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This invention relates to silicate materials, more par-
ticularly to processes for the manufacture of silicate
bodies. Although the invention is particularly suitable
for the manufacture of heat insulation products, the proc-
ess can also be used for the manufacture of other silicate
bodies such as building boards, tiles and the like.

It has already been proposed to manufacture heat in-
sulation materials by reacting lime and a naturally oc-

b

10

15

curring siliceous material, such as diatomaceous earth, in 20

the presence of steam under pressure. A number of
manufacturing processes based on this reaction have been
suggested for the manufacture of low density calcium
silicate thermal insulation materials. Such suggested
processes generally comprise the steps of heating an
aqueous slurry of diatomaceous earth, hydrated lime and
asbestos fibres to effect partial reaction between the lime
and diatomaceous silica with the production of an ex-
panded mass, shaping the expanded mass and then in-
durating it in an atmosphere of steam under presssure in
an autoclave for several hours. In the induration stage,
reaction between the lime and diatomaceous earth is com-
pleted. The hardened mass is then dried by heating it in
air.

The present manufacture is concerned with the manu-
facture of silicate materials by processes involving inter-
action between lime and a siliceous material and has as a
primary object to provide an improved process of this
kind which avoids the use of an autoclave.

According to the present invention there is provided a
process for the production of a silicate body comprising
forming a reaction mixture by suspending in water lime

and a reactive siliceous material, heating the reacHion MR-

ture above 65° C., including in the reaction mixture ions
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of at least one of the metals aluminum, nickel and zir- 4

conium in a concentration, based on thé watef content
of the ‘total reaction mixture, of more than 0.25 g. per
litre, and drying the expanded mass produced.

The siliceous material employed in processes in ac
cordance with the invention may be a natural or synthetic
amorphous silica or silicate or mixtures thereof.

As examples of synthetic silicates which may be used
in processes in accordance with the invention may be
mentioned the synthetic hydrated calcium and sodium
alumino silicates. These silicates may be prepared in
finely-divided form by precipitation from an aqueous

. solution of sodium silicate or other alkali-metal silicate.
For example, calcium silicate may be obtained by react-
ing aqueous solutions of sodium silicate and calcium
chloride (or other soluble calcium salt). After filtering
off the slurry of calcium silicate obtained, the filter cake
should be washed to remove at least a substantial pro-
portion of electrolytes. The wet precipitate may be used
as such or, if it is not required for immediate use, it may
be partially dried and, if desired, pulverised prior to stor-
age.

[~ “Synthetic silicas may also be used in processes of the

! invention. These may be obtained by known precipita-
tion techniques, for example by acidification of sodium

Finely-divided synthetic silicas (so-
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or organic silicon esters may also be used. Silica may
also be employed in the form of the hydrosol, hydrogel,
aerogel or finely-divided silica gel.

Examples of naturally occurring silicates which may be
used in processes in accordance with the invention are the
sodium alumino silicates of volcanic origin, for example
expanded perlite, obsidian and other siliceous lavas, and
also the microlytic zeolites or so-called regenerated clays.
Sodium bentonite may also be used.

Silica occurring naturally as diatomaceous earth can
also be used. Suitable earths are those having a specific
surface area (measured by nitrogen adsorption) of at
least 15, preferably at least about 20, square metres per
gram, the density of the products produced tending to be
lower as the higher surface area and more reactive earths
are used. The earth should not contain substantial
amounts of impurities.

The siliceous material used in the process of the inven-
tion should preferably be one relatively free of electro-
lytes since the presence of these tends to result in prod-
ucts which have relatively low compressive strengths after
prolonged heating at high temperatures. Preferably the
amount of any electrolyte present in the siliceous ma-
terial should not exceed 3% by weight of the material
and should be below about 1% to give the best results.

The concentration of ions based on the water content
of the reaction mixture must be more than 0.25 gram
per litre. The most suitable concentration of metal ions
that should be used in any particular instance will be re-
lated to the reactivity of the siliceous material employed
and the proportion of the siliceous material relative to
the lime; the concentration of ions required may also
depend on the properties desired in the final product. It
has been found that a concentration of aluminum jons of
0.5 to 7.0 g. per litre is a suitable working range in most
instances, a concentration of about 1.0 to 2.0 g. per
litre generally being satisfactory for most purposes. The
properties of the product obtained have been found to
vary with the concentration of metal ions. When em-
ploying calcium silicate, for example, as the siliceous ma-
terial, and aluminium ions, it was found that increase in
the concentration of the aluminium ions tended to give
products of increasing density when the silicate was in
excess of the lime, whereas when excess of lime was em-
ployed, increase in the aluminium ion concentration
tended to give products of decreasing density. The pre-
ferred metal ions incorporated in the suspension are those
of aluminium. Zirconium and pickel i I roducts
of higher density amﬁm
nilist be present in higher concentrations than aluminium
ions to give products of similar strengths. Preferably,
zirconium and nickel ions are present in a concentration
of more than 1 g. per litre.

As examples of suitable sources of the metal ions may
be mentioned aluminium sulphate, zirconium sulphate,
aluminium alums such as ammonium aluminium sulphate,
and nickel ammonium sulphate.

The amount of water employed in the slurry can be
varied over a wide range, larger amounts of water tending
to give less dense products. Suitable amounts of water
are from 3.5 to 25 times the combined dry weight of the
lime, siliceous material and reinforcing fibres, if any.
Products combining both good compressive strength and
relatively low density have been obtained using a quantity

5 of water equal to about 5 to 15 times the total dry weight

70

of the lime, siliceous material and reinforcing fibre, if any.

The lime used in processes in accordance with the in-
vention may be quicklime or powdered slaked lime or it
may be in the form of a slurry of hydrated lime. The
amount of lime is not critical although it is generally pre-
ferred to employ about the stoichiometric amount to react
with the siliceous material to give calcium metasilicate.
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An excess of siliceous material rather than an excess of
lime is desirable since the latter tends to result in products
with lower strengths after prolonged heating at high tem-
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the mass is filtered before being shaped, then preferably
the shaping operation follows soon after the filtration step.
The manner of carrying out the filtration may depend on

peratures. Satisfactory results have been obtained using the particular moulding technique employed. For exam-
as the siliceous material calcium silicates having molecular 5 ple, if it is required to produce a compressed shaped mass,
ratios Ca0:Si0, in the range of 1:3 to 1:7, the weight then any filtering that may be necessary can be effected
ratio of silicate to lime being between 1:5 and 4:1; the by shaping the mass in a piston press filter by means of
best products were, however, obtained, in general, when which the expanded mass is compacted to the desired ex-
using about 2 to 3 parts of the silicate to 1 part of lime tent and at the same time water is expressed from the mass
corresponding to molar ratios of Ca0:SiO; in the range 1o through water-permeable parts of the mould. The mass
1:1to0 1:2. may also be filtered by means of a vacuum filter or centrif-

An amount of an alkali-metal hydroxide, for example ugal separator, for example. It has furthermore been
sodium hydroxide, may be included in the suspending found that the incorporation of aluminium, zirconium or
medium and may in some case assist the reaction between nickel ions in the reaction mixture in accordance with the
the metal ions and the suspended material. 15 invention, enables products of satisfactory compressive

Reinforcement of the final product may be effected by strength to readily be produced without applying high
suitable fibrous materials. Suitable fibres are asbestos compressive forces to the expanded mass prior to bard-

~ fibres, especially amosite fibres, other mineral fibres such ening, pressures less than about 3.5 kg./cm.? usually being
' as mineral wool, synthetic fibres and glass fibres. sufficient.
i Amounts of up to about 50% based on the weight of the 90  The mass may be dried by heating it (after it has been
i dry solids (lime, siliceous material and fibres) may be given the desired shape) at or below atmospheric pressure
i used, about 5 to 10% being a satisfactory amount for at, for example, temperatures of from 100° to 400° C.,
- many purposes. It has been found desirable not to in- temperatures of about 200° C, having been found to be
_clude any caustic soda in the process when glass fibres are particularly satisfactory. The actual period required for
used for the reinforcement. The fibres may be intro- g5 the drying will depend on the temperature used and may
duced before, during or after the formation of the ex- depend also on the size and shape of the body being dried,
panded mass, dry or as a suspension in water. but generally heating at about 200° C. for one-half to

In the process of the invention the reaction mixture is two days is sufficient.
heated so as to produce an expanded mass. The higher One particular method of performing the invention
the temperature the greater the expansion of the mass gp that has been found especially convenient is as follows.
and consequently the less dense is the final product. By A slurry is first prepared by adding a mixture of lime
the choice of reaction temperature, control over the den- and siliceous material to a solution of an aluminium, zir-
sity of the final product is possible. The density of the conium or nickel salt of appropriate concentration, pref-
product is also dependent on the reactivity of the siliceous erably heated to 80 to 85° C. The reaction mixture is
material. The improvement in the strength of the dried 35 agitated and heated to 97 to 100° C. and after the reac-
expanded masses obtained by the inclusion of the metal tion mixture has been transformed into a thick expanded
ions, especially aluminium ions, in the reaction mixture, mass, reinforcing fibres are gradually stirred in. The
is obtained when the expanded mass is produced at re- expanded mass is then filtered and shaped, with slight
action temperatures above about 65° C. The expanded compression if desired, and finally hardened and dried
masses produced above this temperature when the metal 40 by heating in air at about 200 to 300° C. A partial
ions are omitted, on drying give products having little drying can be effected by first allowing the mass to stand
strength and requiring quite small forces completely to dis- in air. The various reactants may, however, be mixed
integrate them. It has been found that at reaction tem- together in other ways and simple trial will determine the
peratures above about 65° C. increase in temperature re- best method in any particular instance. It has been
sults in fina] products of increasing strength whereas if the 45 found that, in some cases, the order of addition of the
metal ions are omitted increase in the reaction temperature ingredients affects the properties of the final product. It
results in products of decreasing strength. The improve- may be mentioned here, that dry mixtures of lime and
ment obtained by including the metal ions in accordance siliceous material should not be left exposed to air for
with the invention is very marked when reaction temper- long periods before use as this may result in unsatisfac-
atures above about 75 to 80° C, are employed. 50 tory products being obtained.

In the process of the invention the best products are ob- The expanded mass may, if desired, include additives
tained by producing the metal ions from a sulphate or an or diluents which may be incorporated before, during or
alum, after the production of the mass. Suitable additives or

Products which combine to a high degree both good diluents are Portland cement, china clay or powdered
compressive strength and low density can be made by 55 sand; natural and synthetic calcium silicates having a
heating the reaction mixture at from about 90 to 100° C,, Ca0:Si0, ratio of about 1:1, such as wollastonite, may
preferably above 95° C. The period of heating required also be included. Thus, for example, a substantial part
to produce the expanded mass will be related to the re- such as 50% or even more of the combined weights of
.activity of the siliceous material. With some materials the siliceous material and lime may be replaceable by,
heating for one minute at 97° C. was found sufficient go for example, Portland cement to produce products of
whereas for others it was found that heating at this tem- higher density.
perature for 15 minutes gave the best results. Even with By processes in accordance with the invention it is pos-
the less reactive siliceous materials, heating at 90 to 100° sible to prepare a wide range of products of varying
C. for more than an hour was rarely necessary and in most densities and strengths. The invention is especially appli-
cases the best results were obtained by heating for not 65 cable to the production of materials having densities in
more than about 30 minutes. The expanded masses pro- the range 140 to 400 kg./m.3 (kilograms per cubic metre)
duced when very highly reactive siliceous materials are and higher and compressive strengths (as defined herein-
used may require compression to increase the density and after) in the range 2.5 to 52.5 kg./cm.? (kilograms per
strength of the final product. With such materials it is square centimetre). The products especially suitable
ptefe_rred not to include a catalyst such as sodium hy- 70 as thermal insulation materials are those having densities
droxide. The effect of the catalyst is to give products of of not more than 280 kg./m. and preferably compres-
lower glensny. sive strengths of at least 5.0 kg./cm.2. For other appli-

It will usually be fognd necessary to filter the expanded cations denser materials may be required. In most cases
mass produced and this may be carried out either before the products of the invention have a lower compressive
or, preferably, as the mass is given the desired shape; if 75

strength after prolonged heating at high temperatures,
v v
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such as at 650° C. for 24 hours. Products which do,
however, retain a relatively good compressive strength
after subjection to high temperatures for prolonged
periods, even after heating at temperatures as high as
about 980° C. are those produced using perlite as the
siliceous material. The preferred products of this kind
are those obtained using as the siliceous material a mix-
ture of perlite and a calcium silicate having a Ca0:SiO,
ratio of from 1:3-1:7. Suitable mixtures are those con-
taining 0.5 to 2 parts of perlite per part by weight of
calcium silicate. Reference in this specification to the
compressive strength of a product of the invention, is to
be understood to mean the pressure required to reduce
the thickness of a sample of the material by one-sixth.

The following examples illustrate the invention. At
the end of the examples values are given for the com-
pressive strength (as previously defined) of the respective
products obtained both before and after heating at
650° C. for 24 hours. The manner in which the meas-
urement of the compressive strength was made is de-
scribed after the examples,

Example 1
60. g. of aluminium sulphate hydrate
(Al3(S0O4)3.16H,0)

were first dissolved in 3 litres of water, the concentration
of aluminium ions being 1.72 g. per litre. The solution
was then heated to 80° C. and a dry intimate mixture
consisting of 240 g. of a synthetic precipitated hydrated
calcium silicate (molecular composition Ca0.4.25Si0,;
specific surface area about 50 square metres per gram)
having an electrolyte content of less than 1% as chloride
plus sulphate, 120 g. of hydrated lime (Ca(OH),), 10 g.

of sodium hydroxide powder, was added with high speed

mechanical agitation to form a suspension. The reaction
was carried out in a 5 litre glass beaker heated by a hot-
plate. The temperature of the aqueous slurry was al-
lowed to rise to 92° C. when the speed of agitation was
reduced to about 60 r.p.m. The temperature was fur-
ther increased to 97° C. and was maintained at
97° C.x2° C. for 15 minutes when heating was discon-
tinued.. By this time a reaction had occurred transform-
ing the mixture into a thick expanded mass. Into the
mass 40 g. of fully opened asbesetos fibres were intro-
duced with slow stirring until the fibres were evenly
dispersed; this took about 10 minutes. The mass was
then transferred to a filtration apparatus which was in
the form of a mould. A cylindrical shaped body was
moulded by employing a 16.2 cm. diameter Buchner
type funnel into which was tightly fitted a metal cylinder
open at both ends so as to accommodate cake volumes
giving up to a 15.25 cm. diameter by 25.4 cm. body.
Filtration was carried out by means of a vacuum pump
attached to the filter flask into the neck of which the filter
funnel had been placed. As filtration proceeded the cake
was lightly pressed on the upper surface by manual means
so as to fill out the mould and to exclude air pockets.
"The pressure in the vacuum filter flask during the filtra-
tion was initially about 400 mm. of Hg and this rose to
. about 630 mm. of Hg when no more water drained from

the cake. When filtration was complete, the resultant
cake contained about 20% solids (equivalent to the re-
moval of approximately one litre of water). The cake
was then removed from the filter mould and hardened
and dried in air in a well ventilated oven at 200° C. for
from 24 to 48 hours till constant weight. The product
obtained had a density of 206 kg./m.? and a compressive
strength of 10.7 kg./cm.?; after heating at 650° C., the
compressive strength was 8.2 kg./cm.2

To determine the reproducibility of the process de-
scribed, this example was repeated five times. The prod-
ucts obtained had densities ranging between about 200
and 250 kg./m.3, The compressive strengths of the
products before heating ranged from about 7.5 to 13.2
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kg./cm?2; afier heat freatment at 650° C., the compres-
sive strengths ranged from about 5.0 to 9.2 kg./cm.2.

Example 2

The same procedure as described in Example 1 was fol-
lowed until the filtration was completed. The cake was
then removed from the filter mould and placed in a more
robust metal mould consisting of two semi-cylindrical
halves each perforated over the whole surface with holes
of diameter about 0.3 c¢cm. and centres spaced apart by
about 1.0 cm. The two halves were bolted together
through lugs attached to the straight edges of the separate
halves. This mould was lined with a suitable filter system
such as nylon cloth, The mould stood on a filter cloth
on a perforated plate which rested on a grooved plate.
The mould was 15.25 cm. in diameter and about 10 cm.
deep. The mould containing the filter cake was placed
between the plattens of a hydraulic press and since the
filter cake was about 10.8 cm. deep is projected slightly
out of the top of the mould. One or more steel blanking
plates of just under 15.25 cm. diameter and about 1.25 cm.
thick were then placed centrally on top of the projecting
filter cake so that when the press was closed the blank
stecl plates acted as a piston to compress the cake into the
mould to give a final cake of about 9.4 cm. depth, Dur-
ing this compressive process, water was forced out of the
cake through the sides of the mould and also from the
edges of the grooved plate under the bottom of the cake.
The pressure applied to the filter cake was about 2.8
kg./cm.2. The resultant body was removed from the
mould and was hardened and dried as described in Exam-
ple 1 and allowed to reach equilibrium weight as before.
The product obtained had a bulk density of 235 kg./m.3
and a compressive strength of 15.5 kg./cm.2; after heating
at 650° C., the compressive strength was 11.4 kg./cm.2.

By the method described, products having bulk densities
of 223 kg./m.32 and 295 kg./m.3 were obtained by com-
pressing the filter cake to thicknesses of about 10.2 cm.
and 7.4 cm., respectively, the pressures needed to give
cakes of these thicknesses being, respectively, about 2.1
kg./cm.2 and about 7.0 kg./cm.2.

Examples 3,4, 5 and 6

The procedures of these examples were the same as that
of Example 1 except that the volume of water employed
was varied. The results are tabulated below:

Volume | Density of | Compressive | Compressive
Example of water, | Product, | Strength of {Strength after

litres kg./m.3 Product, heating at

kg.fem.? 650° C.,

kg.fem.2

L5 352 47.1 6.4
2.0 267 9.8 4.4
6.0 200 12.4 6.6
9.0 184 7.0 7.0

Examnrples 7, 8 and 9

The procedure of each of these examples was the same
as that of Example 1 except that the quantity of asbestos
incorporated was varied while maintaining the combined
weight of asbestos fibres, calcium silicate and lime at 400
g. and the weight of silicate double that of the lime. The
results are tabulated below:

Wt. of | Density of | Compressive | Compressive
Example Asbestos,| Product, | Strength of |Strength after
g. kg./m.3 Product, heating at

kg./cn.2 650° C.,

kg.jem.2
20 243 19.3 7.9
80 256 19.0 6.2
160 305 15.5 12,4

~ -
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Example 10

The method of this example was similar to that of Ex-
ample 2 except that the caustic soda was initially dissolved
in the water and the aluminium sulphate was added to-
gether with the dry powders at 80° C. The compressed
filter cake had a depth of about 9.7 cm. The product
obtained had a density of 238 kg./m.3 and a compressive
strength of 11.6 kg./cm.2; after heating at 650° C., the
compressive strength was 3.5 kg./cm.2.

Example 11

The method of this example was similar to that of Ex-
ample 2 except that both the aluminium sulphate and the
caustic soda were initially added to the water. This was
equivalent to the addition of the dry powders to a freshly
prepared suspension or gel of aluminium hydroxide in an
approximately 0.6% by weight solution of aluminium sal-
phate at 80° C. The compressed filter cake had a depth
of about 9.7 cm. The product obtained had a density of
240 kg./m.3 and a compressive strength of 21.1 kg./cm.2;
after heating at 650° C., the compressive strength was 7.0
kg./cm.2,

Example 12

The method of this example was similar to that of Ex-
ample 1 except that the aluminium sulphate and caustic
soda were initially added to the water together with the
calcium silicate followed by the lime at 80° C. The
product obtained had a density of 272 kg./m.3 and a
compressive strength of 19.7 kg./cm.?; after heating at
650° C., the compressive strength was 10.7 kg./cm.2.

Example 13

The method of this example was the same as that of
Example 1 except that all the materials were added to the
water at the start, the temperature of the mixture was then
raised at about 2° C. per minute to 97° C. and after the
15 minutes heating period the asbestos fibre was added.
The product obtained had a density of 280 kg./m.? and a
compressive strength of 14.1 kg./cm.?; after heating at
650° C., the compressive strength was 9.3 kg./cm.2,

Example 14

The method of this example was the same as that of
Example 2 except that a mixture of the calcium silicate
and lime was added to the water initially, and that the
aluminium sulphate and caustic soda were added as dry
solids when the temperature reached 80° C. The com-
pressed filter cake had a depth of about 9.9 cm. The
product obtained had a density of 221 kg./m.? and a com-
pressive strength of 8.8 kg./cm.2; after heating at 650° C.,
the compressive strength was 3.0 kg./cm.2.

Example 15

The method of this example was similar to that of Ex-
ample 14 except that the aluminium sulphate and caustic
soda were added consecutively as aqueous solutions when
the reaction mixture had reached 80° C., the total volume
of the slurry still being 3 litres as before. The com-
pressed filter cake had a depth of about 9.9 cm. The
product obtained had a density of 250 kg./m.3 and a
compressive strength of 21.8 kg./cm.?; after heating at
650° C., the compressive strength was 8.6 kg./cm.2,

Example 16

The method of this example was the same as that of
Example 1except that the aluminium sulphate powder was
added at 80 °C., the caustic soda having been added to-
gether with the calcium silicate and lime initially to the
water. The product obtained had a density of 264 kg./m.3
and a compressive strength of 18.0 kg./cm.?; after heating
at 650° C., the compressive strength was 13.1 kg./cm.2,

Example 17
The procedure of this example was similar to that of
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Example 2 except that the asbestos fibre was added to the 75

- conium ion concentration of 5 g. per litre.

8

water at the start of the process. The compressed filter
cake had a depth of about 9.9 cm. The product obtained
had a density of 224 kg./m.3 and a compressive strength
of 26.3 kg./cm.?; after heating at 650° C., the compressive
strength was 9.9 kg./cm.2,

Example 18

The method of Example 1 was repeated but instead of
hardening and drying at 200° C. the cake was heated at
100° C. for six days. A total of five experiments were
carried out in this way giving products having a mean
density of 235 kg./cm.? and a mean compressive strength
before heating of 15.8 kg./cm.?; after heating at 650° C.,
the products had a mean compressive strength of 11.1
kg./cm.2.

Example 19

60 g. of ammonium aluminium sulphate hydrate
(NH,)AI(S0,4)2.12H,0 were first dissolved in 3 litres of
water at 70° C., giving an aluminium ion concentration of
1.19 g. per litre. 240 g. of calcium silicate (the same as
that used in Example 1) were then added and the whole
agitated for 15 minutes. The temperature was then raised
to 80° C. and 120 g. of lime and 10 g. of caustic soda were
added. The following steps in the process were the same
as those employed in Example 2. The compressed filter
cake had a depth of about 9.4 cm. The product obtained
had a density of 243 kg./m.3 and a compressive strength
of 16.3 kg./cm.2; after heating at 650° C., the compressive
strength was 10.4 kg./cm.2,

Example 20

60 g, of zirconium sulphate hydrate Zr(SO,),.4H,O
were dissolved in 3 litres of water at 70° C., giving a zir-
240 g. of cal-
cium silicate (the same as that used in Example 1) were
then added and the whole agitated for 15 minutes. The
temperature was then raised to 80° C. and 120 g. of lime
and 10 g. of caustic soda were added. The subsequent
steps in the process were the same as those employed in
Example 1. The product obtained had a density of 291
kg./m.3 and a compressive strength of 11.1 kg./cm.2; after
heating at 650° C., the compressive strength was 6.6
kg./cm.2,

Example 21

The method of this example was similar to that of Ex-
ample 2 except that the calcium silicate employed had been
taken out of its production process before it had been pul-
verized. It was then in the form of a dry powder contain-
ing aggregates of its ultimate particles larger than those
present in the pulverized material used in the process of
Example 2. The filter cake was compressed to a depth
of about 9.8 cm. The product obtained had a density of
251 kg./m.3 and a compressive strength of 29.7 kg./cm.2;
after heating at 650° C., the compressive strength was 15.2
kg./cm.2,

Example 22

The calcium silicate employed in this example had been
taken out of its production process as a washed filter cake.
This contained approximately 20% solids, the rest being
water. Consequently a weight of the cake was taken con-
taining the equivalent of 240 g. of calcium silicate as the
final product. This was dispersed in a further 2300 ml.
of water. This suspension was heated to 80° C. with
agitation and 60 g. of aluminium sulphate hydrate was
added. After a further 5 minutes 120 g. lime and 10 g.
of caustic soda were added and thereafter the method was
the same as that of Example 2. The filter cake was com-
pressed to a depth of about 9.9 cm. The product obtained
had a density of 238 kg./m.? and a compressive strength of
12.4 kg./cm.?; after heating at 650° C., the compressive
strength was 9.6 kg./cm.2,
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Example 23

The procedure of this example was similar to that em-
ployed in Example 1 except that 180 g. of calcium silicate
and 180 g. of hydrated lime were used instead of 240 g.

10
strength of 11.8 kg./cm.2; after heating at 650° C., the
compressive strength was 9.8 kg./cm.2,

Example 31
The procedure of this example was similar to that of

2 i i injum sal. 5 2s simil
gggtizga%’lrzi)spzczcu"{'?g’piggszf:{;?agig«tac(l)fhzlciu;nggg?ilt;%f Example 1‘ except that 120 g. of ca}lcmm silicate, §0 g. of
235 kg./m.3 and a compressive strength of 11.0 kg./cm.2; hydrated ll{ne and 180 g. of an air Separate d china clay
after heating at 650° C., the compressive strength was 5.9 were used mstt?ad of 240 g. of caIcu}m silicate anq 120
ke./em2. g. of hydrated lime, The produ.ct obtained had a density of

. Example 24 10 349 kg./m3 and a compressive strength of 26.6 kg./
p cm.?; after heating at 650° C., the compressive strength
The procedure of this example was similar to that em- was 25.9 kg./cm.2,
ployed in Example 1 except that 270 g. calcium silicate Example 32
and 90 g. of hydrated lime were used instead of 240 g. and . . . .
120 g. respectively. The product obtained had a density 15 f']%]e p rolcec;ure of thlﬁ example was 1dep tlcal.v.wth that
of 233 kg./m3 and a compressive strength of 14.8 of Example 2 except that 160 g. Of. calcium sxhcate,' 60
kg./cm.2; after heating at 650° C., the ccmpressive 8. of }'xydr?t_ed lime and 12.0 & 9f-p erlite ‘(a natural sodu%m
strength ’w as 10.5 kg./cm.? ’ alumino silicate of volcam; origin) haymg a bulk density
. g v of 48 kg./m.3 were used in the reaction instead of 240
Example 25 20 g. of calcium silicate and 120 g. of lime. The filter cake
The procedure of this example was similar to that of was compressed to a dep th of about 7.6 cm. The prod-
Example 1 except that 288 g. calcium silicate and 72 g. uct obtained had a density of %27 kg./m.3 gmd a compres-
hydrated lime were used instead of 240 g. and 120 g, re- Stve stre?gth of 11.3 ke./ em.% after heating at 650° C.
spectively. The product obtained had a density of 221 and 9802 C., the compressive strengths were 7.8 and 2.8
kg./m.2 and a compressive strnegth of 9.5 kg./cm.2; after 95 kg./cm.? respectively.
heating at 650° C., the compressive strength was 6.8 Example 33
kg./cm.2. The procedure of Example 2 was repeated using, in-
Example 26 stead of the calcium silicate, the same weight of a pre-
The procedure of this example was similar to that of cipitated synthetic hydrated alurpinium si.licate (elgctro-
Example 1 except that 120 g. calcium silicate and 240 g, 30 1yte content less than 3% by weight) having an ultimate
hydrated lime were used instead of 240 g. and 120 g., re- particle size of 45-50 millimicrons and a specific surface
spectively and the weight of aluminium sulphate hydrate area of 60 square metres per gram. The filter cake was
was 120 g. The product obtained had a density of 251 compressed to a depth of about 10'43 cm. The product
kg./m.3 and a compressive strength of 16.5 kg./cm.2; after obtained had a density °f2194 kg./cm. and a compressive
heating at 650° C., the compressive strength was 11.6 35 strength gf 20.7 kg./cm.2; after heating at 650° C., the
ke./cm2, compressive strength was 8.3 kg./cm.2,
Example 27 Example 34
The procedure of this example was similar to that of The procedure of Example 2 was repeated using, in-
Example 1 except that 60 g. of calcium silicate and 300 g. 40 stead of the calcium silicate, the same weight of a pre-
hydrated lime were used instead of 240 g. and 120 g., cipitated synthetic hydrated silica having an ultimate par-
respectively, and the weight of aluminium sulphate hy- ticle size between 15 and 200 millimicrons and a specific
drate was 120 g. The product obtained had a density of surface area of between 80 and 250 square metres per
275 keg./m.3 and a compressive strength of 8.2 kg./cm.2; gram. The filter cake was compressed to a depth of
after heating at 650° C., the compressive strength was 3.5 45 about 10.2 cm. The product obtained had a density of
kg./cm.2, 200 kg./m.3 and a compressive strength of 8.8 kg./cm.2;
Example 28 after heating at 650° C., the compressive strength was
The procedure of this example was similar to that of 6.4 kg./cm 2,
Example 2 except that a synthetic precipitated hydrated Ex‘?mP le 35
calcium silicate was used containing about 3% electrolyte 60  The procedure of Example 2 was repeated using, in-
as sodium chloride. The filter cake was compressed to a stead of the calcium silicate, the same weight of a micro-
depth of about 9.9 cm. The product obtained had a den- nised silica gel having a particle size of 3 to 6 microns
sity of 219 ke./m.2 and a compressive strength of 18.7 and a specific surface area of from 200 to 400 square
kg./cm.2. However, after heating at 650° C., the com- metres per gram. The filter cake was compressed to a
pressive strength was poor (0.8 kg./cm.?). 55 gepth off abouﬁ 9.9 cm. The product obtained had a
ensity of 248 kg./m.? and a compressive strength of 10.7
Example 29 kg./cm.2; after heating at 650° C.,It)he compressi%e strength
The procedure of this example was similar to that of was 4.2 kg./cm.2,
Example 28 except that the calcium silicate was washed Example 36
{ree of electrolytes with distilled water before carrying 60 Th . .
out the reaction. The filter cake was compressed to a e procedure of Example 2 was repeated using, in-
depth of about 9.0 cm. The product obtained had a den- stead of the calcium silicate, half the weight of a fume
* sity of 226 kg./m.3 and a compressive strength of 10.3 silica having an ultimate particle size between 3 and 40
kg./cm.2, The compressive strength after heating at :gﬁgizl‘;rr)z?rsesaggragrsap;mﬁcd S;]lrf?";; area %ft IZ‘Sthto 1400
N . 2 and ha e weight of the lime
650° C. was much improved (4.9 kg./em.?). 65 and asbestos fibres was also used. The %ilter cake was
Example 30 compressed to 2 depth of about 5.7 cm. The product ob-
The procedure of this example was similar to that of tained had a density of 202 kg./m3 and a compressive
Example 2 except that a portion of the calcium silicate strength of 10.7 kg./cm.2; after heating at 650° C., the
and lime was replaced by Portland cement. Thus, 220 g. 70 compressive strength was 6.3 kg./cm.2,
of calcium silicate, 100 g. of hydrated lime and 40 g. of Example 37
Portland cement were used instead of 240 g. of calcium
silicate and 120 g. of lime. The filter cake was com- The procedure of Example 2 was repeated using, instead
pressed to a depth of about 9.4 cm. The product ob- of the calcium silicate, the same weight of a diatomaceous
tained had a density of 238 kg./m.3 and a compressive 75 earth having a specific surface area of about 40 square
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metres per gram. The filter cake was compressed fo a
depth of about 9.9 cm. The product obtained had a den-
sity of 219 kg./m3 and a compressive strength of 28.1
kg./cm.?; after heat treatment at 650° C., the compressive

A >

12
strength of 37.3 kg./cm.2; after heating at 650° C., the
compressive strength was 18.4 kg./cm.2,

Example 45

strength was 26.7 kg./cm 2, 5  The procedure of this example was similar to that
Example 38 used in Example 2 except that in place of the synthetic
P precipitated hydrated calcium silicate, the same weight
The procedure of Example 2 was repeated using, instead of a regenerated clay (so-called microlitic zeolite) having
of the calcium silicate, the same weight of perlite (a natur- an ultimate particle size of 20 to 30 millimicrons and a
ally occurring sodium alumino silicate of volcanic origin) 14 specific surface area of about 70 square metres per gram,
having a bulk density of 48 kg./m.3. The filter cake was was employed. The filter cake was compressed to a depth
compressed to a depth of about 9.4 cm. The product ob- of about 10.2 cm. The product obtained had a density
tained had a density of 251 kg./m.® and a compressive of 205 kg./m.3 and a compressive strength of 12.5 kg./
strength of 14.9 kg./cm.?; after heating at 650° C., the cm.2.  After heating at 650° C., however, this product
compressive strength was 9.1 kg./cm.2, 15 had a low compressive strength (1.8 kg./cm.2).
Example 39 Example 46
The procedure of Example 1 was repeated using, in- The procedure of this example was similar to that used
stead of the calcium silicate, the same weight of a dia- in Example 2 but in place of the calcium silicate a
tomaceous earth having a specific surface area of about 9g freshly made silica hydrosol was used. The hydrosol
40 square metres per gram. The product obtained had a was made by the addition of sufficient dilute hydrochloric
density of 194 kg./m.? and a compressive strength of 8.8 acid to neutralise the Na,O content of a solution of
kg./cm?2; after heating at 650° C., the compressive sodium silicate (having a Na,0:Si0, weight ratio of
strength was 9.3 kg./cm2, 1:3.3) containing the equivalent of 240 g. SiO;. The
Example 40 25 voh_lme 9@ acid usg,d was adjustgd to 1 lit{e and the
L, sodium silicate solution had been diluted to 2 litres before
The procedure of Example 1 was repeated using, in- carrying out the reaction. A further 2 litres of water at
stead of the calcmm sxhcate,' the same weight of a diato- 80° C. was added after the completion of the acid addi-
maceous earth haV{ng a spec1f1c surface area of about 200 tion. The mixture was vigorously agitated and heated
maceous earth having a specific surface area ‘?f about 20 30 rapidly to 80° C., 60 g. aluminium sulphate hydrate were
square metres per gram. The product obtained had a added followed rapidly by 120 g. hydrated lime contain-
density of 276 kg./m.ff and a compressive strength of 19.0 ing 10 g caustic soda. The sol had already partially
kg./cm.2; aftert heating at 650° C., the compressive .gelled before the addition of the aluminium sulphate; the
strength was 13.2 kg./cm.2. production of a stiff gel was prevented by the vigorous
Example 41 85 apitation. The process was then continued as described
. . in Example 2. The filter cake was compressed to a depth
The procedure of Example 1 was repeated using, in- o apont 10.2 cm. The product obtained had a density
stead (.)f calcu.lm silicate, 'the same weight of a patura]ly of 221 kg./m.?2 and a compressive strength of 13.9 kg./
occurring sodium bentor;ne. The produc§ obtained had cm.2, The product of this example had, however, a rela-
a density of 346 kg./m.? and a compressive strength of 40 {ively jow compressive strength (2.0 kg./cm.2) after heat-
20.4 kg./cm.2; after heating at 650° C., the compressive ing at 650° C.
strength was 11.7 kg./cm.2. Example 47
Example 42 The procedure of this example was the same as that
The procedure of this example was the same as that ,, of Example 2 save in that no sodium hydroxide was in-
of Example 2 except that, instead of using 240 g. of cal- cluded in the reaction mixture. The filter cake was com-
cium silicate and 120 g. of lime, there were used 180 g. pressed to a depth of about 9.7 cm. The product obtained
of lime and 180 g. of a synthetic precipitated hydrated had a density of 237 kg./m.? and a compressive strength
silica having an ultimate particle size of 100 to 200 milli- of 24.6 kg./cm.?; after heating at 650° C., the compres-
microns and a bulk density of 112 kg./m.3. The filter cake 5o sive strength was 10.0 kg./cm.2,
was compressed toa dept.h of about 10.2 cm. The prod- Example 48
uct obtained had a density of 218 kg./m.3 and a com- .
pressive strength of 17.3 kg./cm.?; after heating at 650° C., The procedure of this example was the same as that
the compressive strength was 14.3 kg./cm.2. of Exarpple 2 save in tha? no sodium hydroxide was in-
55 cluded in the reaction mixture and, instead of calcium
Example 43 silicate, the same weight of a synthetic precipitated hy-
_The procedure of this example was the same as that drated aluminium silicate (electrolyte content less than
of Example 1 except that, instead of using 240 g. of 3% by weight), having an ultimate particle size of 45
calcium silicate and 120 g. of lime, 180 g. of a diato- to 50 millimicrons and a specific surface area of about
.maceous earth having a specific surface area of about 40 go 60 square metres per gram, was used. The filter cake
square metres per gram and 180 g. of lime were used. ~ Was compressed to a depth of about 9.9 ecm. The product
The product obtained had a density of 296 kg./m3 and a  obtained had a density of 219 kg./m.? and a compressive
compressive strength of 40.5 kg./cm.?; after heating at strength of 9.0 kg./cm?; after heating at 650° C., the
650° C., the compressive strength was 23.9 kg./cm .2, compressive strength was 6.5 kg./cm.2
Examplg 44 65 Example 49
The procedure of this example was the same as that The procedure of this exarpple was si.milar to that of
of Example 2 save in that the calcium silicate employed ~ Example 2 except that no sodium hydroxide was included
was one having the molecular composition Ca0:4.0 SiOy, in the reaction mixture and instead of the calcium sili-
an ulfimate particle size of about 30 to 50 millimicrons », cate, the same weight of a micronised silica gel, having a
and a specific surface area of about 80 square metres per particle size of 3 to 6 microns and a specific surface area
gram; the silicate had an electrolyte content of less than of from 200 to 400 square metres per gram, was used.
1% as chloride plus sulphate. The filter cake was com- The filter cake was compressed to a depth of about 10.2
pressed to a depth of about 10.4 cm. The product ob- em, The product obtained had a density of 211 kg./m.?
tained had a density of 208 kg./m.? and a compressive 75 and a compressive strength of 12.0 kg./cm.?; after heat-

€ -
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ing at 650° C., the compressive strength was 11.0 kg./
cm.2,
Example 50

The procedure of this example was the same as that
of Example 2, save in that no sodium hydroxide was in-
cluded in the reaction mixture and instead of the calcium
silicate, the same weight of a diatomaceous earth having
a specific surface area of about 40 square metres per
gram, was used. The filter cake was compressed to a

14
strength of 10.5 kg./cm.?; after heating at 650° C., the
compressive strength was 8.6 kg./cm.2.

Example 57

The procedure of this example was identical with Ex-
ample 1 except that 40 g. of rock wool was incorporated
in place of the asbestos fibre. The product obtained had
a density of 240 kg./m.3 and a compressive strength of
11.2 kg./cm.?; after heating at 650° C., the compressive

depth of about 9.8 cm. The product obtained had a den- 10 Strength was 9.3 kg./cm2,
sity of 254 kg./m.3 and a compressive strength of 21.0 Example 58
ktg'/cm]f’ af§eg3lll(ea}mg zat 650° C., the compressive The procedure of this example was identical with that
strength was 18.3 kg./cm % of Example 56 except that after completing the reaction
Example 51 15 at the boil for 15 minutes the mixture was allowed to
. stand for 90 minutes without either heating or stirring.
of’llél::ea 11131 ;Sgeg?;:vgfi;hgaixjéngéiﬁr;s 1:31,]‘; rs;;g: ;zstlilﬁf The mixture was then strongly agitated and the rock wool
cluded in the reaction mixture and instead of the calcium ?gd_,’ed' The resultantdung:gnpéesstedg cake h?]d a tdlfp tgbOf
silicate, the same weight of perlite (a naturally occurring y %rg das cngpare 1w1 56a %1}11 CI:;‘ ‘tv %rtl . ed hrg
sodium aJumino silicate of volcanic origin), having a bulk 20 wa; aace 2;52135 ;:al}lp 2 d © product oblaine h af
density of 48 kg./m.3, was used. The filter cake was a density 02, g/m. anc 2 compressive strengtn 0
compressed to a depth of about 10.2 ¢cm. The product 8{ 1 kgt.h/cm. ,3a2ffcer /heatzmg at 650° C., the compressive
obtained had a density of 216 kg./m.8 and a compressive strength was 3.2 kg./cm.%
strength of 12.5 kg./cm.2; after heating at 650° C., the o5 Example 59
compressive strength was 11.0 kg./cm.2, The method of this example was identical with that of
Example 52 Example 1 except that 60 g of niockel ammonium sulphati
. hydrate (NH;)2.504NiSO4.6H,0 was used in place o
o et o (0 oamle v s s 35 0 skt it givig concnttion of il in
. ? . N . . 30 O g. per litre. e product obtained had a density o
:%ﬁg:g’mtﬁl;e s’:;‘:l?eggim;f 2“‘% ;;Séezgigitgi:ﬁgmg 3’[}2 k‘;;]./m’.3 and zscgjn%resslilve strength of 32.0 kg.}/1 cm.2;
ultimate particle size between 3 and 40 millimicrons and 2111&? kge a/tclrr;g2 at » the compressive strength was
a specific surface area of 175 to 400 square metres per ’ AR Example 60
gram, was used. The filter cake was compressed to a . .
depth of about 5.3 cm. The product obtained had a den- 35 The procedure of this example was the same as that
sity of 235 kg./m.3 and a compressive strength of 14.1 employed in Example 1 except that the weight of alumi-
kg./cm.?; after heating at 650° C., the compressive nium sulphate hydrate was 30 g. instead of 60 g., giving
strength was 9.8 kg./cm.2, a concentration of aluminium ions in the slurry of 0.86 g.
per litre. The product obtained had a density of 261
Example 53 40 %g./m.2 and a compressive strength of 15.4 kg./cm.?; after
The procedure of this example was the same as that heating at 650° C., the compressive strength was 6.2
of Example 2 except that no sodium hydroxide was em- kg./em.2,
ployed and, instead of using 240 g. of calcium silicate The compressive strength of the products of the ex-
and 120 g. of hydrated lime, 180 g. of a synthetic pre- amples was determined as follows:
cipitated hydrated silica having an ultimate particle size 45 The apparatus used in the compression test was that
of 20 to 30 millimicrons and a bulk density of 112 described in British standard specification 903, part A.6,
kg./m3, and 180 g. of hydrated lime was used. The 1957, for the measurement of the compression set of vul-
product obtained had a density of 216 kg./m3 and a canised rubber. This apparatus is recommended for the
compressive strength of 17.3 kg./cm.?; after heating at testing of thermal insulation material in British standard
650° C., the compressive strength was 16.5 kg./cm.2. 50 2972, 1961. The apparatus consisted of two horizontal
circular parallel plattens, the lower platten being motivated
Example 54 by a calibrated spring in such manner that a 2.54 cm.
The procedure of this example was identical with Ex- (1 11:1ch) depression of the spring was eqmva]ent to an
ample 1 except that 40 g. of glass wool was incorporated applied load of 28.12 kg./cm.? (400 lbs./sq. in.). The
in place of the asbestos fibre and no sodium hydroxide 55 pressure was brought to bear on the specimen by turning
was included in the reaction mixture, The product ob- 2 SCT€W attached to a yoke which pressed down on the
tained had a density of 315 kg./m.? and a compressive top platten .thus Squeezing th'e specimen b'etween the two
strength of 19.7 kg./cm.2; after heating at 650° C., the plattens against the compression of the spring.
“compressive strength was 13.0 kg./cm.2, . In each measurement a test sample accurately cut to a
60 size of 2.54 cm. x 2.54 cm. x 1.524 cm. deep (1 in. x 1 in.
Example 55 x 0.6 in. deep) was placed between the plattens, and along
The procedure of this example was identical with Ex- side the specimen was pla'ced a st.eel block .2'54 cm. x 2.54
ample 1 except that 40 g. of glass wool was incorporated cm. x 1.27 cm. deep (1 in. X 1 in. x 0.5 in. deep). The
in place of the asbestos fibre. The product obtained had test sample was then compressed between the plattens until
a density of 298 kg./m.? and a compressive strength of 65 the surface of the upper plattqn Just came info contact with
20.0 kg./cm2. However, the product had, compared the steel block and no daylight was visible through the
with that of Example 54, a lower compressive strength g}z:p between the steel block and the upper platten. In
(3.5 kg./cm.2). this manner the test samplq was compressed from the
Example 56 thickness of 1.254 ¢m. (0.6 in.) to one of 1.27 cm. (0.5
70 in.) and the load required to do this was then read from
The procedure of this example was identical to Ex- the calibrated scale which was fixed to the compression
ample 1 except that 40 g. of rock wool was incorporated set apparatus at the side of the plattens.
in place of the asbestos fibre and no sodium hydroxide What is claimed is:
was included in the reaction mixture. The product ob- 1. In a process for the production of a silicate body
tained had a density of 283 kg./m.3 and a compressive 75 from a reaction mixture of lime and a reactive siliceous
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material in a weight ratio of silica:lime between about
1:5 and 4:1 suspended in water, the improvement which
comprises heating the reaction mixture at atmospheric
pressure to a temperature between about 65° C. and about
100° C. and including in the reaction mixture an alumi-
nium compound selected from the group consisting of alu-
minium sulphate and aluminium alums, said compound
being included in the reaction mixture in an amount suffi-
cient to give, in the water of the total reaction mixture,
a concentration of aluminium ions of 0.5 to 7 g. per litre,
whereby an expanded mass is produced, and drying the
expanded mass produced.

2. In a process for the production of a silicate body
from a reaction mixture of lime and a reactive siliceous
material in a weight ratio of silica:lime between about
1:5 and 4:1 suspended in water, the improvement which
comprises heating the reaction mixture at atmospheric
pressure to a temperature between about 65° C. and about
100° C. and including in the reaction mixture a water
soluble compound of at least one of the metals selected
from the group consisting of aluminium, nickel and zir-
conium, said compound being selected from the group
consisting of sulphates and alums, and said compound
being included in the reaction mixture in an amount suffi-
cient to give, in the water of the total reaction mixture,
a concentration of metal ions of more than 0.25 g. per
litre; whereby an expanded mass is produced, and drying
the expanded mass produced.

3. In a process for the production of a silicate body
from a reaction mixture of lime and a reactive siliceous
material in a weight ratio of silica:lime between about
1:5 and 4:1 suspended in water, the improvement which
comprises heating the reaction mixture at atmospheric
pressure between about 65° and 100° C., and including
in the reaction mixture ions of at least one of the metals
selected from the group consisting of aluminium, nickel
and zirconium in a concentration, based on the water
content of the total reaction mixture, of more than 0.25 g.
per litre, whereby an expanded mass is produced, and
drying the expanded mass produced.

4. A process as claimed in claim 3, wherein the sili-
ceous material is a mixture of perlite and a synthetic
amorphous calcium silicate having a molecular Ca0:8i0O,
ratio of between 1:3 and 1:7.

5. A process as claimed in claim 3, in which reinforc-
ing fibres are included in the reaction mixture before the
expanded mass is dried.

6. In a process for the production of a silicate body
from a reaction mixture of lime and a reactive siliceous
material in a weight ratio of silica:lime between about
1:5 and 4:1 suspended in water, the improvement which
comprises heating the reaction mixture to a temperature
between about 65° C. and about 100° C. and; including in
the reaction mixture at atmospheric pressure ions of at
least one of the metals selected from the group consisting
of aluminium, nickel and zirconium, said ions being pro-
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duced from a metal compound selected from the group
consisting of sulphates and alums, and said ions being in-
cluded in a concentration, based on the water content of
the total reaction mixture, of more than 0.5 g. per litre;
whereby an expanded mass is produced, and drying the
expanded mass produced.

7. In a process for the production of a silicate body
from a reaction mixture of lime and a reactive siliceous
material in a weight ratio of silica:lime between about
1:5 and 4:1 suspended in water, the improvement which
comprises heating the reaction mixture at atmospheric
pressure to a temperature between about 80° C, and 100°
C. and including in the reaction mixture ions of at least
one of the metals selected from the group consisting of
aluminium, nickel and zirconium in a concentration, based
on the water content of the total reaction mixture, of
more than 0.25 g. per litre, wheréby an expanded mass
is produced, and drying the expanded mass produced at
about 100 to 400° C.

8. In a process for the production of a silicate body
from a reaction mixture of lime and a reactive siliceous
material in a weight ratio of silica:lime between about
1:5 and 4:1 suspended in water, the improvement which
comprises heating the reaction mixture at atmospheric
pressure at about 90 to 100° C., and including in the re-
action mixture ions of at least one of the metals selected
from the group consisting of aluminium, nickel and zir-
conium in a concentration, based on the water content of
the total reaction mixture, of more than 0.25 g. per litre,
whereby an expanded mass is produced, and drying the
expanded mass produced at 100 to 400° C,
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Column 9, line 25, for '"strnegth! read -- strength --;
column 10, line 34, for "194 kg./cm.3 read -- 194 kg./m.3 -5

column 11, line 29, strike out "maceous earth having a specific
surface area of about 200",
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