



-

In order to have a large charging or discharging aurrent,a large
active mirfane i1s naeessary, Tor thils reason isany investigaior«
tnurned thetr attention in the direction of develoning the 1larce- +
nossivie active sarface for a given weight. The ilmproveuwenis ior
this wewe natnraliy in a mechanical ﬁirF:‘tinn,mm‘\ as 1aking the
lead lates sorons,

Sianen w86 lead wires instead of a solis plate, He Tormied *he
lead wires by pouring molten lead through a enllender inko vat:ox,
Tha wirves tins formied were rough ans porons exyosing a laresf sur-
faeas

™e plates wade oy the 8tandard 3atitery Co.are made by mixine
pwalce—slone with the riolter lead, Thig makes the rlates veev
norous throughont thelr viole mass giving a very large active
srface,

Another methed to obtain a large imirfaece is by nsing a serie=~
of thin laiinea insteas of a solid wplate,

The Wew York Acciymlator Co.makes
plates in the Toma of a latti®e ar
ghown in fig. 3. These plates are mude

=
= ”,%//Jj/. either by casting or sawing it ont of
= ;53\/;%/’ : a sheet of lead.

= == — ™e Glectrolvtic methos 1s anotier

= . 2
‘%:§§§5> nethod of naking the FPlanté platess

S —s—s "he vlates made by electrelysis are
S S S ; S e
;sgg\:;\% divided inte twe eclassers, "he first
S=——— class are nade hy the eleetroleis of
ﬁ%&?%& lead salts., The second class by the
&ﬁ%//‘::o/,& caling awey of lead salts, The rethod
s used for the first is to nlace lead

/

; sheets in a solution of lea” in pot-
/'Z- .? assima an? water or some simiiar bath
and eoatlhg it with eleetrolytic leac by passing a enrrant throush
it. Tor the second class,the peneral method is to wuse soue salt
of 1ead and reduece it by electrolvsis,

Under this class comes the cell manufactured by the Chloride
Aecrumilator Co, The methos used by this eaipany is as Tollews:
Comiercial iead is reduced to a fine nowder,dissolved by nitric
anid and precinitated by “pdrochloric acid., ™a lead chorids ig
then fuaged with zine enhlorides an? the ;molten mass poured into a
mould forming pastelles abont 5/1€ inches thiek, Tor the sositive
plates these pastellas are 3,4 inches in diameter,and for the reog—
ative plates thev are 3 2 inches square. These pastellaes are then
rlaced in a monld and a lead-antimony griad is east around tlem,
liost of the chlorine is exiracted by placing the plates webweoon
zine plater and ghorteireniting them while in e solution oi /47
nte zine chleoride. The remaining ehlorine is removed by wasnirg
thorenghly in water, ©he plates are then znure spongy lead. “he
rlatse are formed hv passing a eurrent through them for two weeks,
Lately this company has changed ite positive nlater by using a
2 cormgatad lead strip

hent inte a spiral ant
pushing ther into the

d
LTt
(B B .. helas instead of nsing
N L | [ | llead ehlorice uastelias
20 » S~ U .
" \\ Tig S, clors the qis-
1.9 N — ) | eharge ewrves of this
b \ N I'&%f,‘?rz'y. M are taken
P2 § — fror a Y aere—nonr

l | eell elerged with a corek
/[ 2 V7 T r'ﬁ P i) stert ecurrert end cie-
V
cherged trrough a cor-

MNowta Brae harge. .
- gtert resistanece, wha
;Xf 6[ enrveg A,B and ¢ were

—
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taken when the cell was discharged in twelve,seven and two honvs
resgpectively,

™e eslils mamractnred by the Thloride Acewmilator Co.are pro-
bably the hest an’ most widely nsed storage batiery;partienlaviy
for large installations in central stations,where they are janer-
ally used as regulators,

At the time when the Planté cells were foried T a large mr -
ber of reversals,while were very expensive both in time and eners-s
Metgzgar and Fanre elailie? thet,if the aetive naterial were applie
mechaniecally,this expensive Tormation wonld he aveidsd, Aecorsirs~
1y thay experfianted along this 1ine and the eells wmade by then
have been so dsvelape? that the nre of the iwe types of accwiila—~
tors is abont evenly divided;the pasted type being used mostly in
waeamiﬁm}ﬂmmétmminmwrMm

The Panrs type has advantages in that the percent of aetive mat-
erial is greater and so t e eell take, a larger charge.. The Planté
tyve however on account of its preater iechanical strenth can
stand a 1meh more rapls and large enrrent of discharge.

T™e paste used in the Faure type of cells 1s generally coiposes
of 8o lead oxi<e and sulphurie acid; "requantly soie snbstance
sneh as vpotasslwa silicate or powdered carbon teing nsed to eive
it Tirmmess and adhesiveness, In orfer to reduce the weight of
the Tranes and gise thewm Tirmer holding »ower, they are generally
nadc in the fom:z of a lattice or ake deeply grooved, The frames
ara also Trequently made of moue alloy of lead, A practice wuleh
is eoning into wse among mamfactirers,to make a very lignt cel |
is %0 have the snrnert of the active matorial rade of soue lish*
noncenducting material., ™is subvort is generally DoroiE, af e
glazed sarthenware,

A vatteey of this elass is the Hatch wvattery,in which the enarth-
wars supnort has square holes on one sids andgk straight grooves
on the ontner side. e sqiare Moles are fillad with paste;an® *H~
vasted sllers of two ulates ars pt together with a lead elambvycis
betwaen thenrl, The groovaed sides are plaead together with the
grooves at right angles 4o each other, Several of these are fa=3%-

2/ ened together Firuly to

. forts one cell, Lhis ai-
20— e lowe & good free clwen—
o lation for the electwe-
5 Z BN lrte, The diseharge carve
Ly N cf & 100 Aul.eell dia-
&:D crearyec gt a econrtent
17 < rPIrrer ol ten a
o I I B g iy
i v S B T e aveld the 8 LT
7¢¢vv$4A enh of tlie pasie whidh -

Fenpre eeils "tner. LErh—
ed type,the plailfs were made in such a shape that it would hola
the :iaterial as firalv as possille, A cowwdon Topw is

i nage 5.

that shewn in £i
' rost, eolionly nﬁr‘his to have
a

. = was vagy trewhlasels in
Fiy .
*

Frotably the Low

the plates perforate’ and se have th ative rater-
tal axtend clear threng’ the plates, It is bettey &~
have these perTorations larger at the center than »*
the snrfane as shown in fig.3.0r have thew as in
fige®s




fells have naen made in which one or hoth electrodes awe oF
aome other metal than leéad, Those in vhieh covner is nsed hare
the advantage o¥ being easily ceoustructed. Their veltage how-
aver is low, The sals foried are also waslly erveeted by othe-
snbetances and so 1% 1s net nearly so reliaiie as the lead-
eolig. ™e aslaetrolyte nsed for these cells is generally a sel-
ntion of couper sulphate., '™ese cells are of no yractical val-
ne,neing nsad erely in laboratory exveriments,

Those betteries in whieh zine is used in comiination with
lead are better, hey are lighter than the regular lead cells
and thelr voltage ia conslderably higher. ™he eleetrolrte we=ed
for there ewlls is zine sulphate, Lately these cells have cone
into considerable comaercial prominenee,

A battery,vhieh is very interesting theorstically,is the
sarx Liigui? 3attery, Inthis battery the enasrgy is stored in
the eleetrolyte inghead of the eleetrodes, ™Tme slectrodes ara
generall¥y caruon and the elecitroiyte has the Tollowing ocom-~
nornition:

Ferchlorife of iron - - - - 450 grams.

Wataer - - - - - - - - 9800 grams,

Ar<rochlorie acid - - - - -500 graris.

fMen to large a enrrent is pagred 1hrough & celi,the enrvant

is not Alstritnted evenly over the surface of the plate and
hequal exvansion of the active naterial takres place, #hiis re-
suits in what &B kovn as tnekling, When buckling oceurs e ®=ort
airenit soon Folleows in the eell., 3Buekling is dve o the fa2c0f
that when a cell is discharged,the paste expands,and when it
is eharged,the paste contracks. In orider to prevent Imekliar,
this cxpansion rmst be wnifora over the surface of ihe plave,
e ehief advantage of the Flanté cell ower the rasted oell i
i%s ability to allew the passage of a large eurrent without,
ekling, There are several mechanical ways of avolding tnie
it no wvery sure way. A chenical methiod comionly nsed is to
treat the lead oxids with sulphmrie acid to cause it to expan”
and then Apry it with heat.

PEEREORY OFVCZCHE SRPOCRLAGE BOLaNERTe

Very 1little of a definite nature is ¥nown regarding the exact
shakical reaections which take nlace in a storage batiery. Mhee
i due to the grsat Aifficplties which are ancountered in tww-
ing to Aetermine the reactions, While the physical vroperiias
and qualities of a eell ean be stuified very acourately,the
chemical nroperties cannot. The reason for thisg is that the
riateriale are nixtures,and at the end they are 2lseo mixtirsn,
and thesge mixtures are insoluble except ih reagents whnicl de~
coripore them, Welther ecan they be velatilized or sent threugh
a procens of solntion an? ervstallization fo seperate orpnr-
ify the elenents,

The genesral theory of the storage battery is gquite similar
to that of a drimary battery, Inlact a secondary batteryis a
»primary battery when it is charged,and differs siiply in th=*
the secondary batteryr can be brought back fo it+ original eom-
Aition after weing rmin down by recharging with a current,

Aceoriing to Dunecan and Weigand the chié®f defeets of Lhe
Lead-snlphmrie acid battery of today are

1. Loss of energy,
B. Danreciation,
9. Small storage capacity per unit of weight.
4, Joow rate ol discharge necessitates br consicerations
of sfficiency and durability,
The Tirst two of these coild undonktedly be greatiyv lessened



mere e theory ol ihe storage vatterv netter understood. As
rogardis the third dafeet it may ne said that auring discharece,
owing to the poor conduetivity of lead sulphate; the action
cannot procead very deeply into the active material. This
makes the aetual weinhgt ol the plates very large compared with
its ecapaciiy, The theoretical caveaelty per pound of veroxis:
and spongy lead is 50 ampere-honrs,whiie plates of the higlee*
capacity 4o net give 1ore than 16 ampere—hours,

e last ohjectioh of the rate of discharge has been prea#ti-
cally done away with in the last few years, dpartienlarly in
the Flante tvne,

Croshy and 3ell have dlvides the losser of a cell as follewe:

1. The direct losses ame 4o heating.

2. The losses e to local action batween the supnortine
grid and the active material,

3. ™e losses Ae to local acthon in the active maiherials
4, The losses due to nnreversed cherilcalam actions.

The ohief canrge of the first is due to the internal resist-
ance o the cell,

™e losses dne o the third and fourth are by far the most,
serious. If the grids are thick and the plugs of active mater-
ial are heavy and large,it has been found thai the leecal ae*‘on
in the aetive ;qaterial is large,becarise in a large ass,tiie ass
chenical action is not uriform and thistcauses a differenee of
rotential in the different raris of the same lug. The lgreas
netothe nnreversed oheAmical actiomsare cansed hy the forms—
tion of irreversable cowvonnds and bythe elecXtrolytis aetinng
wrodueing free hydrogen,oxygen,ozone and hydrogen peroxiede, A1l
these losses coibined bhrings the erviciency of an ordinagy ~ell
down to abont 737,

The general theory of the storage battery ig in brief as ©~7-
lows: Mmring discharge both electrodes are converted into lasd-
snlphate with the extraction of suphions( 80, ) roi the elentro-
vte,which redfuces thes density af the solnkion, The proceen o
the positives takes place in twe steps, Pirst the peroxide(Pvl)
is redneced to the monoxide! F10).

If the chenmical aetions during discharge were axactiy itiic rf
verae of the actions during the charge the E,ii.7.wouldle ti.e sa
same for both charge and discharge, T™his however is not true,
Prolffeseor Ayrton nas fovnsd that the E.iLF.7or about two thimds
of the charge is nsarly 0,14 volts higher than for the corres-
nonding reriod of discharge. After this the difference inewearc
cont,inmally. Paking into consideration the dren of notential
dne to the resistance of the cell,the i, Tor discharpex in
24 T - st1il Llowar than t.e

L///4 B, .7, Tor charying.
"his %X 1s shown in

22— - e R, |
—t == | | FTig.,10. cwrve A shows bne
% al—1 R.it.7.

for charging an®

)' b1l — 1
éoz/’/T' = =l I enrve B shows the JeMer .

for diaschargilg. Curve 13

l
l0 20 po6 Yo o b0 7

1.y i= exvresred in aperes
® monrs ropeining in tre
2 - XQAW”Q eell at any tine, po Vet
fu ¥ /1 .
=/ neirt vhere the disepsa::
Voeg . /4. M pterzed correszonas
emptiness or zero the figure. This makes the eurke oif ale-

aharge backwards,

Me8sB8rs, Gladistone and lilbert have proved that the B.i.r, ~7
the eell depends on the strengbth of the acic used,

Fig.1l, shows the results of their observations., In connese-
tlon with thig,Gladstone found that if the acid were ver; geak
the eh

misal aetion waf chalpeds



A nmixtrre of yello¥ arnd pure-

T T colored lead oxide being forte
“ ed on the positvie plates anc
a wvhite scaly substance being
formes on the negative plateg,
\ r,Griscols found that the
| \\ o B,.7, of a cell depended

| partly on the degree of charge

S15) 2 e
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electrolyte, For instance if
the negative be teken Trom a
fully eharges esll and con-
neated with the sositive of &
rartially diseharged eelli tue
/3 reénlting 8.k F. will lie hew
100 o Ge 2 ) oy ° tweer the F.EJF. of the twe
T%-u&fﬁ{;&{%lah4rﬂtvx 0ells, Again if the plates
5{ [/ from ore cell he plaeced in a
cell with an elsctrolyvte of
different densliy the B.ILT, in the ner elashrolvie will be
higher or lower aceording as the density of the new electrelyse
is higher or lowsr
Investigators 4iffer most racdically ars to vwhat chenilcal ae-
ion the energy of a cell is Aue, Dr. Streintz believes tnat
the energy 18 dne to the sulvhating and negleets the sacende:”
factions, such as the evolntion of free gases and the fomus— |
ion o hydrated lead veroxide, This 1s based on the faet that
netalliec oxides cannot exist in the oresence of free wglds. ™r
Yarriens however,helieves that the sulphate on the positive -7~
tar discharge 18 a variable qunantity and is dne only to loe=d
action of the aeis on the oxide and is not ineinded in the
principal reactions of diseharge,
e gonsrally accepted theory at present,is that the energy
is e to the formation of lead silphale at bhoth eleetrodas ae
indicated by the foliewing equations:

| o the Loritive,partiy oh tlie
2 — negative, and partly on the

)7 N s N il

+ o+
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For the positive PbO+ilsQ= IS0+ 79+ 0

For the negative Pb+ 0 +HgC,* PbSO,+ H(
or for hoth plates PhHC +FB+ 2HI0, - Phso‘?v‘- 2HQ +PbSG,,, o

The Tinal resnlit then is the formation of leasd snlphate and
water by the extraction of sulphurie acid from the electrolyte,

3acanse of the poor eonductivity of the coating of sulphate,
only about 507—,' of the neroxide is acted upon. Wiah about 3].,'1
of the peroxide is left, the sulphate prevents the action se
mich that the ®,il.7#. falis very rapidly, About this tike alwre
lead-neroxide begins to Torm on the negative plate and this
also, causes a dror in E,M.F. Tf the cireunit is broken tiils
psroxide on the negative is redces and this aceounts for dne
inerease in ®,il,7, after the eell has rested for some tiwme,

Sir David Salomons has divided the charging w»rocess info
three stages as follews:

Positive Wegative
ist stage - - PhSOLf II§C‘1+H§ N-SO‘4
ond.#hage = = - PhO H,gqf-# "o Pr0

3rd. stage- — - PhO, HtSOqf HP Pb
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There are other secoridary reations which corie in with these
and probabnly *he reations are rmah more coiinliceted than indi~
nated. One action which takes wlace is the generation of roce:
on the electrodes, Streinz and Neunan claimed that a lares Tart
of the hysrogen and oxygen is oeceluded and that the occluigion
of these gases 1s the chief factor in the charge of a eell, ra-
nording Lo this theory the E.i.T. would be dne to the aemhin-
ation of the oxyrgen on the positive and the hydrogen oen the neeg-
ative, The E.i.7. develoved however by the cmabination of hy-
drogen and oxygen is 1,5 volts,while the voltage oi a lead-sul-~
vhnrie acid eall 1s nearly two voltsm, There would therefore,hnve
to be nore than the tension,brodnced Ly the ocelnaion of thess
gases, o acconnt for the electroiiotive foree of a cell, Ir.
Frankland has also shown,that neither hydrogen or oxvgen are
occluded during charging.

Tt is now generally asswged that the sulphuriec aeid breaks
np Mder the inflnenee of a enrrent into H, at the negative ~nd
the sulvhion (SO¢) at the positive electrode. According to the
nrasofit acnsphtad theory al alactrolrrais,sorie of the sulphuric
acld willi he already Ailssociated in the solution into its iowe,
When a dirferance of potentlial is made between the nlates,these
ions are attracted;the d, to the negative,and the S0, to the
nositive electrode, As there lons are faken out, more sumlphurie
acld is dissociated, 7Thus the watar acts merely as a solvent
and is not,as claimed by some investigators,the ehief FTaetosr in
the charge of an accwmlator,

Sone investigators disecovered the presence of persulpharie
acid H,(80,) inthe cells after it had been charging Tfor soue
time., Its ®resence was exmlained as followr: The aulphinnfq)
nannot ranain free and sinse under the circwastances it eanno+t
unite with +he material at the positive »late it corbines with
the sulphurie acid thus:

H,80,450, = H(80,)_

This ray aceount for the high B.H.F. sinece H (sovl' is &mExm on

exothemale substance. This Hlso?) being very nnstalle reacte
z
with the water thus:

H s0, )7_+ 21 0= 25,80+, 0, = 2H)_sc,f+H‘o+o
This also then accounts Lor the liberation of oxygen at tie
nositive eleetrode.

At Lhe e€1@ of the discharge or the beginning of the aharoe,
there is a large quantity of Pb30,, present and the free sulsh-
ion combines with it to form lead persulphate Pt;so,L_.

PHSO,t 30, = PH 50,),
But PB( 58, ) + 2H,0 = PhO, + 21,83,

Lator in the eharging process,part,and at the end,all the snlph-
ions conbine with the sulphinuriec acid and this decorposing hx®
liberates oxygen, On the negative elsetrode nascent hydvoren

is liberated and this acting strongly on the lead sulphete o—
duceas 1t to metallie lead.

PosQp I, = Pb+H,80,,

Towards the end of the eharge,there hellig oniy o suall amewmt
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o gulphate,Tree hydrogen is given orf,

Thongh other theories have heena advaneed and sach has soli€
noint of strength,thls last theory brought forth by Darrieus
explaing the actiohs

“IB I e’ acenumilators tet-
§ 1 tor than does any obhm—
S Ei N er and iz the most gen—
i Y N U | crally accepted gt the
- ; =t ! bggal e,
§§ ofi—r 11 **l'*‘ = ] e tning which sh@e
§ il T i wle T aly sate 5N solve
(t% ST T T T 1 ing triv Proviam is

+¥ue chang«a el TELAE -
gtyvre of the cell dar—
Ing charge ald Gip—
chargea,

Fig.i8.shews the
ckerge in tempersture
vityr reseet tethe
tire. Curve A shews

the ripe in veampona~

*H
Lyl

7‘ tvre curing eharge and
ourve 3 the fali in'temperatnre Aring discharga, IT whe weze-
tions were entirely electrolytic the only heat generated would .
€ that due to the »esistance of the eell, Any other heat ~en-
erated wonld be due to wasteful aetions,such as the Joule of-
feei, the eurrents set uo by local actions in the rlugs ead the
action vetween the aetive material andéd the support plates and %
the losses dne to the electrolysis of the solutioR. Tt har been
found that, the average variations in capacity of a cell,whose
temperatnirs ranges Trom O to 32 eentigrade,is about 1,Z of ona
»arecert, for each Jegree change in temperatiure,

2PHEB AFPPLICAPRPIOY OF Ss2T0cRAGEHE BAT -
TERIES AND ACOUNULADTORD &

A comparativaly resent mt verv sueccessful and economical use
of the storage battery is its installation in eentral statiswe,
Thongh as yst not very widely used Tor this ourdoss in thie
eovntry, it is rapidly growing in faver among engineers,lany of
vion ¢laim that it is the onlv solution of mahy preblen and
difficulties whieh are enconnteres in gperating central stationg,
The nse of storage batteries in Barope is qnite comeon,over
half the plants uweeing then,

The usre of storage batteries for this pnurpofe can he dlvided
into four heads:

1, 7o carry the peak of the load at naxirmmhdurs.

2. To carry the entire lonad at minirmm hours,

3. Te act as an equalizer or reserveir,

4, Por the equipment of an annex station. 4

1, To carry the reak of the loa”, Tn mort all ecentral stajlens
a lapge part of the aonnected loa? is used only a muall perl ~f
the twenty fonr hors, e neriod of maxiiams load lagts fow on-
1y vehpeen 1.5 and 4 honrs, In order to take care of tpir Leas
sorie overators have set b oheap and inefficient machinemy; v
this 1s not varyr satisfactory.

In %he cags of the Boston station 907 of the ontomt, I8 pmedwe-
eq by mgax very efficient mmltipelar d¥namoes, 1T a stesm LiaNy
were installed to take gare of 50 of the laxirayi load,whian ie
oniy 1iQ), percent of the total ontpnt,the station Wonld be rur-
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ning at a very small lead Tactor. This »iant has however in-
stalled a large storage battery and so are able to run the dw—
namoes alt a high loas factor,7or dnring 1ight load the dynarces
are used to charge the hatteries,

2 To carry the whole load during minimwa hours. If the period
of miniirur load is long enough it is economical to shut down
the machinery, rar the fires and let the hattaries carry the
whole load. Prequently one shift of men can ve seved by this.
This is done a good deal in Mirope;hut in Anerica this period
is 4o short to save a shift of men and so the batteries are fen-
erally charged during this periogd.

8. To act as an equealizer or reservelr. Th cerntral statione
there is a contimal ehange of E.M.F. dne to the change in
load. Muring light load the pressure is nearly colstant It as
the lead inersases additional dynamoes have Lo be started wn-
ti1l the maxirim load is reached,Ordinarily it is an hourly
anestion whether to throw in or shut fowh a dynharoe to snit
the varying load., If a storage battery is instalied this nmaue-
ber of changes is greatly rednead, In ease of a sudden storm
when the load wonuld inerease very reridly,or in case of a
breakdown the storage batterw would take care of the load ,
wrich otherwise conld not be handled properly,until more units
conld ve started, In ease of an extremely variable losd such as
an elsvator or street car load there used to re a great deal oFf
trouble at the eentral statioh;partieunlarly a great wear and
tear on the Aynainss ane to the sndden changes in loadg
S S T T EFEEEEE R T o e mon e
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#torage battepy the
be about like the (storage battery load,. generator load would
While such chages do not hurt a battery they are very harmml
t0 a generatn?.

Formerly an eisvator load was considered a very undesirable
load becanse of its fluectuating character;but now sinee the ir-
stallation of a bhattery takes these flnetunations away from a
Avnaiio it is considered a very desirable load because it is ae
hout, the same thronghoui the day. Many large houses have in-
stallecd batteries For the purpose of rmning elevators and in
80116 cases "recuperation' is practised;that is,the ear,in de-
scending by gravity,restores a large part of the energy used in
raising it.

4, For the equipment of annex stations, In cases where heavy
enrrents were required at a lohg distance from the central shoe
tion, it was customary %o install a new plant or run very heavy
lead wires to the point of conswaiption, In the later ease therc
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Yas a very large loss due to the large currnet which rased;an?
the wires had to he very large in order tec acoomidate the max—
immea eusrrent, which passed. "his made the wire ex’?\ense excess—
ively large. By vlacing a storage hattery hear thie point eof
conswption the lossies dune to heating and the large lead wires
can both be greatly redueed because in that case only an aver-
age enrrent has to be passed,and this ecan be sent at a high
voltage by charging the eells in series and discharging in par-
alilel,

One of the largest Tiel”s for the storage battery is the
field of telegrarhy and telephony. As hintaed at previously tre
storage batiery is rapidiy replaeing the primary celis in the
large offices. T™he advantages of the secondary over the primarr
batteries are muierous. A storage hattery recuires only about
1,/2 as rmeh floor space and the corrosion:creeping salts which
attend ths use of gravity celds is avoided. cell

It has heen eptimated that the cost of maintaining a gravity,
i8$1.50 per rear,vhile the cost of an eanivalerd amount of cur-
rent from a storage battery is only$0,14, PThe great flexibility
of an acewwmlator vlaces it far ahead of an expensive series of
engines and dvnaroes,in a flegraph office. In the office of the
Western Union Telegragh Co.700 chloride cells are row doing the
work of 30CC grav;ﬂty cells, There are many similar ihstallations
throughont this smukexy countrrg

Althongh a good many atterpts have been made to run cars with
storage batteries they have not bheen successMl in this country
with the possible exception of the Chicage - FEnglewood line,
Several linss are onerated with,some suceess ,in Furope, The
chief disadvantage of storage battery traction is the weight of
the cells which in a car of about 10 tons weighs between 2 and
3 tons, One great advantage of this systewm however is that if
one car hreaks down it doer not effeet the others, Tn a trolliey
svsten,if one car breaks down it freguently happrens that all
the other cars on that line are stopped., Then to by using ihe
storage battery systenn the dangerous and unsightly troliey an?
the expensive cohdunit systens are done away with,

It is claiued that where accinmlators are used that for the
sarie amount, of heat energy of the coal, ?.O,f'f 1Ore power is ap-
plied to the axle then in the trolley systen. In spite however
of these and iainor advantages the trolley systan is cheaper
than the agcumlator systen,

Mir. Menviile rays,in regard to fraction on English linss,that
the cost per car 1iile with accumilators is 13 cents and the
cost per car 1ile with the trolley systen is 9 cents, Similar
resits have veen found in this country. Storage battery trackx
tion will not »rohanly be sueesssMml until a es8ll can he made
which,whiie i® retains a large capacity,is lighter than thore
of today.

On the othsr hand ,the application off ascrmlators to vehi-
cles is very snecessiml;it having been found that this riode of
traction is very cheap in ecities,in faet ,it i# cheaper than
that by horses or anything else,and bhecanse of their conven-
ience and satistfactory results this 7Tield for storage batteries
is developing very ranidly,
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