
as EXPLORATORY STUDY OF THis £ OSSIBILITY OF USING GRRTATIN 
Vv 

INORGANIC FUSED SALTS AS BLECTROLYTES 

POR THE DEP osiPlow ‘OF ALUMINTH 

by - 

& 

Robert LY Seott 
ped 

Thesis submitted to the Gredvete Feevlty of the > 

Virginia Polytechnic Institute 

Chemical Engineering 
18 

APPROVED: APPE ROVE 38 

Sk 0 UbanAt 
Studies  Hesd oF Department 

Supervisor 

  

    
smh a ee eB se 
f Graduate 

  

Jone 18s - 

Slacksburge, Virginia



L 

 



TABLE OF CONTENTS 

   

| Pace 
TABLE OF Conte LSS Oboe oOo HH CEE REHOME DH EEE 1 

Tables Spe eee ee neta ee eee bh ee ee aa 

(O
o 

=e
 

4 . 

Figures BCC THERE OERAHEKC HOH ESCH G HEED 

ier APY Pee & 

ee TS TRODUICTLION geesaeoaebeboeeskerpsataernene 9 

Tr TOPS SATU RE REV IEY Se e666 6S REO EE BOR BOB EE HH BD G LL 

History of Aluminum .ccececseseseveaee LL 

ay 

Diseovery of ag 
Alvailrnm ORS eee Ha AL 

Present Production Methods sscove 14 

Blectrolytic sefining of 
Adluminwr ccedsnoeeeeceonensusesae LE 

Coati ELE With Aluminum sesecssesvvveene LE 

Calopiging vee w Eno ebosaetreeHaes LS 

PAVING eeedvaessevs ees eeorasens 17 

Hot Rolling sessoeooeereseccasene LF 

PRINTING gaveassoeneseeeeereobese L? 

Thermal EVSPOPAtLON «eavesepeseosen 13 

mputtering ee eens ereeoeeeoneaeees LG 

Passed Salt Electrolysis @easeeter oe eees 19° 

venous he ose oe ee see eee es ee a a0 

avadeyis Laws and #Hused Saltese «+ 21 

Metal Foe ségecvensoposavesesenen Be 

Voltage in Fused Salts eacsssvsene Oo 

Anode BPfeat Heenan oeeeeeasaeecan BO 

Concentration Polarigablon ssvesese 24



Tits 

Blectrochemistey of Aluminum ¢«cacesoaee 2 

Electroplating on Aduminur censors & 

Aluminum &S an ANOUG acescesenen ee 

propertie 8 of Albominum Costed 
Surfac S pe ee sede d seeded eeaegoerne 

Electrodeposition of Aluminum «6¢e008¢e2. 

Aqueous Solutions assiseassosovese 

Liquid inorgentos ab OSE EE KH He ORE 

Fused Salts Soe aR EEE ODER TED ESEOEBS 

Organic Systems poe H HEE HHSC SHEE OS 

EXPERIMENTAL gostvessaesesesssvteonsscesves 

PULPO se oF Tavestiaetien Pee baoeeeovens 

Plan of Expe ‘Lmentation Co he Te HEE HOHE DE 

Literatur @ Review seeebsesveveeveen 

Haperimental WOPK ekavoeseoeeegeas 

CHLORIDE SYS TER aed ee Hee Se MEE RHEE H ODOR ODE 

Literature Review +o boneeeeeeseereavuse 

Materials Sue eee ee BHRE Se GH O OR HERE ERB EG HBR OB 

APDOPEADUS sce rbanegrsonsbeeeeeoreaoner He 

Methods of Procedure HOR eee He Se He eee A 

The Hlectrolyte ed vveeeovecsvesess 

The Blectrodes eee Kee E ee OED EE OS 

‘Gurrent Density Ree eee been eee enews 

| eneeemonene sition seowkeonreas oage 

Heat ‘eat menh « PRA HR OTR ERS EE OH Oe



Data mnie Results oe weasoeane. 

Discussion of Results «see. 

Addition Agents eee 88S O80 

Heat Treatment .aoresaes 

Recommend etlons eerass exes obi 

Limitations eH ee eRe Re RE eee eo 

Me a nls : . 
Sonelusions eo 

"YAHTDR cyumey oo. oe. 
Wa AN IDE S Be iA OR SHR ORE Oe Hee EO Te we 

Literature BHOVICW eassaeeaear 

Discussion of Results weTrrTy 

Recommendatlone® essesevnavenae 

Vouclusions SOOTHE RRO RENE EE HS 

PLUORIDE & TEM seobeeen RiGee tebe 

Literature Review pescessonee 

Materials SRSA REE HOHE RHEE ES 

Apparatus Seve ePaeeeHekaneaae 

jiethodsa of Procedure s«scasees 

Retermination of WeLbing 

Data end ResultS esecesessuvvue 

pLsoussion of Resulta seseses 

Recomocndations Cea H GEER O DES 

Limitations oe RER ROH OH HD 

fy x r 

VONGLUSLONS sesaewdveunsasnses 

eae 

¢.# 6.9% 6 5.8 

‘eb oeen es 

i 66 o & 

enn oe 

‘ee @e oes 

eee 

8 e 6 oH + 

@e es 

Pe oe oS 

phe eee 

eee S Bs 

PoOLTIt 

ee ee Bae & 

ea 8 

ee @ 

6% 

eo # 

Oe & & 

ee © & 4 

os eee 

&@#eo 

 



it
 i ff

 

“ery her pyrs oceyomtrreeang le ; eae 
SLED DE Eat OATEM eee age eee tne ee HR EE EO Heo 

Literature Review sceseseecseageees 

Mater Lals gesvsteeaeaseerewotarnanad 

cosene 71 

eeenge TL 

egasee 78. 

APVOLODUE gaa veace esse enedereeagageees 

Wethods of ProceGure® assaotegsed rags 

Preparation of Blectrolyte ees 

Bleetrodeposltlon esassetasuan 

analysts of Alumimum Sulfide .« 

Volt«Ampere Curve eee veKRaREee 

Deta amd Results accotvereeovaereoane 

Melt pes
 ng CUPVOS sasecesegaseees 

BLectrodeposition eacneneeions 

Voltage+Current Curve »oowesée 

Discussion of HESULES aecesevsctase 

Hlectroly te eebavacveapavedans 

Decompoeition Potential Curve 

Recosmendations PeR OSH HR MOET HOES 

Limitations cueaeacteoeeeeesunusece 

Conc luslons seweeeecsobensveareseas 

FLUOBORATE SYSTEM ..aedeccuucevocsecacs 

TA perature Reylew Peewee ee eneeans 

curses Oo 

oneees 86 

aenoase OF 

cecens AB 

eeoses 39 

eee ao% Bo 

seeovee OO 

eeeeee 98 

evsese OS 

. ey oe 

ga Be Re g&é 

eeeo ee OS 

sevens lOO 

ones LOL 

sease 108 

essen LOS 

ee ab 6 1038 

Preparation of Aluminum fluoborate 108 

Discusion of Results seacaseanaves 

4 . a» ot te . 

REGOMMENCATLONS evsveeavsevaeasanege 

G8 Geo 104 

eocone LOS



LV « 

Ve 

Vi. 

Vil. 

VII, 
Ty 

s Ae tt 

PORMA 

PHIO 

OLeoussion 

Tinitationa Seer eee eens 

CONCLUSIONS seosececzave 

ATE SYSTEM 

Literature Review esas 

Racowmendetti 

of Results 

CNS sesaesee 

eeevo eae ea bee se 

* 

+ 

2 

Limitations ssseseseess 

GONCIUSLONE ssccetccens 

¢ 

@eetgereeeee eo 

a 

a 

$ 

€ 

cd 

2 

% 

Literature Review « eebea 

eee Oe HOS & 

eee eo & eases 

ee eee ee ne FH 

ae 88 8 ee oo 

ee eoo 8 ae aoa & 

eH BH SBSH 

S¢@¢ @ ec eaga se # g 

aen @ & 

8¢ OSG 8H SH & & 

Preperation of Aluminum 

ee ef & & os 

2 8 

ee 

ao & 

ee & 

eae 

Pee 

2 8 © 

2a 6 

ees 

thiceyanate 

Preparation of Thiloevanic Acid sees 
bh 

_Properties of Thiocyant 

Discussion of Hesulits 

+ Pi ey ety ie sete st, 5 LE 
TTT TL EY Pye rT mite Poo kia 4k A ot 

Hs 

Recommencations esses 

Limitetiona -« 

Conclusions » 

EBAY eseesseue 

ST BEE OGRA Poy e Fe % 

ASEH 

VIVA 

Addenda aaaee 

CWDLEDGHESTS , 

eee eda een age 

#986 #8 @ 6 # 

#o0eec¢ 8 & oH 

SOY EBS, By & 

see ee ee @ G 

6 G4 8 OH & B® 

eo ee eG SE 

@e eee Oo 8 6 

eae eee eee FH 

ee on d’eed es # 

& 

ff 
Sat Agia w © 

SeSS EHH SEHD GE 

4949 6 

ae ee & & 

¢ep ee Ge 

Foe Oe we Oo 

e828 8 4b 6 

aS 8 ¢ 8 

(8 8&6 Ho 

ebeoasd 

#96 ¢ he 

GO Be 8 

pee es ot 

= 4 

*% 

e 

ee 

 -# 

e % 

we 

& & 

e € 

as 

eo 6 

& G8 

se & 

eee 

ves 

oe % 

eae 

ae 

oo 6 

eo & 

eee 

@8 ¢



  

MA mors PABLES 

PABLE 

Vie 

Vrr. 

es 
wtf ee 

"ay Ls gs 

  

Pas Page 

CO Ee 

RA
 A. Somparison of the Specific 

hac of Molten Salts a ew 
above Their Melting Points 

MS Eolutien Conductivities 

Blectrodepoait Aiuminum 
yeuen of Mlunious Th Lor ide , 

Chloride and Sodium 
& SOHO KORE ESEOEHERH ERED EEEA 

feaults trom Heat Treating String of 
Copper Hlectroplated with aluminum vee 

Susmery of the Tests Performed for 
a System of Aluminun Plnoride and 
Potasgs Liam fluoride as an Blectrolyte 
Por the Slectrodepe aition af 
Aluminium HUE ROEHH EHR ERE RARE E HE HERE HS 

Gomparisan of & Me lbing Pointe for 
Potassium and Sedilum Polyveulfide 
Compound s ROkPEHEHHHERRHEER EC EHEE SOE GEE BH 

eta Lor the Melting Point Curves 
of Mixtures of Aluminum Sulfide, 
Potassium Sal fide anc: Sulfur «eceeaaen 

Data. Por Voltage-Current Curve af 
#O Per Gent Aluminum Sulfide and 
7Q Per Gent Pobaselu amt Sulfide at 
s Temperature of 300 ®¢, Using 
Platinum Hlestrodes ROOST ARE RAEHRSE EDS 

Aap. OORKHRRORHHER OH TEE RHEE RR EOD 

SL 

52 

ar 

79 

eo



os
 

et
t 

C
y
 

Bee
) 

ae
s 

Be 

Figures 

; Le og 
Diagram of Cell Used for the Blectro- ~ 
deposition of Aluminum from a Syste em 
of Aluminum Chloride, Sodiwn ghioride 
ane Potassium Chlor ide eae eR HRH ETOH HD ae 

Electrical Viaevem of Cireult Used 
for the £ Blectrodeposition of Alum- 

inum from a evsbem of Ghlorides seessens 468 

ty 

e Freezing Point Curve for the Binary 
System Pot B88 aii AEA Sulfide aad Salfur aves ea TO 

Freezing Point Curve of the Binary 
wy eben So0dLum m Sulfide »~ Sulfur esd oe ener 74 

Erfect of Previous Treatment on: the 
Viscosity-Temperature Relation of 
Shea faye er 
Sud fur RT RECESS RHE TED ER ARKO RTE RG ili 

Ulagram of Cell for Elestrolytic 
Study of a system of Aluminum ful- 
fide and Potassium Suifiade $b 9088 0 4.64 © w Ra 

-hotogranh of foperatus Arranged 
for Elect brolytie. Study of Aluminum 
sulfide and Potassium Sulfide System .e. OO

 
or

 

Melting Polnt | uPvé 6 for Various 
Wixbures of Aaminom Sulfide, 
Potassium SulPide and Sulfur bende senessa dd 

Melting Rar ne of Mixtures of 
Aluminum Sulfide and Potassium 
Pian YF SE OF os . eye 
Pplfide SOPH SHORES HR RATHER DRADER ERO H SE 92 

Current-Voltagce Curve for 30 Per 
Cant Aluminum | Sulfide and 7O Weight 
Per Cent Potassium Sulfide at B00 oC y 
Using Platiniun Blectrodes. Pee eee eee eeee 98 

s



Ly INTRODUCTION 

From the earliest experience thet mer has had with 

metele to the present day, he has been plagued with the 

problem of corrosion. Corres sion takes on many forme, 

some of which sre beneficial, but most of which are a 

source of constant trouble, Many methods of delaying 

end inhibiting the corrosion rate have been advanced and 

perfected as the years have passed, but still serious 

problems of utmost importance exist. 

One method of controlling corrosion la by coating 

a metal with a second metal thet is not as susceptible 

to corrosive action, such as niekel plating of steel. 

the process is essentially the passing of an electrie &
 

current through an appropriate solution of the salts of 

one of the metale, 6 bar.of whieh ls used as one electrods. 

The protective. metal deposits from an ionic solution 

upon the base metal which serves as the second electrode. 

the Pilm thus deposited acts is a new surface and corredes 

at a rate characteristic of its own physical properties. 

Aluminum is one of the lightest and potentially 

aheapest metals om. it has exesllent corrosion resis- 

tance, and therefore, Lt has been suggested that aluminum v 
By ee 
gee 

be used as a coating for metals that are more susceptible 

to Gorrosive sotionae



It is the purpose of this Investigation to study 

the possibilities of using the inorganic molten salt. 

systems aluminum chloride - alkali chloride, slauminum 

flueride ~- alkali fluoride, aluminum sulfide - alkali 

sulfide, aluminum cyanide, aluminum fluocborate, 

aluminum formate and aluminum thiocyanate as electrolytes 

for the electrodeposition of aluminum.



oo LL 

Il, LITERATURE REVIEW 
  

In order to obtain « thorough understanding of the 

reasons for and the principles involved in the study of 

‘the electredeposition of aluminum, a survey of the 

literature was made. 

History of Aluminum 

To trace the story of aluminum it Is not necessary 

to go back very far, since aluminum is 4 recent develop- 

ment » | 

Discovery of Alveinwn. Aluminum wee first recoge 

niged as a metal in the middle of the eighteenth eentury(22), 

It was 1809, however, before an attempt to separate it 

from its oxide was made by Sir Humphrey Davy! 18) | Tals 

attempt was mace by passing an electric current from a 

voltaic pile through a fused bath of iron and aluminum 

oxide, The product was an alloy of aluminum which could 

not be separated, Davy abandoned his search at this point, 

but he had contriouted bo the meager knowledge of the 

meatal the important discovery that the aluminum oxide 

could be reduced, 

dersted'54) produced the first metallic esluminum in 

1824 by gently heating potassium amalgam with aluminum



= La 

, : iy ety RE ee OES se wk 4 es . a ee Suey pe echieride and then distilling of f the mercury, leaving a 

ameall lump of slumingum metel. 

Wohler'83) ne spe eated Oersted's experiment in 1lae7, 

tub was unable to renroduce the results. By using 

ra ied 

metallic potas ssium- instead of the amaleam, he produced 

Aluminum @s a metallic powder. In further experiment 

in 1644, Wohler produced enough aluminum metal to begin 

the study of its orocertiea:°™/, 

In 1554, Deville improved om Yohler'ts methed by 

flux, thus sliowing the small particles of metal to 

coalesce. Deville set uy the first plant for menufecturing 

aluminum in Nanterre, France, and produced about 60 

pounds of the metal at about 27 dollar re per pound. In 

oy he ae my £ Le) . ‘ a » 

L266, Castner cdevelopeé & cheaper metnod of produc 

sodium which eventuslly led to the production of 3500 

pounds of aluminum per day at about four Gollars per 

= ety ¥ ong uty he set tLoONn, aporoximately pound, In three years ef opere 

250,000 pounds of aluminum were produced by the Deville~ 

Castner method. 

aya ge ey BS (34) so bent 3 4 fe aa tiece J £3 eye Son sy 4 Gorban patented a process in LSGs in whieh 

aluminum Pluoride was employed as the source of aluminum 

and using sodium as the reducing agent. Pure grenular
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Aluminum was soon selling at abouts one dollar per pound 

which forced the closing of the sodium reduction plents 

by LBoLs 

  

Present Production Vethods. The easentiale of the 

Hall«Heroult process are used today for large scale pro- 

‘duction. of aluminum. An electrolytic cell ia made up of: 

& strong steel box, one to two inches thick, either- 

Clreular or rectangular in shepe having a ¢arbori lining 

six to ten inches thick. The pine ef the cell varies 

with the number of amperes of eurrent for which itis 

intended. The amperage may vary from about @000° to 

SG GOO or meet O5) Anwpoximateiy fifter cells aye: nnec ke ,JOO amperes + Approximately fifty cells are connect 

ed in sertes at from 5.5 to 6.5 volts each, Enough eryo- 

lite la used in esch cell te adleesolve shout itty pounds 

of purified aluminum oxide, The bath is kept molten at 

about 950 °¢ by the heat dissipated in the electrolysis. 

i ra
 ch cell is capable of producing shout 150 pounds of 

eluminusi per Gaye Approximately 0.5. ton of carbon elect- 

. rode is required and about O«l ton of eryolite must be 

replaced for every ton of aluminum produced (15) , 

Electrolytic Befining of Aluminum, Aluminum produced 

by the Hell process Le seldom less then 97 per cent pures 

Hoopes! 99) gdeveloped @ process for refining aluminum slec-~ 

trolytically to produce a actal thet ts 92,99 per cent 

pure, Hoopes patented this process in 1921,
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Revolving Retert Caloriging. Prior to 1955 
  

the metal to be calorized Was packed into @ mixture 

of finely divided eluminum, alumina, and a filler 

such as emmorilu ii chloride to facilitate the cos tings 

‘Whe cantainer was sealed gas tlent in a nested, PQ« 

volving retort for from four to six hours at 1550 te 

1700 °F, the supface obtained was an aluminum-Lron 

alloy about 0,001 to 0,006 inch thick and containing 

about 60 per cent aluminum, the surface was brittle 

and weak, which led. to the modern improvements in 

this process, The only essential difference in the 

new and the old method is that the ecaloriged surface 

is heat treated for Prom twelve to twenty-four hours 

at temperatures from 1500 to 1800 °F, This heat 

treatment inereases the depth of penetration and 

improves the properties of the surface, The new 

surface 1s generally heat and corrosive resistant, 

- as well as being ductile and bough #2, 62) 

Pack Csloviging. The only difference in this 
  

method and the rotating retort is that the time of 

heating is longer and the crlorizing conteiner re-« 

malne stationary during the treatment. this method 

is used for articles that | would be damaged br 

tumbling‘ 5),
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Dip Caloriging. The article to be treated le 
  

thoroughly cleaned with a flux, such as ginc-ammonium 

chleride, to remove the oxide film, and then Le dipped 

(11), Subsequently the into a bath of molten aluminum 

article is heat treated to facilitate diffusion. 

In the spraying method, aluminum in the 

  

form of a thin strip or wire is fed into an electrically 

or gas heated chamber, where the eluminum is melted. The 

molten aluminum ia then sorayed throwgh & nogzle by gas 

pressure onte the base metar(2l) , ‘The surface obtained is 

very porous and consequently is not very resistent to core 

rosion, but it does offer some protection against oxidation, 

Not Rolling, Aluminum may be bended to iron by 

  

heating thin sheets of sluminum and sheet iron to about 

350 °G and passing them between rolls thet press the two 

sheets together! %) , the combined metals ere subjected 

to a second rolling to give thickness and to strengthen 

the bond. The result is a uniform coating of the iron 

with the eluminum, each metal reteining ite own properties, 

‘fhe method combines the strength of tron with the 

eoprosive resistence oF aluminume 

Paintings So called aluminum paing! 52) is a mixture     

of several ingredients; the aluminum is the active agent 

in preventing corrosion of the metal to which the paint is
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applied, Powder made [rom pure aluminum sheetea by stamping 

inte small chips and then hammering inte thin foll«like 

pieces is mixed with a vehicle, such as varnish, lacquer, 

brongzing liquid or bodied oils, to make the paint. This 

paint is especially so0d as a moisture resistant egent, 

and is widely used because it may be easlly applied like 

standard peinta, | 

Thermal Evaporation. One of the new methods for metal 

coating which has been applied to aluminum is thermal 

evaporation(44), thie method results in ea thin fllm which 

is defined as a structure essentially fragmentary, without 

the ordered arrangement of crystal lattices, Evaporation 

may be sccomplished by heating & metal wire In a very high 

vactum «+ 107" millimeter of mercury ~ by means of an 

electric current or externel seurce of heat. At a suffie. 

clently high vacuum the metal will tend to evaporate and 
x diffuse toward an article to be costed, Since the erticl. 

ig much cooler than the metal source, the metal will con- 

dense, thus forming the coating. The physical conditior 

and adherence of the deposit is affected by the presence 

of saeee, ag well as the distance between the evaporating 

SOUrcS and the receiving surface, and by the temperature. 

Syuttering, A second new development involving a 

  

high vacuum technique for coating metals with aluninun



N 
4 , ae 

pwd 5( 44} a7 a TERETE Be leeiaurrn ahaesek F! is spubtering\**/. Very Little is known about the . =E 

mechaniem of the sputtering reaction, out it is believed 

that when an are le struck between two.pleces of the 

game metal in « high veewum, radicals or Lona of the metal 

ee oe pa ~~ : nn am HS ae x. « . 
are Jibersted from the surfeate,. Phese Llons or padicals 

seem to have a snarge which may be attracted to the 

¢athode by impressing & negative potential unon it. The 

electrically created radisals migrate to the cathode 

2@ goated with the metal at the 

are, The vacuum needed for this work is in the range 

of 1 te S00 microns. 

paenes metel coatings do not oxidige easily and 

they éra remarkably stable and chemically pure. 
eo 

Pused Salt Blectrolysis 

pe
in
 

ee
 The clectrochemistry of fused salts presents many 

problems that ere not involved in the use of aqueous 

solutions. The temperature le & very critical property 

od
 

te when deslins wlth molten salts, while 1b is af only b 

minor importance with aqueous solu stons(l), Chemical 

side reactions and corrosion nroblema sre much more 

prevalent when molten salts are used as electrolytes,
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| Jonductivitys Molten salis sre good conductors of 

electricity!)), A comparison of the sondtc tivities of 

wolten salts end those. of : a@ueous solutions in Table I 

indleate phat they ere much darger for the molten salts 

but are in the game range. Conductivity inc.casee alnos 

ingarly with inerease in temperature except ab very high 

temperatures where conductivity lags behind temnerature 

inerease, In most cases the effect of tempers bure oan 

be agcounted for by the decrease thereby produced in the 

viscosity of the melt. 

The gonductivity of fused salt mixbures Pall below 

the ealoulsated values according to the Lew of mixture 

and in seme eases fall below the conductivity of any of 

the pure componente.s 

% 

fused salto may uae a
 “Measurement of conductivity of 

ually be accomplished by regular methods, wantzer.'*5) 

and Yamoyuti and Si skdo 8S) publi sned methods of mea- 

suring conduetivities of fueed salts and fused salt 

Peredey's Laws and Fused Salts. Richards and 

stur i!) and Loren’ and Heifenstein' 45) neve defended 

the eprlication of # avadayt é » lawe to electrolysis or 

fused saltee However, the causes of low current effi- 

clenecy in aqueous solutions are scoglerated in molten
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(TASES L 

A Comparison of the Specific Sondustivities of Molten 

sanchenaeasette 
alts a Pew Dezrees Above their felting Points 

and Aqueous Selution Conductivities at 13 %¢ 

  

Molten Sal%. Temperature, °C 
“Specific 
Condustivity , 

  

mho/eu cm 

  

  

      

NaNO - G18 1.082 

KNOg 393 0.645 

Cale 800 12900 

Kale BOO 16950 

ZnClp 300 0.00186 

PbC la BBS 1.596 

Natl 850 34500 

Ag neous & Sat & Concentratt OM» “Gone ee ot 
Solution normality — Bho/ou oat 

‘Natl 4, | Oel97 : 

o AgNOs iL Oe 068 

Ousd 4 - 1 Os O25 

| NaglOg B 0,079 | 

  

Alimand, he a ¢ and Ye 

Applied Blectrochemistry," De "26. 
London, England, 1931. 

Je Gy Bllingham ys “Phe Principles of 
Edward Arnold Co., 

 



salt baths. Velocity of diffusion and of chemical 

reaction are veth much greater. Therefore, unless 

anodie and cathedie products are carefully leolated | 

from one another, from the aetion of the elestrolyté 

and from the air the yields will be much less than 

these calevlated by Feradey's Lawse 

The ehief causes of Low eathode efficiency are: 

wolatiility of the electrolyte due to the high tempera. 

ture, Giffusion of the enode products, formation of 

metal fog and action of the atmoaphere45), 

Metel Fog. torenz(*5?) noticed a property of molten 

  

salts that tends to decrease current efficiency and cause 

deviation from Pareday's Laws. if a metal, such es gine 

or lead, is melted under one of its fused salts, as lead 

chloride or gine thlopide, the salt will be unaffeeted at 

Low temperatures, bat at higher temperatures the molten 

metal seeme to volatilige and form en equilibrium mixture 

with the fused salt, This phenomenon may bé also pro« 

dueed by adding & small amount of a reducing agent to the 

bath. While the amount of metal ineluded in the bath is 

not great, it tends to adversely affect the yleld, since 

the motel in the "foe" form La not susceptible to chemical 

attack, It Le believed that these fogs are colloidal in 

nature, bub bhe forees thet regulate thelr actions are 

not thoroughly understood,
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Voltase in Pased Saltes, In aqueous solut 

electromotive foree of cells depend upon the con 
7 

. ty ‘ f ve a es 

of the electrotyte(®), Wed 

mot enter the pleture, end therefor tion does 

electromotive force depends the nature 

4 

electrodes, glectvolyte end Bele bemperatures 

: ‘i ¢ ke bey A pet ey nee : a d= : Td te, oy yy kt em, ey ot aaltba the electromotive forces ami the decompos 

Same. in a 

salts, fone GT 

i one the 

centration 

Loy ae 

nO, the primery 

of the 

are fused 

electromotive Lores devends upon the pation of the 

salt corresponding to the metal used es the cathodes. 

anode | Effect. In the @lectrolysis of fused salts, it 

frequently heopens thet the voltage rieesa suddenly 

auperage decreases and a hiesing sound is heard f 

de os cathode (42), The anode appears to slow owing 

et 
wat tion of innumerable Jittle spark discharge 

exon Ls known as the anode effect. 

Suping the normal courge of slectroliysis, 

aoe 4 anode in i are constentliy escaping at th SMOG 

reculer order, When the anode effect occurs +t 

forin a film around the anode which holds 

electrolyte away from the surface, The anede 

particularly noted with hich surrent densltisa 

dons by sti ‘ing, peaiging the andde or reverair 

from 

So the 

Thy pheno 

gas bubbles 

th and 

3 a
 he fs
 

a fe 
{
 = 

the molten 

effect Le 

» It may be 

weieh may be 

ne the current.
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ee a ee, ee, rn tm Bm Behe, ie oy aty ey y 7 concentration Polerizestion, At high current densities 
  

i968 not lnereass linearly with the current 

ty! » This phensmenon ls due to the exhaustion of 

ions near the ¢athode in aqueous solutions anc csn be 

extended to explain the seme phenomenon In fused seltes, 

if the idea of lons is extended to include fused saltee 

69) 4 (7S), ‘ “? aml Wealden have ghown both ex ‘perimentelly Temkin! 

and wathematically thet lonigation should be extended 

to molten salts, 

Blectrocenmistry of Aluminum, 

Soms infarmation as to the behavior of aluminum 

salte end lions im the presence of an electrle current 

was evallable, Consideration wag also given to the 

ability of aluminum tc resist corrosion. 

Elec troplsting on Abeumioum, or ever thirty years the 

Z 

electroedevosition ef other metals onto aluminum surfaces has eh
 

remgined one of the concerng of the electroplating industry 

Dupling thie time many p prodésses have been patented, but only 

in recent years heave satisfactory methods been establis shea 59) , 

satisfactory plating on aluminum has been produced 

largely Dy two methods 50) One consists of elestro- 

chemical oxidation of the aluminum and plating upon the 

oxide filw, waile ¢ the second involves the use of a sodium



gincate dipe “ dip imparts a gine film to the aluminum, 

whlch subse equen ‘mey be pie ated wi th other metals. 

e Aluminum 2s en Anode, “Alominva hes @ bleh affinity 
  

for oxygen, Qulekly forming a protective oxide flim 

| 52 | 
Uupor exposure to an oxycen-bearing atmos ohere! ), 

a ie In
ds
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ra
 film is ordinarily only about 0.0000005 tnch 

thick, Lt effectively prevents further attack unless 

removed or penetrated by chemical or mechanical actions 

hdventace has been taken of this chenomenon in the 

finishing of alumiaum!®5), The varLous oxide Tinishes 

are obtelned by treating the elumdiman to be coated 

anodically in varlous electrolytes in sueh a manner 

pe eh ig 

a
 

Ch
a that a thin, inert and durable aluminum oxide coz 

is obtained on the metal surface, The flim formed is 

very hard and offers excellent abrasion and corrosion 

vnotestion to the underlying metal. Some of these 

films ere clear and transparent, while others are 

colored in varying degrees of brown, grey and silver. 

The method ef anodic Pllm formation is not complicated, 

In anediging, the aiumiraum ia made the anode, and 

aleetrolytes capable of ylelding omysgen on electrolyais 

7 

are used, Examples of electrolytes include thromic, 

A He + % (25 

sulfuric, phosphoric and boric acid*® ),
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�o�l�t�i�l�e�s�,� �w�h�e�r�e� �t�h�e�r�e� �i�s� �a� �h�i�g�h� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �s�u�l�f�u�r� 

�d�i�o�x�i�d�e� �o�r� �c�h�l�o�r�i�n�e� �f�r�o�m� �i�n�d�u�s�t�r�i�a�l�  ��a�r�e�a�s�,� �t�h�e�r�e� �m�e�y� �b�e� 
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�a�l�u�m�i�n�u�m� �i�f� �t�h�e� �m�e�t�a�l� �i�s� �i�n� �d�i�r�e�s�t� �c�o�n�t�a�c�t� �w�i�t�h� �t�h�e� �s�a�l�t� 

�w�a�t�e�r�,� �A�t�m�o�s�p�h�e�r�i�c� �c�o�r�r�o�s�i�o�n� �c�a�n� �b�e� �e�f�f�e�c�t�i�v�e�l�y� �e�l�i�n�i�n�-�~� 

�a�t�e�d� �b�y� �t�h�e� �u�s�e� �o�f� �e�o�r�t�a�i�n� �a�l�u�m�i�n�u�m� �a�l�l�o�y�a�e� 

�f�l�u�m�i�n�u�m� �i�s� �r�e�s�i�s� �s�t�a�n�t� �t�o� �a�t�t�a�c�k� �b�y� �s�o�m�e� �c�h�e�m�i�c�a�l�s�,� 

�b�u�t� �L�a� �r�e�a�d�i�l�y� �a�t�t�a�c�k�e�d� �p�y� �o�t�h�e�r�s�(�®�)�,� �I�n� �g�e�n�e�r�a�l�,� �t�h�e� 
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�a�l�u�m�i�n�u�m� �i�n� �c�o�n�t�a�c�t� �w�i�t�h� �o�b�h�e�r� �m�e�t�a�l�s� �m�a�y� �b�e� �f�o�l�l�o�w�e�d� �s� 

�n�e�u�t�r�a�l� �s�o�l�u�t�i�o�n�s� �e�r�e� �l�e�s�s� �t�o�p�r�o�s�i�v�e� �t�o� �a�l�u�m�i�n�u�m� �t�h�a�n� 

�e�r�e� �a�c�i�d�i�c� �o�r� �b�a�s�i�c� �s�o�l�u�t�i�o�n�s�;� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �a�n� 

�e�l�e�c�t�r�o�l�y�t�e�,� �t�h�e� �e�l�e�c�t�r�i�c�a�l� �c�o�n�t�a�c�t� �o�f� �a�l�u�m�i�n�u�m� �w�i�t�h� 
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�a�r�b�i�t�r�a�r�i�l�y� �c�l�a�s�s�i�f�i�e�d� �i�n�t�o� �f�o�u�r� �s�y�s�t�e�m�s�:� �f�r�o�m� �a�g�d�u�e�o�u�s� 

�s�o�l�u�t�i�o�n�s�,� �f�r�o�m� �n�o�n�a�q�u�e�o�u�s� �s�o�l�u�t�i�o�n�s� �o�f� �i�n�o�r�g�a�n�i�c� 
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�L�v� �a�n� �a�g�u�e�o�u�s� �s�o�l�u�t�i�o�n� �o�f� �s�o�d�i�u�m� �h�y�d�r�o�x�i�d�e�.� �A�b�o�u�t� �t�h�i�s� 

�e�e�l�t�e� �i�n� �a�q�u�e�o�u�s� �s�o�l�u�t�i�o�n� �w�i�t�h�o�u�t� �s�u�c�e�e�s�s�.� 
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�S�l�u�m�i�m�i�t�e� �c�o�r�b�e�r�1�1� �4�9�)� �s�e�i�d� �i�n� �1�8�5�8� �t�h�a�t� �h�e� �d�e�p�o�s�i�t�e�d� 

�a�l�u�m�i�n�u�m� �b�y� �e�l�e�c�t�r�o�l�y�z�i�n�g� �a� �m�i�x�e�d� �s�o�l�u�t�i�o�n� �o�f� �a�l�u�m�,� 
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�e�l�e�c�t�r�o�d�e�p�o�s�i�t�e�d� �a�l�u�m�i�n�u�m� �o�n� �c�o�p�p�e�r� �f�r�o�m� �w�a�r�m�,� �d�i�l�u�t�e
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�s�o�l�u�t�i�o�n� �o�f� �p�o�t�a�s� �s�e�i�u�m� �a�l�u�m�,� �f�r�o�m� �&� �c�o�n�c�e�n�t�r�a�t�e�d� �s�o�l�u�t�i�o�n� 

�o�f� �a�l�u�m�i�n�u�m� �a�c�e�t�a�t�e� �a�n�d� �f�r�o�m� �&� �c�o�l�d�,� �f�i�l�t�e�r�e�d� �s�o�l�u�t�i�o�n� 
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�N�u�m�e�r�o�u�s� �p�a�t�e�n�t�s� �|� �h�a�v�e� �b�e�e�n� �g�r�a�n�t�e�d� �P�o�r� �e�l�e� �L�o�b�r�o�-� 

�d�e�p�e� �s�i�t�i�o�n� �e�f� �a�l�u�m�i� �n�u�r�e� �f�r�o�m� �a�q�u�e�o�u�s� �s�o�l�u�t�i�o�n� �2�5�.� �5�1�,�4�9�,�7�9�)�,� 

�w�o�h�t�e�r� �(�8�5�)� �,� �P�e�v�i�1�1�e�(�2�0�)�,� �N�i� �i�c�k�i�e�g� �(�"�3�)�,� �F�i�s�c�h�e�r� �(�2�7�)� �,� 

�W�i�e�r�a�i�n�s�k�y� �(�5�2�)�,� �H�a�m�p�e� �(�3�7�)�,� �W�i�n�k�t�e�r� �(�8�1�)� �s�n�a� �S�p�r�o�u�g�e� �(�8�5�)� 

�h�a�v�e� �c�h�a�l�l�a�n�g�e�d� �t�h�e�s�e� �m�e�t�h�o�d�s� �o�f� �d�e�p�o�s�i�t�i�n�g� �e�l�u�m�i�m�a�m�e� 
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�i�s� �d�i�s�c�h�a�r�g�e�d� �a�t� �t�h�e� �e�a�t�h�o�d�e� �a�t� �a� �a� �l�o�w�e�r� �p�o�t�e�n�t�i�a�l� �t�h�a�n� 

�a�l�u�m�i�n�u�m�,� �T�h�e� �r�e�a�s�o�n� �f�o�r� �t�h�e� �f�a�i�l�u�r�e� �o�f� �a�t�t�e�m�p�t�s� �t�o� 
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�a�n� �a�q�u�e�o�u�s� �s�o�l�u�b�i�o�n� �o�f� �s�o�d�i�u�m� �p�y�r�o�p�h�o�s�p�h�a�t�e� �t�o� �w�h�i�c�h� 

�h�a�d� �b�e�e�n� �s�d�d�e�d� �t�e�n� �p�e�r� �c�e�n�t� �p�h�o�s�p�h�o�r�i�c� �a�c�i�d� �a�n�d� �f�r�o�m� 
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�r�e�f�e�r�e�n�c�e� �e�l�e�c�t�r�o�d�e� �i�n� �a�n� �a�l�u�m�i�n�u�m� �c�h�l�o�r�i�d�e�,� �s�o�d�i�u�m�.� 

�c�h�l�o�r�i�d�e�,� �p�o�t�a�s�s�i�u�m� �m�o�r�a�s� �b�a�t�h� �w�a�s� �h�y�d�r�o�g�e�n�,� �c�o�b�a�l�t�,� 
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�a� �d�e�n�s�e� �c�o�a�t�i�n�g� �o�f� �a�l�u�m�i�n�u�m� �a�l�l�o�y� �i�m� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �a� 

�m�e�t�a�l� �o�t�h�e�r� �t�h�e�n� �l�r�o�n� �t�h�a�t� �w�a�s� �m�o�r�e� �e�l�e�c�t�r�o�p�o�s�i�t�i�v�e� 

�t�h�a�n� �a�l�u�m�i�n�e�m�,� �s�u�c�h� �e�s� �l�e�a�d�,� �A� �m�i�x�t�u�r�e� �o�f� �h�a�l�i�d�e� �a�n�d� 

�a�l�k�a�l�i�n�e� �e�a�r�t�h� �m�e�t�a�l� �s�a�l�t�s� �w�a�s� �u�s�e�d� �a�s� �t�h�e� �e�l�e�c�t�r�o�l�y�t�e�.� 

�P�l�o�t�n�i�k�o�y� �a�n�d� �K�o�l�i�t�a� �S�5�0�)� �c�l�a�i�m�e�d� �t�h�a�t� �a�d�d�i�t�i�o�n�s� �o�f� 

�c�a�i�c�i�u�m� �s�a�l�t�s� �t�o�e� �2�a� �b�e�t�h� �c�o�n�t�a�i�n�i�n�g� �a�l�u�m�i�n�u�m� �a�n�d� �s�e�d�i�w�n� 

�¢�C�h�i�o�r�i�d�e� �i�m�p�r�o�v�e�d� �t�h�e� �c�o�n�d�u�c�t�i�v�i�t�y� �o�f� �t�h�e� �b�e�t�h� �e�n�d� �t�h�e� 

�d�e�n�o�s�i�t�.� 

�C�z�o�c�h�r�a�l�s�k�i� �a�n�d� �U�i�l�e�h�l�j�e�s�y�k� �(�1�7�)� �p�a�t�e�n�t�e�d� �a� �m�é�t�h�o�d� 

�o�f� �d�e�p�o�s�i�t�i�n�g� �a�l�u�m�i�n�u�m� �f�r�o�m� �f�u�s�e�d� �a�l�u�m�i�n�u�m� �h�e�l�i�d�e�s�.� 

�p�e�a�c�o�c�k� �5�7�)� �p�a�t�e�n�t�e�d� �a� �p�r�o�c�e�s�s� �f�o�r� �p�r�o�d�u�c�i�n�g� 

�a�l�u�m�i�n�u�m� �f�r�o�m� �a� �v�e�r�y� �h�i�c�h� �t�e�m�p�e�r�a�t�u�r�e� �b�a�t�h� �o�f� �a�l�u�m�i�n�u�m� 

�p�o�t�a�s�s�i�u�m�-�g�o�d�i�u�m� �f�l�u�o�r�i�d�e�,� �T�h�e� �d�e�p�o�s�i�t�s� �w�e�r�e� �w�e�a�k� �a�n�d� 

�h�a�d� �t�o� �b�e� �c�o�m�p�a�e�t�e�d� �b�y� �c�o�l�d� �r�o�l�l�i�n�g�.� 

�O�r�g�a�n�i�c�a� �S�y�s�t�e�m�s�.� �S�i�n�c�e� �t�h�e� �o�r�g�a�n�i�c� �s�y�s�t�e�m�s� �h�a�v�e� 
� � 

�*� �*� �x� �L� �w�e� �F�f� �§�S�5�'� �s� �b�e�e�n� �t�h�o�r�o�u�g�h�l�y� �c�o�v�e�r�e�d� �i�n� �a� �c�o�m�p�a�n�i�o�n� �t�h�e�s�i�g�'�5�5�)� �|� �t�h�e�s�e� 

�s�u�b�j�e�c�t�s� �h�a�v�e� �b�e�e�n� �o�m�i�t�t�e�d� �f�r�o�m� �t�h�i�s� �l�i�t�e�r�a�t�u�r�e� �r�e�v�i�e�w�.
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