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the aforementioned tobermorite, or lepisil type have been
3,317,643 produced according to processing techniques employing

PRODUCING HIGH TEMPERATURE CALCIUM

SILICATES
Arthur D. Denny, deceased, late of Toledo, Chio, by

grate. Although integrated calcium silicate insulating
materials of certain crystalline types, such as, for example,

initial pre-hardening of the slurry, such pre-hardening
techniques have been unsuitable for employment in the

Grace D. Denny, executrix, Toledo, Ohio, assignor, by 5 production of insulating gqaterials having a crystall‘ine
mesne assignments, to Owens-Corning Fiberglas Corpo- structure composed essentially of crystals of Xonotlite.
ration, a corporation of Delaware The exact nature of the effect of such pre-hardening upon

Coentinuation of application Ser. No. 255,144, Jan, 22, the ultimate crystalline product is not fully understood;
1963, which is a continnation of application Ser. No. however, it has been found that re-hardening carried out

- » 0] . - p .
652,112, Apr. 11, 1957, This application Sept. 3, 1965, 1, with materials of the type employed in the production
Ser. No. 495,002 . of other forms of calcium-silicate materials, such as lepisil
5 Ciaims. (Cl. 264—234) and materials suitable for use at temperatures not in ex-
This invention is a continnation of application Ser. No. cess of 1209 F., interfere and prevent the formation of

253,144 filed Jan. 22, 1963, which in turn constitutes a |, 21V aPpreciable amounts of xonoflite. Consequently,

continuing application derived from a prior continuing 10 Xonotlite and wollastonite insulating materials must be

application Ser. No. 652,112 filed Apr. 11, 1957 produced by conventional and €xpensive prior art proc-

This inventién re.lates, to a new m étho é for l.)reparing esses wherein the slurry ingredients are retained in the
high temperature calcium silicate heat insulation and molld th;gughout'ttléqrfntxrfe con];'ercslloq an(i m‘durgtlon
structural block capable of effective use at temperatures 20 cyce.  Ihe unsuitability Of pre-hardening SITies irom
substantially in excess of 1200° F. whlch. it is desired to obt_am high temperat.ure insulating

In conventional methods an aqueous suspension, or materials such as xonotlite and wollastonite appears to
slurry, of caleium hydroxide and silica, together with reside in the peculiar nature of such slurries to refuse to
ﬁbrou’s materials such as asbestos, are héate d at an ele- undergo conversion to a crystalline xonotlite structure
vated temperature to cause a reaction to occur. In order 25 when once p re-har.dened regardless of the nature of the
to avoid premature loss of moisture, this reaction gen- subs:e duent processing cycles employed to qﬂ:'ect S.HCh con-
erally takes place in a steam atmosphere, which may be at version. Thps, even th.ough the s}urry ingredients are
elevated pressures. Furthermore, it has been found to present in §u1tab1e reactive proportions and even thoqgh
be preferable, in many instances known in the art, to ob- the sl_u 1Ty 1s ot hemlse subjected fo the S3Me processing
tain, as quickly as possible, an initia) setting or pre-harden- 30 tec I_mlques ordinarily employed fc?r the form.atlon of crys-
ing of the material to a solid condition or a semisolid talline .xonothte, such a crystalline formation has been
condition of sufficient rigidity that the material is at Jeast - EEObtamalble (;’Vhen iOW_ tirlrllperature prg-ﬁarde_:mng h?is

self-supporting. Such pre-hardening is ordinarily effected then empioye a; ?hs e{) n .etprocess. 1t tt er}yzlsebs?te E

by selecting highly reactive sources of crystalline silica, e conversion of the slurry into a resu ant solid body o

such as quartz, and lime and frequently including other 35 crystalline xonotlite has only been obtainable whqn the

relatively minor amounts of inorganic hydrophilic colloids shll'rry has been slowly and gradually tr ansformed into a

or colloidal earth materials, which tend to favor an ac- solid condition under con_tm}lfad exposure to high temper-

celerated setting or pre-hardening of the slurry. Such hy- aturg and/or p ressure confimons. As a result, the pro-
drophilic: colloids are ordinarily such materials as ben- d}xcﬁog o f synthetic xonotlite or vs./ollastonlte [ypes of _cal-
tonite or other colloidal earth materials which are basi- 49 ©0M silicates has he.retofore required appreciable p eriods
cally “water-swellable” types of materials and are relied ~ ©L time for processing. Consequently, the economical
upon to thicken or stiffen the slurry as a consequence of and operational advantages of p re-hardening, which in-
their inherent affinity for the aqueous constituent in the cllude, arélong others, such advantages as a red}l ction in
slurry, since these materials do ot un dergo any appre. the num er.of molds requlred', reduced I?l'O!d maintenance
ciable reaction with the essential siliceous and calcareous 45 costs and' 1ncrezzlsed P roducthn cap ab111-t1es, ‘h:ave only
slurry constituents during the pre-hardening phase of the begn obta.mable in the production of calcium silicate ma-
process. Similarly, it has become customary and conven. terials suitable for use at temperatures not in excess of
. s o

tional to utilize substantial proportions of diatomaceous abZIﬁhIZ(l% f ", t intended to b d .

edrth as a source of all or a large part of the reactive sili- . ;ough 1t 15 1ot intended to be un e‘rstooq that this

ceous material in the slurry, - ) 50 mven_tlon is !umted to such. a theory, it is behevec} ’fl{at
Exemplary processing techni ques of the foregoing type, certain reactions and gellations occur dqrmg the initial
which are well-known in the art, are represented in U S, pre-hardening phase of the process which govern the

Patent No. 2,836,848 issued to Zink et al, dated June 3 nature of the ultimate crystalline product obtained. Fur-

1958, and als’o in, U.S. Patent No. 2.432 9331; Accordiné ther, by virtue of the present invention, it has been dis-

to these disclosures and prior art techniques, integrated 55 covered that these.lmtlal p re-hardening reactions or gel-

calcium-silicate insulating materials have been produced  l2tions can be carried out in a controlled manner through
which are capable of withstanding temperatures up to the use of sultable.slurry constituents and especially

‘twelve hundred degrees Fahrenheit (1200° F.). One through the use of suitable silica sources to such an extent

typical example of an integrated and crystalline calcium- that pre-har@enlng ofa S‘!‘f Iy no Iop ger prevents the uli-

silicate material which may be produced in this manner is 60 mate formation of xonot_h.te msqlatmg mat.erlals. In this

a crystalline product which consists essentially of crystals latter respect, the present invention embodies the concept

of lepisil, sometimes referred to as tobermorite, of utilizing, as a source of e.sgentlally all o_f the S{l1ca in
Like lepisil and except for a calcium silicate product the slurry, a high purity siliceous material having an

known as synthetic xonotlite, the latter an integrated hy- amorphous structure as opposed to relatively low purity
drous calcium silicate described in U.S. Patent No, 2,547, g5 amorphous diatomaceous earths and to the crystalline

*127 issued to G. L. Kalousek, the various calcium silicates types siliceous material, such as quartz and the like, here-

produced in the foregoing manner are not capable of with- tofore utilized. . L .

standing temperatures around 1800° F., because at con- By .hlgh purity amorphous silica is meant a s1¥1ceous

siderably lower temperatures they will undergo excessive material which contains at least 90 percent by weight of
inherent shrinking and cracking and will slowly disinte- 70 amorphous SiO, and which does not contain AlyO5 (alu-

mina) in excess of 1% percent by weight or a total R0
metal oxide content in excess of 7 percent by weight of
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the amorphous SiO, present in the siliceous material. In
this respect, it has been observed that the presence of
AlLO, and/or Ry0; metal oxides tends to impede the
formation of the desired synthetic xonotlite structure of

a4

One typical example of a process for making synthetic
zonotlite or wollastonite in accordance with the present
invention is as follows: from 39 to 43 pounds of quick-
lime is hydrated in about 125 pounds of water; 15 pounds

the present invention to such an extent that the presence 5 of asbestos fibers are fiberized in 400 pounds of water;
of alumina and/or R,Os; metal oxides in excess of the and the two slurries are mixed together. Then 42 to
indicated maximum tolerable amount results in the forma- 46 pounds of amorphous superfine silica having a particle
tion of a product which does not contain sufficient inter- size range between about 0.01 micron and 20 microns
locking crystals of synthetic xonotlite or wollastonite to are added to the resultant slurry and mixed throughly
possess the enduring monolithic structure and high tem- 19 therein. The exact proportions of the lime and silica
perature insulating properties desired. More particularly, will depend on the CaO content in the quicklime and
the presence of alumina in excess of 12 percent or the the SiO, content of the superfine silica. However, in
presence of R,O3 metal oxides in excess of 7 percent, re- any event, the lime-silica (CaQ/SiO;) molar ratio will
spectively, by weight of the amorphous SiO, causes the be approximately 1.0:1.0. Additionally, the siliceous
resultant product to possess thermal insulating properties 15 material will contain at least 90 percent by weight of
basically characteristic of the lower temperature calcium amorphous SiO, and will be devoid of AlyO; and R,0;
silicate insulating materials heretofore produced by prior metal oxides in excess of 1.5 percent and 7 percent, re-
art pre-hardening techniques described above. Such spectively, by weight of the amorphous 8i0; constituent
characteristics are manifest by the tendency of the re- present in the siliceous material. The water to solids
sultant product to undergo excessive shrinking, cracking 20 content may vary from 300-750 parts water to 100 parts
and disintegration under prolonged exposure to temper- of solids depending upon the apparent density desired
atures of 1800° F. By contrast, utilizing an amorphous in the end product. This slurry is then agitated and
siliceous material which is devoid of Al,O; and Rq0; quickly heated for two minutes with live steam to a
in excess of 1% percent and 7 percent, respectively, by temperature of 170° F. to 190° F. and then poured quick-
weight of the amorphous SiO, constituent, and more pref- 25 ly into a mold which is then closed with a tight cover
erably devoid of AlOy and R,0; in excess of 1 percent and heated at 265° F. for five minutes under 40 pounds
and § percent, respectively, by weight of the amorphous pressure.  After forced cooling in the molds for three
Si0, constituent, and which also possesses the other char- minutes, the solidified material is stripped from the
acteristics herein specified, not only produces an ultimate molds. Induration may follow the procedures established
product which is essentially composed of xonotlite and 30 1% the aforementioned Kalousek Pafent No. 2,547,127,
which is capable of withstanding prolonged exposure to wherein induration temperatures and pressures are pre-
temperatures of 1800° F., and higher, but also is suitable scribed as being preferably in excess of 125 ps.l. and
for producing such a product by pre-hardening processes 173° C. The material in this example, however, 1s
and techniques heretofore only capable of being employed then indurated for one hour at 250 p.s.i. steam pressure
in conjunction with the production of lower temperature 35 and will produce synthetic xonotlite of approximately
insulating materials such as lepisil and tobermorite types 13 p.c.f. which is then dried with superheated steam for
of calcium silicate insulating materials. In more par- two and one-half hours at the same pressure. _Higher
ticular respects, the utilization of a high purity amorphous steam pressure will, of course, reduce the processing time
siliceous material such as described permits pre-hardening still further. The superfine silicas used in this process
methods and techniques to now be employed to produce 40 are all a{norphous silica sources possessing the {equxslte
a resultant xonotlite product in which the thermal shrink- high purity and absence of ALO, and R,0, discussed
age will not exceed 2 percent by volume under continuous above and having a particle size range between about
exposure of the product to a temperature of 1800° F. for 0.01 micron and 20 microns and a mean.partlcle size
24 hours. range qf less t_han 01 micron. Commercial grades of

Additionally, the present invention embodies the con- 45 these high purity silica sources may be employed such
cept of introducing the amorphous silica source into the as those, for example, sold under various well-known
slurry as a surperfine material having an ultimate particle trade names such as Hi-Sil, Syloid, Santocel and Cab-O-
size range between about .01 micron and 20 microns. Sil.
More preferably, however, the superfine silica source is A second example of a process would be as follows:
such that it has a mean particle size of less than 0.1 mi- 50 FORMULATION
cron. By employment of these concepts, it has been dis- P t
covered that a slurry prepared in accordance with the Quicklime e;(g:e’x;_l
methods of the present invention may be quickly pre- FLSH 233 o 45'23
hardened to a solid or semi-solid condition during the 4K asbestos oo . 1 5'00
initial stages of processing the slurry and still be readily 55 SIS mmmm o m ST ’
converted to an integrated calcium silicate body of in- .
sulating material consisting essentially of crystals of Water 'tIc‘)otsa(,)lﬁfi(;hds """""""""""""" 12260(1)
vonoflite or wollastonite. o R T

Accordingly, it is an object of the present invention to MIXING PROCEDURE
appreciably reduce the period of processing time required 60 . .
in the production of xonotlite or wollastonite types of cal- (tl) leydr ate the lime with 3.0 parts of water per
cium silicates. par(z)o Agge{) 1 ¢ water: mix 1 m!

Another object of the present invention is to provide (3) Add Ii:élii-e Igixvgarg.rﬁurg: minute,
a method for producing xonotlite and wollastonite insulat- (4) Add asbest O’S, mix 3 rriinute;
ing materials whereby the slurry, after being poured into 65 ’ :
a mold or die, may be pre-hardened or pre-set to a solid Pre-hardening.—The batch is poured, for example, into
or semi-solid state in a very few minutes without prevent- a 1% x 12" x 18 pan and pre-hardened for 15 minutes
ing ultimate formation of the desired product. The semi- at 190° F. at atmospheric pressure.
solid state is satisfactory for handling in molds and the Cylinder cycle—The covered pan is then processed
<olid state is used when the material is to be stripped from 70 in a standard indurating cylinder, as follows: pressure
the molds before indurating or curing at a higher tempet- is raised up to 250 p.s.i. in a saturated atmosphere in one
ature. As previously mentioned, this latter objective has hour; dry (the atmosphere is gradually converted from
not been possible with the previous methods of producing saturated to dry atmosphere at 500° F.) in five hours;
synthetic crystalline products of the high temperature in- down (pressure is reduced) in two hours—total time being
sulating character of xonotlite and wollastonite. 75 eight hours. - The result of this cycle is the production
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of a synthetic xonotlite product having an apparent
density of approximately 10 p.c.f. which is dried to about
2% percent by weight moisture.

In general, one form of the method is as follows:

quicklime in an amount of 43 pounds will be hydrated 5 capable of producing xonotlite and wollastonite have been
in 125 pounds of water. Then 15 pounds of chrysotile pre-hardened in accordance with the present invention
asbestos will be fiberized or spiculated in 400 pounds of in four to ten minutes at temperatures ranging from 150°
water and the two mixtures will be merged. Then 42 F.t0 240° F. Such results are evidenced by the fact that
pounds of fine particle, high purity silica such as Syloid X-ray diffraction tests have shown that such pre-hardened
72 will be added. After merging, the mixture will be j( slurries, when subjected to a final induration or curing
agitated and quickly heated with live steam to a tem- at temperatures above 400° F., have readily produced an
perature of approximately 190° F, When this temperature integrated calcium silicate product, with or without fibers
is reached, the mixture will be poured into a mold, the such as asbestos, composed essentially of crystals having
mold will be closed, and then heated to 265° F. for ap- the chemical formula 5Ca0-55i05-H,0 (xonotlite) or
proximately five minutes at 40 pounds pressure gauge. At 15 Ca0-8i0y (wollastonite). )
the end of this heating period, the mold will be subjected Furthermore, it will be apparent from the foregoing
to forced cooling for three minutes and the partially description that the methods of the present invention, in-
reacted material will be removed therefrom. - cluding the use of high purity amorphous forms of super-
This self-supporting material will be placed in an fine silicas having a particle range between about 0.01
induratpr and subjected 1o a saturated steam pressure of 20 micron and 20 microns, now permit the employmént of
approximately 250 ps.i, and its corresponding tem- initial pre-hardening even in a process wherein it is de-
perature, for a period of one hour. Then the saturated sired to obtain an integrated calcium silicate, such as
steam will be gradually replaced by a dry atmosphere xonotlite or wollastonite, capable of effective use as an
through the use of super-heated steam at the same pres- insulating material at temperatures far in excess of
sure, but rising to 500° F. in a period of approximately 25 1200° F. and well in excess of 1800° F. Likewise, the
two and one-half hours. The completely reacted material pre-hardened material may now be stripped from the
will then be removed from the indurator and it will be shaping mold, if desired, in four to ten minutes to permit
found to be dried to about 2%5 percent by weight moisture. the mold to be freed for reuse and thereby appreciably
This product will have an apparent density of approxi- reduce mold inventories and mold maintenance costs, .
mately 11 p.c.f. and will bp an integrated crystalline struc- 30 It will, of course, be understood that variations and
ture of the hydrous calcium silicate type. The crystals modifications throughout a wide range may be resorted
will have a chemical analysis of 5Ca0-58i0;-H,0 and to without departing from the principles and concepts of
will be integrated with each other, forming thereby a this invention, and it is, therefore, not the purpose or in-
three-dimensional network interspersed with voids of tention to limit the invention herein otherwise than may
micro size and with the aggregate volume of the voids 35 be necessitated by the scope of the appended claims.
being in excess of the solids. I claim:
. As one example of a mechanism for carrying out this 1. In a method of producing a pre-hardened hydrous
Invention, a mixer 10 is provided into which the lime, calcium silicate product suitable for transformation into
silica, water and asbestos may be placed and to which synthetic xonotlite for use as a thermal insulating ma-
steam may be fed through pipe 11 from a supply pipe 12 40 teria] at temperatures substantially in excess of 1200° F.
and controlled by valve 13. The mixing screw 14 is . including the steps of: uniformly heating and mixing par-
driven by a motor 15 and gear drive 16. ticles of siliceous material together with finely com-
When the mixing is completed, a pump 20 will pump minuted lime and with water to form an intimately mixed
a desired quantity of the mixture, which may be pre- slurry of reactants consisting essentially of lime, silica and
heated to approximately 190° F. in the mixer, through 45 Water and having a temperature between about 170° F.
pipe 21, into mold cavity 22 of a heated mold 23. Cham- and the boiling temperature of said slurry; placing the
bers 24 and 244 are provided in mold 23 and are adapted heated slurry in a closed mold; further heating said slurry
to be supplied with steam through pipe 25 and valve 26 while within said mold to a vapor pressure of about 40
for heating the mixture in the cavity 22. Steam is also p.s.d.g. pressure while maintaining the slurry below the
supplied through pipe 27 to closure 29 to provide heat g, boiling point thereof for about 5 to 15 minutes to obtain a
and pressure to the top surfaces of the slurry in the pre-hardening reaction sufficient to transform said slurry
cavity 22. Such heating may be for approximately 5 into a molded self-supporting body of material and there-
minutes at a pressure under 40 pounds but such time and after removing the pre-hardened material from said mold;
temperature may vary slightly with variation in the base the improvement which comprises providing essentially all
materials. The steam to pipe 27 is also controlled by 55 of said particles of siliceous material in said mixing step in
valve 26. an amorphous form having a mean particle size range
Upon the completion of the initial molding operation, between 0.01 and 20 microns and in an amount such
i.e., when the reaction of the mixture in the cavity 22 that said amorphous silica is present in said slurry in ap-
has proceeded to a point or degree where the product is proximately equivalent molar relationship with said lime.
at least self-supporting, the steam is discontinued and 60 2 In a method of producing a hydrous calcium sili- -
valves 28 and 29 are opened, permitting cooling water to cate product of synthetic xonotlite suitable for use as a
flow through the heating chamber 24, thus dropping the thermal insulating material at temperatures substantially
temperature of the product to a point where it can be in excess of 1200° F. including the steps of: uniformly
quickly removed from the mold. The closure 29 is then heating and mixing particles of siliceous material together
removed, fluid is supplied to pipe 31 of cylinder 32, mov- g5 With finely comminuted lime and with water to form an
ing piston rod 33, cross-heat 34, rods 35 and ring 36 intimately mixed slurry of reactants consisting essentially
upwardly to eject the molded product from cavity 22. of lime, silica and water and having a temperature be-
Thereafter, the self-supporting product is placed in the tween about 170° F. and the boiling temperature of said
usual indurator and the reaction is completed at a pres- slurry; placing the heated slurry in a closed mold; further
sure of 250 p.s.i steam pressure for approximately one o heating said slurry while within said mold to a vapor
hour and to the point of producing xonotlite in integrated pressure of about 40 p.s.i.g. pressure while maintaining
form. the slurry below the boiling point thereof for about 5 to
Thus, although the omission of pre-hardening was al- 15 minutes to obtain a pre-hardening reaction sufficient to
ways a requisite to the formation of xonotlite or wol- transform said slurry into a molded self-supporting body
lastonite types of calcium silicates, because formerly any 5 of material and thereafter removing the pre-hardened

6

slurry which was capable of being initially pre-hardened
was not a slurry which was capable of being converted
to a high temperature product such as synthetic xonotlite
or wollastonite, very satisfactory mixtures, or slurries,
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material from said mold; the improvement which com-
prises providing essentially all of said particles of siliceous
material in said mixing step in an amorphous form hav-
ing a mean particle size range between 0.01 and 20
microns and in an amount such that said amorphous
silica is present in said slurry in approximately equivalent
molar relationship with said lime; in combination with
the step of autoclaving said pre-hardened material at a
temperature and pressure in excess of 173° C. and 125
p.s.i., respectively, for sufficient time to complete the
hardening reaction.

3. The method of claim 2 in combination with the fur-
ther step of drying the autoclaved material to approxi-
mately 2V5 percent, by weight, uncombined moisture
content.

4. In a method of producing a pre-hardened hydrous
calcium silicate product suitable for transformation into
synthetic xonotlite including the steps of: uniformly heat-
ing and mixing particles of siliceous material together
with finely comminuted lime and with water to form an
intimately mixed slurry of reactants consisting essential-
ly of lime, silica and water and having a temperature of
between about 170° F. and the boiling temperature of the
sturry; said siliceous material being composed of at least
90 percent by weight of silica and with the balance of
the composition of said siliceous material being devoid
of Al,O; in excess of 1.5 percent and/or RyOs metal
oxides in excess of 7 percent, respectively, by weight of
the silica component of said siliceous material; further
heating the slurry within said mold to a temperature of

Producing high temperature calcium silicates (US Patent 3,317,643, 1967)
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about 265° F. for between about 5 to 15 minutes to ob-
tain a pre-hardening reaction sufficient to transform said
slurry into a molded self-supporting body of material;
removing the pre-hardened slurry from said mold; the
improvement which comprises providing essentially all of
said particles of siliceous material in said mixing step in
an amorphous form having a mean particle size range
between 0.01 and 20 microns and of providing said sili-
ceous material in an amount such that said amorphous
silica is present in said slurry in approximately equivalent
molar relationship with said lime.

5. The method of claim 4 in combination with the fur-
ther step of indurating the removed material with steam at
a steam pressure of about 250 p.s.i for sufficient time to
complete the hardening reaction and transform the same
into a body of synthetic xonotlite material suitable for
use as a thermal insulating material at temperatures sub-
stantially in excess of 1200° F.
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