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The invention relates generally to metal
articles of manufacture coated with vitreous
enamel and methods 6f producing them.

The object of the invention is to provide

5 for heat treating the metal of an enameled
article contemporaneously with the process
of enameling or afterwards to improve the
mechanical and physical properties of the
metal. C _
A further object of the invention is to pro-
vide an enameled article of manufacture hav-
ing desired mechanical and physical prop-
erties which have been produced by controlled
heat treatment. :
13- For a fuller understanding of the nature
and objects of the invention, reference may
be had to the following detailed description
taken in conjunction with the accompanying
drawing, which is: « ‘
A diagrammatic view of apparatus suita-
ble for enameling and heat treating articles
_ in accordance with the teachings 6f my inven-
tion. '
Any suitable apparatus may be utilized in
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processes. - .

The apparatus for handling pipe shown in
the drawing comprises elevators 10 for mov-
ing the pipe 11 along vertical lires to carry

% it through an enamel spraying device 12 or
some other treating chamber. As illustrated,
the pipe is suspended from a car 13 carried
by an elevator 10 in such manner that it may
be readily transferred from the elevator to

35 a track 15, or vice versa, and conveyed to the
furnace 16 and a quenching bath 17.

The article of manufacture shown in the-

drawing is a steel pipe 11. Many other

articles, such- as fence posts, I-beams, col-

O umns, angle irons, panels, etc., may be

enameled- and heat treated in the manner to

be described hereinafter. A pipe 11 was

- selected for the illustration because, while

demonstrating the utility of the invention,

45 pipes were among the articles heat treated
during the process of enameling. ~

Enamel may be applied to numerous

articles of manufacture for many different

purposes. In the case of pipe, it may be

50 enameled on the inside for the purpose of

5 carrying out the enameling and heat treating

.constituents of the enamel. - :

increasing its capacity to resist corrosion and
erosion, and on the outside to protect it from
corrosion when exposed to the elements or
from corrosion and erosion when buried in
the soil as when used in pipe lines. b
A coating of cofrosion and erosion resist-
ant material, such as vitreous enamel, is de-
sirable since enameled pipe may be made with
thinner walls than pipe used heretofore, pro-

‘vided, of course, that the thin walls can be 60

made adequate in strength. . A thin walled
structure 1s desirable since smaller amounts -
of metal are required in the manufacture of _

‘the articles, the handling and transportation

of the articles would be easier and less costly, 66
and for other reasons. - : _

In the manufacture of pipe and many other
articles which are subjected to stresses while
in use, the greatest efficiency in the use of the
steel may be obtained by heat treating it to 70
improve the desired mechanical and physical
properties. In the case of steel pipe, the
metal may be heat treated to increase its ten-

sile strength. :

It has been found that steel articles com- 75
posed of steel having certain characteristics
can be coated with enamel and heat treated
to give them the desired properties of light-
ness, strength, and resistance to corrosion and
erosion. The steel used in accordance with 80
the invention is characterized in that high
strength and toughness are developed in the -
steel by quenching from temperatures which
are high enough to produce a fusion of the o5

The invention may be applied in enameling
steels having widely varying percentages of
carbon, and alloys such as vanadium steel,
cobalt steel, chrome vanadium steel, manga-
nese steel, etc. The details of the quenching 90
process will be changed to meet the charac-
teristics of the alloy. :

The composition of the steels and alloys
will depend on the purposes for which the
enameled article is to be utilized. Steels hay- 95
ing a widely varying percentage of carbon
when treated in accordance with my inven-
tion have been found satisfactory for pres-
sure pipe lines. S :

In enameling in accordance with my inven- 100




* essential steps of the process,

2

be made in the
the details of
the heat treatment such as temperatures and
rates of cooling may be varied to suit the dif-

tion, while no changes will

5 ferent characteristics of the metals and the
~ enamels. '

Tn order to obtainthedesired constitutional
and structural change in the metal enameled,
or being enameled, 1t is heated to a tempera-

10 ture approximating or slightly above the up-
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per critical temperature and cooled at a pre-

determined controlled rate to the desired
transformation temperature or below.

Tn order to illustrate the changes that are
made in the heat treatment of steels of differ-
ent compositions, reference will be made to
40%—.50% carbon steels and the changing
of their structure to sorbite to give the desired
physical and mechanical properties.

gince A09% carbon steel has a higher upper
critical temperature than steel having a car-
bon content of .50%, the former is heated to
a higher temperature during heat treatment

‘than is the latter. In heating the .40% car-

bon steel to the higher temperature, care
should be taken not to heat it to a temperature
at which the enamel may be over-burned.
Both steels are cooled at the same rate and
to the same band of temperatures to produce
sorbite.

In quenching these steels to produce sor-
bite, they are cooled to their respective trans-
formation temperatures at a rate that is fast
enough to maintain the carbon in solution and
prevent the formation of ferrite and perlite
down to the temperatures at which the pro-
duction of the sorbitic structure takes place.
In this Earticular instance, when the metal
is quenched to 1100° F. or to a temperature
within a band below 1100° F., the solid solu-
tion changes to sorbite. Ordinarily, the
quenching bath temperatures which I em-
ploy with 40%—-.50% carbon steel produce
sorbite. The temperature range is sufficiently
high that if any troostite is produced it will
change to sorbite. In order to produce troost-
ite, the metal should be quenched to a lower
band of temperatures or the steel composition
changed. :

T have described only the changes made in
my process in order to produce sorbite from
steels having different percentages of carbon.

- In practicing my process, if it is desired to
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transform the steel to a structure other than
sorbite, then the quenching operation may
be varied. Assuming it is desired to produce
martensite, then the article will be quenched
to the band of temperatures at which marten-
site is formed, which is lower than the band of
temperatures required for producing sorbite
and is well known to metallurgists.

The enamel employed will depend on the
conditions to which the article enameled is
to be subjected. In order to resist soil cor-
rosion, a harder enamel will be selected

}
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than if the article is to be utilizéd above the -

ground.

There are many enamel mixtures known to
the enameling art. These enamel mixtures
do not have the same smelting or fusing tem-
peratures, nor do they reach the same degree
of hardness at the same temperatures. There-
fore, enamels are selected which will give
the characteristics desired in the final prod-
uct.

T shall describe in detail the application of

my process to the enameling of pipe fabri-

cated from steel having a carbon content of
from about .40%-.50%. Anyone skilled in
the art having this information may, by
changing the enamel mixture and the tem-
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perature to which the metal is heated and -

cooled and the rate of cooling, readily work
out the details for enameling steels having
widely varying carbon contents and alloys
to produce the desired metal structure in the
enameled article.

In the manufacture of enameled pipe for
underground use, I have employed steels con-
taining from .40%—.50% carbon. While this
is a much higher carbon content than con-
tained in the steels ordinarily.used in the
enameling art, I have obtained excellent re-
sults. The steels ordinarily used for receiv-
ing a coat of enamel do not contain more
than about .03% carbon. I have also suc-
cessfully employed my process in enameling
steels having less than .40% and more than
.509 carbon.

The enameling composition or mixture
preferably employed is one which will fuse
at or near the upper critical temperature of

the steel or alloy from which the article is

fabricated. :
Many different enamel mixtures may be
employed successfully. The selection of the

‘enamel will depend upon the results desived.

I have obtained good results by using the
following formula:
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Parts by
: . weight
Silicon dioXide- - oo 10
Felspar_ - oo 30
BoraxX. o e e " 41
Sods ash_ . _____. e S 6
Fluorspar_ - - e 6
Sodium nitrate e 5
Manganese dioxide_ oo 1.5
Cobalt oxide. b

The enamel is applied to the pipe through-
out its full length in a thin even layer as a
mixture of powder suspended in a vehicle
such as water. This may be accomplished in
any suitable manner by using a single spray
and moving the pipe spirally or by means of
a circumferential spray or booth 12.

~ After the enamel {:as been properly applied
and dried, the pipe is transferred to the fur-
nace 16 where it is heated to a temperature
of about 1575° F. to fuse the enamel. This
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temperature is well above the upper critical
temperature of .40%—.50% carbon steel which
varies from 1490° F.~1440° F. on heating.

‘The pipe may be heated as desired. I have

found an electric furnace 16 large enough

to receive the pipe to be satisfactory because
it gives an evenly distributed heat and en-
ables me to heat the whole pipe to the same
‘temperature at once.

After the enamel has been fused, the pipe
is transferred to the quenching bath 17. The

.pipe is lowered endwise into the quenching

bath at a rate which will maintain a sub-
stantially uniform temperature gradient be-
tween the quenched and unquenched portions
to cool the pipe at a substantially constant

_rate. Since the pipe has been heated to a

temperature of about 1575° F., which is well
above the upper critical temperature on cool-
ing, it may be easily transferred by some suit-
able method from the furnace to the quench-
ing bath before any internal structural change
has occurred. L :

Many different kinds of baths may. be em-
ployed in enameling, for example a salt bath,
an oil bath, a lead bath, a forced draught
of air, etc. I have found a bath of sodiupm
nitrate suitable for my purposes in enamel-
ing 40%-.50% carbon steel. It can be main-
tained in a fused conditon or a liquid' state
at the temperature to which steel containing
40%~-.50% carbon should be quenched in
order to produce the results desired.

In quenching or heat treating steel con-

taining .40%-.50% carbon, the bath is main-
tained at a temperature of about 850° F.and
the pipe is lowered into the bath at a rate
of about sixty feet per minute. In this man-
ner, the temperature of the pipe. is reduced
at the proper rate to suppress the structural
changes which occur on slow cooling and
cause a transformation to sorbite and troost-
ite at a temperature around 1100° F. or be-
low. The elements controlling the heat
treatment in this instance are the composi-
tion of the steel and the structure which gives
the desired mechanical properties, in this in-
stance sorbite.
- The composition of the steel controls the
temperature on heating and the quenching
bath temperature, while the structure of the
metal controls' the rate of cooling and the
quenching bath temperature. As will be
noted, the quenching bath temperature is
controlled by the composition of the metal
and the structure of the metal. In selecting
the quenching bath temperature, more atten-
tion is given to varying it to meet the re-
quirements of the metal structure than to
conform to the requirements of the composi-
tion of the metal. - '

Where the article to be quenched is pipe,
it has been found preferable to lower it into
the quenching medium endwise to prevent

3

warping of the pipe. The pipe-is complete-
ly submerged in the quenching operation.

Where the pipe is enameled on one side
only, a more severe quench may be employed
without injury to the enamel as by directing
water or steam against the unenameled sur-
face of the pipe to rapidly lower its tem-
perature. The air or water or other quench-
ing medium may be directed uniformly
against the surface of the article in carry-
ing out the quenching step. - A

The enamel is cooled quickly, but it remains
sufficiently elastic at the sorbite transforma-
tion temperature to conform without crazing
to any change in volume that may occur in
the metal. When the quenching is at the

proper rate a hard, smooth, and well finished

enamel will result.

After the quenching operation in a fused
salt, the pipe or article of manufacture is
cooled at a slower rate to reduce the tem-
perature to atmospheric temperatures and
thus complete the final step in the process.

When .40%~.50% carbon steel is heat treat-
ed in the manner described, a metal struc-
ture which is commonly 1dentified as sorbite
is produced. This is a desirable structural
cendition and gives a high tensile strength
and the most suitable combination of tensile
strength and ductility for pipe that can be
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obtained from such a carbon steel by heat

treatment.

. Other steel compositions may require lower
quenching bath temperatures to produce the
most desirable .structural condition. The

bath temperature employed will depend on

the product desired.
In quenching pipe fabricated from .40%

100

to .50% carbon steel, the sodium nitrate bath -

is maintained at a temperature of about 850°
F. This bath temperature is for the purpose
of cooling a particular steel to or through
the sorbite transformation temperature at a
rate which is fast enough to prevent the for-

“mation of perlite or ferrite.

To meet other conditions, the sodium ni-
trate bath temperature has been varied from
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about 600° to 1000° F. If the freezing point -

of the sodium nitrate bath is so high that
the bath cannot be kept liquid, additions of
other salts may be made to lower its freezing
point, or some other suitable bath such as one
of those referred to hereinbefore may be
selected. ‘

The process disclosed may be employed
where several coats of enamel are applied
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to the article in which case the article is

preferably quenched only after the fusing
down of the last coat of enamel. :

In applying the process to articles that
have been previously enameled, the enameled
metal article is first heated to a temperature
above the critical temperature of the metal
and then quenched by submerging in a bath
of sodium nitrate or other suitable quenching
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medium. In practicing the invention in this
manner, an enamel should be selected which
will not over-burn at the critical tempera-
ture of the steel. In this case, the process
5 of heat treatment does not form part. of the
enameling process but is a special treatment
given to the article for the purpose of im-
proving the mechanical and physical prop-
erties of the metal. .
The term “quenching” as employed in re-
lation to this invention is intended to mean
a forced cooling from a temperature above
the upper critical temperature on heating
to a temperature to or below the tempera-
15 ture at which the -desired structural condi-
tion is produced and at a rate which will in-
sure the desired structural transformation
of the metal. )
~ These temperatures and structural trans-
20 formations are well known in the art of
metallurgy. Thus a steel of an “air harden-
ing” composition would be “quenched” at a
-lower rate than the .40%—.50% carbon steel
described herein in detail. . .
The term “heat treatment” in its modified
forms, as employed in relation to this inven-
tion, is intended to include the complete
treatment in which the article is first heated
to a temperature above the upper critical tem-
30 perature of the metal on heating and then
cooled at a controlled rate through a definite
range of temperature as by quenching.
The benefits derived from enameling and

10
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‘heat treating, in accordance with my proc- -

35 ess, may be best illustrated by giving an ex-
ample of the increased -strength obtained.
Innumerable tests have been made and pages
of test results might be given, but it is thought
that it will suffice to give a short table which

40 is a generalization of the results obtained-

from longitudinal test specimens taken from
pipe forty feet long, fabricated from plate
of .45% carbon steel, one-eighth inch t ick.

Longitudinal test specimens 2’ long

45
. . Tensile Percent
Yield point }  girength | elongation
Enameled and not quenched | 50000-55000'| 80000— 90000 20;,—30%
Enameled and quenched...--| 75000-85000 (110000-125000 | 18 o—24%

‘When the elastic limit of the steel has been
raised by heat treating, the metal is capable
of absorbing more energy before deformation

5 than it was before it washeat treated. There-
fore when employing a predetermined gauge
of metal, a stronger support for the enamel
is provided by heat treating the metal to
raise the elastic limit. ~
The enamel produced in practicing this
process is very hard and when supported by
a metal which his a high elastic limit it will
not crack as a result of the blows and stresses
to which it is subjected in ordinary use. The
65 supporting of the enamel so that it is not

- 80
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cracked in use greatly prolongs the life of
the enameled article. ‘ :

This application is a continuation in part
of application Serial No. 411,996, filed De-
cember 5, 1929, covering Improvements in
enameled metal articles and the method of
producing the same. :

While the invention has been specifically
applied to the treatment and manufacture
of enamel pipe, it is applicable to the treat-
ment and manufacture of other enameled
articles which are made from metal respon-
sive to such heat treatment and may also be
employed in various enameling processes.

Iclaim: o

1. In the manufacture of vitreous enam-
eled metal articles, the step which consists in
submerging the eniamel coated article in a
quenching medium of fused sodium nitrate
maintained at a temperature of 600-900° F.
when the article is at substantially the fusing
down temperature of the enamel.

2. The method of treating a steel article
which .comprises applying vitreous enamel-
ing material to one side of the article, heat-

75

80

85

90 -

ing the article as an entirety to the tempera-

ture required to fuse down the enamel there-
on, and then applying fluid quenching medi-

um to contact with the uncoated side of the-

article and over its entire extent to uniformly
and rapidly cool the article and vitreous
enamel coating thereon, the rate of cooling
and the lower temperature being such as to
impart to the steel increased tensile strength.

3. In the manufacture of thin walled high
tensile strength steel pipe having a vitreous
enamel protective coating thereon, the steps
of applying enameling material to the ex-
terior surface of the pipe, heating the pipe
and enamel material to a temperature above
the upper critical temperature of the steel

‘and at which the énameling material will be

caused to fuse down, submerging the pipe
and fused down coating thereon while in a
vertical position into a quenching bath of
fused sodium nitrate maintained at a tem-
perature ranging from 600 to. 900° F., and
thereafter more slowly cooling the pipe and

4. In the manufacture of thin walled high
tensile strength steel pipe having a vitreous
enamel protective coating thereon, the steps
of applying enameling material to the ex-
terior surface of the pipe, heating the pipe
and material to a temperature above the up-
per critical temperature of the steel and at

_coating. .

which the enameling material will be caused’

to fuse down, submerging the pipe and fused
down coating thereon while in a vertical po-
sition into a quenching bath maintained at a
temperature ranging from 600 to 900° F.,and
thereafter more slowly cooling the pipe and
coating.

5. The method of making a thin walled

‘high tensile strength steel pipe having a coat-
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- ing of vitreous enamel thereon, the steps com-

10
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25

prising applying enamel material thereto,
heating the coated pipe to a temperature
above the upper critical temperature of the
metal and at which the enamel material will
be caused to fuse down, and then subjecting
both the inside and outside surfaces of the
pipe simultaneously to an application of a
fluid quenching medium to thereby quench
the heated pipe and its fused coating to a
temperature below the lower critical temper-
ature of the metal.

6. A method of treating a steel article hav-
ing a vitreous enamel coating thereon which
comprises heating the article to above the
upper critical .temperature of the metal,
thereafter quenching the same by applying a
cooling medium uniformly to the surface of
said article in amount sufficient to rapidly
cool the same and to cause a substantial in-
crease in tensile strength of the metal and to
cause the coating to resume its vitreous char-
acteristic with such property at least unim-
paired as a result of the treatment. ‘

7. The method of treating a carbon steel

article having an enameled ¢oating thereon

which comprises heating the article to above
the upper critical temperature of the metal,
and tlgereafter quenching said article by ap-
plying a cooling medium uniformly to the
surface thereof in amount sufficient to rap-
idly cool the article to a predetermined tem-
perature within such limits as to cause a sub-
stantial increase in tensile strength of the
metal without adversely affecting the coating
thereon. :

8. The method of manufacturing vitreous
enameled steel articles which comprises ap-
plying enamel coating to the surface of said
article, heating the same to the fusing down
temperature of the enamel and to above the
upper critical temperature of the metal, and
thereafter quenching said article by apply-
ing cooling medium uniformly to the surface
thereof in amount sufficient to rapidly cool
the article and to cause a substantial increase

" in tensile strength of the metal without ad-

(11
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versely affecting the coating thereon.

9. The method of treating ferrous metal
articles having a vitreous enamel coating and
in which the metal responds desirably to
heat treatment, the steps comprising heating
the coated article to above the upper critical
temperature of the metal, and then quench-
ing the entire article by direct contact with a
fluid cooling medium to rapidly lower the
temperature thereof to a point below its low-
er critical temperature, to thereby produce
a vitreous enameled metal article, the rate of
cooling and the lower temperature being such
as to impart to the metal increased tensile
strength. - ’

10.. The method of treating articles com-

posed of ferrous metal which desirably re-

sponds to heat treatment, the steps compljis-

i

5

ing applying vitreous enamel material to the

surface of the article, heating the article and
the applied material to a temperature which
is above the upper critical temperature of the
metal and sufficiently high to fuse down the
applied enamel material, then quenching the
coated article by direct contact with a fluid

70

cooling medium to rapidly lower its tempera- -

ture to approximately 800° F., and thereafter
cooling the article less rapidly out of contact
with the said cooling medium to produce a
vitreous enameled metal article, the rate of
cooling from the upper ecritical temperature

(]

down to approximately 800° F. being such as -

to impart to the metal increased tensile
strength. »

80

11. In the manufacture of ferrous metal .

articles ‘having a vitreous enamel coating
thereon and in which the metal desirably re-
sponds to heat treatment, the steps of apply-
ing enamel coating material to the article,
heating the article with the unfused enam-
el coating material thereon to s temperature
above the upper critical temperature of the
metal and at which the enamel coating mate-
rial will be caused to fuse down, and thereaft-
er quenching. the entire article and its coat-
ing by direct contact on all sides with a fluid
quenching medium to rapidly reduce the
temperature of the article and fused-down
coating simultaneously to below the lower
critical temperature of the metal, the rate of
cooling and the lower temperature being such
‘as to impart to the metal increased tensile
strength.

12. The vitreous enameled steel article pro-
duced by the method of claim 8, the steel of
which has high tensile strength. :

18. A method of treating steel articles hav-

‘ing a coating of vitreous enamel thereon

which comprises heating said enameled arti-
cle to above the upper critical temperature
of the steel, and thereafter quenching the
same in a fluid medium maintained at a
temperature ranging from 600° to 900° F.,
the said medium and the rate of cqoling there- -
by being such as to impart increased tensile

" strength to the steel without injury to the

enamel. . : o
. 14. A vitreous enamel steel pipe section
produced by the method of claim 8, the steel
of the section having high tensile strength.

15. The method of treating a metal article -
having a vitreous enamel coating which com-
prises heating the article to a temperature
above the upper critical temperature of the
metal on heating, and then applying a suffi-
cient amount of a cooling medium to rapidly
cool the metal to a predetermined transfor-
mation temperature to change the metal
structure and increase the tensile strength of
the metal while maintaining the vitreous
.characteristics of the enamel coating. .

16. A pipe comprising, in combination, a
tubular steel member, the steel being heat
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treated to produce a sorbitic structure which
has high tensile strength, and a coating of
vitreous enamel bonded to the tubular mem-

ber. ) _
17. The method of producing a heat treat-
ed pipe coated with a vitreous enamel which

comprises fabricating a tubular steel mem-.

ber, fusing a coating of vitreous enamel on
the tubular member, said tubular member
being heated t0 a temperature above the criti-
cal temperature of the steel on heating during

the fusing operation, and quenching the tubu-
lar member coated with the fused enamel to a

B predetermined band of temperatures in which
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steel is transformed to a structure having
known characteristics at a rate which is fast
enough to maintain the carbon in solution
until said band of temperatures is reached,
thereby utilizing the heat absorbed by the

‘pipe during the fusing of the enamel to effect

a heat treating of the metal to produce a
steel having the desired structure and a vitre-
ous enamel which is hard and glossy.

18. The method of producing a heat treat-

ed pipe coated with a vitreous enamel which

comprises fabricating a tubular member, ap-
plying a coating of enamel on the tubular
member, fusing the enamel, said tubular
member being heated during the fusing oper-
ation to a temperature above the critical tem-
erature of the metal on heating, and quench-
ing the tubular member coated with the fused
enamel to a predetermined band of tempera-
tures at which metal is transformed to a me-
tallic structure known as sorbite, the quench-
ing being at a rate which is fast enough to
maintain the carbon in the steel in solution
until said band of temperatures is reached,
thereby utilizing the heat absorbed by the
pipe during the fusing of the enamel in the
heat treating of the pipe to produce a steel
having the desired sorbitic structure which
has high tensile strength and a vitreous
enamel which is hard and well finished.
19. The method of producing a heat treat-
ed pipe coated with a vitreous enamel which
comprises fabricating a tubular member, fus-
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ing
ber,
temperature

the tubular member being heated to a
above the critical temperature

on heating, and quenching the tubular mem-

ber coated with the fused enamel in a bath of
sodium nitrate to a predetermined band of
temperatures at which metal is transformed
into a structure -known as sorbite, said
quenching being at a rate which is fast enough
to maintain the carbon in the steel in solution
until said band of temperatures is reached,
thereby utilizing the heat absorbed by the
pipe during the fusing of the enamel in the
heat treating of the pipe to produce a steel of
sorbitic structure which has a higher elastic
limit than the unquenched metal and a vitre-
ous enamel which is hard and durable and
which will not crack when the article is sub-

jected to stresses that do not carry it beyond

the elastic limit of the metal.

90. The method of producing a heat treat-
ed pipe coated with a vitreous enamel which
comprises fabricating a tubular steel mem-
ber, applying and fusing a coating of enamel
on the tubular member by heating it to a tem-
perature approximating 1575° K., the tem-
perature being predetermined to assure that
the metal is heated to a temperature above
the upper critical temperature of the steel on
heating, and quenching the tubular member
coated with the fused enamel in-a bath of so-
dium nitrate maintained at a temperature of

about 850° F. to reduce the temperature of

the tubular member and fused enamel to a
band of temperatures around 1100° F. at
which metal is transformed to a structure
known as sorbite, the quenching being at a
rate which is fast enough to maintain the
carbon in solution and prevent the formation
of other metal structures until the predeter-
mined band of temperatures is reached, there-
by utilizing the heat absorbed by the pipe
during the fusing of the enamel in the heat
treating of the pipe to produce a steel of sor-
bitic structure and a vitreous enamel which
is hard and durable.
LLOYD RAYMOND SMITH.

a coating of enamel on the tubular mem- '
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