L
brought to you by .{ CORE

View metadata, citation and similar papers at core.ac.uk
provided by NASA Technical Reports Server

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
WASHINGTON, D.C. 20546

AT ORGP March 29, 1971

TO: USI/Scientific & Technical Information Division
Attention: Miss Winnie M. Morgan

FROM: GP/0ffice of Assistant General
Counsel for Patent Matters

SUBJECT: Announcement of NASA~Owned
: U.S. Patents in STAR

In accordance with the procedures contained in the Code GP
to Code USI memorandum on this subject, dated June 8, 1970,
the attached NASA-owned U.S. patent is being forwarded for
abstracting and announcement in NASA STAR.

The following information is provided:

U.S. Patent No. 3,382,082

Corporate Source goddard Space Flight Center

Supplementary
Corporate Source

NASA Patent Case No.: XGS~-02435

e

e Parker

Enclosure:
Copy of Patent

FACILITY FORM 602

{NASA CR OR TMX OR AD NUMBER) {CATEGORY)
NASA-HQ



https://core.ac.uk/display/10290421?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

United States Patent

3,382,082
Pateuted May 7, 1968

ice

C 3,382 082
}‘OA“]:D-SN-PLACE CERAMIC REFRACTORY
© INSULATING MATERIAL
Alfred G. Fubanks, Kensingten, and Ronald E. Hunkeler;
L'mh"m, Md., assipsiors to fiie Unifed States of Amer-

ica us represented by the ‘Administraior of the E\aher‘a.'

Aeronautics and Space Administration
No Prawing. Filed Aug, 28, 1964, Ser, No. 392 965
22 Cm!ms. (C!. 106—-—40)

ABSTRACT OF THE DISCLOSURE.

Foamed-in-place teramic refractory composition and
meﬂ‘(ﬁ for making same. The composition cpmprises
the following ingredients: powdered aluminem bydroxide,
phosphoric’ a 1d bentonite, powdered slumipum phos-
- phate, and a mstal’pov. der above hydrogen in the efectro-
chc"n cal series, .Jt also can include pov.dered silicon
dioxide. In ths p*ocnss all specificd quantities of the

above nzmed ingredients, except for the phos p!‘onc acid, _

are thoroughly mived. Then the phosphoric dcid is added
and the total mixture stirred until a slurry -is formed.
The slurry is poured into a container which houses an
abject to be potted or not as the case may be and there-
after. the slurry is’ ailowed to stand until it has foamed
sufﬁcxcri‘y to fill the container. Finally, the container
is placed in an oven and the foamecd slurry is cured at
the relatively low temneratures of from 65 to 100 degrees
cennvrade.

e

The invention described herein may be manufactured
and used by and for the Government of the United States
of America for governmental purposes without the pay-
ment of any royalties thefeon or therefor -

The present ir:_vcmio‘n relates to a new ceramic com-
position and the method for producing same, and more
pariicularly, o the composition and method of pro-
ducing a low-temperature cured. foamed-in-place porous
ceramic refractory insulating material,

It is essentinl when certain objcets, particularly clec-

trical components, are subjected . to high temperature
. environmen:al conditions, that they be thermally pro-
" tected. It is 2ls0 a reguiremcnt, in many instances, that
these objects be provided with mechanical support for
proteetisn agsinst vibration. These objectives are gep-
erally 2 ccompushed by the use of a potling compoand‘
which is cured about the vomponents to be - protecied.
The known present day potfting compositions, while pro-
vidicg vibrational shielding, do not sufficiently protect
the potfed ob)wis when they are subjected to extreme
temperature conditions. For examplé, electronic com-

ponents located on a spacecraft, leaving and/or re-ghter- ;

ing the eurth’s atmosphere, may be subject 1o extremely
hmh iemperazmes from which they must be protected
The compositicn of the present invention provides a pot-
table material which has excellent thermal insulation

properties and which can be used also as a vibiationab

support for the components to be protected.

"While  many prior art refractory materials are known
1o have excellent thermal properties, electrical compo-
waaty can rot be potled directly therein for the ToRSON
thut the extremely high temperature required in carry-
Cdup oeut 1
dam: g2 o7 entirely destroy the components dué to: the

curing portion of the potting process would -
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of various shapes had to be processed at a. temperature o

in the range of 500 degrees Fahrepheit or above. The
produced blocks thez had io be fitted about the objects’
to be protected. Such pnor art techniques had the obvious-
disadvantages of requiring long time and high tempera-
iute processing, costly equipment and labor to locate:
the refractory blocks about the objects to be protedted;
and a considerable consumption of time to assemble the
final structure. 1a_addition, by the curing. tzking a day

.or more for completion, the total process was extremely

slow and tied up \a}uable space and equipment. -

By the particular composition and pm.,css for pro-
ducing same, both of whizh will be described in detail
heremafter dectncal components can very sunply and
mexpensxve]} be potted, without beirg damaged in the
curing step, in a foamed—m-place refractory msulatmg
matenal Further, it has bzen found that this composi-
tion can serve cauail_,r as well as a thermal insulation
having many other uses, such as, in furnaces, for example,
snd can also find many uses in the consiructiod art as.
a low cost, easily workable insulating material, )

Accordingly, it is an object of the present invention
to provide foamed-in-place ceramic ruf*ac‘)ry insulat-
ing materials having unproved properties ar.d being pro--
duced at Iow temreratuxes in relatyveiy short permds of
time.

It is another obg»ct of the preseat mvamcn to pro-
vide a potiing material capable of encasing an object
and thermally. protecting it to te'np@ra.ures of approxi-
malely 3000 degrees Fahrenheit., -

It is still another object of the presant invention fo
provide 2 new. and improved foamed-w-pxace cerzmic.
material,

It is still a furt“c‘ ob;ect of tz present .uwezmon
to provide a method for forming fommed-in-place refrac-
tory ceramic high temperature insulation materials re-
quiring a relatively low curing temperature. :

These and other ©bjects are zttained by the pr ::sent
invention which is a novel porous ceramic composition
comprising the following ingredients: powdered alumi-
num hydroxide [ANO¥);]; phophoric ac:d €.2,, ortho-
phosphoric acid (H3P04) benicnite; powr*rcd alumi-

. num phosphate, e.g., aimintin citho-phosphite {AIFOy);

60

“ihtense heat_. Instead, séparately prepared refractory blocks

powdered silicon dioxide (5i0,); and a n.et+l powder
such as aluminum (Al). The inventitn furiber includes
the process of forming the composition itself by thor-
oughly mixing ia a container specified qu:.tities, defined
more  specifically  Hersinafter, of aluminim hydroxide,
bentonite, aluminum ortho-phosphate, siiicon” dioxide,
and’ gluminum powder; adding criho-phospheric acid
to the resulting mikture; and wgormsly stirring the con~
tents of the cootainer uniil 2 slarry is formed. This slurry

is poured or transferred into a Jubricated enclosure which

provides the shape of the final material or which containg
the object to bz polted by the foamed ceramic. The
enclosure, with the shurry, is allowed to stand at room
temperature, for a short time, until the shurry has foamed
sufﬁcrently to il the enclosure. Finally, the enclosure is -
placed in an oven and the foamed shurry is cured at 65 -
to 100 degress centigrade. The curing time required varies
from 2 t0 24 hours, dépanding upon the volume, density
and curing temnerature umrzed :

" To provide those skilled in'the art with a better under-- -
standing of the invertion, Table I Hsts the ingredients
in percent (%) by weight and pamc]e size of the come
position ‘of the- foamed-m—p!ace ceramic refractory ma- -
terial, )



3,382,082

) TABLE ¥
. Ingredients. " Percent by Weight' Particle Size
Phesphoric acid (2P0 ($55)neomonron- 591066, . :
Aluminum hy: drozudc {4 u(un); n¥120].... 1010 55 Be:t rm;:‘;g with b::.’,a mosh or s exm;l:cr; now-
ever, can be up 1o 200 mes

Totsl of pho%pharan aeid and nlamimxm 501085, ! P

hydt;mnde st fall within the approxi-

mate ran, :
Metal pow dvr above h;'drogen in the elee- 0.1t0 0.5 80 mesh or smaller; best results with ap-

tmche:mcal series, proximately 35:£5 nyerens.
Ber R 0 Tto4 . 325 mesh or smaller. ’
Silicon dmxsde (E30e % B0 5. e memann e zs 10 to 20 millimicrons.
Mnmmum phosphsm (&11’90- .......... Qlantity rm‘mw to hrin tie pvreenz 150 mesh or smaller,

by weizhi of the mmme up to "KY/

the Table I indicates that the percent by we;ght
of the ingredients can be varied, it should be noted, as
pointed out therein, that the total percent by weight of the
‘phcsphonc acid and aluminum hydroxide must be with-
in the range of approximately. 50 fo 95 percent by weight.
A detailed analysis of the combination of tke ingredients
in this table, to form the foamed ceremic composition;
wiil be presented hereinafter.

First, howevcr, a complete description of the steps
for processing the novel foamed-in-place ceramic re-
fractory insulating material is now presented; -

Mixing.—THe dry ingredients of aluxcinim hydroxide;
bentonite, aluminum phosphate (e.g., aluminum ortho-
phosphate), silicon dioxide and a metal powder (e.g,
aluminum powder) are stirred together in.a container
at room temperature 10 form a blend fo which is added

_the phospnonc acid (e.g., on‘m—phosphonc a»xd) The'

mixture is vigorously stirred at room temperature for
approxlmatcly two (2) minutes at which time = chemical
reaction, as defined hereinbelow, takes place. “Vater that
is formed as a result of this chemical reactic: reduces
the viscosity of the mixture to a slurry havirg a com-
sistency generally that of a nan»ake batter.
Forming.~The slurry, as prepared, is poured into
a litbricated mold (a lubricant such as silicone cil can be
used) containing the object to be potted, or, if potting
is not desired, but, instead, the material is to be made

. to have a pmilcular shape, an emply mold, and allowed
to stand at room temperature from gero to approximately.

thirty (3%) minutes, or until the slurry bas foamed suff-
ciently to pearly £ the mold. The foaming is due, in
the mam, to the meta] powdef—ortho-phosphoric acid
reaction, ‘The mineral bentonite acts as a stabilizer to
‘control and regulate the foam pdre structure. Whils 2
cover for the mold is not absolutely essgntial, it is
" suggested that oné be vsed fo prevent possitie overflow
and fo enhance’ the uniformity of the pore structure of
the compositiop. It was foond that a tight futing cover
on the mold will yield a better, more uniform ae:mty

composition. It should be noted that the siutry foams.

at a rate similar to ihe reaction of yeast in the forma-
tion of bread, .

‘Curing—The foamed sktrry, still in the mold is next
cured by heating at a temperature between approzimately
65 and 100 degress cemxgradv for ahout 24 hours or less
depending on the curing tempe;amre selected from the
above range and the volume of the mo!d-——cpprox:mately

13
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to the chemical reactions between the aluminum by~

droxide and the ortho-phosphoric acid as followsz
‘ 3H;PO,+ANOH);>AI(HPO)s+3H,0 (1)
3H3?04+2AJ(OH)3"A12(HP04)3 §H,0  (2)
) HgPOg-LAl(OH);;")AlPO,g-!-sto 3).

Where the reactions given by Equation I will always.
occur; while those given by Equations 2 and 3 may of
‘may not occhr to a significant degree dependmg on

‘whether a sufficient amount of AWOH}); remains from

reaction 1.
During the forming step, a foammv reaction ocours

' between the aluminum metal powder and the ortho-phos-

30

40

59

6o

8 hours being the usual time for a foamed ceramic .

formed in a_mold, the size thereof approximating the
dimensibns of a2 common building brick, being cured st
85. degrees centigrade and a shorter time, such as iwo
hours, bemg usual for 100 dcgreeq centigrade. The cur-
ing time is also dependent upon the amount of water
of bydration which ‘must be eliminated deriog curing,
the volume and complexity of the mold, and ‘whether
the mold remains covered during the eatire curing period.
It has been noted that by uncevering the niold after about
one hour of curmg time the total curing. txme can be
reduced,

r In the process, mst ouilmed above the formmg of
© the slurry durmg the mlxmg step occurs principally
w

-

dne.

VAI(OH)S.::HzO 15 readily ada;

phoric acid to liberate hydroven gas as given by the
following equatxon-

2AI+.H3P04~> 2A1P04+ BHv’,* {4)

By observing the above equations it can be seen that

. there are limits p!vccd upon the amounts of ortho—phos~

phoric acid and aluminum hydroxide that can be in-

- corporated in the mixture for it to produce a co,npos:lxon

within the teac‘mu of the invention. The limits in per-
cent by weight for ortho-phosphoric acid {85% concen-
traﬁon) and the aluminmum hydroxide to make the foamed -
ceramic ¢an be varied from approximately 39 percent
to approsimately 60 percent by weight and from ap-
proximately 10 to approximately 55 percent by weight,
respectively. However, at the same time the sim of the
perceni by weight of the ortho-phosphoric acid and aly-

- minum hydroxide should total between approxmatcly 50

and 95 percent by weight. -

The composition mcludes in addmon to the alumi-
num hydroxide and onho-phophorxc acid, the following
ingredients: metal powder, from 0.1 to 0.5 percent by
weight; bentonite, from 0.7 to 4 percent by weight; ultra-
fing silicon dioxide powder (on the order of 10 to 20

,miihmicrons), from O to 5 percent by weight; and

enotigh aluminum phosphate, e.g., aluminum ortbe-phos-
phate, to complete 100 percent by weizht of the compo-
sition. These mgredaents, it is beizewd cnhanse the
curing step by contiibating to the swengih of the final
composzuon. ‘The bentonite, in addition, primarily acts
as a foam stabilizer in the forming step.

While the ortho-phosphoric acid mentioned above is
indicated as having a concentration of 85%, this per-
centage may be iowered slightly and ¢an be increased
up to 100%. v\'herc‘only a highly concentrated ortho-
phosphoric acid is available and it is desired that an
85% ortho-phosphoric acid be used in the preparation
of the foamed composilion, then sufficient water should
be added either directly to the acid itself or to the dry.
ingredicnts prior 10 adding the acid thereto; ‘

In cartying nut the inveniion, the aluminum hydrexids
can be ezther anhydrous or hydrous, Accordingly, stand-

ard commcrually svailable aivminum hydroxide, which

usually contaias an neknown guantity of chemically com-

bined water and which- h the chemical * formula,
hie for use in the proc-
essir.g of the foamed ceramie ‘*lh-..iory material, In either -

case, best resulxs aie attamed w hea the pacticle size thereof

.
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is smaller than approximately 325 mesh: Up t0 20 percent"

of the particles can be coarser and still be tolerated. How-
ever, these coarser pamclcs should not be Jarger than

- about 200 mesh;

Altbonghk aluminom is the preferred mezal powder

above hyclroge.n in the ciectro-chemxcal series, such as, for

’example zinc and/or tin will serve in the same fashion.

Finely divided powder of asbout 155 microns gives

excellent results. However, p'xmc]es as coafse as 80 mesh'

‘(177 microns) are usable, Commetcially available pow-
dered alummum pamt pxgment has been fomd to be
suitable.

The bentonite, formmg part of the co'n'msinon is of

extremely srnaxl1 particle size (smalier than 325 mesh) and’
serves in the process as 4 foam stabilizer to bring zbout.

an even distribution. of the bubbles in the foam. It also
provides, by a sintering action, improved kigh temperature
strength characteristics when and if the foam js used in
service above about 2000 degrees Fahrenheit:

"For best results the aleminum ortbo—phasphate par-
ticles should be 150 mesh (105 microns} or smaller in
diaméter and the ultra-fine silicon dioxide should be on
the order of 10 to 20 miilimicrons. It should be noted
that these last two ingredients rhay be n:m’tcd if a lower
strength composition could be tclem’eﬂ m a deszred
application.

While generally the cancrstenry of the slurry is hke a
pancake batter, at the lower limits of pao&phonc -acid
content of the composition, the slarry is more viscous and
takes ‘on a puity-like coonsistency. In this condition the
slurvy is difficult to pour but can be trarsnrred into the
mold with a spatula,

Tt has been found that composxt:ons fe'med having a.
lower acid content than that lisied as the lower }mit in

Table I result in high viscosity mixtures which cannot
be poared In some applications these high viscosity mix-

“tures can be used as troweled-on insulz =ting coatings.

While the composition ranges presented in Table I above
indicate that the sum of the ortho- phmr}knc acid and

. the aluminum hydroxide can be varied between 50 to 95

.

percent by weight, the preferreci compassitions have sums
of about 87 percent by weight with the ratio of ortho-
phospioric acid to sluminum hydroxxde bﬂmg approxi-
niatel iy 1to L

"The following tables (Tables II, T1I and IV) provids

‘data of sample mixes falling within the relationship -

referred to hercinabovs and are given by the way of
illastration only and nut by the way of Hmitation, of the
preferred compositions of the foa-ned-n—p!ace ceramic
ref:actc:ry material. The particle size of the ingredients
as Hsted in Table 11, apphes equany as well to Tables
III 2nd IV,

TABLE II—SAMPLE MIX A

Weight  Pesoont by
Ingredients {grams) Weight -
Ortha-phosphorie acid (& RE) e 3160 44,28
Algmingm  hydroxide (s
mesh) . . -z W 42,95
Bertonite (gmalie rghan '295 n‘!op':h).ﬁ: o L& 143
Al un. phosphate (smaller than .
Sy pd . 5.5 2.3
STienn sdioxide pawder {pﬂr(u.k i
>"):‘ :‘x'lrucm)?«) ........... 129 L2
meter particles) . ... - 815 . 21 )
Total..... " 11,00
TABLE [L—-SAMPLE MIX B )
Weigie  Pepeent by
Ingredients {grams) Weight
O'tro-,;hoﬁ*p'mnc m:.d (&%) 209 49,84
i liydre 2548 41,59
L 1.68
m P 409 6. 65
Alsminum po“den e15 0. 25

Total ..

.,.__,._“._.r.—"
S 100,08

£ ]

TABLE IV.~BAMPLE MIX C
) Weight I’eremt hy
Ingredizats {grams} Weight
Ortho-phocphonc aCid (85%8) - v vrcmamvnc . 40, 09 39.85 T
Alpminum h} droxide. 28,00 27.91
Bonmnite ........... . ©2.80 L9
1 m orho-phosp 30.00 29.95,
mu'nix1um powder- et e e aayam a .30 0.30.
Tom : m@,pﬁ’ -

}t should be noted that Samp!a Mixes B and C, Tatles’

"I and IV, respectively, do not include the mg'&hent

~
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silicon dioxide (Si0,). The mc!nsmn of 8i0; in the mixture.

.is not absoluzez, essential, jts use in the campasmon,

however, increases the strength thereof as prewo..s!y‘
mentioned;

Referring now 1o Sample Mxx A (Tzble 1), an ex-
planation will be presen&ed as to_how the compositioa.
outlined therein meets’ the test for determining the
amounis of the prmcxpal ingredients thereof spelled out
in more detail hereinabove and summarized in Table L
The summation of the percent by weight of the ortho-
phcsphorxc acid and the alumium hydroxxde

(44.:8—}-44 9587, 33) |

meets the criteria previously set out above. This same
analysis app!ies equally as weil to Samplé Mixes B and
C, oilined in Tables I and IV, respectively, The other

ingredients forming the ceramic compositions of Sample

‘Mixes A, B, and € all fall within the limits prescribed

hx.re.nabove.

Whereas the three sample mixes are given with po
regard to the density of the ceramic material formed, the.
densxty thereof'can be readily predicted or selected with-
in the range of from a'aproxmnately 20 pounds per cubic:
foot to 120 pounds per cubic foot by any one or a com-
binstion of the three methods outlined hereinbelow.

Method 1.-—The casiest method, and the most fre-
quently used, is to pour pre-dc;crmmed amounts of slorry
into a given volume. The surrounding walls of the mold

_tend to constrain the foaming action sc that the ceramic

material is formed with smaller cell structure and higher
density.

Method 2.—The de'mty may be controlled by varvmg
the particle size of the metallic powder added to the mix-
ture. Lafge size particles, however, that i3, above about-
50 mesh, ‘tend fo cr catz large bubtles in the foam causing
it to have a rather xrreg,u}ar cell structure;

Method 3 ——-‘%y varying the amount of metallic pcowder
added to the mixture, the density can also be requinted

While no definitive data is available on the Iatter two
methods, gach has been practiced and has proven satis-
factory. In regard to Method 1, the aveight of the slurry
required ‘per cubic inch of volume is shown in Table V
as’a function of desired densit y (pounds per cubic foot).

. TABLEV.
Deusity of Cured, Cetamic Materizl

Deunsity of S‘LIJT

Prior to Cuxmg

Cohum;} A, pmudsl " Column B, grams/ Column C, g

cubie foot cubic inch cubie inch
20 5.3 6.0
30 79 8.9
40. 10.8 1.8
50 131 7
[:4] 15.8 7.6
0 18.4. 20,8
80 2.0 2.5
90 2.6 28.4

In this table, Column C givas the densify (weight/unit
volume) of slurry before curing .and Columns A and'B
provide the resultant dcnsny {weight/unit volume in dif-
ferent units) after curing. The difference between the

corresponding values of Columns B and C, for a partic-

cular density value of Column A, represents the weight -

of water pér cubic ioch whncn must be eliminated from

i the slurry durisg the curing step of the procéss. The data

from this table was obtained by nsing Sample Mix A -
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(Table I} in a manner mote fully descr‘bed herein-
below.. k

The first slep in preparmg a2 foam of desired density,

, by using Method 1, is to calenlate the ipterior volume

of the mold to be used, Since, for the most part, it is

desired that a material be formed having a uniform

densxty. the moid itself shenid be des:gned to be rigid.

Once the-interior volume of the mold is known the nght-

It should be noted that in the exampl,es given above in
Tables VI, VII and VIII the exact amount of slarry fo-

. quired to give the desired densities for the 12-cubic

of the siurry per cublc mr:h rcq.n.reé to ntake a specific.

density .composition can be extrapolated from Column

"C of Table V. The next siep is 10 caleulate, by direct.

pmpomon, the exact amouit of each ipgredient required
by using as a basis the data for a typ:ca] mixture, for

instance, Sample Mix A disclosed in Table 11 This is

ﬂlustrated by the following examples:
. Example 1 .
To ﬂll a 12-cubxc inch mold with the foamed ceramic

" material havmg a density, when cured, of appmxxmatciy '

50 pounds per cubic foot, it is determined from Column

C of Table V that 14.7 grams per cubic inch or a total

of 1764 grams (14.7 grams per cubic inchx 12 cubxc
inches==176.4 grams) of slurry is required.

The calculated guantities for each m"redxent are as,

follows:
TAI_!LE_ vI _ .
Tvpica.l T Weight of
Ingredient Mixture, Ingredient
R Percen L {(grams}
by W cight '
Ortho-ph acid.... 44.38 T B
Alumingm hydro*‘ide. . . 42,95 777
Bentonite. .. ..v. ... : - 1.43 2.52
Algminmun ort pnorphste. - .31 16,42
Bilicon AIONEA0 i inpennne - 1.72 3.03
Aluminmwmn metal powder.. e 6.21 9,37,
Total weight oX SIITY oo cmmemmccm o eemme e e ) 1964

Example 2

To fill a 12-cubic inch mold with the foamed ceramic
material having a density, when cured, of approximately
« 20 pounds per cubic foot, it is dewrmmed from Column
C of Table V that 6.0 grams per »ubxc inch or a total of
72 grams of slarry is required. .
The calculated quantmes for edch ingredient are 28
fol’cw.v,'

TABLE VI

L vpleal Wi eight of

Ingredient hi..ture, Ingredient
Parcent (grams) -

by Weight ]
Qrtho- phosphorif- acid 44,38 3196
Aluminom hydmx de- 42.95 80.93
Bentonite oo ooliees 1.43 1.02.
Aluminum o*tho-phoﬁphate. - 9.31 8.70
Silicon dioxide. ... .._. 172 1.24
Aluminum inetsl pewder.. 0.21 0.18
Total weight of s!urry---.‘ .......................... 72.00

Examplc 3

To fil 2 12-cublc inch roold mih the foamﬁd ceramm
material having a dena:ty, when cured, of appreximately
" 90 pounds per cubic foor, it is determined from Colomn C
" of Table V that 264 grams per cubic inch or a tofal of
316.8 grams of slurry is required:
The calculated quahtxucs for each mgradaent arr, as
follows:

TABLE vm : :
. ) p‘(’al Weight of
Ingredient - Afixture, Ingredient
, . Percent by (grams}
) ‘Weight.
Ortho-phospbonc acid,..-; .................. 44.38 m. 59
Aluminum b . 42.95 138,09
. Bentonite .. lielennaene : 1.43 4,53
.. - Aluminum ornhu—-phasphate 9,31 29.49
- Bilieon dioxide. . __..... 1,72 . 5.44
Aluminum metal pow der_.. 0.21 0.66.
Total welght o sSTUTTF . oo li e cmmecsccne e aneemmes 316.80
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‘inch mold was calculated. As a practical matter, how-

ever, these calcuiated guantities of shurry most be is-

‘creased by approximately 5%, or enough to com;?ensate -

for the loss of slurry mcm—rcd due to the mormal ad.

,her#nce thereof 1o the mixing container. One means for

compensating for this loss of slurry has been to increase
the weight of each of tbe mgmdients by approximately
10% over the amount$ given above in'the tables so that
the total quantity of slurry will be iucreased by 10%
Then even though seme shirry will adhere to the mixing ..

container there will be a sufficiént amount available so -

that the precise weight of slurry can be poused into the -
mold. By first weighing the mold and thés pouring the”
slurry into the mold, with the mom on a scale, the exact’
quantity of slurry in the mold can be readﬁy measured.
While Table ¥V and Examples 1, 2 and 3, presented in

,Tables VI, VII and VI, respectwe}y, were. all derived

using Sampie Mix A (Table ) as a basis; the discussion
re]atmg to them applies equally as well to the use of other
mixes as long as they fall within the limits set out in
Table I above, Once a sample mix is derived all that is
necessary for it to be used in producing a ceramic hav- -
ing a desired density is that a slurry thereof be made and
a predetermmed quaniity (wewht/umt volume) thereof )
be pourad into a mold of a knowr volume, This step
should be repeated a number of times except that in each
case the quantity (Wexvm/u'ut volume) of ‘the sluny
poured info the mold should be different, Iz each in-
stance, after the slurry is poured into the imold, the mold
is ccvercd with a tight fitting cover to prevent au over-
flow of the slarry and to achieve za accurate control of
dénsity of the resuliing composition. Since the mold is of

‘a known volume, the weight/unit volumie of the slurry

is known and the density of the cured ceramic matericl
can be ¢asily calculated, a table similar to Table V zbove
can be made. By the use, as described heremabove, of
such a table the deasity of the pamcular sample mix can -
be readily selected. This discussion apphes equally as
well as to any sample mix.

While Method 1 is pamcularly apphcab]e in obtain--
ing densities from 20 pounds per cubic foot to 90 pounds
per cubic Toot, should densities of above 90 pounds per
cubic foot and up to approximately 120 pox_nds per cubic
foot be desired; theéy can be obtained as déscribed by
Method 3 by reducing the metal powder content of the
typxcal mixture seiected as a basis, -

It is to be undersiod that volumes smaller or larger
than 12 cubic inches may be prepared by appmpnately
calculating the amounts of each coustituent following the
procedure dsscnbed in connect;on with Tablcs Vi, VIL
and VIL

In *sﬂdmon to having the quajztzes outlined above and
being sxmple to produce, the ceramic material described.
herein is susceptxb!e to many. machine shop practices.
For exampls, it can be cut with a hacksaw, shaped with a
wood rasp, bored with an ordinary drill bit and grousd -
with an abrasive ‘wheel, The texture and shape of the
surface or surfaces of the material can be varied from

very rough to highly glossy by appropriately choosing

the interior mold surface; for example, a smooth curved
surface is obtained by foaming the material against a
watch glass that has been hghﬂy ‘¢oated with a lubricant
and placed in the bottom of the mold. Such a surface, if
say constructed in a parabo}:c shape would be an ideal
infrared or heéat réflector as well as an insulator.

The cerarnic material of the instant inveption possesses -
tﬁe following added advastages: it adheres conveniently
to some metals, 'such as aluminum and. galvanized steel,
and is susceptible o color additives. To adhere to other
mctals or materials it "nay be nECES‘aTy 10 use a khigh
temperature adhesive.

Small percectages -of caramic co!ormg matenals
(chrommm ay'de for green, manganese oxxée for grey,
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mt‘bh) .................................... R 2.0
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etc.) can be added to the basw mixture fo produce a
permanent insoluble coloring efect. The fc!lowmg exam-
ples givén in Tables IX and X below, usmg Sample Mix
A (Table T1) as a basis, with 2 minor variation to allow
for the addition of the color additives, are typical of a

greenmlored and grgy—celored foam ceramic, respectxva— .

W'h:‘c !he "rm..ry use of the instant mvcmmn is for
foamed in-place refractory poltmw males 1als, | it may also
find applxcauon. because of its unique characteristics and
ease of pr°pam{mn, as a building and in:ulation material.
In this respect, due 1o its thermz] insilating uropemes it
has been used 2s an enclosure for a high intensity. light
source for a cryogenic cnvxronn‘c,.t to provent heat gen-
eratzd from the I éh{ source from passing through the en-

- closure into the cryOﬂemc environment,

Although the foregoing disclosure relates 1o, prefcrrcd
embodiments of the inventicn, it is obvious that numercus
modifications and alterations may be madz therein with-

" obut dﬂpartm« irom the spirit and scope of the mvenncn

set forth in the appcvded claims. -
What is claimed isr
1. A composition for producing a ‘oamed—m—p!ace ce-

" ramic refmctory insulaling material, the composition con~

sisting essentially of: phosphoric acid, of 39 to 60 percent
by Vvemht' aluminum hycroxide of 10 to 55 percent by

weight, ths total of said phesphoric acid dnd said alumi--

aum hydroxxde being 50 percent to 85 percent by weight;
a metal powder above hydrogen in the electrochemical se-
ries of 0.1 10 0.5 percent by weight; benionite of 0.7 to 4
percent by weight and aluminum pbosphate of q.wnl‘ty
sufficient to bring the percent by weig ht of the composi-
tion up to about 100 percen

2. The compesition of c}'um 1 fnnner mc]udm" silicon :

dicxide of up 10 5 percer‘t by weight.
3. Tie composition of claim 2 wh’rem said phosphonc

scid is 85% concentrated, said alumitium hydrexide is of

perticle size of 325 mesh or smaller, said metal powder is
of particle size of 80 mesh or smatler, said bentonite is
of. particle size of 325 mesh or smzller, said’ aluminnra
,“;yphate is of particle size of 150 1nesh or smaller and
s2id’ silicon dzox: is of par:if;}e size’ of 10 to 20 milli-

microns.

4, The compozition of claim 3 wherein said metal
powder is aluminum, said phosphorie acid is ortho-phos-
phorie acid end said alaminbm pamphate 1s aluminum
ortho-phosphate.
© B.°A tomposition for producmz a {oamtd ct ramic re-

}racmry insulating material consisting essentially of ortho-

phosphoric acid of approximately 85% concentration znd .
..wroufnate!y 44.38. percent by weight; aluminum hy-
droxide smaller than 200 mesh in pamcle size and ap-
proximately 42.95 peicént by weight; bentonite sraler
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: 10
cent by weight; aluminum ortho-phosphate smaller. than .
200 mesh in’ p’lfhde size and approximately 9.31 percent
by weight, silivon dicxide powder of 10 10 20 millimicrons
in parnde size and 1.72 percent by weight; and alumisum
powderof 155 micron diazreter pamcle size and 21 per-
cent by wemht. .

6. A method of preparmﬂ a foamed—m—placc ceramic -
refractory msu}atmg material compr'smg the stéps of:
adding 39 10 60 percent by weight of phosphoric acid 10
a mixture of ingredients of 10 fo 55 percent by weight of -
aluminum hydroxide, 0.7 to 4 percent by weizht of ben-
tonite, 0.1 1o 0.5 percent by weight of a meial powder
above hydrogen in the electrochemical series, and a per-

" cent by weicht of alumintim phosphaté to bring the ‘per-

cent by weight of the mixture up to about 100 percent,
said ingredicnts being of small pamcle size; stirring Sa!dv
acid mixture to form a‘slurry; trans;emf:g said slurry inio
a mold wherein it foams; curing said foamed slurry ata
temperatiore between approwrnatciy 65 'to 100 degracs
centigrade until said slurry is cared.. -
7. A method of preparing a fmmed-m—placc ceramu:
refractory msulatmg material compnsm" the steps of: in-
timately mixing together small size particies of 10 10 55 -
percent by weight of aluminum’ hydroxide,. 0.7 1o 4 per-
cent by weight of bentonite, 6 to 30 percent by weight of
aluminum phosphaté and 0.1 to 0.5 percent by weight of
2 metal powder above hydrogen in the electrochemical
series to form a blend, adding 39 10 60 pereent by weight of
phosphoric acid to said blend, vigorously stirring said acid
mixture at rc'Som temperature. untit 2 chemije cal reaction
takes place in which a slurry is formed; transferring said -
sturry into a lubricated mold; keeping said slurry contain-
ing mold at room temperaturs until it has formed suffi-

clently 1o hearly fill suid mold; and curing said foamed:

slurry at temperature of approxima‘e!y 65 o’eoreeb cenn-
grade or higher until said slurry is cured.

8. The method of claim 7 further including the addi-
tion to said blend of small size particles of up to 5 per-
cent by weight of silicon dioxide.

9. A method of pzepanno a ceramic rcfractory msula.—
ing material vompricing the steps of: addmg 39 to 60 per-
cent by weight 6f phosphoric acid to a mixture of 10 to-
55 percent by weight of aluminum hydroxide of pamzle
size of approximately 325 mesh or cmaller, 0.7t6 4 per-
cent by weight of bentonite of particle size .of approxi-

- mately 325 mesh or smaller, 0.1 to 0.5 percent by weicht
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than 325 mesh in particle size and‘app{oximately_ 1.45 per- 75

of a meta! powder above hyd_rog,e'x in the e!ectro:_hcmt"al
seri¢s and of .particle size of approximately 80 mesh or
smaller, and a percent by weight of aluminum phosphate
of particle size of 150 mesh or smaller sufficient to bring
the percent by weight of the mixture up to about 100 per-
cent; stirring sail acid mixture to form a slurry; trans-
ferring said slizry into a lubsicated mold; keeping said
CIuary containing mold at room. temperature until it Kas
foamed suﬁuemly to nearly fill sald mold; and curing said:
foamed shurry at a tempe raiure between approxxmaxely
65 and 160 degrees certigrade uatil said slurry is cured.

10. The method of claim 9 further including in said
mixiure up to 5 percent by weight of silicon dioxide af
p“:lxcie size of 10 to 20 millimicrons.

1. A method of preparing a refractory ceramic in-
sulating materinl co-npnsmg the steps of: adding 39 t0 68
parcent by weight of phosphoric deid 1o a mixture of 10
to 55 percent by weight of aluminim hydroxide of parti-

5 cle size of approximately 325 mesh or smaller, 07t04

percent by ‘weight of benfonite of particle size of approxi.
niately 325 mesh or smaller, 0.1 to 0.5 percent by weight
of powde:ed aluminem of particle size of approXimately
155 microns, up 1o S percent by weight of silicon di-
oxide ‘of particle size of approx’ma tely 10 1o 20 miilij-
microns, and aluminum phos"haie of particle size of 150

mesh or smaller sufficient to bring the percent by weight - ‘

of the mixture up to 100 pe.cent; stirring said acid mix-
ture to form a sturry; transférring said slurry into a Tubri-
cated mold; keeping said shurry contdmmg mold at«roem
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" temperature unt'l it has ;Oa.med sufficiently to nearly fill
. said mold; and curing said foamed slurry at a temperature

between approxxmatelv 65 and 100 degrees centrigrade.

for 24 hours or less depending on-the curing selected from
the above range and the vo%ume of said mold. i
" 12. The method of claim 11 wherein said phosphoric

&

acid and said aluminum hydmxxde have a fotal percent -

by wexght of 50 to 95 percent.

13. The method of claim 12 whercm saxd phosphcnc,

acid is ortho»phospho ic acid 85% concentrated znd said
aluminuin phosphate i is aluminum ortho-phosphate:

14. A method of preparing a foamed. ceramic refrac-
tory insulating material comprising the s
approximately 44.38 percent by weight of 85% ortho-
" phosphoric acid to a smixture of approximately 42.95 per-
.cent by weight of aluminum hydroxide smaller than 200
mesh rarticle size, approxxmaiely 1.43 percent by we:vht

s'eps of: adding -

10
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17. The method of claxm 14 whsrczn the sum of said
phosphoric acid apd said aluminum h)droxzde is 50 to
95 percent by weight,. ‘
8. A method of preducing a foamcd seramic refrac-
tory msnlatmg material comprizing the steps of: adding
39'to 60 percent by weight of phosphoric acid to a mixture
of ingredients of 10 10 55 percent by weight of aluminum.
hydromde, 0.7 to 4 percent by weight of bentonite, 0.1 0

0.5 percent by weight of a powderea nsetal-higher than

hydrogen in the electrochemital series, and a percent by
weight of aluminum phosphate to bring the percent by

_ weight of the mixtore up to about 100 percent, szid in-

of bentonite smaller than 325 mesh in particle size, ap~

proximately 8.31 percent by weight of alaminum ortho-
phosphate smaller than 260 mesh in particle size, ap-
proximately 1. 72 percent by wexgut of sxiscan dioxide
powder of 10 10 20 mllhmwrons in particle size, and ap-
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‘praxmaieiy .21 percent by weight of aluminum powder .

of 1545 micron d‘xametsr pamde size; stirring said acid
mixture to form a slurry; pouring said slnrry into a lubri-
cated mold keeping said slurry ‘containing mold at room
temperature pntil it has foamed sufficiently to nearly Al
said mold; and curing said foamcd sturry at zappmxxmately
85 degrees until said slurry is cured. -

15. A method of potting an electrical comporent by

foamed- m«p!ace ceramic refractory insulating material
" comprising the steps of; adding 39 to 60 percent by
weight of phosphoric acid to a mixture of ingredients of
10 to 55 percent by weight of aluminum hydmxu_e, 0.7
to 4 percent by weight of bentonite, 0.1 to 0.5 percent by
weight of a _metal powder above hydrogen in the
electrochemical series, up fo S percent by weight of sili-
con dioxide, and alumiinum phosphate in an amount nec-

essary o brmg the mixture to 100 percent by weight, said-

mgrediems being of small partzcle size, stirring said mix=
ture to form a siurry, placing said electrical component
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into a form; transferring said slurry into said form about -

said electncal component; allowing. said slurry to foam-

for 2 short time in said form at room temperature; and
curing said foamed slurry in said form at a temperature
" greater than approximately 65 to 100 degrees cenngrade
for two. 1o twamy~four bours depending upon the curing
temperature and volume of the mold, - -

. %6, The method of claim %5 wherein said phosphoric

.acid is approxxmatcly 85% concentrated, said aluminum
Bbydroxide and said bentonite are of pamcle size of ap-
proximately 325 mesh or smaller, said metal powder is
of particle size of apprexxmately 155 microns, said sili-
con dioxide is of particle size of apprenmateiy 10.10 20

mxlhmzcrcns, and said aluminom phosphate is of pamcle

size of 150 mesh or smaller.

gredients being of small pamc]e size; stirring said acid
mixture to form a slurry; transferring a predetermined
amount-of said slurry into a given volume mold; allow-
Ing said sturry to foam; affixing a'cover on said mold; and
curing said foamed slurry at a temperature greater than.
approximately 65 degrees cent:grade for twenty-four hours
or less based on the curing {emperature selected,

19. The method of claim 18 wherein said cover is re-
moved after epproximately one hour of curing time 1o
bring about a reduced curing period. .

20. The methed of claim 18 wherein said foaming of
said slutry is done at room temperature for about thirty
minutes; wherein said mixture further includes silicon
dioxide of up to .5 percent by weight. .

21, The method of claim 20 wherein said puosphonc
acid is approximately 85% concentrated, said ‘ahaminnm
hydroxide and said bentonite are of pa‘rﬁn«lc size ef ap-
proximately 325 mesh or smaller, said powdered metal is"
aluminum powder -of particle size of apyroxxmately
1525 microns, said silicon dioxide is of particle size of
approximately 10-to 20 millimicrons and sdid aluminim
phosphate is of particle size of 150 mesh or smaller,

22. The method of claim 21 wherein the sum of said
phasphoric acid -and said aluminum bydrcx:de is 50 to
95 percent by wexght and said mold 1s of a rigid con-
strucnon - 4 .
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