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In this specification and the accompanying
drawing, we shall describe and show a preferred
form of our invention and specifically mention
certain of its more important objects. We do not
limit ourselves to the forms disclosed, since vari-
ous changes and adaptations may be made there-
in without departing from the essence of our in-
vention as hereinafter claimed; and objects and
advantages other than those specifically men-
tioned are included within its scope.
~ -An object of our invention is to produce a very
light refractory material which shall be a good
heat insulator.

Another object of our invention is to provide a
method of making a heat insulator, which mate-
‘rial shall be cheap, fireproof, strong, and in-
.destructible by insects and vermin.

Another object is to make a material in the
interstices of which there shall exist a partial
vacuum. .

Another object is to produce a light material
which shall be stout enough to be employed in
load bearing portions of building structures.

A further object is to provide a heat insulator
that is water-proof.

Still another object of our invention is to make
& material that is & good absorber of sound.

The exact nature of the invention will be bet-
ter understood from g description thereof in
connection with the accompanying drawing.

Fig. 1is a sectional drawing of the form used to
mold one type of our material, showing in cross-
section the contents of the form as arranged in
one stage of a process for manufacturing this
material. :

PFig. 2 is a cross-sectional view of the finished

insulation material. .

Fig. 3 is a drawing in perspective of one type
of insulating material applied to a surface being
insulated, one end of the insulation being shown
in section.

Pig. 4 is a drawing in perspective of another
type of insulation material applied to a surface
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solution of a water §QW' i for
ours perature gradually increasing from

of spumiform character, that is, they have the
appearance and the structure of foam; but they
are nevertheless solidified. Whether the mate-
rial is in the form of powder or of thick slabs,
close examination will reveal this foam-like struc-
ture, and the word spumiform is intended to de-
scribe this internal structure regardless of the
external size or shape of the body possessing it.
Another characteristic is that they are substan-
tislly completely desiccated, by which we mean
that they are substantially devoid of all moisture.
It is the process of desiccation performed after the
manner of our invention that results in the
spumiform state of the silicate and in its solidi~

fication while in that state. .
One type of our material we make by boiling a
ix

room temperature up to about 650 deg. F. to 850
and the oling it slow room -

erature again. rainarily commercial sodium
silicate or water glass of 42 deg. Bé. specifiC ETave"

™Ity 1s used. If itis desired to form the material to

any particular shape, the liquid silicate is placed

in a form which is provided with some means of 25

escape for the steam generated during the proc-
ess. A loosely fitting but confined cover will’
permit the escape of steam without allowing the
silicate to escape. In order to avoid sticking of
the molded article to theYori, the form is pref-

‘wittrgraphite, or it may bé lined with waxed pa-

~per in which case the paper is burned during the

being insulated, one end of the insulation being

shown in section.

The material resulting from the practice of
our invention is essentially a silicate which has
been given a spumiform character and while in
this state has been solidified by desiccation.
This material may be made in several different
types and the method of making each type is
necessarily varied somewhat to account for the
product being formed. It is a common quality of
all these-types of material, however, that they are

i

firing operation. One quart of the liquid silicate 35

15

- 30
“grably made Of £lass, of is of ‘metal and coated ..

is used for every 250 cubic inches of space re- =

quired to be filled by the molded article, - .
In making this type of material it is necessa
to desiccate the silicate very slowly or large holes

‘will be found in the finished article. When the ,,

‘material is to be ground up for use as powder,
this defect is not important but in a slab of heat
insulating material it cannot be tolerated.

A method of making our spumiform material
which has marked advantages over that above-
mentioned consists of two steps and is as fol-

Tows:
Th%%%%) consists in & preliminary cooking |

»

X

3

‘operafion. e purpose of this cooking opera-

45

tion is to produce a partially desiccated solid sili- 59

cate which may be more advantageously han-
‘dled than the liquid silicate, and which will not
tend to stick to a molding form, but which when
further desiccated, as specified, will Tesult in the
spumiform material desired. -Sodium silicate so-
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lution is poured into shallow open pans and is scribed previously, is pulverized to desired size

cooked over an open flame, not in an oven, for and step 2 is carried out by cooking this par-

17 from 1 to 11% hours at from 300 deg. F. to 200, tially desiccated pulverized silicate in a revolv-
[X deg. F. . ing hot drum until complete desiccation has been

5 Tt is desirable not to cook it in an oven achieved. Usually. 15 minutes per batch at 650 5
because when this is done the top skin of silicate deg. F. to 850 deg. F. is sufficient. The result is
in the pan becomes hard, tends to prevent the an exceedingly light white powder composed of
escape of steam from below and the resuitant individual particles each of which appears upon
pressure causes the whole mass to puff and rise. detailed examination as a small round spumi-

10 If, however, the silicate is cooked in an open pan form mass, itself composed of a multitude of 10
over a fire, the bottom will be hotter than the minute air cells enclosed by thin silicate walls.
top and consequently water will be evaporated ‘The size of the individual particles is determined
trom the bottom first while the top is still iguid, by the size of the partially desiccated particles
When the cooking is done as specified and the from which they are produced, and very small

15 pan with its silicate content is allowed to cool, a spumiform particles may be made by simply pul- 15
solid cake of material results. The top layer is verizing the partially desiccated material to ex-
generally of glassy appearance while the part treme fineness. The finished powder of spumi-
next to the pan is white and more spumiform in form material should not be confused with pow-
character than the glass-like upper layer due to der made by pulverizing the completely desic-

20 its more nearly complete desiccation. A metal cated silicate, for the particles of the former ma- 20
pan is used, and is coated with graphite or plated terial are stronger, more symmetrical and uni-
with tin to prevent the silicate cake from sticking. form, and contain more air cells. The powder
In this preliminary cooking operation, the process resulting from the process here specified is used
of desiccation is stopped when the silicate be- &S heat insulation by pouring it into a space sur-

25 comes sufficiently gummy that, on cooling to or- rounding the body to be insulated, or it is packed 25
dinary atmospheric temperature, it becomes a in boxes of asphalted paper for refrigerator use.
solid as distinct from a liquid. In this state it It is also packed in sealed cellophane packages
may be described as a hydrous solid silicate, one which are placed in the walls of refrigerators.
containing water, as distinct from the completely This packing of the powder into boxes is more

30 desiccated or anhydrous silicate. desirable than pouring it into a space surround- 30

. nd ste comp]eting the process under ing the body to be insulated because in pa.cking,
consideration, consists in cooking the material re- the individual thin-walled particles of spumi-
sulting from step one described above, until com- form silicate are compressed. Being under com-
plete desiccation is achieved. As desiccation pression, any tendency of the particles to settle

35 proceeds, the silicate puffs into & spumiform ma- and occupy a smaller volume is thwarted, since 35
terial presumably because of the passage of the particles merely expand sufficiently to main- -
evaporated water through the remaining viscous tain the total volume the same. In practice, it
substance. As the process continues the spumi- 1§ found that in a box into which the powder has
form material gets larger and more viscous until Peen packed, the particles remain in compres-

40 when all the water has been evaporated, pufing sion throughout the life of the insulation, and 49
has ceased and the viscous material has solidified Dence the box is always full. Asphalted paper
into an anhydrous_spumiform material of five and cellophane are used as box materials be-
times the Volume, that is composed of millions of cause they are moisture-proof and prevent the

iy air cel Gelis enclosed by exceedingly thin sili- gccuml}lation of moisture in the interior of the

45 cate walls—a material that is amazingly light and insulation. . . 45
strong and an excellent insulator of heat. The The powder may also be mixed with a dilute

cooking is preferably conducted at 650 deg. F. to liquid soution of sodfum silicate or with the pul- -
850 deg. F. in a closed oven so that‘%‘mmm._\venzed partially desiccated silicate and the whole //;’

\

5 “PeTatiTS exists at all surfaces of the material be- 2ass fired in aform-a4t-680 0 850 ceg. F.,
0 ing cooked. The required time of cooking de- W»Qeg. F., to produce 50
pends upon the shape and mass of material be- & tikes en the binder consists of dilute liquid

ing treated. The important consideration deter- Sorution of sodium silicate, the action of the heat
mining how long cooking shall continue is that Is to solidify thi§ pipding substg.nce to form a
55 1substantially all the water must be removed from 1ard. firm bond joining the particles of powder.
i‘the partially desiccated or hydrous silicate and If the partxa}ly desiccated silicate is employed as 55
'yet the remaining spumiform material must not a binder, it_ is softened by the heat causing it to
be melted down. If the water is not substantial- h°1d. tenaciously .to. the powdt_ar, and continued
. 1y all removed, further heating at any later time heat}ng then solidifies the bmd'er. When the
will cause unwanted puffing of the material, and particles of the ‘complete!y desiccated powder
60 ‘also a partially desiccated material is not as’good employed in thl? or{era:tlon are made large 60
“an insulator as & completely desiccated one. If enough, the respltyng tile is an excellt_ant ahsorber
heating at & high temperature is prolonged be- ;f(:l:gua)clil.m'la'hli 1;: e;:;xg:dﬂgg éggé?dgalnxla ar-
yond the point of complete desiccation, the silicate gy points, leaving rather large igntersti;aloinér?
¢5 may melt and destroy the fine spumiform struc* communic;a,ting voids through which the imping- 65
ture because while water was still present the ma- jpg sound can pass to contact the 1 int 1
terial was limited in temperature by the evapora- ghsorbing surfal:,e of gheotﬂ:c ¢ Jarge fnterna
tion process, but after complete desiccation the m

1 When it is desired to form a slab of spumi-
increased temperature may be excessive. form material having the a .
vo 'This second step may be carried out in & va- g the advantage of struc

. ] A tural strength, the partially desiccated material 70
riety of ways to conyemently secure the spumi- resulting from step 1, as described previously, is
form material in various forms and shapes: cooked to complete desiccation in a molding
_.For certain applications it is desitable to have form. In Fig. 1, the lower half 2 of form { has
[ it in the form o_f . a,pow@er. To produce this at one end several circularly shaped portions 3
75 form, the material ;esultmg from step 1, de- which are adapted to carry a rod 4. The upper 75
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portion § of the form | also has circularly shaped
portions 9 which surround rod 4 and which co-
operate to form a hinge about rod 4." Both the
top 5 and the bottom 2 have horizontally ex-
tending edges 6 which are adapted to be clamped
together at intervals around the periphery of
the form by bolts T and nuts 8. The form I is
generally coated with graphite both inside and
out to prévent oxidation and lessen the tendency
of the silicate to stick to the walls. In prepara-
tion for the cooking operation, a cake 20 of the
partially desiccated silicate which is shaped ap-
proximately to cover the bottom of the form but
may be only one-fourth the height of the form,
is placed in the form so that the side of the
cake 20 which has been more nearly completely
desiccated is toward the bottom of the form.
The cake 20 can have been made in the required

shape by cutting it from a larger piece or by

partially desiccating it in a pan having the same
area as the bottom of the form {. Atop the cake
20 is placed another cake 21 identical to it, but
with its more nearly completely desiccated side
toward the top 5. The cakes 20 and 21 as pre-
pared to completely fill the form | in this oper-
ation should have resulted from the partial desic-
cation of one quart of 42 deg. Bé. sodium sili-
cate for each 250 cubic inches of the form to be
filled. After the cakes 20 and 21 are in place,
the top § is shut and bolted down by means of
bolts 7 and nuts 8. It is not desirable to bolt
the form so tightly closed that a dangerous pres-
sure builds up in the form before the steam in-
cident to desiccation can escape. The form is
closed tightly enough to prevent the silicate from
being forced out, however. For a form two
inches high, cooking is carried out at 650 deg. F.
to 850 deg. F., preferably for about 50 minutes
at 750 deg. .. The cooking is determined in time
and intensity by the condition that desiccation
shall be complete, yet the material shall not be
melted down. As desiccation proceeds, the in-
ner portions of cakes 20 and 21 puff more than
the outer more nearly completely desiccated por-
tions and the cake 21 is pushed tightly against
the top 5 of the form. As the process continues,
the pressure in the form compresses the hot
and still pliable layer next to the form into what
develops, when cold, into a hard strong outer
shell 22 on the finished slab 23. The interior 24
of the finished slab 23 is solidified and is of a
licht spumiform character.

After the cooking has been completed the form
and contents are cooled slowly. If cooling takes
place too rapidly the slab 23 may crack., Also,
since at the time of solidification the air en-
trapped in the slab is at a high temperature,
and therefore at a low density, when the. tem-
perature has decreased a partial vacuum exists
in the slab of spumiform material and if the
te; rature decreases too rapidly this differen-
tial pressure will collapse the slab. The greater

heat insulating value of an evacuated substance “—mem

is taken advantage of by sealing the whole ex-
terior of the slab 23 of spumiform material, im-
mediately after removal from the form, with a
sealing substance 25 such as sealing wax or a
ceramic glaze.. The slab can be removed from
the form { soon enough after the cooking is com-
plete to still retain most of the vacuum. After
the sealing substance 25 is cold, the slab will
consist of & multitude of partially evacuated air
cells enclosed by thin silicate walls—an extremely
good heat insulater.

As alternative to the air-tight sealing surface,

the slab is made water-proof by dipping in an
asphalt paint. It is undesirable for any surface
openings to exist which might permit the intru-
sion of water with its comsequent reduction -in
heat insulation. Another effective water-proof
exterior is often provided by applying a water-
proof paper or fabric to the surface of the slab.
Asphalted paper has been found well adapted to
this use. The paper on one side of the slab is
.made to extend beyond it. The extending paper
carries asphalt, and when the slab is put into
place in a refrigerator the extending paper is
pressed and sealed by the asphalt against the
refrigerator frame, making a water-seal for the
frame,

The advantages of making the material by a
double cooking process as above specified rather
than by a single cooking operation as previously
described are that it is possible by the double
cooking process to make a more uniform ma-
terial; the outside shell is harder and stronger;
and the silicate does not tend to stick to the
form so much. -

Another method of performing step 2 of the
double cooking process is as follows: The par-
tially desiccated silicate resulting from step 1 is
broken into chunks varying in size from about %
inch to 1 inch in diameter. These chunks are
.placed in the form { and the form is closed. The
amount of the partially desiccated silicate used
for every 250 cubic inches of space in the form is
that which results from cooking 1 quart of 42
deg. Bé. sodium silicate. In place of some of
the partially desiccated silicate, an equivalent

amount of the completely desiccated pulverulent 4

spumiform material previously described may be
~enmployed. The form and contents are heated
&t850 deg. F. to 850 deg. F., preferably 50 min-
utes at 750 deg. F. As heating and consequent
further desiccation proceeds, the partially desic-
cated chunks of silicate puff and bond to one
another, completely filling the available space,
even exerting a pressure on the form that re-
sults in an exterior shell of considerable com-
pactness. After cooking, the form and contents
are slowly cooled. A sealing substance is ap-
plied, as described above, to retain the partial
vacuum existing within the material, or a water-
proof surfacing material such as asphalt is ap-
plied to the surface of the formed insulation.
This method has the advantage over that in
which cakes 20 and 2{ are employed that it is
not necessary to shape the partially desiccated
silicate to the form being used, and it has the
disadvantage that the molded spumiform ma-
terial resulting has not quite so strong an out-
side shell.

When it is desired to make a molded article of
spumiform material of superior sfrﬁgth rein-
forcement is provided for the article. The

spumifor; orcement is_very
strong and ma ed..as. loa, bea.ring

ilding_structures, . having the ad-.
-yantage of_,_great_.hghtness. The reinforcing

members may be of any material to which the
‘smc“m’liona’ﬁ“htly The variety of suit-
‘able Teinforein ter ials is very greaf; il;on and -
glumRGm  aré most Satistactory “tomitierciaily

but other migterials that will withstand the tem-

" pérature of cooking are also used; such as thin~

asbestos board. When the reinforcement is ap-
plied to the interior of the article, the reinforc-
ing member, for example, an

iron wire screcn..
is dipped in sodium silicate solutipn.and placed

during the filling of the form, in the desired
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position. ‘In the case in which cakes 20 and 21
are emplayed in filling the form, the reinforcing
screen is placed between the two cakes, and the
cooking proceeds as previously described. In
case the form is filled with chunks of partially
desiccated silicate, the screen is placed in the
form, after half the chunks have been put in,
and the other half of the chunks are placed on
top of the screen. 'The screen is placed in the
form with its shortest dimension in a direction
substantially perpendicular to the surface it is
intended to heat insulate in order that the re-
inforcing material shall affect to a minimum
degree the insulating value of the whole article.
Thus in a slab 30 of material such as is made in
form 1, the reinforcing screen 31 is shown en-
closed by spumiform material 35 and parallel to
and midway between surfaces 32 and 33. 'The
slab 30 is applied to a surface 34 which it is de-
sired to heat insulate. The surface 32 of slab
30 is higher in temperature than the surface 33
and heat flows from surface 32 to surface 33
through the slab 36. ‘The reinforcing member
31 is positioned with its shortest dimension 36
substantially perpendicular to the surface 34 to
be heat insulated.

Instead of a screen, a plate or sheet of rein-
forcing material is oftemruseT oni one Or oM Both
sides of the molded article. This method of re-
inforcement has the advantage that a metal or
other durable exterior may be provided to a heat
insulator without the necessity of any fasteners
such as nails, screws, etc. The sheet of reinforc-
ing material is coated with a light coat of liquid
sodium silicate on the side which is to be next to
the insulator. It is then placed either on the
bottom or on the top of the material in the form
and cooked in the same manner as specified for
making the material without reinforcement.
Upon completion of cooking it will be found that
the sheet of reinforcing material is bonded to the
insulation with as strong a bond as the insulation
has to itself. The sheet of reinforcement may
also be applied to the completely desiccated ma-
terial by coating the reinforcing sheet on one side
with liguid sodium silicate, sticking it to the
insulation and holding it in firm contact while
the metal sheet is heated to about 750 deg. F. as
by a blow-torch. In Fig. 4, the finished slab
40 is shown applied to a surface 41 which is being
heat insulated. Surface 42 of slab 40 rests on
surface 4. Surface 43 of the spumiform slab is
covered with and joined to iron sheet 44. This
iron sheet is nickel plated or polished to reduce
the heat transfer by radiation from its upper sur-
face. Heat conduction is through the spumiform
material 4% in a direction perpendicular to sur-
faces 42 and 43 and it will be noted that this
direction is also that of the shortest dimension of
the reinforcing sheet 44. 'Thus, the reinforcing
member 44 is positioned with its shortest dimen-
sion perpendicular to the surface #1 to be heat
insulated.

It is obvious, of course, that our material can
be molded in many different shapes such as in
circular cylindrical sections for pipe coverings,
etc. Water soluble silicates other than sodium
silicate can be used—for example, potassium sili-
cate, and we regard the application of these as
coming within the scope of our invention. To

- those skilled in the art, other detail modifications

(4]

and variations in our materials and methods of
their manufacture will be apparent, and we wish,
therefore, to be limited only by the scope of the
appended claiins. 2 -

< - ‘7‘
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- 'What we claim as new and desire to secure by
Letters Patent is:
1. A molded article containing solidified sili-

- cate having a spumiform structure, said article

being provided with an air-tight outer shell with-
in which exists a partial vacuum.

2. A method of making a pulverulent refrac-
tory material which consists in partially desiccat-
ing a silicate solution to form a solid silicate con-
taining water, reducing said solid silicate to a
powder and cooking said powder until desiccation
is substantially complete.

3. A method of making a molded article which
consists in partially desiccating s silicate solution
to form a solid silicate containing water, reduc-
ing said silicate to chunks, confining said chunks
of silicate in a molding form sufficiently closed
to permit escape of water vapor, but not of sili~
cate, cooking said silicate in said form at a tem-
perature sufficiently high to create in it a spumi-
form structure, and continuing the process until
desiccation is substantially complete.

4. A method of making a molded article which
consists in forming a plurality of cakes of par-
tially desiccated solid silicate in such manner
that each cake has one side more nearly com-
pletely desiccated than the other side, confining
said cakes in a molding form with the more near-
ly completely desiccated sides toward the walls
of the melding form, cooking said silicate in said
form at a temperature sufficiently high to create
in it a spumiform structure, and continuing the
process until desiceation is substantially complete.

5. A molded article comprising spumiform
rarticles and a binder bonding said particles at
their points of contact.

6. A moided article comprising particles con-
taining spumiform silicate and a binder bonding
said particles at their points of contact.

7. The method of making heat insulation which
includes providing an intimate mixture of parti-
cles containing spumiform silicate with a non-
solid binder, forming said mixture to desired
shape, and solidifying said binder.

8. A heat insulator comprising a confined body
of spumiform particles under compression con-
taining substantially anhydrous silicate.

9. The method of producing a non-settling
granular heat insulator from a body of spumi-

form particles containing substantially anhy- 3

drous silicate which includes compressing said
body of particles and maintaining said body
under compression,

10. A molded article comprising spumiform

particles containing substantially anhydrous sili-

cate and a binder bonding said particles at their
points of contact, said particles being of such
sizes that intersticial intercommunicating voids
exist between. the particles.

11. The method of making heat insulation
which includes providing an intimate mixture of
particles containing spumiform silicate with a
solid binder, forming said mixture to desired
shape, heating said mixture to soften said binder,
and solidifying said binder while retaining said
mixture in said shape.

12. The method of making a molded article
which includes confining a multiplicity of parti-
cles containing hydrous solid silicate in a molding
form sufficiently closed to permit the escape of
water vapor, but not of silicate, cooking the con-
tents at a temperature sufficiently high to create
in them a united spumiform structure, and con-
tinuing the process until desic¢ation is substan-

tially complete, :
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13. A heat insulator comprising a molded body
of spumiform material having bonded to the ex-
terior surface thereof a sheet of metal with a
heat-reflecting surface. T

14. A heat insulator comprising a molded
spumiform body containing anhydrous silicate
and having a sheet of metal bonded to the ex-
terior surface thereof by a bond containing an-
hydrous silicate.

15. A non-settling granular heat insulator
comprising a confined body of resilient spumi-
form particles in & state of compression.

16. The method of making non-settling gran-
ular heat insulation which includes heating hy-
drous particles of sodium silicate at a tempera-
ture sufficiently high to create in them & spumi-
form structure, continuing said heating until

3
osngan.,

desiccation of said particles is substantially com-
plete, compressing said spumiform particles, and
maintaining said spumiform particles under com-
pression.

17. The method of providing a body with a
metal exterior through a common bonding layer
having a spumiform structure which includes the
steps of forming on said metal a coating of hy-
drous soluble silicate, providing contact between
said coating and said body, heating said coating
to create therein a spumiform structure and bond
said metal to said body, and continuing the heat-
ing until desiccation of said bonding layer is
substantially complete.

ALBERT A. FOWLER.
RUSSELL M. OTIS.
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