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a. Chemical Vapor Deposition (CVD) is an

overlay coating or surface modification

coating process wherein a metal, alloy,

“composite”, dielectric or ceramic 1is
deposited upon a heated substrate. Gaseous
reactants are decomposed or combined in
the vicinity of a substrate resulting in the
deposition of the desired elemental, alloy or
compound material on the substrate.
Energy for this decomposition or chemical
reaction process may be provided by the
heat of the substrate, a glow discharge

plasma, or “laser” irradiation.
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g. Ion Implantation is a surface modification

coating process in which the element to be
alloyed is ionized, accelerated through a
potential gradient and implanted into the

surface region of the substrate.
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. 2,992,991
THERMALLY STABLE VISCOUS COMPOSITION
CONTAINING A CHLORFLUORENATED AlL-
KANE OIL
Fred W. West, Paterson, N.J., assignor, by mesne assign-
menfs, to anesota Mlmng and Manufacturing Com-
pany, St. Panl, Minn., a corporation of Delaware
_ No Drawing. FlledMar 26, 1957, Ser. No. 648,439
.- 10 Claims, (Cl 252—78)

This invention relates to a high viscosity material and
to the preparation thereof. In one aspect this invention
relates to a flotation fluid for reducing frictional losses.in
instruments and machines. Another aspect of this inven-
tion relates to a damping flnid for reducing impact and
vibration damage and offering . viscous non-elastic re-
straint to moving parts within a gyro...Another aspect of
this invention relates to. a halogenated, viscous material
having a low pour point and high shear stability. Another
aspect of this invention relates to a chlorofiuorinated Iu-
bricating oil having a viscosity which is.substantially sta-~
ble over a wide temperature range. Still another aspect
of this invention relates to chlorofluorinated polymers as
damping and flotation flaids for gyro mechanisms:

Gyro mechanisms which are used for missile guidance
systems, aircraft navigation instruments, fire control sys-
tems and navigation instruments on ShlpS have now
achieved wide recognition. For some of the improved
gyros now being designed - there exists a need for a
highly - viscous, high densuy material which has a low
pour point and which is stable at high temperatures, that
is, at temperatures of about 200° F. A gyro in a guided
m]ssﬂe for example, in responding to change in:speed,
direction and attitude may provide thé only stable refer-
ence with respect to the earth by -which the missile can
be navigated. The precision required in the control of
bigh speed, long range missile and aircraft has placed

new demands upon gyros. To meet these demands a rela-

- 40

tively new gyro has been designed which requires a suit-
able fluid to buoy the gyro float. Various fluids and waxes
have been employed for this purpose but these have not
been able to meet the requirements demanded for a
material of this type. ‘Typical specﬁcatnons for a gyro
fluid which is used to float the gyro in an integrating ma-

chine are presented in Table 1.
TABLE 1
Temperature Class, ° F. | Viscosity, | Density, g,/ | Cloud Point;,,
. ©oeps < CC. °F,

120 e 3, 000 1,958 | less than 115.
140 i 12,800 1.949 | lessthan 135,
160 el . 600 1.922 | less than 155,
360 oo e el 1,000 1.928 Do,
260 4 e 2,000 11.930 Do. .

! Greater than.

In other cases, where the restraint to precision in the

gyro is supplied by resilient member and where the fluid i

is not required to float the gyro, the viscosity requirements
are much lower than those recorded .above in -Table I.
For example, a viscosity of between-about 100 and about
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1,000 centipoise at 100° F., may be required. One specifi-
cation requires a viscosity within this range and a density
of about 1.8 at 100° F. Additional desirable charac-
teristics of some of these gyro fluids which has hereto-
fore been umattainable is that they remain liquid at low
temperatures, have cloud points not above room tem-
perature while, at the same time, maintain suitable densi-
ties and viscosities, -Some gyros now in design have small
float apparent densities and although a high viscosity is
needed, the density may be as low as 1.78 or lower. Thus,
it is observed that requirements for gyro fluids may vary
considerably depending upon ‘the particular mechanism
in which the fluid is to be employed.

Other instruments such as bi-metallic dial type ther-
mometers and chemical seal.pulsation dampeners have
also indicated a need-for a highly viscous material which
meets many of the specifications mentioned above. -

It is, therefore, an object of the present invention .to
provide a material having a- high viscosity, a low clear
point and a low pour point and to provide a method for
the preparation thereof.

Another object of.this invention is to prov1de ‘a non-

. corrosive, thermally stable chlorofluorinated alkane solu-

tion suitable for use as a damping and flotation fluid.
Another object of this invention is to prov1de a chloro-
fluorinated alkane solutlon whlch remains clear at room-
temperature. .
Another object is to prov1de a ﬂuxd containing a poly—

“mer of chlorotrifluoroethylene having a viscosity-of about

600 -centipoise or -higher at-140° F., which fluid- is- essen-:
tially non-volatile at temperatures. as high as 200° F:
Another object is-to provide a polymeric mixture "of’

F chlorotn.ﬂuoroethylene suitable for use as-a dampmg and

3b
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flotation fluid in a gyroscope.

- Still another-object of this invention is to pr0v1de a
commercially. feasible method for the preparation:of: a:
chlorofluorinated alkane solution for use-as a damping
and flotation fluid having the above valuable propenties.

. ‘Other- objects’ and-advantages- of the present invention
will become apparent to those skilled in the art from the
accompanying description and disclosure.

According to this invention a compatible normally soli id-
polymer, such as for example, chlorotrifluoroethylene and
vinylidene fluoride copolymer having a specific gravity
(Jolly balance) at 75° F. of about 2.02 and a dilute solu-
tion viscosity (DSV): of between about 0.5 and about:2.0"
at 266° F. is admixed with and dissolved in a chloro-
fiuorinated- alkane oil, for example, a polychlorotrifluoro-
cthylene oil. The normally solid polymer and the chloro-
fluorinated alkane -0il are intimatély mixed at a tem-

-perature between about 20°. C. and about 200° C. or’

higher until a homogeneous solution having a constant vis-
cosity is obtained and the resulting product is a viscous oil,
having a low pour point, low volatility and high densnty
The dilute solution viscosity. (DSV) of the normally.
solid ponmer is determined by dissolving a sample of the.
polymer in dichlorobenzotrifluoride to a concentration of
0.75 weight percent solvent. . The sample is mixed .with
the dichlorobenzotrifluoride in a flask .which is placed.
in a bath at 300° F, and stirred for 3 to 4 hours or until:
the sample is-completely- dissolved: - The. resulting solu-.
tion is removed from the flask and poured into- a modi--
fied Ubbelohde viscosimeter equipped with a sinter disk’
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through which the solution is filtered. The viscosimeter is
maintained at 266° F. by means of a thermostatically
controlled bath, The liquid is drawn up through a gradu-
ated, calibrated capillary of the viscosity tube and the
time it requires for the liquid to descend from one point
in the graduated capillary to another is recorded in sec-
onds. This value is multiplied by the factor of the tube
to obtain a value in centistokes. This method of measur-
ing wviscosity has been applied to solid polymers having
dilute solution viscosities between about 0.5 and about
3 or higher when the polymer is soluble in the solvent
at the .given temperature.

The chlorofluorinated alkane oil, or major component,
of the present invention is an alkane having a minimum
density of about 1.7 grams/cc. at 140° F. and containing
between 4 and 22 carbon atoms per molecule. The oil
is preferably a perchlorofluorinated alkane oil which in-
cludes the homopolymer of chlorotrifluoroethylene having
a viscosity at 210° F. of between about 1 and about 40
centistokes and a molecular weight of between about 300
and about 1,000 as the most preferred member of this
group. Polychlorotrifluoroethylene oils having these prop-
erties are represented by the following general formula

Y(CF,CFCI),Z (48]
wherein x is an integer between 3 and 9 and Y and Z are
normally gaseous halogen atoms (fluorine and chlorine
atoms) or a moiety derived from an alkyl telogen which
is completely halogenated with normally gaseous halogen
atoms. The preparation of polychlorotriffuoroethylene
oils wherein Y and Z are normally gaseous halogen atoms
is given in U.S. Patent 2,770,659. The polychlorotri-
fluoroethylenes wherein Y and Z are chlorine atoms are
prepared by the telomerization of chlorotrifluoroethylene
with: sulfuryl chloride and are commercially available as
Kel-F #1 Oil, which is a mixture of polychlorotrifluoro-
ethylenes having a molecular weight between about 300
and about 500, Kel-F #3 Oil, which is a mixture of poly-
chlorotrifluoroethylenes having a molecular weight be-
tween about 500 and about 780 and Xel-F #10 Oil, which
is a mixture of polychlorotriffuoroethylenes having a. mo-
lecular weight between about 780 and about 1,000, The
individual oils can be employed separately or any com-
bination of them can be employed and used as the major
component.

The preparation of other perchlorotrifluoroethylene oils
in this most preferred group wherein Y and Z are moieties
derived from an alkyl telogen which is completely halo-
genated with normally gaseous halogen atoms, such as,
for example, chlorotrifiuoromethane, trichlorotrifluoro-
ethane, pentachlorotrifluoropropane, etc., is set forth in
copending applications of William S. Barnhart, Serial No.
347,186 (filed April 6, 1953), now U.S. 2,875,252, and
Serial No. 452,708 (filed August 27, 1954), now aban-
doned. :

Other preferred perchlorofluorinated alkane oils which
are useful in the present invention include the following:

CI(CF;—CFCl) ;y—CF,—CFCI-CF,Cl  (2)
F(CF,),—CFCl—CF;C1 3)

and
CF,Cl—CFCl—(CF,),—CFCl—CF,Cl  (4)

wherein m is an integer between 1 and 9; » is an integer
between 2 and 20 and p is an integer between 0 and 18.
These perchloroffuorinated alkane oils are obtained from
the chlorination of perchlorofluorochlorinated olefins to
vield compounds corresponding to Formula 2, and from
the chlorination of perfluorinated olefins to vield com-
pounds corresponding to Formulae 3 and 4. The chlorina-
tion is carried out with molecular chlorine at a tempera-
ture between about 20° C. and about 150° C, for a period
of ‘from- about 0.5 to about 24 hours. The perchloro-

fluorinated. olefin CI(CFy—CFCl)y—CFy—CF=CFj;
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can be derived from the decarboxylation of the perchloro-
fluoromonocarboxylic acid,

Cl(CF;—CFCl) y—CF3—CFCl—OF,—COOH

wherein m is an integer between 2 and 9. The decar-
boxylation is described in U.S. application Serial No.
517,926 filed June 24, 1953, in the names of William S.
Barnhart and Robert H. Wade. This olefin can also be
prepared by chlorinating the diolefin obtained from the
thermal cracking of polychlorotrifluoroethylene at a tem-
perature between about 100° C. and about 500° C. in
the presence of steam. In addition to the diolefin obtained
from the pyrolysis of polychlorotrifluoroethylene, the
monoolefin CFy—=CF—(CFs—CFCl),Cl wherein x is an
integer between 2 and 9, is also produced. This mono-
olefin upon chlorination yields compounds corresponding.
to the perchlorofluorinated compound of Formula 1. Each
of the foregoing perchlorofluorinated alkanes may be em-
ployed individually or any mixture of the foregoing per-
chlorofluorinated alkanes may be used as the major com-
ponent of the present invention.

Some specific examples of the preferred perchlorofluo-
rinated alkane oils which correspond to Formulae 2, 3,
and 4 above are:

1,2.4,6,8,9-hexachlorotetradecafluorononane,
1,2,4,6,8,10,11-heptachloroheptadecafluorchendecane,
1,2,4,6,7-pentachloroundecafluoroheptane,
1,2,4,6,8,10,12,14,15-nonachloroperfluoropentadecane,
1,2-dichlorohexadecafluorooctane,
1,2-dichlorooctadecafluorononane,
1,2-dichloroperfluorooctadecane,
1,2-dichloroperfluoroecicosane,
1,2,5,6-tetrachlorodecafluorohexane,
1,2,9,10-tetrachlorooctadecafluorodecane,
1,2,13,14-tetrachloroperfluorotetradecane,
1,2,6,7-tetrachlorohexadecafluorononane,
1,2,3,4-tetrachlorohexafluorobutane, and
1,2-dichlorodecafluoropentane.

Examples of other preferred perchlorofluorinated alkane
oils are:

1,2,3,6,7,8-hexachlorododecafluorooctane,
1-chloroperfluorooctane,

1-chloroperfluorodecane,

3,4-dichloroperfluorohexane, 1
2,3,3,4,4,5-hexachlorooctafluorohexane,
1,1,2,3,4,4-hexachloro-2,3-bis(triffuoromethyl)butane,
2,5-dichloroperfluorohexane,
2.4-dichloro-2-(trifluoromethyl)methyl pentane, and
2,3-dichloro-2,3-bis(trifluoromethyl)butane.

Other chlorofluorinated alkane oils which are suitably
used in the process of the present invention are the ali-

- phatic alkane oils which are more than half halogenated, . |

80

65

This group includes chlorofluorinated oils prepared by the
hydrochlorination of any of the previously mentioned ole-
fins with.  hydrogen chloride at a temperature between
about 50° C. and about 300° C. The compounds formed
by the addition of hydrogen chloride to the above men-
tioned olefins are g-hydrochlorofluorinated alkanes,
Specific examples of some of these alkanes are:

B-hydro-1,4,5-trichlorooctafluoropentane,

. @-hydro-1,4,6,8,9-pentachlorotetradecafluorononane,

70

75

pg-hydro-1-chlorooctafluorobutane,
B-hydro-1-chlorododecafluorchexane,
B-hydro-1-chloroperfluorodecane, _ :
2,8-dihydro-1,9-dichlorohexadecafluorononane,
2,3-dihydro-1,4-dichlorohexafluorobutane,
2,4-dihydro-1,5-dichlorooctafluoropentane, and
2,5-dihydro-1,6-dichlorodecafluorohexane.

Still ‘other chlorofluorinated alkane oils employed as
the major component in the fluids of the present invention
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include the copolymeric oils of chlorotrifiuoroethylene and

other halogenated aliphatic olefin comonomers, such as, -

for example, vinylidene fluoride, vinyl fluoride, 1 chloro-1-
flaoroethylene, trifluoroethylene, vinylidene chloride ‘and
dichlorohexafluorobutene. Of these copolymeric oils the
chlorotnﬂuoroethylene and vinylidene fluoride copolymer
is preferred.

The normally solid polymers of the present invention
are those which are compatible with the chlorofluorinated
alkane oils and which have a DSV between about 0.2 and
about 3. The preferred normally solid polymer, or vis-
cosity improver, which is admixed with the chlorofluo-
rinated alkane is the copolymer of chlorotrifluoroethylene
and vinylidene fluoride which has a specific gravity at 75°
F. of between about 2.0 and about 2.2, a DSV between
about 0.5 and about 2.0 at 266° F. and which contains be-
tween about 10 mol percent and about 50 mol percent vi-
nylidene fluoride, most preferably between about 15 mol
percent and about 35 mol percent vinylidene fluoride. The
thermoplastic resin containing between about 15 mol per-
cent and about 35 mol percent vinylidene fluoride is com-
mercially available as Kel-F 800 Resin and its method of
preparation-is described in U.S, Patent 2,752,332,

Other viscosity improvers which ‘are suitably admixed
with the chlorofluorinated alkane oils and which have a
DSV at 266° F. of between about 0.2 and about 3 are
solid polymers which have a minimum density of about
0.9 at 100° F. Examples of some of these solid poly-
mers are the silicon rubber gums, polymethacrylate, poly-
vinyl chloride, polystyrene, polydichlorostyrene, poly-
butene, vinyl chloride and vinylacetate copolymer, vinyl
chloride and ™ acrylonitrile copolymer, chlorinated rub-
bers, ethyl cellulose polymer, cellulose acetate, butyr-
ate polymer, cellulose nitrate polymer and vinyl butyl'al
polymer.

Generally, for good results and ease of mixing, the nor-
mally solid polymer should be finely divided. For ex-
ample, in the case of Kel-F 800.Resin, -a particle size
below about 250 microns is suitable; however, a particle
size which will pass 90 percent through a 100 or higher
mesh” screen (U.S. Burean Standards, standard screen
series) is preferred.

In accordance with this  invention the normally sohd
polymer is preferably added to the chlorofluorinated al-
kane oil in an amount between about 2 and -about 30
weight percent of the normally solid polymer. ‘The

amount of normally solid polymer added to the oil is -

dependent upon the initial viscosity. of the oil and:the vis-
cosity required for the end use. Generally, when em-
ploying Kel-F #1 Oil up to 30 weight percent of the nor-
mally solid polymer may be added; when using Kel-F
#3 Oil, it is usually necessary to add an amount above

When Kel-F #10 Oil is used, the normally solid polymer
is added in an amount which generally varies between
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polymer. This is accomplished by mixing a small amount

--of oil with the solid polymer so as to moisten the par-
_ticles and then adding the remaining portion of oil to

the moistened solid polymer. Generally, this procedure
requires a longer period of time with agitation to arrive -
at -a substantially homogeneous solution; for example,
a period between about 10 to about 200 hours.

.~ If several concentrations of normally solid polymer are
to be prepared in the same chlorofluorinated - alkane oil,
it is often convenient to prepare a stock solution of the
same or of higher normally solid polymer concentration
than is required by the most concentrated of the homo-
geneous solutions desired. To obtain the homogeneous
solutions having a lower normally solid polymer concen-
tration, the stock solution or a portion of the stock solu-
tion is then diluted accordingly until the required concen-
tration is attained.

The reaction may be carried out in any smtable reac~
tor such as, for example, an open glass flask, a metal re-
actor, a thermostatically controlled container equipped
with a reflux condenser. When using one of the more
volatile major components, such-as, for .example, Kel-F
#1 0Oil, a reflux condenser is generally employed: so that
light ends escaping from the solution are returned to the
system.

In certain cases, where a high density major compo-
nent, for example, Kel-F #10 Oil is mixed with a nor-
mally solid” polymer having high density, the specifica-
tions for a particular gyro fluid may require lower den-
sity. _In these instances a cosolvent such as a hydro-
carbon “ester containing between about 10 and about
30 carbon atoms can be added to the chlorofluorinated
oil before mixing with the solid polymer or the cosol-
vent can be added to the homogeneous solution after mix-
ing has been accomplished. Examples of such ester ad-
ditives are dioctylphthalate, di(2-ethylhexyl)phthalate,

“dioctylazelate, didecylazelate, dihexylsebacate, dibutyl-

glutarate and dioctylsuccinate. When used, these addi-

-tives are added in ai amount between about 0.5 weight

percent and about 50 weight percent, preferably 1 weight

.percent and about 15 weight percent based on the weight
- of the finid components. .

" In other cases the homogeneous solution obtained from

“the mixing of the chlorofluorinated oil and the normally

solid polymer ‘i§ used direcily as a high viscosity fluid
in gyro mechanisms and is generally introduced into the
gyroscope cavity under vacuum. '

The following .examples are offered as a better un-

'.derstanding of ‘the present invention and are mot to be
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about 2.5 and - about 15 weight percent of normally

solid polymer.

In carrying out the process of the present invention -

under preferred conditions, the normally solid. polymer
is -added 'to the chlorofluorinated alkane oil at a tem-
perature between about 100° C. and about 125° C., al-
though, a temperature between about 20° C. and about
250° C. is satisfactory and may be used if desired. The
mixture is agitated vigorously for a period of from about
1 to about 100 hours or until a homogeneous solution and
a constant viscosity is obtained. To insure the complete
homogeneity of the solution, the resulting solution can
be filtered to remove any gel-like particles which may be
formed in the solution. The filtration step is usually
omitted when the solution has achieved complete homo-
geneity upon being mixed for a sufficient petiod of time.

Although it is preferable and less time consuming in
the mixing of ingrédients to add the normally solid poly-
mer. to the chlorofluorinated oil, it is also within “the
scope of the present invention to add the oil to the solid
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.construed as unnécessarily limiting thereto,

The properties which distinguish the Kel-F Oils #1,

.3 and 10 are given below in Table II.
about 20 weight percent of the normally, solid polymer. - "

TABLE DT
Kel-F Oil Kel-F Oi1 Kel-F Ol
#1 #3 #10
Refractive Index, np at 77°
) R I 1.401 1. 405 1.410
Viscosity in es.:
100°F__.. . 3 25 220
210° F._. — 1 3 10
Viscosity in Dy 100°F.. . . 5.6 47 426
Pour Point, °© B oo oeeoonn —~70 —45 +30
Heat of Vaporlzatmn, K
calories per mol.o-ooooios - 0.7 14.5 17.1

All of the homogeneous solutions in the following
Table I1I, Examples 1 through 11, had clear points below
room temperature (20° C.). These homogeneous solu-
tions were prepared by adding Kel-F 800 Resin (DSV
0.5) to Kel-F Oil in a glass flask equipped with a ther-
mometer and a Hershberg stirrer at a temperature of
between about 110° C. and about 120° C. The solution
was vigorously stirred for a period of about 30 hours
after which.a completely homogeneous' solution and a.
constant viscosity was obta.med :
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TABLE 111
HOMOGENEOUS SOLUTIONS OF KEL-F 810 RESIN IN KEL-F OILS
Kol-F 800 Viscosity in es. Density in g./cc. Volatility, Viscosity in cp.
Example Resin, | Kel~F-0Oil Pour Point,; Parcent at
0. Weight No., °F. 311° F,
Percent 140° F, 210° F. 140° F. 210° F, 140° F. 210° F. 68° F.

1o 2.5 1 9. 41 4.23 1.7886 1, 7229 =80 Jococmamanne 16,81 7.29 60.3
5.0 1 38.4 13.97 1.7907 1.7254 180§ 68,6 24,5 208.5
7.5 1 144 45,1 1.7658 1.7290 —50 60.18 258. 5 77.9 1,935
10.0 1 318.9 89. 87 1.8033 L7390 | ccemea oo - 875 166,38 §oecoemaiaee

2.5 |- 3 72.9 16.9 1.8698 1. 8095 —20 25.3 136 28.8 |-

5.0 3 325 61.3 1.8728 1, 8121 10 25.7 609 1L 2 |.

7.5 3 1,171 191.3 1.8753 1. 8161 36 24.9 2,196 347 |-

10.0 3 4,200.5 540.2 1.8799 1. 8207 70 21.3 7,896 983.5 |-

2.5 10 372 49,3 1. 908 1.851 45 6.93 710 9L 3 |-

6.0 10 1,751 185, 4 1. 9099 1. 852 50 6.26 3,344 343 |.
10.0 10 |ommcceamees 1,373.8 1.8138 1. 8565 86 7.31 1 50, 000 2,880 |occeonoman

1 Les8 than,

3 Estimated value.

The volatility of the products in Table III above was
determined - by: nifrogen-jet evaporation. This method

erties of homogeneous solutions prepared by mixing Kel-
F 800 Resin with a perchlorofluorinated alkane oil.

TABLE IV

HOMOGENEOUS SOLUTIONS OF KEL~F 800 RESIN IN 1,1,3,56-PENTACHLORONONA-
FLUOROHEXANE

Kel-F 800 Resin

Viscosity in es.

Density, grams/ee.

Viscosity
Exampls No. Pour Point, |incp. at
Wwt. 100° F. °F. 100° F.
Percent DSV 100° ¥. 210° F. 68° F. (esti-
mated)
1.0 1.946 8.1 less than —00 158
1.5 1,946 159.6 less than =90 290
2,0 1,946 680.0 ~85 1,230
2.0 1.946 579.0 =80 | ceeeos
2.0 0. 56 1.99 loss than —80 | ..o.o-...
7.6 0.56 81.6 less than —80 149
10.0 0, 56 214.4 -60 390
10.0 0. 56 about 350 ol iU E——
1.0 1.43 27.82 less than -85 50.3
2.0 1.43 323.35 less than —80 585
3.0 1.43 2,135 -80 3,820

OF KEL-F 3500 RESIN

EIN 1,1,3,5,7,8-HEXACHLORODODECA-

1.946
1,946
0. 56
0. 56

il ot o
cooso

FLUOROOCTAN
169.9 28.8 1. 808
2,868.4 200.6 1.905
26. 53 4,82 1.903
234.6 23,44 {emeane

85
~30
less than —70

US SOQLUTIONS OF SILICONE POLYMER (DOW CORNING-CENTISTOKES AT

HOMOGENEO
25° C,=2.0) IN 1,1,3,5,7,9,11,12-0CTACHLOROPERFLUGORODODECAN
Viscosity .
Silicone, Wt. ; Pour Point, | Density
Parcent °F.. at 68° F.
cs. at 210° F, cs. at 100° F. cp. at
) 100° .
! AR 1 6.29 104.5 108.5 40 1.932

All of the above homogeneous solutions had clear points below room tempersture,
1,1,3,5,6-pentachlorononafluorohexane has a viseosity in centistokes at 100° F, of 1.87 an

d at 210° F. of 0.75

n density at 68° F. of 1.840; a pour point of less than —80° F. and a viscosity in centipoises at 100° F. of 3.4.
1,1,8,5,7,8-hexachlorododecafluorooctane has a viscosity in centistokes at. 100° F. of 5.78 and at 210° F, of

1.45; 2 density at 68° F, of 1.893; a pour point of —70° F. and a viscosity in centipoises-at 100° F. of 10.7.
Some other silicone polymers which may. be used in place of silicone polymer from Dow Corning are the -

silicone rubber gams su

8E-31.

is carried: out by -evaporating. a sample of the homoge-

neous solution by a stream. of nitrogen preheated to 311°

C. ‘The. solution is evaporated for a predetermined peri-
od ‘of time which. corresponds to the time required to
evaporate 50 percent of a similar quantity of n-cetane.
The volatility is expressed a§ percent evaporated.

The examples in the following Table IV-show the prop-

pplied by (eneral Electric and designated as 8E-76, SE-52, BE-30, SE-51, BE-33 and

All of the homogeneous solutions in the above Table

70 1V, Examples 12 through 27, have clear points below

room temperature (20° C.). These homogeneous solu-
tions were prepared by adding the normally solid poly-
mer to the perchlorofluorinated alkane oil at a tempera-
ture of about 100° C. The solution was wigorously

75 agitated for a -period “of about 24 hours after which a’
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completely homogenous solution having a constant vis-
cosity was obtained.

Example 28

This example illustrates the effect of a hydrocarbon
ester when included in the homogeneous solution recipe.

Ingredients: Weight percent
Kel-F #10 oil ... - -~ 89.6
Kel-F 800 Resin o 62
Di(2-ethylhexyl)phthalate - 4.2

The ingredients were mixed at room temperature and
the solution was heated to 1150° F. and stirred for a
period of about 24 hours. The resulting homogeneous

solution had the following properties:

Viscosity at 140° F. wocccccoeeeems 1895 centipoise.
Density at 140° F. oo 1.819 grams/cc.
Pour point - ___ . 30° F.

This solution had a lower viscosity, density and pour
point than a solution containing about the same amount
of Kel-F #10 Oil or Kel-F 800 Resin (compare with
Examples 10 and 11).

The following examples in Table V show properties of
additional homogeneous solutions prepared by mixing
Kel-F 800 Resin having a DSV of 0.5 with Kel-F #10
Oil.

TABLE V

HOMOGENEOUS SOLUTIONS OF EEL-F #10 OIL AND KEL-F
800 RESIN (D8V 0.5

Weight Pour
Example | Percent | DSV | Viscosity | Density at®F.| Point-
Kel-F in ep.f° F. £5°F.
800 Resin
6.6 0.5 1, 910/160 1.8943 at 160 45
4.6 0.5 1 101/160 | 1.8944 at 160._.
3.4 0.5 566/160 | 1.8895 at 160..__ 40
1.8 0.5 277/150 | 1,8082 at 150.__ 30-
2.8 0.5 1,827/120 | 1.9720 at 120... 40

It is to be understood, without departing from the scope
of this invention, that any of the other normally solid
polymers having a DSV between about 0.4 and about 3
may be admixed with any of the chlorofluorinated alkane
oils, particularly any of the perchlorofluorinated alkane
oils, having a minimum density of about.1.7 grams per cc.
at 140° F. to provide highly viscous materials suitable
for use as damping fluids, flotation fluids and highly vis-
cous lubricants, The preparation of these viscous mate-
rials ‘follows the method set forth in the application for
which many modifications and embodiments may become
apparent to those skilled in. the art.

The fluid products of this invention find apphcatlon as
highly viscous thermally stable materials having low cloud
points, low pour points and high density. These ma-
terials are well suited for use in gyro mechanisms of
various design and in other similar applications such as,
for example, in bi-metallic dial type thermometers and as
chemical seal pulsation dampeners.

The products of this invention are also useful as chem-
ical, thermal and shear resistant -lubricants which have
wide application in industry today.

Having thus described my invention I claim:

1. A homogeneous liquid solution for use as a gyro
fiuid which comprises @ major amount of a perchloro-
fluorinated alkane oil having a minimum density of about
1.7 grams/ce, at 140° F. and containing between 4 and
22 carbon atoms per molecule and between about 2 and
about 30 weight percent of a soluble, normally solid co-
polymer of chlorotrifluoroethylene and vinylidene fluo-
ride having a dilute solution viscosity between about 0.2
and about 3 and containing between about 15 and- about
35 mol percent vinylidene fluoride.

2. The homogeneous solution of claim 1- wherein - the
perchlorofluorinated alkane oil i3 a mixture of poly-
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chlorotrifftuoroethylenes having a molecular weight of
between about 300 and about 500,

3. The homogeneous solution of claim 1 wherein the
perchlorofluorinated alkane oil is a mixture of polychloro-
trifluoroethylenes having a molecular weight of between
about 500 and about 780.

4. The homogeneous solution of claim 1 wherein the
perchlorofluorinated alkane oil is a mixture of polychloro-
trifluoroethylenes having a molecular weight between
about 780 and about 1,000.

5. The homogeneous solution of claim 1 wherein the
perchlorofluorinated ‘alkane . oil is 1,1,3,5,6-pentachloro-
nonafluorohexane.

6. The homogeneous solution of claim 1 wherein the
perchlorofluorinated alkane oil is 1,1,3, 5 7,8-hexachloro-
dodecafluorooctane,

7. A homogeneous liquid solution for use as & gyro
fluid which comprises a major amount of a perchloro-
fluorinated alkane oil having a minimum density of about
1.7 grams/cc. at 140° F. and containing between 4 and
22 carbon atoms per molecule; between about 2 and
about 30 weight percent (based on said alkane oil) of a
soluble, normally solid copolymer of chlorotrifluoro-
ethylene and vinylidene fluoride having a difute solution
viscosity between about 0.2 and about 3 and containing
between about 15 and about 35 mol percent vinylidene

fluoride; and between about 0.5 and about 50 weight per-

cent. (based on the total weight of fluid components) of
a‘hydrocarbon ester having between about 10 and 30 car-
bon atoms per molecule.

8., The homogeneous solution of claim 7 wherein the
hydrocarbon ester is di-(2-ethylhexyl)phthalate.

9. In the method of operating a gyro mechanism con-
taining a gyro operating in a fluid medium the improve-
ment which consists of using as said fluid medium a
homogeneous liquid - solution comprising (1) between
about 2 and about 30 weight percent of a soluble, nor-
mally solid copolymer of chlorotrifluoroethylene and vi-
nylidene fluoride having a dilute solution viscosity be-
tween about 0.2 and about 3 and containing between
about 15 and about 35 mol percent vinylidene fluoride,
and (2) a major amount of a chlorofluorinated alkane
oil having a minimum density of about 1.7 grams/cc.
at 140° F. and containing between 4 and 22 carbon atoms
per molecule.

10. In the method of operatmg the gyro mechanism
containing a gyro operating in a fluid medium the im-
provement which consists of using as said fluid medium
a homogeneous liquid solution comprising (1) between
about 2 and about 30 weight percent of a soluble, nor-
mally solid copolymer of chlorotrifluoroethylene and vi-
nylidene fluoride having a dilute volution viscosity be-

. tween about 0.2 and about 3 and containing between
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-about 15 and about 35 mol percent vinylidene fluoride,

and (2) a major amount of a chlorofluorinated alkane
oil having a minimum density of about 1.7 grams/cc. at
140° F., containing between 4 and 22 carbon atoms per
molecule,; and having an average molecular weight be-.
tween about 300 and about 1000.
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4 Claims. (CL 252--78)

This invention relates to a high viscosity material and
to a method for the breparation thereof. In one aspect, 15
this invention relates to a flotation agent for reducing fric-
tional losses in instruments and machines. Another aspect
of this invention relates to a damping agent for reducing
impact and vibration damage and offers viscous non-
elastie restraint to moving parts within a gyro. Another 20
aspect of this invention relates to a halogenated, highly
viscous materia] having high density and high shear sta-
bility. Still another aspect of this invention relates to a
perchlorofiuorinated damping and flotation agent for gyro
mechanisms, 25

Gyro mechanismsg which are used for confrolling the
operation of rockets, other aircraft and ships have now

cous, high- density materia] which js stable at high tem- 80

ments demanded for g material of thig type. Typical
specifications for a gyro flujd are presented in Table I: - 35

TABLE [
N—\‘_ﬁ
Temperature class Viscosity, Density, Cloud 40
cp, g.fec. point, ° T,

3,000 1.958 <115
>2,800 1,049 <135
600 1,022 <155
1,600 1,928 <155
2,000 | >1.930 <155 45

Otker instruments such as the bi-metallic dia] type ther-
mometers and chemical sea] pulsation dampeners have
also indicated a need for a highly viscous material which
meets most of the specificationg mentioned above,

It is, therefore, an object of the present invention to
provide a materia] having a high viscosity, a low clear
point and a high density at elevated temperatures and to 55
provide a method for the preparation thereof.

Another object of this invention is to provide a non-
corrosive, thermally stable perchlorofluorinated olefin

50

"polymer suitable for use as a damping and flotation fluid.

Another object of this invention is to provide a per- 60
chlorofluorinated olefin polymer having a maximum clear
point not in excess of 155° F.

Another object of this invention is to provide a low
molecular weight percholoroflucrinated olefin polymer

2
having a density of at least 1.949 grams per cc. at
140° F,

Another object is to previde a low molecular weight
perchlorofluorinated olefin polymer having a viscosity of
abont 2800 cp. or higher at 140° F.

Another object is to provide a low molecular weight
perchlorofluorinated olefin polymer suitable for use as a
damping and flotaticn agent in a gyroscope.

Still another object of this invention is to provide a
commercially feasible method for the preparation of a
perchiorofiuorinated olefin polymer damping and flotation
agent having the above properties,

According to thig invention a low molecular weight
chlorotriffucroethylens polymer having a melting point
between about 140° F. and about 250° F. (ball and ring)
is dissolved in a solvent, the temperature of the solution
is lowered, the insolubles are removed from the solution
leaving a filtrate and the soluble polymer product is re-
covered from the filtrate, The soluble polvmer product
which is recovered from the filtrate has a cloud point be-
tween about 100° F, and about 215° F. and a viscosity in
£xcess of 200 centistokes at 210° F. This soluble wax
product may be used directly as, for example, a specifica-
tion gyro fluid, or it may be blended with a low molecular
weight perhalogenated olefin polymer melting between
about 9$0° F. and about 140° F. to obtain a product having
the desired viscosity, density, cloud point and other re-
quirements mentioned above.

The low molecular weight polymeric starting material

‘of the present invention is the homopolymer of chloro-

trifluoroethylene which melis at a temperature between
about 140° F. and about 250° F. and which has the fol-
lowing formula

Y(CF,CFCl),Z

wherein x is an integer between 10 and 100.and Z and Y
are selected from the group. consisting of the halogens
(fluorine, chlorine, bromine and iodine) and a perhalo-
genated alkyl radical.

The preferred chlorotriﬁuoroethylene polymer is the
telomer of chlorotriﬂuoroethyiene wherein Y and Z are
normally gaseous halogen atoms (chlorine and fluorine)
such as, for example, the telogen prepared from the re-
action of chlorotriﬁuoroethylene with sulfury] chloride,
which telomer has a melting point between about 200° F.
and about 235° F, (ball and ring). The preparation of
this telomer is given in U.S. Patent No, 2,770,659,

Other suitable starting materials include the telomers
of chlorotriﬂuoroethylene with halogens and aliphatic per-
halealkyl carbon compounds containing betweey 1 and
4 carbon atoms for example, fluorine, chlorine, bromine,
iodine, bromochlorodiﬂuoromethane, bromotriflucrometh-
ane, chlorotriﬂuoromethane, bromotrichloromethane, tri-
chlorotriﬁuoroethane, pentachlomtriﬂuoropropane, ete.
These telomers are prepared by cotelomerizing chlorotri-
fluoroethylene and the corresponding telogen in the pres-

August 27, 1854, and now abandoned),

In the process of this invention the chlorotrifluoro-
ethylene polymer is dissolved in a suitable solvent such
as an aliphatic aicohol, ketone, ether, ester or halocarbon
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or an aromatic alcohol, ketone,-ether, ester or hydrocar-
bon. Examnles of suitable solvents used in this invention
include Cellosolve, dioxane, methyl phenyl ether, ethyl
ether, ethyl phenyl ether, acetone, methyl ethyl ketone,
acetophenone, isopropyl alcohol, diacetone alcohol, min-
eral spirits, methyl alcohol, benzyl alcohol, ethyl alcohol,
ethyl acetate, methyl propionate, ethyl benzoate, carbon
tetrachloride, trichloroethylene, chloroform, the Freons,
toluene, xylene, etc., and mixtures of these solvents. The
polychlorotriffuoroethylene is melted before it is admixed
with the solvent.

Solvent to polymer ratios employed in this process can
be var-ed between about 0.5:1 and about 20: 1, preferably
between about 1:1 and about 15:1. The chlorotr fluoro-
cthylene pslymer is generally dissolved at an elevated
temperature such as for example, in a so'vent which is
ma'ntained at a t:mpe-ature of between about 100° F.
and about 305° F. or at about the rzflux temperature of
the solveit. However, it is a'so with'n the s~ope of this
inventon to dissolve the pclymer or fraction thereof in a
solvent at room temperature .(75° F.). The preferred
method comprises dissolving the polymer in the solvent
at a tempzraturs of about-10° below the reflux tempzra-
ture of the solvent but not at a temp:rature in excess
of 305° F. While the polymer is being admixed with
the solvent, it is g:nerally preferred to zgita'e the mix-
ture for a period of between about 10 m'nu‘es to about
10 hours. In most cases the mixture is agitated f-r a
period not exceed.ng 2 hours. After the polymer is mixed
with the solvent for the desired period of time, some
insoluble material may still be present. These insolubles
may be removed immediately if so desired.

The temperature of the sclution of polymeric material
prepared above at an clevated temperature is then low-
ered, preferably by allowing it to cool to about room
temperature. However, in cases where the solution has
been prepared at room temperature, the solution tem-
perature is lowered for example, by a cold bath or by
refrigeration usually to a temperature not bslow —10°
C. and preferably not bzlow 10° C. The lowering -of
the solution temperature results in the precipitation of
insoluble materials. The insoluble material is removed
as a res due by filtration, decantat’on or by any other con-
venient process or any ccmbination of the above proc-
esses and the desirable polymer fraction or product which
remains in the filtrate is recovered by evaporating, flash-
ing off, fractionating, -or distilling off the solvent or by
the addition of water, if a water-soluble solvent is em-
ployed. The water takes up the solvent and can be dz-
canted leaving a soluble polymer product, mare specifi-
cally, a soluble wax product as the crude product of this
invention. The crude soluble wax production is then
dried.

When the desired wax product is recovered by the ad-
dition of water to the filtrate, the volume of water added
to the filtrate can vary bztwe:n about 0.05 and about 2
volumes or more, preferably between about 0.25 and
about 1 volume of water per volume of filtrate. The
soluble wax product so obtained is then dried to produce
a wax product having a cloud point between about 100°
F. and about 215° F. and a viscosity in-excess of 200
centistokes at 210° F. If desired, the insoluble material
which is removed after the solution‘temperature has been
‘lowered can be reprocessed by redissolving it in a solvent;
cooling the Tesulting solution; removing the insoluble
materials and adding the resulting filtrate containing crude
soluble wax product to the first filtrate before remov-
ing the solvent.

In one embodiment of the invention, the process is car-
ried out by dissolving a liquid telomer of chlorotrifluoro-
ethylene, melting between about 200° F. and about 235°
F. in an aliphatic water-soluble solvent at the reflux tem-
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‘and a viscosity between about 205

4

.perature of the-solvent,--or at a-temperature 5° or-10°

below the reflux temperature of the solvent employzd.
The solution is ag.tated at this temperature for a period
of not more than 2 hours and then allowed to cool to
room temperature. The resulting insoluble ma-erial,
which is precipitated, is removed from the filtrate and
water is added with agitation to the filtrate in a volume of
between about 0.25 and about 1 volume of water for each
volume of filtrate. After thoroughly mixing, the solid
or crude product is al'owed to seit'e, the liquors are re-
moved and the remaining solvent is pressed from the
solub'e wax product so formed. The soluble wax product
is thon dried at a temperature bstween about 150° F. to
about 250° F. f:r a period of from about 1 to about 16
hours under a pressure not in excess of about 300 mm.
Hg, preferably not in exc:ss of 175 mm. Hg.

In a p-eferred embodiment of the present invention
the liquid te'omer of chlorotrifluoroethylene cbiained by
melt'ng the telomer is dissolved in a suitable solvent such
as, for example, a toluene-isopropyl a‘cchol mixture, at
an elevated temperature such as, for example at about
170° F. The solution is agitated for a period of not
more than 2 hours and allowed to cool to room tempera-
ture. The resulting insoluble material, which precipi-
tates, is removed from the filtrate and the soluble wax
product is completely removed from the filtrate by dis-
tilling off the solvent.

The soluble wax product of this process, waich has a
cloud point between about 100° F. and abcut 215° F., a
density between about 1.505 and about 1.930 at 210° F.
and about 700 centi-
stckes at 210° F., is sui:able for direct use as a flotation
or damping agent or it can be blended with a lower
mo’ecular weight perhalcgenated wax, such as polychloro-
trifluoroethylene wax having a me ting point between 90°

‘F. and szbout 140° F. in amounts whizh vary from 100

weight percent to about 20 weight percent of the coluble
wax product obtained above, preferably between about
40 weight percent to about 65 we ght percent of soluble
wax product obtained above. When the soluble wax
product has a cloud point of 135° F. or above, it is usual-
ly desirable, in applications for gyro fluids, to blend the
extracted wax products with a lower melting perhalogen-
ated wax, melting between about 90° ‘F. and about 140°
F. for example, a polychlorotriﬂuoroethylene wax such as
Kel-F 40 wax. The preparation of these low molecular
weight, low melting polychlorotriﬂucroethylene waxes is
given in U.S. Patznt No. 2,770,659.

The following examples are offered as a better under-

standing of the present invention and are not to be con-

strued as unnecessarily limiting thereto.
The following example in Table 1 illustrates the prep-

aration of the final extracted wax product of ‘this inven-

tion. In the following example Kel-F 200 wax (the
telomer of chlorotrifluoroethylene with sulfuryl chloride
having a melting point from 200° F. to 235° F.) was dis-
solved in a water-soluble solvent at 175° ¥. Upon cool-
ing the solution to room temperature the insoluble mate-

‘tial was removed as a residue and the wax which remained

in the filtrate was labeled Soluble Wax #1. The residue
was dissolved in the same solvent at 175° F., the resulting
solution was then allowed to cool to room temperature
and the insoluble material was removed as the residue.
The wax which remained in the filtrate was labeled Sol-
uble Wax #2. The first and second filtrates are usually
combined before removal of the solvent to obtain the
soluble wax product, however, in the following example
the two soluble wax products, which were separated from
the filtrate by the addition of water, by decantation of the

-supernate and drying the product, were treated separately

for comparison purposes.
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TABLE I
Solvent Extraction of Kel-F 200 Wax
Amount of Volume Tsolated [Dynamic
Ex, No.| Kel-F 200 Solvent ratio Comnonents of yield, cloud | Viscosity.
Wax, g. solvent: Kel-F 200 Wax percent point, cs.f° F.
wax °F
b R—— 1,000 Isopropyl alcohol... 10:1 | 1st soluble WaX-._. 35.8 152 323.2/210
ond soluble wax..-. 8.3 184 486. 5/210
Residi€acacnenmme- 46.2 |ecnmmcman|mommmmmame e
The cloud point was determined by slowly cooling a preparation of the soluble wax product when reprocess-

final extracted wax product in a
All cloud points determined
scribed were also carried out

15 gram sample of the
25 x 150 mm. glass tube.
on waxes subsequently de
in this way.

ing the residue is omitted and compares the properties of
the product with the residue. In all the examples in
Table III the soluble wax product was removed from the
filtrate by distilling off the solvent.

TABLE Il

Amount Volume Yield, | Cloud Density, | Density.
Bx. No.| of Kel-F Solvent ratio, Components of Kel-F 900 | per- | point, Viscosity, | £./cc. at g.jce. ab
200 Wax, solvent: Wax cent °F, es./° F. 10° F. | 140° F.
grams wax
A 467 | Isopropanol .- 2:1 | Soluble wax product..-..- 13.0 118 | 209.3/210 }oeoecemann|ommmmmmenn
. ResiAte e mmmmonm= 85.0 910 |uececammamfmmmemzz o=
[ S 5:1 | Soluble wax product. . 27.4 134 | 252.9/210
Residue. ccmcweomaammn 71.2 9296 || oo
[ 2:1 | Soluble wax product..---- 48.8 156 401.9/210
Residueomcmmnron-m- 45.2 244 oo emceman] e m
[ J—— 5:1 | Soluble wax product. 65.1 160 | 415.0/210
ResidUe. ccmanmmemma=- 26.1 (V) TN ST B
[ J— or0 | Isopropenol...-- 10:1 | Soluble wax produet- 89.5 1277/210
P14 18 (A 54,9
[ P—— 250 {-ammw A0rcmnmmm 15:1 | Soluble wax produc 45.7
ResidUti®oocmmmnmmmn= 48.4

1 Caleulated to be 12

For comparison purposes, Kel-F 200 wax was tested

000 cp. at 140° ¥, or 6,500 cs, at 140° F.

The examples in Table IV below show additional ex-

and had a cloud point of 216° F.; a viscosity of 132.6 44 periments on the preparation of the soluble wax prod-
centistokes at 266° F. and a viscosity of about 950 uct using different solvents from those used in Table L.

centistokes at 210° F. Kel-F 40 wax (polychlorotri-
fluoroethylene wax having a melting point between about
90° F. and about 140° F.) was also tested and found to
have a cloud point of 94° F., a viscosity of 37.97 centi-
.stokes at 210° F. and a density of 1.8792 at 210° F. Al-

In the following examples (#8 through #23) the soluble

wax product was separated from the fltrate by distillation.

In Example #24 the soluble wax product was recovered

by addition of water, decantation of the supernate and
45 subsequent drying of the soluble wax preduct.

TABLE IV

Amount Volume | Yield of Cloud Viscosity Density, g./cc.
Bx. | of Kel-F Solvent ratio, soluble | point,
No. solvent: Wax, °F,

wax percent

e

___________ 6:1 95,9 |ooeman|ommmmmmmmmmmimm |2 JN AN SO PEREE Bttty
.......... 5:1 31.4 | 130-35 e
5:1 81.8 | 185-90
____________ 5:1 60.4 | 165-70 S
Mineral spirits- -~ 6:1 51,5 | 160-65 .-
POMIeNS o o i mmm 5:1 80.3 | 185-90
Trichloroethylene. . 6:1 It S SN e - Vi
TOIENE e e mmmm == 1:1 68.9 | 180-85
_____ d 2:1 79.0 | 185-90
_____ 4:1 90,3 | 182-85
_____ [ [s S 5:1 92.5 | 185-90, e
209, toluene in 5:1 47.3 | 145-50
3334% toluene in i-Pro 5:1 63.7 | 155-60 | 399 €S-cmummmcrmr}-mmammon
409, toluene in i-PrOH. 5:2 70,3 | 160-65
22 o 509, toluene in +PrOH_.---- 5:1 e A e RS E s E e N
23 un 209, toluene in +PrOH. .o-a- 5:1 47.6 | 145-50 | 331.7 CSummcnn 2,518.4 ¢s. or
(4,918.3 ep.).
241, Isopropanol.--- 10:1 35.9 AT 2 I T PESRRS RS S bl b

1 The soluble wax produet was recovered by the addition of water,

gyro specifications the cloud point of
d, the viscosity and density is so poor
le as a damping and flotation
. As shown above, Kel-F 200
fuid both in cloud point and in

though according to
Kel-F 40 wax is goo
that it would be unsuitab
fluid for gyro mechanisms
wax is deficient as a gyro
yiscosity requirements.
The following examples in Table I illustrate the

decantation and drying of the wax product.

Examples #25 through #44 in Table V below give the
amount of material employed in the preparation of wax
blends having the desired properties of the present inven-
tion. The extracted wax product was obtained from
Kel-F 200 wax as described in the previous examples
which employed a single extraction of the Kel-F 200 wax

75 in solution.
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TABLE V
Soluble Viscosity, cs. Density, g.fcc. Viscosity, cp.
wax Soluble | Kel-F 40| Cloud
Ex. | product wax wax, point, Viscosity
No. |obtained product, | prams °F, . cp./°F,
from | gramg 140°F. | 210°F. | 140°F, | 160°F, | ayp Fo| M0°F, | 160° T, | 210° T,
example
4 46.8 22| Us20p newd | 1oaa| reso|..._ | g B R S
5 46.4 ool s ) Lo | 1| Leseg 1T 3,220
2 611 38.9
3 56.0 44.0
7 52,1 | HXopLes L0 resm [l 1890
24 50.8 R Eeeeen RN | v s B e e
22 42.2 34.8 . . I R+l B 4G B T T .
6 53.8 46,2 1 L9514 | T7T . . 3 112, 5007115
6 57.2 42,8 . 110, 500/120
6 66.6 33.4 , . 1 111, 500/120
6 80 20 2062 oo Y904 |TIITITTTTNTOTC 1 1,400/130
6 g0 10 66 ..
13 3.5 §55| 1036 Last LT ygspo (iTnf fL9S
19 80 20
19 70 30
19 60 40
23 80 20
22 80 20
22 70 30 . 18,500
22 60 40 119015 | 16,200

I"Caleulated values,

It i5 to be understood without departing from the scope a high density which comprises a homogeneous mixture
-of this invention that any of the other polychlorotrifiuoro- of (a) between about 5 and about 80 weight percent of a
ethylene waxes melting between about 140° F. and about polychlorotriﬂuoroethylene wax having a melting point
250° F. (ball and ring), particularly polychlorotrifluoro- 30 between about 90° F., and about 140° F., and (5) between
ethylene wax melting between about 140° F. and about about 95 and about 20 weight percent of a soluble poly-
160° F. (Kel-F 10—200 Wax) can be extracted in ac- chlorotriﬂuoroe-thylene wax having a cloud point between
cordance with the Procedure set forth in any of the above about 135° F. and about 215° F.and a viscosity between
examples to produce a wax product having the above de- about 205 and about 700 centistokes at 210° F., said solu-
scribed valuable properties; and that the wax products so 35 ble polychlorotriﬂuoroethylene wax being prepared by
produced can be employed per se or they can be blended (1) dissolving a liquid chlorotrifluoroethylene polymer
with any of the perhalogenated waxes which melt be- melting between about 140° F. and about 250° F. in an
tween about 90° F. and about 140° F. organic solvent selected from the group consisting of alco-

The products of this invention are particularly suited hols, ketones, ethers, esters, aliphatic halocarbons and
for use as damping and flotation fluids in gyro mecha- 40 aromatic hydrocarbons maint ined at a temperature not
nisms since they meet all of the rigid requirements for In excess of 315° F., (2) lowering the temperature of the
gyro fluids. However, in addition to this application, resulting solution to about room temperature to form a
the products of this invention may also be employed as Tesidue and a filtrate, (3) separating the residue from the
damping fluids or flotation fluids in other applications filtrate and (4) removing the solvent from the filtrate to
such as, for example, chemical sea) pulsation dampers, 45 recover a soluble polychlorotriﬂuoroethylene wax product,
bi-metallic dial type thermometers, and other applica- 2. The damping and flotation fluid of claim 1 in which
tions which reqiure a highly viscous material which re- the preparation of said soluble polychlorotrifiuoroethyl-
mains clear at low temperatures. ene includes isopropanol as said organic solvent,

The extracted wax products or their blends may also be 3. The damping and flotation fluid of claim 1 in which
used as protective waxes for surfaces subject to corro- 50 the preparation of said soluble polychlorotriﬂuoroethyl—
sion, as packing material around pipe joints, etc. Many ene includes acetone as said organic solvent.
other applications of these products will be apparent to 4. The damping and flotation fluid of claim 1 in which
those skilled in the art from the accompanying descrip- the preparation of said soluble polychlorotriffucroethyl-
tion and properties of these materials. ene includes toluene as said organic solvent,

This invention relates to the extraction and isolation 65

of a soluble wax product from a mixture of a polychloro- References Cited in the file of this patent

trifiuoroethylene wax (having a meliting point between UNITED STATES PATENTS

about 140° F. and about 250° F.) and an organic solvent 2,700,661 Miller ___________ Jan. 25, 1955
for use in a particular application such as, for example, 2,770,659 Barnhart .. Nov. 13, 1956
as a gyro fluid. The invention also relates to the mixing 60 2,786,827 Barnhart _______ " Mar. 26, 1957
of the soluble wax product with a lower melting poly- 2,806,866  Barnhari . """ Sept. 17, 1957
chlorotrifiuoroethylene oj] (having a melting point be- 2,837,580 Barmhart ____ T June 3, 1958
tween about 90° F. and about 140° E.) for usc in a par- T T I ’
ticular application such as, for example, as a gyro fluid. OTHER REF ERENCES

This application is a division of copending United 65 “Kel-F” Technjcal Bull. No. 5-1-52 (4 pages), Chem-
States patent application Serial No. 640,305, filed Febru- ical Manuf, Div., The M. W. Kellogg Co., Jersey City,
ary 15, 1957. N.J., May 1, 1952,

‘Having thus described our invention we clajm: Zimmerman et al.: “Handbook of Material Trade

1. A damping and flotation fluid for gyro mechanisms Names,” Supplement I, October 1956; Industria] Research
and the like having a high viscosity, low clear point and 70 Service Inc., Dover, N.H., page 117.
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