
May29,1956 1,P?VVH1?EH?USE ETAL 2,748,066 
PROCESS OF ENAMELING STEEL 

Filed Sept,20,1951 



UnitedStates PatentOfce 2748066 
?atented May29,1956 

1 

2.748,066 
PROCESSOF ENAMELINGSTEEL 

?ving P,Whitehouse,Cleyeland,?red E?Kendal, 
Chagrin Fals,and Paui Golar,South Eucid,Ohio,as signorsto RepubicStee Corporation,Cieveland,Ohio, 
acorporation ofNewJersey - 

AppicationSeptember20,1951,Serial No.247466 
19Claims?(CI,204?34) 

The presentinvention relates generaHyto the protec 
tive coatingartandis more particularly concerned with 
anovelmethod of producingtenaciously adhering,uni 
form and continuous vitreous enamel coatings on fer? 
rous metalSurfaces? 
Inaccordancewith the best commercia practice prior 

to this invention,porcelain enameling of hot or cold 
rolled ferrous metal articles,such as steel sheets and 
strips,involvedasanessentialoperationthe provision of 
bondingorgroundcoats ofenamel,Groundcoatenamels 
contain one or more adherence-promoting materials 
selectedfrom thegroup comprisingthe oxides ofantiomy, 
molybdenum,cobalt,nickeland manganese,andtheyare 
typicaly butnotinvariably of dark colorandare com 
pletely opaque,Thus,if an enamelfnish of light or 
diferentcolorisrequired,asecondenamelcoat,knownin 
the artasa“finish”coat,must be applied,?n CaSes 
where a white finishisto be produced two such finish 
coats are usually required,?n any event,however,the 
additional enamel coats are produced Separately and at 
substantial expense?Consequenty,there have been 
numerous determined eforts made by othersto bond 
finish coatenamels containing no appreciable quantity 
of dark-colored,adherence-promoting oxide directly to 
ferrous metal surfaces?Tothe best of our knowledge, 
however,these eforts have aH been commercially un 
successfulinthatenamelcoatsproducedwereunsatisfac 
torybecause ofinconsistentbondingtothemetalsurfaces 
and becausethe surfaces of these coats were often blis 
teredorotherwisedefective. 
By virtue of our presentinvention,itis now forthe 

frsttime commercialy possible to produce atenaciously 
adhering,uniform and continuousfinish enamel coating 
on a ferrous metal surface produced by either hot or 
coldroling,withoutfirstprovidingaground coat of any 
type on said surfaces,Fürthermore,this invention en 
ablestheemployment ofenamels whichare substantialy 
freefromadherence-promoting oxidesin manufacture of 
articles bearingonlya single enamel coat, 

Ourinventionis predicated upon ourdiscoverythat by 
treatingthesurface ofa hotor coldroledferrous metal 
articleinsuchamannerastoremove a verythin portion 
of saidarticle without,however,excessively pitting the 
article,and byapplyingtotheresultingsurface a coatof 
nickel or other equivalent non-ferrous metal of certain 
criticalthickness,consistenty good bonding of enamel 
tothearticlemaybeaccomplishedwithouta preiminary 
ground coatandwithoutemployinganyadhesive-promot 
ingoxideasa constituent oftheenamelslip?The appli 
cation ofthe enamelcoatfolows the formation of the 
nickelcoatingon the surface ofthe article specialy pre 
paredis accordancewith a process subsequenty to be 
described,Normaly,the nickelcoatingisappliedtothe 
article as soon as practicable after preparation of the 
surface byremoval ofthe saidthin portion,Also,the 
enamelcoatingis preferably applied to thenickel coat 
onthearticleassoon as practicable afterthe formation ofthatnickelcoattoassuregoodbondingoftheenamel, 
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However,ifitisnotconvenienttoapplytheenamelcoat 
inguntisomesubstantialylatertime,suchasa monthor 
more,andthe articleisnotto be keptina clean and 
dry location,the nickel coat may be oied before the 
articleis putawayin storage?Priorto the appication 
of the enamelto anickelsurface thus protected,the oi 
is entirely removedin any convenient mannerso thata 
tenaciousiyadheringenamelcoatcan be produced quick 
ly on thearticle. - 
Asaresultofthisdiscovery,we have hypothesizedthe 

existence on roled or otherwise worked ferrous metal 
articles of a skin ora surface condition of only afew 
molecules thickness whichinterferes with the adherence 
Or anchoring of enamel coatings,According to our 
theory,priorground coats have the ability to adhere 
to metalarticles covered bythisskin because they con 
tainsubstantialproportionsofadhesive-promotingoxides, 
and therefore ofer good foundationsfor enamelfnish 
coatings, 
We have further hypothesized,asa result of our dis 

covery,that with the skin removedand with thearticle 
bearingthe nickelcoating,theiron underlyingthiscoat 
ingandexposedthrough numeroussmalopeningsinthe 
coatingis oxidizedtoasmalbutadequate extent during 
firing ofthe enamelsliptoprovideasecure bondingme 
dium for the resulting enamel coat,In other words, 
in accordance with this invention the adherence-pro 
moting oxides commonly employedin enamelsareelimi 
natedasingredients of the enamelslip,Theamountof 
nickelor otherequivalent non-ferrous metairequired to 
assure Secure bondingin accordancewith thisinvention 
is relativey Smal compared to the requirements inac 
cordance with prior art for two principal reasons,In 
thefirstplace,theinterferingskiniseliminatedinaccord 

5ance with ourdscovery,and secondy,the nickel or 
otherequivalent non-ferrous metalisconcentratedatthe 
criticallocation to accomplishits desiredresultsinstead 
of being distributed more or1ess uniformlythroughout 
the enamelslipasitisappliedtothearticle beforefring 
is begun,Consequenty,the amount ofiron oxide as 
Sociated with the final enamel coat,according to this 
invention,issosmalthatno undesirable colorefects 
are producedtherebyandthe necessityforaground coat 
iseiminated,Smalamounts of oxides of othermetals, 
Such as the nickel of the nickel coatingandelements 
aloyed with theiron of the article,mayalso beformed 
duringfiringand mayassistin bondingthe enamelcoat, 
butinnocase wiltheseimpartundersirable colorefects 
tothe enamelcoat whenthe enamellingoperationiscar 
riedoutinaccordancewith the preferred practice ofthis 
invention? - 

Thusfarwe havenot been ablethoroughlyand con 
ch?sivelyto demonstrate the existence of thisskin or of 
the bondingefectofmetaloxidesformedinsituduring 
fring,but we oferthese theoriesasa possible explana 
tion of the remarkable results obtained in accordance 
with this invention?We do not,however,intend that 
thesetheories shalconstitutein anyrespectalimitation 
upon ourinvention ortheappended claims? 

Briefy stated,our invention comprises the steps of 
uniformlyremovingtheskin ofaferrousmetalpieceand 
thereby producinga surface on the article substantialy 
free from gas-retainingrecesses,non-galvanicalyapply 
ingto the thus prepared piece a coating of nickelrang 
ingin thickness between abouttwo and aboutten mil 
lionths ofaninch,applyingporcelain enamel sip direct 
lytotheresultingnickelcoated piece,andfiringthe slip 
to produce a hard enamel coating tenaciously adhering 
tothe surface of said piece,Bythe term“non-galvani 
cally”as used herein and in the appended claims,We 
meanandincludeonlytheelectroplatingorelectrodeposi 
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tion method and the chemical reduction method of de 
Positingnickelonapreparedferrous metalpiece? 
Removal of the skin from a ferrous metal surface to 

beenameled in accordance with thisinvention may be 
accomplished by chemical,electrochemical or physical 
methods,orbyanysuitablecombination ofthesemethods 
but we prefer to employ the chemical method because 
itisrapid,inexpensive,and moreready controled than 
either of the other methods?Regardless of Which 
methodisemployed,however,care should be eXercised 
to preventirregular removal of the skin and cxceSSäve 
Pittingoretching of the metal Surface to beenameled 
because such a surface will permitentrapment of gases 
when the enamelis applied,causing blistersto form in 
the resuitingenamelcoat duringthe fring period,Also, 
whatever methodis employed,the weight of metal re 
moved from the piece should amount to atleastabout 
0.01gram persquareinch of surface,which representsa 
thickness of metal between about 7 and about 8 one 
hundred thousandths of aninch?Of course,a Substan 
tialygreaterportion ofthe metalpiece may be removed 
chemicaly,electrochemicaly ormechanicalyto produce 
a suitable surface forenameing,provided excessive pit 
tingoretching,asjust mentioned,is avoided? 

Prior to the removal of the skin,the surface of the 
metal piece should be cleaned of grease and adhering 
foreign matter by any Suitable means Such as alkaline 
reagents,electrolytic methods,and Organic solvents;and 
this cleaning should be suficienty complete that the 
metalSUrface displays no waterbreaks. 
Ingeneral,any Solution offerrous metal picklingacid 

or salt may be employed to removethe skin from afer 
rous metalpiece in accordance with thisinvention. By 
way of example,we have foundthe folowingacid solu 
tion ofan oxidizingsalttoproduce satisfactory surfaces 
within1to2 minutesimmersion time whenthe solution 
temperatureis betweenabout100°F.and110°F? 

Gramsperliter 
Ammonium Persulate------------------------ 200 
Sufunc acd???????????????????-??????????? 184 

We prefer,however,touse solutions of sulfuric?hydro 
chloric,phosphoric,acetic ornitric acid,and we have a 
Darticular preference fornitric acid Solutionsin connec 
tion with continuous line commercialoperation wherein 
Droductionisata high rate,A25% byweightsolution 
ofnitricacidatroomtemperature?we havefound,isgen 
eraly equivalentasanetchant tothe foregoingoxidizing 
Saltsolution butacts much fasterto efectivelyremoveal 
the interfering skin from a ferrous metal Surface in 
approximatelyfve Seconds,Thisrate,however,may be 
increased or decreased by varying the concentration 
and/or the temperature of the acid,as those skied in 
theartwillunderstand,Ifany ofthe otheracidsorsalts 
areemployed,the timerequiredforsuchremovalwilbe 
SubStantially greater,asSuming a constant temperature? 
Nitricacid has the furtheradvantage oversome ofthe 
others of not causingany hydrogenembrittlementofthe 
articles? 
Upon removal of the metalfrom the nitricacidsolu 

tionitis preferably dippedinto10% sulfuricacidsolu 
tion havingatemperature ofabout180°F.in orderto 
remove oxides formed on the metalasa result of the 
oxidizing action of the nitric acid,and is then water 
rinsed toremoveadheringsulfuricacid,Itwil be un 
derstood,cfcourse,thatanyothersuitable pickingsolu 
tion may beemployedin place of suifuricacidandthat 
the temperature of Sulfuricacid ofotherequivalentsolu 
tion may be varied widelywithoutmaterialefectupon 
the quality of the finalarticles? 
Thethuspreparedarticleisnexttreatedaspromptyas 

convenient,and preferablyimmedately,toproduce on 
the Surface,Substantialyfreefrom gas-retainingrecesses, 
anon-ferrous metalcoating of criticalthickness between 
abouttwo and ten-milionths ofan inch,Thiscoating 
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4 
may desirably be of nickel,cobalt,antimony or molyb 
-denUm,these beingthe metals whose oxidesare believed 
to promote adherence of enamel coats to iron orsteel 
articles,Other metals mayalso oralternatively be used 
for this coating purpose providing they have suitable 
Stability characteristics and physical properties?Thus 
theakalimetals,forinstance,would be entireyunsatis 
factory forthispurpose because oftheirextremely reac 
tiye natures,Beyondthissome metals may be excluded 
asa practical matterbecause ofthe dificulty ofcommer 
cialy applying coatings of them to basearticles ofiron 
Orsteel?Anickelcoating may,however,bereadiyap 
plied by either of the usual electroplating or chemical 
reduction methods?Inthe preferred practice of thisin 
Vention We apply the nickel coatingto the skinned fer 
rous metal article surface bythe electroplating method 
throügh the use ofatypical Watts-type bath,butitwil 
be understood that any suitable nickel electrolyte bath 
may beemployedforthis purpose?Asindicatedabove, 
though,the galvanic,thatis the chemical substitution 
method is not contemplated by the invention,Where 
thearticleto benickelplatedand subsequentlyenameled 
isin theform of a sheetanditsentirefatsurfaceisto 
betreated,this electroplatingmethodis particularly ad 
Vantageous,being eas?y controled,ineXpensive in the 
coatings used and absolutely consistent and reHable in 
Producing uniform coatings? 

Wherethearticleis of some othershapenotsoadapt 
abletothe electrodeposition method,orwherethearticle 
has been put through a metalfnishing operation?the 
chemical reduction method mayadvantageously beem 
ployed to applythe nickel coatingto the article,This 
chemical reduction method may be carried outas de 
Scribedin detailintheJournalof Research National Bu 
reau of Standards,issues ofJuly,1946and November, 
1947? 
Theappended claims,asindicatedabove,includeboth 

the electroplating method and the chemical reduction 
method ofdepositingnickelorequivalentontheprepared 
Sürface of an article to be enameled and these claims 
exclude the galvanic orchemicalsubstitution methodof 
accomplishing Such metal deposition?Thus,asusedin 
these claims,it wilbe Understood thatthe expression 
“chemicalybutnon-galvanicaly”includesboththechem 
ical reduction andthe electroplating methods andex 
chudesthechemicalSubstitutionorgalvanic method,and 
this eXpression also excludes al physical deposition 
methods Suchasthose involving molten metalspraying 
Ordpping? 
Regardessof which ofthesetwomethodsisemployed, 

We prefernotto workthe basearticle substantia?yafter 
the coating of nickel has been1aiddown uponit,Cer 
tain kinds of working,suchas bondingordrawingmay 
becarriedoutonanickelcoatedarticlewithoutadversely 
afecting Said coating orthe enamel coat subsequentiy 
appied thereto,butmetalfinishingoperationstendingto 
remove or destroy the nickel coat should be avoided 
whereverpossible,If workingmust becarriedoutata 
latertime,asforinstancewherethearticlemustbesub 
jectedtoafnaldeep drawingstepjust beforeenameling, 
the nickel coatingshould bein the heavierend ofthe 
criticalthicknessrange,Forthesake ofeconomywhere 
Such Subsequentworkingoperationsarenottobecarried 
out,werecommendtheestabishmentof coatingsinap 
proximately the middle portion of the said thickness 
range,itis,however,interestingin thisconnectonto 
notethatunlesstheferrous metalsurfaceto beenameled 
is preparedin accordance with thisinvention and the 
skinis removedas described,theappication ofanickel 
fimis oflittleassistanceinthe production ofasatisfac 
toryenamelcoatregardessof howthin orthickthisflm 
nay beor howneariyperfectitis? 
For makingthenickel coating bythe chemicalreduc 

tion methodwe preferthe acid-type bathsassetforthin 
the November1947Journalof Researchidentifedabove 
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becausethese bathsarenotsubjecttomaterialchangein 
composition through volatizing efects inuseandthey 
are therefore more ready Used thanthe alkaline baths 
whichincludeammonia?Atypicalacid-type bathwhich 
maybeusedtoobtaintheresultsofthisinvention hasthe 
folowingcomp0sition: · · 

Grams per liter 
Nckelchlonde----------------?----- 30 
Sodium hypophosphite----------?--------------- 10 
Sodiumacetate???????????????????????????????? 10 
DH4to6? 

Analkaline-type bath suitableforuse in thisinvention 
in the establishment of the criticalthickness of nickel 
coatinghasthefolowingcomposition: 

Grams per liter 
Nicke chlorde??????????---------------------- 30 
Sodium hypophosphie?????????????????????????? 10 
Ammonia chloride???????????????????????----- 50 
Sodum cirate???????????????????????????????? 100 
Ammonia hydroxidepH8to10? 

Hypophosphites of the otheralkalimetals,potassium 
andlithium?and ofammonium maybe Usedinstead ofor 
with sodium hypophosphite or witheach other? 

?n usingeither of these types of chemica reduction 
bathsthe freshiyskinned objectisimmersedin the bath 
sothatits skinnedareaisin contact therewithandthe 
objectis maintained thus longenough foranickelfilm 
ofdesiredthicknesstobeestablishedthereon?Normaly, 
a period of one minutewould be suficientto produce a 
Rickelfim of aboutfive-miHionthsinch thickness when 
the temperature of the bath and the object Surface are 
about70°C,Inasmuchasthetimeandtemperatureboth 
afecttherate of deposition ofnickelfrom these baths, 
thesefactorsmay bevaried,Also,the concentration of 
the bath constituentsmay be varied with resuitant efect 
upontherate of deposition?Consequenty,thesevarious 
factors may be manipulated as desired to Suit the con 
venience of the operator with assurance that uniform 
nickelcoatingswilbe produced consistentlythroughany 
standardized procedure? · 
Folowingthe application of the nickel coat,the piece 

is preferably rinsed with cold and then hot water,and 
then alowed to dry,The pieceisthenready toreceive 
the enamel coating which may be applied to any time 
thereafter?However,to protect the-article over a pro 
tracted period of storage ortransit,we oithe thus pre 
pared Surface,and whenthe enamel coatingisto be ap 
plied,we cleanse the Surface of oilin an electrolytic al 
kaline cleaner and then acid rinse and dryit? 

If the skin is removed electrolyticaly,an electricaly 
conductive electrolyte of any reasonable concentration 
and temperature may be employed such as an aqueous 
sulfuric acid solution,for instance,the work beingthe 
anode in an electric circuitincludingthe solution?The 
skin may be removedin this mannerin a matter oftWo 
orthreeminutes,therate ofsuchremovaldependingupon 
thetemperature,current densityand concentration of the 
conductingelectrolyte?The conductive electrolytes are 
rot criticalastotype andany of those usedin commer 
cial electrolytic Operations of generaly similar purpoSe 
and description may be substituted forthe Sulfuric acid 
Sohution??n this operation care should be exercised to 
obtain Substantialetching of the metal surface but with 
outpitting Of the Surface?Such surfaceirregularities,as 
above mentioned,are conducive tothe production of un 
desirable bisteredenamelcoatsduetotheentrapmentof 
gasesbelowtheenamelsurfacewhenfired? 
The mechanical methods ofskin remoyal presentyap 

pearto bethe leastdesirablefrom thestandpointof com 
nercial operation,but we contemplate the employment 
of such meansforremovaloftheskininaccordancewith 
thisinvention,Sandorvapor blasting,grindingandfl 
ingare the mechanical methods which nowappearto of 
fer the best commercial possibilities?Care?of course, 
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6 
mustbe exercisedtopreventskinremovalina mannef 
whichwiresultinarelativelyrough Surface that wil 
oferrefuge forgases below the Surface of the enamel 
Coating? - - 

Afnishing operation which wil produce a Surface 
whichisneithertoorough nortoosmooth may be em 
ployedin the production of consistentlytenacious,con 
tinuous uniformenamelcoats?Suchanoperation may be 
accomplished mechanicaly,chemicaly or electrochemi 
caHy,asthose skiledin the art will readiy Understand, 
but wil,in any eventaccordingto ourtheory,reSultin 
the removalfrom the metal surface of Selectedgrains of 
ferritesothatsaidsurfacewicomprise substantialy Only 
resistantferritegrains? 
The porcelain enamel slip is applied directly to the 

nickel-coated surfacesgeneralyinthesamemannerasthe 
slips of cover coats ofenamelareapplied to metalarti 
cles upon which adherent ground coats have been pro 
vided?Any ofthe so-caled conventionalsheetsteel por 
celain enamels are generaly suitable and usefulin ac 
cordancewith thisinvention,butthose enamelsWhichare 
regardedasfinish coator cover coatenamelsand which 
contain substantialynoadherence-promoting oxidesare 
ofspecialutityinthe presentmethodasindicatedabove? 
Depending upon thetype ofenamelemployed,thefiring 
temperatures and the length of the fring periods neceS 
sary to assure production of a uniform enamel coat of 
good surface and secure bond to the base articles wil 
yary,Thus,we contemplate the employment of a Wide 
variety of time and temperature circumstances in Our 
enamel firing operations because of the wide range of 
enamelcompositionswhichmaybe Successfulyemployed 
inthisinvention? · 

The process ofthisinventionisapplicablegeneralyto 
ferrous metal bodies,buthasparticular utityin connec 
tion withiron and steelsin which the carbon contentis 
less than about 0.30%?Enamelcoats of good bond and 
surface characteristicsare,however,obtainable bythisin 
vention wherethe basearticlesare either of commercial 
ly pure iron,or steel of carbon content between about 
0.01% and 0.30%?Steels of higher carbon contentas 
Wellas malleable,White and gray castirons may never 
theless be Usedas basearticlesinaccordance with thisin 
Vention with consistentysatisfactoryenamelcoats result 
ing,providing that the graphite particles in the surface 
?Ortions of thesearticles are nottoo large to interfere 
withthe bondingofthenickelcoattothe base body?The 
ferrous metals Usedin the present processes may contain 
ninoramounts of aloyingelements such as manganese, 
titanium,nickel,copper,moybdenum,andthe Hke,with 
Outmaterialyimpairingtheirabitytoreceive andtenaci 
ouslyretainthenickelbondingcoatandtheenamelcover 
coatsapplieddirectlythereto?The presentmethod,how 
ever,isespecialy suitable foruse with coldroled steel 
oflessthanabout 0.30% carbon content,whichisknown 
in thetrade ascommercia1quality plain carbonsteeland 
ImaySuitably bein the form ofsheets orstrips,although 
barsandothershapesmayalsobeemployed? 
The folowingeXample ofthisinvention,asitmaybe 

practiced on a large scale commercialyin connection 
Withacontinuous strip milandasitisilustratedinthe 
fowsheet drawingaccompanyingand formingapartof 
this Specification,is ofered to explain further to those 
Skiledin the art,the presentinvention andits objects 
andadvantages, 

Example 
Twenty gauge sheet steelis run continuously from a 

Strip milinto a Suitable vat containinga hotalkaline 
electrode cleaningSolution,thestripbeingmadetheanode 
in a direct Current circuitin which the current density 
is maintainedatabout50amperespersquarefootofstrip 
Surface immersedin Said solution?The cleanersolution 
temperature is maintained between about160°F?and 
180°F?heat being supplied to the cleanervesselinany 
Suitable mannerto compensate for heatlossattributabie 
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tothe continucusmovement ofinitialy relatively cool 
Sheetinto the cleaner solution?Dirt,grease and oil 
adheringto the sheetasitemergesfrom the millisnor 
naly entirely removed by this electrolytic treatment, 
butthe sheetisthoroughiyrinsedwithcleanwaterafter 
passing through the alkaline cleaner to assure the re 
moyal ofanylooSe Solid matterandalsoto freethe sheet 
ofadheringakalinecleanersothatsubsequentacidtreat 
mentofthe sheetwilnotbeimparedthroughtheneutral 
izingefects of thisadheringcleaner,The sheet,which 
is chemicaly clean afterthis rinse,is subjected to an 
alkaline dip to preventrusting,The akaline dip isa 
Weak aqueous soda ash solution containingabout 0.5% 
Sodium carbonate,Thesheet,Cnemergingfrom thisdp 
is Scrubbed once againwith clean waterin ordertore 
move the thin flm ofsodaash adheringto its surface, 
and thenis prompty dippedinto a nitric acid pickling 
bath containedinasuitablyshapeddippingvessel?This 
acid bathismaintainedatatemperature ofabout70°C? 
and contains one part by volume of 70% nitric acid 
(specificgravity142)andthreepartsbyvolume ofwater. 
Onemergingafteraten-secondimmersion periodfrom 

the picking bath,the sheetisscrubbedagain with clean 
water promptlyin ordertoremove altraces of nitric 
acid andsmutfrom thesurface of the steel,The sheet 
is nextimmersedinasulfuric acid bath toremove any 
Oxides from the steelsurface,the period of thisimmer 
sion alsoapproximatingtenseconds?Thispicklingsolu 
tion contains10% to20% sulfuric acid by weightand 
is keptata temperature between about 160°F,and 
180°F?Acleanwaterrinse prompty folowsremoyal 
cf the sheetfrom thislatterpickling bath toremove al 
traces ofadheringsufuricacidsolution from thepickled 
sheet. 
The sheetisnextplated with nickel,the thickness of 

the nickel coatranging between abGuttwo and ten mil 
lionths of aninch?Thisis accomplished byimmersing 
the sheetina Watts-type nickelplating bath havingthe 
folowingcomposition: 
NiSo4·6H2O??????????????? 25to45ouncespergalon? 
N°------------?????-?? 6to9ouncespergalon? 
HaP93?????????????????? 4to6ouncespergaHon? 
PH---???????-????? 3to5? 
Temperature????????----- 120°to160°F. 

Athirteensecondplateata currentdensity of40amperes 
1per Square foot may be employed to deposita coat of 
nickelabout7.5milionthsofaninch thickfrom such a 
bath? 
The nickelplatedsteelemergingfrom the plating bath 

is promptly scrubbed with clean water to free it from 
adheringplatingsolutionandthenisthoroughlyair-dried, 
Suitably by means of a hotair blast,The steelisthen 
readyforanappication ofenameltoitsSurface andthis 
operationiscarried out with a typicalporcelain enamel 
ofthefolowingcomposition: 

Lbs. 
Pehydrated borax???????????????????????? 159 
FeldsPar??????????????????????????????? ?43 
S9dumnitrate?????????????????????????????? 363 
Cyqe------------------------------------ 195 
Zne 9xide---------------------?------ ?6 
Pode acd---------------------------------- 345 
Powdered quartz--------??????????????????? 1204 
Tianium 9xide--???????????????????????????? 294 

Thisenamelis fired outatabout3% minutesatatem 
perature of1480°F. 
Thisisa continuation-in-part of cur copendingappli 

cation Seria No,770.748?fled August26,1947,now 
abandoned, 
?aving thus descrjbed the present invention so that 

those skiled in the art wil be able to understandand 
practice the Same,we state that Whatwe desire tosecure 
by Letters Patentis definedin whatis claimed. 
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Whatisclaimedis: - 
1,The method of producinga tenaciously adhering, 

uniform and continuous porcelain enamelfnish coaton 
asteelarticle having a carbon content between about 
0.01% andabout 0.30% which consistsessentiaily ofthe 
Stepsof uniformiyandregularyremovingasurface por 
tion of Saidarticle equivalenttoatleastabout0.01gram 
per Squareinchandthereby producinga surface on the 
article substantialy free of gas-retaining recesses due 
toeXcessive pitting,etchingorroughness,chemicaly but 
non-galvanicaly applyingto Said recess-free surface a 
coating of non-ferrous metal selected from the group 
consisting cf nickel,cobalt,molybdenum andantimony 
rangingin thickness between abouttwo and aboutten 
nilions of aninch,appiyingporcelain ename slip sub 
Stantialyfree from adherence promotingoxides directiy 
tothe reSüting coating,and firingsaid sip and produc 
ingsaidenamelfinishcoat? 
2,The method of producing a tenaciously adhering 

uniformand continuousporcelain enamelfnish coaton 
an article of commercialypureiron Which consistses 
Sentialy of the steps ofüniformlyandregularlyremoy 
inga surfaceportion of saidartick equivalenttoat1east 
about 0.01grampersquareinchand therebyproducing 
a Surface on the article substantialy free ofgas-retain 
ingrecesses due to excessive pitting,etchingorrough 
ness,chemicaly but non-galvanicaly applyingto said 
recess-free Surface a coating of nickelrangingin thick 
ness between abouttwo and aboutten milionths ofan 
inch,applying porcelain enamel slip substantialy free 
fromadherencepromotingoxidesdirectlytotheresulting 
nickel coating,and fring said slip and producingsaid 
enamelfinishcoat? 
3,The method of producing a tenaciously adhering, 

üniformand continuous porcelain enamelfinish coaton 
cold roled sheetor strip steel havinga carbon content 
betweenabout 0.01% andabout 0.30% which consists 
essentialy of the steps of uniformiy andregularly re 
moving a Surface portion of said article equivalent to 
atleast about 0.01 gram per square inch and thereby 
producinga surface on the article substantially free of 
gas-retainingrecesses due to eXcessive pitting,etchingor 
roughness,non-galvanicaly applying to Said recess-free 
Surface a coating of nickelrangingin thickness between 
abouttwo and aboutten milionths ofaninch,applying 
porcelain enamel slip substantialy free fron adherence 
promoting oxides directlytotheresultingnickel coating, 
andfiringsaidslipand producingsaidenamelfinish coat, 
4.The method of producingatenaciousy adhering, 

uniformand continuous porcelainenamelfinish coaton 
aferrousmetalarticle havingacarbon contentlessthan 
about 0.30% which consists essentialy ofthe steps of 
uniformly and regularly removing a surface portion of 
Said article equivalent to at 1eastabout 0.01 gram per 
Squareinchandtherebyproducingasurface on thearti 
cle Substantialyfree ofgas-retainingrecesses due to ex 
cessive pitting,etchingorroughness,electrodepositingon 
Said recess-free surface a fash coat of nickel between 
aboutone andaboutten milionths of an inch thick,di 
rectly appiying porcelain enamel slp substantialy free 
from adherence promotingoxidestotheresultingnickel 
coating,andfiringsaidslip and producing Saidenamel 
finishcoat. 
5.The method of producingatenaciouslyadhering, 

uniformand continuousporcelain enamelfnish coaton 
aferrous metalarticle havinga carbon contentlessthan 
about 0.30% which consists essentially of the steps of 
uniformiy and regularly removinga surface portion of 
Said article equiyalent to atieastabout 0.01 gram per 
squareinch and therebyproducinga surface on thearti 
cle substantialyfree ofgas-retaining recesses dueto eX 
cessive pitting,etching orroughness,depositinga layer 
Cf nickei bétween aboüt two and about ten mi?ionths 
ofaninch thickon Saidrecess-free surface bythe chemi 
cal reduction method,appiying porcelain enamel slp 
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Substantialy free from adherence promoting oxides di 
rectly to the resulting nickel coating,and firing said 
slipandproducingsaidenameifinishcoat? 
6,The method of producinga tenaciously adhering, 

Uniformand continuous porcelainenamelfinish coaton 
aferrous metalarticle havinga carbon contentlessthan 
about 0.30% which consists essentialy of the steps of 
Sand blastingSaidarticleandthereby uniformiyandreg 
ularlyremovingasurface portion ofthearticle equivalent 
toatleastabout0.01grampersquareinchandproducing 
asurface onthearticlesubstantialyfree ofgas-retaining 
recesses due to eXcessive pitting,etching orroughness, 
depositingalayer ofnickelbetweenabouttwoandabout 
ten milionthsinch thick on said recess-free surface by 
the chemicalreduction method,applying directyto the 
resulting nickel coating porcelain enamel slip substan 
tialy free from adherence-promoting oxides,and fring 
saidslipand producingsaidenamelfnish coat? 
7.The method of producing a tenaciously adhering, 

uniformand continuous porcelain enamelfinish coaton 
aferrous metalarticle havinga carbon contentless than 
about 0.30% which consists essentiaHy of the steps of 
immersingsaid articlein an aqueous Sulfuric acid solu 
tionasananodeinan electricalcircuitandthereby uni 
formlyand reguiarlyremovinga surface portion of said 
article equivalent to atleastabout 0.01 gram persquare 
inch and producinga Surface on thearticle Substantialy 
free of gas-retaining recesses due to excessive pitting, 
etching orroughness,electrodepositing on said recess 
free Surface afash coat ofnickel betweenabouttwoand 
aboutten milionthsinch thick,applyingdirectlyto the 
reSultingnickelcoating porcelainenamelslip substantial 
lyfree fromadherence-promoting oxides,and firingsaid 
sHp and producingsaidenamelfnish coat. 
8,The method of producing a tenaciously adhering, 

uniform and continuous porcelain enamel finish coat 
on aferrous metalarticle havinga carbon content less 
thanabout 0.30% which consistsessentialy ofthe steps 
of contactingsaidarticle witha25% byweightaqueous 
nitric acidsolution andthereby uniformiyandregularly 
removinga surface portion of saidarticle equivalent to 
atleastabout 0.01 gram persquareinchand producing 
a Surface onthearticle substantialyfree ofgas-retaining 
recesses due to excessive pitting,etching orroughness, 
then prompty chemicaly but non-galvanicaly applying 
to said recess-free surface a coating of nickel ranging 
in thickness between abouttwo andaboutten milionths 
ofaninch,thenapplyingdirectytotheresultingnickel 
coating porcelain enamel sip substantialy free from 
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adherence-promotingoxides,andfringsaidsipand pro 
ducing Said enamelfnish coat. 
9,The method of producinga tenaciously adhering, 

Uniform and continuous porcelain enamelfnish ccaton 
a ferrous metal article having a carbon content less 
thanabout030% which consistsessentialy ofthesteps 
of contactingsaidarticle withasolution offerrous metal 
picking acid and thereby uniformiyand regulariy re 
moving a Surface portion of said article equivalent to 
atleastabout 0.01gram persquareinchand producing 
a Surface on thearticle Substantialyfree ofgas-retaining 
recesses due to eXcessive pitting,etching orroughness, 
thenprompty depositingalayerofnickelbetweenabout 
two and aboutten milionthsinch thick on said recess 
free surface bythe chemicalreduction method,applying 
directytothe resulting nickelcoating porcelain enamel 
slip Substantialyfree fromadherence promoting oxides, 
and fring said slip and producing said enamel finish 
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10.The method of producingatenaciouslyadhering, 
uniform and continuous porcelain enamelfinish coaton 
aferrous metalarticle hayinga carbon contentlessthan 
about 0.3% whichconsistsessentialy ofthe stepsofuni 
formlyandregularlyremovinga surface portion of said 
article equivalenttoatleastabout 0.01gram persquare 
inch and thereby producinga surface on thearticle sub 
stantialy free ofgas-retainingrecesses due to excessive 
pitting,etching orroughness,non-galvanicaly applying 
tosaid recess-free surface a coating of non-ferrous metal 
selected from the group consisting of nickel,cobalt, 
molybdenum andantimonyranginginthickness between 
abouttwoandaboutten milionths ofaninch,applying 
porcelain enamel shp Substantialyfree from adherence 
promoting oxides directytotheresultingmetalcoating, 
andfiringsaidslipand producingsaidenamelfinish co8. 
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