Patentg& July 7, 1936 _'

'UNITED STATES

- 2,046,914

PATENT OFFICE

HARD FERROUS-LINED TUBE

Frederick A. Kormann, Glendale, and Walter. F.
"Hirsch, Huntington Park, Calif., assignors to

Indastrial

Research Laboratories, Ltd., San

Francisco, Calif., a corporation of Nevada,

No Drawing. Application May 17, 1935,
Serial No. 21,963

This invention relates to hard alloy lined
metal products and has for its object tHe pro-

" duction of a new article of- manufactire con-
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Sisting of a preformed mild, or tough steel or
iron body lined on its working face with an in-
tegrally bonded layer of an extremely hard, low
melting point boronized ferrous alloy, and pre-
serving without impairment the original charac-
teristics of the preformed steel or iron body.
A particular product of the invention is in the
form of pump and engine cylinders and work-
ing barrels and other hollow iron or steel bodies
centrifugally lined on the inside with the hard
ferrous alloy, and whereby engines and pumps
so fitted, especially internal combustion engines

and reciprocating oil well and slush pumps, will -

have many times the wearing qualities of the
best steel and iron eylinders and working bar-
rels heretofore generally used. :

‘This case represents a continuation in part
of our copending application filed under Serial
No. 707,036 on January 17, 1934, it being drawn
to the subject matter of the article claims
thereof ordered divided by the Examiner, and is

also a continuation in part of our copending -

application filed under Serial No. 741,996 on
August 29, 1934, but is drawn with somewhat
more complete specification, and a generally
more restricted range of active ingredients in
the alloy, and also combines in the product or
article the advantages of the improved alloy of
our companion case filed concurrenily herewith
under Serial No. 21,962, itself a continuation in
part of our copending application filed under
Serial No. 707,035 on January 17, 1934.

The lining of pipes, efc. with other metals
such as tin, zinc and lead, and other soft metals,
is old and well-known, but the integrally bonded
lining of engine and pump cylinders with ex-
tremely hard alloys to resist great abrasive ac-
tion, is not well known and has never come
into use. Attempts have heretofore been made
to line steel tubes with alloys such as Stellite

and other hard alloys, but on account of the
‘high melting point of such alioys such linings
+ were difficult to apply properly and, besides, the -

very high cost of such hard alloys made their
use practically impossible; and while the prior
art. shows thal much experimental work has
been done to determine the effect of boron on

iron and steel, and it was known to impart hard- -
ness, yet the products of the earlier. investi-

gators in the art were never developed or ap-
plied in a manner to form an extremely hard,
wear-resisting lining for steel tubes or cylin-
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ders, as the earlier products either were not of
sufficient hardness, or were too brittle, or the
melting point was never determined or-was too
close to that of a steel tube so as to have re-

quired special revolving molds or supporting -

means for the tube which would itself have be-
come melted by the heat required. '
Boron-treated steel and iron have heretofore
generally been of low carbon content, or of low
boron content, or both, so it may be said that a
knowledge, of the correct balance or range of
permissible and desirable percentage additions
of boron, carbon, iron, as well as nickel and

_other elements to vield a proper hard ferrous
- lining alloy did not exist, nor did there exist
‘ahy appreciation of such an alloy’s very low

melting point and bonding properties together

‘with other advantages in the lining of steel

tubes or cylinders as used for. pumps and en-
gine cylinders and similar burposes, and it was
through our experiments and the working out
of the proper alloy that its application to the
lining of steel and iron tubes and cylinders was
discovered. _—

. The success of our invention of providing steel
or iron tubes with an integrally bonded lining
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of a ferrous alloy of substantially unmachinable -

“hardness was therefore based on the working

out of the relation of the constituents of the
lining alloy itself, particularly the boron-car-
bon range, or the boron-carbon nickel range, as
treated 'of more completely in our companion

-application Serial No. 21,962, as the present case

refers more particularly to the new composite
article or hard lined tube.

However, it may be here stated that the alloy
which we use to form the lining of our hard
lined tubes and cylinders is composed principally
of iron containing carbon within the cast iron
range—that is from about 2 to 4% by weight,
boron. ranging from about 0.2 toc 2%% and in
most cases nickel from about 1%4% to 9. Any
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other ingredients may be considered as adul- .

terants insofar as our particular invention is
concerned, though some other metals such as

‘chromium, tungsten, manganese, vanadium, mo-

lybdenum, cobalt, etc., may be tolerated or used
in the alloy in various amounts where the most
favorable characteristics combined with the low
cost of production of ecylinders lined with our
alloy are not paramount. .

On the other hand some of the usual elements
found in cast iron, such as sulphur and phos-
phorus, should preferably be excluded as far as
practicable, or if present should not exceed about
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0.19 for sulphur and 0.3% for phosphorus. In
practical work we keep these elements each be-
low 0.05%, as both have a deleterious effect on
the hardnes and quality of the alloy. The same
applies somewhat to -silicon, except that this
element may be present in amounts up to 1.5%
without showing appreciable injury to the alloy,
though about 2% % of silicon is about the maxi-
mum amount which could be tolerated and this
with the higher percentages of boron, as other-
wise graphitic carbon may be precipitated in the
alloy and which is to be avoided. A highly satis-
factory grade of the alloy for the purpose of

" forming our cylinder linings contains but about
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1% of silicon. The carbon-boron range should
be such as to not substantially exceed about
4% %0f these combined ingredients, and in no
case over 6%.

A ferrous alloy compounded of the ingredients
named and within the ranges given has a melt-
ing point ranging from about 1950° to 2050° F.,

~ which is several hundred degrees F. below that
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of ordinary steel and iron pipes, tubes, and
cylinders, yet has a hardness ranging from about
500 to over 1000 as measured by the Monctron
Diamond Brinell scale, so that it is substantially
unmachinable except. by grinding: The alloy
also exhibits a remarkable resistance to wear
extending to ten times that of plain cast iron,
and shows a thermal conductivity of less than

a third the thermal conductivity of iron or steel.

This latter quality contributes greatly to its
value in a lined cylinder as of an internal com-

bustion engine, as the exceptionally low thermal -

conductivity minimizes the expansion under heat
and consequent distortion so that exceptionally
fine clearances may be maintained.

Another feature contributing to the success

of steel and iron tubes and cylinders lined with
this alloy is its self-bonding qualities, as it will

make a perfect bond with clean heated iron or

steel bodies upon simply melting thereagainst
without requiring a flux, though any of the usual
fluxes may be used if desired where the surface
to be lined is not properly cleaned. .

The most useful range of ingredients of the
alloy for the lining. of tubes and cylinders Is,

‘by weight: .

_Carbon from about 2% to 3%2%
Boron from about 0.75 to 1%%

_ Nickel from about 2% to 6%
Silicon not over 1%%
Sulphur not over 0.05%
Phosphorus not over 0.05%

Substantially the remainder of the alloy being
iron. :

If the nickel is left out there is a considerable
reduction of hardness, though it still has great
hardness suitable for many purposes. As previ-
ously suggested, other metals may be tolerated
in small proportions but show no particular ad-
vantage. Aluminum should be kept out of the
alloy as a small quantity of it causes an appre-
ciable loss of hardness and therefore any use of
ferro-boron made by the thermite process, which
might conpain appreciable amounts of aluminum
as an ingredient of our alloy, should be avoided.
Copper in the alloy in amounts much over 1%
decreases the hardness. .

The alloy may be made by variously bringing

_ the elements together under the action of heat
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so as to fuse the same, and particularly by the
process set out in our companion case hefore
mentioned.

‘of gases or heated air.

2,046,014

In forming the hard alloy linings in steel or
fron tubes, or cylinders, we preferably crush thin
clean slabs of our alloy to small pieces, introduce

-the desired amount of the broken pieces of the

metal (depending on how thick a lining is de-

"sired) into the steel or iron tube or cylinder

which has previously been thoroughly cleaned
internally as by pickling or otherwise, close the
end or ends of the cylinder with steel disks or
plugs which may be forced in, welded, or other-
wise secured in place, and one of which should
have a very small central vent hole for escape
In some cases & small
quantity of sodium carbonate, sodium borate,
calcium fluoride, etc., may also be introduced
with the metal charge to pick up any non-metal-
lics present, though if the cylinder is properly
cleaned this will not be necessary. It is also de-
sirable to introduce s small quantity of some
volatilizable liquid which will form a non-oxi-
dizing gas to drive out the contained air, methyl
alcohol being very suitable for the purpose.

The closed cylinder is then gradually and
evenly heated in a furnace while being slowly
revolved, until just above the melting point of
the charge, then the red hot cylinder is quickly
withdrawn from the furnace and placed hetween
horizontally disposed centers of a spinning lathe
or -supported and revolved on horizontal rolls,
and in either case immediately revolved at a
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speed of about 2000 peripheral feet per minute -

for about half a minute, more or less, and at
which time it will have lost enough heat by radi-
ation to solidify the molten charge of ferrous
alloy into.a smooth even layer within the cyl-
inder. After completely cooling, one or both
ends of the cylinder may be cut open and the
hard lining ground to exact dimensions desired,
and of course the outside of the cylinder may
be machined in any manner desired.

40

The hard linings thus produced may be very -

thin such as z%nd of an inch in thickness or
less, or extremely thick, depending on how much
alloy was placed inside, and in any case they will

be found to be integrally bonded with the metal

of the tube or cylinder walls at all points so that
sections of the lined article may be ruptured or
broken away without separation of the lining
layer. A particular feature of the invention is
that the exact inner diameter of the lining may
be so predetermined by the use of. the correct
weighed quantity of the charge placed in the
cylinder, and the surface is perfectly round due
to the spinning and so smooth due to the char-
acter of the ferrous alloy that very little grind-

ing is required to bring the bore to exact dimen-

sions, and the importance of which is very great,
for an account of the excessive hardness of the
linings any appreciable grinding required would
make the cost of productionn prohibitive.

The hard-lined tubes are adaptable for use as
engine and pump cylinders or working barrels,
particularly of pumps handling liquids contain-
ing sand, also inserted sleeves in internal com-
bustion engine cylinders, brake drums, sheet
steel shells and all similar hollow articles sub-
ject to severe abrasive action, and under which
condition these hard-lined tubes frequently show
over a half dozen times the life of the unlined
construction. Such tubes and cylinders of tough
iron or steel lined with a layer of inseparable
substantially unmachinable iron alloy are cheap
to produce, and in most cases equal in wear re-
sistance, and in some cases are superior in that
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respect to the high-prlced alloys heretofore tried 7¢
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out more or less experimentally, and are the
only hard ferrous alloy lined steel or iron tubes
or. cylinders ever produced with g lining melted
into place at a temperature several hundred
degrees F. below the fusing point of the outer
preformed tube or cylinder, so that all the phys-

“ical qualities originally present in the outer shell
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remain substantially unimpaired. Therefore, al-
though iron and steel with various percentages
of boron incorporated therewith were previously
known in the art, no ‘knowledge of a ferrous
alloy with boron having s substantially unma-
chinable hardness, yet possessing a melting point
several hundred degrees F. beicw ordinary steel
or iron tubes appears in the literature, nor any
knowledge of the importance of the carbon und
boron relation to control its hardness, nor the
outstanding effect of nickel, nor was anything
known of its extraordinarily low thermal con-
ductivity and self-boniding qualities which con-
tribute directly to the outstanding performance
of industrial tubes and cylinders lined with it in

" the manner set out, and view of the commercil
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importance of our invention to industry hereto-
fore depending on such alloys and metals as
Stellite, tungsten, molybdenum, cobalt, chromi-
um, and similar refractory and costly materials
for linings if they were to be produced at all,
we feel entitled to claim .the invention broadly.
_ In our appended claims the words “integrally
bonded” are to be taken to mean such 'a bond
or union between the hard stbstantially unm&a-
chinable layer or lining and the tough steel or
iron tube or cylinder as is effected by maintain-
Ing the molten lining' metal in contact with the
heated steel or iron tube or cylinder so as to fuse
it thereto. .

We therefore claim:

1. A new article of manufacture comprising a

Ppreformed body of tough steel or iron lined.on .

. one side with an integrally’ bonded layer of a
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hard substantially unmachinable ferrous alloy.
consisting principally. of iron and containing by
weight combined carbon ranging from about 2
to 4%, boron from about 0.2 to 2% %, silicon
from a trace to about 2% %, sulphur from 0. to
about 0.1% and phosphorus from 0. to about
0.3%, said alloy characterized by a hardness
above 500 as measured by the Monotron Dia-
mond Brinell scale, and a melting point sub-
stantially below that of said body.

2. A new article of manufacture comprising a

preformed hollow tubular body of tough steel or |

iron lined on the inner stde with an integrally
bonded layer of a hard substantially unmachin-
able ferrous alloy consisting principally of iron
and containing by weight combined carbon
ranging from about 2 to 4%, boron from about
0.2 to 215%, silicon from a trace to about 2%,
sulphur from 0. to about 0.1% and phosphorus

from 0. to about 0.3%, said alloy characterized

. by a hardness above 500:as measured by the
and a melting

Monotron Diamond Brinell scale,

point substantially below that of said body.
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* 3. A new article of manufacture comprising
& preformed tough steel or iron cylinder lineq
on the inside with an integrally bonded layer of
hard substantially unmachinable ferrous alloy
consisting principally of iron and conidining by
weight combined carbon in amount ranging from
about 2 to 4%, and boron from about 0.2 to
2%2%, the melting point of said-alloy being be-
low 2050° F. and several hundred degrees ¥,
below "that of the iron or steel cylinder and
thereby preserving substantially unimpaired the
original qualities of the cylinder metal, the lin-
ing further characterized by a hardness above

500 as measured by the Monotron Diamond Bri-

nell scale. : . :

4. A new article of manufacture comprising
a preformed tough steel or iron cylinder lined
on the inside with an integrally honded layer of
a hard substantially unmachinable ferrous alloy
consisting principally of iron and containing by
weight combined carbon in amount ranging
from about 2 to 4%, boron from about 0.2 to
2%2%, and nickel from about 115 to 9%, the
melting point of said alloy being below 2050° F.
and several hundred degrees F. below that of
the iron or steel cylinder and thereby preserving
substantially unimpaired the original qualities
of the cylinder metal, the lining further charac-
terized by a hardness above 700 as measured by
the Monotron Diamond Brinell scale.
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5. A new article of manufacture comprising a .

preformed tough steel or iron cylinder lined on
the inside with an integrally bonded layer of a
hard - substantially unmachinable ferrous: alloy
consisting principally of iron and containing by
weight combined carbon in amount ranging from
about 21 to 3%%, boron from about 0.75 to
1%2%, and nickel from about 2% to 6%, the
melting point of said alloy being below 2050° I,

and several hundred degrees F. below that of
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the iron or steel cylinder and thereby preserving .-

substantially unimpaired the original qualities
-of the cylinder metal, the lining further charac-

terized by a hardness above 706 as measured by .

the Monotron Diamond Brinell scale.
6. A new article of manufacture comprising a
preformed totgh steel or iron cylinder lined on

the inside with an integrally bonded layer. of a

hard substantially unmachinable ferrous alloy
consisting principally of ‘iron containing minor
percentages of combined carbon, boron and
nickel, said alloy being substantially free from
graphitic carbon, and having a hardness exceed-
ing 800-as measured by the Monotron Diamond
‘Brinell scale, a meltinig point below 2100° Fahr-
enheit, and exhibiting a silvery white fracture.
7. An article ‘of manufacture as set ~out in
claim 1, plus an addition of nickel to the lining

- alloy ranging from about 15 to 9%, and the

lining showing a hardness above 700. . -

. FREDERICK A. KORMANN.
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