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PREFACE r------

Thi& thesis was uggest d by the work of Mr. B .. J. Pozor ki 

and Mr . W. Adashek. Mr. Pozor ki investigated the inhibiting 

qualitie of various separators when placed bet een t wo plati

num electrodes in a cop er ulfate solution . Mr . Adashek ork

ed on the efficiency of various lead plating solutions using 

lead electrodes and electrlytea containing soluble lead salts. 

Combining the work of these men, the author is investigating 

the prohibitive plating propert ies of variou separator using 

a lead plating solution. By so doing, the inve tigation has a 

closer relationship to the actual perf r anoe of the torage 

battery . 

The author ishe to acknowled e ith inc re thank the 

co-operation and help given by Dr. John Koch , theai director, 

and Dr . H. Heinrich, professor of che i try. The Globe anu

facturing dompany has been o t en roua in supplying epara

tors for this ork. 

1. 



2. 

PART 1 

Introduction: 

A storage b ttery is simply constructed and yet the mechan

ics of the reactions are difficult to understand. Although much 

pro ress has b~en made1 ith the storage battery, little is 

really known of the detailed chemical r act ions that takes place 

ithin it . This lack of kno ledge is usually iven as the reas

on for not havin the storage battery dev loped to the perfect

ion today that it mi ght be if these reactions ere kno n . The 

storage battery is relatively an old device , but it has not be

come idely developed until the last fifteen year or .. ,eo . This 

development took place ith the inventions of the auto obiles . 

The total sales have increased in v lue from about t elve mill

ion dollars per annum, to one hundred million dollars, bile the 

plate material us d pe r annum has increased from forty mi ion 

to over two hundred mil ion pounds ithin one decade . (1914-1924). 2 

In treating this subject it is essential that certain dis

tinctions be made . Unfortunately, the type of battery that is 

to be discussed ha been called "storage battery" or"acou.mulator . n 

Althou~h these names are some hat suitable to this battery, they . 

have often created a false i mpress ion of it. This false impress-

2 . . Arendt, Storage Batteries, p . l 1928 . 
1 . I . Treadwell , Jr . - The Storage Battery-p . 109, 1898 



ion is that quantities of electrical energy are stored up with

in the cell . That this is a misconception will Qe easily seen 

in the course of thie treatise. Then also, considering the fact 

that they are called "secondary batteries" e must remember that 

they are secondary only in respect to the fact that another 

source of electric current is necessary in the making of them. 

The theory of a storage battery does not differ muoh from 

that of a pr i mary battery. They both must follow the same laws, 

but there is a distinction in the chemical reaotions that take 

pl~oe in them. The reactions in the primary cell are not re

versible, and when used up must be disposed of with no further 

utility. The reactions in the storage battery are reversible 

and the unit may be charged by an electric current pasein · 

through the battery in the opposite direction of disohar e. The 

charing current practically replaces the battery to its origin

al form. The theory of a torage battery can b st be explained 

by exemplification of a simple one. When two plates of lead 

are immereed3 in the solution of sulfuric a~id, no current flows 

when th two poles are connected. If a charing current is sent 

through this cell and then the two poles connected when the 

oharging current is off, it is found that a reverse current 

flows. When the charging is taking place, the positive pole turns 

a brownish color. Thie brown color is due to the formation of 

lead peroxide. The negative pole becomes gray due to the form

ation of pure lead. During dischar e both electrodes~ a.re con-

ood and Jansky, "Ele ents of Storage Battery" p.~ 
Treadwell, A. Jr. "The Storage Battery" p .110 1898. 



verted into lead sulfate . ~ring this process, the ulphion is 

extracted which reduces the density of the solut.ion. The per

oxide on the positive plate first reduces -to. onoxide and then 

the monoxide is converted to the sulfate . Charging a battery 

is just the reverse process of forming the original plates by 

pa sing a current through the opposite ay . In this action the 

so3 ions are given up to the liquid which gains weight and the 

density a ain increases . As to what forms on the positive 

plate there are different opinion . We must remember that this 

is merely using the lead-acid batt ry as an example for there 

are several types of storage batteries . The equations for the 

rell.otion taking place in a lead- acid battery are as follows: 5 

On the positive pole the action is 

On the negative pole 

And combining these equations the combined re ult is 

Pb + Pb02+ 2H2S0~ 2PbS04+ 2H
2

0 

Although there has been a difference in the opinions of 

many scientists in regard to the reactions and products formed 
, , . 

in the lead- acid storage cell, the above reactions are usually 

accepted as bein correct . 

The first note orthy discovery of the storage batterY6 

5 •• Lyndon,"Storage Battery En ine-ring" p .14 - 1903 · 
6 Arendt , • "Storage Batter es" p . 2- 1928 . 

4. 



wae in 1800 by Volta with the invention of his ~leotrio pile, 

but it was not developed until 1!59 by Planti · Hen he was doing 

research work on "Secondary Currents an~ Polarization Voltages." 

The appa.ratus7 which Volta used consisted of discs of zinc and 

silver placed al terna.tely over one another, the silver disc of 

one pair being separated from the zino disc of the next py a, -

pieoe of blotting paper moistened in brine. Such a pile, if 

composed of a sufficient number of pa.ire of discs , ill pro

duce electricity enough to give a shook, if the top and bottom 

discs or ires connected ith them, are touched ith the moist 

finger • · This experiment of Vol ta• s lead to the study of elec-

trolysis of saline solutions. In these studies it s noticed , 
that gases ere liberated at the poles , that films ere form

ed on them, and that if the poles were connected together after 

the charging current w~s disconnected, the current given by the . ' . 

battery ould flow in an opposite direction . These disoov,eries 

were due to the studies of Gautherot, Richter, Grave, and 

Davy. These men called th process polarizs.t ion, and it as 

Plant~ wno the~ a the possibility of increa ing the polari

zation so as to make ·'battel!.-y . plates. He formed the a.otive 

· material on the . plates by charging. This proces of making 

plates wasted uch time an~ was ~ifficult because, during .this 

tie, the primary batteri s ere the only means of obtaining a 

charging current. 

' In 1sg1 Faure8 improved upon Plante• s process of me.king 

7. Getman and Daniels, "Outline of Theoretical Chemistry"p.360 
1931 - Ed .·5 

8 . Vinal, G. "Stora e Batteries" p . 8, 192g 



6. 

~lates. In order to increase the cello pacity, the electrodes 

should be given as large an amount of surface as possible . This, 

Faure discovered, could be done by pasting the surface of the lead 

plates with a oo pound of lead. He made a paste of led oxide 

and red lead and held it together by means of a lead grid. Two 
. . ; , , 

of these pasted plates ere placed into ulphurio acid and sub

jected to the action of a charging current. The urrent a 

passed until spon y lead formed at the cathode and lead peroxide 

formed at the anode . It as also noted that, under these con

ditions , the plates chan ed more easily into the active material , 

hioh was an improvement over Plant~•s di covery. Bru h about 

the arc1e time obtained patents on the covering of the plates 

mechanically ith compounds, and ever since this time further 

improvements have been made on the plates. 

An electrolyte may be defined as any non-metallic liquid 

which will decompose , and has electrical conductivity, or more 

clearly, it is a non-ruetallic liquid whose comJonent element 

are disassociated hen an electrical current i passed through.9 

In the lead acid batteries, sulfuric acid ha been found to be 

the most satisfactory , but due to the adoption of the batter

ies for starting and li ghting service , an increase in demand 

for storage batteries by non-techm.ical usere10 rose , and spec

ial electrolytes ca.me on the market which ere sold ith extra

vagant claims . The u e of these electrolytes oan not be re

con,_n1ended. 

9. Dunn, L. D. "Stor ·e Battery Manual" p .!8-1920 
10. Vinal, G. •storage Batteriesn p .72-192g 



For a storage battery to operate best, a proper a.mount 

of sulfuric acid and water must be used. In order to get 

this correct amount of sulfuric acid and water, the solution• . . 

is usually tested for specific gravity ith a hydrometer at a 

definite temperature. In order to get an electrolyte of the 

correct ·specific ravi ty, pure sulfuric acid is diluted i th 

distilled -water; but care must always be taken to pour the a.oid 

i .nto the water . The electrolyte contains concentrations of 
11 hydro en ions (cations) so4 ions 6anions). These ions in pass-

ing ba.ck and forth through the so_lution between the electrodes , 

convey the current te the electrod s and fron1 thence the elec

tricity passes out through the circuit. Any foreign metal is 

likely to cause difficulty in a. leadac~ storage battery. 

T~cse metals which are below lead in the electromotive series 

a.re transfer red to the negative pole and local action takes place . 

Hydrogen is evolved at the foreign metal, and the efficiency of 

the battery is lowered . Iron, which is most co monly present 

in water, has salts which are easily oxidized. When ferrous sul

fate comes in contact ith the Pb02 of the positive plate it 

readily oxidizes to ferric sulfate , and this coming in contact 

with sponge lead is reduced to ferrous sulfate again . The se ac

tions cause a loss of charge on the plates , and lead sulfate 

is formed on both plates . Foreign acid al o hinder the good 

working of a battery since they cause a corrosion of the plates. 

Capacity and efficiency are important factors to be con-

tL. Dunn, L. D. "Stora e Battery anual" p . 88-1920 



-sidered in the development of the storage battery . Capacity 
12 when considered in this sense may be defined as the amount of 

electrical energy delivered by a cell from the beginning of dis

ohar e until the potential become too ·low for the battery to 

be of service . The unit of capacity is the a.mper_e hour~ The 

most important factors influencing the capacity of a battery 

are as follow : 13 

1. Amount of plate active material 

2 . Arrange ent of active mat rial-

3. Quality of active material 

4. A ount of specific ravity of · 
electrolyte . 

5. Distribution of Electrolyte 

6. Purity of the electrolyte 

7. Rate of Discharge 

8 . Tempere.ture of cell 

9. Paet perfor~ance 

10. Heal th of cell 

11 . Age of cell · 

Since the electrical energy comes from the action of elec

trolyte on the active aterial , e know that there mu et be a 

sufficient amount of the electrolyte to accomod te the change 

in composition at the plates . The contact of the el ctrolyte 

and the active sub tancee causes the electrical energy, and it 

follo s that the capacity of the battery ill be gre ter when 

the active material is designed so as to expose ore urface 

12. Dunn, L. D. "Storage Bat teries Manual" .p .74-1920 
13. Arendt, M. "Storage Batteries" p . 68-1928 



to the leotrolyte . Lie ise, each of the above f actors influ

encing the capacity of the bat tery must be accordin to et 

regulations determined by experiment . The· efficiency of a 

storage battery is usually stated as the ratio of the output 

to the input . This efficiency is dep ndent upon the amount of 

local action taking place in a battery . 

For .erly, the mot extensive use of a torage battery was 

as a reserve po er supply in connect ion ith central electric 

station service . They ere used extensively in rail ay power 

stations, and the f ir t usage of them for thi purpose was in 

the po er plant of Zurich-Hirelanden Rail ay , in S itzerland. 

Stora e batteries have also been of use in Elevator work in 

office buildings in cases hen the central station would not 

allow its usage. One of the most notable developments in 

storage batteries14 has be n the application of th to start

ing and lighting service on automobil and truck . Starter 

systems for int rn 1-conbust ion engines ere first ug _ested 

about 1902 but the develop ent of the electric ay te s began 

about 1911 . Bet een 1912 and 191 5 a nu ber of different 

systems were devised, and el ectric starters for automobiles 

became almost universal . Before the electrical systems ere 

developed a nwrber of dev ices of ther kinds ere tried. 

These included var iou compre ed air , acetylene, and meohan

ica .. l starting devices . Aside from the faot that many of these 

1 11 v· al . nS+.ora e Batteries" p . 326 'T e in , V 



10. 

earlier starting devices were not entirely satisfactory , the 

demand for electric lights on automobiles was an important fact

or in establi hing the suprema.oy of the el ctrio st rting sys

tems. These batteries are compact and usually conai t of 6, 

12, or 24 volte. These batteries ar charged ith a generator 

driven by the engine of the auto obile. Other uses not men

tioned are the use of the batteries for voltage regulation, 

train-light ing, far lighting, driving sub rine motors , and 

auxiliary po ere uipment on yacht . 



PART 11 

In . the early history of the storage battery, glass rods, 

hard rubber sheets or perforated and corrugated h rd rubb r 

sheets ere inserted bet een t he plates to prevent short cir

ouits through buckling the plates .15 With the development of 

m re modern machines it as neces sary for the storage battery 

to met further require~ent . A conpact portable battery a 

v ery desirable . In order to obtain maximum capacity in cur

rent per unit space , it as neces sary to install a larger 

number of plates. This number is 11 it ed by the stren h, 
16 life , and durability of the battery . The thickness of the 

plate was reduced , and the plates ere plac d clo er toge thvr. 

Placing the pl ates olo er together, i e i ately brought th 

problem of internal short circuits, and it as nece sary to con

struct separators bet en the plates . The function of the ep

arator is primarily to keep the negative nd positive pole 

apart so that tr es do not for between them and c use a short 

circuit , and at the same time having the internal resi tance 

of the cells at the lo es t point because obviously current used 

to overcome internal resistance can not be used in the external 

circuit . 

Separators may be of ood, rubber , lass or celluloid and 

15. Vinal , G. "Storage Batteries , " p.36 1 2g . 
16 . Dunn, L. D. "Storage Battery anual," p . 192 

11 . 



12. 

also of fibrous or vitreous at rials. The earli~st type of 

separators g nerally con i sted of glas rods pl ce bet een the 

pl ates . Thi type a e pec ially u ed in large central stations . 

Later untreated cherry ood s~parators , placed bet een to thin 

sheets of asbestos and having uger holes ., replaced the gl 
l rods as separators in th c ntral s t a tions. Hard rubb r or pr-

forated and corru ated hard rubber sheets ere also extensive

ly used . The fir0t ood used for eparators was cherry ood . 

Other woods ere tri d ., but where acetic acid exist din appre

ciable amounts it as found harmful to the battery . Cherry 

ood contained very little of ac tic ac id, and it s cl i ed 

by S i nner 17 th ta mall quantity of acetic acid i s benefi

cial rather than h rmful to the ne at ive pl t • The reasons 
I 

why it is beneficial are not fully ~nd rstood a yet . At the 

present time those oods that before contained too much acetic 

acid, may be used ue to chenical tre tm nt of them ith 

caa tic soda . This neutralize the acid and re eves oluble 

and eas ily hydrolized matter . This tre tment al o cau e 

pansion of th pores making a porous , fibrou separator. 

n ex-

Many other attempts have been m de t -o d i scover -a separator 

to take the place of ood. In these a tte pts , experi enta have 

been made wi th different de i~n of rubber separators , volcanic 

ash, po der las., and po der~d silicates ith or ithout bind- · 

er. Celluloid separato r ere al o ed ith hole punched 

in the • The electrolyte will not pa e through cellulo i d as 

17. Vin 1, G. "Storage Batterie " p . 4o-1928 



~ also the author found in his exper i ment al ork . 

Th re are various types of rubber and wood separators uaed . 

In the rubber type e find rubber sheet (ribbed or unribbed), 

slott d -rubber sheet (ribbed o~ unribbed) , n1ronclad" slotted 

rubber tube , and threaded rubber separators . The woods used 

are bas wood, poplar , douglae fir , California red ood, hite 

cedar , and cypr ss . 18 Of thee bas ood has the shor t est life 

as a separator, and cypr as the longest . The other are li ted 

in order of serviceabil i ty but , as will be di cuss d later , the 

life of the separator is not the only thing to cons i der . Cypres 

has a hi h factor of internal re istance and therefore has leas 

conduo ti vi ty . 

Fro the precedin state ent e ee that a separator mu t 

be sel ected i n accordance with l i fe and conduct ivity . Besides 

serving as an insulator , Dunn outlines further .require enta of 

a. separator in his Stora __ e Battery Manual . These requirements 

are ae follow : 

(a) They must be i mpervious to the action of the acid 
electrolyte . 

(b) They must be stron ~ enough to ithstand the mechan
ical chafing and co pression incident to the nor 
al expansion and contraction of the pl tes while 
orking . 

(c) They ust be unaffecte by the te~peratures at
tined by the cell during ordinary conditions of 
operat·ion . · 

(d) They must also contain no substances hi ch have 
a deleterious effect upon ny portion of the cell . 

18 . Dunn, L. D. "Stora ·e B ttery anual" p . l 9- 192 



(e) They must possess a fairly high degree of 
porosity in order to facilitate proper cir
culation and diffusion of the acid of the 
electrolyte into the plates during a dis~ 
charge and conversely form paths for the re
turn of the acid to the electrolyte on 
cbarge. 

{f) Although requiring a high degree of porosity., 
the individual pores of th se separators 
should be so minute as to prevent as much as 
possible the entraining of gas bubbles there
in., this reducing the effects of polarization 
to a minirr.um . 

As has been s tated., the ceparator must be of low resistance. 

Tests of resistance., 19 are commonly made at high rates of dis

charge to deter1 ine the voltage characteristics of the battery, 

since this in turn depend on the internal resistance of the 

battery and so upon the separator resi tance. The poro ity of 

the separator not only affects the internal resistance , but it 

also affects the equalization of the acid concentration during 

charg,e and discharge . In ood separator the resistance is de

pendent upon the grain of the ood., kind of cod., and the length 

and cross section of the pores . Then., al o., the efficiencr of 

separators is det ~r jined by the effect of the acid on the sepa

rator. The separator must be resistant to the strength and tem

perature of the acid used. 

In this the ia, the author has oho en the problem of de

termining the efficiency of different separators from the 

standpoint of the separators plating prohibit ive properties. 

The amount of current through the different separators is to 

be easured by an apparatus described later. 

19. Vinal., G. "Storage Batteries" p .45-1928 
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PART 111 

In order to be so ewhat in accordance with the reactions of 

a battery , lead plating through a separator was chosen as the 

method of exp rimentation . The rate of deposition of lead on 

a copper cathode through the different separators w~s measured, 

and a comparison made ith the deposition of a copper coulo

meter under the same conditions . 

The apparatus for this ork as assembl d as follows : a 

convenient stand a made which held the U tube apparatus . 

Thie U tube consisted of merely to ei ht inch test tubes with 

bottoms cut off and bent at ~imost right angles hich permit

ted them to be easily clamped together . Rubber ashers ere 

placed over the ends of the las so iron clamps ra ing the 

two tubes together ould not break the . Bet en the tube 

another rubber washer as necessary and the separator was plac

ed betwe n them before drain them tight at the beginning of 

each experiment . A negative and positive electrode was then 

made. The positive was of lead and the cathode as a copper 

plate cinch by l½ inch . A copper ooulieter ~s then made by 

cutting three copper electrodes, eJnd placing them in the 

cover of the coulometer jar. The to outer ones served as 

anodes and the middle one as the cathode . The solution was ma.de 

up by usi g a mixture of -

1000 gra~s of ~ater 
150 ams of crystallized copper sulfate 

50 grams of concentrated sulfuric acid 
50 ams of alcohol 

ll5 



Considerable tim was spent in aking up a lead solution 

that wo uld pla . lead favorably so that the plates could be 

weighed ~ithout error. It as also found that at high a.mpera

ee "trees" of lead would form on the plates . Finally, the 

lead solution that oper a ted without "Treeing" as a perchlorate 

solution of -

g5 grams of lead acet te 
42½ rams of perc'hloric acid (60%) 

1703 cc • of at er , 

Dry peptone as added to thi solution hich is the agent to 

prevent treeing. The author a, ded this in different amounts 

an~ experimente4 for "trees . " After about 6 grams as added 

and ell mixe the solut ion as filtered . This solution and 

an amperage of . 03 ampere was found to work very favorably . 

An ammeter , voltmeter, and a rheo tat a also in the circuit . 

A 20 volt line , dir ct current , ta used chiefly for the 

source of current . 

EXPERIMENT 1 - Wood Separators 

Of all the _erarator , wood ie most extensively used and 

occurs i the most numerous kinds and de igns of batteries . 

The mos t com ion wood separators are ade of b~ss , poplar , pine, 

douglas fir , cedar , c ypress , an~ r ~ ood. These are cut into 

narr o sheets of the re~uired idth ith slots on one side . 

The separ tors are pl aced in a battery ith the slots adjacent 

to the positive plate . 

The moet detrimental defects in ood separators are knots_, 

checks , and shakes . Checks are radial splits in the log 



cau ed by stresses occuring during the seasoning process , and 

shakes are separations between to annual rings . Any of the 

above def cts render the s parator inefficient . 

Porosity is an i mportant f actor in ood us .... d for separa

tor . Th re inoua and fatty substances mus t be removed to 

obt in the greatest degre- of porosity . ?he woods , listed in 
. . 

their orde r of porosity, are poplar , cherry, ba ood, red-

, 

wood, fir , cedar , and oy resa; cypress bein the least porous . 

It lttasbeen shown that th l ss porous the wood, the longer the 

life cf the separa.tor . There are several methods of sa ing 

the wood for separators . Quarter sawed separators are obtain d 

by quartering the logs and then cu~ting radially to the annu

al gro th rin s of the timber , while the plain sawed separa

tors are cut tangentially to these rings . The quarter sawed 

is probably the best because the path of the diffusing elec

trolyte i s directly through the more porous portions of the 

wood . 

Treat ent of the wood to remove pract i cally 11 its co -

ponent parts , except cellulose , is very ea ential . The metho 

of treating most co ' .only encountered are t e alk line and 

s team baths respect ively . The alkaline bath, as pr viously 

explained, remove the ac tic acid and 11 soluble and easily 

hydrolized matter . In the steam bath, the separ .tor ar pl ced 

in steam under a pressure of thirty pounds , nd are 1 ft in this 

condition for fifteen to twenty hours . Thi bath i used more 



for wood separators made from pine , fir , and cedar . 

Cedar wood is extensively used for separ tor in torage 

batteri s today, and this wood the author has taken for the in

itial experiment . A cedar separator already subjected to the 

alkaline treatment , 

to the proper size . 

hich made it porous and fibrous , as cut 

The ridges were shaved evenly ith the 

rest of the wood and the s parator was inserted bet en the 

two eect ions of the U tube . After the clamps ere ti htened, 

the tube was plac ed on the apparatus holder , and 4o cc ·•s of 

the plating solution poured into each side of the U tube in 

order to et an even di tribution of th solution . 

The copper sulfate a placed in the .ooulometer . The 

copper electrode of th apparatus is eighed before and after 

each exp riment to determine the amount of deposit in the ap

paratu . Lie ise , the oatho of the ooulometer as eighed 

before and after each run . In ord r to ge t a good comp rison 

of eparators , a constant current of .03 a pa a aintained . 

In all cases the electrodes were one and one-h~lf inches by 

three fourths inches . Und r these condit ions of amperage and 

size of plate "treeing" did not occur . Each experiment as 

run for exactly ne- half hour . Fortunately, th .ei Otrochem

ica.l equivalent of 1 ad is high, and hence it is po ible to 

deposit a coating of lead suffic ient for a good comparison 

in this len ·th of tim . Having lead depo ited in th appara

tus, and cop er in the coulometer , it is neces a:ry to change 

both deposits to ram e uivalents to obtain a comparison . 



?his was done by dividing th grams of each by their respective 

equivalent weights ( tomio w• t) . With this wood separator be-
valence 

ing use :, a deposit of .ooo4-4J8 gram equival ents in the appara-

tus , and . 0005082 gram equivalents in the ooulo eter were found 

after one- half hour . 

PERFORATED RU ER SEPARATORS 

Due to the relatively short life of the wood separators 

in the electrolyte , much has been done to improve this life . 

Perforat drubber separators have been used in some batter-

ies in an atterr.pt to lengthen the life of the separator . These 

are thin sh etc of rubber containing small round holes . It is 

claimed that these eparator prevent particl s of the active 

mat rial of the positive plate from falling out without in

creasing the int rnal re istance of the battery . The amount 

of perforation in rubber separators is of considerable import

ance . If the perforation is too great the separator may b 

weak and easily broken, and if it is note fficiently erfora

ted the internal resistance of th o 11 is incre ed . 

As in the previous experi ent, 80 cc •s of th pl~t ing ol

ution ere used, and a cont nt amperage of .03 amperes as al

lo~ed to pas through the pparatus ith a perforated rubber 

separator replacing the ooden one . After one- half hour , it 

we,s discovered that . 00054-82 ram e uivalent·s depo ited in t};e 

ap aratue , and . 0005990 gram equivalents depo ited in the coulo

meter . Here we see that unde r the s e conditions s the ood 

separator experiment, a .reater amount i deposited in the ap

par tus and coulometer . These re ults indicate that ood h s 



higher plating prohibitive pr operties than perforated rubb r . 

This res i tant po er to plating of le juatifie the ide 

uea· of ood separators . 

RUBBE COMPOSITION 

In thi experiment the separator under investigation, the 

author believe, is of a rubber composition. Thi separator 

was rec ived throu h the courtesy of the Gl obe anufacturing 

Company . It has a yello ppe ranee , and as found to be 

very brittle . Thi composition a l aced bet een the tubes 

of the appar tus, nd the experi ent as continued as befor . 

After on - half hour, • 005116 gram equival nts were plated 

on th catho e of the apparatus , and . 0005726 ~ram e uiv~lents 

w re plated in the coulometer . Con i e ring resi- t nee pow r 

to p l at ing as the only criterion for judging sep ratore , this 

corr.position ould b mer ef f icient tha.n the per fo r ated rub-

b er and l ess. efficient than the cedar wood. But , w lu t re e -

ber t hat t po r to p r hibit pl ting is not th only b sis 

of judging the ef f iciency of separ a tor . 

CELLOPHANE 

Cellophane i s not u e~ s separ a tor in storage· batter-

i e e , but being a permeable ruembrane the re is , nev rthel , 

the possibility of its us e . It is a oellulo e pro uct and 

has found extensive usage a a rappin for cig rette p ck- , 

a e , etc . In thi exp ri ient a de o it of .o 048 2 in the 

apparatus ., and . 0005344 in th coulomet e r a found fter 



one-half hour . Cellophane is ttacked by d ilute sulfuric acid 

and would ther fore have a very short lif as a separator. 

TBBEA ED RUBBER SEPARATOR 

Thi separator as receive through the courte y of the 

Willard Storage Battery Company . It con iste of thin beet 

of rubb r containing several hundred thou and thread passing 

through the thin sh.et of rubber fro one aid to the other. 

Vi th these separator th anufaoturers are abl to send out 

the batterie in the so-called bone- dry condition. Th bat

teri s ar , therefore , not subj ct~to discharge and sulphation 

before bin~ put into use . The experi ent a perf r -ed un er 

si il r conditions to prev iou exper i m nt, but 1th a threa -

ed rubber epar tor in the apparatus . During the sa e l ength 

of tine it •;va~ found that . 0005 46 gram e uiv l...,nt epos ited 

in the a ... aratu and . 0061 4 ra equivalents in th coulo-

eter . A tabl of comparison of thee eaparator 

ers ill be ~found later . 

ith th oth-

!he pl ting inhibit ive po er of a o__pd eparator treated 

by the a lkaline bath ethod, ·S prev iou ly t ste . By test 

ing separat or not having thi treatment , the effect 1 y b 

en that the tr a tnent ha upon a separator . An untre ted 

ood separator of c dar as p laced in the apparatus. In or er 

to ~e t a current to pa through the 12 volt line as nece -

sary . A current of only .015 peres p saed and thi posit-

ed 000263S gr equivalent in the coulom ter . Thee results 

l. 



indicate the hi ·h resi tance of untreated ood nee sit ting 

the use of a hi her voltage . The oo u t be tre~t d to in-

crease the pore i ty , nd tor ove org nic .materi 1 

injurious to the other p rts f the b ttery . 

hioh are 

CELLULOID , LI 

Celluloi d is a. transp rent , pla stio aterial . It may 

be prepared from cellulose nitrate . Cellulo i d posse see 

good mechanical properties and can be machined or molded . 

Thi sub tance 1~ not att eked by dilute acids, and i there

fore used for storage b ttery jar . Glacial acetic acid or 

a solution of celluloid in amyl cetate is used to cement 

the seam together . It h s been used for s par tor·s , but it 

wa necessary to have a eris of V- hp d pas sa e . in the 

celluloid sheets t o allow th p sage f the ele trolyt • 

This V- h ped typ e. f eep rator w~s patented by Luthy20 . The 

author found, hen ubj oting celluloid, linoleum, and leather 

ithout p rfor tion to the metho ~ of exp ri entati n, th t the 

plating in all cas e ' an gligible in tha t the hi gh r istance 

did not llo the pa sa e of an ppreoi le amount of ourrent . 

This true even in th ca.s here 12 volts re ·us d 

across the apparatu . 

ITHOUT SEPARATOR 

As a blank experi· 1 nt prior to the study of the separa

tors as a prev.entive eans to platino-, an experi ent as run 
--without a separator •. 0006216 gr~ equival nts plated in the 

apparatus and . 0006544 ram e uiv lent 

meter . It will be noted that there i 

plated in the ooulo- · 

ore plating in the 

221.. . 



c~ulo eter than in the apparatu even ithout a eepar tor being 

present . 

All exper i nts ere repe t dun er the same conditions, 

but u ing both lad electrodes inst d of one copp rand the 

other lead . The r sult ' ere very closely relat~d to the r -

sults obtained with the copper cathode . A comparison of re 

sults ill be found in the table follo ing. 



WI H COPPER CATHODE 

L. AD IN GRAM EQUI - co_p R GRAM RATIO 
SEPARATOR APP A.RATUS VALENT IN CODLO - EQUIV A- cu . in cou-

] TER LEN lometer 
Po . ln appara~us 

Without 
Separator . 0644 . 0006216 . 0104 . 0006544 1 . 029 

Threaded 
ubber . 0616 . 0005946 . 0195 . 0006104 1 .• 000 

~ ooa Sep-
Not T eat -
ed . 0288 . 0002638 . 0084 . 000268 2 1 .042 

Perforated 
Rubber . 0568 . 0005482 . 0184 . 0005990 1 . 0926 

Ce1loph-
ane .0496 . 0004802 .0168 . 0005344 1.113 

ubber Com-
pos:t·on .0 530 . 000 5 116 . 0 18 2 . 0005726 1 . 1194 

Wood 
1T1reated . 0458 . 0004438 . 0162 . 000 50 8 2 1 . 145 

Celluloid 
Linoleum Resistance does not allow pas sage of 
Leat her Current 

WITH LEAD CArr,HODE 

Without 
Separator . 0612 . 000 5f108 . 0208 . 00065 42 1 . 1075 
breaded 

Rubber . 0564 . 0005440 . 0192 .0006042 1 . 1106 
-

Perfo ated 
Rubber . 0528 . 000509 6 .01°2 . 0006042 1 . 186 
Ce11oph-
ane . 0484 ~0004674 . 0183 . 0005746 1. 230 ' 
Rubber Com-
pos "tion . 0496 . 0004788 . 0190 . 0005985 1 . 250 
Wood Treat -
e (dried) . 0300 . 0002896 . 0124 . 0003902 1 . 347 

r wn Com-
po si t _· on . 0596 . 0005754 . 0207 . 0006501 1 . 130 



1 . A comparison of the efficiency of ep raters as obtain

ed by co paring the amount of epo it in the a~iaratus 

with the depo it in the coulo eter . This dat as then com-

pared with that of the next separator. A good separator 

fro the standpoint of prevent ing plating as one hioh had 

a high ratio of 

copper equivalent in coulometer 
lead equivalent in apparatus 

2 . The apparatus used for obtaining these r esults consisted 

of a U tube between the halv s of ~hich a separator could be 

inserted . A lead ano e and ~op~er or lead cathode was used . 

The rest cf the apparatus consisted of a copper coulometer, 

an ammet r, or volt met er , and a rheost a t . 

3 . A l e d solution conta.inin · 85 grams of lead aoet te, 

~2½ rams of xerohloric acid (60%), 1703 co . of ater , and 

6 r a is of peptone wa foun most favorable . A copper ul

fate solution containing 1000 ra .e of ater , 150 grams of 

cry t alliz~d co_p r ulfate , 50 gra .s of concentrated ul~ 

furic acid, and 50 gr a s of alcohol , w a used in the ooulo

me ter . 

4. From the experi ent al results the trea ted wood separa

tor should be noted, for it has the highest ratio . Its 

ratio as 1 .145 , show in · t ha t ood prevented plating more than 

did the other se aratore . 

f 



,I . 

From the s t andpo int of p l ~t ing inhibitive properties, the 
~ 

rubber composition i n xt in order ith a ratio of 1 . 1194 . 

Even though this ratio is fair, the composition is· very brit

tle and therefore it would not be as sati factory ae ood as 

a s 0 parating material . 

6. C llophane has a ratio of 1 .113 hich does not differ 

far from that of the rubber composition . How ver, celophane 

has other disadvanta es as sep rator . It is e troy din 

a short time by dilut e sulfuric acid , and therefore its life 

is short . 

7. Perforated rubber has not a hi gh a ratio as ood , rubber 

composition, and cellophane , but it s life is longer . The 

rub~ r has a gre ter resisting power to dilute ulfuric acid 

and mechanic 1 strain . The ratio for perf rated rubber is 

8 . The ood se arator tha t wa.s not treated gave a r tio of 

1 . 042 . This separator can not b conpared with the others 

very favorably du to the n ces s i ty of using a 1 0 volt lin . 

The standard current of . 03 a peres could not be obtained . 

9. The threaded rubber separator .follows the p rf rated 

rubber in effectivene to prev~nt platin . It has a ratio 

of 1 . 0265 . The thr a ed rubber i ~ade fro thin heeta of 

rubb r containin thou an s of thre s hich makes it n·ore ·ur

able than so~e of the pr~vious epar tor • 

10 . While orkin with both lead electrodes another co pos i-



tfon was experimented with . The ratio obtained ~as 1 . 0$25 . 

This separator is very porous and brittle . 

11 . Celluloid, linoleum, and felt would be very good separa

tors if the platir rohibitive propert i es ere the only basis 

of judg~ent; but, porosity i s also an impo r tant quantity wh ich 

they l ack . The r es i stance of t hese separators did not allow 

the passage of the current . 

12 . Similar results ere obta ine when two lead lectrodes 

were used in t he lead solution . 
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