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"This invention relates to the manufacture of
tubular metal castings, and is directed particu-
larly to certain improvements in the manufac-
ture of such castings centrifugally in permanent
metal molds rotated horizontally or substantially
s0. '

In centrifugally casting in this manner and
particularly when casting a relatively long tubu-
lar body, that is, whose length exceeds three or
four times its outside diameter, the art has long
been confronted with the problem of producing a
casting in which the metal is completely fused
throughout the wall and which has a substan-
tially defect-free outer surface. -

While this problem is more or less acute ac-
cording to the particular method of centrifugal
casting employed, it has not heretofore been
solved. : i

For instance, one particular method of centrif-
ugal casting heretofore employed in the produc-
tion of long tubular bodies in permanent metal
molds involves the pouring of the charge of
molten metal into the metal mold in such a
manner that the distribution of the metal longi-
tudinally of the mold is effected primarily by
the action of centrifugal force. A common way
of doing this is to pour the metal from a spout
occupying a relatively fixed position lengthwise

- of the mold and located say at one end of the
mold. However, attempts to produce long tubu-
lar-castings centrifugally by such a method have
heretofore resulted in the formation of castings
having so-called “pinholes” and “laps” or “cold
shuts,” which render the castings commercially
unacceptable. .

In another method which is widely employed
commercially the molten metal is delivered to the
mold by means. of a pouring trough relatively
retractable over the length of the mold so that
the molten metal is deposited progressively to
fform a helix, the convolutions. of which fuse
together to form an integral structure. In this
method the metal is distributed longitudinally
over the mold surface primarily by means of the
retractive pour, and the centrifugal force holds
the molten metal against the mold, as in all cen-

- trifugal casting. However, in actual practice the
metal upon being so deposited does spread to
some extent because of the lateral pressure re-
sulting from the centrifugal force, and is thus
caused to flow longitudinally of the mold to ad-
vance beyond the helical zone of deposition. This
spreading is sometimes excessive, and is fre-
quently irregular, or, as it is sometimes called,
discontinuous, on the leading edge, and then

(CL 22—113.5)

results in the formation of excessively thin off-

shoots which solidify almost instantaneously and

produce small laps or cold shuts in the outer sur-

face or portion of the casting. While this
5 method reduces the troublesome defects, it does
not solve the problem above referred to,

As a result of extensive efforts to make long tu-
bular casting free of such defects, centrifugally
from steel or other metals or alloys poured into
horizontal or substantially horizontal permanent
metal molds by either of these methods, it has
been found that the incomplete fusion of the
metal and the defects on the outer  surface of
the casting are due to an uncontrolled advance
of the charge of molten metal lengthwise of the
mold without sufficiently partaking of the rota-
tional motion of the mold. When the advancing
molten metal slips over the mold, moving Iength-
wise thereof intermittently and/or too rapidly, it
tends to result in the formation of pinholes or-
iginating at the outer surface of the casting.
The laps or cold shuts are produced when the
leading ‘edge of the molten metal moves longi-
tudinally of the mold more or less intermittently
and/or discontinuously, at a speed whereby. it
becomes so thin that it rapidly cools, prema-
turely solidifies and also oxidizes, to such an ex-
tent that it does not properly weld to or unite
with the mass of metal which subsequently fows
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gresses. These pinholes and laps or cold shuts

sometimes extend throughout the thickness of

the wall of the casting, but usually occur only

in the outer portion of the wall or in what is
35 often termed the outer surface.

The present invention has for its principal ob-
ject to provide a procedure whereby long tubular
castings made of steel or other metals or alloys
may be centrifugally cast in horizontal or ap-

40 proximately horizontal permanent metal molds
in such a manner that the castings have the
metal completely fused throughout their walls
and have their outer portions substantially free
from pinholes and laps or cold shuts, as would
detract from the quality of the castings or render
them commercially unacceptable.

.More particularly, an important object of the
invention is to solve the problem above referred
to:- by employing, in a centrifugal casting me-
50 thod wherein the molten metal is poured into

. the mold while the mold is rotated to distribute

the metal both circumferentially and longitudi-
nally therein, a procedure in which the pick-up
of the molten metal for rotation with the mold
85 is accelerated, the flow of-the metal longitudinally
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of the mold is retarded, and, while maintaining
the over-all rate of solidification of the casting
substantially the same as in the bare metal mold,
the heat flow to the mold from the leading edge
of the longitudinally advancing molten metal is
momentarily arrested to maintain the leading
edge at a temperature to fuse with the molten
metal which subsequently flows thereover.

Anothetr object of the invention is to effect the
procedure above referred to, by providing a rel-
atively thin refractory mold coating of such a
character and texture that it both serves as a
thermal barrier to arrest and control the rate of
solidification of the leading edge of the molten
metal, and provides a surface of controlled
roughness to give the degree of traction required
between the molten metal and the mold. The
thermal barrier action is necessary in order to
assure complete fusion of the metal forming the
outer portion of the casting as the molten metal
is propagated in the mold, but requires no more
than a momentary arrest of the heat flow to the
mold without substantially slowing down the
over-all heat flow and the quick freezing of the
metal characteristic of casting in metal molds or
retarding - the rate of casting production.
Hence the superior grain structure of the cast
metal and other well-known advantages attained
by and inherent in casting centrifugally in a
metal mold are retained. The traction is re-
quired to accelerate the speed with which the
poured charge of the molten metal partakes of
the rotary movement of the mold and give a
quick pick-up, and also to control the longitu-
dinal propagation of the metal in the mold, that
is, to keep the molten metal from slipping over
the mold in a longitudinal direction intermit-
tently and too rapidly and with a discontinuous
and excessively thin leading edge. These prop-
erties and functions of the coating act conjointly
to produce the desired result.

A further object is to provide such a coating
which is applied by spraying a liquid suspension
of the coating material on the mold, and in which
the above mentioned required properties thereof
may be varied and controlled by the regulation
of the spraying operation.

A composition which has been found suitable
for providing a coating having the desired char-
acteristics above referred to is composed of a
suspension of silica flour and bentonite in water,
and is applied to the mold by a spraying opera-
tion in which the composition is atomized and
discharged on the inner surface of the heated
metal mold by a relative reciprocation of a spray
nozzle thereover. While the coating composi-
tion may be varied, a uniform aqueous suspen-
sion made up in the proportions of 1 litre of
water, from 500 to 1000 grams of silica flour and
from 10 to 40 grams of bentonite has proved to
be satisfactory. The particles of silica flour
should be of such a fineness that the composition
is sprayable in an atomizer type of spray, and
are preferably of about #325 sieve size or finer.
Although bentonite aids materially in keeping
the silica flour in suspension in the water, it is
desirable to agitate the liquid composition more
or less continuously in order that a uniform sus-
pension may be maintained during the applica-
tion.of the composition.

In applying such a composition to the inner
surface of the mold it is essential that the mold
be heated to a temperature within the range of
250° to 800° F., with a preferred range of 350° to
500° F, The composition should be atomized and
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sprayed on the mold at such a rate that the car-
rier liquid will evaporate very quickly after the
sprayed globules come into contact with the
heated surface. The mold should not be so hot,
however, as to vaporize the liquid before the
globules are deposited. When the composition is
applied in the manner indicated, the solid re-
fractory and binder materials of each globule
remain essentially in the position where they are
deposited on the mold surface with the result
that an incremental coating is formed by the
spraying operation. As the coating is thus
formed by an accretionary growth of the solid
material of these glohules and the spray condi-
tions are such that the globules do not spread
or run together on the mold surface, the coating
which is thus built up is provided with a surface
of controlled roughness, which is formed of a
multiplicity of projections or protuberances.
The particular shape and contour of the pro-
tuberances do not appear to be important, al-
though a surface which, upon being enlarged
photographically, resembles somewhat the sur-
face of a cauliflower has been found to produce
very satisfactory results. The protuberances on
such a surface are, of course, irregular in shape
and size and are usually so arranged as to be
noticeably spaced from each other. It is not to
be understood, however, that such irregularity
is essential. It is desirable that the coating be
so formed that the protuberances merge into a
basal portion or that they be basi-connected in

-order that the surface of the mold may be sub-

stantially covered by the coating, and in order
that the charge of molten metal may be sub-
jected substantially uniformly to the thermal bar-
rier action of the coating.

The character of the coating surface may be
readily varied to avoid one which is too smooth
to effect the desired control over the distribution
of the molten metal in the mold or one which
is rougher than need be for the purpose. De-
sired variations in the roughness of the surface
of the coating may be made by suitably control-
ling various features of the procedure which is
followed in applying the coating composition,
such as by altering the shape and direction of
the spray jet issuing from the spray nozzle, al-
tering the distance of the nozzle from the surface
of the mold, changing the degree of atomization
of the coating composition or varying the air
pressure employed, varying the amount of coat-
ing composition applied to a given area of the
mold surface in a given time interval, and vary-
ing the extent of the incremiental formation of
the coating.

While different forms of nozzles or spray heads

- may be used in applying the coating composition,
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a fan spray has been found suitable as it can be
readily controlled to vary the dimensions and di-
rections of the fan or sheet emitted by the nozzle.
In coating a rotating cylindrical mold by relative
reciprocation of a spray device longitudinally
within the bore of the mold, the spray device is
preferably so arranged that the fan or sheet of
spray extends parallel to the longitudinal axis of .
the mold. Such an arrangement is desirable in
order to produce g coating having a rough surface
of the character required in the practice of the
invention. A less rough coating may be obtained
by varying the direction of the fan from the axial
position toward a position in which it is at right
angles thereto, that is, in a position transverse to
the longitudinal mold axis.

Variations in the angle of the spray nozzle with
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respect to the mold surface may also be used to
effect changes in the character of the surface of
the coating, Owing to the greater concentration
of the spray upon a given area of the mold sur-
face, .a smooth surfaced coating may be made
when the nozzle is directed at an angle of 90°
with respect to the mold surface, while a rough

surface may be provided on the coating with the -

nozzle directed at an angle of 456°. -It has also
been found that an increase in the air pressure
utilized with an air spray devic¢e tends to produce

a rougher coating, but this tendency may be neu-.

" tralized - if the spray nozzle is operated too close
to the mold surface.. Increasing the distance of
the nozzle from the mold surface tends to increase
the roughness of the surface of the coating.

The roughness of the coating surface may also
be varied by altering the quantity of the coating
composition sprayed upon a given area of the
mold surface in a given time interval. When ap-
plied at a suitable rate, the solid materials of the
separate globules remain in place so that the ac-
cretionary growth produces a rough surfaced

" coating. Upon increasing the amount of the com-
position applied to the mold, or the rate of ap-
plication of the composition, the composition
tends to spread over the mold surface by reason
of the slower evaporation of the carrier liquid,
with the result that a coating with a smoother
surface is formed. .

‘When other conditions are such as to produce a

coating with a rough surface of suitable char-

acter, the roughness of the suriace tends to in-
crease as the coating is inerementally built up by
the spraying operation. This is believed to be due
to the fact that the separate masses of solid ma-
terial in the first globules which strike the mold
surface project from the surface and are thus in
position to intercept more of the sprayed material
than the surrounding mold surface. These small

masses of solidsmaterial thus grow more rapidly .

than the surrounding areas of the mold surface,
and this rapid growth continues until the thick-
- ness of the protuberances thus formed becomes

sufficient to insulate their exposed surfaces from 45

the heat effect of the mold and thus prevent the
liquid from evaporating quickly from the addi-
tional globules or parts of globules which are di-

rected upon them. When this occurs there is ul- :

timately attained . a condition * whereby the
sprayed globules flow together into a relatively
smooth surface which is no longer suitable for the
production of defect-free long centrifugal castings
in accordance with this invention.

It has been found that the average thickness of
a coating of this composition may vary within

a range of from 0.002 inch to 0.08 inch; that the -
average number of protuberances may vary from

10 to 120 per lineal inch measured in any direc-
tion across the surface of the coating, anq that
the average height of the protuberances above
the surrounding area of the coating may vary
within a range of from 0.001 inch to 0.050 inch.
As to the roughness of the surface of the coating,

to put-it another way, it is comparable to and may~
vary within the range of No, 24 to No. 240 abrasive ~

paper or cloth. -

The thickness of the coating and the order of
roughness may be varied to some extent with the
casting conditions, such as with the particular
centrifugal casting method employed, the metal
being cast, the length and diameter of the tubular
casting to be made, the wall thickness of the
casting, and thé particular coating composition
used. For instance, when using this coating in
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the particular method of centrifugal casting
wherein action of centrifugal force is primarily
relied upon to distribute the molten metal longi-
tudinally of the mold, the following ranges may
5 be used: an average thickness within approxi-
mately from 0.01 inch to 0.08 inch; 10 to 50 pro-
tubgrances per inch when measured in any direc-
tion across the surface of the coating, 20 to 25
protuberances per inch being preferred; and an
10 average protuberance height ranging from ap-
proximating 0.005 inch to 0.050 inch, the rough-
ness being of the order and within the range of
No. 24 to No. 100 according to the abrasive cloth
or paper scale and preferably within the range of
156 No. 40 to No. 60. On the other hand, in the par-
ticular form of centrifugal casting in which the
molten metal is delivered by means of a pouring
trough relatively retractable over the length of
the mold, it has been found that this coating may
20 be thinner and of a lesser order of roughness and
still give satisfactory results.

The above composition, with the proportions
given, produces a coating which adheres together
and to thé mold and yet which is sufficiently

25 friable upon the completion of the casting opera-
tion that the particles do not adhere to each other
and to the mold to such an extent as to inter-
fere with the ready withdrawal of the casting
from the mold. This coating appears to be some-

30 what more friable after the casting operation
than before it. In this connection we have dis-

. covered that notwithstanding such friability, the
coating will resist the washing away effect of the
. molten metal stream as it is poured into the mold,
35 and furthermore the protuberances forming the
rough surface of the coating will effectively en-
gage with, and control the movement of, the
molten metal without being crushed thereby. So
far as we are aware, it is novel to employ a coat-
-ing of this character for permanent metal molds
used In centrifugal casting. It would not or-
dinarily be expected that such a coating would
act in the manner above indicated, and that it
does so may bé due to the fact that the forces
exerted on the coating by the molten metal are
actually of a lower order than the art has under-
stood them to be. It is also to be noted that the
friability may be varied and controlled by vary-

.50 ing the proportion of the bentonite in the coating
composition.

A coating of this composition is of temporary
character, and is applied to the mold before each
casting operation. After the application of the

g5 coating, the coated mold may be subjected to

handling, inspection, recoating, and/or storage,

" as required, without interfering with its subse-

quent use. Upon the withdrawal of the casting,
the coating may, because of its friability, be read-

60 ily removed from the mold by means of a wire
brush and/or a jet of compressed air, to facilitate
the preparation of the mold for the next casting.

Irrespective of the other advantages attained
through the use of a thin coating of this par-

85 ticular composition, its chief advantage and im-
" portance lies in providing hoth a controlled,
momentary thermal barrier and an exposed sur-
face of controlled roughness, the rough surface
producing the required traction to cause a quick
70 pick-up of the molten metal to partake of the
‘rolary movement of the mold and to keep the
metal from slipping over the mold in a longitu-
dinal direction intermittently and too rapidly and
with a discontinuous and excessively thin leading
(] edge, and the .action of the thermal barrier pro-
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viding a momentary atrest of the heat flow to the
metal mold to assure the complete fusion of the
metal forming such leading edge and the outer
surface of the casting with the oncoming metal
subsequently flowing thereover as the metal is
propagated in the mold, while maintaining the

over-all rate of solidification of the casting sub--

stantially the same as in the bare metal mold.
By the expression substantially the same as in
the bare metal mold we mean that the over-all
rate of solidification of the casting is of that
order of quick freezing which is well-known in
the art as characteristic of centrifugal casting in
a metal mold with its attendant advantages, as
distinguished from-the slow freezing character-
istic of centrifugal casting in a refractory mold
with its attendant disadvantages. The thickness
and the order of roughness are both affected by
the accretionary growth of the coating as the
composition is sprayed.

Various other compositions may be used in the
practice of the invention to provide, when sprayed
upon the mold, a thin refractory coating having
both the required thermal barrier action and the
surface roughness required for traction. For in-
stance, while silica flour is a satisfactory re-
fractory since it is not difficult to obtain and,
when applied as above described, produces the
necessary resistance to heat to provide the
requisite thermal barrier action, any other suit-
able refractory materials, such as, for exampje,
the oxides of aluminum, magnesium, beryllium,
zirconium, chromium, etc., may be used. As in-
dicated above, bentonite has been found to bhe
a satisfactory binder as it serves not only as a
binding agent for the particles of refractory ma-
terial in the coating, but as a suspending agent
for the particles in the liquid carrier used in
spraying the coating composition on the mold.
Nevertheless other suitable binding agents may be
used, provided they have the necessary adhesive
qualities to enable the coating to withstand the
forces exerted thereon by the charge of molten
metal, as well as to adhere properly to the metal
mold, and are sufficiently refractory and free of
components tending to emit gases during the
casting operation. Purthermore while watér is
a convenient carrier vehicle for the solid in-
gredients of the composition it is to be understood
that any other suitable liquid may be employed
for this purpose.

Regardless of the particular composition used
in the practice of the invention it is to be noted
that the magnitude and distribution of the pro-
tuberances on the inner surface of the coating
are such that the traction of said protuberances
on the molten metal serves both to accelerate the
pickup of the molten metal for rotation with the
mold and to retard the flow of the molten metal
longitudinally of the mold, and that the thickness
of the coating is such that the thermal barrier
action thereof serves to momentarily arrest the
heat flow to the mold from the longitudinally ad-
vancing edge of the molten metal to maintain

-such leading edge at a temperature to fuse with
the molten metal subsequently flowing thereover.
These- are essential physical characteristics of
the coating to enable it to perform its required
function in carrying out the present invention.

In order that the present improvement may be
better understood, reference is made to the ac-
companying drawings illustrating apparatus for
the practice of one form of the invention, and a
coating suitable for use in producing tubular cast-

2,360,606

ings in accordance with the invention. In the
drawings,

Fig.1is a diagrammatic side elevational view
of such apparatus, certain parts thereof being
shown in section; _

Fig. 2 is a transverse sectional view taken on

- the line 2—2 of Fig. 1;
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Fig. 3 is a sectional, perspective view of the
right end of the mold illustrated in Fig. 1, show-
ing the pouring device discharging moiten metal
into the mold, also showing the manner in which
the mold coating operates to control the forward
flow of the moiten metal in the mold; .

Fig. 4 is a diagrammatic plan view, on an en-
larged scale, showing the surface of the improved
coating;

Fig. 5 Is a diagrammatic sectional view of the
coating taken on the line %—3¥ of Fig. 4;

Fig. 6 is an enlarged photographic view of the
surface of a coating made in accordance with
the invention; and .

Fig, 7 is an enlarged photographic view of a
cross section of the coating shown in Fig. 6.

By way of specific illustration, the invention
will now be described and shown in connection
with the particular method of centrifugal cast-
ing in which centrifugal force is primarily de-
pended upon to distribute the metal longitudi-
nally of the mold, or, in other words, in which a
non-retractive type of pour is employed, Ac-
cording to this form of the invention, it may be
conveniently carried out with a cylindrical mold
10 which is supported in a horizontal position
upon two sets of rollers {1 in a manner well un-
derstood in the art. The two aligned roliers {1
on each side of the mold {0 are secured on a
shaft 12 supported in bearing blocks I3 on beams
{4. These beams may be laid on a floor 15 serving
as a base for the entire apparatus. The project-
ing end of one shaft |1 may be provided with a
pulley (6 or other suitable means connected to
a power device for driving the shaft and thereby

- rotating the mold. Annular grooves 1T may be
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provided in the outer surface of the mold to
serve as tracks for the rollers {l in order that
the mold may be held against endwise shifting,
The ends of the mold bore 18 are provided with
enlargements {9 to receive end plates ‘20 which
may be retained in position by set screws 21
threaded through the mold wall.

The coating composition described above may,
be applied to the inner surface of the mold 10 by
spraying apparatus 22, such as illustrated at the
left of Fig. 1. The spraying apparatus 22 is
mounted upon a carriage 23 having wheels 24
running on rails 25 so that the carriage may be
moved toward and away from the adjacent end of
the mold 18. The rails 25 are in alignment with
the mold and may be supported on ties 26 on the
floor 18. Supported on the carriage 23 is a
suitable container 27 for the coating composition.
An electric motor 28 mounted over the container
21 may be used for driving an agitator in the
container and for operating a pump therein to
circulate the coating composition through suit-
able piping 29, 30, in the lance 31 to the spray
device 32 on the outer end thereof. The lance
31 is secured to the carriage 23 in such a manner
that movement of the carriage back and forth
on the rails 25 will reciprocate the spray device
32 from end to end within the bore {8 and parallel
to the mold axis, It is preferably mounted in
hangers 33 in such a manner that it may be ad-
justed in a vertical direction in order to vary
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the distance of the spray head from the inner
surface of 4 given mold, or to adjust the spray
head for coating molds of different diameters.
The carriage 23 may be moved toward and away
from the mold by means of a piston rod 34 hav-
ing one end connected to the carriage by an arm
35 and having its opposite end connected to a

piston operating in a cylinder 36 supported along-

side one of the rails 25. .
With a spraying apparatus of this character
the coating composition may be applied to the
inner surface of the mold by reciprocating the
spray device 32 throughout the length of the bore
of the heated, rotating mold as many times as
may be necessary to build up a coating having
the necessary thickness and a surface roughness
of the character desired under the given casting
conditions. - A coating which has been found
satisfactory for casting long tubular bodies ty
the method of centrifugal casting employing the
non-retractive type of pour, is illustrated at 37
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in Figs. 4 and 5 of the drawings on a scale which

represents & magnification of approximately ten
times. As indicated therein, the separate pro-
tuberances 38 are spaced from each other by
depressions 39, are more or less irregular in shape
and size, and they merge info a continuous base
portion 40 which covers the inner surface of the
mold so that the latter is insulated from the
metal which is poured into it during the casting
operation. Another such coating which is also
satisfactory for this purpose is illustrated photo-
graphically in Pigs. 6 and 7, Fig. 6 being magni-
" fied ten times and Fig. 7 being magnified twenty
times. o

After the coating is applied to the inner sur-
face of the mold, the end plates 20 are positioned
in the enlargements 19 and secured therein by
the set screws 21, Before they are inserted the
end plates are provided on their inner faces with
a suitable coating which may conveniently be
similar to the coating heretofore described, The

charge of molten metal is delivered to one end

of the rotating mold from a pouring device 4
which can be an ordinary casting ladle, an in-
duction furnace, or simply a receptacle for molten
metal as illustrated in the drawings. - The pour-
ing device 41 is provided with a spout 42 which
is so constructed and arranged as to project into
the end of the mold, through a central opening
43 in the adiacent end plate 20, when the charge
is poured. The pouring device 41 may be sup-
ported on a carriage 44 provided with a set of
wheels 45 running on rails 46 so that it may be
readily moved into and out of pouring position.
When the charge is poured at a suitable rate

into the mold the thin refractory coating pre- .

viously sprayed on the mold and having both g
controlled thermal barrier action and a controlled
surface roughness, performs the functions de-
scribed-above in detail and modifies the casting
operation accordingly, whereby to make possible
the centrifugal casting in a permanent metal
mold of a long tubular body in which the metal
-is completely fused throughout its wall and which
is substantially free from pinholes, and laps and

like defects in its outer portion or surface. While '

the -outer surface of a casting produced in ac-
cordance with this invention substantially con-
forms to the roughness of the mold coating so
employed in its production, this roughness is not
objectionable in castings employed for many pur-
poses. However, where a smoother outer surface
"is required it may be readily obtained by ma-
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chining the casting to the degree required to re-
move the roughness found in its outer surface in
the as cast condition, )

The manner in which the invention is em-
rloyed in the particular method of centrifugal
casting involving o retractive type of pour, will
‘be obyious to those skilled in the art, in view of
what has been set forth above, and hence is not
specifically illustrated. :

An apparatus which has been found satisfac-
tory in the application of a.thin refractory coat~
ing to a metal mold for centrifugal casting in
accordance with the present invention, forms the
subject matter of a pending application for patent
by Alfred Boyles, Serial No, 469,751, filed Decem-
ber 19, 1942, for Process and apparatus for coat-
ing molds. .

What we desire to claim is:

1. In the method of making a tubular metal
casting centrifugally in a cylindrical metal mold,
the improvement which comprises forming on the
inner surface of said mold a refractory, insulating
cogting adherent to said mold and having g mul-
tiplicity of spaced protuberances on its inner face,
supporting said mold substantially horizontally
and rotating it about its longitudinal axis, and
pouring molten metal into said mold, the mag-
nitude and distribution of said protuberances be-
ing such that the traction of said protuberances
on the molten metal serves both to accelerate the
pick-up of the molten metal for rotation with
the mold and to retard the flow of the molten
metal longitudinally of said mold, and the thick-
ness of the coating being such that the thermal
barrier action thereof serves to momentarily ar-
rest the heat flow to the mold from the longitu-

“dinally advancing leading edge of the molten
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metal t0 maintain such leading edge at a tem-

.perature to fuse with the molten metal subse-

quently flowing thereover, while maintaining the
over-all rate of solidification of the casting sub-
stantially the same as in the bare metal mold.

2. In the method of making tubular metal cast-
ings centrifugally -in a permanent metal mold,
the jmprovement which comprises heating said
mold, spraying the inner surface of said mold with
a liquid suspension of a powdered refractory ma-
terial and a binder to form incrementally an in-
sulating coating adherent to said mold-and hav-
ing a multiplicity of spaced protubérances on its

_ inner face, supporting said mold substantially
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horizontally and rotating it about its longitudinal
axis, and pouring/molten metal into. said mold,
the magnitude ahd distribution of said protuber-

-ances being such that the traction of said pro-

tuberances on the molten metal serves both to
accelerate the pick-up of the molten metal for
rotation with the mold and to retard the flow
of the molten metal longitudinally of said mold,
and the thickness of the coating being such that
the thermal barrier action thereof maintains.the
leading edge of the molten metal at a temperature
to fuse with the molten metal subsequently flow-
ing over if, while maintaining the over-all rate
of solidification of the casting substantially the
same as in the bare metal mold.

3. In the method of making tubular metal cast-
ings centrifugally in a permanent metal mold, the
improvement which comprises heating said mold
to a temperature of 250° to 800° F'., spraying the
inner surface of the heated mold with an agueous
suspension of a powdered refractory material and
a binder to form incrementally thereon an ad-
herent, insulating coating having a multiplicity
of spaced protuberances on its inner face, sup-
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porting said mold substantially horizontally and
rotating it about its longitudinal axis, and pour-
ing molten metal into said mold, the magnitude
and distribution of said protuberances being such
that the traction of said protuberances on the
molten metal serves both to accelerate the pick-
up of the molten metal for rotation with the mold

(-1

and to retard the flow of the molten meta! longi. -

tudinally of said mold, and the thickness of the
crating being such that the thermal barrier action

thereof maintains the leading edge of the molten.

"metal at a temperature to fuse with the molten
metal subsequently flowing over it.

4. In the method of centrifugally casting tubu-
lar metal bodies in a permanent metal mold, the
improvement which comprises heating the mold
to a temperature within the range of 250° to 800°
P, supporting said mold substantially horizontal-
ly and rotating it about its longitudinal axis,
relatively reciprocating a spray device through-
out the length of the bore of said mold while
discharging from said device an aqueous suspen-
‘sion of a powdered refractory material and a
binder to provide the mold with an adherent, in-
sulating coating comprising a multiplicity of in-
crementally formed, basi-connected protuber-
ances, and pouring molten metal into said mold,
the magnitude and distribution of said protuber-
ances being such that the traction of said pro-
tuberances on the molten meta] serves both to
accelerate the pick-up of the molten metal for
rotation with the mold and to retard the flow of
the molten metal longitudinally of said mold, and
the thickness of the coating being such that the
thermal barrier action thereof maintains the lead-
ing edge of the molten metal at a temperature to
fuse with the molten metal subsequently flowing
over it.

5, In the method of producing tubular metal
castings centrifugally in a permanent metal mold,
the improvement which comprises applying to
said mold a refractory, insulating coating ad-
herent to said mold and having an average thick-
ness of from 0.002 inch to 0.080 inch and having
a rough exposed surface within the range of No.
24 to No. 240 abrasive cloth or paper, supporting
said mold substantially horizontally and rotating
it about its longitudinal axis, and pouring molten
metal into said mold, the magnitude and distribu-
tion of said protuberances being such that the
traction of said rough surface on the molten met-
al serves both to accelerate the pick-up of the
molten metal for rotation with the mold and to
retard the flow of the molten metal longitudinally
of said mold, and the thickness of the coating
being such that the thermal barrier action of the
coating maintains the leading edge of the molten
metal at a temperature to fuse with the molten
metal subsequently flowing over it.

6. In the method of producing tubular metal

_ castings centrifugally in a permanent metal mold,
the improvement which comprises providing the
mold with a refractory, insulating coating ad-
herent to said mold and hayving an average thick-
ness of from 0.002 inch to 0.080 inch and having
on its exposed surface a multiplicity of protuber-
ances the average number of which measured in
any direction across the surface of the coating is
from 10 to 120 per lineal inch, and which pro-
tuberances have an average height above  the
surrounding coating within a range of 0.001 inch
to 0.050 inch, sqpporting said mold substantially
horizontally and rotating it about its longitudinal
axis, and pouring a charge of molten meta] into
said mold.
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7. In the method of producing tubular metal
castings centrifugally in & permanent metal mold
into which the molten metal is poured from a
spout relatively fixed lengthwise of the mold, the
improvement which comprises providing the mold
with a refractory, insulating coating adherent
to said mold and having an average thickness of
from 0.01 inch to 0.08 inch and having on its
exposed surface a multiplicity of protuberances
the average number of which measured in any
direction across the surface of the coating is from
10 to 50 per lineal inch, and which protuberances
have an average height above the surrounding
coating within the range of from 0.005 inch to
0.050 inch, supporting said mold substantially
horizontally and rotating it about its longitudinal
axis, and pouring molten metal into said mold.

8. In the method of making tubular metal cast-
ings centrifugally in & permanent metal mold,
the improvement which comprises heating said
mold, spraying the inner surface of sald mold
with an aqueous suspension of silica flour and
bentonite to form incrementally an adherent, in-
sulating coating having a multiplicity of spaced
protuberances on its inner face, supporting said
mold substantially horizontally and rotating it
about its longitudinal axis, and pouring molten
metal into said mold, the magnitude and distribu-
tion of said protuberances being such that the
traction of said protuberances on the molten met-
al serves both to accelerate the pick-up of the

" molten metal for rotation with the mold and fo
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retard the flow of the molten metal longitudinally
of said mold, and the thickness of the coating
being such that the thermal barrier action there-
of maintains the leading edge of the molten metal
at a temperature to fuse with the molten metal
subsequently flowing over it.

9. In the method of making tubular metal cast-
ings centrifugally in a permanent metal mold,
the improvement which comprises heating said
mold, spraying the inner surface of said mold with
an aqueous suspension of silica flour and ben-
tonite in the proportions of from 500 to 1000

‘grams of silica flour and from 10 to 40 grams of

bentonite, per litre of water, to form incremen-
tally an adherent, insulating coating having a
multiplicity of spaced protuberances on its inner
face, supporting said mold substantially hori-
zontally and rotating it about its longitudinal
axis, and pouring molten metal into said mold,
the magnitude and distribution of said protuber-
ances being such that the traction of said pro-
tuberances on the molten metal serves both to
accelerate the pick-up of the molten metal for
rotation with the mold and to retard the flow
of the molten metal longitudinally of said mold,
and the thickness of the coating being such that
the thermal barrier action thereof maintains the
leading edge of the molten metal at a tempera-
ture to fuse with the molten metal subsequently
flowing over it.

10. The method of preparing a permanent met-
al mold for casting tubular metal bodies centrifu-
gally therein, which comprises heating said mold.
and spraying on the inner surface of said mold a
liquid suspension of powdered refractory ma-
terial and a binder in atomized condition so that
the heat of the mold evaporates the liquid upon
contact of the sprayed globules with the mold te
thereby form incrementally on said mold an ad-
herent, refractory, insulating coating having on
its exposed surface a multiplicity of irregular,
rough protuberances, the magnitude and distribu-
tion of said protuberances being such that the
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traction of said protuberances on the molten met-
al serves both to accelerate the pickup of the
molten metal for rotation with the mold and to
retard the flow of the molten metal longitudinally
of the mold, and the thickness of the coating being
such that the thermal barrier action thereof
maintains the leading edge of the molten metal
at a temperature to fuse with the molten metal
subsequently flowing over it.

11. The method of preparing a permanent met-
al mold for casting tubular metal bodies centrifu-
gally therein, which comprises heating said mold
to a temperature within the range of 250° to 800°
F, and spraying on the inner surface of said mold
an aqueous suspension of powdered refractory
material and a binder in atomized condition so
that the heat of the mold evaporates the liquid
upon contact of the sprayed globules with the
mold to thereby form incrementally on said mold
& refractory, insulating coating having an aver-
age thickness within the range of 0.002 inch to
0.080 inch and having on its exposed surface a
multiplicity of irregular, rough protuberances, the
magnitude and distribution of said protuberances
being such that the traction of said protuberances
on the molten metal serves both i{n accelerate
the pickup of the molten metal for rotation with
the mold and to retard the flow of the molten
metal longitudinally of the mold.

12, The method of coating the inner surface
of g cylindrical metal mold used for making tubu-
lar metal castings centrifugally, which comprises
heating said mold, and reciprocating a spray de-
vice throughout the length of the bore of the
heated mold in a direction parallel to the axis
thereof while discharging from said device a lig-
uld suspension of a powdered refractory material
and a binder in atomized condition so that the
heat of the mold evaporates the liquid upon con-
tact of the sprayed globules with the mold. to
thereby form incrementally on said mold a refrac-
tory, insulating coating having an average thick-
ness within the range of 0.002 inch to 0.080 inch
and having on its exposed surface a multiplicity
of irregular, rough protuberances, the magnitude
and distribution of said protuberances being such
that the traction of said protuberances on the
molten metal serves both to accelerate the pickup
of the molten metal for rotation with the mold
and to retard the flow of the molten metal longi-
tudinally of the mold.

13. A permanent metal mold for centrifugal
casting, having adherent on its inner surface an
insulating coating of powdered refractory ma-
terial and a binder, said coating having an aver-
age thickness of from 0.002 inch to 0.080 inch and
having on its exposed surface a muitiplicity of
protuberances, the magnitude and distribution
of said protuberances being such that the trac-
tion of said protuberances on the molten metal
serves both to accelerate the pickup of the molten
metal for rotation with the mold and to retard
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the flow of the molten metal longitudinally of
the mold.

14. A permanent metal mold for centrifugal
casting, having adherent on its inner surface an
insulating coating of powdered refractory ma-
terial and a binder, said coating having an aver-
age thickness of from 0.002 inch to 0.080 inch and
having a rough exposed surface within the range
of No. 24 to No, 240 abrasive cloth or paper, the
magnitude and distribution of said protuberances
being such that the traction of said protuberances
on the molten metal serves both to accelerate the
pickup of the molten metal for rotation with the
mold and to retard the flow of the molten metal
longitudinally of the mold.

15. A permanent metal mold for centrifugal
casting, having an incremental, insulating coat-
ing sprayed thereon and adherent thereto, which
coating has an average thickness of from 0.002
inch to 0.080 inch and has on its exposed surface
a multiplicity of protuberances the average num-
ber of which measured in .any direction across
the surface of the coating is from 10 to 120 per
lineal inch, and which protuberances have an
average height above the surrounding coating
within a range of 0.001 inch to 0.050 inch.

16. A permanent metal mold for centrifugal
casting, having an incremental, insulating coat-
ing sprayed thereon and consisting of powdered
refractory material and a binder, said coating
having an average thickness of from 0.002 inch
to 0.080 inch, having on its exposed surface a
multiplicity of protuberances for providing trac-
tion on the molten metal, the magnitude and dis-
tribution of said protuberances being such that
the traction of said protuberances on the molten
metal serves both to accelerate the pickup of the
molten metal for rotation with the mold and to
retard the flow of the molten metal longitudinally
of the mold, and the coating being sufficiently
adherent to withstand the washing away action of

-the molten metal and sufficiently friable upon

solidification of the casting to permit the casting
to be readily withdrawn from the mold.

17. A permanent metal mold for cenfrifugal
casting, having an incremental, insulating coat-
ing sprayed thereon and consisting of powdered
refractory material and a binder, said coating
having an average thickness within the range of
0.002 inch to 0.080 inch and having on its ex-
posed surface a multiplicity of protuberances the
average number of which measured in any di-

.rection across the surface of the coating is from

10 to 120 per lineal inch, and which protuberances
have an average height above the surrounding
coating within a range of 0.001 inch to 0.050 inch,
said coating also being sufiiciently adherent to
withstand the washing away action of the molten
metal and sufficiently friable upon the solidifica-
tion of the casting to permit the casting to be
readily withdrawn from the mold.
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