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Part I
$ee*uiõn 1.

IIistorical.

fntro(1u-c"ui Õvt"
a : : :..

An alternating eu.rrent when passed- th-rough an

eleetrolyte by means of elecrrodes wi11, r:¡d-er certain

condi'cions, proûuce no r¡isible d-econposil,ion of tl:e

elec1;roiyte on tirese eleci;rodes, while u:id-er c1,her eon-

d-itions, -f,apid- decomposiiion i;akes plaee' The gases

produ-ced^ are fou¡d io be violentfy explosiye, so mu-c31

so 1,hat, the d.angerS of experimentatioll ryere cOnpl-ained'

early as 183'l; at v¡hich tirne some v,rork was d"one

la Rive"

a€

by

as

Tìê

The first r',rork of importa-nce on the subject

of alternating clrrrent electlolysis Yras -i:er1lormeå by

T,,,{aireu-rrrier and. Chappirr-s (1) in 1888, The foiloviing

extract is ta,lcer: frorn their urork, ¡,vhich v¡as chiefly of

a qualita,tiye natuge,tt,o, fcr every platinum eleetrocle

of a eertaÌn size there is a cll-Trent belou¡ ufhich 1,here

is no evolul,ion of gas, Û¡] the other hand. more and-

mcïe gas is er¡olved- as the eu-rrent strength is iriereaseå'

In every case ch.enical analysis has Shornrn 1'hat the gases

at either el-eetroåe have ihe same ccnlposition" They are

in faet the gases of water, forming 3"n explosive mixture

þut in tuhich o}[ygen forms less than a third- of iho total

volume, ivloreoveï, the yolurjre of gas liberateÔ per am-

pere minute is alv,rays more or less uJld-er the theoÏetical

quantil,y of 104 ees,,f which $/ould. un'Ô-er similar conåitiens

$aBpa,rently misprinted. for 10"4 cGS".
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be evolved, by a contj-niror:.s cu-lrent.tt They sii.gg:est that

the diffeïeïlce is d-ue to seccnd.ar¡r reactions, anô notê

the presenee of ozone in t?re libereted- gases.

Oert¿iin rr¡ork on i;his srrbjeet r'¡as also per-

formed- by ,4.yrton ar:d. Perry {2) and' by lennelly (1)

but th-eir resul-bs r¡rere u-ninterpre.ted. anÕ are of lit.ule

vålue,

The first theoretical d-iscussicn of impor-

tanee was mad.e by l,;iengarini (4) in 1891 r¡¡ho u,/es 't,l:e

first io buj,lc- up the la.tvs of lr,laneu-vrier and" chappuis

frnm the consid.eratiort of the elemen-lal waves of an

a1.1:ernal;ing cu-rrent, It iS unfOrtu.na'ce iþat his lvorlc

con-uains seyeral api:arerrt. inaccuracies r:hich affect

the veþ;_e of his results* He d.eri'yes €ì,n exlressiçn

for tb,e eleei;ronot,i¡i"e foroe of polarLza'"ion shich

giveg a sine v,Jal¡e in aävance Of itre current v¡ave but

gilres it i;ro¡iee the period. of i;he current ulaveÇ

Tlopkinson, irfilson and- Iydal1, (5) tvro yea-rs

iatey give their experlmental d-eterminations of the

yeIa.'uiOn o-i the potential d-ifferenee viaYe to the cr:-3^:¡-

ent rcave, All their cllrves sh.ow 1,nat t,h-e current

leads the voltage b¡r a large phase C"ifference, r¡¡hiclr

fact d"oes not a,gree with the treatment of ]'iengarini"

In 'the same year (:-8gl) i;a1ago1i {6) nad-e

a contribution 'bo the theory o¡ ¿f'{;ernatirig currenl



1I"

electrcl-ysis iri which he úevelops a formrr-lae fran urhich.

can be evoived- al-]. th.e laws Siven by I','Iengarini" Fu-rther

refeïene e v./i11 be rnade to this paper in the theoretieal

d-iscussion irl this thesis.

Of nore reeent orig:in we har¡e +"he work of

liÍarsh (1) in I)20. This r¡iork is not of imporiance to

the research of this thesis, being concerned. chiefly

with the lengih, of time, und-er varying cond-i1,ions,

reqnired, for plati¡ru¡r to þ-,eccrne suffiaien'c]y coated.

with platinum blacic to prevent th.e evolution of gas"

I{is resulis aþpeav -t,o be poorly int'erpreted-'

Referenee is also inad-e to the work with lead"

elecirod.es by $heldcn and- l"fa-[erman (8) and 1'o the

v,¡o3k of Cooper (9) in vrhich he shoY'rs 'r,he simila-rity

of the phase d_ifference between the voltage and- the

current 1,o a capacil,y effect such as in cond-enserÊ'

In a cond.enser circuit 1,he current Leads the voltage

r,lþieh is as found. by T{opkin5on, !{ilson and" T,yåa]l-"

r.¡,iorkêTs

t'he vrork

2.

T]:e

problems has

tirig current

Tt is a noteworth¡r' fact j'hat the early

on ttris sub,ìeet take little cognizance of

do-ne by theiv co-I¡u'orkers on this subjegt'.

The Clri ei n of 1,he Investigei ion.
¿ rre

application of electricity to heating

ag'airi hrought up the subject of alterna-

electrolysis. In the water-resistar type
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of electric boiler, whieh tyçeriiind-ing v'ride application

beca4se of i1,s siøplicity and- eeonoilur of d.esien, heat

is geilera1,eû by passing r,he elecirj-c current by means

of iron el-ectrod.es 5¡1çrr-gTr resista.nl, v'¡ater' Secomposi'uiion

of the r¡'¡atey means loss of energy, but, that ¡,vhich is

of greal,er importance, iÍ:.e pre$enc€ of l,he prad11ct's of

the eleci;roly1:ic d-econposition preserit an' explosion

haàaxð- tirhich has exhibit,ed itself oï1 several oGaasiOnsc

The existenee Of srtch a danser T¡as â'u r-irst dei'ried" but

the iruork b:¡ SÏripley and- Blaelcie {10) sâve conclusive

evidence 'co shor¡¡ ihat hyd-rogen and- oxygen are produced"

in the t,yçes of boiler used commercially. Electrolytic

qases were found- by them tc be proåuced, r¡¡ith. a large

nutrber of ty'r;es of electrod-es and- the ra1'e 
"'¡as 

found- to

lncrease near 'ohe -coiling -point.

The present research vias commenced- 'r*ith the

object o'i d-iscoverì-ng 1,he faetors v¡hioh affect the rate

of ali;ernaring eurrerit electrolysis, whereby 1;hese

factors could- 'be so controlled- as to ûiminish or to

entirely eliminal,e i;he d.ecomposition of the electrolyte".
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Part II" ?reliminary ftrperir¡entso

1" Experilierits n¡j-i'n Plaiinu¡tn

To arrivo at ihe fund-amental reasiions of

alternatirig crr-rrent eleetrolysis iire investigatiOn was

corffneïtceû v¡iïir pJ-al,ì-num eJecl,rod.eS" TWo pleees Of plat'

inu¡n foil of dirnensions, l by 2.5 hy ,0067 c'filg¡ rilere

sealeð by means of plal,inurn leaùs, irtsitle a glass tu-be'

å.n air-cooling .iacke1,, a ïeservoir an& a tube for eolleeting

gases üere conneeted, to the elec-t,rode tu-be at the ends;

the whole reserilbling a miniatu-re h-O1,-10¡ater heatir:g sVstem"

lhe eleetrolyte was natu-ral water.

Thiriy-f ive experiments were carrie d or].t with

'bhis apFarâru-s of apparent cu-rrent d-ensity var¡ring frori

Q,A3 Ânps. per' sg. Glfìn to 0'1 Ámps', and a1' d-ifferent

tenrperatures, Hyd"rogen Ïvas fouircl in 4,11 1,1:e gases ïhat'

collecteil. At low current 'densities no ges col]ected''

Gas v¿as firsl, prod-uced- on the sharp corrlers of l'he elec-

trodes arid. e't, higher current d-ensities on the ed-ges. Ïn

no experiment of -r,his series v"¡as gas proùuoed- on ihe sides"

*.second.seriesoftenexperiutenl;SWereca'TT-

ied. ou¡ with d.ilutdsu-lphurie aeid- as 1,he eleotrolyl'e'

The a,pparer.rt currenl d.ensity .f,rras successirrely inereased'

fron 0.1 .åmps. t0 Q,1t Amps, In no câSe v/AS gAS prOd-uced-. "

Trhe nta.tinum became coated- rryith. platinum black.
f ¡iv P*w v

2. kPeriments t¡rith Carbon'

rå. sirnilal aq'eara,tu's v;a's set up tr-sing fl-a't carbon
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electrodes" Twe::ity experíments were eaxvied. out alb

î¡ar-yri¡E currents and. îen¡rerei'Jreg" AS in Ïhe SerieS

rri-th Fletinurn gas ï\¡aS first evolYed- fronr 1,he corners'

Jit high.er ctr-rrents ii l'ias evolved from the edges and' at

stilr hig:her cllrïen1,s i1, was evolved. frcn 1,he sidos"

the Easog on analysis showed- th.e p1'esense of þd-rogen'

oxygerl and carbon d,ioxid-e"

*.napparatusivasd.esignedinv¡hichtencarbon
rods projected- throrLgh a rubþer stopper into a spherical

glass jar. The usual type of cCIoling syl'tem r"as install od.

but on a larger Scale than the above. ilhen ihe current

v¡as pagsed 'ihrou-gh the cafbOns vr¡hich. rqere cOnnected.

a1-[erna1,e1y in para]-l-e1 and- th"e electrolyÍë, e copi'olls

evolution of gas tooh place froi:l the proiecfing end-s"

1" Importance of Currertt Density'

The e.bo]re experimenl,s indieate tln+t' elestrolyf ic

gases are first prod-uced on proieci;ing pÔÍnts and. edges

of elecirod.es, and. irt larger quantities than on 1,he sides.

The natu-ral- conelusion r,o be dravrrn frorn these observations

is that the curren'', d.ensity, giyen in amperes per squaTe

eent|rneter, is grea'ber on these proiecting poini;s and-

ed.ges than on the sid-es" This is ìrorn out by the fect

that alib.oush the païh. of -[h.e curreil1, be-trn"'een tr-;o poinl,s

on oppçsite elecf1oûes ¡llay in Solle cases be longer than

be-i,ween 'bvso siûego the vol-urne of ihe electroJ-yte tnrough

i,¡¡hich 'i,he current may pass is much greeïer and- 'bhe resis-

ta.nce al-cng th.is pa1,h v';i11 be less Ln*n along a Pt-Ih'
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between ih.e siües. The Targer part cf the clr-Trent will

take the former path wh.ich means â grcå.ter cu.rrent density

0n the points P-nd- ed-ges"

These experiments hal¡e ind-ieated- that 'bhe PYi-'

ma-l'y facr,or in 1,]re prod.uction of gas by alterrlating

curïent el ecirol¡rsis is current' d-ensity.
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?art IrI" Uniform 0urrent Density"

1" fntroducfory.

The variation of cu-rre¡rt densi1,y over i;he

s',rrface oï t,he elec'0rod-es has been totall¡r negl eg¡*¿

by eirrly experimenters, Yalues given b¡' sone ¿Lre of

little usê, .ot,hers give no vaf,-1les. Marsh (1oa cit)

llriefly mentions a variation of current densii;y to

explain an anomaly in his resuit" The prelintinary

experimerrts of this resea.rch, having shovln i,hat gas

is first prod-ueed. at the plaees of hi.sh current den-

sity, sh.or,,¡ed alsr-r that no proAress coul-d be made r¡¡ith-

ont a clesign of eleet,rode r:n 'r,vhich the ct¿rrevtt density

is as nearly es possible wriform over tire surfaee.

2" Equipotential su-rfaees arid- Current Density'

Iäragine two id-eniical spherical eleetrod-es

in a uniforml.y eonclu-etirig eleetrol.ï'úe, ar.' a iìistance

apart great as compared- with their d-iameter and- with

a differenoe of potential ber,lveen ihem' This differelee

of potential ma}' be cont,inuous or alt,etnat'iL::g wiïhout

ir:fluencing ihe reå.soiringu The bound-eries of the elect,ro-

ly1,e are a'b a grear, distance fron tbe electrodes as com-

pared. vuith their d-iame¡er. Å11 points on 1,he plane per-

pend-icu-la:r -uo the J-ine joining lhe cent,ers of the elecfrodes

a:nd- at ihe point of bisec¡ion of ihis I ine vr¡i1] be at fhe

sene pOtential. No worlc uill- l¡e d-or:e in moving a body

from one point to another, and- if an-"y''t$io poirits are

ccnnected. r¡¡ith a cond-uctor no current '.'¡il-l flow.
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This p-tane is an equipoien-bial surfaceo All or'her equ'i-

potential surfaces i"¿i11. be iri 1,1:e shape of spheres

approximately coneentric 1;o the elec¡rod.es" ;ån analogy

is seen in tire ord.inary iext-book example of equi-

potential surfaceç a1;ori-¡ a si1gle, cþarged., soherical

cond-uctor in a rtorr, cond-rlcting med-irrm. ?he proxigity

of the second- eleclrode eauses a distortíon of the

coneentrio Spheres uh"ich rj-istortion iylcreases aS the

rlistance bett¡,reen the electrod.es decreases. The central

plane is essential-ly a sphe::e oÍ- infillj-te radius'

The currerit densii:z ai a]lI¡ point .¡aries inversely

as the o,istance to the nearest eQi-lipotential su-rfaee' Tf

the resistar.lce of th.e r:lectrod.es is neelieible thej-r s1lr-

fa.ces will be eo-u-ipotenl,ial suîfa.ces. Froln r,he al:'ove

rea,soning it is seer] .i;hat the current d-ensit';7 on l'h'e

surface'of the slphere t;iJl be unircrrn ii: t,he nearest equi-

pote¡tial surfaee is coilcenl,ric tc the sphere, and- tho

u-niforrni1;y d-epend.s on't,l:e coileenr,ricify"

The above cond'i1,ions are id"eal, ald cailnot be

obtained. experinenta.ll-y, bu-1, their. conslteration is neg-

essary in order th¿rt neeessary deviatiols from tÌlese

condiiions mey be better unilerstocrd-o

u, uniform tgrrent Density v¡ith circular Electrodes'

Imagirle tv;o circi.:-]-ar d'iscs fitted- 1;ightfy in the

end.s of a c}r]indrical Vessel with irrsu-lai;ing iua1ls il:e

Space be-[rn,een 1,he eleclrod.es being fii]-ed- with a uniformly

cond"neting elec-urb1yte" The d-iscs are ps-ral-lel anð have



a d-iffereslce of potential.

^-îã rrq:"q11al nl .e'r'rr.q p.nd 'l;hp

d"ensity are setisfied-. i.To

TelÊ"t ive di-nensi ons , as irr

Th.e equi-potential surfãßes

cond-itions for unifiovrn erlrrent
5.pdpr:lation is itecesserrr/ âs t o

t]:e cese nf 'the spheres,

-*"n apparatus r.;'.5.s constru.cted usirig 1,hrs principle

on the d.esign shown iti figure 1. ;l and" 3 are th.e tvu¡o

plai;inrrn electroðteso -r,o ¡¡'lhich conrieci;içn is rnad-e by 1,he

xnercury r-illed. ar::is. 'lthe Ees coliec-t ing trap vlith a

thermOraeteï, iS shov,rri Ab cVe the electrod-eSo Ti:e elecl,rolyte

flows throu-gh the 'i,rap i,a a ìirÊ.1,er ccol-ed. tub'e and, back ini;o

ïhe base ol' the electrcd-e chan"ner" .$.ny gases -ch.at ere çîo-

d-ueed" collec'c in 1,he tube to

The experiments perÍcrrneå t¡¡ith this apÞaratri-s

r:ill be given presently. Tl:e opposins facto::s to uniform

currenl, densii.r¡ v,re.re, th.e inlet ancl outlet, the im¡lossibili-ty

of obtaiirine perfect fitting elecl,rcrles and" the temperâti,r-re

varia.'t,ions' ?he iatter defect, r¡rhieh carr"ses a violation of

the eonC-i'i;ion given above o'f a unif orinly conch:.ei;ing electrol;rte

and, the lirnited. r&nse of iis r¡- e, cau-sed" 1,h.e even1,ual d-iseard.-

rnent of 'r,his ty:,,e of aPpâ,ratus"

4, Equi-poteni,ial lines and- Current }ensit¡r r¡¡ith. Rod Elects.odes"

Ret'r-trnir¡g to tÏ:.e experirnen'Ls given in Farl II. sect:l on

2" vrith carbon rod.s as electrod-es, i-1, 1'las found. iha-b ges eyoL-

ution took pJ-arce on Tl:e end.s Of i;h.e electr.odes, rçhere it is

aSsu:neil the current d.enSi-t y rr.laS greaief ' lhe Sirnpier ease of

tr¡¡c roå elec1,ord-es trrrojec'uing into an electrolyte throu,gh an

insulaf,ing substance, a,nrl a cros$-section of the equi-pctential

lines 1,hat l¡¡ou-ld exist r.¡ith a d-ifference cf potential acroËs
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tlre elestrodes. is sjlown in figure ?a,u Exeept for uç¡rer

hnrrr¡rl:¡rrr Ê E tire bOtr-ndS Of tl:e eleetrOly1,e afe nOt Sho-r'm,wvr.rllu-LrI,y s ut

end 'àte sOnsi d ered. to be infini-r,e" The ilodS t"Te p::xalle1

ar:d tire e1d-s of the eleetrod-es are hemispher.ical. Tiris

is similar io the olie v:1:"ich Occurs in the commercial type

of electric boil-er in ilse et the tilie of wrifing,

1ìhe resistanees from the pro"iec't,1ng' end"s t and D

of the electrod-es are less than on i,he sides, â,r.ic the

equi-poteniial lines a1e therefore much. cl-oser togeth-er

on tilese ends, Higir slr-rren! d-ensii;y i$ i,he resr:-lt"

tìhe e1¡ôl_ua'ûion of 'L;he absolu-be cu-rrent d-ensi1,y

an such a poirrt, round_ed- ior sirnpliciiy, ',ioul-d be &

diffieul_1, matter, a,nd. could o1ly be obi;aivled. by means

Of complieal,ed integrations. There is n'o dou-b1, hu-'r' 1'hat

i1, r: ¡uid. be íou:rd. 1,o be related. io the cuf vâil1rÊ' the
Ereater the crlrvatu.re the
Ëráátei the cu-rrent d.ensity, and. 'uj:e curi:ent density

worrld_ be a rninimum rn¡hen the curyature is ze(ç, i;ha.t is oil

a flai; surface. It is estimated thai; tire cu-rrent d-ensity

0ïi a slrarp poiilt mey arnolllrt to ma,ny hund-::ed ti-nes that on

th.e fleft srrrface. Ït is necessaÏy to note here th.at the

clirec1,j-on of 1,he T:oin1, mekes no d-iffereilee to the current

d_ensi,t,;¡ as the 3urren1, will tra¡¡el througÌr all possible

pati:s frorn one el-ectrode to the oi;heru

5" Sbield-eô EleC',Crod.es +,r: Obt,ain unifnrm current Ðensity"

l.rom 1,1:e âba1¡e ellperinental l¡îiork and- consid.eration

of i,he equ-i-poteyrrial liries aboui, electrod.es, the f inal
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d-esign of elec'crr'åe, t¡¿hich vras rr-sed" r¡¡i1'h modifice-tions,

througÌrou-t the remaind"ef of [hiS research, YleS developed""

,4. conbina'bicn cf 'l,h.e 1,Y/o th.eoretieal cåses girren in

sections 2 an& l of this pari uas desigried. as shov¡n in

figu-re 2 b. Tn th.is d.esign .[rro ideniical cylind xLc¿.\ rcd-

(or tube) electrodes are pïoiected- from one flat insulator

r.n srnl,lrov et Ð. disl,ance apart great as cornpared- v¡ith
u.IlL v¡¡v¿ |

their cli¡.meter, The cylinders nay be of any ccnverlient

åianeter a.ni[ at:e paral1el to ol]e Ano'cher' The insul::t illg

plates are also pareLl]el and, 1,heir bound.aries eïe al a

gïeet disl,anee âs ccmpared y¡ith 1,he rJiame-i;er o:i the elestrod-es'

llo part of i;he el-ectrod.es exceït tina.t between 'bi:e plates is in

contact ni-uh l;he eleclrolly'1,e.

.Ihe equ-i-g¡oter:tial surfaces i,'¡il-l- be approximately

cOncerii;ric cylind-ers ¿i.S shr:r¡¡n in -i;he figr'r-re, 'Ihege S11r-

f¿.ceç âre shov,;n a"gain ir: cross-seelion in figu-re 2c. Th.is

cross-Secïional- vier¡¡ is identical t,o a cross-section of
the ease of ihe sphericâl eleciroôes of
secl,ion 2 of r,his part .

ccnfirrne,tion of 1,he prod"uetion of uniform current

d.e¡.sii¡¡ by this -method- vra.s no'b foxLbconing u-n'cil a later

date- bui rvili be inel11d.eå Jrere to cornplete this part"
t ""-

usi¡lg e type of appara-l:gs 6f i,he above ôesign of e].çctrod:es

it ro¡as foiiird- *uh.at on increa,sing the cuvrent d-ensiiy from
,,

zeTa, gas r.,ïas (generelly) firsl, evolved froli certain POints"

These points Were no1, pariicr-r-larily located ]:r:-t seerned 1'o

be d.r:-e to l-oca1 metallic differences oÏl i;he surfacen In all
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ceses,úheÊe íraces of ges Tieïe follofJed" -on a slight increase'

of cu-rre¡rt by e generäl evolï-uion ove]' The s11rface"

,q. quantiilaliilne proof of ihe uniforrnitl¡ of eurrevrt

d-ensity lay in tl:e eorrosion of ¡he eJectrod"eg. Th.e Ta-ve

Of cOrrosion vdas found. iO ir:erease wi'uh an incr.eas€ Of

cr-r-rrent d-ensiiy and. 1,o be rougÏ:l]r prorÐortional io it' l"Then

One part Of the 1. Ocl electroúeS f or 
'q 

ome reason aOrr¡d-ed-

al¡Jaj¡ tnore than oil:er partsn the cllïrêr;t d.ensity Y,las increased

on this neurolrer part, caii-Sinf greatert eOrrosi'An and" eventu-

ally cuitì-ng it in 1,uro. In the experiltents vith âpparåtus

USir;g [he Ð.¡:AVe desi-gn, the COrrosiOn t¡,¡as f ou::rd 1,O be very

pniform, and in one eese ihe e-lectrcd-e, alth.ough 86 .iler

eent corrod-ed- away, d.id. lot vì"¡y in diameter more f}"an

tv,¡O-ihousand-lb.s of a eentimetre or¡er its entlre Su-rfece.



Farf f"f, Experiments el trovr 0irrrerit Sensityo

J, Platinum eleclrodes,

Using nal,ural water in ti:e apuara'i,us as

d"escribed. in Part Ïff . secl,ian 1, and. shov;n in figure 1,,

firie experiments wÈre performecl ¿;t the boiling point and"

at cu-rreni d-ensi'r,ies from 0,05 to 0.It amps. pêr so.cmo

lhe C.urati on of each experiment varied., the eggrege.te of

1,hefivebeirrg1BJhours.Theresidira1gaseS1Ifereana1yzed.

h:y an appatavas consisl,ing of a eud"iometer, a Hempel.tg

pipette t¡litir sod-irr¡r pyrogall-ate to removç 'r,he oxJrgen, a,nð,

a palLa,d.iu¡r tube -[o rerßove the hyd,rcgeni

In all of these experimenis th.e anal-yses

ind-ica'¿edL the preseilee of ïTaces of htrlrdro€ten. The oxygen

content r¡'¡as lol.

"'trith an e1eetrol-y1,e of approximatel ¡r 0.400, I'T,

talcium sulphate a series of 'r,wel-ve e:cperinients àt gre,d-ualty

d.ecreasing Gurrent d.ensity of from 0.1 to 0.016 ampsq ?€î

s0. cûrr Tn all ceses evid-ence of the produetion of hyd-rogen

v/as obr,ained-, ali,honeh in the lower current d-ensities -che

ra1,e rie-s yerJ¡ 1o!l" îhe final experinent operated. at a

cnrrent d-ensi1,y of 0.016 for 1r0 hours and. prod.ueed t,'l cos

of hyd.rogen as found- bi¡ analJrsis,

[he production of h¡rd-rogen ori platinu]n a,1, such

loi¡r current d.ensities yúas fcuri[i io be 1n äistinct d.isagree-

nent ry:i-th. subseouent results r'vith plai;intr¡n in t¡rhicb. it



wa$ f oü-Trd. that a current density çf 0,'15 amps T)er

se" ourr Eras neeessary 1,o prod,uce any d.econposition"

Laek of 'r:-niform cu-rrent d.ensity in the above Ð,tt!:â-râ.tus

r:rigì:t partly accr:unt for 1,he d.ifferetree, but the dis-

agreerirent is ion great. The more probable error lics

ir ïh.e gas analysis"

2, Ivon Elecl,rodes - APParetus'

The above appÐ.re1,us had a' \rery limifed. Tange

and- i1,s experimental psefulnêss lÃrã.s 1imited,. "{n

ag:paratus on a rnueh larger scä1e tn:as eventually åev-

elopeü, af,'l,er consiùerabl-e experi-rnenial ùifficulfies

ha.d. been overéome " The final àT,PB'TB'-;'ï-s is shotrun in

31ate I" (see froniispiece). Uniform cuîz'ei¡t d-ensity

rra$ ol".teined" using b.!re principle ou-i,Iined. in Part fJT.

section 4r. The el-ec1,rod.e chambe:r was e glass bu-lb

and. contai¡¿ed. six electrod-es of míl-d steel ( earbon

content A.yl4l.)" Each eleetrod,e $ras ex-poseiL io the

elecirolyr,e f-or e d-istance of 19 cl'ns, a.nd. their dia-

aeter r':ras 0.68 cr¡rs. The electrod-es vJere plaeed. in a

sircle and. th.e end.s of eaeh ""üere protectedt by.a large

rubber stopper at 1,ite top and bottom. trarge bore

o,onnections iothe eieotrode charnber f or 1,1:e flcv¡ of '

thc el entroìrr'1,e pJere proViûed". Each electvode v¡asv¿ !'¿-r vv .r¡ v-Ér.ì

connecied- to a sv¡i1,ch on the Ais'uribu-r,ing board, lly

rvhich an-\¡ ccrrbinalion of elec"broôes cculd- be connected





ilr -beiirg op'erated. unaitencled. 14. certain e'rernent of
cian'qer existed in th.e possibLrily of expl0sive gases

collect,ing in -che elec'l,rod.e cha¡:lber e.nd_ causing an

explosion. 4. rnore in:irred-iaue danger 1ay in oyer-heaiing,

Á.n oyer-niEht increase in úhe line voltage, a ch.arrge

in -r,h.e rrìoin l,emperature, oT, aS }:ap1;ened. Se,¿era,l tirnes

a sloy/ leaic in the rubber connections r.,vhich y,ioulû louer
the eJeeiroJ-yte i,o such a.:o exi;ent as to prevent its
't'1ovl, 

"'ou.l-d. un'balanee i;he cond-itions r:hich gave s'teacìy

boilir:g, and cau.se a violent and. aangerous boilingi
rvhich rryorl d- d-arriage the âr-\ oarat-'ts ô

These difficr¡_1'1,i_es were eventually overcome

by a El-ass floa*u in i;he reservoiT, bI¡ r¡,,¡hich an]¡

ufuo*r,uo or d,epression of -¡Tte 1evel cans;ed the per-

manent cu-t'bilg orf r¡f the current. A d_angerorr_s aoll-
eciion of qas wr,,,.;llo raise tne l_eve1 and diseonnect the

pou/er. Al1,holr-gh lesse:rrir:g the d.anger ihis aut,omaiie

control was inconvenient as on innumerable oecasior:s

experimenf s rr./ere inocrnpleted- owing -co the action of
1,i:e cul,- off .

The gases v,rere anaiyzed. by a Burrell Precision

Gas *{na}¡¡sis "4.ppara'ùu.ð" The o4ygen v/aÊ absorbed by

potassiu.m pyrogallate until a constant volu-:le rras

ob'r,¡;ined- in ih.e ßompensa'i;ed burette. Hyd.rogen rras

rei:roved- by passiilg 1,hû gr.s over cop.,61' oxiC.e at 280oC.,

until no further d"ecrease in vol-r:'ne was observed.,
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The above apT-'ara't',ìs r,la.s filled with 0"001 .N'

sod.ium h¡¡droxid-e, a,nd. eleetrcd-es !e3, a'r:d J were c cnnected-

asainsl, 2,4 and- 6 e--Lectrodes, l;he eleetrod.es beirtg rÌur1-

hered- arOund- the appara'úï¡-S" The restltant geseS, aft'er-

operatirrg at the boiling poir,t , â,t a crr.rrecl, d-errsity

of 0,Qï''l aïnps" per sqr êffi' fov 54 hours, eontained Jess

then two ccs. of h¡rd-rogen. Sh"e elec't'rr,'Cres at the ste t

i:ad- a rnetallic 1u-sïer hu-'b ñoon becarne da::k t¡¡it'h coarosicn.

Ðespiie rlu,Irlerous acoid-enl,s, fifteen complete

exr:erii.¡ents r¡¡ere cAïried. out at c!,rren1, d-ensiïieS S-1;art-

ing fror:r 0"025 and. increasillg SLlccessively al irrtervals

of 0.01 up'!o 0'2 anperes per scJ. cllo 'Íh.e srtrength of

'r,l:,e e1c1,ro1¡z-i;e vlas increased- to 0.005 Ïf in the lattor

parl of the series. The number of eleetrod.es used ryas

decreased. SteaC."¡ ì:oilirrg rnas mainiained- throughou-t¡

f,n experirnent and- the duraticn of eech e:<periment aver-

aeeCr. abcut tnrenty hou-rs" The âases ':']naL coJlee?ced. v¡ere

resiðrr-es froi:: the sl,eam and- in nc) case v¡as h:¡drogen

d.el,ecl,ed-. th.e analyses a-¡erai¿-'ed" abcr:-t j0!. ni.ttogen and'

l 0''. oxygìen. this is evide:r]'Iy due io air l:aving brought

ir:to 1,he s-rrsteil and" part of the o:rygen having been

c ornb ined- wi th th.e iron n

These experirnelts ind-ica,ted. í"rwt e1eetroly1,e

d-eeomi:osi1,ion by alternating crirrents, d'oes nct talce .çr1ace

al a current derrsitv of 0"2 â1111:;€Tês I-e r squere centimeter

a.nd. b el-ovrt "
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Part Y* 3x¡;eriraents s"1, l{ig}} Current }ensit'ies"

1, ,4.PParatls.

Tl:eapparetu-sd-escribedinl'helastch¿tp1'er

waÊ very efficient in the colleetion of gases" The

chance for escape of 8asçs prod-ueed. in 1,he sl/stem IiJå's

sma1l and- 1,ne only air r¡¡h.ieh enl,ered Ï/as iha1, i"¡hie h

d,iffused- througb- the pilre to 1'he reservoir' Cn the

other hand- th.e ranEe of current, d-ensities at whicÏr it

cori-Ld- l¡e opere'Ì,ed- ïJas limiled-, and 1,he ternl¡eratllre " &fl

i]ïrportarit factoî in th.e ,procr-lction of gas,rJas ùiffieult

to ctntrnl" These led- eventuall.Y '"o its aband-onment"

An apparatr-rs was d-eveloped-, af1'er repeated-

trials " h:,.t i¡rhich the tempere.trr.re eo"L:.id- be accu-ra"ì;e1y

cc¡itroll.ed_, and- which r¡¡as capaÌ:le r,f being ad,a,pted' '0o

an elmost u.nlimiteÕ range of cilr.rrent d-ensities" Th'e

apîiars,ïus in iis fi.vlal form an1¡¡, v'rill be described''

ThiS is Shcrrrt, €Xce¡rt f ov a fev; minor alterar'iOns in

Flate IT ' (see froni,isPiece)

The sa:iLe method. of obtaining uriifarm ct:-l:rent

d-ensity vias used- in;ii;h 1'he exception 1'i:at' ihe elecl'rc$ eg

rlrere oïr separate pairs of insulators and- situa'bed' some

d_istance apart, 0bservaticns were mad-e on each separ-

aiely" å fou-r li1,re 93rrex beaker acted' as tl:e el'ec1'r-

od.e cnarhev, and t'he geses , YJiten produ-ceÔ' fiIere
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eal-iected- by a pair of cones and- a bu1b, and weae

d,rat¡ri off ínlo a eudior:Ê1,er tuhe, si-t llated- et some

d-isr,ance frclrr the heater to kee¡-' it a1, room i,emper-

atrrre. The v,rl:nl-e gas colIecting ap'r;aratus t¡as filled-

with the eleetrolyte' The r¡ohme of Ea's l"rroduced ryas

measrued. in the eu-ùiomet,er" These Pert-q of the epp-

aratt.s aro ,Sh.ol'i'tt iri f i*t:-re 1"

lhe heat genera1,ed. in the elect'rolyte was

renoved. by ¡¡a'ûer cirauJal,irrg in a colrîrer coclir:g

coiJ- (rrlcu-nd- at an angle tc sal'e space). ån elabor-

ate set up 1,ias requirecl 1;o ¡ûâini,ain the tenle râ'-t'u-te

consta'n1, or to ra1:;id-l..,¡ che-n€îe it' i" merctr-ry fi1led'

l,hermostat con1,ral of tlre usr¿al design, oas br:-il-t

xo sive e ïange of frcrn Oot i:o 100ot bu-t to stilL

have a hi.8:h d.egree of accuracy. This control operated-

a reyeïSing relay, of a sl:ecial d.esign io Overconre the

effectS of arcing. The teley controll-ed- the cu-rrent

i;o a soúenoid- v;l:ich in 'i;ulri ccrntrol1ed the v,¡aier

supply fron the consl:arit pÏessllre reservoir to the

cooling coi1, except for â tl:umb-screw controll-ed-
r1-by-pass. The tli:cle temi:era1,Lr-re controlling system

\lrras easilv ad.justedL ¡o meet tire eond-iirions in the

eleeiri,de charnber" T?re Fyrex-beaker rested oIl erl

air-bla,st 8es iu-ïnaee, by rhich the temperal'u-re

could be rapid-ly raisedt or ihe furnace eoulå aci;
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as an ãuxillzxy hea1,e:: to mairrir'in hig'b. rei;lpêTâ1u1llêse

.4.n auxiliary elec'i;ric heaier oi conmercial use was

irnmersed" in the elec'Lrolyte" ThermOmebers 1,Yere inserted-

aL several points, îhe el-ectrol.lrbe was maini;air:ed. at

a uniform -l,ernperature by a motor stirrer. Some diff-

ieulty r,'las experienced in conl,rol-1ing the speed. of

t'fre stirrer, owlng to the u¡d"er-load" on 1,1:.e notor.

Unifcrm speed ï.'as irery essen-r,iaI, This d-ifficu-Ity

was eventnall-;r overcome by-che use of an ad"justable

brake-band" l-oad. and- e governor of -'he centrifugal

braking' l:/pe. The resi;.Jtant heating of the motor

necessital,ecl cooLing by, an air blast.

One of the d.istlnct features of 1,he apparal,us

ifrras the ease r¡lith which i;he elect'rodes coulô be re-

moved., crespite their crov¿d-ed. o.uar't,ers, for exarnination

and- measuremel'l,. Tþe entire temperature con'cro1ling

arid. heating sysl,eill connected- v¡ith the el-ectrod-e

chamber, lryeïe clamped togeth.er in sr.:-eh a l?å.I¡ th-at

they cor;-id. be removed- cleer of 1;he ap.r;aratus and"

r-an]¡noâl in e-.-qn1-.ir¡ tire siìme nnsi ti nrr in One niOtiOn.l. çiJ¿GUçU !J.r v-r@V UIJ u¡¡v Ðsrirv ëv'v!

trleetrical eonneci;io11 wes mad-e 'uo tle

electrcd.es bl¡ copper r¡;ires thror:.gh class tubes and-

solûered_ to the el_eeTrod-es inside the insr:-laitii:Lg

rubber enûs. l[ìo avoid d-ifferences in current, d.en-

sity d-ue tc th,e resistançe of the elect?odes,



conneeïion wä.s mad.e to orì9 eleatrcde a1, both ends*

Tesi;s shov¡ed. Lhal th.e eïror introd-uced- i';i'chout

this d-orrbl-e connecr,ioti l-,ias inappreeiabfe' These

connec*r,ions cai-: be seen in figure 1 c

The wiring: diagrern of the ap-paratus is

shown in figure 4 . The elecïrod.es were connected-

to sïvitches .on the d.istributing board- the power

on ,,¡lhieh uras controlled- by a timing si¡¡itch. The

poyler could be controlled b..¡ hand, or bv eleci;rie

rela,y, e,nd its duration was tined b]' a stop-v,:â'och

to an Ð.cciJ-Tecyn in exlìerimellts cf short d.ural,ion,

of one-tenth seccnd'

Th,ree aruneters of rs,nges A.2 to 1'0, 1"0

to J,O, anõ- J,0 to 15.0 amperes were conneeted- Ln

series, rvith shorting switches across the lovser

ïaïrg:e aclrneters. This g'ave ace:rrràïe read-ings over

a v¡id.e rerrge of current" The strength of the

current 'Rtas coni,rolled þy a series of three ïar-

iable rheosl,ats or- maxirnum resistances 4.5, 60n

, end. 600 ohms" respeci,ively- These vJere conn-

ected. 1,o an arrangelrìent of stn¡itches v'¡h'ereby all

possible e cnbirrar,ions of the resistances couid.

be c crrinected- in'E o t}:e eircrr-it. The resistance

of tire tctal bank could be varied from t"07 ohms"

tcì 66+,5 ohms" rapid.ly o¡ in rery sma1l steps
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es desi.red.. L vcltmeter was ccrnected- to the

electrode lead.s t'o give the d-ifference of poten-

tial. The remaind-er of the circu-it consisted-

of pilot lamps, cut-outs, switch-board, etcu

$r:itable 1i ghting arran"?emen't,s 1,Tere provid"ed-

fo.r observ¿:r,ion of 1,1:e elec¡rodes.

trLxperirnerits ca rried- oui; aT' l ovi tenper-

a1,rr-res rec¿uired- an ice-'brine mix1;ure for cooting.

*. tem;.rera1,ure of - 1200 was obtairle'd- r¡lith

erushed ice, sali;, anô a satu-ra,ted. salt solutian

in e porcelain contairier" ln rlrain1,ain this

temperatu,re it was necess¿r,r.1¡ ì;o place ti:e iee

Ln a s:ire basl:et to keep it at tl:e bot'com of the

mixture" T?re liquid- r,res pâssed tb.rorreh a sira'iner

r.nù siphoned. 1,h,rr'uøih an insulatedL tl:.be to the

cooling coil. The brine was kept 'satu'rated- by

passing it throu-Eh a fr;,vrnel- of solid salt.

2. hperimenta,l ' - Fí rst $eri es "

Trn¡o elect,rod,es of the sane steel as used-

nzer¡i nrr-^.lw lpart IY. secti on 1) of d-imensions
-È,*vv *.J r \!

t.t cr:rS by 0,6'l]- CÍlSn Vliere constrtr-eted. and. -placed.

in the ai:ove -úIrpe of. zp';;are.tus' Ten1,n normal

sod.iu-in hyd.roxid-e t¡';as1,.he eletrolyte*



Tvlelve experi:,rrenlis a,r, a current d-ensity of

0,86, $Jere cond-u-c¡eð at gx*'du-a71yÍncreasing temper-

atures ia a maximurn of 'l 7og. Traceg of gas Freïe

evolgeå with r,he fresh olecl,rod.eu but 1,Ìre electrod"es

d-arkened and no furr,her gas r'ias prod-uced"' îhe

sâ::rê Ivâ.s repeated- ar 0.91 aaperes current densii;y

and :no ttace of gas ii;as produceð. the cu-rrent

density inias Erad-ually raised and- evolution of gas

c oi.rlltencecl d, a cr¡rïev:t d.ensity of 2.Q. 0n raising

the iernpera:tu-re to the b ^i1in8 ¡:oirrt (from BOo)

the ra,te r,vas fou¡rd- to increase at const,alt current

ûensity, 'bu-t ah al-l tirne.s it nas ''êrV lot¡lo Iri the

last sei; of this series, ât a ctr--rrent d"ensity of

?*.O anô, at i,i're boiling poir.i.t, four exleriments were

carried- olit " their -uime aagreøating 1,wenl,y holrrs, and

in all- analysËs- of 1;he gâses that collee1,ed- no in-

d-i.3ation of 1,h.e presenee of hyd-ro$en v/as obtained"

'Ihese ""*oft* 1ead. 'Lo th.e following conclus-

ions"

1" Fresh polisjred. s-r,eel elec"l,rodes give off gas at

1o$¡ cu-rrer:t d-ensities.

2" ûxid.e coal,edr sì;eel elecI;rod-es do

d.ec ornposi-i,ion of the electrolyte

d"ensities of belov¡ 2,0 "

1 . tbserve.Ii CIr]s ir:d.icate that st'eäm

the pro. d.uction of gâsr

not prod-uce

at cu-rrent

f orrnal,i on aid-s



t. Experin:enlaL Sec end- Series.

TÏsing shorber electrodes a sirnil-ar series of

Ínr'1-,rr e -.{r)e ri rrrents tTere earrie d. o!-t ' T}:e resu-l-ts

of tne l-ast series ÍIere corlfirmed, ano. iri ad-d.it,ion

-bhe f o1loi¡,;ir¡g rJere obiained-" Operâüing at a

terlperature betv'reen JOo a:,:rd- ?Oo no evol-ti.tion of

gå.s was observed. at a culrertt density of 1.15 amps.

per sqn cüt., or beloï'/. Operating at the boiling

poì-n1; very sJ-ight 'tvaces of hyd-rogen lr/ere found'

after slx hours a|, a eu-rrent oensity of Ju0 amps.,

vrhile at|,l5 ïhe rate v,,as i,rppreciable. llo hydroeen

\¡J&s prod-uced- belol¡j a curiert d-ensity of 1.0.

FIith stil-r shcrter electrod-es" a series

of 1,rn¡elve e);îreriments shov¡ed" that no Eas l.(as pro-

du-ced. å.'u e current, úerisii:¡ of þ.0 and- at a temper-

ature of ?0o drrring a perlod of tt"*lve horrs.

4, Fxperirnental - Third. $eries"

The i-irs¡ pa,xL of this series $ras ca.rried-

out ai; 500C, aÍril rn¡i1,]r 0.2 N, sod-ium hyd-roxid-e. The

el-ec1;rcd es tîere oÍ' r,ne stì.¡le sieel turrred- tc a

smaller d.iarneter. "*'t a]l y¡.lu-es of current denSil,y

bel-ow 6"0 no Srgl of d.eco::iposii;ion vr¡aS ObserVefl, ßaS

lvas evoJved iri quaniity aL a crr-rrent d"ensity of I "3

bu-t i,he rai;e, snall a-r, first, iíereaseÔ rapid'ly io a



lirnitlng value ab constant curvent densi1,y"

'Ihe sallle tJas observed. r¡¡hile operating

at a teml-ieratu-re of 600. Belov¡ a currertt clen-

sity of 6.0 no qes \I/as produeed-,al:overthe ral,e

insreased- with increased. clrreriú dertsity" 4'n

atteli-pt rras made 1,o find- the rela.1;ion of the

rate to th.e ci.:-rrent d,ensity bu1, consistent

read-ings eou1d not be obtained-- A total of

eighty-five experirnerlts v¡ere ;oerf lrned" t¡:hich

shorved., Ln a qualitative '.¡/ay' ihet electroi'lytic

clecomposition somrnences a'ü a d-efinite crr-rrent

d-ensi1,y, ihat 'bhe rate increases rapiûly at

this cu-rrent åensii,.'/ as lhe actton proceed-s

un1,il- ii reaohes a limi¡irrg va,lue, and- that

above this point ihe rate increasesu v¡ifh 1n-

creasing current åensitye Tn all these exper-

ir¡eni;s the gases coJleefed lrrere frol¡^r botÏi

el eetrod-es, and. tile c omplicati on inirodlrced- by

a d,ifferenee in the c'orrosion of th.e t'¡'ro necess-

i1,at,ed. the stuô.y of the el eetred.es individ.ually.

Thj-s tvil-1. be ou--r,Jirred- in tire nexi seo"r'i01Ìe The

gases on a:fre.Tysis lF,iere shor¡in to contain two paÏiis

crf hyclroEen tcr lne par'c of oxygen by volu¡:e'

5, Experimenial - Four1,h- Series.

The mil& steel elecr,rod.es were replaced-

by piario t:irç steel as it v¡as inpossible to turn



4t,

l,r'e si;eal to a fir:er d.iarrie1,er, ¿;nd. ¡he el-ectrod.es

were pJ-aced- orì se1raraïe pairs of insulators &s

slrov¡n iri ri gir-r e , 1$ n Åc cu-raie d-e'¡ erirtina1;i on r'lere

mad"e o:í il:e quantity of qas evolved fron one el ec-

trod-e, v,rhile qualitative ob serva'üi ons îïeïe inad-e oïL

the o1¡her. -

Eaeh d-ete::minatlon lias designated by the

tine of r1a¡r at the collúleneement o:E the experinent'.

The 'bin:e of the cu-rrent lvas measured. 1sy a stop-

watch. The arnmeter and- remperatt:-::e readings ï{ere

i;a.ken a1, leasil t'.';ice d-uring eacj:: d-et'errniria-¡ion"

The g¿ìs evol'¡eå v¡as ûrar¡ii. o.";êT into the el-d"ioi::eter

tube and- allov,iedL to ocme 1,o room teniperatllreu The

lrsry,n¡no.r r.i n ilïesSuïe T,Jes ta:den' i',{eastiremenirs of tlre
u af v¡r¿v

d.ianeter c'Í the eleetrod-e before and. after each

series v,fes,¡;er-iorteed-, 1¡/ere taken and' t-ne area v'Jas

calou-1a-1;ed- and il-Lterpolaued- throughou't the series'

,Ihe pcs sible e:rrolf inirodu-ced- by this inierpol-ati on

r¡las much le:-s ih¡::.n -Lhe lini'r,s or'error of 1'he e)cper-

imenl. l-rom 1,he crrrvent and- ihis area the crrrrent

d-ensityr¡¿5d.e1,ermined-,a'nclfromthegasevol-ved'and'

1,he 1,ime in*r,ertl.Ð.J the rate v¡as d-et'err;iined-' This

xate l:as mu.lïiplied" "b.y a fact or r,''ihich cor:leel;ed- for

l,emperai;uïe, atmosph-eric presgl¿re and- 1'he vapor

pïessllre oÍ'the -eodiul$ h.yftroxiåe solu-tj-on' The rate



41"

was divid-ed :,y T,ne area to brinc to l Ste crlto

The 'l-a't,a for the first tvrenty-fire exper-

imen'us ll,EÉshor¡,¡n in Table I, This table is copied

11i-¡ec';lrr firon tþe notebocli and- iS includ-ed, as a

sanple of i;h.e method- of tabul-a'r,iorr and- cal-culaTion

used. in The fifl,ee::r hwtd,red. experilnents in this

researeh, uhe resultsf*n ch are given graphieally

in su-bsequent pages. The CIortsistenc¡r of dt:-plicate

read.ings is seen fron tne Table.

6" ÞI,erimental - Fifth Series"

Tfith i;he sârrle eles-1;rcd.es in a n.Te

eotrod"ed- conðition, fifty determinations vlere nnaôe

ai 50Ð Õ, Ti:e corrosiort becane :!e-r:/ great and" the

read.i-ngs ver:f ir::e-qular" No appreciable gas r,1res

evolved- untrl a et-rre¡11, d-ensitlr of 8.0 was reached,

Äbove lt.O it rose rapid.ly uniil at 17.0 the rate

i nr¡ rìn 1-,he c.iì-rÌ¡ê ( evï,crrñ ed I of Ihe series ebovg.L.-þJ Utt vi¡v V Y-r v v

Áv.nì vrc¡ r¡¡as er¡tribited- ¿'i-C CrJf' 1. ent d.errSities eitOye 14,0.ã!vf:rõ 'r*u

Y{i1,n t]re sei.re el-eetrcd.ei: in a still more

oorrod-ecl cond-itloxt, Lni-r't'y ae'berrninai;ions lFJelle mad-e

at 10ot, *. slmi.iar cuffe Lo Xhe ,úove nes obtair:ed-

T:tri; r,l:e read-i;rgs '!i¡erÊ rnore c CInsi stetlt ' lhe ou-r-¡e

h.ad th.e sÐ.i:'re s1o¡re for its lo\rler part bui tile slope

i:ncreased froi¡r a current d-ensit¡-r of 18"0 io 22"1
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,sample alrú l'Âethcrå of ?ecord,ing F.esu-l-ts
ancl

tal-culai;ions in Iabor¿rtory l. otebook'
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Tempera.tu-re 1? 10
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'l44 mm"
2904 A,

"lJO vtm"
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Area tu-rrent TemP. Rate
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$oTo3o* pef
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191 â

I22B
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l.444
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,.Q
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OoU

þoU

0oU

lou

1,0 3,5 1Ú Û

1"0 7"5 TQo o6

1.0 4.0 ,4ø 4.0

1,0 4. 0 7oo 4 '2.5

"gg 4,55 z8p 6"4

.g? 5 "05 aB o 8.6

.gB i .l Toa 8.0

.28 j,! TQo B.l-

.g'.1 5 ,67 300 9 "v

"g'l 5 "6'l ,00 ?,2

,g6 6,2, 29ø lo "9

"?6 6 ,25 7oo !a',
,95 6 "12 loo 11" 1

,?5 6 "84 7QÐ rt "7
.94 6 "?Z 1.OÐ Lt'T

,94 7 .+5 Tla 15 "?

00
F.A E Åc /r c./-

"15 3.5

3"84 3"8

5.8 5 "9

'J .'lB 7;9

"l ,24 ',l .4

"l "ti 'l .5

B ,41. 8.7

B.5z ,.8,6

g,85 lQ "2

!0"2 10"6

10"02 10"6

12,4 at ,a

J-2.4 47,"2

14"+ 15 "'
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Ð.mperes pe:r so.,em. i.t ã11 points i'r, was lower

. than tl:e currre t¡¡ith mord-eraiely ccrrr:d.ed" elec'i;rodes"

7, Critical Curreril, Sensi-r,r¡.

The exisierÌce of a 'fcritioal cl-rrent

d"ensity,tr belovv uhich no d"ecoliposition l,elces pI.r.ce

and above çvhich fhere is ra,pid- d-econposi-tion, has
J,¿¿tplt¡r,rt,lt¡çu,'nt' 

t 
,,.,i.::.,, ,,,,' , 

i'i

been d-eïinitel-¡¡ esl,ajjilisi:ed- in The corrTse of l,his

research. Over rlntx1;¡ series of experi:nents of

from'ben'¿ei fifly obser-¡aij-ons ii'r each, using s1;eel

electrodes u-rid-eÍ r¡¿rr-,,rir:tg conûi1;ions, 841,"e a. v:1ue

of :url'elt iensiilr ;,ì: ove ii¡hich el ec"volyric d-ecom-

positi on sud.Ctenly c omriences " I:t the prel-iinina.ry

r¡.ri¡rqrirreirts iir r¡thiCh tjre Curfent Censil,-,¡ I?aS! ¿¡r¡JLt vv t

Tlo*r, unifo::rir, the criiical point iras grarlu-al, v:hile

iir leter e:iperiilents itts posjti on rro:.-rld- be found.

to one-'ienth of a::i ainpere. This positioil ulås f ou-nd,

to vary as cond-itions væTe varied , sticlt a$ corrrrsion

teieperaii:-re, e'Nc " Tl:ese faotors io;il-l be d-iscussed.

pres entl:y'.

lwelve series of experintentso similar to

iþe airove. indic¿.ted- a very d.efini-ue crii;ical crr-rrent

d-ensity íor p]¿|t",--?,Xif'!, lot;.ier theït iron ancl ciei;enùed.

oïì si:-cl: faci;ors as þ'em-i;eraiu.re and. coaiir:g of i;he

eleotr oð eg "



lt Ë.

e EN.i:erimente aL Lov¡er Temi;el:atu.res"

gperar!ing ::.r a tenperatrire of ]00 Centigrriiì"e

the cr;-rrent d.ensitl¡ r'r¡as s1.r-eGessivef--r ir:crea,sed. from

zero i;o 10"0 al:rlieres per ;1rï1;-B'T€ eenti¡netre" Piano

lvire ñ-;ee-l- v¡as used- f or ihe electrcdes aild hal-f-n0-r1l1a1

sod-iu:a hyriroxid-e for the electrolyte, li,la decninposition

tOolc p}ace u-r¡'r,il a. cu1Teltt d-elsit¡¡ of 3.J lva5 re¿cheù"

The rti,1,e at ¡.'uhich electrol"i¡ïic geses v'lere prod-uced- from

one eLectrod.e in c'ubic een'oi::iei;res Ijer minute per

Sqrr-are Centirnetre, c orreeted- to Stand"ar.d c ond,i1;iOns

is shorL-u., ¿rlortcil ¿sal-rrst ihe cu-rrertt d.erisi'ty b.y fhe

CurrreS Å a_rrd. B, (-talceü u-r-10-er 't,he S¿ì'ile cond-i'biOnS þut

aï d-iff ererit ti'nes), i:', f igure 5, ?,ead-i-:rgs l.¡ileïe

taken a1, half-ainpere ini;ervais above "A current d-ensii;y

of 4.0 and. ar oïie-tenl,h-aü:pere interl-al-s neùr the

cïitical poiri't, anÔ ea.ch read-i-ng r¡¡as r¡erifieù bI' three

t a f nrrv Ärrn-ì .i CaieS, TheSe d"fr-pliCal,eS ATe Tt'"'i SlLO1¡lnVU IULTJ LL('rUI!Vi,VVU'

in r,h.e graph,

,Sirnilar cu-n¡es were obta-ined ai dlfferent

tenperatr:-re s anri- d.iffereni states of eorrosioll. ?hese

rnrere of the ,Sarle slope as $" and. B, bui v¿ere d.isplaced-

to ome sid-e or the other'

Relal,ion of A,C' Eleotrolysis i;o f'arad-ayts lalvo

O¡re anpere oi' d.irec¡ ci-r-rrent in orte minute ':¡iould-

produe e, in accord-ance v¡ilh Farad-ayrS tra.Iry, 10'4 cu-bio centi-
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neters of el-ectrolytis gas at sl,and"ard- cond-itionso

As ihe airrÊeiel: Te¿1.ðing of a.n altern:;ting ct-r,rrenl is

1"11 t'iûles the averãEe cu-::re,:r'b for each rvâve, ar:d-

as i,he everâqe current Ís the electrochetilieal eurr-

ent, one 8.-"rl1:-:srs of alterna'ti?tg ci:-rrent should. theo-

rei;ieal-1y prod-uce ?.42 cubic centirnetTes ler minu-t'e.

Or:e eleeirod-e shouid proLluçe +"]1 cu.bie centimetres

of eleci,roJ-ytie EaÊ per minube" This js sht;irrn by

cv-Tve S in figurê 9.

I'u was fou:ld- th.at ai¡ose -che critical poi-nt

an i.ncrease of orre ampeïe inereased, the ra'ùe of gas

prod-uc'bi ort by 4,11 cuL¡ic eenl,imelres -Be r lûirill'[e,

rvil,hin -'he lii:ri1,s of experilnental erllor. (lnere is

a sma11 d"iscr:par:ey close to 1,he critical pnint')

This is shoi'¡n it i;he gt:zplt by tle c'irr'res A, B a:::d. Ct

t¿e upper pari' of A ai:d" B Ïravilig the sairìe slope as

tha'b of 0. Above the critical ou.rrent åensi1,y al'oer-

na'bing' current electrolrrrsis f o1lor'vs i;he l-aw of d'irect

current electrolysj-s, provid"ed- thal, the cri1,ical cr.lr:rent

d,eilsit^",¡ iS subtrac'ced- froirr the cl-rrerit, d-ensity used."

--i¡hen 1,he c-ritical curgeilt d-ensitv is vs:;ch.ed, all the

cr,r.rretì1, above 1,hat poiitt generated. elecbrol-yiie gÐ.ses,

¡:Jricb are free& f::or:l 'uhe electrod.e" This law ror

al'üeyn¿lting cr,Lrrent elecr:rolysis ivas d-eveloped- froin

over one thousand- observations on 1,h-e xa't;e of ga.s

prod"uction with j-ron a,'rd- plati¡ru¡n elec-¡rcd-es"
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Part 'r.fÏ" Other Faciors in *4..t, El_eetrolysis"

1. Inflrience of Tenperatrlre on Critical Currer:t rlensi'r,I¡.

' The initial- point ât r.ïhieh gas is evolyed rn¡a.s

d-e'l,erinined- o'yer 1,h.e raïi€ie of Ternperatnre OoC to 100oC"

Tt i'¡as forr:nd- th¡.t the critt'cal point rose rapid.ly to a

ma:<imurn at about 80oC anri- fel1 off to a vahe,. af 3.0
amperes at the boiling point. This is shor'rn in figure 6.

The rise in th.e first ¡:art of ihis curve

indica'fes that Eas ili¡as firsf evolyed_ at a continuously-
i -nnla'>e'i vra ^rr-rr.o-f. rìovrci i:rr, A.ì i;he lrgllpefaiff1'e V¿aSrr¡v¡v:/rur_.rõ vú¿&vl¡s uvllo¿ v.i

raised-, ún the foriliüil,icn of stean on 1,i:.e electrod.es

'ul:e crii;ical curren'g d.ensit-y ,r'ias Lor;'¡ered", the ex1;ert

of the 1or,;ering increasing wi-ih i,he increase of sr,earn

fornation" The rise is d.,ue, v¿e believe, Lo an increase

in the veloeit¡¡ of the second"ary reactions ï,/iih a rise.
in l,ernperature" TÌre catalyiia activit;z of the surface,

rvhich, it s3oils probab-te, is largely ïisÐonsibi e f or

the see tndar¡r reaeti ons , er¡id-ently inereases ',i1,h the

teniperatürêo Further referer,lee to these second-ar¡¡

reactioris, will be macie la1,er" The formation of sieam

on the electrodes probably has a rivashing effect where-

by reconibination. is partly prevented- b¡r the reijlo-ye1

of sorre of the produ.ci;s of elecirolysis. The part

played. by 'beilpexat,,:ye 'in this phenomenon is being

fr-rthe r inve st i,qa'ce d- u
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9.11 of .the experimerits oil i;his research i¡leïe

cerried. or:t at atrnospheric pressui:e. IncreasinE the

pressu-re sr¡oilld- increase the l,emperature at wl:ieh

boiling takes place, and. the d-rop in the cllri¡e i:;culci.

take ¡:lace near the nei,¡¡ boiling point'

2. 01,h.er Factors which Áffeet' Critieal Currenl, Density.

Fresn ¡ne.iall-ic electrod.es prod-uee ges àT, a

1or'¡er current d"ensity tha;n corroûed- eleoircd.es. The

ezLent of ihe corrosion is very intportanl,. &t constant

l,emperature moùerately corrod-ed. eleel,rocLes gave a ctir'-

ical point Ð.t 1"5 arÂperes per so.u.are oeni;imetre, lvhereas

heaviLy corrod,ed. eleatrod.es vrere founû to produc'e no

d-econposii;ion a-t a currenl, d,ensity of as high as 9,5

aillperes. It is to be remembered- in this conneetion

'¿nat 1,h.e cv-trettt ,3ensi t,ies given aïe -bhe apc rent

current densj-tles. I{o allowanee ca'n be madLe for pitt-

ing of th.e elecl,rocl-es, ivhich v'¡cr:-ld. tirerehy increase

the ac1,u-a1 sir-rfaee" Âpparer;t current rlensity is a,l1

that is necessat:y f or praetical c¡nsj-d,erations'

No marked, d-if:ference in the position of the

critical ourre¡lt clensity was observed. '*hen the electro-

lyte E/aS prepared. frr,.¡,.t an acid Or a salt. îhe corrogioTr

of '¿he iron in the norÍlal s¿;lt sol-r¡-iicn and"'Ûh.e acid

sohi.tion vras much grealer LhaïI Ín l;he sod.ii:m hyd-roxid.e

solu-tion" Alkaline solu-i;ions h-ave 1,hus a pracl,ical

advan-ûage "
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ï¿ild- steel Fras fau-nd, -uo haye norinally a higher

value for its critioal curïerit density than hard.

steel, sneh as piario l':ire. This ,.-r'i11 be investigabed.

fu-r-bher. The eritical cur::ent C.ensiiy using Fletiilum
electrod.es vlas ìrery sharp at 0;75 am-ùeres per sou-ere

eentinetre at l}oC.

Effeci of [emperature on the Rate of Elec1,ro1ysis.

Typical curves for steel elecirod-es, in vr¡hiah

the ral,es of eyolution of Eas at coristant eu-rrent den-

sities are plotted- ûg¿-:ínst the temperaïu-re , ate shomn

izi f iqure 7 . -llUnerou-S CÌ'irveS TeÐreSei:tirrg d-ifferen't

s1;ates of corrosion 1,a that of 'those shown ln/ere oi:-

1,a.ineå" They v/err,j all of i;he sàme fori-n, bitt r.lrere

above arid- belorr the posil,ion of -r,hose in the figu-re.

lhe ra-r,e drops rapid,ly '.'rith rising temperåïu-re to a.

mininum at B0o0 antl rises agaiir al 1,he boiling poin1,.

ll:ese cur\reË are rela'ued. to the crii;ioal cu-rrent

d-ensity: cirrves by the rele.-bion Io Farad-ayts Law given

ai: ove n

Ef -eot of rlreing.

A r^a i rl o took place 1, o some c oi'lsid-erabl e

crrrrent d,ensities and, tenneratïlTe's. and

witn vigorous boilitLg" F* slighf in-

raie occu-rred. alcrrg; wi'r,h the atcing,

+.

exl,ent at high

i¡Jås assoc iated.

crease iri the
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hut this increase ?'ras no greâ,-üer tha,n tl:e norrnal

increase e:; ti:e bo iling ¡:oint v..rii:hou-t a:cLrtg. In
fiEure 'l " ¡he i;arts of -uhe cL'r-ryes ior curre¡it d.en-

sit i es 5 .0 ¿;nd. 6.0 mlrke4 ttryt, ind-ica1, e r.rhere arc i:rg

tooll place. The ri-se irr 1,hese parts is no greâter

i;h¿ìn i;he. rise in 'ühe curve belov.¡. in tnni]ch¿ there

r¡-:j8.s Tlo arci.ng,

a large nu¡nber of experimen-ts l¡Jeye per-

formerl in uhielr- atcing toolc place, and- in no c¿ìse

vJeij it foui'ld" 1;h.at arcing macle a.n"aÌ appTeciable diff-
eïence izr the rate of elec-brolysis, .&etr.ral obser-

varions sh.ot''¡ed. a d-eeid-ed drop in lrhe ra1,e ï,'ith

axci'ng, br:t r¡¡hen -i,he rate I¡¡a$ eorrecl,ed for the

charrge in aïea d-r e Lc sieam eoating, (cal-culated.

from 'fhe change o.l' resistarsee), the cï-rys shor¡¡s

i;ire nbrinal rise"

The resu.lts aye not

the sial,einent made by líaelin

assüine ïint"t no d-ecomposition

thermal d.ee omlrosi-ti on in a:res

surfac e 
"

in agreenent with \

-ïarrd. ]íatheson-, wh.o

talies pl-ace except

on the eleetrod-e

0iher Fac:iors ;åffeciins the Rale of Electvolysis,

*.11 of on*.-1bove experimen'i;$ ¡¡rere carried

*F, T, Kael in arrd, J,1,T. },{atheson, Eng. Jour" IX" }loo 2,

p. Ig8, L926"

Ã
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ou-t "tr-sing 60-cyc1e alterni"ting currelt' îhe ef '-eet

nf nh-r'roivrs "t r-e frefrrr-g¡6:,/ has lieen exirerimer.rted- ivi-th

lry l.i*neuvrier and Chapou-is, (1oc. ei'b" ), i'¡ho f nund.

that inereasing the freou-erc¡¡ decreases tire rate of

gas forrnatisl. 'Ib.e relal;ion is noì; simtile"

Ou-r experiinents t¡¡ere carri ed- out al v ol'uages

hel-ow l-10" Elecirostatie effects anù an increase

ir-r :i::cing mig):-r, be ex;¡ected- ai high Ycrlf,¿guu. l4ll:ether

'r,Lese factcrs have any ällllïeciable ef-fect or not on

1,ne evoluiion oi' Tas is being ilves'f ig:.,i;ed-"
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Pa.rT VII "
The Influence of r,l:e },{etaliie l{¿-lture

of [¡re Elec-[rod-es"

Steel a¡ld- Iron ¿"leciroùes"

ffiperinients were corrd"u-cied" in 
"n¡irich 

,che

current d.eilsi..üy vJas successive]y inereased" by smal1

interval-s fro::i zeTo to 10 arûperes per square centi-

metre, the vohTne of eJectrol;¡-oic 8â'5 proo-uced- per

minu,te for eacl: cr-l-rren1, d-e-nsii;y- being ¡neasu-red"

Plano v¡i1' e sieel- r¡¡as r:-sed for ihe electrod"es" ITo

me;:.sureabl-e decoi:rposition'looþ pl.ece ¿ill,i1 a cuv!-

e:nt d-elsit¡r of 4.!. tr',/as reaeh.ed-, âbove whicir -i:he

Ttt'e ïo,qe ::apid-l-y- This poirrt is ihe cL:ii;ical

cp,xxent d.egsity cf thir-r pax4,'i-c''¿1ar steel, Visible

bui, negl igib 1e , trac e s of ,qi:s YJere evol -¡ed- slightly

belov¡ the critical poir:t" lhe ï41,e ¿1, iuhicii elee-

t:roJytic gases I¡/ere prod,r:eed- from one ef ec'r'roÔe in

ccs. per minu-t,en ller sc. crì" e correci,ed" to sl,and"ard-

c ond-ii;i ons, plotied- agairist -r,.ile ctr-rreni d'ens:-ty is

shown b:¡ the Curve .å. in Figrlvs B. Ail points orl

the el;rve lreïe verifie¿ b;f a d-riplica'i,e rear]-ing."

ThiS cï-rtr¡e iS parallel to th¿rl, recriired- bl¡ liarade4¡1S

T,Litrv, and, if ihe critica.l cr:-rrerit d-ensii¡r is subirac'r'ed-

fror,r r,: e current clerlsitie,s irr -uhe curve i1' '''iI1 be-

cone coinciclent r¡;i.t.h th.€ cl]ìrlre of l¡s-raûây?s la'u¡'

The slrfP,ee of 'ohe electrcdes previc'trsiy

polished., tar.-rished e.'t à cu.rrent density of .abct:-t
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2"t e-rd ,soon bec;"::re and- rem¿.ined a d"eep broq¡n ccl-or

thror:-ghorr1, the åu-rai;ion of th,eir rrse. This coå'tl'-ilS

t¡?as probably riue to h:¡d-rated- çxid"es of iron arld its -uhick-

neSS aS shcY,J;r bf¡ niCrOne-teï measlr,relentS \rrtìS -!-es¡¡ 1,han

i,v¿o-tl:cnsand-í}:s of a nil-1inetre. ,?iano wiLre sf eel'

eiectrod-es, r¡shich were operelJed at highe:: currenf

d-ensities and. l,em.oerei,ures Í'or sorne ti'rieo'bece:r',e

heavil;y ocrrocleû. and pi'tted-. The critical point of

these *lsstrr-.rd.es was displaced. to -Lhe right. Ån

increase irr ac-lJual surfû.ce d-ue to pii1,ing, rlrighi;

aceounl for a peirt of 'ohis irierease in iu'h.e critica.l

c:r;ire¡t d"ersil,:/, bu1, the ine rease is to(' gren'f ïo be

entiref ¡¡ ¿:.ccorr-n't eci f or' irr 1,his ïJâSI "

The relatiorr of the ra.'l;e of sas evcl-uticn

tO eti-xxeytt, d-ensity"rlith Soft iron elee-r,rodes is Shov'm.

b-.r¡ Cr¿rve B in Sisu-re B. Th.e criticaJ- Ourrer:t d-ertsity

was found.'1,o be ai al¡cu-t 1-B anperes per sg. .c'm''

vrhieir is slisirtly 1ov,¡er 'chart il'Íih the s1,eel eJecirodes.

4-s aì:ove, a constant difference ie observed betv¡een the

rate of alterna'uing cu-rrent elec'crolysis artû of d.i1ec1,

cu-rreyri elec.r,rcl;rsis a'r, the sÐ.ûie cuïren'Ü crelsity"

0nÍttcreasirrgthecrrrrentc*errsitybysln¿l1

irrl,erV¿ilS ff Om zeyA, it vlAS f¡u-nd. iIt'¿t' 1,he cgrrenl,

d_ensit¡r ccuid. be i¡rcrea¡:ed. eT:cve Íhe usual cri1,isal

I. The corrosiari of' steef i:y art al',,,ernaling crtrrenl, is

is d.iscu-ssed by A"J. Àffmand- and- R.H"iJ* Barklie, TÍans'

Farad-ay $oe. 22,14, {t926} "
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point withotii evolution of gas, the el-ectrodes

becr,ming d-arkev thar: r:-su-al" tr: ihe conmenceme¡t

cf gas p::ocìu-cii.on 1,he :raie j-lere¿:seil rapLd-J-y at

c*nstant cu-rrent d.erisi-trrr until it reacired. the ílor-

mal cu-rlre" This is shosta by the 'Lotted line tt¿þtr

of Curve B in Figu-re B" This elevaticn of the

critlcel- poirri, ï'å'È t ol-1çrilred b]t,t'¡isible throwing

off of part of the darlc surface materi¿,1 , tl:e

el-ec'i,rcdes resu¡einq Th.elr normal brotr'un coJor.

ûn red.rrcing 1,he cu.rrer-rt ùensit¡¡ the e-ro-

h:-tion of gas rvas not ::egul-ar close 'bo 1,he critical

point, .i:rt'r, Tias prod-rr-ced- in st¡*d"en br:-rsiso eech

burst beinE accotrtpaniedr l¡y a colo:: ehartge oïì the

el-ect:rcrde similar to the'L observeù v¿if h ihe ele-

val,ion of the cri1,i.cal poini. The interr¡als of ns

Eas r"rrod-ucl,ion be-ûv¡een t,ire bu-rsts increased. as 1,he

*"r*r*u,, crrrrenl, d.ensity was approached..

Pl-a1,int:,n EI ec-1,r oües "

The rela'uicn of 'r,he :ra'r,e of elterria'¿inq

clr-rreni; el-ectrcl:'¡s j s to cr-rrent d"ensity wi1,h plat-

inur electro-r1es" i$ shov,rt:. 
-b:,' turve D in Figure B.

tl:e criiical poi:rt uras f cu.rid- to be at 0"?O eml:.reres

a¡ld- eau,lil be reprodireed. i';ith aceu-Tacy, i"s v¿ith

the soft iron ar elev:tion of the cril,ical point

2.
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u¡as frequenily obserÌ¡eå, In the paruicular

case shor¡¡n in 1;he figrr-re r;his elev¿tticn arnor;-nlecl

to 1.6 anperes abor¡e the cri'1,ical poirit, but it
i¡/as forrnd. ';lnaiu the current densit;r could-, vuith

cate, be r¿,iseri io J " 0 r.mlreres r":ithont evolul,ion

of geis. The me1,all-ic su-rface becårrre coated- with

å d-ee¡: ,ErËl.y subsi,a-ncerwhich r..¡as subsearrently fe-
'".r't¡arl lrrr f,¡'1r^ eV0lgtiOn Of g:S.S, Th.e fatg Ofr:. Y vs L,-v

evo]u-tion'cf ,sas coincid-ecl r¡;ith the normal cu-rr¡e

orrly af-Ler the coaiinE h,.rd. bee,r coirr,rletel.y renioved-.

îhis coeting: r,,es unlilce platinrrm black but is pro-

bably conposed of f inel¡r divid.ed" platirurn" The

d"iemeïer of the eleeircd-es ctecre¡:.sec1 t¡iit,h ußeo

¿ltþ¡rii-¡rþ the surve rn¡itl. plaiinum cor:id-

'be readiLy reproduced- rrril,ir grea.i acevvaey, iis

lower ,ûaTt, shorEs a d-ecid^ed. d,eparture frc::n a stra.isht

line. The sitüificence of ihis trill be deal1, i'il,h

in a subseçiuent paragraph.

t. Silver El-ec1;rodes.

like platinu-r,rr, silver electrod.es shov,¡ a

d-epar'{,rr-re froir a straight l-i:¡ie neer the critical

current d.erisil,y{tulve 4", Figl:re ?), bl:-t r.r-nlitce

plal,inrm, ihis d-eparture is saell" The rete fal1-

ows the Jaw of altevn-ài"ing ertrrent elect,rclysis
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o\rer.a i¡.¡id-e rå,nge' The erLbieal cu-ri:erìt d-er:sity

requi-red 1,o be subtråe'ted" in this lavu is obtained-

by extrapolatj-ori frcm the eu.ïrres The actr:.! crit-

ical cr:-rrent d ensi ty t'a s 1 " 6 anleves, '¡ihile the

exirapolated. densil,:y' uas 2"3, T{c el-evation cf the

critieal curren.t d.ensiTy ites oi:ser'¡eC. anf, the

ccrrosioll rlâ.s negligible" The electrode surface

became frosted. in e.r:,oearance and. reliair:ed" tlre sen'Ì3

thr oughout"

4" flay,r,a'¡ F-l oai.y¡,1 ^aLr\J ¡.J UsI .i-JJE\j uI r-t U--JÞ e

üopirer Aar,'e a sharp crii,ical pCIint at

1.7 amÐeres per sq. cni, and- a perfeellJ¡ s-úTt.ight

l-ine clr-rve throughout the vanse (Cu-rve B, Figure 9)"

iln raising the current derisity fro;¡i zeva ht/ sûr411

steps i,he u.sr:,¿rl critical pornt r,Ias passed. without

erolu--r,icn of Êâs, ilhe el-eci;rodes becor:iing spÕtted.

rryi'i;h orange and- hlack pa-r,ches ai-d- finally cornpletely

blaek, [he crange substance was likelv cï-prous

oxid.e a.nd. the the lrl-aelc, cu-rrie oxiáe. The crltical

ç,U-y:reîtt d-eylSitr¡ rvaS elev¡,r-[eci tO 10"2 e.mï;eTeS befOre

er,'elu-'bion cotri-nienced, The blaclc coa,iing tr'ta.s rapid-ly

removed. by the ges anCr the vâte of evolution rose

a'û cr:nstant cr:Trent rl-ensi1;y as shrwn by 1,he Pett
tf ablt of i,he üurve E rn Figrr"re 9. Ti:e point" ttbn
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VüaS reached. orìly vrheri r,he black eaþier oxid.e

was c o¡ipletely rernoved" af¡er l¡,Ihicll 1,he curve

B ir,raS Obiained. l'ji1lh 1,he ele*T Copfler Surfece"

T;':e -Ðresence of or(id-es of copper evidently has

a more marked- influ-ence on the crifical cu-rre:-it

d-ensity than the oxides of oiher metals.

r i.'liekel llleetro des.

TÏ:.e ràt,e of all;ernating cr-r-rrent el ec1,ro-

lysis for nickel electrad-es d.oes ncl, folloYÌ¡ 'i,he .

lannr ai, 1ov.¡ current d.eirsities (Crl-rve C, Sigrrre 9).

On increasriig the cuvrert densily above the cri1,-

ical poì-nt th.e ra,þe f o1lovled" the d.oi;ted. line traþsrr,

th,e normal Curve C being obt,aivred- v¡ith d.ecreasiirg

current densi-by. This may be a 1,yr:e of elev¿Ltion

of ihe critical currerlt densi-uy, The d'epilrtl-res

from 1,he si,raight line in -i;he lorJer pa"tt of 'bh.e

cu-rve rna¡r be accowrtec¡, for by a vP"riaLion in the

'i,hiclcness of the surface oxide-eoeting vrith the

ra1;e of approxina'beJy 1"5 GCs. per minu'ce" The

c orrosi on of i;he elec-l,rod es was apîiTeeiabl e, bul,

th.ey re:,,laineû a deep blaclr tl:rcr-r8hou-t the measure-

nents,

6" ålu¡rinum El eci;rod-es "

*{ point below i¡;hich no gas via,,$ evcl-rrecl" for

alu-niinurn electrcd.es eouid nat be found and- a



ß2,

criiical c!-.r rertt d-ensity if .e::is'üir:8, niust lie

beJov¡ û"01 alni:eres Ðer sQo cuiïì. It was foitnd

irnpossible to ol¡tain rate-c1r-rre:':t d.ensity crt-rves

owing 1,o the large changes or resistar:ce ard to

the corrosiorl of rhe elec-t,rodes. Due to ihe

cheniic¿il action cf sod.itm h:¡d-roxid-e on alumillum?

half normal suhhuric acid. t¡as subsl,itu-ted- as 1,1:e

el-eci;rolyte "



AllUT6

lart YIII " Tire Theory of É"C" Slectrcl'vsis of t:fater'

Tþe establisl:ment cf -¡he la,vr' Tor -4."t" eleciro-

lysis by relal,ing r,he ra1,e of evolu.1,ion Ôf elec1,roI¡¡tic

gas (2 volu:nes of hyd-rogen'r,o 1of o:cygen) to cu-rrent

d.ensity above the critical- poinf led. to the consid-er-

ai,ion of "i;he mechanism of ïhe elee.Lralysis" ldg cori-

tribrrïion of irnporl,ance to i,he theory of -uhis mechanisrm

aËp.eâ,r|s t0 have been made r¡¡ith the exception of that
J

of l,,iai agcli, His theoretical e cnsid-erati ons were

not beseö on quantitative evid.elee br-r-t nevertheless

h.ave proven u,o 'be su-r1-r¡isinely in accOrt4-aTlce with tl:e

Above results, é.ppareni;l¡r no nol,ice h,"¿s been taken 
Q

of his con'urii:utior3, Attenrpts i,{ere mede by }rfengarini

to d_eveloil a l"heory to accor¿n1, for rh,e úifferenee

betr¡¡een àna. ar,d- d-.G. elee¡rolysiS but his conclusiOns

ôo not seen conpatible i.,¡ith the above Tesul-ts.

.&nalternatingcu-rre¡itbeirrgaseriesofequal

ar.rå opposite d-irect err-Írenl's shr:ul-d liberate on tilg

electrocles ifs ecluiÚalent of h;rd-rogen anù oxygen ace-

ord-ing to Farad'âyts Ï,aw' 0ne ampere cf d'irect currert

in one ininute prod-uees, LQ,4 ccs" of eleOtrOl-ytiC gas

al stald-ard. conûitions in ace orûanee with' Farad'ayls

I,aw"Aetheai¡rmetetread-ingofanaltern¿tiqgcrr-rrent

is 1"11 tirtes the evepage current, and' as the average

currer-rt, is tlre elee,c.rochemigel Gtl.rrent' one einpere



of ar¡ alrernar,ing er;-rrerÌt as read. froln 'i;ire amrnei;er,"

ghnr-:,Ld theoretically prod-uce ?"42 ccs" per mim:-Te"

One electrod.e shouLd. prod-u,ce 4"7! ccs" of eiectrolyric

ges per mittu'r,e" This san be representod- b¡' the equa'bion,

R s 4.71 IF,

and. ]:.r.' tl:e Cu:ve shor¡;n in Figures I and- I " Tn all csses

in this reseaych it was f ou:nd.'that th.e alterna.ting crrrr-

ent prod.1l-ced, less gas than recl.rirerl by Farad.a,y?s Lâ.w"

Tbe r¡.te of evolution was Tound. (a) to be a fu-netion

of the cr.r-rrent d-ensity, tvhen the currelt density t¡t35

inAintaiïred. uyrifornn Over th.e srirf:;ce of -the eleci;rod-e,

/u1 fn iv,nr.oâSe With inCrei"Sirig C¡u-XSenl" d-enS:ty abOVe
\u./ vv ltf,vlvú

the critical point, and- (o) to f ollorv -r'rith felv de¡:art-

1r-ïes a straight line Gï-1'vs, para1lel to Farad-ay!Ë tra'w.

Th.e crir,ical poini was fou:ld- to d,epend- on i;he; metErll-

io, nati:-re of the eleetrod-e, the coe'ling cn t¡.e surface

anC- the l,ernp era1,u-re (?ar-r, Vl. secilon 1).

w;/Á a -surfoce areq of /s7'ct-z'

Consi&er a melallic elecirod'Tii.nmereed-

in an alk¿iline soþltion and- an alterna'1,ing ctr-rrent

(figu-re 10) passing through the electrode, the

$O]u'uiOlt" anù a SeCnnd. elee-brOde" The ciI-rrerlt COmm-

ences at l'h-e point å', and- d-ecreases t0 ze:ra af' 0'

(lf t¡e euïre,'.it comnences at 'ùnll other point an eql-il-

ibritrm" in which .1,he cr:rrent ma¡/ be cansid-ered. as

starting at the pr:irit -A-, is s?iortly reached as in

ordinarlr alternatLng eu-rrent theory") ?art of the
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clr-rrent may be stored- by the eleetrostatic cr:.çÐ.cLty

effeet, between r,he cÌrarsed" ions and l,he electrde,

â.!t: effecl, linou¿n lo exist ai, Ioi"/ voltages, but as

Íhe cu-xxerttr is ind-uced b¡¡ a voltaqe above 'the deccrn-

posii"iozi vol'uage, ana is in 'th.is case positive, it

d-ischarges its equivalent in hyclroryl ions, Two

d.ischarged. h;rd-roxyl ions unil;e to form r¡iater and.

atomie oxygen. Fart.of this oxygen may conil¡iue with

the metal of -r,he electrod,e to forrrl an oxiùe of the

metal and- part either in ihe atomåc or molecp-lar

c ond-i1,i ori ma.¡ þç adsorbed"' on the srrrface or a1¡sorbed.

in uhe sr-lrface Ia.yer" The remainder, if any, t:¡ill

fcrm molecu-lar ox¡rgen and pess off from the electrode,

[he quanl,ity that is absorbed. by combina'oion or ot]rer-

wise, d-epend.s on the metel-lic nature of the eleetrod-est

the nature ot the surface, temperature, etc., bu-t

ind"epend-er-it" except in eeriai n cases, of' cu-rrent

d.ensity or voliage. If the na*t,ure of the surface

and. the temperatu-re is ccnsl,ant, the quantil,y vihich

san be absorbed- is cons'cant and can be neasllred- by

-ûhe cotr-lornbS r,¡hich prcùuce ito This nuani;ity is d-es-

i*nated. q61ç . The quarnl;i1,y of el ec1'r"icity tnaI,

passes d"u-rilg tþe quarter ï',:ave, tnat is the a-Íea ÛliB'

is oesignarted. by q coulombs. rlhe quan'oitv of oxygen

Jibera'ced- from the eleetrod-es again meas-'r':r-rod in f ire
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corlombs .h¿,t prod-uce ii, is ec1u,a1 to q - {ox .

i,t the point tl the eleclrod.e is stored v¡ith. oï¡fgen '

ar;cì j-s proùricing a i:ack E.Ili.F.

[h.e current is reverseô and- hyd-rogen is

d,i scharged on 1,he electrod.e, ¿. o'lrantit:/ of hyd.rogen

equivalent to qe1ç will- reect t';ith 1,he oxygen stored

fron the l-ast quarber v'raye to reproùuce tiater' The

e1ee1,rod.e r,vill- ûher be in its original cond-iti on,

th.a1, is; eleetrically neutral" À. quanl,ity of hyd.rogen

d-esigna'1,ed. by E will co¡rbine with ihe metaL, be

ad.sorbed. ort 1,he surface, or absorbed- j-n i;he särfaee

layer as i¡rith the oxygen arrü the remainåer, if any, t'rill

form molecuiar hydrogen anû pass off frorn the elea-

trod.e. lflren ihe point ï is reached the quanl,ity

1i-reraied- wilJ be,

2q (qox + qh)

Oring to the high voltages sonetii;ies occu-rrirlg,

the aetual rnechav:ism ¡ial/ beconle cnmplical,ed by the

d-iseharge of metailie ions, €o$o sod-ium ions, but

ti:e resu-ltanl r''¡i1l- be 't,he s¿1llle as abolren

,$imilarly, in the half vtave ÐlÌT, olc¡gen

is discha.rged-, a quantit;r CI¡ v;ri11 neul,ralize ihe

hydroeen of the lrevior¿s nl:If F/ei¡e, and- a quantify

gox will be absorbed. Try the elecircde' The

quanfity libera1,eå will'be eq'¿al- 1,o 2 a. - (qfr * gox )"



Represeni;irrg (0.¡ + aox) hy 2 Êo, we have

as l;i:e electro-chernicel eqtr-ivalent of l;he lotal
quantit;r o-f' eiec;rol-vtic gas prod.ueed., in the cycle

frorn C 1,o T, the difference 4 Q. - 41o.

T,¡fith. current of frequency ttftt the quantity

prod"ueed. in one seeond- rvill .be equal to 4 fq - 4 f Qo"

and- ir: orie minu-1,e, 24O f1 24A f 8o" The a.u-ant,iiy

240 fq, is th.e 1,otal quan-bit5r of electricity ihat has

tro cao¡l ':,'h i gþ will be 1,he aver¿ì,ge current., nultilliedlJ\*uÐv*t uv

by -cne -r,ilïs; that isn in one niinute. 6O l1/t.tt
coulombs, ti'here Tl is the cument per sqo crrr" of
el-ec1"roc1e sl.rfa,ce, fron 'bl:e 'Jutmeier reading, Fr orn

Faradayts lÐ.vJ one cou-lomb rvi1l Iil:erate 0.174 ccs.

of eleci;rolyuic gas or 0r0B? ccs" on one electrcde.,

Therefore the volu¡re, ttRntl, of gas liberal,ed. at

starid,ard cond.il,ions, per mim-teo per sq, cïnc will be

represerlt ed- by

R1 = 0"08? t *lr 
240 f *€o)

or

Rl = +"7L ( fr 4"44f ga ) --------(2)

Th.us we have an equation of alternating cirrent
o-l ar¡l'.yn"l rrcr ì cv:vvv¿v:-yurv ø

The val-ue of f and. 8o beirrg const:.nt and ind.e-

pend.ent of t,he current" 1,he rate pl-otted- ageirist th.e
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cliïvelrt? ( cï,rre.1rt ôensit--'¡ in this case) gives a

straight l1i're c11rve :¡¿il,h a. slope of 4,'lJ-, which is

tlie sl ope of Ferad-a¡¡l s lâ-!r o

Elbli ography"

1o R, L{alago1i, Elect rician, 1J , 25?, {AB?1)

2, ß, ],{engarlni, Ðiectric iair, ?1 ,1Q4 and- 114 , (t891) .
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Subsi;ituting

Pest lX. Crj-tical Cr:-rrent Ðensity and. El-ec'¡3¡J"1rte tapacity.

7" 0r,tica] Current Dens:t:r and- th,e lav¿ of
-{.lterna1,irig turrent Elecl,roiysis.

From Equ-ation (2) it is seen 1,hai wherr the

cr-rrent d.ensity is less 1,hen 4,4-4- f Qo (v¡hich. is 1.11

x 4 f Ao), Rl becolies negative. Ac1"ually R1 becomes

zere, 1,iie value of Q9 no1; being fu-lry satisfied." No

resultant d.ecomposi't,j-on uill- [ake pJ-ace u-n1,i1 l,he

cu-rrent d.ensit,;r e:rceeds ihis v¿lue af 4.44 f ?o. This

poir:t is 1,he lfcriiical current densil,ytt ancL is repres-

a-¡'ho,ì lrv.vf¡vvs vJ I

1"11- x 4f {lo

e oua bi on (z) l,re Eet o

R1 = 4.7a (ff \ /¡\í i ---- ------r.+ )-e/ \

r¡,¡hich is the l-a¡¡ of alternaiing etirrent elec-urolysis

as derir.ed- empiricail.y (vid.e).

2 o Elec'urolyl,ic Capac rty"

l¡',ri:en -i,he freqrr-ency is corls-r,ent, it is seeTl

from eaueijion (Ð tha1, the critical current d-ensity is

d-epend-er:t on 1,]:e val-ue of 8o. This quanl,ity is here

er.lled, 'üÌre itelectrolyiie cepacity,tt anð-, as is, seen from

its origin, is d.ef ine ô- ar -cire âl¡erã.qe stora¡:e capacity

f or eleei,rlly i;ic Eeses, i. e. hycl rogen and- oxygen, oh

oïLg sg., cn. of metallic el.ectrode surface" It is meas-

ured. in cou-Lom-os. I1s value d-etr;e1d-s o1 the nal,ure of

r7l
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-bhe e1ectrode sllrfäce, tempera.tT-reu etc o, end. j-s

tÌre .qr¡,¿ntj-ty in wirich elLern¿¡ing current electrol-

lrsis is part,icularly concerned-o

7" Llirect lJe'l,ermiuatíon of Electrolytic üapacity,

An apcara-r,ris !"üas .f,eveloped- by wiiich an app-

roxi;nate value of 8g could be obt¿ined-, brrt by a nore

d"irect metj:od than fro¡r i,he cxítieal eu-rrent d.ensi1,y"

^ h^: _Â ^.rr ^r ^ 6i_ 7i ¡ -¡a-j .=r¡ c,rr.rif ¡iþgg 
'f 

eÍe eC CU_fat,) lyff gal.]-r UI çJsL¡ u.1. Lç)-ey rf,v

";i¡:ecl to 'break shalrply 'bÌle connection of the, alter-

nÐ,1riTlg cur::ent lo the elecirod-es and conrieci -rhern to

a milliarnne'uer" lhe i;roveinent of ïhe r;:il-l-iammeier rnras

dampened- by a high indt-ebance and ti:.e disci:arge Fro-
'lnrrcnoil 'ìrr- -n^c1 .ì rï..:;.rnoc Rv î¡1-il.cr -T.ê?,1 -ì rr gS Of ther'-frõv+ v.1 D.J

eu-ytent et resl;-'lar interr¡als until- t,he 'lischarge wãs

coi'nî-rl-ete a c'l ose a.lpro;:lirnarion cf 't,he total amorrnt

nf el eetri ni tw s-¡ôr'erl nn the eJ-ecir"-c ld-es aa the t,irne

of the break in the cu-rrent cotil-,1 be obiained."

CIperating ab a crurent d-ens:-ty of 4,1

amperes, lvhicl: r¡¡ag ihe critical cu-rrent d-ertsity for

ihe elec1,rocles u-sed, e Iar.ee number of d-ischarS:e

read-ings were tai:en, lhe:¡ vJere either positive or

negal,ive and- varied- frc:i zeÍo to a, d.efi.til,e maximum.

The al'eiû-Êe maxiinum v¿ìirle ob-oa j-ned. r,-;as 14'J rnillicou--

lor¡bs per s8" GlTl" of elecr,rode surface f or lhe eiectro-

lytic capacrl,y of i,ire metal ( iron ). talcul-a'[ing
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t1:e value of 1,o fron equa-uior- U) ii; rgas fcund- in

ihis câse io be (freo-ïency óÛ-cArcies) r5'0 rnilli-

C,:fflOrnbS per SQ" ç'n" ,Sinilaf Ð.gfeelieTit i,qû.-o fOu-nd- in

o.fher c¿ise s bui d.ue to the shor'r, tirne of alischarge,

i;he å,ccl.-ract1,r oÍ tne lnethcd l¡,¡as lini-ted-"

. The refs.tion bei;t'veen :he magnit'r:-d-e of

the d.iseirarge a¡rd. the are a't' i.ne contact poinfs on

the breeriring oi the e'Itern¿'f ing current also gave

coîtf1rniit¡:,.tion o f th.e abovê theory* },{axlmrun d-is-

Cirar¡les were obiai..led. whel tne oi:-rrerit u¡as bToilen

r::ith a rnirtiniutn or no aîc, arld i¡lin j-l;lum or rlo CLis-

oharges ï,lere obt¿:.ined- wj:e1 -bj:e 3.1c at the cpltact

poir:ts 'vvas a nãxriî1ui1 o From Figure 10 i1r is seen

1,iraï at i;he points 0, 1 and. T the curre:;rf is ze-ro,

and ihe avc, ii= 1,he current is broken e'l' this" Foint

is srnall, (1he phase cliffersnce al this voltage was

sr:all) . ll1; the s* -coirr'i;s ihe ouantitr¡ of electrolytic

prod-ucts cn the elee'brod-es is a maxi::ium ar:d- a måXimu:n

discharge i-s obtaineú.'r$ir¡ìil-er|y rit th.e poinl,s 0 and"

I 1,he iìïc is a maximu¡n and ihe elecirodes u'eþ

riearly neu-'t, ral c oitd-it i on"

These simlle and- d-iÏect e::;rerirnenl's sl:r:wed-

al-so tl:-et the eleeiroly-uic prod-rrcts stored, on the

e_-r_ec-tycd-e exhibil, a bacli elec bronotive f orce, and-

that , 1r;ha1,ever 1,ire uatu.re of tÌ:e abËorptioll l¡/hich

b.old_s th,ern on i;he elecl,rr¡d.e .surface, it aflovrs these

prod_ueì;s 'r o read.ily regain i;he ionie c orrl ition.



4" Eiecr;rol}¡ti:-c üapaci1,y and. l"lature af fil-estroú"e ,Sr:-rfaceo

NA
!'le

B"ut fron

equal to

prod-Ð-Ge

8ou.ation

8,o

Re-arranging eqï"a,-üion {Z) ïdô obtain'

4"44 f 8,-, = 11 Rt-v ærr
e.uairon (1) ii is ,seeïL -rhr.t Aaf +.7t is

the c'urrent Teqlrired- by larad.ayrs I,av¿ to

tire rate R1o lrhich eurrent is eal 1ed. fp. The

b ec oines 
"

4"44 f

Tlre val-rre of the elestrol:,riic c¿t.pecj-ty 8o , eart therefore

be obt::-rrÇfl- þr¡ dir¡iåing the difference bej"'-'eerl the

cr-rvent densili¡ al an:,Ï rare and- the sorresponding c',rrr-

ent re,l;-r-ired. b.¿ Farad.âyts trar,'r¡ fo:: 1''hat rate, by 4"44

tirnes i,he -frcuency. The value of f1 IE, aí aïl}t

particutet rate is cOrrve;riently oAt'¿.j-rled. b:'/ tneastnLng

tl:e horizon-'ua.]- d-istance at, i;l:isr rai,e betweerr t'hê

cu.rye of a rnetal and- ïhe cuïve of Farad-âyrs lalv in

.,. iglreS B ald ?. 'Ine f reorrency in the a-O ove €)ii;ex.-

imerital work ü,¿Ls o0-cyc1es.

',ffith sil-ver elee-crod-es the value of 8o is

constant ai:ove ù cu-rrerit d.ensity of 4"0 amleres ancl is

therefore ind-epend"ent of the cu-rrent densit:/ over t,hi-s'

T&r\ge* fi;s value i,s B'6 mil-licoulombs" Belaw 4'ç

amperes i'r, d-ecreases in yãe}u,e zt, first slcit+l¡¡" and"



t.hen i:nore rapidly, un-rj-1 a-i, E?:e cxLtieal point

its'¿alue is ó,0 r:íllicoul-omhs" A g:rea'úer d.iver-

Êeï-iee is seen uith platilrun elecl,rc'd-es u The val ue

nf ?o, constant ai 6"'l rnillisculonbs aborre 4.0

amlieres, d_ecrease$ 1,o 2"6 mcsn ât 'fhe crilical point

of 0,? aìilperes. 'Jhis varia'¡ion of the eieel,roly'';tc

c1paci-1,¡f I'ritl.:. CUrrenl, frensii,¡f near i,he cri-çical pOiÏr1,

:nay be acsour-lted- f or by 1;he lolTer vo11;aee irl this

rringe, and_ c onseau_ently a l-esser ttdri-vir€l ïorcetr to

a$sis'ù in bhe absorption of "the e'l eetrol-"'¡tic prod-uc ûs

LnL: tire su-rface lâ-1¡er of th.e elec-ü::r-'d-e" This effect,

ai;preoiable in r,he ce$e of plar,inujll, is *small \ryi'bh

silver elecl,rrrd-es ard is practically non-exisient with

-r,he other net,elS ltseù. 'Ihe elevatiOn Of the Ctr-rrerif

d,ensity aåove the critical poirt of platinrriî, v;hish

means a supersatilratiol1 of 'bhe eleetrod'e sra: face

over its normal capacity, is àccompa'nied" 'by a vis-

ible cJra:itEe in 't,he sr:-rface c oating" The sur face

coat,ing is proba'bl-y firiely d-ir¡id-eÕ platin"r:n possess-

ing a Ereetert surf¿ce anð. a greater Storírig povrter t1:an

tbe nornlal surfaee'

Copper, being a read-i-ly oxid-izabl-e metal, and

copller oxid-e, a read-,rly red-ucible substance, it is'to

be ex1:eeieð ilhat a copper oxid,e-coat ed. copper elecircû e

rir¡ouid gi.¡e a very high elecirolt-¡tic capaeity and a large

n1
12"
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elevation of t?:e cril,ical el,lrrerit densit-rr" Such

is :.otrålly fou:id to be r,ì:e case, âs sl:ot¡m by the

par-r, ttabn cf Curve B in Figure ?. 'f'Iith the brigh1;

eopper surface 1,he electrolytic capacity is corstant

enl,ireJ-y inilepend-ent of '1,h.e current d-ensity. Ii;s

vslrre is given in Tabl-e II. The crr-rl¡e for copper

r¡Jas d.ran¡¡n yrith e stra;r,ight ed-ge parallel to the

cu-r¡ire for Farad-ayls law and- 1,ou-ches all- poin1,s.

Brighl, nietlil-l-ic sir-rfaces, âs ti'ith silver,

pla'tr inurn ¿rr¡d- copler, cruld no1, be lnain-1,airied. for

experimen'i;al d.eterminaLLon or the ;lestrolyfic

capaeity of sleel, sofi; iron end ni.ckel electvoúes"

The eleeiirolytie eallacity r'/e,$ therefore greater

¡hart with tire metallic suríaceÊ' é,pparent'1y 1,ne

thin oxiåe eoa'i;ing on these mel,P-ls v,'as of unifcrm

t'h.ickrress as th.e¡¡ fol-loit the lair of &çQ. ei-estrol-

ysi s.

At currer:1, d.ensities ahove 6"ç amperes the

valiles o1' Q,o for iron and steel t{iere constant, âs

seerÌ froi,i the consiant differenee betrqeen tl:e cu-fl¡es

B and- [ e-riô the cirrve of Farad-aÍ?s ]:aqrr in Figllre B"

The slight deLrartures near the eritical poirit ete

likely d-l,e 1,o a combinal,iLon of i;l:-e effect of low

vol1,ages and. àil elevation of 1,lre eritical current'

d-eng.i t-.¡"
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The ïelation of electrolyl'ic ea-Pacity to

the natu.re oi- the su'rface is s1,rikingiy s}:r:'''t.nn by

the cur-¡e for iteavilSr corrod-eû steel in iriS¡ure B"

The crítiael cur::ent Ôeilsity is pÏac'cieal-l:r d"ouå]e

that of the nornal steel. $- furti:er ilFrrease in the

elee-brof.,¡iie capÐ"city is observed- at high current

densities, dr-o, probal-..1y 1'o the lnereaseô rtÔriYing-

forcerr of the higher voltage'

The eleet,rol¡¡tic capacit;¡ of nicicel el-eeircd'es

hecornes constanl, only at hi"gh cu-rrent d-ensities, changes

in 1,he surface coating probabl-y accoulrting for the

abnormal cU-ïYe. -ål-u¡tinum has A Very 1or¡'r electrOlyi,ig

capac:ty, if ãfry, as rnight be expecied- Í'roin its chen-

ical prcperti-es, altuninu,n oxid-e being non-Ïeduoible

by h.yd"roqer.o A similar resuft uas obi;airie'd' by A'

#,¿ntirer-SchulzeI. l,]u:linwn on the other hand. girres

â veì.r/ hi s,'11 elec'brosial,ie ca'Baci'ayr 2 a;ld- is used' for
Y vLJ

c orrôensers "

'ùhe ßffect of Freo.ueney and' Temperatllrêc

SxP.erirnental work
rL

and. by Llarsh' , has shoivn
increase in

d-ec reas e s -øith¡fregu.encJr e

rel-ation a straight line

From equation {Z) " r¡¡hich

Rr = 4.7! (If - 4.44

7

by Ï,{aneuvrier and. ChaPPuis'

thet 1,he þate of electrolYsis
f

T'nalago11 - eonsid"ers the

function v¡ith a negative s1oPe,

is
-l- í^J^ | - - (z)
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it is seen t]:a.i; if 11, and. .$s a.re consrant Che rate

is d-irec\Iyr xelated" totÌre freqtenc./ 1o a negative

d.irection, Ir" the freou-ency is zero, .li-rlt is a rli rect,

current, 1,he T¿:,1;e bec o¡ne,s errual 1,o jîarad,ayr g equivalent"

I1;, is d.oubtful that "?,o is inûepend-ent of -uhe i;ine of

charring the electrod"e" Tne.reasing ihe period-ic 'üire:

r.o"ou-ld, allo¡¡u ihe eleetrolytic prod-uets ro penetrate

the eleç1,rod.e to a Ereater extent, thereby increasi-rig

the eleetrol-y'cic c:ì,'pacity. ?rel- Lwinaty ãxperinents

ind"icate th¿rt this is probabl:r the ease,

Scnerimenl,al errid-er:ce obtairLed. by the

aubhor, (?art II1. Secti on 1. ) has shoi,-¡1 ihat the

elec'brol-vtie capacil;y r:ri1,h some metals varies greal,iy

r¡¡ith l,emperaiure, and. vr':th others but slight1y, The

eleetrol'r¡t,:e capacity of steel electroåes inereases

rapid-ly as t.he tenperature is raised. from Oo to abou-t,

80". ..tn increase of from 10.9 millicoulor,rbs ar, OoC.

to 22,6 rniilicoulombs at BOo is f ound- on applying

equal,ion (t) to 'rihe curve of crltical current d-ensity

plotted. agu.ins1, l,ernperatu.re, (Part VI section 1, )

-å. d-ecrease in i;he caTracily vras observed concu-Trùnily v¡iih

th,e prod-u-ction of siearn on r,he elec',;rocles aüd is pro-

bably äue 1,¡ the r¡:ashing effeel of the bubbles of steame

"À mrreh smaller vi-riaiion ì'ïas obtai::ed l'¡ith platirt17trì.

Foï exarnol e, l'u a current i:tensrti¡ of ]'0 aarreres the
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eleotrofr¡tie ca?a'ûitv wes fo'::rd- to d'ecreese from

6,4 millicoulornbs per s8. efil' at 0o to 6"0 at' J}o,

'ì ¡nren.si rr,o agêj.n 1,o 7 "! e"l 'Q5o ar: d ii'eereasirr g at
!rrv ¿

the b oil i ne Poir:t '

6 ¡i¡riogra''rrhy"

1, Zeit, Elee'i;rochem. , 28, 126, (l?22),

2, €,gc C"I. Zì-irunermanr S.m. Electrcel:em" 'So.e' Transu

5,r47 " (tgo+) "

1, J,.I.l,l. l,{aneuvrier and- J. thappuis, Electriciann

?,t,27',1, (1888) .

A", S. Tlfarsh, Pïoc" RoF. Sceo ?'1 ,!24, tlg20) .

5, R' Ï,{alago1i, Electrieian , rI,259, (]-99r).
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Part X. Ðleel,romotive Force Ccnsideration$'

1" Bacli Elecirrlilo'¡i-ve Force"

ås is generally wrd-erstood" nn flte

¡'irst passage of cir-rrent a Hèlrnholtz d,-ub1e-1a.yer is

Brod.ueeil r'hiair exerts a baek E"T,{,F: ar:d- an eo.u,al-

and- opposrte force, v'rhich is 1,he theoretieal deeom-

posi't ion voltaqe, mlr-st be Ð.-oalied- -uo o'reroome this"

A f'urther E.:',,T"tr'" to overcoíne overvoliage and. the

resistanee of i,ire electrol.yt€, mrr,st be epplied to

carise ihe cu-rrerit to flou'. ,frlthough a large ar::ount

of work Jras brter:l clone rele,ting itoltaEe to ci'r-rrer:f

å^..ai{--- ,-,.,^ .: -qr:rr,:ru,v Ë,rru Lr c,¡nneci;ion it.'i.i;h overvol u':lqe irt

gene ra1 , Th.e re I ¿i, i on of v oltage t o th+ qu-artt itSr

of el-e3¡161-yfic prod.trcts on 1,ne electrocles, or io

the coulornbs rha,.t har¡e passed. h¿rs not been d-efinitely

established.. Kohl-rausch- assuines 1,h.eú ïne poJariz-

a'Lion voltage is d-irec1,1y propor.Uional. -co -the

quantit¡r of eleeiricity 'chat l:as passeà arrd- gives

experinental p:roof -co shor" that this is trrr'e up'to

10 aricvoeoulonbs per sQ" cfle ì)espi-i,e this linited'

renge ii,iengarini2 consid-ers it apAlì-cable over a i¡¡id.e

range, artù evelf in recent tines l,at,tey'mekes lr'se of

it without cuestioll as to its v¿¿lid-ity' Bl¡ åfl axi-g,*
/l

inal an,-r- iirect nethnå Griffii;lis ard i{eys- fornd' tjr¡':t

1,1.1i-s rela'uion hold,S u.p t'o 3 microclu-lombS per $q" Glrlo

wii,h clatinu¡n eleetroåes, lout a,ircve this -the d-irect
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proporl,i oneli'l,y 1o longej: enis1,Ê, someu¡h¿t s iililar

resirlts ïreïe obiar,irLecl i,i.r.rough a d"iffereri'L met,h.od-

q
hr¡ lll a.r1r . ) 1¡Jhn i'nrrrrd rì7r F'-)Í)-f oxiiluie lineaf f elatiOnV^y WiG¿Jlt t!l:U ¿vÉ!r* e¡¿ wf

up to aboui; 2"4 mLlJ-icsulombs per s{" cìllo 1 but he

consiclers it to be more of a,n exponentiel- 't'han a

lineâ.ï fu¡c1,iOn . In r,l:e 3ollrs i) o': ?rn investiq-

atioi: into lhe effect of superimposing an zu,Q"

on a d-oc., Jonesb obtaiired. tj:.e re]-ation betv'¡een

cou-lor::bs ari: overroltage (':'hll 't:ie refer 1'o as

d en nmi'rn.r i i;i nn vnli,aqe ) f or 1ead. el ectrndes " He*vv v¡i:lrvu

formd '¡]rat the Yol'Ì:age rose re;r'ui-l':-rly ";itlr the

qrrantit:f of clectricitl¡o 1,o a point ',1¡h-ere the

cü-rve flat'i;e::ed- ci;-i "

From the above exirerirnental ¡¡ork it is

ayltatet:'o i,hal, elecirod-es ee1" ås corid-ensèrs at-1or¡¡

vc¡ltages,

Ðete.rmiria'ui ort of Back Elec"r,ronotive Fcrceu

E:cperirnenl,s Yirore carried- ou-'c by 1'he

aut-r:Of 1,O ,f eterrnine the rel-at,iOn exiS-u,iÏlg 'oeti':een

voitage and" the quantif,y o-i eiec.bricity ¡iassed.,

v¡i¡n i;ne puïpose of connecting the re'sul"ts 1'o 1'lre

theorl¡ of ¿l-'[e rnating current e]ectrolysis'" þ"

¡:oteritiomeier was used. io ceu-se 1ow cr:,r::e,rts to

paSS t,hrou.gh tw,o pla"tinum e]ectrodes inrnersed. in

2"



^^

Ðcd-irlr hSnd-roxid.e soluti Ðn" The el-ec1,roåes e:iposed-

a icn01.r1f aïea ai sÌ.lrface ,i.Iå Tr'Êl€ ptÐaec1'ed- from

s1,ra:¡ cu,rrelil,s' rJire cu-rrent ïr¡â;3 lflea.sured bl¡ a

ealibrated- Ealvinoilel,er iìz:d {'i-e pol,entiorneter reaCL-

ipgs correoi,ed. for i;he f;1fl d-r.;,e 1,o ti:e cir-rrent p¿LSS-

ing aíro- 1,ne reõíÊTs.Llce of ih.e circu-it. The poten-

tiome-ier !-itåÊ rraried ¡o må.iil'[åj-n a ccnst,arli; ci:-rrent

thrcugh the electrod-es a'nd, ;oltage reeldLings ï¡ere

iÐ.r(eïr aii in1,er.¡¿ls 'til-ried by a s'Üop t¡¡¿i1,cho The

e-Lectrodes urerû Teversed. be'fryeen erl.eh serie's*

$u.ff i.cie:lÈ e-¡i åerlce ha"s .1:eert oht:li ne d"

',ut) shor¡J ilnÐ.\" àL å ,.-lireet c1r,ïl:e:-rÈ d,ensity of 100

rrriarn:l.i-nÐe'r es Ìier so. crl-" and above, thc voltage

rises ra.1:iôJ:r',tr:ttl al.,out one millicou-lornh,pÐr

seo cTì1. has passed.. Jìe¡rond.-th.ís the r¡r:1i;aqe inc-

ïeÐSeS irï,t litt-Ì,eo 'flo matter hor¡¡ l-ong the currerrt

has been passed.. 'lhis is sh')r'n in Fi"-e' 11'

t{c rrisible er¡olu-tion cf'gas ro¡a¡ obr'airred'

¡',hich is ãgcoui;ted, for by i,he solu-r,ion oi 1,he slt¿ili

çuani,'Ltl'-es of gr;o in 1;h-e eisctrc'l-yte' S.1' cr-rren'Ë

d-ensi-!ies cf ai:au-t o¡e rnic-¿'o¿-lll1rtïe ¡l:e maxii;lr:¡:

vollag:e rn'as less 1,y:..àn half 'r,he Volta,ge obtained" at

10t rnic JoanPere$ q

t " j?olari zai Lan

f t tna;r

elecirod-es acr, as

Çaaac 14¡r.

ther¡:fore be consid"ered" l"hai 'ihe

t?leãky ecndensersrr il-P tc the
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theore';ica1 d-ec onpo-qit icri -rol-[e.se of i;he ele etr oi1¡te 
"

r1

This sir,ril¡"rit'-y l,¡aî Íi::st i)oilrïed. out by Yz,yIe:f l

-1

ar:c1 b;¡ líohlr:ru-seli', é.bove ];hi s -¡o1¡age clecomposii j.cn

ij¿.kes pi ã,eê a"rtd ¡he el-ectrcde bec c,jj,es pol iiri zed, a.n
a

increo.se ir; vclt*ge or otr¡er\:r-.11,4qe, - beirrg reqìrired
'i,c cause the eu-ryevit tc floyu" The el ect::ostai;ic

ci'.-,'?.Gity exÌ:ibited- b¡,t e-r +cixodes: beirt'¡ the d.ecoi:i-

Iiosi-ùion vol l,a-ge has 'l:e en 'i,ertled- b:¡ Ïlohlrall-sch 1,ire

tt1:olari.za-l,icn capac j tytt, e-ì.lhru-øìr up -ua l,ile d"ecc¡r-

posiiiori ','01-taÊ:e, pol-ari zaT"lon es v'ie nc!"1 ur:d ðrsi¡-,nd,

it, proìln,-bl_v does nct i;¡:ke place, Å J-arge anrcunt
a\

of ex¡erine¡ltal u,,orkz ï;as perforned- îo meaËu-ïe l,h"is,

so-cal1e¿ ttpol arLza¡i on calracitytr bu1, '¡;1l,h c onf licTÌ-ng

resn.l tË* I¡l r$ore TeceïrTr -cirnes Vail-1¡,ni10 and- Sorrelf l

meaÐr-i-red the poleri za-t'ian cal)a.c i 'r,)' irr rel-¿ ti ori io
6¡tcurrent d-er.;sity, Clar]-,e- 4..¡:d &rifíiiths and. lIe¡rs'*

measrL,red tne câpacit.¡ ard ::el"ated i't to the ciiarEe

put intc the eiee trndres" The relation of this cz.p-
12

acii;1¡ r,o freellelctr has been j-nves'uigated- b¡r Haio¡o::th**'
1z A4 15 16

:.--ert:rtt,,I) JOllirfe--, lrolfft- , Batier ji-", Smith
18

and rlcssrr/ ard- a r:trrrber of others ,'bui as yet no

d-efinite ..geirere;,ii-za't,:_oÉs have beel obl,ain ed. front

their resr^-]ts. The ¡¡sl-ue cí uhis eepecity has been

fou-nû to be of th.e ord"er of 10 r¡ricrofarad-s 1ier soo ßmo for
pl-atinr¿m eJ.eetrodes. i. value of abor:,t 12"000 oirms per sqq
cûio for i;he resistar.rce rf -uhe ¡t1ealcJ¡ cond-eirsertt can

be obl"ained frlr:i i;he leakage eï-rve, given by Griffiths
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ar'ì{'l Herrs T f'ni" nl nti rtrrm i r Sulphu-:riC ACid-.

Þvoì ìmivrçTT â:çpefiments COfrClifCte& in lhis¿ ¿ ef !!4¡ jrl,¿ 
J "t -

laborator.y inclj-c,ale tha'r, ïhe Tesisrenoe for
plarìnum eleci,roûes iri sod.iuÍì hyaroxid"e soluliorrt

is of t,he order of 25,00t ohms per st" cm.

This eiì-pacity effect is crectited- by a

nu¡ni;er of au1,hc"*.1'12' 1,o th-e formation of a

gå.seou-s film between 1,h.e electrode and- th.e

el-eetrol-¡rl,e, but ïhis conception i s hard-ly

tenaL;1e belorv the deeoi:tposr';ion vo1te,¡e. Furiher-

rnorg ïhe meciranism by r/hieb i'ù is buil-fl u-Po

rrlhile sf i1l allowing the cavvertL to pass, is

ctiff 1cult rJo conceive. f f 'bhe '3qua¡i on, -
Y-Lx1 -Td 9 x 10" mfds {6)

for the"capacity of a t¡arall-el plate cordeu.ser

(K * d-j-elec'bric consì;ant u .Í, = areå., d. =

thicknesg of d.iel-ec1,.ria- ) 'holas d-r:r',ryr t,o aT,oltie

d"irnensions, r,he thickness of a gaseou-s layer, '1,o

prod-u-ce sueh à capecity may be obtaiited-" To

give a capacj.l,y of 10 mfd-s, a 1;hickness calcul-

a1,ed. fron equa'[ion t6) of approxi:tl¿rtely 10-8 cms

wou-1d- be recltrired., i'.¡iLich is of ai;ori:ie d-i¡nensi orìsç

The spacial separal,ion of molecu-les of a gafi is of

-bhe ord-er of 10-? orïrs" anå as a I-ayer ten rnolecules

thick r¡¡ou-ld- be hard.ly sufficient '-úo separate the
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Bralls CIf th.e condenser, the minimum ihickness

of ube gaseous fil-rn xould- have t,o be of the
q/

ord-er of 1û '/ or l-0-o culsr 'ol:at is 1-00 "r,o

1,000 f ir:ies as greal, 1¡,Ie rnu-st conclud.e lhere-
forê that the cond-errser effect is no1, dræ; i;o

93 ci.ÍrseoltS fi lrn qê c-r;nh ^-t' Lha¡ the eOtfal,iOft|J \(v:: 

' 

\,I

for i,he capa"cLty of a ccnd-er-Lser õhotvs ¡¡ery lr;iåe

veyj-ar,ion a1, snt¿ili 1,hisi{nesseÊ,

If a,s v,¡ith ü1ark5 and. Bane"jil6, wÊ

consid.er 1,he ef'feet as d.ue to tire Helnh-o:.-Íz

Á nrrlrl a 'l ^r¡o-¡ R h e i;'¿er Éì..cnl"ee1t,{tt Vli th thg thiCk-uvøv¿v tr.J vL, \L

ness of tj:e d.iei ec4;xtc is o-bta.ined-. ïf ,. io*
potential is â!'pl-ied- to the e-Lectrode it rri11

attracl the oppositely ch:.rged- ions to itself

buJ wil1 not be srr-fficieni; to cair-se t,be electron
-i;o c=oss 'uhe intervening space, vfila.tevr:r its
notrrro rnov lro, Th.e 1' Êq¿ifel:1en1,S Of a COndense3'r¡v¡ v (44 v Jtrq.l

û.Te fu-lfi11ed." If the iiielectric is corn;oressible

the ca'pacity of the cond-enser -!''ri11 inerease slighil-y

uiith the Voltage" $ucir vuas ac.br:-a11y founcl to be
4

the c&se witn pfatintrm by ßriffiEhs and, I{e;rs

anü r¡'¡ith a nu-mber of o1,her metals b-r¡ ttar]J.

.4.s one pâ.r-c of iÎre úcu-ble layer is conposed- of

ponclera-n1e ionsn äü increase in frenu-ency -r¡/ouId'
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not a,1101¡J the icns to approacln Lne eleetrod-e

oc n'l ncoT'r avrç[ A d-eCfeaSe in ¡he Cepa3 ity WOrfld_v:\Jvv4v

be obtained-" Sueh is fcnnù i;o be the Õase by
12,!j ,14,a5, 16, 1B

't he ah ove ex ie ri j,tenï e rs 
o

lhe layers of the cotld.enser åTe nçt

rigid. but are conposed, of rapid.ly vibra'iing par-

1,ic1es" ft is conoeir/-able therefnre ihat two

oppositel-y charged- pi:rtioLes nieht cot:re: into

sufficient conl,ac-i; 1,o al1ol¡v an eleciron to pass

belovri i,he decoi,tposition voiilâ.ge" [his r'¡ould

accounl, for ;bhe lean observed, r"¿ith eleclrolytic

c ond-ensers,

4" El-ec'i;raly1,ic Capacity and. :lolari zeïton Capacity"

ilt 'i;he theoretical decomposi'bion vo1l,age the

electrost,at:-c cond-er¿ser l¡reahs clo$in anC. e-] ectrolytic

oïodrrs{,,; z-"e nrn,lrreed ô-r'ì t'he eleCtfOde Slr-1'fåCe. TheSeya vsr'-\r u J

nr ndrrnts pre not immed-iately rernoved- fron the srrrface-tvt ''*

brrt Ð.Te slored. in some manner in the su-rface layer"

Their presence caï-ses an lncreased- resisi;anee or a

polarizat'Lon of the eleatrod-e surface. Ças vsill- be

liberateû rrhen ihe storag:e eapacrty of bhe el-ectrod-e

Surface is satisfied-, The average of lhe quåntil,ies

of elecl,rieity per sq' cûlo :.:;hich. must pass ¿¡'5ç3 fh-ê

;fheoretieal d-ecomposi.ûion vol Tage is reache4, bef cr: Q
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eleci;ro1y'i;ic gaseou.s prod"r-ets are liberated'

frr:rn eech of ¡h-e l,T,'o eleciisodes,we have celled"

'1,he ¡relectrol-.".,r'úic eapaeil,yt¡ of 1,he rnetal, as

d.eterinined by ïhis research" [h,e term ttpolâ.r-

Lzatian e'à?D,citytt, ïue have linited 1ra the rä.nge

below 1,he åecomposition voltago and" is an electro-
f4

static eapacity" Jolliffe used- fhese tern$ âs

if identieal, but a ùistirtction has been nad-e in
-uhis research"

The measurement of eleetrolv1,ie cap-

acity hy the rate -
c::rrent d"ensit-'r ctr-r-res

oï tla= c,irect met,hr,d given above lÌeeessarily in-

clud.es Ti:e efÍ"eci; of 'Ûhe polarizabion eapa'city,

and it vi¡as; foruhis ïeason that t.ne above expel-

ilrents weÏe perf ormed- .to find. the relaiive effects

of the ttryo capaci-uies. i'el, us consid-er a platinum

eleeirode r¡;hieh exhibits a polatLzaLton ca"pacil,y

of 10 rnierofarads tr:hioh is the ave-rage value: in

an electrol-.','te v¡i1,h a th-eore1,rcal d'ec omposition

vo]tage of 1n0 -/ol-ts* The cu-aniiiy of eleetrieity

reqrr-irecl 1,o bring 'tihe efectrode to this rro11'age

woal.d- be 10 microcoulombs" The electrcly1,ic ce.P-

aci.ty of platinrun åeiernined- aborre v'¡as abcuh' 5

millicoulornbs or 5Ü0 1,ines as ereat, The effect
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of poJ-arLzat'ion capacity on 1,he elecirolyric

eelrac!1;)r in alternating cil-rreli! elecf rolysis

of r'¡a,er is'uherefore rregligibie uaùer 1,i1e

cond.itions of currenÍ J-ensiiy, frequency, etc"

girren ab or/e,

?hase Sifferertaen

The^ cllrvÊ of back electrornotir¡e force,

{Figrrre 11) ma¡z noil be applied. to the sirie triaye

of i;he alternating cnvrento Â cu-rrent starting

aL the poin1, A, (I'igure 12), anil varyinE as the

sine of r,he anEl-e, in'ill- follow the path. i.BC' Thisr

curre¡:t is passì-ng through 1,wo elecl,rodes and- an

elec¡rolyiç . llile r¡ oltage re qrii reg. 1,o o?erc ome the

ohmic resis1;ance of ihe elec1,rolyie, knov'¿n as th,e

trlg fl1qrpu, iS shol¡¡n bj¡ the curve ÞEF. 0n 'bhe

på,ssage cÍ currenl, an elect'romotive force o'ppo*-

iüg tl:e current nill be set up inrineoiately, and

r,,¡ill increase at a ta1;e depend.ing on the current

and, the polari-zaLLon capactly of the electrode,

un1;iJ- 1,he theoreiieal d.ecomposll,ion voltaççe of the

elec urolyte has been reached-. This is represei:'l,ed-

b;¡r ti:e -ooint ß and- tire ¿otted- liire . Ori fr-r-rther

pasËege of th.e eu-rrelt the voltage 1a¡i1I ri-se but

sl i ghtlr¡- {1,-¡aci-,enf,iwc nf e'¡OlUtiO,'t nf ÊAS.ullõr¿vrJ¡ t ¡!¿vPrJvv v!' u
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Tl:is oyerr¡oltag'e rrri11 increase r,¡it'n citxvent d-ensity"

Or: reversing the current 'l,he r¡-ack

elec'üromotive f orce v¿i11 fail bu-i slig:htly, uliil
r-. lro hrrdr-ncne-n prod.uceå has rreutral_izêd. -vhe o)rygen

absæbed on one electrod.e and, viee-Yersa on the

oth,ey. If we assulrle -ohat ïhe ind-iviaual electro-

lytie capaciiies of i,he ¡netal for hydrogen end.

oxygen ari3 eiru-al, erid. operate a'b the çtif ical curr-

e::it d-ensity, .ùhe back E.l,,l,F, i¡'¡i11 d.rop sncld"erilSir

a|, the poini I{ to zero Ð.rtd' irm.tedirtely set itself

1J-? in the o:pïiosite d-irec'1,ion, u-ni;il- 1,h,e sarrÊ d-ecom-

nositì on vnlì taíye has been reaci:ed. It ylill then
lr'vu:

:pj:oceed l"lonq the path JE until the h:''¡drosen on one

electroåe and- r,he or'.Jrgen on the c'ui1er bave been

anr-nn-l ci;elrr nerrtrp-l i zcd zttf!. fal-l -co zeTo a1" theu vr¡¡v¡v uvr.y re+¡¿vut

poirrt T" If the indii¡icIu':.l elee1,ro1yiic c'ãT)aeities

of th.e nleti)l for hyùrogen and- oxygen a.re no1, e,:iual

the re\ri:rsr,l- of 1,he girrgle electrod-e Ì:o-ben1,ial at

each electrod-e wifi la.ke place a.t d.ifferent rngmenl,s"

The d-rop fro,n H to J in t'i:e Figure r",i11 l,alce plece

in 1,,¡c pe.rts at ],.he instan'Ls of, these reversals,

l"he first d-rop taki.rrg T:J-ace before the point H is

reached. operating above 'cì:e critical clJ-Trenj6 d-en-

si1,y t.tre cu-rve of lhe baclc elecl,romotive force lryill

not change i-cs shape, bu-l i,'¡i11 be d-isplacecl fo the



left ðeoondinq oil -ühe C-istance of i;he cnryentJV+ vl V.-

d-errsity frolr ',;he cri.'t,ical- point" Operating

belorv ti:e critical poin'c -bl:.e '¡a-Il"e or ïhe

el-eciroly'uLe capricìty ri'ill no1, 'be fu-l]-y saiis-

fied., but i;he cu.rYe r¡¡i1l. be th.e s¡t-me aíl in tire

rigure. 'Ihe Ïirsi, two of these vnrir't,ions froin
,¡he above cond-itions ri11 aþr-r-s cåí;¡-i:-ê i;ne point

oÍ' maximum back E.l,î.F" to be ¿isp}aced- 'c'o fhe

'ì ^4+fü!uô

An equal ancr opposite lE.if.tr'" of i;he s¡lne

shape at Tlre 'bacic E"lå.Ï" will bnen havr: 1'o be

impressed- ¡o nai-ntaiiL the ci¡-rreilt f1o'rir:g" T?:i's

E.J,i.F. iS shoi'rn in the Figure l¡y -uhe e1)-rve 0I'I{NÏT"

Co:rbining lh.is.C-rlrVê rrith the cu-r\re of the irTF dToprl,

ÎEF, 'tire resultant iioltage cltrYe, ÐR$'fli'Jtr', shown by

the he3Y.-f line, !s obtaineid-.

-{.s is seen in the Figu-re, 1'here is a Ôiff-

ereïlce betu¡een ihe phase of the current and of the

voltago" .[he currerit lead-s the voltage as in a

cortd-e-nser circuil,' This phalse d-ifference has been
'io

d_iscussed- by 0Ooper"*' Th.e theoretical c onsiåer-

a-i-i cnÊ cf b[ensariniZ led- t o a phase d.iffere¡rce ilr

ï,Jhich the vol'uag;: led- ihe current but this is not

in acc ord.ance i¡ri''ch obsery¿rii 0Ì1. ccnf irnat,i on of

tne aboVe 1,þeory iS folnd. i1 the ¿l1,ernaui1g cu-rrenf
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aïìd. ïol.ct-Éîe cr:-rves ohtained" by T{oplcinsoiin
2^"'filson, anrÌ. Iyd-all,-- r*¡hich shtr$' a phase C'iff-

ereriree as high as 'l2o vtLa1¿ i";¡e c"t-Trevit lead'ing

-ui1e vol.tage ' Their cu-rves f or Ùhe voltage Cr-o

nr,-,'b fol-iotry ihe sine lav¡ and show ccnsid-erable

irreeulari-1,y. I.n sofile ct:.ses ind ications of

1,h.e distortlcvl shown in I'iguru 12 
' àTe saenú

The extent of -bhis i:hase difference ancl-

the d_istnrtion of tne -r4ave -iarlrl will åecrease

aÊ ïhe cilrre¡:li ancr the I'esisl,a.nce are irpreased"

For the salile curreni, ¿.rld" resisiance i;b-is diff-

etetiee r¡',Ji1-t var¡¡ f or d-iffere¡rt rl¡eï:',1s, ancl v::fy

v¡ith iireir critieal c''r-rreri'i; densilSr and' tle'

i:riLivio,rral eiec'¡a6fytic eapaeii;ies cf the elee'

irod.o for h.yo-rogen anû oxygêrlc
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Farf XI "' Tyi¡.c",i-ç"t¡i t ons iå e ÍÍj.," i" cn ,

Tl:e fi::st l,tLnci¡tie tc be obser¡¡eû in
preveriin,q ÊltÊr.na.tíng crirrent elecl,roLysis is the

obtarining of l:sifcrm cu_rrent ôensities" lÌine or, rod.

el-ecirocles with exposed", rotrnded ends, âs â1, present

irsed-, wil-l- prod.'rce high current d_ensities on -{,hese

end-s" The ci;-raen-r, densit¡r u,eed, cct:nïneyçially in
steam-prcducing eJ.ectric l-''oifers is ¿-,'i:ouú; 0.15 arn-

Feres per $quare incb, as ca-lc;:;i¿-iïed on the assil"np-

ij-on af u-nifo.trît,3-;lrêT\L d-ensi'[y" åbc"¡o rhis clensi1,¡r

d-ecni.rpcsiîicn cr ine elec-r,::Olyie becoires serioug.

From fi:.e above exi:ieririien¡ai ï,¡ork, itr is íJeen Tjlåt
alon'l-.-rnr-loc :rr.ñil rlr-i-i ncr qí-.êFm ,¡nn ìro nr,a-rr{çf, F.T au svLrrr- vL¿¿t vv Vyul(J

cu-¡3sn-b oensity of Lj arn{iereË lier ,square irch without
¡ ee nr,rlrnsi i,i nrr Ol 1,ì1e e]-eCtrn-'l .¡le r¡¡hin h densi r,w ì sqv:¡ur uJ f rJ

sorrìe d-ist::.nee fro::: the cyiçircal- ¡oi..r:t of 19 a.n1)eres

'ôôT e.riìo-iô .ì 
"lCh" i'.lCh ¿. hig.h Cl.fL:efl1, d.enSi ty =S 14

is imprectica¡1e düe to C-iffic¡-Jties in handling
'l-'l.ra qf aon h"l-t the pïeSen-b-d-a¡r bOiler eAn be mad.el.¡ vvL,,rl¡'

safe ancl ii,s hea-Ìiing capaci-ty increased to. a ccil.-

sid.erable exl,ent if -r,l:e el,ecTrod"e ch¡'¡nber i s CesiEn"ed.

'r,n obtr¡in a.ß fÐ,r ¿ì.s Ëråìctica-b1e t.he cond-i'cions of

uniform currer:t d.ensi1,y"

Îi¡io,Þrlâ'Eestecl clesiEr-ls oÍ slrch elect::ode

char¡rbers are sho¡,''lr.L in figrr-res 11 and- 14 " In one th.e

three elecì;r.ìcleË aïe plac ed synirnetricr:11;r and, verticrill ¡r
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in a metallic ciriindrical rank, as shc,wn in fiau-:'e lr,

XTo speciaJ- arrå.rlp:effieÍJt a1, ïhc EcI'r is neeesÐåTJr âs

Iong as ihe l¡¡ai;er level rem¡i,ins 1:elcv; ïr',e sieem

CIT-1,Iet, Tl:e eesenl,i¿11 featu.re is the large Porcelain

iner-]atar ei i?re'Lrotto¡;r" This i-q a circlrl¿.r Flate
tt]ttcr: fits ihe l;otto:r of ihe ck.ember ¡:ith rhree

c'lrq-! 'l nr¡r nnn',ra{g f Cf tlfe e::ld S Af 1,lf e el eC'r,f Cd eS,u¡¡(,¿ ¿ v!? ¡J i/vr1-v u u

(figure t|,h), IIo Ereat thickness c,f the porcele.in

is necesser¡r, &s -cheio is ïlc s1,ra.in upon it. 4. hoie

is nrovid ed r,h::ough the centre of ih.e porcel a'in and

t,h-e elec'crcrd"e cl:"ai:iber for th.e l.ifr.ier strp¡:ly" 'Jhe

abov'e arTl*).i'jgerlent r¡itl. electrod-es of two inch-es

d-iameter, separaied- f::ott one a¡ci;her and the walls

of r,hc chr=.nbcr 'nl¡ 'r,eri irtcles" rives a h-ih t:nif ormity

of cr;-t:ren-i; d,ensitl¡"

Concer:'cric c¡rlinders mi¡ht a1s c' be employed-

aÍi si:or;vn ì.;y -iigure 14, In 1,his ùesign tne electrod-e

char:rber buiit frcn 'uu;r' c¡rl-irrd-rica.l v¿alls and- ec-bs as

one electqcrd-e, lhe o-t,her cyliridrical electrode is

insideo 'Il:.e porcelain ilsr¿la-r,or is a Í'1¿iir ring iviih

e cirei;-iar groove, äs shnv;n in fig''iire 14b" I{u¡nerous

sniaIl hol-e s 6rive acces.$ tc the water su-pp1y" This

d r':sì sn i s aùven1;rLp..eous bÐgai.l$e of its c oll"rp¿:ctness, bu-'ç

ís l-ii;rrt,ed in this foïi,to single-phase c1r-rrettt. Ii

shamrock .qrnun of 'uhree such cl:ar.rbcrs, or 5n arrãnge-

nent nf th.ree cyl indrical ancl concentric ct¡linders in

the sane wå,lr Ð.Ð aj::ove is adapl,able to 1;hree-;:hase c'urrent'
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1n the seecnå cage i.b,e d-ianeters of tne sïlir:d.eirs i¡'¡nu-fd

be s'¡ch e,s 't,o esua.Tize il:re load-, lhe lirnitstion of
r:l¡o Ê ^?ï-r'rn-i-.raSS CÏ S:.fCh. a des-i ,cnr r, r'r-. I rì n6f þg ift thev u¡¡:ysv Þ sv u!Ã¿¡ \. L'LLI u f,l

cu-rrent d.ensi1,y bu-T ii'l ¡he handling og 1,he steam, This

is a problel,r fr¡r-uhe elc.ci;rical- heeting eneir-rgêTo
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?art XII" $îIiã¿åiÌY"

(1) 'Ilre priii:ar¡r r¿ c t,or irL a.!¡,evn'¿"ing current

elec1;rol-ysis 1s current d.ensi-ry,

(2) I,i altern.lting currer:t el-eetro1.'¡sis a criiical

cur:rent denrity beloi'¡ r.:hich no el-ec'urol;rtic

gases y,Ier€ evolvc,l ,,vas dei;evrnineil for 'seven

metallic eleeirodee ':':,i:ei:r th.e conûiti ons cf
fv a nl'r r¡nr¡rz-L¿ üu r¿çr!L¡J , tem¡-rerat¡re, pTesstlÏe, vo-l tage

ancl el-eetrolyte ï,¡ere malntained- constant,

O) é"bove th.e critical- crirreut derisi'ty tilter-

naiing cur::e¡rt eleci;rolysi$ t"/as sho¡ n 1,o

f ol1ov'r 1,he law of direct cl:rrent electro1ysis,

anû ma-.,r be nad,e coincid-en1, wi1,ir it by sub-

-vra,aî,irig ïhe cril,ic¡:.1 cu-rrent d-ensity from

'uite currrli:.lt densi-by ernpl-oyed.¡ In o-tirer

i¡;ords, liihe-r-r 1,Ìre critical- cu-rrer.it d,errsity

is reached., ali 1,1:e current a-l¡ove lnat ;,ooirrt

generÐ. ües elec rroiytic gases, i,rliich i:re eiven

off fro:,i -t,lte elecf rode'

{4) fhe crit,ie¿,1- c1r-rrent d.ensj.1,-¡ tr:il,h iron elec;r'e-

d"es.¡áries with teml:er&,ttr-t:eo ïisirlg fron 0o#

-uo at:out 80oC and frlling to tire bc:iling point"
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{5) 'Il:e tare of gas evolution ïri ith iron el-eci;rod-es

likerrli$e varíes with teno er¿'tllre, faii ing

frr:m Cot i;o abcr',-t 80oC arid rising to to the

boil-íng point.

(6) *.rcin.g in itsel-f makes no ap1)reciable difference

il vnltages belo-n 110"

(1) The existence of a critice.l cu-rrent density is
' ered.ited. to an electroh¡tic ca.Facrr,y nf the

eloc'1;rodeg to s1,ore uç i;ire prod.ucïs of elec-

trolysis" Ðireet d-el,errninations of l;his cap-

acrt.y have bee-n liiåde"

(iì) The electyol.-,¡trc aatleeity r.r¡5''3 shci¡rn 1,n be d.ep-

end-en1, upon the nature arld- cond-ition of i;h.e

el-ec"crod.e surf¿:ee *

(Ð The relet,ion of the back E"J,{'F. i;o the quantity

of eleeïricii;y passed- was d-eter:irilled and- related'

ta tire ïtÉr-ve of i;ire alternating eu-rrento producirig

a i:ihase d-ifferenee,

(10) The genera'bion of explc'sive ÊÐ.ses in r,he v'¡ater-

resist or .17¡pe of electrie hoal,er can be preveril,ed.

by a d_esi gn of c"i ectrocle chejrrber that Yi¡oüld- secure

ariil retain under operâting cond,il,icns uniform

nrrr-avrt Áanqri trr\i ttl f çIl u ..(v¡lu! v.y c
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fll I rFhc nrrrr^rcïrt rlelc-i1;'z in SìJch a hcal,er can be\ r¿./ r:-v

considerabJ-y inereased- or,¡er plteseni u-sage.

,,',i'übo1tt d-e'.nger o; 1,he ãeller::'r,ioïì of e>:i;losive

EESÊS.

Å.cknor"utl ecl,qeme nt "

Gratefr¡.l aeknor¡v'l e'Lgerirent ie mad-e t'o

th.e i{ational Research tauncil- of 0anada who

prÕ-nid-eñ.'for the eontinuarice of research

through the summer Õ'i L926, -co the lepartment

of Chemistry of the University of j:ianitcba

for theiv.fa.ciiiïies for resea.rch, e.nd. to

Ðr. J " 'I. Shi;ol-ey f'or his in';ereÊ'ü, ellc ou-ras'e-

ment ancl assisl,&;rce"





Plate T"

used in

d,uc 1, i c;n

lru.TE$"

I.,.tiniaiure

Ä otor nri vlì ncr

of exlrl osive

electric rIåter boiler
'bhe cau-se of 1,he pro-

gases. (s*e paße 26.)

Plate 11, "{pparat,u-s for d"eterntining 1,he

rate of alternating cr:-rrenå elec-brolysi s

at various current d-ensities and- frequ-en-

cios" ( see' page 10")
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