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centrated aqueous solution of a lithium salt. The treated
vermiculite is then washed with water and allowed to
stand in water with consequent swelling of vermiculite
ore. The swelling or expansion of the vermiculite is many

. ? 5 fold and takes place along the axis perpendicular to the
York, 1;:?12(’1alvfg:p‘;railgo&()fsg?%g.ms%‘g 363 basal plane of the mineral crystal. This is probably due
Int. CL C03c 25 /’00; C03b 37700 to the treatment of the ore previously described in which
U.S. CIL 162—3 9 Claims an ion exchange takes place between the preferred mono-
valent or divalent cations and the exchangeable cations
10 ©of the vermiculite ore, thus breaking and forming new
ABSTRACT OF THE DISCLOSURE Pond; and ge_nerlally vlveaicening th; bin%ilng for;gs hOIdci
. .. . . Ing the vermiculite platelets together. e washing an
ri“:e b rti)ggiisnfoi/eprr °p alﬁil;g \(/)e;rmécul.lte n?e?s)ie(l)—nwihlc?ogioé?n subsequent soaking of this weakened structure with water
cl:)hlorsi de a dglithi mie 1? le tign m}ollo ed 1;1 rinses will result in osmotic swelling of the crystalline structure
swellin thn ‘uni_ tsa hso u ti :V ded yermicui 15 and allows it to be pulled apart or partially delaminated
welling the vermiculite, s earing the expande Yl by vigorous agitation. The partially delaminated platelets
ht‘;’ tqre fo (fiorrn p Iat?lets,thclasmfylpg l_tthe m?terla » floc- may be further reduced in particle size by comminution in
culating and recovering the vermiculite pulp. a colloid mill or a similar grinding-shearing apparatus,
———— resulting in a water suspension of vermiculite platelets.
This i . 1 iculi I 20 At this point the total solids content of the vermiculite
.és invention rle ates fo ﬁrer{réllcu lte paper. In don?? suspension is adjusted to approximaately 1 to 3% by
Specitic FSP ectl 1 lre ates ;o a llexible paper cornposc: of weight. This suspension is then flocculated (by a suitable
V?rmlf.lll 1te_1p atelets anl one or mE)reﬁbcomponen § 0 flocculation agent) with the resulting flock having the
p asfe- I.el Stiicate minerals oé u%org.amcl ers. b appearance of a wood fiber pulp. The pulp is deposited
pecialty papers composed of mineral or organic ases 25 on a filter screen and the resulting deposit when dried
are used in apphcatlons whfare? cellulose.base paper 1s at ambient conditions produces a flexible paper. One of
deilﬁcxent. Oneb}rnp _ortan; use lls m elec}tlromclzls_ zﬁnlél}claugr}s the interesting qualities of this paper is that it retains its
Whete a combination of qua 1t.1es Such as high dielectric integrity and does not disintegrate or redisperse in the
strength and temperature resistance are required. But medium.
these specialty papers are deficient _where both ﬂex1.b1}1ty 30 Referring now to the drawing, vermiculite ore is im-
and strength are necessary or desirable characteristics. mersed in a 0.25 to 3.0 N aqueous sodium chloride solu.
Ehls 5 eﬁpemally }‘Erue' when ﬂﬁe fmdulft m%St tbeO (())f tion with 1.0 N being the preferred concentration. The
P ag)e.r ﬂf. 111{1ness, that 15 normally less than about 0. solution may stand at ambient temperature for a period
mcIt i thie Iéf.’ssi £ this i tion t d . s of time but it is preferable to reflux for approximately 2
1 an object ot this imvention to provi }© a proces 35 hours and then decant the liquid and fines and follow up
for thp preparation qf paper and/or paper like products with 3 aqueous tap water rinses. The sodium exchanged
from_ inorganic mat'enals. .. . . vermiculite ore is then immersed in a lithinm salt solu-
Itis a further object of this invention to pr ovide strong tion. The type of salt depends upon the solubility desired
and flexible sheet like materials derived from inorganic With. lithium chloride being the preferred salt. The con,
base substances. . g . ) i
. . . . 40 centration of the lithium chloride may be on the order
These and other objects .Of the lnvention wﬂl_become of from about 50 grams of lithium chloride for 500 grams
app qgent fron; the following detailed description and of ore, up to about 250 grams of lithium chloride for 500
specific examples. N ‘ .
o . . rams of ore, The solution is refluxed for approximatel
.quadly, this Invention contemp I.a tes prep armng ver- égl hours (the solution may stand for an extfgded perio?if
gg‘i:};;z Ecilll:gosyo;rzatllirtlgiuﬁr?alftuhvtvzs%riﬁsga‘g}slewtlrt?atig 45 of time as an alternate method, but reflux is the preferred
¢4 . . -
vermiculite, subjecting the washed vermiculite to intense gllg;hgo?w)ii}? tf}tlzrézgsx;i%tifeegf: Siss St()}}élfll(;galsshggcgn:g]::
mechan}cal shearmg in an aqueous solution forml-ng a with deionized wate’r Following the salt treatment, the
suspension o-f vermiculite flakes, subse.queptly forming a vermiculite ore is the;1 soaked in an excess of water’ for
:ivgi nl; agir S;ll(l:eet sheet from the vermiculite flakes, and 50 a sufficient time to- allow the ore to swell. After swelling,
The term vermiculite used herein refers to the glroup glii ?11:; lgegﬁ: dd:;fi‘ﬁ&de tgv;?siz:gpggﬂriﬁg :er: vrfe(:iructgg
. . . ; ,
i)aftégg(lii ﬁ;)rrl?;ilrfen;;n%ilicsgefﬁ:s S?ﬁi;?g?g;:f Sgitz; ﬁg‘% and recycled. After classification, the vermiculite ore is
a thickness of approximately 10 A. The main elements 55 subjected to intensive shearing to form vermiculite plate-
present in the layer are magnesium, aluminum, silica and Lertsw‘:ri“”;ing;gﬁ&sgeigﬁi :%I;Zga:gsfzﬁéhtise ;lg(t)elzigtlg ?‘lilel
oxygen with the layers b§1ng seg'aarated_ by 1 or 2 sheets concentr céio of the platelets in the water me diu:m is
of water molecules associated with cations such as mag- ad;ltfste q ato I;bout le tg l(e) o V&Eth Sh:lprerferre d rango
nesium, calcium, sodium and hydrogen. The layers have J 2 FU70, < "
considerable lateral extent relative to the thickness of 60 being 1 to 3%. At this point, a flocculation agent is added.
basic 10 A. unit layer. The term vermiculite as used Various flocculation agents may be used among them
herein therefore includes minerals consisting wholly or are P‘?taSSll‘tlm hydroxllde,.clllydrodchll)orlc a%clls, \_’;é};).us mi
largely of vermi.cuh.te, or minerals of a mlxed-laye}' type o;gaglc Sal :z mlnerat acids aI‘:h Dases. p Z adai ‘,Onl_‘z
containing vermiculite layers as an important constituent, the flocculation agen ca}}lses © su‘s;')clzn © 'veril.mcu lle
such as hydrobiotites, chlorite-vermiculites, but does not 65 platelets to form a pulp-like mass. Th1§ vermiculite pulp
e il of the monmorlons o i o S, et e makin s
This invention will best be understood from a con- .. : .
sideration of the following detailed description and the end use desired, by any conventional paper making
specific examples. technique. . L .
The vermiculite is soaked in an aqueous salt solution 10 Other materials may be added to the vermiculite prior

and then washed with water. Following this the vermicu-
lite is steeped for an extended period of time in a con-

to the addition of the flocculation agents to form a com-
posite pulp. Materials such as montmorillonite clays,
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asbestos, organic fibers such as cellulose, and the poly-
meric fibers may be added. The type of material added
depends upon the use or the development of particular
properties for the paper. By addition of other materials-
to the vermiculite platelets prior to flocculation, it is
possible to build in specific physical and chemical proper-
ties to the finished vermiculite paper. It is a preferred
embodiment of this invention, additional component or
components be added to the vermiculite platelets prior
to the addition of the flocculation agents. However, this
procedure may be varied depending upon the material
used. This invention is illustrated, but not limited by the
following specific examples.

EXAMPLE 1

A 200 gram sample of No. 5 vermiculite ore was
steeped for 24 hours in 260 ml. of a 20% aqueous lithium
chloride solution. The treated vermiculite ore was then
diluted with 500 ml. of water and centrifuged. The sedi-
mented solids were then washed 4 times with 600 ml.
portions of water. Between each of the washing and
rinsing steps the solids were separated from the suspend-
ing medium by centrifugation. After the final wash, the
vermiculite solids were suspended in excess water and
subjected to high shear in a Waring Blendor. The con-
centration of the sheared vermiculite platelets was then
adjusted to 1.3 weight percent by the addition of water.

150 ml. of the 1.3 percent platelet suspension was
flocculated by the addition of 150 ml. of 0.3 weight per-
cent hydrochloric acid solution.

A mat was formed from the flocculated pulp by deposi-
tion of the pulp on a filter paper which was mounted in
Buchner funnel. Excess water was removed from the
pulp by the application of a vacuum. The wet pulp was
then placed between moist filter paper, smoothed by a
roller, and subsequently air dried.

The physical properties of the vermiculite paper formed
are described in Table 1.

Table 1
Tensile strength 1052 pounds per sq. in.

Tear resistance Rod and
triangle

16.1 grams per mil thick-
ness.

3605 103 cc. per mil thick-
ness per atmosphere per
sq. meter.

4.171 grams per mil thick-
ness per day per sq.
meter per centimeter of

Oxygen permeability

Water permeability

mercury.
Dielectric constant . 3.5.
Dissipation of electrical
energy factor _._______ 0.341.

Dielectric strength 749 volts per mil thickness.

EXAMPLE II
Preparation of vermiculite bentonite paper

1.3 ml. of a 1.54 weight percent aqueous solution of
bentonite was added to 150 ml. of a 0.3 percent hydro-
chloric acid solution. 150 ml. of a vermiculite platelet
suspension having a concentration of 1.26 weight percent
(prepared as described in Example I) was then added.
A flocculated pulp resulted which was stirred to a uniform
consistency. Additional water was added to bring the
volume up to 600 ml. The pulp was deposited as a mat
on a Buchner funnel and vacuum dried as described in
Example I. It was subsequently placed between moist
filter papers, smoothed with a roller and air dried. The
composition of the resulting paper was one percent ben-
tonite and 99 percent vermiculite by weight. The com-
position of the final paper can be varied by adjusting the
quantity of bentonite added to the vermiculite. Papers
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containing 5 percent and 10 percent bentonite were also
prepared. The tensile strength in pounds per sq. in. of
these mixed vermiculite bentonite papers is shown in
Table II.

Table 11
Tensile strength,

Composition: pounds per sg. in.
100% vermiculite — oo~ 1052
1.0% bentonite, 99% vermiculite _ . ______ 1317
5% bentonite, 95% vermiculite —._________ 2726
10% bentonite, 90% vermiculite _ ... 1014

EXAMPLE III
Preparation of vermiculite-cellulose paper

A suspension of cellulose fibers was prepared by com-
minuting an aqueous suspension of filter paper in a War-
ing Blendor. The paper suspension was adjusted to a con-
centration of 0.54 wt. percent and 3.7 ml. of this was
added to 150 ml. of a 0.3 percent hydrochloric acid solu-
tion. 150 ml. of vermiculite platelet suspension having
a concentration of 1.26 wt, percent (prepared as shown
in Example I) was added to the above suspension. A
flocculated pulp resulted which was stirred to a uniform
consistency and additional water was added to bring the
final volume to 600 ml. A paper was prepared from this
vermiculite cellulose pulp by the technique described in
Example II. The final composition of the paper was 0.9
percent cellulose and 99.1 percent vermiculite. Other
papers having a concentration of 0.9 percent cellulose,
4.4 percent cellulose, and 9.0 percent cellulose were pre-
pared by varying the additions of cellulose to the vermi-
culite platelets. The tensile strengths of these papers are
shown in Table III.

Table 111
Tensile strength,

Composition: pounds per sq. in.
0.9% cellulose, 99% vermiculite o~ 1599
4.4% cellulose, 95.6% vermiculite ____.__..._ 1629
9.0% cellulose, 91% vermiculite . _..______ 2288

EXAMPLE 1V
Preparation of vermiculite-asbestos paper

A suspension of coating asbestos was prepared by com-
minuting an aqueous suspension of asbestos in a Waring
Blendor. The asbestos suspension was adjusted to a conc.
of 1.0 percent. 20 ml. of this suspension was added to 2
ml. of a 20% hydrochloric acid solution. 140 ml. of
vermiculite platelet suspension having a concentration of
1.26% wt. (prepared as shown in Example I) was added
to the above suspension. A flocculated pulp resulted which
was stirred to a uniform consistency and additional water
was added to bring the final volume up to 600 mil. A
paper was prepared with this pulp by the technique de-
scribed in Example II. The final composition of the dried
paper was 9 percent asbestos and 91 percent vermiculite.
Other papers having a concentration of 4.8 percent as-
bestos, and 0.9 percent asbestos were also prepared by
varying the quantity of asbestos added to the vermiculite
suspension. Test results from tensile strength and gas
permeability measurements are shown in Table IV,

TABLE IV
" Tensile Specific
Composition strength oxygen
(p.s.i.) permeability
9.0% asbestos, 91% vermiculite...._____. 1,225 3.286X103
4.8%, asbestos, 95.2%, vermiculite_..._.__ 770 28.9X103
0.9% asbestos, 99.1% vermiculite____..__ 745 108103

These examples show that by the use of this invention,
vermiculite papers can be successfully prepared. The re-
sults further show the composition and specific properties
of the vermiculite paper can be varied by the addition
of other materials, i.e., bentonite and cellulose and as-
bestos.
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Papers prepared by this invention are fire resistant, have
excellent diclectric properties, and high tensile strength,
and have utility as high temperature and electrical insula-
tion. Also being resistant to moisture disintegration, the
papers are particularly useful where moisture contact is
a problem.

We claim:

1. A method for the conversion of vermiculite ore into
pulp suitable for conversion into sheet form by con-
ventional paper making methods which comprises, im-
mersing the vermiculite ore in a first solufion of sodium
chioride, draining and washing of excess sodium chlo-
ride solution, immersing the vermiculite ore. in a second
solution of lithium chloride, draining and washing of
excess lithium chloride solution, immersing the said
treated vermiculite ore in water to effect expansion of
said vermiculite, subjecting said expanded vermiculite to
intense mechanical shearing to form a suspension of
vermiculite platelets and subsequently adding a floccu-
lating agent selected from the group consisting of potas-
sium hydroxide and hydrochloric acid.

2. A method for conversion of vermiculite ore into a
pulp suitable for conversion into sheet form by conven-
tional paper making methods, which comprises immersing
the vermiculite ore in a first solution of sodium chloride,
draining and washing of excess sodium chloride solution,
immersing the vermiculite ore in a second solution of
lithium chloride, draining and washing of excess lithium
chloride solution, immersing the said treated vermiculite
ore in water to effect expansion of said vermiculite, sub-
jecting said expanded vermiculite to intense mechanical
shearing to form a suspension of vermiculite platelets,
adding an aqueous suspension of a material selected from
the group consisting of bentonite clay, asbestos, mica, and
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tide solution is from about 1 part of lithium chloride to
10 parts of vermiculite ore to about 1 part of lithium
chloride to 1 part of vermiculite ore.

4. The method according to claim 2 wherein the con-
centration of the suspemsion of vermiculite platelets is
from about 1 to 10 percent.

5. The method according to claim 2 wherein the addi-
tional material is bentonite clay.

6. The method according to claim 2 wherein the
additional material is cellulose.

7. The method according to claim 2 wherein the addi-
tional material is asbestos.

8. The product prepared by the process of claim 1.

9. A method for conversion of vermiculite ore into
a pulp suitable for conversion into sheet form by con-
ventional paper making methods which comprises im-
mersing the vermiculite ore in a first solution of sodium
chloride, draining and washing to remove excess sodium
chloride solution, immersing the vermiculite ore in a
second solution of lithium chloride draining and wash-
ing to remove excess lithium chloride solution, immersing
the said treated vermiculite ore in water to effect expan-
sion of said vermiculite, subjecting said expanded vermic-
ulite to intense mechanical shearing to form a suspen-
sion of vermiculite platelets, adding an aqueous suspen-
sion of a material selected from the group consisting of

.plate-like silicate mineral and inert fibrous material to

the said suspension of vermiculite platelets and subse-
quently adding a flocculating agent selected from the
group consisting of potassium hydroxide and hydro-
chloric acid.
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