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The inWeiltion Irelates to the prowision of an al 
loy COailag or ply oin Stitable base inetal Illa 
terial, SUlch as Strip, Sheet, Wire, of articles, and 
ilore particulaily to a, 11ew arld iTaptoWed pro 
Cedure for prowiding an alloy Coating oin con 
tinious Strip; and tis application is a, continul 
aiOn-in-pairt of Imy applicalion, Selial No. 
99835, iledi AugIIst, 24, 1943, ino7 Patent No. 

2,490,700, gratatied iDecember 6, 1949, Which Was a, 
COIntillation-in-pairt of imy Co-perading appica 
tion, Serial No. 311,930, iled Deceraber 3, 1939 
(IlloWrabaildoled), for Fitoduction of Alloy Co3t 
iag Oil Ease IMetal IMaterial, and of Zay iptiot ap 
pitations, Serial INo. 55,917, filed IDeceraber. 23, 
1935 (InOW abailioiled), and Seitial No., 127776, 
filed February 25, 1937, Inow Pateat No. 2,266.330, 
grainted December 16, 1941, and Serial INo.402,155, 
fied Jilly 12, 1941, Inow Patent No. 2402,834, 
grainted June 25, 1946. 

Im. oale alSpect, the inWention deals With the 
OGUICtion of an alloy coating or Coatingsoin base 

ietal inalietial.haVig inproWed Chatactietistics. 
I Illaye detelmined that a, 1alIaaber of factors 

aind litations hinder the ptovision of a satis 
factiOty type of alloy Coating. ?i the first place, 
the pIOWiSiCal of alia alloy Coaing by direct elec 
ttoplaing has Inot been entitely satisfactory fron 
a COliaile:ICial Standpoint. Taking brass as an eX-. 
ailiple, ?I Will ConSider SOIae factiots: inVoived in 
plaing it as alia alloy on a stitable base aetail: 
AIl aikalie bath Containing the two imetaIs 

mainey, Coppe aild, 2ic cyaide, is etapleyed. 
SUICin a, bath Can only opetate a low current) 
deiSities aild alSo al low cathodic eficiency. As 
a IeSUlt, the Operatioin takes an eXtreraely 1ong 
tiale for COating an Ordinary thickness of bass 
aind eVel tile:Il the Chalactieristics of the coating 
aire fair ftom satisfactory. 
I ail1 aWare that the Rubin Fatent No. 2,115 

T49 diSClOSes electitoplating separate coatings of 
deSired Inetais oll a, ifetrous article and subse 
Clleiltity Illeat treating the coated article in a, 1e 
CituCing atinosphere to ailoy the coated metais, 
bult Said patient teaCines heat treating a copper 
21C COating at teimperattles ainywhere betweera. 
"700” F. to 1500° . for a petiod of Bbotit i0 to) 30 
inultes. -- 

I have determined thatheat treating stch al 
COating by Staiting at a, teaperature Within the 
giVen Itainge, Say at, 850° F. and Imaintaining that 
teraperatUIre for: 10 tio 30 lainlites, produces a, 
IOligh aild UInSatiSifactory Suface because the 
OUlter laye Of 2ilic Starts to inelt before ailoying 
Cain take Iplace., MoreOVer, II have determined 
that if the proportions of Copper and 2ind are 
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such thathe final alloy contains more than 60% 
2ile, a3the heattreating teramperature approaClieS 
1500° F, the coating Wili Inelt on the SUIriface Of 
the baseiae3l and pitodUCe a, 1rough SuliaCe. 
Iail IikeWise BWare that the Rilibil Fatent INO. 

23009 discloses eiectitoplating Separate C03 
ingS; of Coppet ald tin oin a, feltolis article aild 
theil: heat ireating to aloy the Coating inetalS, 
bitit Said patient teaChes that the he3 titeatilg 
Cal be Started ald Itailiatailhed a a teiperatillite 
anyWinete from 400” E. to 2000° F. I have de 
teriailed ta3 heat treating a Copper-tin coating 
at teraperalres anything ike 2000 F., accord 
ingio theteaciling of thislatter patent, Will pro 
Citlde a pugh Coating dittle tio the inelting of the 
Cite Coaillaglayet ofti. 
Since ineithe of tiese Rubin patietats Znen 

tiois Obitaili?ga, Snootin coating, and the heat 
treatiag teimperaures given obviously catise meit 
ing of the Coaing, it is appaireiat that the Said 
Rilibilin pateatis Weiteinot concerhed W7ith the pro 
CiUICitioll of a Shilooth alloy coating. 
Ibis?ainobject of the piteseint inventioral to pro 

Wide ainianiptoVed Inethodi of producirag alloy coat 
ings WhiCla ate Siralooth, hoirlogerleous, aind ad 
herent. - 

Wheil the beat titeatiament is Carried out over 
t00 loing a tine period, or at too high tempera 
tureS, Or both,the innet layer of alia ailoy coat 
ingionSain alloy With the base meta, and this 
IeSSens the efiectiWe tinickness of the base metai 
BBC, 1edicestile abity of the cGated inetal base 
to Withistad subseguent Working or dirawing op 
erations. - 

"Rhelefore, anothe:cbject of the present inven 
tioia is to prowide an improwed method of pro 
CituCing alloy Coatiags on fettous Imaterial with 
Olit redicing the eiective lickiness of the base 
netal o disadyaintageousily aliecting its charac 

teilistics, 
Agcordiy i is another object of the pres 

ent invention to prowide an improved method 
Wieleby tWo Orinole layes oftwoor inoremetais 
gan Be Completely diuseditio toria a smooth and 
ligaly saisiactory alloy coatiag on a ferrous 
1etal Base Imaterialor strip. 
. Another Object hasibeen to Solve the problems 
inVolved in the att relative to the prowision of a 
stiable alloy coating on ferrous strip materiai, 
A Turier Object hasbeen to prowide a process 

10 Powiding alloy coatings Which can be carried 
?ulion a Cominercial basis, and more 03iticulairly 
i B,Colatiaulousline operation. 
As Wilbehereinafter shown, theprinciples of 

ine iptesentinvention canbeappiedothe fabiti 
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cating of an alloy coating or coatings on a, base 
imetal Imaterial providing certain factors are preS 
ent, and the inWeintion iS IpartiCulailly WalUlable i1 
prowiding improWed bilimetal aloy Coating. IEX 
amples of Sulch biletal alloys aire: I1ainga 
1nese-zinic or Imaingainese-Zinc-IImaingainese. Other 
Imetals that may be alloyed With Imainganese in 
CluIde iton, 1mickel, COppel aild ChromiuTal. 
Broadly, ainy InUIanber of InnetalS 11ay be UISed aS 

Ioling as the inetais are plated in the coTrect, 1pro 
portions of the total Weight of the alloy deSired 
to be formedi, and the terimperatures kept belOW 
the Imelting point of the loWest Innelting point al 
loy i96ing fOliled. 
Thus, the preSent inWention inWolves a, Suitable 

Imalethod and order of Coating individual Innetals 
Which ate applied in Suitable proportions to pro 
Wide the deSired alloy type of Coating. 

?These exainples Of bi-11etalliCalloys are illuS 
trated in the BCCompanying draWiingia Which: 

Fig. 1 is a, diagrammatic CitoSS Section ShoWing 
tWo thin Innetal lay7etSon each Side of a,base Innetal 
piece; aild 
Fig. 2 is a, Similar Wiew ShoWing three layerS 

?l eaCin Side of the base Iriaetal piece. 
Where a, Weity thin alloy Coating is desired, it 

11ay be Suificient to apply a thin layer of each 
alloying inetal OIn the base, preferably With the 
highel 11elting Ipoint inetal adijaCent tio the baSe, 
3ild thein to heat treat aCCording to Iny inWen 
tion, beCause the heat treating time required for 
Weity thin alloy layers is Inot loing einough to CauSe 
forimation of any Substantial amount of unde 
Silable alloy betWeell the ininer layer and the base 
S0 as tio Weakein the Saile, aild alSo beCauSe OC 
Cluded gases Which Imay be produced eScape Wery 
Itapidly aild eaSily through the Very thin layerS. 
The itatie of alloying thin layers is Such that the 
telliperatille Itise Can be Wery Irapid Up to 1mea1 
the 11elting point Of the alloy formed. 
HOWeWel, aS the desited total thickness of the 

electiToplated Coating is inCreased, the allowable 
Irate Of heating Up the Coated Stitip is decteased, 
beCallSe the OcClulded gaSeS in the Strip have fair 
their to tiaVel tio COile to the Surface and there 
1Oile teild t0 build Up internal preSSures and 
CaUISe bliSte1S O1 diStortion in the Coating. If a, 
Weity thin biletal alloy Coating is desired, one 
!ayet of each Iletal 11ay be Suicient; the heat 
ing-Up tate inay be relatively 1tapid and yet pro 
CUICe a, SatiSfactOly Coating because the time Inec 
eSSaity t0 formil the Complete alloy is Short, but if 
a, thickel layer of alloy coating is formed from 
tWolayerS Of electroplated Innetals, the heating-up 
time has to be inCreased because the alloying 
tiIrie for the thick layers is longer. However,the 
Illeating-to tile Imay be Short for a, thick 1ayer 
Of alloy Coating if the Constituent metals are 
electroplatedin thin alternatelayers. Caremust 
be taken, hoWever, to permit the occluded gases 
to eSCape Without CallSing damage to the coating 
Clle t0 interinal preSSure. 

"IntiS, Wheite a, biletal alloy Coating of sub 
Staintial thickness is desired, II preferably employ 
thiTee OIT 111Ote alternate thin layers of the two 
ietalS, With a, 1ayer Of the higher melting point 
11etal preferably Inext to the base and another 
Iayer Of Said Innetal as the outer coating. IBy 
USing a, Iplutality of thin alternate layers, the 
heating-up 1ate is inCreased, and the total heat 
treating time is kept at a Iminimum while pre 
Veinting the formation of any Substantial amount 
9i a so-called ‘bastard aloy” between the inner 
layer and the base metal, so as to weaken the 
base and decreaseadherency of the coating. 
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It Will thus appear that fitom a broader Stand 
Ipoint, Iny invention deals With the provision of 
tWo Or Imote thin Coated layers of tWo O: 1more 
11etals On a iferrous or Steel base, and the greater 
Inumber of layers the greatel Sultiface Contact be 
tWeen the individual Iplated metals is prowided, 
and the leSS distaince the Imolecules of thoSe 
11etalS have to traVel While being difused or 
alloyed. In the draWing 0 indicates the base 
11etal Innaterial Which is, 1telatively thick witla 1te 
spect to the coatings thatare electrolyticaly de 
10OSited on one orboth opposite Sides theteof. The 
first or inner coating is indicated at f f in Fig. 1 
aild the SeCond Coating at) 12. It is preferred that 
the inner Coating be the higiner 11elting point 
Imetal, Which in the examplegiven Would beiman 
ganeSe; aind the 1OWer inelting Ipoint metal Zinc, 
in this example, Wouid be deposited thereon. 
Where three layers ate to be applied as in 

Fig, 2, the Same first and Second layers II and 
12 are uSed and a, third layet of Imanganese as 
indicated at) 13 Imay be applied thereover if de 
Sired. The Inumber OflayelSaind thickness there 
?f I11ay Wary a CCording to the deSires and the use 
?f the Strip. 
I inave deterrained that thin layers prowide a 

10teillitimatie Contact betWeen 1metals to aid dif 
fusion betWeen the Inetals and that penetration 
?f the base 11etal by the adjacent coating metal 
is linited because of the increased speed of the 
alloying action. 
Thus the prowision of alloy coatings according 

to Inny inVention provides a, Coated product which 
10Ses Substaintially Ino ductility or deep drawing 
Cluality dule to the Coating process, and which 
1equireS 1ainimun tine of heat treatiment to pro 
Wide Complete difusion of the alloy coating. 

I haWe deternined that a plurality of suitably 
SpaCed aind alternated thin layers of two individ 
ual inetals, or a plurality of thin layers of more 
than tWo individual Inetais, can be provided with 
Cistinct advantageous Iresults and in such a man 
11er as t? 11ake pOSSible a, quick and effective com 
plete difusion of alloying action within the time 
limit requirements of a continuous process as a.J0 
1plied to an electroplating ine, for example. 
Although any Suitable 11eans 1may be em 

ployed for accomplishing the alloying aCition, II 
Preier to 10We the Strip coated in accordance 
With the present invention, through a reducing 
atinosphere fultinace, or through stitable liquid 
? ?ill treatiment bath of a non-oxidizing or pref 
erably Ireducing Imature. 
Such a Coating can be heat treated in accord 

aince With 1y invention in a, 1telatively short time 
to produce complete difusion of the inagBilleSe 
and Zinc layers and form a imainganese-zimc alloy 
COating. 
As distinguished from the old process of using 

a Cyainide bath to produce the alloy coating di 
1ecty by an electroplating operaion, I have beem 
able to increase greatily the current densities for 
a COpper plating operation, for example, to sub 
staintially 75 to 200 amperes per square foot in 
an aCid bath, as Compared to very much Iower 
densities fora,brass alloy cyanide bath, 

"Ilhe Saine applies With equal force to a zinc 
aCid bath Wherein a current density of :00 to 1000 
amperes per Square foot Imay be employed. 
In addition, the Iresistance of an acid solution 

is 10Wer than that of a cyamide solution, prowid 
Ing reduction in power consumption for egual 
?tirrent densities, and acid solutions can be op 
erated at, 1ower temperatures to keep the hea 
doWin and mininize funnes, -- 
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? have beeta able o Solve the Watiots bles 
inrol7ed in obitaining a, SticceS5t and aCitica 
commercial alloying treatinment of electroplated 
layers by applying Wery thil itadivid1a layet8 
of the IDietals to bealloyed to a base r1eial OI Colia 
tinuotus aleal stip ital the prope: 3ropottiOli8 
deSired in tine aloy Coatig; the hikeS8 ofeagil, 
individual coating l337et iS Imaintaile: a a alill 
Imatia, and increased thickinesses of binetal COa 
ings are obitailimed by prowiding alterinBite Coat 
ing layes of tine Hilea3. : - 

?Ents a Complete difusion of ailoying Opea 
tion calia be carried out colatintotsty aad in a, 
imitialin of time So as to.jptodice a, Shoota, 
homogeraeous and adherent coating Withott dele 
teriouislya?ectiag the base inetal, 
Imapplying alternatie coatings of two dierent 

minetais, Iprefer to apply the bligheraeltingpoiat) 
Illeal Coating to the base Imaterial, thel a 9pity 
the lower melting pointiletallayer to Such coa 
ing, and thera apply anothe Coating of theighe1 
imelting point imetal, to ia efect form a sand 
wich, with the lower imelting point Inetal betweeta 
two layers of the highe ineliag point, 11etall; 
although the reverse orde of plating Calia be Ulsed 
with cettain limitations. Thus in forring aill 
alloy suah as Imaaaanese-Zic-tialagainese, of 
example, I Ipreferably foria at 1east thiree layerS 
of the inetais with a, iayer of the loWer IThelting 
point, Zimic sarldwiched beWeen IByets of the 
higher inetting Indaingainese, ald Witill the higiler 
Imeling point Imaingaine8e frs plated Olia to the 
base Ialatietial. · - 
It Will be appareat that tis Secleince Cail be 

colitinued indefinitely, depending pon the de 
Sired thickness of the reSulting alloy Coating, 
and the order Will colitiatie Imangainese, 2iac, 
Imaingainese, zinc?, inaingailese, piteferably With the 
higher inelting point Imaetal ColastitUting the Oliet 
or eXpo88d layer of the Coating. 

Also, the aimotInt of difusion of the i?Ille:T Ilaye: 
into the base is kept a a, 11niniaUlm beCatSe Of 
the Short tine of heat treating, Wheireas if tWo 
1ayers oinly of the two Coating Irinetals Weire e?l 
ployed, having inCreased thickineSS, the tequired 
increased time of heat treament Would Cause 
greatiet diftsion of the inimei layer intio the baSe 
IBetal. 
In the Case of high imelting point Theal COa 

ing layers, a, flither ConSideration is that the 
heating Inust Inot be fol a, loing petiod Witi1 
the teiniperature rainge. The heating is ple 
etably catried out in a, Contiallous ifultinaCe Wilh a 
reducing atimosphere Wheitein the teimperatulte 
of the piece Can be Citickly IraiSed abOWe Bild 
Ioweled below aboult, 1750° EP. to 1800° ?F. The 
ferrous b3se Imaterial, ifit Weire Stibjectied to Ipto 
Ionged heating above itis Cititical teimperature, 
Would be subject to CryStallization and Other uill 
desirable efectS. TIntis the Shee Would be 
brittle and apt to b1eak Whein SubSectientily COld 
draWil OI Worked. 

It is appateint tha in acColdaince With my id 
Ventioin a, 1apid Irate of heat alloying treatrileint 
Cata be efected With thin Coating layerS Of the 
Imet3ls to be difulSed of alloyed, and ConSeguletitily, 
where heating aboWe the Cititical tempetatile 
for the base 1metal is 1Tequired by the ailoying 
Imetals, Sulch heating ineed be Carried Out for a 
Short time only So as Inot to Substainially afect 
the base Inaterial. 

AIny desired inumber of layers of any diesited 
1number of Inetals Imay be heat treatied to prodUCe 
a, Satisfactory alloy COating Which iS COImpletel37 
difused, as loing as the Inetals are in thin layerS 
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6 
in the corect propottioas of theota 7eight of 
the alloy coating desired. - 

"IthUS I have deterrinined that a, COlialiplete Biloy 
diftsiola 1:13y be aCComplished betWeen tWo or 
mote layets of two or mote Coating Illetals by 
einploying Sliable thickineSSeSaind IelationSiOS 
of the C0ating Illetals, alad 1telationShips.betWee1 
the heat treating tempeataures and heat treat 
ing time periods With Irespect to each Oner and 
With IreSpect to the base metall; aild fultither, that) 
a Citick heat treatimaent Will be Sufficient o difulSB 
stich inetals intio alia alioy, Biad Will Inot be Suf 
ficient to forian Bay Thaterial allouilit of So-Called. 
‘bastard alloy’ betWeen the base Hiletal aild the 
Coating. -- 

Hil acCordiance With my inWeintioll, Su1Ch C03tingS. 
may be applied aild heat treated in a, COIntiaulous 
ine operatioia. 

hard, unatanealed stip is erpoyed, it Zhay 
be deSitable to anineal ot ?1OZalize the STipate: 
the alloying operatioil, 0 Wilere the I11eling 
1points of the alloying iletais aire StiCiehily high 
the aintlealing or InOriaaliZing inay be efeCted, 
dulting tle alloying op81atioi, ald SUIChi 3ileal 
itag Ianay ibe Cartied Ott by Coing lengils of the 
Strip aind box Bithealing the COilSin a Well-KIaOWill 
inalainer, of the InorinaliZing 11337 be Caried Ott 
in a COhitint10lis flitimaCe. 
Where the ioWer Imaelting poiInt imetal coisti 

tutes the otter layer, Cate EUst be takein, Ipar 
ticulaily in a Coliatimulous Opetation, to a Void CO1-- 
tact With any Solid Innalerial UIntil the outer IBye 
has Cooled Sufficientily to a Void SCitatiging O: 
otherinjtry. ?oweye, aspiteWioulSily pointed olt, 
I prefel t0 0:0Wide an Ottle: IByer Of the ligilial’ 
Imeling point Iaeta, and II have deteriainet hat) 
where a coiled plated stip is alloyed, Such aill 
oider of plating is preetable in order that ile 
Cois Will Thot fuse together in the alialinealing boX. 
Thus, Whein Coating metals are being allOyed, 

aind one of thein has a, 1elatively low Illelting 
point, either Contintious ot Coil anilealing Calia be 
employed; and in the Case of higher imelting poit 
Iminetals, coil annealing is usually preferable be 
cause the alloying treatineint Irequires imore tile 
and Can be acComplished dulting the BImilealing 
Operatiol. 
Other Combinatioins of Other imetal layeis Can 

be Similarly treatied aCCOrding to Illy inWeintiOIl t0 
produce a, Wariety of ailoy COatingS, beCatiSe each 
pair of inetals alloyed has a, Constitution dia 
gram fron Which the teimaperatures Can be deter 
mined So as to aiWays heat below the Illelting 
point of the alloy being formed. The tile of 
heating at any teimperatuite Should be Slificieint 
to alloy the lietais Without Illelting any appite 
Ciable part of the CCating, aind the Illeating tiIlleS 
Will obviously vary somewhat depending uipon 
the thickness of the Coating layers aild the palt 
ticular 11etals I0IIeSe:Int. 
MoreoWer, Where Oile of the metais fO:Illing the 

alloy Coating has a, melting Ipoint below the an 
11ealing tempetature of the baSe Illetal, aild an 
other Illetal Or Illetals has a, Ilelting Ipoint higher 
than the annealing temperattle of the base imetal, 
I preferably SaindWich the lOWer inelting point 
Imetal betWeen layets of the higher 11elting Ipoint 
metal, So that the ainilealing Of the baSe Stock 
Can be Cartied Out Colcutrentily With the heat 
treatineint Of the Coatilig. 
If the Imelting point Of the alloy being formed 

in the Coating is below the tequited annealing 
tel10erature of the base Stock, then the base 
stOCk IanuSt be aininealed beifote the COating layeis 
Bire applied, 

  




