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The'present invention relates'to' the art oficoatingr‘ 
ferrous materials,‘ more particularly to' a method" of ' 
enameling mild steels of the type having a carbon, content" 
inithe range of from essentially‘zero up to about 0.45%, _ 
and to the coated articles of vmanufacture resultingthere; 
from‘. 
As of the time of the present invention, industry gen 

erally was confronted with the‘ enigmatic‘ situation that‘ 
materials which were easily coated with vitreous enamels ' 
did not always meet structural speci?cations whereas the 
materials which did meet structural speci?cations‘ were‘v 
not easily coated with vitreous enamels‘. As‘ one ex; 
ample,‘ irons containing a high percentageof carbon have 
heretofore required‘ that ‘very particular enamels be'used 
in only certain speci?c processesrequiring extraordinarily -' 
close control if a good enamel-to-metal bond is to‘ be 
perfected. Practically all of " the'enamels which‘have 
been found suitable, i.e.‘, possess the necessary 'mechan: 
ical, electrical and thermal properties, for the manufac 

carbon? content does not exceed 0.04%. Because of these 

carbon iron and-specialigrades of steel in their manu 
facture‘of‘the'aforementioned parts.‘ Industry was then 
further handicapped'by' the lack 'of' a readyisupply of 
these ‘special ‘steels in any quantity," shapeior-fonn; For 
example,v one suchspecial. type ‘of enameled steel is only 

this stock require a-large ‘amount of machine work and 

cautions, the ?nished pieces frequently revealed defects 

scrapped. ' 4 

For the past ?fteen years many attempts have been 
made to substitute steels having a'carbon content of from 
0.010% to 0.25 %‘ and ‘higher (these steels being able- to 

enameled ‘fabrication. As a result‘of these efforts, the 

invention could only utilize steels having-0.16% carbon. 
)That'method consisted‘ of analyzing the material to~be 
enameled for its carbon content. Since 0.16%v carbon 
was'the maximum'perce-ntage allowable, articles contain~ 

if successful enameling was to-beattained. An article 
consisting of material which‘ meets the carbon‘ require 

‘ mentwas then normalized in. a controlled atmosphere at‘ 
1600" F. for from ?fteen‘ to~thirty'minutes, according to. 
the Weight of the article; The article was then'air cooled, 
sandblasted and enameled according'to its speci?cations. 
This method provided an enameled article ‘in? which .?sh 
scaling occurred frequently asmuch as .seventyetwo hours ‘ 

When ?sh”; scaling. 
occurred,‘ the articles haditov be sandblasted'and r'eworkedl 
until a true'?bond‘ was attained.‘ Inisomecascs'the work/1 

or- even longer‘ after its completion; 

ture of commutator V-rings, recti?er'bushings and-like 
parts call for extremely low carbon steels inwhich' the" 

manufacturing limitations imposed by the lack of a better‘ 
method of enameling, industry was compelled to use low I 

available in'large slabs or billets so‘ that parts made fromv 

are therefore extremely costly. Even with all these-‘pree 

due to‘ inclusions, tubes‘and segregations and-had to be; 

meetrhigher strength‘requirements.) for the very low' 
carbon steels which had been required for high strength 

best method devised of "those known prior to‘the’present‘ 

ingmore than this'amount simply could not be utilized 1 
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2. 
piece'hadI-to' ber‘rejected completely; The net result of 
thismethod was that labor charges were prohibitive and 
many costly‘ delays" in“ meeting schedule dates - were 
created. . 

Anotherprior art method incorporated an oxidizing 
atmosphere ‘into-the normalizing step with‘ a resultant dis 
advantage that the steel .became oxidized and pitted from 
steam {and other constituents ‘of the atmosphere as they 
camein' contact with‘ the heated steel.‘ 
The‘problem facing the present inventor at the time of 

her‘v invention'was ‘therefore: to create a method which 
would allow for an easy, ei?cient and inexpensive enamel~ 
i-ng of mild steels containing up to 0.45 % carbon, which 
would consistently. provide a quality-bond between the 
enamel and the/‘steel, vand‘which wouldifurther-signi? 
cantlyj'reduce' rejections because of ?sh scaling, copper 
heading" and" otheri'dele'terious ‘phenomena prevalent in 
the high strength enameled articles produced by the 
methods 'of'th‘e prior art.‘ , 

Accordingly, the primary‘ object of the present inven 
tion is‘to" provide an improved method for enamel-ing 
‘mild‘stee‘l' which overcomes ~the aforementioned de? 
ciencies of the‘prior‘art methods. 

Another'object of the present invention‘ is toprovide a 
method for ‘enameling mild, steel which enables heating 

_ the steel‘ ‘to high temperatures without inducing injurious 
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e?ects'from oxidation; 
Another object of the- presentlinvention- is to provide 

a method for enameling heavy gauge-(>1A") mild steel 
having a carbon "content-as high-as 0.45% which ‘causes 
substantiallyall of the un'dissolved‘ diatomic hydrogen 
to be'removedfrom-within‘ the/steel and'prevented from 
rediffusing into the'steel. 
Another I object . of the present ‘ ‘invention is to provide 

a method for cnameling-mild steels in which substantiallyv 
all of the undissolved monatomic hydrogen contained in 
the steel is diifused to the atmosphere to form diatomic 
hydrogen and/other hydrogen compounds-by holding the 
steel for'an extended period of time at a temperature ap 
proaching its critical point. ' 

Another object of the'present invention is to’ provide 
a method of enameling mild ‘steels which causes a vitreous ~ 
sheath tobe formed about the'steel to prevent'the entry 
of deleterious gases into the steeL' 
A still further‘object of the’ present-invention is pro 

vision of an3~improved method for enameling mild steel 
which provides-a cost reduction per unit produced of 
substantially two-thirds of the cost required for'the pro 
duction'of each unit by the methodsknown heretofore. 
These and-"still further objects‘ are ful?lled by the 

present'invention in a manner which shall become ap 
parent from a reading of the following detailed descrip 
tion-in- conjunction with-the‘ accompanying drawing in 
which: 

Fig. 1 is a photomicrograph at 1000>< of a cross sec 
tion of an enameled‘ article prepared by the method of 
the present invention'showing, inter alia, the bond result 
ing between‘the enamel coat and the mild‘steel' (having 
a carbon content'of 0.44%) with picral asan etchant; 
and 

Fig.‘ 2 is a schematic ?ow sheet indicating a sequence 
of. steps to be vfollowed‘in practicing one embodiment of 
the method of the present invention. 
The method of‘ the present invention providesa de 

sirable procedure for‘enameling'anymild steel'stock con 
taining from zero to as: high as~0.145% carbon and has 
been particularly useful‘inenameling heavy gaugeslabs 
of three~quarter= incheson up, excellent‘results being ob; 
tained'even when two inchi‘slabs made~up thework ma 
terial.‘ 

According‘ to theepresent invention, the part to be' 
enameled is ?rst cleaned in any suitable manner such as 
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by sandblasting or pickling. When the part is clean,’ _a _ 
heavy (‘from 0.02 to 0.03 inch) coat of porous, vitreous 
enamel is deposited on the cleaned surfaces in any suit 
able manner such as dipping, slushing or spraying. When 
the enamel coat is applied, the pieceis next introduced 
to a suitable drier, such as under infrared light, which, op 
erating preferably between 150° F. to 400° F., removes 
excessive water from the slip. The length of time ‘re 
quired to dry the slip is more or less a subjective determi 
nation and re?ects the thickness of the enamel coat, the 
size and shape of the article, the temperature of the drier 
and other like factors. It has been found that when the 
drier operates at a temperature over 200'’ F., most con 
ventionally sized articles will be properly dried in from 
twenty to about forty-?ve minutes. 
The piece with its dried coat of enamel is next ?red to 

about 1600° F. in a suitable furnace. This heat treat 
ment, variously referred to as normalizing (when steel is 
heated above its critical point and air cooled), anneal 
ing (when steel is heated above its critical point and fur 
nace cooled), or commercial annealing (when steel is 
heated to just below its critical point and air cooled), has 
heretofore performed the dual functions of stress reliev 
ing the metal article and maturing the enamel coat. 
The present invention incorporates a third function to 

the heat treatment which provides an important aspect 
of the present invention. By extending the duration of‘ 
the ?ring time beyond that of the normal practice for a 
total period of at least three times the normal ?ring time, 
the present invention elfectively expatriates substantially 
all excess hydrogen, i.e., the hydrogen which is not in so 
lution, from the steel. ’ 

There is reason to believe that the excessive defects 
which have prevailed heretofore in enameled articles of 
mild steel, and rendered them unsalable, such defects be 
ing ?sh scale and pin point breaking due to unmatured 
bubbles, are for the most part caused by pressure set up 
along the skin surface, i.e., that bonding surface between 
the enamel and the steel, by entrapped hydrogen. 
The prior art attempted to avoid some of the dele 

terious effects of the entrapped hydrogen by using only ' 
those steels for enameling which contained extremely low 
carbon. The procedure possessed drawbacks among 
which was that the low carbon metals had very low 
strength characteristics and were unsuitable for many 
manufactured structures. It therefore became clear that 
if enameled articles possessing desirable strength charac 
teristics were to be manufactured, the problem of over 
coming the defects resulting from entrapped hydrogen 
must be solved. As an answer to the problem, the pres 
ent invention provides a method by which the enamel 
defects caused by entrapped hydrogen are eliminated and 
enameled articles containing carbon as high as 0.45% 
and possessing desirable high strength characteristics can 
be successfully manufactured. 

. Though the exact theory as to why the improved results 
which are realized by the present invention has not been 
fully developed, it is believed that as steel‘ is heated to a 
temperature approximating its critical temperature, i.e., 
the temperature at which ferrite and pearlite transform 
to austenite, atoms of the monatomic hydrogen contained 
in the steel but which are not dissolved in the steel diffuse 
to the surface of the steel from whence they pass through 
theh porous enamel coat to the atmosphere. When the 
atoms of monatomic hydrogen reach the atmosphere, they 
may join with other atoms of monatomic hydrogen to 
form molecules of diatomic hydrogen or they unite with 
atoms of other elements to form hydrogen compounds, 
As each atom of monatomic hydrogen di?uses from the 

surface of the article to the atomosphere, another atom 
of the diffusing monatomic hydrogen replaces it on the 
surface of the article in a process of evacuation and re-» 
placement which continues until substantially all undis-; 
solved monatomic hydrogen has been removed from the 
steel. . . . ' . Y. 
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’_ A second form of undissolved hydrogen in the steel is 
occluded diatomic hydrogen,» It presents an additional 
problem since while monatomic hydrogen will diffuse 
through iron at a low temperature, occluded diatomic 
hydrogen will not. This problem is solved by heating the 
article to approximately the critical temperature of mild 
steel, since in heating the metal to this temperature, the 
temperature of disassociation of, diatomic hydrogen gas 
in the presence of iron, observed to be approximately 
145Q° F., is reached and exceeded whereupon the oc 
cluded diatomic hydrogen breaks down into monatomic 
|hydrogen according to the equation: 

A . 

H5 —---§ 211 
Fe 

As monatomic hydrogen, this hydrogen experiences no 
di?‘iculty in diffusing to the surface of the steel and to the 
:atmosphere in the same manner as the aforedescribed un 
dissolved monatomic hydrogen initially present in the 
steel. 

It has been further observed that even though the solu 
bility of hydrogen in iron substantially increases at the 
temperature of disassociation of diatomic hydrogen (e.'g., - 
going from 6.2 to 9.8 cc. per 100 gms. of pure iron), this 
increase absorbs a relatively small percentage of the total 
hydrogen disassociated and the major portion is expelled 
to the atmosphere. Thus while the quantity of mon 

_ atomic hydrogen in solution in the iron is increased, the 
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total hydrogen situated in the iron is drastically reduced. 
And it is that portion of the total hydrogen which is not 
in solution which is believed to be the cause of the de 
fects heretofore prevalent in enameled articles of mild 
steel. 

It is understood that the aforedescribed theory is an 
attempt to analyze the mechanics of the present invention 
to explain the improved results realized therefrom by a 
theory which is not fully developed. Consequently, the 
present invention is not intended to be limited thereby. 

During the heating step of the present invention, the 
vitreous coat of enamel becomes ?uid and matures to 
provide a viscous glassy coating or sheath on the steel 
article. This sheath successfully isolates the hydrogen 
gas which has diffused to or is present in the atmosphere 
from the hot steel surface and thus prevents the hydrogen 
from contacting the hot steel surface. Were the sheath 
not present, the diatomic hydrogen, upon contacting the 
hot steel surface, would redisassociate into monatomic 
hydrogen which could then reenter the steel and re?ll the 
occlusions from which the occluded diatomic hydrogen 
gas had been evacuated. If this were to occur, the pur 
pose of the heat treatment would be frustrated and its 
improvement of the steel for enameling substantially 
nulli?ed. 
The viscous sheath further prevents the disassociation 

of steam which may be present into oxygen and mona 
tomic hydrogen by also isolating the hot steel from the 
steam. 
The rate of diffusion of monatomic hydrogen gas, which 

is substantially increased by the heating step, is believed 
in part attributable to the increased mobility of the hy 
drogen because of the heat and in part attributable to the 
increased mobility of the iron atoms in the steel. Similar I 
increase in dif?usion rate is observed for other dissolved 
gases which exert deleterious e?ects upon the enamel. 

~ According to the aforedescribed prior art 'heat treat-" 
ment processes some undissolved hydrogen may be dis 
pelled from the steel. However, the amount dispelled is 
not suf?cient to prevent the formation of pockets of di 

'~ atomic hydrogen gas between the enamel coating and the 
steel since the duration of the heat treating was based 
upon and limited to the physical transformation of the 
metal and the maturation of the enamel coating. When 

_\ these conditions were ful?lled, the cooling cycle was 
“i begun. Thus the cooling cycle is commenced before any 

..75 appreciable .arnount ofhydrogen is evacuated from the. 
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steel and While large amounts of ‘undissolved monatomic» 
hydrogen and occluded diatomic hydrogen are stillin the 
steel. Upon cooling, the rateof diffusion'of-themonar 
tomic hydrogen and the mobility of the; iron atoms-which“v 
obstruct the di?usion of the‘ gas, greatly-decreasesso that 
hydrogen is not effectively removed from the steel dur 
ing cooling. The net e?fect-of treating steels bythe prior ~ 
art methods is to provide steels which retain a deleterious 
quantity of hydrogen which ‘prevents the achievement of 
proper bonds between the steel‘ and. its enamel-coat. Per 
haps an explanation of the prior art de?ciency is its fail~ 
we to grasp the concept of hydrogen vremoval vwhich the: 
present invention successfully utilizedto achieve-its im-' 
proved results. 
The present invention incorporates the-discovery thatv 

when the heating of an enamel coatedsteel article is sig 
ni?cantly extended most of the undissolvedmonatomic 
hydrogen and ‘substantially all of the roccludeddiatornic 
hydrogen originally in the steel is diffusedfrom within. 
the steel to its surface through the ?uidizedenamel coat, 
and to the atmosphere. It has-further been ascertained 
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that the length of time necessary to properly expunge the - 
hydrogen from the steel‘ishrelated' to the length of time‘ 
required to effect the physical: transformation of the 
enamel coat, i.e., its maturation or vitri?cation. Itis ob 
served that the prolonged heating period should extend‘at 
least three times the time required to effect the aforesaid 
maturation of the enamel, and preferably for. a period 
extending approximately ?ve times that-time which, is. 
known to the art as “normal ?ring time.” 

It has been further determined that the heating step may 
be performed in an oxidizing atmosphere which further 
entraps the hydrogen by. the formation of. hydrogen com- . 
pounds. 
When the heating step is completed; the article is then‘ 

cooled by any suitable manner, such as" by air, which will 
not affect the physical characteristics of the-metal result 
ing from heat treatment. 
During cooling, the vitreous enamel hardensainto a 

vitreous coating from the viscous fluid state inwhich it 
existed during the heating‘ step while the hydrogen was 
being evolved from the steel. This coating, both while 
viscous and hardened, forms a protective sheath about ‘the 
steel article which prevents the entry. of hydrogen‘ and 
other gases into the steel and effectively isolates the steel 
from the atmosphere surrounding the enamel.‘ When the 
article has been completely cooled, e.g., to room tem-' 
perature, a ?rm enamel sheath is ‘uniformly and'?rmly» 
bonded to the metal. The cooled article is further char 
acterized by a greatly reduced hydrogen'content 'as vthe 
undissolved occluded hydrogen atoms have been dispersed 
to the atmosphere. Consequently the ‘bonding surface 
or skin surface of the article of the present method, which 
when prepared by prior art methods contained pockets'of' - 
entrapped gases, such as hydrogen, which resulted in 
enamel coatings characterized by. ?sh scaling and bubble 
bursting, is substantially hydrogen free. 
When the ?red part has been cooled by a suitable 

method, the resulting cooled low hydrogen enamel 
- sheathed article is then cleaned by a suitable method such 

as sandblasting, dipping in molten caustic, or other suit 
able means and the article is readyto be enameled ac 
cording to the speci?cations the ?nal article’ shall meet. 
Because of the improvement provided by the method of 
this invention, the mild steel articles can now beenameled 
with porcelain enamels and the like and a good bond 
achieved because the skin surface is renderedfree of gas 
in a manner which does not cause scale or pitting. 
An enameled article prepared by the method of the 

present invention and subsequently coated with a-porce4 
lain enamel is shown in Fig. 1 in which the enamel is 
identi?ed by‘ the reference numeral 11, the‘bonding sur 
face by.12, and the steel by 13. 
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As previously stated, ~,it<has- been determined that at 
least. three times the normal ?ring time is the desired 
minimum time for holding'thearticle at a temperature 
approx1mating the critical point of ‘the steel ‘base.’ There 

~ appears to be no maximum time for holding the ‘piece at 
heatnsince pieces have been held as long as twenty-one 
times their normal ?ring time without adversely affecting 
the'properties of‘ the ?nal article. It should be added 
however that beyond a certain point, i.e., when all remov 
able gases have been removed, no further. gas removal 
Will be effected and that heating beyond this point, while 
not injurious to the article, is a great waste of fuel and 
unnecessarily increases costs.“ 
The term “?ring time” is herein ,used as a conventional 

term‘ of theenameling-art and ibis-dependent, inter alia, 
upon the weight and shape of the ‘article to be enameled 
since the surface of the “steel articlemust ‘be heated'to the 
maturing temperature of the-‘enamel before maturation of 
the venamel will bee?ected; 

The‘temperature"recitation-of 1600° F.‘ contained in 
this disclosure is cited asfiillustrative of a temperature 
just below the lower critical temperature ofmild steel 1 
being enameled and will ‘subject to variations depending 
upon the actual steel chosen for enameling; 
The term “transformation” as herein used is likewise 

a'term of the art, although it is technically somewhat of 
a'misnomen, The effect of heating on the steel is pri 
marily one of spheroidizing. rather than one of transforma 
tion and usually only about one-tenth of the alloy be 
comes austenitic. The important effect of the heating is 
that'the graphite contained- in the steel converts from 
plate to spherular form thus enhancing the plastic flow 
of the metal and reducing its brittleness. 
The enamels herein described are those heretofore well 

known for coatingarticles of thewtype herein identi?ed, 
the spirit of the present invention being a novel method of 
preparing mild- steel-.articles,..i.e., steel articles having 
up to about 0.45% carbon, for coating with a vitreous 
enamel which provides between the article and a sub 
sequently deposited vitreous coating, an» interfacial 
tenacity heretofore unknown in this art. 
To aid in a fuller appreciation of the‘present inven 

tion, the following are examples of frit compositions 
(molten basis) of thetypeconsisting essentially of'feld 
spar, borax and quartz- which have ?ring‘temperatin'es 
in the preferred range of>-1450—1600° F., and which as 

’ sume a relatively porous ‘condition in the molten state. 

50 

75 

All of the examples represent compositions which are 
suitable for obtaining. the improved results of this in 
ventionand may be .usedin the practice thereof. 

Examp'lel‘ 
Component: Percent 

Potassium and"sodiu'm‘ oxide ____________ __ 18.0 

Boric oxide __________________________ __ 14.1 

Alumina .. __ 5.4 

Silica ________________________________ __ 44.1 

Calcium‘?uoride' ______________________ __ 6.8 

Cobalt oxide __________________________ .._ 2.9 

Manganese oxide ______________________ __ 6.8 

Nickel'oxide __; _______________________ __ 1.9 

ExampleZ I 

Component: > 

Potassium-and sodium oxide ____________ __ 18.6 

Boric oxide ___________________________ __ 12.7 

Alumina _ 7.1 

Silica ~ ____ 48.1 

Calcium ?uoride ______________________ __ 8.2 

Cobalt oxide __________________________ __ 0.9 

Manganese-oxide‘ ____ ....r._._-_._.. ___________ __ .4-3 
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Example3 
Component: Percent 

Potassium and sodiumoxide ____________ .. 2.1.6 

Boric oxide 13.4 
Alumina 7.2 
Silica 49.9 
Calcium ?uoride _______ _..'_ ____________ __ 4.8 

Cobalt oxide 0.5 
Manganese oxide ______________________ .. 0.7 

Nickel oxide ' 0.5 
Fluorine ______ __' _____________________ __ 1.4 

Example4 
Component: I 

Potassium and sodium oxide ____________ __ 20.8 
Boric oxide ___________________________ __ 16.6 

Alumina 6.4 
Silica 50.1 
Calcium ?uoride _______________________ __ 4.5 
Calcium oxide __________ "a ___________ __ 1.6 

ExampleS ' 

Component: 
Potassium and sodium oxide ____________ .. 23.7 
Boric oxide _____________________ __n____- 10.3 

Alumina 7.3 
Silica _ 55.6 

Cobalt oxide 0.6 
Manganese oxide ______________________ .. 2.5 

Example 6 
Component: 

Potassium and sodium oxide ____________ __ 16.3 
Boric oxide 9.6 
Alumina 6.5 
Silica 56.4 
Calcium ?uoride ______________ __- ______ .._ 5.9 

Cobalt oxide 0.5 
Manganese oxide __.._' ___________________ __ 4.8 

Example7 
Component: - ' 

Potassium and sodium oxide ____________ __ 21.2 
Boric oxide 13.3 
Alumina 6.9 
Silica 49.6 
Calcium ?uoride ______________________ __ 7.5 

Cobalt oxide ___________________________ __ 0.2 
Manganese oxide ______________________ .._ 1.3 

Example8 
Component: 

Potassium and sodium oxide ____________ __ 18.5 
Boric oxide .. 15.2 
Alumina 8.8 
Silica 52.1 
Calcium ?uoride ______________________ __ 3.8 

Cobalt oxide _ 0.4 
Manganese oxide ____ _..'_ ____ __‘ _____ __,.__.. 1.2 

Example9 
Component: 

Potassium and sodium oxide _____ -._' _____ __ 19.4 

Boric oxide ‘ ' 13.3 

Alumina _______________ .._.'___' __________ __ 8.0 

Silica ____ __; ______ __' ________ _.._ _______ __ 56.6 

Cobalt oxide ' ' 0.7 

Manganese oxide __________ _.'_ __________ __ 2.0 

It is understood that the present method is not limited 
to commutator V~rings, but for descriptive purposes, 
one embodiment of the method will bev discussed in 
relation thereto. " 
The V-ring, having been molded to the desired form, 

is sandblasted to clean its surface and prepare it for 
enamelinga When the ring is cleanfan enamel slip is 
deposited upon its ?nished surfacein any suitableman 
ner such as, by spraying and the coated ring is placed 
into an infrared drier which, operated‘ at over 200° F., 
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8 
removes the excess water from the enamel slip. This 
step does not involve maturation of the enamel nor does 
it remove any waterfrom the clay suspension agents in 
the ‘enamel. It merely removes the excessive water 
which has provided the vehicle for the slip solution. 
When it is dry, the ring is placed in a furnace operating 
at a temperature approximating the critical temperature 
of mild steel, e.g., around 1600° F. 
The point of maturation of the enamel, i.e., the point 

at which the ?uid enamel becomes vitreous, can be ob 
served by noting the glossy sheen which appears. The 
length of heating time required to achieve this effect is 
then extended at least twice again to effectively evolve 
all excess monatomic hydrogen from the steel and up 

' through the ?uid enamel or approximately thirty min 
utes more in the case of a coated article of such ma 
terial, size, shape, etc., to have a normal ?ring time of 
approximately 15 minutes. After approximately three 
times the time of the normal ?ring period, and pref 
erably about ?ve times the normal ?ring time, the ring 
is removed from the furnace and cooled. During the 
cooling step the vitreous enamel coating becomes a 
gloss or super cooled liquid and is securely bonded to 
the metal ring. When the ring has been cooled to room 
temperature, it is cleaned to remove the gloss coat and 
is then ready to be enameled to any speci?cations which 
might be prescribed. 
A further advantage of the present invention can be 

seen when it is considered that while the total processing 
of a commutator ring previously required sixty-seven 
hours of labor, it now requires but three and one-half 
hours. 
The method of the present invention thus provides 

a positive solution for the problem‘ of overcoming the 
deleterious effects on enamel bonds caused by the hy 
drogen contained in steels by effectively removing the 
hydrogen from the metal through the enamel in the 
presence of the enamel and preventing its reentry. Not 
only does the method of the present invention solve this 
major problem which has long confronted the enameling 
trade, it does it in such a manner as to greatly reduce 
the cost of producing such items as commutator V-rings, 
recti?er bushings, and like articles according to its teach 
ings by simplifying operations, permitting a Wide range 
of materials to be available for enameling, and greatly 
reducing rejections due to defective enamel bonding. 
These and other objects recited herein for this invention 
are thus ful?lled by the method herein disclosed. 

While the method has been described with relation 
to certain speci?c manufacturing operations, it is under 
stood that the present invention is not to be so limited. 
Rather, such modi?cations and variations as may readily 
occur to one skilled in the art are intended to be in 
cluded within the scope of the present invention, it being 
limited only by the scope of the appended claims. 
What is claimed is: 
1. A method of preparing a mild steel surface for 

enameling comprising the steps of: coating an article of 
mild steel with a ground coat of enamel; maturing the 
enamel by heating the coated article in an oxidizing 
atmosphere to a temperature approximating the critical 
temperature of mild steel for a period of time equal to 
the time required for the enamel to assume a glossy 
?uid condition; extending the aforementioned maturing 
step for a further period of time equal to at least twice 
the period of time required to mature said enamel; 
and cooling the article to transform the enamel to a 
hard vitreous sheath ?rmly bonded to the steel article. 

2. A method of preparing a mild steel surface for 
enameling comprising the steps of: depositing a coat of 
a slurry containing an enamel frit of the type consisting 
essentially of feldspar, borax and quartz on an article of 
mild steel containing not more than 0.45% carbon; dry 
ing said slurry coated article at a temperature in the 
range of from 150° to 400° F.; ?ring said dried article 
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in an oxidizing atmosphere to a temperature of 1450“ 
1600° F.; holding said ?red article at said temperature 
for a time equal to at least three times the time required 
to mature said enamel to a vitreous condition to e?iect 
an adherent uniform surface to surface engagement be 
tween said matured enamel and said mild steel article, 
said holding of said article at said temperature for said 
time dispelling occluded hydrogen gas from within said 
steel through said matured enamel into said oxidizing 
atmosphere; and cooling said hydrogen free coated ar 
ticle while said cooling enamel coat precludes the migra 
tion of said hydrogen gas from said atmosphere back 
into said article. 

3. The improvement in the art of enameling a surface 
consisting of mild steel having up to 0.45 percent car 
bon comprising the steps of: depositing a coat of a slurry 
containing an enamel frit of the type consisting essen 
tially of feldspar, borax and quartz on said surface; dry 
ing said slurry coated surface at a temperature ranging 
from 150° to 400° F.; ?ring said surface having said 
dry coat of enamel slurry thereon to a temperature ap 
proximating the critical temperature of the mild steel 
surface; heat treating said surface at said temperature 
for a time equal to at least three times the time required 
to mature said dried enamel slurry coat to a vitreous 
condition; cooling the vitreous coated article; and clean 
ing said surface to remove said cooled vitreous coat 
therefrom whereby said surface is ready for coating with 
vitreous enamel in a conventional manner. 

4. The method of preparing an article of mild steel 
containing not more than 0.45% carbon for tenaciously 
adhering complete surface engagement with a coating 
of vitreous enamel subsequently applied thereto com 
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prising: cleaning said article; depositing upon said clean 
article a heavy coating of an aqueous enamel slip con 
taining an enameling frit consisting essentially of feldspar, 
borax and quartz; heating said slip coated article to a. 
?rst temperature of ISO-400° F. to remove excess water 
from said slip; heating said dried slip coated article to 
a second temperature of at least 1450’ F. and not more 
than 1600° F.; holding said article at said second tem 
perature to ?re said slip and convert said frit to a molten 
vitreous condition for a period of time equal to at least 
three times the period required to convert said frit to 
said molten vitreous condition, while occluded hydrogen 
is dispelled from within said article through said molten 
vitreous coating; cooling said article to set said molten 
vitreous coating whereby the reentry of said hydrogen 
into said article is prevented; removing the set vitreous 
coating from said hydrogen free article; and cleaning 
said article for application of said subsequently applied 
coating of vitreous enamel thereto. 
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