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This invention relates to asbestos products and 
processes for producing them, and is more par 
ticularly directed to formed bodies comprising’ 
Crystallite chrysotile asbestos ?bers from 20 to 
40 millimicrons in diameter in intimate, substan- ‘ 
tially homogeneous admixture and surface-ea 
mented with a positively charged hydrous oxide 
of a metal which in the oxide has a valence in 
the range of 3 to 4 and is incapable of a valence 
greater than 4, and is further directed to processes 
for producing such formed bodies, in which ori 
ented chrysotile asbestos is disoriented by me 
chanical action at a 'pH of 3 to 6 in an aqueous 
solution containing as a dispersing agent a dis 
solved metal salt having a monovalent anion and 
a cation containing a polyvalent metal, the 
amount of dispersing agent being not more than 
enough to give 3 milligram moles of dissociated 
anion per gram of asbestos, whereby the asbes 
tos is obtained in the form of an aqueous dis 
persion of discrete, Crystallite ?bers from 20 to 
40 millimicrons in diameter, mixing therewith a 
dispersed, positively charged hydrous oxide of a 
metal which in the oxide has a valence in the 
range of 3 to 4 and is incapable of a valence 
greater than 4, and drying the dispersion as a 
formed body. - 

Chrysotile asbestos, as it occurs in nature, is 
made up of a mass of oriented fibers of a com- ' 
plex magnesium silicate. Masses of asbestos can 
quite readily be broken up by ordinary mechan 
ical methods into relatively coarse ?bers which 
consist of bundles of ?brils. By specialized tech- ‘ 
m‘ques such as those described in British Patent 
562,161 these relatively large ?bers can be brok 
en down into ultimate ?brils estimated as having ' 
a diameter of the order of 300' Angstroms. How 
ever, in aqueous suspension as well as when dried, 
these ultimate ?brils are associated in discrete‘ 
groups or ?ocs easily observable by the unaided 
eye, and because of this ?occulation the system 
is non-homogeneous and has properties charac 
teristic of the ?ocs. Therefore, it has not'hith- ' 
erto been possible to work with or on homogene 

, ously distributed discrete individual ?brils; hence 
their usefulness has been greatly impaired. v 

If it is attempted to make formed bodies, from , 
aqueous suspensions in which asbestosis either" 
not completely broken down into ultimate ?bers 
or the ?bers are ?occulated, it is found that ‘the. 
formed bodies so produced have very poor tensile 
and tear strength and poor water resistance. . For 
instance, asbestos sheet, made by casting. the, 
dispersion of British Patent 562,161 as a sheet and . 
drying, has a tensile strength below 500 pounds 
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per square inch, disintegrates in water in a few 
seconds; and is commercially unusable. ~ > 

‘ It has been proposed, as for instance in Stoe 
wener Patent 2,085,129 and Hauser Patent 2,266,- - 
638, to use aluminum hydroxide or other hydrous » 
oxides as binders for asbestos products in which; 
the asbestos ?bers were present in the ‘coarse 
form into which asbestos can readily be broken 
up by ordinarymeans. While some improvement‘ 
in tensile strength can thus be obtained/the 
products are of relatively heterogeneous charac-4 
ter and the improvement in tensile strength is? 
not su?icient to compensate for other disadvan 
tages which severely limit commercial usability a 
of the products. -~ > - > 

Now according to the present invention it ha 
been found that formed asbestos bodies, such as‘ 
sheet, having high dry and wet tensile strength- 
and good tear and flex strength may be produced 
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by processes in which oriented chrysotile asbesl 
tos is disoriented by mechanical action ‘in an - 
aqueous solution containing as a dispersing agent ~ 
a dissolved metal salt having a monovalent anion 
and a cation containing a polyvalent metal, the 
amount of dispersing agent being not more than ~ 
enough to give 3 milligram moles of dissociated 
anion per gram of asbestos, at a pH from 3 to 6,! 
whereby the asbestos is obtained in-the form of " 
an aqueous dispersion of discrete Crystallite ?bers 
from 20 to 40 millimicrons in diameter, mixing; 
with this aqueous dispersion a positively charged » 
dispersed hydrous oxide of a metal which in the ‘ 
oxide has a valence in the range of 3 to 4 and is 

, incapable of a valence greater than 4, and dry-‘' 
35 ' ing the dispersion as a formed body. In the‘ 

formed bodies thusproduced the asbestos is pres 
ent as Crystallite chrysotile ?bers from 20~to 40’ 
millimicrons in diameter in intimate, substan 
tially homogeneous admixture and surface-ce-. 
mented with the hydrous oxide. The prepara-' 
tion of the initial aqueous dispersion of chrys0- 
tile is the subject of my co-pending application ? 
Serial No. 127,529 ?led concurrently herewith, and 
no claim thereto is made in the present applica 
tion except in combination with the steps of pre- ' 
paring formed asbestos bodies therefrom in ad- 5 
mixture with a hydrous metal oxide binder. ’ ‘ 
The asbestos employed in the processes and‘; 

50.fproducts of this invention is known as chrysotile. 
This is a ?brous form of asbestos and the most’ 
common form. It may be mined from naturally 
occurring deposits and should be cleaned of rocks ' 
and dirt before use. It preferably vshould be" 

. broken up in a preliminary way, as in a chopping 
mill, such preliminary treatment being of a char- 1 
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peter to break up very long ?bers and ?ber bun 
lles which might otherwise interfere with the 
tgitation means subsequently to be employed. 
Jreliminary breaking up may be done in the dry 
vay, as is the case in a chopping mill. 
Following preliminary chopping the chrysotile 

5 further broken down by mechanical action in 
lqueous suspension in the presence of a chemical 
lispersing agent. In this step of the process the 
>riented chrysotile becomes disoriented into‘its 
lltimate, Crystallite ?brils by acombination of 
mechanical action and chemical treatment under 
.uch conditions that adversechemical change or" 
he ?ber does not occur. 
The mechanical action employed to: enact’ dis 

vrientation must be of a character which tends 
0 separate the individual ?brils ‘from each other 
nut which does not provide a high degree or” 
.ttrition or grinding such as would break the 
ibrils into very short pieces. A discussion of 
'arious means applicable-to this purpose is found 
n British Patent.562,l6.l-¢and anyor" the methods 
here disclosed for mechanicaletreatment of the 
ibers in the presence of water may be-used. As 
5 r-therespointed- out, the ?brousmaterialis sub 
ected to. a bending and squeezing ‘action under 
uch conditions that the ?brous .body has freedom 
oexpand at substantially right angles to the 
lirection of the rappliedqforce to spreadout and 
iberate-individual ?bers as they are released from . 
hefpencil or .bundleand. that excessive breaking 
>r cutting-up of the individual ?bers is substan 
ially-avoided. Aball imill.v may be. used for this 
iurpose sand themass-thus produced vmay be 
lroken up by stirring, vibration ot-themass of 
iquid and asbestos,» by spraying through a nozzle 
ur vby blowing with air. or steam orcby explosive 
ieat shattering treatment .using steam, air or 
he .like. Various typesof beater mills may be 
sod and :the-mass may .beasubjected to ultra 
onic treatment. .Alaboratory mill of the-Waring 
Blendor .type, in which-propeller-shaped knives 
ire revolvedwat - very highispezed, :hasbeen ‘found 
0 give excellent disorientation in a minimum of , 
ime with minimum reduction in ?ber :length. 
It has been found that mechanicalemeans :alone 

,reinsuf?cient .to .give a ade?occulated dispersion 
.fchrysoti-le. .Rather, it has been found that 
ontrol of the pH during dispersion and also the 
vresence of .a dispersing agent is essential in 
'rder toobtainjcomplete disorientation and :avoid 
locculation. 
The dispersing'agents'ina process of this in 

entionxare dissolved’ metal salts having a mon 
|valent anion and-a cationccontaining a poly 
'a-lent .metal. Such salts are .not ordinarily 
hought of as being dispersing agents. Aluminum 
hloride, for example, hasvbeen described in the 
:r-ior art ashaving the opposite effect on chryso 
ileiasbestos. (N. -N. Serb-Serbina and K. N. 
ihumi-khina, J .YAppliedIChem. (.U. S. S. 'R.) 16, 
373-9 (1943)). .However, under the conditions 
lescribed herein thesesalts have been found to 
lavea dispersing action of chrysotile. The salts 
mployed must be su?icientlysol-uble in water 
o;-have the desired. action, but it will be under. 
tood that’ even sparing solubility may be suffi 
ient for this purpose. Thus,‘,plumbous-chloride, 
*bClz, is su?iciently soluble to havea dispersing 
.ction. 
The anion of the dispersing agent must be 

nonovalent. It haswbeen found .thatrpolyvalent 
.nions have .a distinctly adverse effect and their 
Iresence must be avoided. -If present as im 
IllI'itl?S in the raw ma'terialathey may be re 
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‘barium and zinc. 

4 
moved by the addition of a small amount of a 
precipitant, as for example, barium acetate to re 
move sulfate ions. It is also preferred not to 
use the monovalent anion, fluoride, because this 
anion has a pronounced tendency to form com 
plex, ‘polyvale-nt anions. Representative anions 
which may be used, in the order or" their effective 
ness are the following radicals: forma'te, acetate, 
chloride, nitrate, bromide. 
ZThepolyvalent cation of the dispersing agent 

may be ascation which contains only the poly 
valent metal'or imay be one which contains a 
.polyvalent .metal in combination with another 
element such-.asioxygen. Representative of the 
metals which maybe present in the cation are 
aluminum, iron, chromium, zirconium, titanium, 
beryllium, ‘lead, wcop-per, tin, indium, magnesium, 

Representative cations con 
taining another element in addition to the poly 
valent metal include zirconyl, titanyl and basic 
aluminum cations. 

It isparticularly preferredto employ as a dis 
persing agent a salt-‘having .a cation containing 
aluminum, iron, chromium, zirconium or tita 

L nium, and of these :the aluminum salt is» out 
standing. 
The amount of dispersing agent usedis-critical. 

The minimum amount is, of course, that neces 
sary .to e?ect dispersion. As little as: 0.1 milli 
gram molecular weights of a suitable salt per 
gram of asbestos has been viound to give effective 
dispersion. The maximum amount of dispersing 
agent must be carefully v:controlled. The ,per 
missible maximum is related to the character of 
the anion formed when the metal salt is dis 
solved vin water. When this anion does not 
strongly associate with the hydrogen .ionpresent 
in the dispersion, themaximum amount of dis 
persing agentthat vcan be added is less than when , 
the anion associates with the .hydrogen ion to 
form a poorly dissociated acid. For instance, 
when a chloride is used, the chloride ion formed 
upon dissolution. does notstrongly associate-with 
hydrogen ionpwhereas when the dispersing agent 
is an acetatethe acetate ion does associate with 
the hydrogen ion to formracet-ic acid which,.being 
poorly ionized, ties up the acetate ion-.andre 
duces thee?ective amount present. .The maxi 
mum. amount of any salt usedmust be not more 
than enough to give .three milligram ‘moles-of dis 
sociated anionv per gram of asbestos. Since the 
anions of strong acids .such as hydrochloric, 
hydrobromidand nitric acids are, at this ‘dilution, 
practically.l00% dissociated, it will be apparent 
that one milligram .molecular weight of a triva 
lent metal :chloride. such as aluminum chloride 
or 1.5 milligram molecular weightsofa chloride 
of a divalent metalsuch as beryllium isthe maxi 
mum which can be tolerated. On the other hand, 
when the acetate or formate of a polyvalent metal 
is used, the amount .of dispersing agent can be 
larger becausethe anionis poorly-dissociated. 
The number of milligram.moles of a salt which 
will .give a particular concentration of anions 
in the dispersionmay readily be calculated by 
referencetothe dissociation constant of the acid 
corresponding tothe .anion, .at the dilution and 
pH used. 

'In makinga chrysotile ‘dispersion the pH of 
the aqueous medium is maintained‘inthe range 
from .3 to 16. The ordinary pH of chrysotile 
dispersions is in the range from 8ito 10, and until 
the pHv is lowered to 6 no substantial. amount of 
chemical’dispersing action occurs. On the other 
hand'if the pH .is lowered below about 3, acid 
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attack of the individual ?bers occurs and de-‘ 
terioration of the ?ber results. This deteriora 
tion would occur at a higher pH than 3 in the 
absence of the dispersing agent. The pH range is 
critical and the considerations pertaining to it 
herein referred to have apparently not been 
recognized in the prior art. 
The novel chrysotile dispersions used in this 

invention therefore are aqueous dispersions hav 
ing a pH of from 3 to 6. They comprise up to 
about 5% by weight of chrysotile ?bers, and the 
?bers are in the form of non?occulated, discrete 
Crystallites from 20 to 40 millimicrons in diam 
eter. The length of the ?bers should be several 
times their diameter, and preferably as long as 
possible, provided adequate dispersion can be 
maintained. The dispersions also contain the 
dissolved dispersing agent as described above. 
Having prepared a chrysotile dispersion as 

above described as a step in a process of this 
invention, there is then mixed therewith a dis 
persed positively charged hydrous oxide of a metal 
which in the oxide has a valence in the range of 
3 to 4 and is incapable of a valence greater than 
4. The hydrous oxide acts as a binder for the ‘ 
asbestos and surface-cements the individual 
?bers in the formed bodies produced therefrom. 
The metal in the hydrous oxide has a valence 

of’ 3 or 4 but is incapable of a valence greater 
than 4. Thus the oxides of aluminum, zirconium, {- 1‘ 
titanium, and ferric iron are included, because 
the metal has a valence of 3 or 4, but the oxides of 
chromium and bismuth, for instance, are ex 
cluded because these metals, in some of their 
compounds, exhibit a valence greater than 4. 
Hydrous oxides of other metals such as stannic 
tin ‘may also be used. 
The hydrous metal oxide should be in dispersed 

form. Colloidal sols are highly satisfactory. 
Various methods for making such colloidal sols 
are Well known, and any of these methods may be 
used. Dispersions of particles larger than com 
monly included in the colloid range may also be 
used, provided the particles are not so large 
as to prohibit intimate mixing and association 
with the asbestos. 
oxide sols are particularly preferred as the bind 
ing agent and such a sol may preferably be pre 
pared according to recently developed processes 
which are described as follows: _ 

.The colloidal alumina, which is usually em 
ployed as a 3-10% aqueous sol, can be prepared 
as described in U. S. Patents 1,775,640, 2,035,129, 
J. Phys. Chem. 35, 29 (1931) or J. Phys. Coll. 
Chem. 51, 768-70 (1947). In a preferred process 
colloidal alumina hydrate is prepared from alumi 
num chloride by reaction with ammonium hy 
droxide, the precipitated alumina hydrate ?ltered 
and washed with water to remove excess am 
monium chloride, the concentrate heated and 
then subjected to strong shearing forces. By this 
procedure all of the particles of alumina hydrate 
obtained are in the colloidal range. 

It is also possible to form some or all of the 
binding agent by chemically converting a por- _ 
tion of the dispersing agent to the hydrous oxide 
form. The hydrous oxide is thus formed in situ 
in the asbestos dispersion. Aluminum acetate 
or formate or basic aluminum acetate may, for 
instance, thus be converted by hydrolysis, the 
acetic or formic acid being volatilized in the 
process. The hydrous oxide may also be formed 
in situ by adding to the asbestos dispersion a 
?nely divided compound of the metal such as 

Colloidal hydrous aluminum _ 

Cl 

10 

60 

70 

75 

aluminum sul?de, which hydrolyzes completely 
to form the hydrous oxide and a volatile gas, in 
this case hydrogen sul?de, which is expelled from 
the dispersion. 
The colloidal hydrous oxide particles should be 

positively charged, and this is characteristic of‘ 
colloidal sols of the hydrous oxides mentioned 
above as being suitable. 
binder should be thoroughly mixed with the 
asbestos dispersion and it will be found that 
ordinary means of agitation will suf?ce for thisv 
purpose. A high speed propeller-type agitator 
is well suited to the purpose. 
The hydrous oxide and the asbestos may be 

dispersed simultaneously by adding them as" a 
mixture to a violently agitated solution of the 
dispersing agent or preferably by slurrying the 
asbestos in water and adding a mixture of the 
dispersing agent and the hydrous oxide. h 
Having mixed a dispersed hydrous oxide with 

the chrysotile dispersion, one may then form an 
asbestos body of this invention by drying down 
the mixture. 
Widely depending upon the nature of the formed 
body. Thus, when it is desired to form a sheet 
the dispersion may be cast upon a suitable surface 
and the water may be evaporated as by heating. 
The water may also be removed by ?ltration. 
The art is already familiar with methods for 
forming bodies from asbestos suspensions and 
these methods are applicable to the novel mix 
tures of dispersed chrysotile and dispersed hy 
drous oxide binders of the present case. 
The formed bodies of the present invention 

may be sheets, castings, molded products, wrap 
ping tape, or other similar shapes. They com 
prise Crystallite chrysotile asbestos ?bers from 
20 to 40 millimicrons in- diameter, in intimate, 
substantially homogeneous admixture and sur 
face-cemented with positively charged hydrous. 
oxides of metals in which the oxide has a valence 
in the range of 3 to 4 and is incapable of a valence. 
greater than 4. They have high tensile strength, 
usually from 1000 to over 5000 lbs. per sq. in., 
and after being heated to elevated temperatures, 
that is, upwards of 100° 0., they develop excellent. 
wet strength and water resistance. 
As little as one part by weight ofthe binding" 

agent may be present for each 25 parts by weight 
of asbestos, but larger amounts of binding agent 
can often be used to advantage. It isgenerally 
preferred to use from about one part'by weight‘ 
of the hydrous aluminum oxide for each '25 parts’ 
of asbestos to equal parts of each.‘ In ‘each 
instance the precise physical properties desired‘ 
in the formed body is the determining factor. 
Other neutral or positively charged binding‘ 
agents and ?llers which will not cause ?occulation 
of the dispersions may be used in conjunction, 
with the hydrous metal oxides and the properties 
of the formed bodies may be varied accordingly. 
The formed asbestos bodies of this'invention, 

such as ash trays, insulators, and the like, are. 
particularly useful by reason of the fact that: 
they may be made completely out of inorganic 
materials and nevertheless possess high dry or" 
wet tensile strength and reasonable tear strength. 
They may thus be subjected to elevated tem 
peratures which would decompose products con 
taining an organic binder. The sheets have a 
surprising degree of flexibility and may be trans 
lucent or may be pigmented to be completely 
opaque. From the sheets may be fabricated such 
articles as permanent records and ?re-resistant 
coatings. - - a 

The hydrous oxide 

The manner of drying will vary' 
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The :nature of this einvention and ‘its _manner 

)f_ application will be better understood by refer 
enoe to the _following illustrative examples. 

Example I 

Crude chrysotile asbestos from Quebec, Canada, 
vashand cobbed, freed from adhering rock im 
iurities,.and put through a -Wiley chopping ‘mill 
2o reduce the average?ber length to about ,1/4 
nch. .A suspension of three grams of the?ber 
.n 297 grams ofwater was mixed inthe Waring 
Blendor at full speed (approximately 12,000 
3.. P. M.) for three minutes to disorient ,the'?ber 
Jundles. Two-tenths of a milligram .mol :of 
aluminum acetate per gram -.of asbestos were 
added-to the suspension while=mixing was-con 
iinuedlin the Waring -Blendor_.for,another three 
ninutes. To the resulting ,thin, translucent .dis 
oersion was added 56.2 grams 10:" ‘a dispersed 
:olloidalihydrous alumina sol containing .Bgrams 
3f A1203. (The dispersed colloidal aluminum 
aydroxide was - prepared. by. mixing approximately 
stoichiometrical‘quantities or" aluminum chloride 
indammonium hydroxide to precipitate alumi 
num hydroxide at -.pH=8, ?ltering and washing 
until 95% of the chloride ions had been removed, 
resuspending the ?lter cake in water .by agita 
tion, heating to 95° C. for thirty minutes and 
colloid milling.) The mixing wascontinued .for 
two -minutes in ‘the Waring Blendor. 
were removed from the :thin, translucent ‘dis 
persion by placing ‘it under reduced pressure. 
The dispersion was then-cast in a stainless steel 
pan and allowed to ‘dry in a stream of air .at 
room temperature. 
white, opaque ?lm with asmooth‘?nish resulted. 
Itcontained approximately‘ equal parts by weight 
of asbestos and A1203. The tensile strength 
measured on the Scott horizontal‘tensile .itester 
was found to ‘be 4000 pounds per square inch. 

Example I‘! 

A ‘suspension of three grams of disoriented 
chrysotile asbestos in .297 grams :of water was 
prepared in :the 'Waring Blendor :as zinl-Examp'le =1. 
Dispersed colloidal hydrous alumina s01 prepared 
as in Example 1, 18;7 gm. containing one gram 
of .A1203 and 0.1 gram of added aluminum 
acetate dispersing agent, was added to ‘the as 
bestos suspension which was mixed for three - 
minutes more in the Waring Blendor. ‘The 
preparation of a sheet ‘of :this dispersion was 
carriedout as described in Example '1. A ‘strong, 
?exible, smooth white sheet ‘resulted, with a 
tensile ‘strength of 5400 pounds per square 2inch -: 
as -.measured ‘on the Scott inclined zplane tensile 
tester. The .stiifness was 4.5 measured on the 
Taber sti?ness tester, and the tear strength was 
30 gm. per cm. as measured on the Junior 
Elmendorf tear tester. .A portion of this ?lm 
was ‘heated .for 1 hour at 350° .C. The tensile 
strength of :the dry heated ?lm was then .5000 
pounds :per square inch, ‘the stiffness was 14.13, 
and the tear strength was 29 gm. .per :cm. The 
heated .?lm was soaked in water at room tem 
perature for one week, after which the tensile 
strength of the wet ‘?lm was 21.00 pounds per 
square :inch. 

Example I I 7 

Chrysotile asbestos No. .2 grade, .3 grams, was 
suspended in 297 grams of water and mixed forB 
minutes in the Waring Blendor to ‘disorient the 
?bers. Dispersed colloidal hydrous alumina so‘l 
prepared as in Example 1, 9.4 grams, containing 

Air bubbles _. 

A strong, but relatively stilt, , 
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0.5 gram A1203, 0.072 gram'ofaddedzaluminu‘m 
acetate dispersing agent and 0.004 ‘gram of added 
barium acetate, Wasadded tozthe disoriented as; 
bestos suspension while mixing was continued in 
in the Waring Blendor for 3 minutes. 'I‘h‘e'dis 
persion was 'oastinto a ?lmas in Examples ‘1 and 
2. The dried, strong, ?exible, smooth whitesheet 
containing about six parts byweight'of asbestos 
for ageachpar-t ofAlzOmhada tensile strength of 
3000 pounds vper square inch, a sti?‘ness of 1.7 
and a tear strength of'52 gm.'per cm. A'p‘ortion 
of ‘the sheet was heated at 350° Cp'for one hour. 
It‘then hada tensile strength of 2800 pounds per 
square inch, a stillness of 5.1, and a tear strength 
of21 gm. per cm. A portion of the heated sheet 
was soaked in water for 16 hours, and thenhada 
wet strength of 1700 pounds'per square inch. :All 
measurements were carried out as in Example 2. 

Example IV 

Chrysotile asbestos No. 2 grade, 3 grams, was 
suspended in 297 grams of water and the suspen 
sion mixed in the Waring Blendor for 3 minutes 
to disorient the ?bers. Dispersed colloidal hy 
drous alumina sol prepared as in Example 1, 3.75 
grams, containing 0.2 gram A1203, and 0.155 gram 
of added aluminum acetate dispersing agent, was 
added to the disoriented asbestos suspension and 
mixing was continued in the Waring Blendor for 
3 minutes. A ?lm containing about 15 parts by 
weight of asbestos for each part of A1203 Was cast 
as in the above examples. Dry tensile strength 
was 1900 pounds per square inch, stillness 3.9,and 
tear strength 32 grams per centimeter. A portion 
of the sheet was heated for one hour at 350° C. 
The tensile strength was then 2200 pounds per 
square inch, stiffness was 4.4, and tear strength 
was 35 grams per centimeter. After the heated 
?lm was soaked in water for 16 hours its wet 
strength was 500 pounds per square inch. All 
measurements were carried out as in Example 2. 

Example V 

Crude chrysotile asbestos was hand cobbed, 
._ picked free of adhering rock fragments, ‘and put 
through the Wiley chopping mill to reduce the 
?bers to an average length of 1/4 inch. Three 
grams of the asbestos ?ber ‘in 297 grams of water 
was mixed in the Waring'Blendor for three min 
utes to disorient the ?ber bundles. A one molar 
solution of ferric chloride, 0.6 '00., containing 
0.097 gram of F6013, was added to the disoriented 
asbestos suspension and 'miXil‘lg was continued in 
the Waring Blendor for three minutes to disperse 
the asbestos. Dispersed colloidal hydrous ferric 
oxide (prepared from ferric chloride and am 
monium ‘hydroxide in a manner similar to that 
described for the preparation of colloidal alu 
minum hydroxide in Example 1), 150 cc. contain 
ing 1.6 grams ‘or FézOs, was added to ‘the dis 
persed asbestos and mixing continued for ?ve 
minutes in the Waring Blendor. An excellent 
thin dispersion resulted which was cast to a ?lm 
and dried as in the previous examples. The strong‘, 
smooth, brown ?lm had a tensile strength of 2065 
pounds per square inch. A sample of the ?lm 
heated to 350° C. for one hour had a tensile 
strength of 3000 pounds per square inch and. ex; 
hibited good wet strength and water resistance. 
All measurements were carried out as in Ex; 
ample 2. 

Emample VI 

Crude chrysotile asbestos was chopped and dis 
oriented in the Waring Blendor, as described in 
Example 5. To a suspension of '3 grams of ‘the 
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disoriented ?ber in 297 grams of water, was added 
0.6 cc. of 1 normal aluminum acetate solution 
and mixing was continued for three minutes to 
disperse the ?bers. A dispersion of colloidal hy 
drous zirconium oxide, (prepared from zirconyl 
chloride and ammonium hydroxide in a manner 
similar to that used in the preparation of the hy 
drous oxides in the previous examples.) 160 cc., 
containing 2.5 grams of Zl‘Oz and 0.21 gram of 
ZrOClz was slowly' added to the dispersed a-s 
bestos in the Waring Blendor, and the mixing 
was continued for ?ve minutes. The resulting 
dispersion was cast to a ?lm and dried as de 
scribed in the previous examples. A smooth, 
white ?lm resulted with tensile strength of 1930 
pounds per square inch. After being heated at 
350° C. for one hour, the ?lm had a tensile 
strength of 2700 pounds per square inch and ex 
'hibited good wet strength and water resistance. 
All measurements were made as in Example 2. 

Example VII 

Crude chrysotile asbestos was chopped and dis 
oriented in the Waring Blendor, as described in 
Example 5. To a suspension of three grams of 
the disoriented ?ber in 225 grams of water was 
added 1.2 cc. of 0.5 molar aluminum acetate solu 
tion and mixing in the Waring Blendor was con 
tinued for ?ve minutes to disperse the ?bers. A 
dispersion of colloidal hydrous stannic oxide (pre 
pared from stannic chloride and ammonium hy 
droxide in a manner similar to that used in the 
preparation of the hydrous oxides of the previous 
examples) 75 cc., containing 1.5 grams of SnOz, 
was added to the dispersed asbestos while mixing 
was continued for ?ve minutes. Since some 
thickening resulted during the mixing an addi 
tional portion of 1.5 cc. of 0.5 molar aluminum 
acetate was added and the mixing was continued 
in the Waring Blendor for three minutes to im 
prove the dispersion. The dispersion was cast 
into a ?lm and dried, as described in the previous 
examples. A white, fairly soft ?lm resulted, with 
a tensile strength of 1500 pounds per square inch. 
After being heated to 350° C. for one hour, the 
?lm had a tensile strength of 1700 pounds per 
square inch, and the wet strength and water re 
sistance were greatly improved. All measure 
ments were made as in Example 2. 

' Example VIII 

Crude chrysotile asbestos was chopped and 
disoriented in the Waring Blendor, as described 
in Example ‘5. To a suspension of three grams 
of disoriented asbestos in 200 grams of water 
was added 1.2 cc. of 0.5 molar aluminum acetate 
solution and mixing was continued in the War 
ing Blendor fOr ?ve minutes to disperse the ?bers. 
Colloidal hydrous titanium oxide dispersion, 117 
grams (prepared from titanyl chloride and ammo 
nium hydroxide in a manner similar to that used 
for the preparation of the hydrous oxides in the 
previous examples) containing 1.5 grams of T102 
was slowly added to the dispersed asbestos and 
mixing was continued for three minutes in the 
Waring Blendor. Since some thickening of the 
dispersion occured, an additional 0.6 cc. of 0.5 
molar aluminum acetate solution was added and 
the mixing continued two minutes more to im 
prove the dispersion. The dispersion was cast as 
a ?lm and dried as described in the previous ex 
amples. The tensile strength of the ?lm was 
1130 pounds per square inch, measured as in 
Example 2. 
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Example IX 

Crude chrysotile asbestos was chopped and dis~ 
oriented in the Waring Blendor as described in 
Example 5. To a suspension of six grams of dis 
oriented asbestos in 294 grams of water was added 
a colloidal hydrous alumina dispersion (prepared 
as in Example 1), 28.2 grams containing 1.5 
grams A1203 and 0.122 gram of added aluminum 

2 acetate dispersing agent, while mixing was con 
tinued in the Waring Blendor for ?ve minutes 
to disperse the ?bers. The dispersion was poured 
into a concave mold made of plaster of Paris 
coated with a thin ?lm of silicone grease. The 
mixture was allowed to set for one hour. The 
excess dispersion was then poured off leaving a 
thick gelatinous coating in the mold. The coat 
ing assumed the shape of the mold accurately 
but some shrinking occurred during the last 
stages of the drying. The dried formed body 
was easily removed from the mold and retained 
the desired shape. 

I claim: 
1. In a process for producing formed asbestos 

bodies the steps comprising disorienting oriented 
chrysotile asbestos by mechanical action at a 
pH of 3 to 6 in an aqueous solution containing 
as a dispersing agent a dissolved metal salt hav 
ing a monovalent anion and a cation contain 
ing a polyvalent metal, the amount of dispersing 
agent being enough to give from 0.1 milligram 
moles of the salt to 3 milligram moles of dis 
sociated anion per gram of asbestos, whereby the 
asbestos is obtained in the form of an aqueous 
dispersion of discrete, Crystallite ?bers from 20 
to 40 millimicrons in diameter, mixing there 
with a dispersed, positively charged hydrous oxide 
of a metal selected from the group consisting of 
aluminum, zirconium, ferric iron, titanium, and 
stannic tin, and drying the dispersion as a formed 
body. ‘ 

2. In a process for producing formed asbestos 
bodies the steps comprising disorienting oriented 
chrysotile asbestos by mechanical action at a 
pH of 3 to 6 in an aqueous solution containing 
as a dispersing agent a dissolved metal salt hav 
ing a monovalent anion and a cation containing 
a polyvalent metal, the amount of dispersing 
agent being enough to give from 0.1 milligram 
moles of the salt to 3 milligram moles of dis 
sociated anion per gram of asbestos, whereby 
the asbestos is obtained in the form of an aque 
ous dispersion of discrete, Crystallite ?bers from 
20 to 40 millimicrons in diameter, mixing there 
with a dispersed, positively charged hydrous oxide 
of aluminum, and drying the dispersion as a 
formed body. 

3. In a process for producing formed asbestos 
bodies the steps comprising disorienting oriented 
chrysotile asbestos by mechanical action at a pH 
of 3 to 6 in an aqueous solution containing as a 
dispersing agent a dissolved metal salt having a 
monovalent anion and a cation containing a 
polyvalent metal, the amount of dispersing agent 
being enough to give from 0.1 milligram moles 
of the salt to 3 milligram moles of dissociated 
anion per gram of asbestos, whereby the asbestos 
is obtained in the form of an aqueous dispersion 
of discrete, Crystallite ?bers from 20 to 40 milli 
microns in diameter, mixing therewith a dis 
persed positively charged hydrous oxide of zir 
conium, and drying the dispersion as a formed 
body. 

4. In a process for producing formed asbestos 
bodies the steps comprising disorienting oriented 
chrysotile asbestos by mechanical action at a pH 
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of 3 to 6 in an aqueousssolution containing as a 
dispersing agent a dissolved metal salt having a 
monovalent anion and a cation containingia'rpoly 
valent metal,‘ the amount of dispersing agent 
being enough to give from 0,1 milligram moles 
oithe salt to 3 milligram moles of dissociated 
anion" per gram of asbestos, whereby the as- 
bestos isobtained in the form of an aqueous dis 
persion of discrete, Crystallite?bersf'r'om 20» to 40 
millimicrons in diameter, mixing therewith a dis 
persed» positively charged ‘hydrous oxide‘ of‘ fer 
ric iron, and drying the, dispersion as a formed 
body: 

GLEN ‘D. BARBARAS. 
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