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These gels are commonly used as desiccants in enclosed
refrigerant circuits where water accumulation can create
serious difficulties. However, common desiccant silica gels
exhibit a tendency to decrepitate when contacted with

No Drawing. Filed Oct. 20, 1965, Ser. No. 499,065 5 water. In refrigerant circuits, for example, decrepitation
9 Claims. (CL 252—194) can occur when dislodged accumulations of water contact
the gel. The gel fragments can obstruct expansion valves
and interfere with the operation of other portions of the

ABSTRACT OF THE DISCLOSURE refrigerant circuits. . .
A non-decrepitating desiccant silica gel is prepared by 10 . It is the object of this invention to provide desiccant
admixing asbestos fiber with a silica hydrosol, gelling the Zﬂxca gel comp osmons having an 1}111c(rie2sedfremstanc§ to
Lo & itati t i t rming these

hydrosol and subsequently drying and activating the gelled nggﬂ;&;ﬂ and to provide a method for forming
product at .elevated temperatures. The present silica- Concentrat'ions are herein given as weight percents un-

asbestos desiccant possessed increased decrepitation re- 15 less otherwise indicated.

sistance.

This invention relates to desiccant compositions which
have an increased resistance to decrepitation and to meth-
ods for making these compositions. In particular, this in-
vention relates to desiccant silica gel-asbestos composi-
tions and to processes for forming these compositions.

In summary, one embodiment of the process of this
invention is a method for forming a desiccant silica gel-
asbestos composition with increased decrepitation resist-
ance comprising the steps of preparing a silica hydrosol-
asbestos fiber mixture having a silica content within the
range of from 5 to 20 weight percent, a pH of less than
5, and a temperature below 150° F., said mixture con-
taining from 2 to 10 percent of dispersed asbestos fibers
expressed as weight percent silica, permitting the hydrosol
to gel, washing the silica hydrogel-asbestos composition
with an aqueous solution having a pH of less than 4.0, and
drying and activating the composition.

In summary, another embodiment of the process of this
invention is a method for forming a desiccant silica gel-
asbestos composition with increased decrepitation resist-
ance comprising the steps of preparing a silica hydrosol-
asbestos fiber mixture having a silica content within the
range of from 4 to 10 weight percent, a pH within the
range of from 9.5 to 10.9 and a temperature below 150°
F., said silica hydrosol containing 2 to 10 percent of dis-
persed asbestos fibers expressed as weight percent silica,
permitting the hydrosol to gel, contacting the silica gel-
asbestos composition with an aqueous solution of a miner-
al acid having a pH below 3.2 and a temperature below
75° C. until neutralization of the composition is substan-
tially complete, washing the silica hydrogel-asbestos
composition, and drying and activating the composition.

In summary, the composition of this invention is a
silica gel-asbestos composition comprising a desiccant
silica gel and from 2 to 10 weight percent asbestos fibers,
said composition having a water adsorption capacity of at
least 6 weight percent at 10 percent relative humidity and
77° F. and an increased resistance to decrepitation when
contacted with water. The preferred composition of this
invention is a non-decrepitating silica gel-asbestos composi-
tion consisting essentially of a desiccant silica gel and from
2 to 10 weight percent of crocidolite fibers.

Ore of the better known desiccants is commercial silica
gel which comprises an extensive lattice defining a sys-
tem of void spaces which permit the adsorption of water
from air. These silica gels have an enormous internal sur-
face area and an infinite number of small diameter cap-
illaries which enable the gels to adsorb vapors, condens-
ing them and holding them as liquids. Silica gels having
desiccant characteristics can be characterized as having a
surface area within the range of from 500 to 1000 m.2/ g.
and an equilibrium water adsorption at room temperature
of more than 5 percent at 10 percent relative humidity
and more than 30 percent at 80 percent relative humidity.
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The first stage of the process of this invention comprises
preparing a silica hydrosol-asbestos fiber mixture from an
aqueous alkali metal silicate solution, a mineral acid, and
asbestos fibers. The asbestos can be introduced into the
mixture by either mixing it with the alkali metal silicate
solution or by dispersing it into the silica hydrosol.

Suitable alkali metal silicates include sodium and potas-
sium silicates. The concentrations of the alkali metal
silicates in the initial aqueous solution can be any value
which will provide the requisite silica concentration in the
hydrosol, and will depend upon the strength of the acid
solution employed. Alkali metal silicate concentrations
which are excessively high or low are generally undesira-
ble because proper mixing with the corresponding acid
solution is difficult. Alkali metal silicate solutions contain-
ing from 5 to 20 percent silica can be employed, for ex-
ample. The silica to alkali metal oxide weight ratio in
the alkali metal silicate solution is not critical and can
vary over a wide range, for example from 3.75 to 1:1,
calculated as Si0y/Na,0. The higher weight ratios are pre-
ferred for economic reasons.

Mineral acids which can be employed include sulfuric
acid, hydrochloric acid, nitric acid, phosphoric acid, car-
bonic acid, and the like. The acid concentrations which
can be employed are determined by the alkali metal sil-
icate solution concentration, the particular desired silica
concentration in the hydrosol, and the desired pH of the
hydrosol. The acid concentrations which are required can
be determined from the related parameters.

Any type of asbestos fibers can be employed to increase
the decrepitation resistance of the desiccant silica gel com-
position of this invention. Suitable types of asbestos include
chrysotile, anthophyllite, amosite, tremolite, crocidolite,
and the like. It has been found that chrysotile fibers im-
prove the hardness and attrition resistance of silica gels.
Crocidolite fibers are uniquely suitable for forming a non-
decrepitating desiccant silica gel. Therefore, crocidolite
fibers are greatly preferred in the process of this invention.
The length of the asbestos fibers present in the composi-
tion of this invention has been found to be important. The
asbestos fibers should be as long as possible. If long fibers
are not employed, use of excessive quantities of asbestos
are necessary, lowering the product density and water
adsorption capacity. The fibers should be well dispersed
to provide maximum decrepitation resistance to the silica
gel. The asbestos should be well opened to provide a
product having improved strength and hardness. Suitable
dispersion and opening of the asbestos fibers and fiber
bundles has been obtained using a colloid mill such as
a Cowles Morchouse mill or a high shear mixer such as
a Waring Blendor.

In one embodiment of the process of this invention, the
alkali metal silicate solution is mixed with a sufficient
quantity of the mineral acid to provide greater than 100
percent neutralization of the alkali-metal silicate. The
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3 ,
quantity of mineral acid employed is sufficient to provide
a hydrosol pH of less than 5 and preferably of less than 2.0.
The concentrations of the alkali metal silicate solution and
mineral acid are chosen to provide a hydrosol concentra-
tion of from 10 to 20 and preferably from 16 to 19 per-

cent silica. The hydrosol temperature  should be within 4 Temperatures within the range of from about 25 to 50° C.
the range of from 60 to 150° F. and preferably within are preferred because a. chance of excessive aging of the
the range of from 60 to 90° F. The initial reaction prod- gel is eliminated. Then the silica hydrogel-asbestos com-
uct of the alkali metal silicate solution and the mineral position is washed, dried and activated as described above.
acid is a silica hydrosol. ) 10 The silica gel-asbestos composition of this invention

An asbestos fiber dispersion can be provided in the silica comprises a desiccant silica gel and from 2 to 10 percent
hydrosol by several techniques. The asbestos fibers can asbestos fibers. Preferably, the composition contains from
be dispersed in the alkali metal silicate solution prior to 2.5 to 4.0 pércent asbestos fibers. The term desiccant silica
mixing the silicate solution with the mineral acid. Alter- gel is used to describe a silica gel which has an equilibrium
natively, the asbestos can be dispersed in the silica hydro- 15 water adsorption capacity of greater than 6 percent at 10
sol reaction product prior to gelation. The quantity of as- .  percent relative humidity and greater than 30 percent at
bestos added to the alkali metal silicate solution or to the 80 percent humidity -at 77° F. The water adsorption ca-
silica hydrosol is sufficient to provide from 2'to 10-per- pacity at the low and high relative humidities can be
cent and preferably from 2.5 to 4.0 percent asbestos fiber considered a characterization of the pore structure and
in the final silica gel-asbestos product composition. 9 surface area of the composition.

The silica hydrosol-asbestos fiber mixture is then per- All ‘types of asbestos have been found to provide im-
mitted to form a hard gel. The size and shape of the silica proved decrepitation resistance in the final composition.
hydrogel can be controlled by permitting the hydrosol-as- Decrepitation of the compositions was. determined by con-
bestos mixture to gel in molds. Another conventional tech- tacting prescreened gels having a size of 3 to 8 mesh with
nique comprises introducing the hydrosol-asbestos mix- 95 water and determining the percentages of the composi-
ture into a heated oil bath wherein the gel is formed in tions which were retained on Tyler 8 mesh screens and
the shape of droplets. Alternatively, bulk gelation tech- which were passed through Tyler 30 mesh screens. Amo-
niques can be employed, and the silica hydrogel-asbestos site, tremolite, and anthophyllite provided the least im-
composition can be broken into smaller pieces prior to the provement in -decrepitation resistance of-the final com-
washing and drying steps. 30 position. Furthermore, tremolite was found to decrease

The silica hydrogel-asbestos composition is then washed the water adsorption capacity of the silica gel-asbestos
to remove soluble impurities. These washing steps can compositions at low relative humidities. Chrysotile asbes-
comprise rinsing the silica hydrogel with a dilute ‘mineral tos fibers provided a marked jmprovement in decrepita-
acid or acid salt solution, preferably having a temperature tion resistance of the final gel composite and also im-
of Jess than 170° F., until the alkali metal ions are sub- -35 proved the hardness and attrition resistance of the final
stantially removed from the gel structure. The pH of the product. However, chrysotile fibers were found to de-
wash solution should be maintained below 4.0 and prefer- crease the water adsorption capacity of the silica gel at
ably below 3.4 low relative humidities. Crocidolite asbestos fibers were

The washed silica hydrogel-asbestos composition is then found to be uniquely superior. Using crocidolite fibers,
dried at temperatures within the range of from about 110 40 a non-decrepitating gel composition- was formed which
to 250° C. until the total moisture content of the silica is did not exhibit any impairment of the water adsorption
within the range of from 5 to 15 percent, and preferably capacity of the gel at low relative humidities. )
from 5.5 to 7.5 percent. For example, the composition The processes and composition -of this invention are
can be dried at a temperature of from 110 to 150° C. further illustrated by the following specific but non-lim-
in a forced draft oven until the composition has a mois- 45 iting examples:
ture content of less than 10 percent, and the silica gel- - Example 1
:talsbestos comp 0?;2.011 ;lan then befa;:tlvaﬁez%gy hezagz)rig ca:t This example shows the advantages obtained by pro-
emperatures within the range o rom =49 to 250° ¢. viding several types of asbestos fibers in desiccant silica
until the moisture content of the composition is within gels. -
the range of from Sto 7 p ercent. . . 50 " The silica hydrosol was formed by mixing carefully

1}1 anoﬂ}e‘r process of this invention, 2 low density metered streams of sodium silicate and sulfuric  acid
desiccant silica gel-asbestos composition Is formed. Low solutions into a small chamber containing a large, high-
dpnmty de§1ccant compo sitions are f'ound by alkahpe: gela- speed stirrer. . The sodium silicate solution had a
tion t.echmque.s.. The s1hca.hydrc')sol is formed by m 1XIng an Si0y/NazO ratio of 3.3:1 and a concentration of 22.8%
alkali metal silicate solution with a quantity of a mineral 55 gyjcn The sulfuric acid solution employed contained
acid }nsufﬁmep? to provide complete neutralization of the 50% suifuric acid. The sodium silicate solution and sul-
alkali metal silicate. The hyd.rosol concentration is within furic "acid solution were metered at rates sufficient to
the range of from 3 to 12 weight percent silica and the pH produce a silica hydrosol having a-concentration of 15%
is within the range of from 9.5 to 10.4 and preferably silica. Tn each run the asbestos fibers were mixed with
fx:orn 1.0‘0 to 10.2. 'I“he asbes'tc?s fibers can be d}sp ersed 60 the silica hydrosol in a Waring Blendor for 2 minutes.
cither into the alkali “?etal silicate solution or into the The mixture was at -room temperature. Then the silica
silica hydrosol, as described above. The partlzflly neutral- hydrosol-asbestos mixture was gelled and aged until hard.
ized silica hydrosol is permitted to form a hard gel. Then The silica hydrogel-asbestos compositions were washed for
complete neutralization of the alkali metal silicate is ob- 24 hours with a 3.2 pH sulfuric acid solution having a tem-
tained by further treatment with a mineral acid. The silica- 65 perature of 60° C. In each run the gel-asbestos balls were
hydr'ogel-asbgstos composition is coptacted or soaked with dried for 16 hours at 150° C. and were activated by heat-
a mineral acid or an aqueous solution thereof to effect at ine for’2 bours at 200° C :

. . . $1824 .
least 100 percent neutralization. The acid preferably has- The decrepitation resistances of the activated silica gel-
a pH below 3.0. The quantity of acid employed and the __ asbestos compositions were determined by the following
duration of the E}C.ld .treatment.xs preferably sufficient to 70 procedures. The - silica gel-asbestos  compositions were
effect a final, equilibrium gel mixture pH of less than 3.0. broken up, and the portion was separated which passed
It is essential that the soda in the hydrogel be completely through a 3 mesh screen but was retained by an 8 mesh
neutralized. Preferably, the final neutralization of the soda screen, Tyler mesh. Five grams of the activated, sized gel
should be in excess of 100 percent. Acid treatment to ef- 05 was soaked in 100 ml. of water for 30 minutes. It ‘was
5

fect a pH of less than 3.0 is essential to the formation of

4

a fine pore structure and desiccant properties in the final
product. The temperature of the acid solution in which
the gel-asbestos composition is soaked should be less than
75° C. Excessive acid solution ternperatures tend to re-
duce the number of fine pores in the product composition.

then screened with 8 and 30 mesh screens. The three
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Published by AsbestosClaims.L.
ACL Doc 23665 - Page 2 of 4 ; s66572

asbestosclaims.law/library/23665/2


https://asbestosclaims.law/library/23665/2

3,375,201

fractions obtained were then dried and weighed. The frac-
tions which were retained on the 8 mesh screen and which
passed through the 30 mesh screen were reported.

The water adsorption capacity, attrition resistance, and

6

decrepitating. With asbestos concentrations in excess of
10%, it can be seen that water adsorption at low relative
humidities is impaired.

Obviously many modifications and variations of this

physical properties of the products were measured, and invention as hereinabove set forth may be made without

. 5 .
the results are shown in Table A. departing from the essence and scope thereof, and only
TABLE A
RUD N0 e 1 2 3 4 B 6
Asbestos:
B0 Crocidolite  Chrysotile Chrysotils Amosite  Tremolite
Concentration, wt. percent. . ____.______._______ 0 5 4,9 9.6 4.7 b
Water Adsorption, wt. percent:
10% R.H.... 6. 67 7.89 3.76 3.23 7.41 4,83
20% R.H__ .- 1190 14.00 7.38 5,88 13,47 8.20
80% R.H__. .- 33.02 33.41 47.43 52,39 34,63 41,77
Attrition, wt. pe
On 8 mesh_. - 31 16 21 22 9 16
Onl4mesh ... _.__.__ 26 32 33 20 29
Decrepitation, wt. percent:
b1 Y SN No No No No Yes
On8mesh._..___..___... 100 100 100 100 43
Through 30 mesh 0 0 0 0 1
Other Properties:
Density, g./eC oo 0.57 0.46 0. 40 0.53 0.52
Surface area, m.2/g 513 697 527 679 710
Pore volums, cc./g 0.28 0.57 0.62 0. 38 0.48

such limitations should be applied as are indicated in the
25 appended claims.
I claim:
1. A process for forming a desiccant silica gel composi-
tion with increased decrepitation resistance comprising
the steps of

As shown in Table A, all types of asbestos improved
the decrepitation resistance of the desiccant silica gel.
However, the attrition resistance of the gel containing
amosite was impaired. The water adsorption capacity of
the gels containing chrysotile and tremolite at low rela-
tive humidities was decreased. The chrysotile fibers im-

proved the attrition resistance and hardness of the gels. 30 (a) dispersing from 2 to 10 weight percent of asbestos
By far the most superior asbestos was crocidolite which fibers, based on the weight of silica, in an alkali
provided a superior gel in terms of attrition resistance, metal silicate solution, the silica to alkali metal
and without any impairment of the water adsorption oxide ratio expressed as SiO,/Na,O being from
capacity of the gel at low relative humidities. 3.75:1to about 1:1,
Example 2 35 (b) mi)fing the all.(ali mete}l silicat'e solution vyith a
quantity of a mineral acid sufficient to provide at
This example shows the effect of the crocidolite as- least 100 percent neutralization of the alkali metal
bestos fiber concentration in the silica gel. The silica gel silicate whereby a silica hydrogel-asbestos mixture
compositions in this example were formed and tested by is formed, which contains about 10 to 20% silica,
the procedures described in Example 1. However, in Run 40 () permitting the hydrosol-asbestos mixture to gel, at
No. 9 the asbestos-silica hydrosol mixture was mixed in a temperature of about 60-150° F.,
the Waring_ Blendor for 3 minutes. The results obtained (d) washing the gelled silica hydrogel-asbestos com-
are shown mn Table_B; 1 ‘ position with aqueous acid having a pH below 4.0
'1_’h.e attrition resistances of the silica ggl-asbestos com- to remove alkali metal jons therefrom, and
positions were determined by the following procedures. 45

(e) drying the composition at a temperature of 110°
to 250° C. to reduce the moisture content to about
5to15%.

2. The process of claim 1 wherein the asbestos fibers

50 are crocidolite fibers.

3. A process for forming a desiccant silica gel-asbestos
composition with increased decrepitation resistance com-
prising the steps of

(a) dispersing from 2 to 10 weight percent of asbestos

One gram of the activated gel composition, sized to pass
through a 3 mesh screen and to be retained by a 8 mesh
screen was placed in a cup together with a small coin
such as a dime. The cup was then placed on a Spex Mixer
Mill for one minute, and the gel was then screened with
8 and 14 mesh screens.

The compositions were also tested to determine water
adsorption capacity, density, surface area and pore volume
by standard techniques as described in Example 1. The

results obtained in these tests are shown in Table B. 55 fibers, based on the weight of silica in a silica hy-
TABLE B
Run NO oo 1 7 8 2 9
Asbestos: Concentration, wt. percent_.___..__ 0 1 2.5 b 10
Water adsorption, wt. percent:
100 R.B e 6.83 7.97 7.89 6. 68
20% R.H. 12. 68 14.34 14.00 12.22
80% R.H e 34.02 36. 88 33.41 34.99
Attrition, wt, percent:
On 8 mesh... 25 12 16 22
On 14 mesh 27 33 26 29.5
Decrepitation, wt. percent:
isual . ... Yes No No No
On8mesh. .. _ ... 0 100 100 100
85 0 1] .0
0. 65 0.62 0.57 0.39
703 603 513 529
0.38 0.34 0.28 0.31

As shown in Table B, at least 2% asbestos is required
to provide a silica gel-asbestos composition which is non- 75

drosol having a silica content within the range of
10 to 20 weight percent and a pH of less than 5,
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7
(b) permitting the mixture to gel, at a temperature of
60-150° F.,
(¢) washing the gelled silica gel-asbestos composition
with aqueous acid having a pH below 4.0 to remove

8
(e) drying the composition at a temperature of 110
to 250° C. to reduce the moisture content to less than
about 7% by weight.
6. The process of claim 5 wherein the asbestos fibers

alkali metal ions therefrom, and 5 are crocidolite fibers.

(d) drying the composition at a temperature of 110 to 7. The process of claim 5 wherein the silica hydrogel-
250° C. to reduce the moisture content to below asbestos composite is contacted with a mineral acid solu-
about 7%. tion having a temperature within the range of from 25

4. The process of claim 3 wherein the asbestos fibers to75° F.

are crocidolite fibers. 10 8. A desiccant silica gel-asbestos composition consist-

5. A process for forming a low density desiccant silica ing essentially of silica gel and from 2 to 10 percent as-

gel-asbestos composition comprising the steps of bestos fibers, expressed as weight percent silica, said com-

(a) preparing 2 silica hydrosol-asbestos mixture having position having an equilibrium adsorption capacity for
a silica content within the range of from 3 to 12 water of greater than 6 weight percent at 10 percent rela-
weight percent and a pH within the range of from 15 tive humidity, and said composition baving an increased
9.5 to 10.4, said silica hydrosol containing from 2 to resistance. to decrepitation when contacted with water.
10 percent of dispersed asbestos fibers, expressed as 9. The composition of claim 8 wherein the asbestos
weight percent silica, ' fibers are crocidolite fibers, and the composition is non-

(b) permitting the mixture to gel at a temperature of decrepitating when contacted with water.
60-150° F., 20 Ref Gi

(c) contacting the gelled silica gel-asbestos composition eferences Cited
with a quantity of a mineral acid sufficient to pro- UNITED STATES PATENTS
vide at least 100 percent neutralization of the alkali 2,900,349 8/1959 Schwartz — - 252—317
metal silicate, o5 2,966,466 12/1960 Schwartz .- 252—448 XR

(d) washing the silica gel-asbestos composition with
aqueous acid having a pH below 4.0 to remove alkali
metal jions therefrom, and

LEON D. ROSDOL, Primary Examiner.
S. D. SCHWARTZ, Assistant Examiner.
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