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348 Dlecktrodeposition of Single Motalie § 2ine and Tin ) 3

Deopoaitzion of ooot motols foon acnedus adlotiong
empocially ot platiaue cothode tokes place with vary Lirtle
gvervoltoge sad hencs ot adsontistly roversible patentisls,
Hnd hars Doog only the ootsl ions o8 the catiens, these
potmntisls would alone dotermine the prooesn of depoeition,
Towernr, in ooy asusonz solution hedrongen ot are «lag
wregonk, ond coapdcnendliy tws cathadie ranetions sro possible,
the duposition of the motal and the avolution oF jhwdmre,
lmone 1t 1g oF geent Intorosd 2o study the conditions unex
Waich o mobal oon be Seositad fpyn amaes elutiss bolben
eoiucion of hydrogen nets in, I the potentiol meindred for
mobal deposition in loss than that Sor tho hydeogen { or the
reduction poteatisl of the wotnol hidher than that of hydrocen
dochargs ot the mmsﬁz;)/ the srodict of slectrelysis ot the
cothsd will he tho motale If he roeverse s 4rag, sathoddn
iboration of hydeooen il acouse Mowevar, sheroas the
gothode dasosition of mekals invelven only the soversidle
metzl deszmde potantisls, The liberstion of hydromm invalves
noh only tho roversible potestisl of the hvdenoen alonteo?e

fn the wartionlar golution, but 2ico the avermlitam of hwiltnoen
at the matovinl corpoalag the cathodes In ok, At i booouse
of this fpator that muoy Rotals ( Bozde in sopdicvior ) om

he dwonitod, from acusous solnticna in prefermoe & hydeoom,

San o sveromlians of tho Jatbors
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T oon pondliy be ahowm that 4n & noutral acuoous solubion

{ o1 w ¥ § the potontiel for the rovarnivie evnlvticon of Wydeaoen
would be -
0,058 ] |
U’ng - B - m‘;nm Eﬂgm & - 3,485 vDlt.

fn the othey hand, the dososition of mast pobala atdve Rylsoden

in Ba%e Sovies wonld b {vponaible, wergo 1% not for averoiinome,
tove aRomniey the duposition potontisle for mopnia ,mm as On

§ o 8,742 WL § oroa { » 0140 voles § susmost that hidromn

e

wauld srofarameinlly be dascharged flest or atonowith the

mitoala, But 4t hos been shown that hydooom ovasvoltadge at
copper 52 othes catheds 48 mucsh aowe the ghabted Y0106, Coneow
ouantly in opder o Sizchozge hydeoger from nouteel solutions

/

oz gven osidic ones contatning the zine or zin s5lts, & DOSON- /

tial of anut 30 volt would be novaossary and a8 such the mmm’\
con condiy Be ploted with relanivole lower volisone wishout /

the a8 avonlubtist,
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362 ﬁmﬁmﬁ,ﬂm of Zinc from mifa@mm Bath s

PAnen cas be Seponited fron both soldd and alkpiine bhathe,
Tha oald bathe consist of sulphote, chloride or finetorate and

she alkoline boths ususily osnsein both waﬁié&}éﬁﬁs ziaonte,
REarimarhste bhothe are also aikaline, The alkaline buths
Bowns botter theowing powor and arme thorofors meat ocomsomiy
uead i nlote fodscuiarly ohanot articlias. Tho aoid haths
arg wsod o plads wire ad zhoat motal, vhars gnod thewing

poeear 12 oot romuirved, Syanide baths cannot bo vreld ¥ doooplt
eine Hrestly on mllenstla or soah izon wnloss onotdel atous

aro L£5Ean in the nrepsration of e hefic motals,s

f3 Indioataed in introduction, hydmogen $8 ouch more
soeliy dlschoegod than ains, sa tha patentlal of zins is over

Ga7 w1% vore negative shan thot of hydrogess. Yt oprears
therofosy thot 4t wnuld be doeoseibla to deposit sine, ot looot
ssieh ey ad cxthode effoiacy, Froo aold solntions., The fook
that 42 {a ronaihle o S 8y, denmds woon tho hich over vrlbage
of nydronen sa sion, Actually oo fn Tainton procasn, zins con
By drmoateed with hich cothada afificiences fron strongly acitd
solytiong, peowidod thay ore purss “he propence of vozy mmall
amsumta A% costeln saeenis gech og oobale G ndcked, lovers

the overseltare oF hpdregen on 202 and groatiy Ascroansd tho

cotivln afftoiency,
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T2 iz the objective of the prouent woark, to obtoin omoad
eolity Comonit of zins on doppor from Thisoyoate Hath {alleling)
whish 8 vogy sdeolo €0 noonore, with ood theowinag rowsr and
satisfackory G238, #o g o meko e process comersially useful,

The follodiag slating parsmeters wars gtudted in oplor
o abbtaln 8 9ond ouslity, lusteosce snd fins deposkh,

-3 *”%x%%\‘a&m of the siootyslivies,
2 Jiremot donaliy,

3! Tenmazature,

4} Ymeation o¢ slackrolvais,

5 Sectzode Astanae,

6 BAMEinn aoanta,



3.3.1 Brief Review of the Barlicr Tork 3

Thouannds of Papora on elecirodepositicn eaﬁ singlo uetalm
are available. Howaver the present review is confined 4o the

deposition of Zine and Tin.

3.2,2 Earlisy York on Elscirodepesition of Zine 2

Cynside sine plating dates fron World war~l, when the
throwing power of the sulfale procses was inmdeguats for plating
steel shell contingn. CGommzrcial posalbilitisz Jor the process
wers recogaised and bath compomition mok oo ssrly posiwsr years
by porotor an¢ Wenlund (28) end Blum e%al { 29). Developaental
highligshta $nclude the introductlon by oplingsy (%¢ ) of
polysulfide for protection agsinst wwicllic confamindiion.

Zhe histories) aecpects and performpnce of the fcre dilute bathe

nre discuneed by Beir (%1 ) end Du Yose { %32). A bauth for
electivoplating of bLright to eemibright sine of the acld chloride,
acid sulphste, - _ - arid Zlucborsdes, svid scetic soid
sulphate, alkaline zincsie or aikeline synide typ2 s desaribed

by Mootin eylvia and co-wprisxe (33). 3iwilarly Huchsite,ilichel
on8 othoxs{34) gove the alhksline bath for slectrodepozition of
zine, containing zcdium hydroxide as azin constituent nnd glyconic
acid as conploxing agsnt. Ansoniacal tedrafluohorats tnth woz yiven
by Tinehit(35) and othora. Similar type of wark has been done on
d3fferenty bathe.Becenily, quite promising work bag bosn darried out
on #4nc deposition in relatim to indusirial sapeoti,addition agente
strueture etG, (38-54).
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Conc. of Zinc Sulphate (gms per 100 ml.)

Fig.1—Effect of Zinc Sulphate concentration on

cathode current efficiency(CCE % ) of
Zinc deposit -
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Fig.2 — Effect of Potassium Thiocynate concentration

on cathode current efficiency (CCE % )
of Zinc deposit .
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Conc.of Boric acid (gms per 100 ml-)

Fig.3—Effect of Boric acid concentration on
cathode current efficiency (CCE % ) of

Zinc deposit .
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Current Density (amp.per sg-dm. )

Fig.4—Effect of current density on cathode current

efficiency (CCE % ) of Zinc deposit -
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Fig. 5—Effect of temperature on cathode current

efficiency (CCE %) of Zinc deposite .
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Fig.6 — Effect of duration of electrolysis on cathode

current efficiency (CCE % ) of Zinc deposit -
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Fig.7 —Effect of electrode distance on cathode
current efficiency (CCE %) of Zinc deposit .
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ginc Syetew { Optinum Conditicns )

- Table §§s The influence of the physico-clemical factors upea
- the saturedand magnitude of the zinc deposit his been shown
in the praviows Table Sos, 1 to 8 and in Figs 1 to &, The
raoges over which the paraseters were siudied and the eptimum

conditions arvived at By sxperiments sre suzaerised beslows

Parsustors aﬁ%xdiad and Range Optisum coniition
-1) Compasition of the bath. -
&)jConon.of zine sulphate S=i0 gxs 16 zmn. per 100 sl.of
per 100 sl.of &&tﬁh@l‘mﬁeﬁ. the solution.
biConcr, of Poteasivm thiocCynate 10 gms per 100 ml.of
. 1eZ5 zms per 100 ml.of the solutien, the solatisn.
c)Concn.of Boric aecid 1=-8 gus, 2 zms.per 100 =l
per 100 md of the solution, of the sclution.
2) Gurrent denaity Q.8-4.0 saps, 2.haspa.per Sg.dm,
- peEv 3%&&!
e ,
.3) Temperatars 1§ =50°C 36%¢c .
L) Durstion of slectrolysis
. 5«30 sinutes, 15 minutes,
5)Electrody distance 1-5 cms & ous,

SR, o






2.3 f:m%a and Distusalo Sor Z2dno » t Fehlan ie-&g J:Lm L—-ﬁ}

The pinting vartabios hved o moghet offvet oo the cuosiity
and composition of the dosits and algs on the CCE. The affsots
of diffaront varishlias aro splaloed haldow &

LIURGLYRE PV INTIDION

1} CEfout r::f “ino Sulphote SBacosbeotion ¢ § 07 5 ,.m wie Theed )
e i

nffect of Ning Culphate concantoobion wos atidiied hetwean
% onBe B0 40 ony, per 190 o, of the solotinn, Oull, anongr,
povi-adnorert a5 well as enodth wnlfcm and rood depnalts vere
ohtained st dAfferent ooacentrations, At low contmmiration
{ & gose por 400 mle ) a8 well as &% hicgh concentraiien Amil,
snuner, ad Ylack denosics wors ohidsined, This indicatss that
nudehar low ar kish concontration of #ing aiphats van Dahe
giorm) dor cond ounlity Jdonosit, Howavar, 1 sas Akaorecd that
fzﬁmmﬁmﬁmnf&im Incrsyaed i the desosit with lndrecse in
the poemteation of zins dulphcioe M the dand Slme 100 vao
aﬁé& inoresncd with incrosne dn the concentratioh of sind
sulphato md resched notmyn at high ooncentinsion { 40 g,
per 100 ml, Je The optioum condition for stne suiphate

donoankration was 10 gmae. per 100 o, of @ine sulphate,
2) &fm of rotossitn ﬁ‘ﬁmgmtsa concentration (32 tatla 2,
':‘i@aﬁ ) E

WA A

Totegston thlooynots wes introdiced 4 e beth se a
pslvent. The amount of potanaias thdscyants wan warisd from



1o B 29 omg, per 100 omi. Sor low ooucmtrotion rangn tha
sanlity of depoaid leprovad o3 thord won dncrease dn e
samomtietion, (bwsver ot hidh concmbratinns e blackening
of tho Sooosit oooors ab tine procools, Side by side troving
of ot wan alse @mmm, vapticuizrly o the odpgas of the
piate, The amnd of gine decosited romnined moatly conpiant
iring the ranes, Thore wan no morvked effest »s aach on the

SO Tha optiven condition wos obtolned 28 10 gos, OF zotessium

hisorraty per 100 &

3 7f%sed af Unsilo aodd conombearion § SO Toblnel, 0,3 )0

Sosie asld has & marksd efSent on the nature of dapouit
and eopavialle on O30. Yith Invrooss in thoe congsobtevilon of
Bordc acld the O00 was found € intgense Lt reachod ———
e then Jeorvesed vith fucther insxesue fn the concesntrabiom

af Gorlc sddd, AL modarate connmépation, the Saoosite were
Bridht smondh ond adhoponbe Honiavoy gt Nichar contankrabions,

tho deposits weye spongy md onadhsreats The optlnom conddtion

gxp Sorie soid evpnomteation was @ gnn. poy 100 ml,

4)  BSfact of Curront Density ( Of. Teble w 45 Mg e 4 ¥

Uning & bath oFf optimy avyponitind, currant dmsities
vapeisn fean D8 o 4.0 mf&ag wars atudiod, In the lovsr
region of current doality { 6.0 8787 1, tha donosits were
Eaily Cloady and potehe tal with s incrosse {n owsemb Ssnsley
unin 2.4 &5@3 ¢« Sine grainad oore shiving and edharmnt Gemetits,
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ware svtadnad. Auove this current deasity. the depomlts tummod
Vlack ond shoved buiiag offest { 4.0 n/dns Je This i olwaps
Hhe oo obivrvad m; nich Sel Gue €0 raoid Aepleich of the
matsl fons fenm the neichbourhood of the cothods, lowevers

it wog ohoeryed ghat with incvesse do the cureont dposity, 500

niun inorssect, The ontisum sondidion for ouroent &nplty wan

2ot 87802 | yhom e Aspostt cbealned was bright wnd undfues,

B} offest of Teparatarn 5 § OF Petle » Gy Mo, 5 3 g

A fnoraunse An tomportbnne 1IN gmoossol, deckonsog the
ol srdasiion 85 e nore robed mebal olatively poro than ¢he
polartgation of the loos niobql motsl ond czuges &n incroase in
e oppetal stse, The bemoraturs ganve stodied waz 155 %0%,
under gobings conditions of balh componlition, and C.We AR vary
Jow wopstrtuge the deptalys obtsisad wnre ot sntiafactniy,
howevty by incressing tho foweratang, o0d sl worn
ohtslnad, he infivonse of tamoraturn As coused by areater
golutdidiy ond Messclation of the metal gl which In e,
icods fv o bigher condicbivity of e golnkion, A high torperse
ture dnorosgel the aobiliiy &F Gy malsl &ong nd doordenen
ictol ms:%@mmy af the sslation. dnsthor sdeontas: of hidh
wempmordtyes i that thare ie seuelly loss chsomBlon 0fF Npdpsmern
in the depodlins d loos stoopo 998 tandency bovards orocking.

Zho depenits cbtalaed at tamperatnes grentes than 30°5,

were with Blodk finge, At very hish taspesature ( 3003 ), a4l
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8 yourdy depeeit wns ossfared, Dine contont D tho doonoly
mmd Aets OB decrosses peopartionataly with an fnusengs dn the
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/ Tho eptizun contition ebtained for tpeITINTe WAB 50%2,
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6y SEfoeh of Jasution of Rostrstvsis (S Totds € o - 6 S
¥ > = T = Tl e R o

:
/

’

vades cpbions contitlong, e porled of dloctzolysls
 lgngted foom S5-50 minoteo, Uine woksl conkent dn €he denpeit

,;{ wad fooronged fron oaa® 40 31 oo 84 1 el inoronse of Uime

.,

Pexs B miookes 1O 30 minubon, SOF also chenoed Sy 40 0 040,
s @itk lecronse Ao Queniiion SR Lavroszss ot £6 © oad theo

peanly poning constant. Ab optioon condiiios f.oy 38 mioutes,

Mn-wa_v:\k._: ——‘—.-...\,_

the denosit chtainad wop soooth and opode O8 longer tinoss tho
thackish mowdng found to bo efocsckeld oo eathode, Thy ontloum

- enmiieions woa thet of 15 sdotntas,

Ty Cofank of Yarlation af clockends, Mataase { 77 Uotles,

The rdestonde Mlstated Bododen anndy et adhnds wos
chmosd hotueen 1.0 = 5 ompe $8 eng poblicad dhee tha chaonnder
¥ ¥he donotilt ar vl 339 o coopooition oo OUD, dus ook

affacked, A5 i bovouso wihenover the miods and eathode oreg
soparsedd by goddy @atancss $het tho aoulivatemtlal surfoncs
| spprosch plones { 4e0. StEoldnt lines in the zosiione) drawiags )

ehon oy fusther inorssse in the grecing 402 0o doorecinide

. ey
——

o effont won the carrmt dstritation
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Tt deo woll kmean thsh aven sonil cuentities of captnin
sbatences odded o o decosicing solutios markedly Anflumico
the stagoture of the pasulting Sopoeit,. Thaos avs esiled i
atdieion agents which oan Do well defined as substances vhich,

t
i
{
¢

while not pedessacy ingradionts, are intenticnally added o

]

Coppsition boths in trces to proface o boneficisl changes In

[
[

zhe chsmserar Ff th Sonosit, !

Thises 48 oo Sindundatal mriacinio wnderising he ves of
siyemn mutariolse Dud o3HBlen womls oo 4 oy czard tha nost

Oompsaennle efPest wwn Yhe domnsls. Alsogt 233 o2Metion sqamto

mw ontioida, (% had Hoen thvaicht that S sfeospkion in the
dososit gy moy onss tho gatol 3D oslliect 83 vesy small
oraials and emss o Swoth dowsit. Tho cypetal qrowth ab
those paints will bo faates,

e adidelon agmnte listod in Tobie « T, wore inteocuosd
ity €0 ¢he bath onfer opbimes conditisne and $he offonk woo
atuiied, Aoaw hoar, 0w Cluchoe, Termeldghvis fmnpavnd the
ehrralter of deposit By momoting brichinesy, Bovavsy., the
Coosdis wore Aot sablsdcctary in prozonce of oolatin. Tho
phantiivy won not affackod Iy the use of the stiltion gaones

jingesd, Tho demsalt, owupesition and CIF romsincd moro o loph

the o
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Bothods fSop the cleztrodopogition of &in, from élther
acdd sul fatn op slkaline seoliutiong, have boon loows £0r more
than 100 yesrs. fosevord g Bogers { s5) wero greonted &
Peitish patont on tin platlog as oarly a9 1843, Mettinds of
tin deposition sre swwerized in o articles { 56). Iy the
achd baths tho tin iz prosmt of stoinsus calit { . S6Cis )
While £ alualine hoths it iw prosent as stonnie {ew if!az'-;f}n%h
Tha sy imortmt Alffermce in these boths is the grester
thyowing poser of the alludline stannats baths, howewer the
aclid bhath hae e odventage thot the walanos of €in in 1t s
T, compared vith IV &0 ¢he stonngte bothy honen dplce as
such s 1o denasited; st 100 porcent efflciency, BT HODOYew
hour 40 the acdd o8 In the oilkaiine bath, The athode sfficle
ancy i usualily 65 4 in a2id both and moy bo only 7% 8 4p
alkoline bothe The omdoctivity of the aodd bath 1z hicher thun
that of sikolineg,

The subeelzution of ¢y pleting for hot Wppisg of shoet
steol for uce In ceaning Industsy (57) come chout throuch the
waprtlne, 7in i 2ot noweElly protoctive o svecl, Bubk in the
partiomliare conditiona abtaining ingide the sanltory con {gonitary)
monping contsining foods, Or beveragas ) the uoual potentiala U
of tin end ¢ron cre covered and 2in bhesomow protsotive, dn |
plating of stel for uen 40 the *tin con? iy 4o largost squ,a\\
nae oF dloctmplating In terrs of tonnage of peduacts,

4 plosing alecdtrolvtes &n avdd Toths; nsuslly the .
gulphobo and the chlsride fluoride dectmolytes, comerieslly o

s
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Eoown e the "forpeztsn® zod ¥alooma™ protensasy resportively,
have adaloved voridules socsptonce by the elaotrotisplote
nrodgsers (58 }, Althaurh tin mav be doposited from pany of the
goluble actd 2in galey, only these bypes of tin solations otoe
mnoun sniphote, stonnous fuoborote md halooen formianions

zza in OCSNOR Ve,

In 1042 tho Draseellil poad opganizatisn, n soononesn ©
sarpent foum wolrhon stesl onnponys ovslunted the stabilliey of
warioag tn slating solutions londMag to the Jovclopnent of
syatonen TinY prooegd, The proosss wos bogoel o & #slution of
stannoun ciiozide, plus alkall metal chisrides ond Hucrided
gith suitobla adfition agents, potonts isoucd 4o SSwellther: s
Heflmmn - @ Oroy gk )l ¢ " fommed the oxiginsl hosia
fop the " Unlonan fin proceds. A roview by Tu fose < . of tho
eagly dovelonments of the procsns indlertes ot the trnpition

from pilol plant £ £l scoole production ab & spesd of 320 n £, n
was achisved in ono oy, Mich aredit coon b0 Dragssells
sesosvch doin and o welrton o%sel composy (60 e
It 48 the oblsctive of the ppesont investigazinn to offer

a gteple aold Bath { a2ld « chlaoride } io proferonce o5 the ather
soid or aibsling hethe sossrtod erlier 55600y Giving mood cuxtiay
Somoedt el o high X7 { over 20 O ) even o 2opeen, fron ond
othar Ives motolee Shd bath g cssy ¥ woadfle, ad «dvow mod

ropsoidnetbility of sesnlta,



34| Baplier work on Blecurcdepasition of Zin @

Funber of methods Tor the elootrodeposition of tin
from differant baths have beon knosm for wore than 100 yemxs,.
Hathors and co-workers { 61 ) tectcd momy of these carly
bathe snd found vom satisfactory. Por:seter { 62) hinted at
$he reason. ALl were baﬁad’an sodium stannite formed from 6

gtonnoud sali in the pressnce of excess alkali.

Troctor ( 63 ) and Posine wore spparenly $o first $o
publizh & plating babh based on sotium stannade. Lo far a8
aeivs baths for tin plaiing are concerncd, nusbar of investiga~
tione wexs involved in solving the problem mith the additives
which they founi wore neces:arp €0 give smooth and adherent
daposit. {64).

Research on tin electredeposition ¢ontinued at a rapid
pace afior 1960, Wumsrous ariticlse sod patenis have ap.guared
in ths literaturs deseribing new addition agents brighineye
eryetal strucsure, eflect of weapsruture, throwing powor ato,

(65 vo 70).



P

SLOIRTEURD LRSI w

«6 GE*L1H 2EGRD GEG T
) ¢
*ILRISG0E SRy YD LE*EE £30%e SECYE 1 r
, , CE* 56 GEUD fE0*0
*EICHOOFRTIEG puv SUTLILR {26} , ,
RRLDAOGEE UL LG .- . 754 1 08 LEO%0 . GEGTD & . &
U9%LG GYE*C STOYG
SUCTRERIGH LB O {68 ‘ ,
3T QUBIBEpe Uy Lerio 37 {9t ¥ BER*G € &
REYER 1500 bt S Cpd
CHOTIUEIOE SDIER {ag}
LIFITE GURTA JUOIDLPLTATEUL RLG 20 EEC*C Z E 4
RNy wls wel " gush
TR2VEDTHED SR
pOgTeikp  UY ponysodnp X9 epESOIEr oD
Speelon 3o aauguy R B

YR O % ARIGTD S0 U JOTERWR  *SGO

D P BUUCISTD OpPOSINO TS
LW AE % bavgusudy
g opp 208 weh ¢ T USTIOTED WOlReD

*RYBCLBY W FO {

R 1 ¢ sboaten

DOLTETE (£ 1 STEAICIGORYG ¢ LOTREI
D S0d GRmTETD T ATy gusary
*OIDGERS UYD 0T ¢ PIOL DIXOTLSeIpa)

) AURTSTss% WEBIIND BHeIRTy Shiguonaed U
PUs FUOQUOD IDI0R DS O RIS UGS VUG 30 SOISIOLLOOUGS O ROOII0 @i ~F § Al LIS




100}~

90

%

.CCE

80

J

]

o4

70

2

3

4

S

6

7

8

Conc. of Tin Chloride (gms per 100 ml.)

Fig.9 —Effect of Tin Chloride concentration on cdthode

Current efficiency (CCE % ) of Tin deposit -
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Fig. 10 —Effect of Hydrochloric acid concentration on

cathode current efficiency(CCE %) of Tin deposit .
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Conc-of Sodium Chloride (gms.per 100 ml.)

Fig.11 — Effect of Sodium Chloride concentration on cathode

current efficiency(CCE %) of Tin deposit .
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Fig.12 —Effect of current density on cathode current
efficiency (CCE % ) of Tin deposit .
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Fig. 13 —Effect of temperature on cathode current
efficiency (CCE % ) of Tin deposit .
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Fig.14 —Effect of duration of elcctrolysis on cathode
current efficiency (CCE % ) of Tin deposit.
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Fig.15 — Etfect of electrode distance on cathode
current efficiency (CCE % ) of Tin deposit.
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efficiency (CCE % ) of Tin deposit -
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Table 16-4 & The influence of the Physhce-chemicsl fuctors,
upon the oatore snd wagnitude of the tin deposit has been shown
in the previous Teble Kos. 9 te 16 and grophically in Fige.9 to
16.%hé ranges over which parameters wers and optimus conditioms
arrived at by cxpar}.mnts' are suszerised telows -

Paraxetsr atudied and Range Optinuxn condition
1) Compositicn of the bath - '
l}ﬂmma of tin chloride 2.8 gms, & gas per 100 ol of
-per 100 =l of the solution. the sglution.
blConen. o f hydrechloric acid C.8 % (Komuty in
Ooke to 1.0 Hormsl (ormality sixturs),
in Qinﬂr‘)a
¢)Conen.of eméim chloride 2 U9 & gna. per 100 nl
6 gas per 100 m) of the of the solution.
&’Fbﬁwﬁ.
3} Surisst densisy Q.42 aupa.por s.dm,
s 0e08h =1.0k amps par Jg.dm.
3)Tenperaturs 10°=50° ;BGQG.
kfﬁnm%im of Blectrolysis 10-50 30 minutes,
Alautan,.
%) wloetrods distance h ams,
T 2 = 10 cmB,.

s W, L
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%3 Nemudts and dscussfon (Table w16, Jiga 9+16) for Tin :

e faflumnce 6F Mfforent paraweiars on ccomositing of
Ehe donnsit, sothode carsont effictoncy { 500}, sbructarg ond

aunecragen OF e deposita hove baom detailod Below &

-

ﬁ, ’%’ Qf} M,,».ﬁmfg??‘% ‘3})\"3 gwwz“r&"gﬂ? ‘

13 nHtge af &in ahlaride concantzation { UF Tablew9, Ctoed)s

The sofwntlidion of Bl chiorlde in tHo Doth was wisled
Zrom 2 & O oo par 108 ¢l o the bathe, 1¢ was Sound that

incomsne ia tho cono.o? $i8 Nlortde in o bolh feproved the
uality af the deoItt, At low mncoatzabion, trising offect
gos Susacved, bk as @m’:@mw&ﬂ was {ncresscd, no Seeosing
480 oty Tharg wag &lso an Incrossn in the I vith increnss
&9 the comcwbtrotisn of tin chlopldo, hovever, he poount of
win deposited noayly remeingd oonmtant. Moe adharsnt and
atdning deposits were ahtained ot ¢ e OF Bio cMlonide per
108 ol of sslovlon,

2} fggﬁgaz of fvdrechioric acid mncontestion { 22,75%1 smi,
Pa=20) s

The bath uged for tin depcslition wap hydemdhloric acld
Bt The antd bats hag e ndvantocs thas tho valeges of tin
£ 4 & I covmared with IV In the edonunate hath: henoe Siice

an 2in ds Seositad, as 190 € officloncy nop sameroWhour In
ha oid en in the atkaline bhath. The dothodd asificiery a8
usuaily hout 85 parcent in the aoid bwth end vy Do enly 78 O
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in the aslkoline both, This was actusily e cupa obworeed, The
o3 chmogved wog Sove 9% ¥ in georsl, Prem TERLO « 15, it
wolr Ghsarend thaby 08 S8 § concenbrating of Bodzoshiorie acld,
the desosita ahtalsed were flns, adhorent and ahising, Tarevor,
at highey cwicenbrationd, thove w33 awlatisn of Malrogen goe

Ry Onthnde,
» TEfrerk o 3adion chloride comcentestion £ R Patiaell,

X‘;&g 3’33 z ]

Zoctitension of soNom chloride vas oumagad Hednes

2. i pop 100 0. Tho cality and pnalire of e Snoelt wnp
found o be loproved with incronzing cons@nbfation of sodlun
shiosids and Yustious, Sagoih, wiforn and adherent deposiss
whpoe ohtainad 6% § goe, por 100 oL, This alght Do poobably e
% increoped conduetivity of the bath, The compositisn aad WD

of fho motel contank vore found o duzvosce with inceonss in
why comoenteation of sofiugn chloeldn, 5% bigher congsntentdong
whe Jevsits were not aatisfzobkory Mug o evpiutisn of hydrane,

&) Glfegt of corsont denuity { OF Sarde 12 Sy e 12 ) 3

Aurrent densitics ranglng fran 4084 « 108 oopns per Sov
dme WP uged, BE low S0, the donosite warg nonodierent ond
unnstisfarkorr. Tho ounilty of Jeoonfde donrowsd &3 Do, v
inoranssd oo 0.42 ey por Bo.dd, DR B4R 508 DAY 27 My
the Cesosits obtained wore quite satisfactony, Wit Sumther

inaroats of Cule fo@ited in fnceenae in he o formwaticon

handonaye 48 hich 280y nemedhoront Sosits wore shinlnnd,
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HAth Incvenss in S, in conteént sl TN (L2 the deroslt ware
| focpessed to 8 Grost amtent,

53 Bffact of tamperature { 3F Toble 13, Pl - 13 )

The Lemparabirs tonge shdied wag :_.aga 80" S unider ophimm
zonditiag of bath compesiition and CaBs The 2in contont in tho
Sososlt deosensed vith incrsass in tonporstnsg. e qunlivy of
the Gioosits vas Cound to bo satisfaotory ot 3092, (Onktzem
epndition ) but hapmd $his teoporotize oo doprvoncel wmn

ohsagrad, N0 hicher taposstneg 5@% } L% bovame infecior.

6} uftect of durstlon of glootrslysis ( CF Toble =14, Tige14)s

myectrolyals wos oprsicd ont Sor 10«13 ainutos uriay
ptherise optimum omdition, hunge in the denosit commosition
wisn not arpracialie with regpoch to the duration of slectrolysin,
The S22 daceessed sty Tha donosits wors brioht andfor,
e adersnt &t 30 wmisutes { optinam condision ) b lictle teee
formation tendency wax obsorvoed, as Riratian of siootroivsis
wae Anovenssd o sors than 30 sinutes,.

Ki] fftset of alostrode distasng (22 Peilo «18, Mer.19)1

“he Jddsttate betwasy aeds oand cathods usn chimged helwoos
T10 oog, T8 wns not!cod chat the damctor of fhs dewnals oy

well a2 ths coepodlsion il Xiuees not affected,

o} =ffock of adfivicn aomts » (2 Tevln 26, 00g - 16}
A mimber @f addtelon ageats vors addad scperately and
sinoly ¥ the bath uader opilmen condltione and the peaclts ore

srvpnariasd in Tahlo « 18, I£ vas Sound thet Doiditer and swxoother
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’7' demosits were obtained im pradence of Agar Ager povéss, Oelntine

;

i

/f.’ mﬁ; Cummhpeblen, o glucoos, sugsr and auetone thore ebsarved
/ e teoe formsticn tendancy, although the cuslity of deposits
Cwen quad, Veweecr for oarten Slesulphlde the doposils obtolned

/’ wops Block and nonadserest,
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wie of Somploxgs in Slectrodusosition of Cine ond P40 s

T4 A worth wisg &0 distuss the Sine chapncter of the
doposie on the basis of cceplower that g bhelieved to he
fomed in tho reospective hothe, seloctod for Zn and Gn decositison,
The donosdsion of mobeis, oomniding S0 Umes © |, 45 0 cryshol
meoath procoss, It consists indtlally of the fsenadton of niclal
¥ e coldedn surfase £llaved by el arowih %o langor
crystali, The & prodissce ofmir slonlcanzoualy vith Ad€lomanmt
volociiadon. I8 thoe zato of pucselt omntilon g rors 4oan 1w
amrohnl aoouth, tho dnooall abisined iz fino oratned inrons
A2 tho cepsital geouth is ooy 2onid, 4t Sovnmrs S2Uator forMie

eclon and the Aoywld 4% Coorso, nonennifom and uasatiafactory.

mposicion of the bath hos marked effacin ga tho rolasivo
yolocition of nudiel fSorsction on) on thelr auhtoruent cpynhng
growth, Tho cothode nelarization nad the struntwre o6f the Jomooelt
slag nlay Thols own rlae Th w09ld apoasye £aot Sor che producseton
af & ropid amd €hlck domoeld, the proscoce ©fF o lorgo nwiog of
roEallic dong in the Adochkmoiztlc {8 Jeslircnle, Tat g wuld
£awmte pathor the rondd amouth of & oy cerotals chan tho
nendariaion of & large oy of ganll orvatals, whilch 4o thoe
oheatrorigtic of & Fiae gecined denanit, Tn BN ofhor o A8
S32ute aslusiong ora used, tho saosage 0F o CuZEInt QION OTIOOS
the moial dons preoont nooy tho exinds and Tumt, snoagy Jepoalio
grgul e, Agitation of the solucion would Bring tho othor motol
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fons neercr to tha cathnde ™t at the some time Lt stifa tho
Sludery €hat s fovariasthly foond b she botton of tho bothe
Thig preciniento 9ottls on the sathodo and mokes o dmoalit
revagf ongd wmovan, [lenco the uso of dilnte golutione with
aitatdion 4g rot dostrahle. Thoarofors, an Adon) 1o corerile
thn (Clootymiyvie omeanteasim ) would o one f:im&x:ﬁinigxg 2
foy motad foas bt ploanty of dlsselved mozal osdt o fuenish

o frosty supoly of dong oo faot ag thoy aro mwovoed, Tho solution
of o copplag Bols of the aetal sstindies this condition, Tho
corplan donisnes in to Or soro atagos, the medal vsuslly Dolng
Foniaed of the lant atogo 084 60 o 14aitod extont. This okons
thak tha roto of formation of nucled 42 actuslly dseroaset Dy

incrensing tho amomtrmnition oF she digsesived matal onle Ain
nesgonon oF 2 igend 1i%e alksld “hoecvanide atlet in the Davh,

The fonw nre mosde cwailable for dischagdgo at tho cathodc oa

md et racmized and thus o onifom adheront Semeelt would
rognlie Tho reeulting complaxos coataining lorgely thoe cine
mobol tong in tﬁa form of In { 213 }p OF Tn {1“1?"533 aad othorn
hithorts unknom, nirht get formoed, Fhioespanido Song orn Dound
up wth ming, Yo houve howeosrs g-:? srioctific aridrmnon Sop tho
foration of JAfaront typos of copwlawes 0 atsein eullie
trinme &0 Such wo ave w5 depeid én the moagee dato ovailotla
with us indlcating the fonsation oF tho Silowing rynos of
comploxe® vith Tmown fnstadlity constonts j ok for ovarall

oommlok and the othors for siopwise dissociotion oymplaxas.
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a hich sdrhocseanide oomemtzatiog alven mosiram

ceaduseivlity 4 vloo nrevidog lapaoly oo a ﬂ:m-'s:!, eliricy 4on in

solirdiining On (00 3?,‘ fagning ol satin of prohotlo
v

cormonitiond, Tho rost mordnt vaplaides An conbeolding

AN
o fOoontion of apoolfio cornioas apn 2he ol and the thiooy=

anzio exndtoet of tho oth, Tho camnlicioes of the ompis Dondioned

oy o supposed o dosooiots oz follows ¢

Toe rplenes ( Thdouystote hoth ) s

The sasctions hnat srvoe Setliovnd & aosur ooy e summsrined
»9".53 m‘ &Eaﬁ *
* -
i, + F1E5 e :“fnitﬂ.ﬂ@ + Ra80,  wso 1)
o
\{. L 't) sﬁ
Catt e 2T wm 512{}‘3 f W wes £ 2}

entam), endt 4 2 Sm

asas § 3 )
* Beallibrion o Moseciotics constonl “azae; oot vary low

{ oooul m"‘m} Moy ’;;s.a,ié a complar n é?’s‘; a3 ko 3

Sl Tl 4+ 118 = el e s {4)
n {8y = 2 e 3 g ece § 5 )

M‘Q
Pad?  oteher Seom (3) or {8) nots reduced nt the cathods

f[}‘mg* & " = In iﬁﬁ?xiﬁ} ves £ G )

he fartdior growth of SoMosit followg the lowm of adooyotion,

Doare parts of the anthode are dawsited Y frogh notal ions for

thodr toen to be dachanged,
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Tn Gmploxes { fofid hioplde 7ath ) s

Thao roarkiong that are Toldaved 2o awre ooy be surmarioed

as faliows ¢

' Biannouns and Jtaandce “oumd exXas ¢

1

!

, - 535;:%2 + P tIncy ﬁ%ﬁaﬂ,& eos JOIOTLIC 3a)8 L0 (Y1)
//'” ) 88
J
o T, + & I073 & 08,50 1o e wln = 2a(2)
Jd e & 8
imgtn s = PRI *""ﬁag" U ormpyex ) s {11)
- . /
mwg"’ = mmct i em” s (10}

25
H Yy, oy ‘i‘ %, g ?’3"” -~ L)
,mg_‘n :14 - pAge ) ﬁ&,niz;ﬁ { “omolox ? ve {20}

. st o S . /
Sﬁ‘aﬁ* = aa"Y @+ 4 g 3 PO $a¥ |
Jf;?aam* neoced fro faotle Aaasocintion of the coomiox ap in

N /
{21} or (2 Ak mets soducsl of tho axthode 28 1

A

(ins + 9% » aaPo

Hltegmotively, &3 the both edges ood the soeonpous tin exidian,
hiyh or comlames uo & Who avoilabtlity of d erbisals, oot
formed and tho wpordinntion owier incroanos from four & 5ine.

Thuge Simnnic complomos ooy Do cnvisagads,

a2l g PR = a3y (soiunil doation)

isag‘??ﬂﬁlﬁ = 21" 4 i‘isa"’%g" (oot oto Aogocindtom)

2

rs‘n'::«zﬁ‘ = 3%t 2 62° (Conmlax Jeebly Mosaciacion)

0% 5 48 = 9% ()



