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SUBJECT: Announcement of NASA-Owned U.S. Patents in STAR
In accordance with the procedures agreed upon by Code GP and Code
KSI, the attached NASA-owned U.ZS. Patent is being forwarded for

abstracting and announcement in NASA STAR.

The following information is provided:
U.S. Patent No. : 5 4/7 é_g/
Government or 0252? (ZW1<)

Corporate Employee

Supplementary Corporate
Source (if applicable)

NASA Patent Case No. : V\/" ’717/1 XM[“ 6900

NOTE - If this patent covers an invention made by a corporate employee
of a NASA Contractor, the following is applicabple:

YES [:E;V///, Yo /=7

Pursuant to Section 305(a) of the National Aeronautics andNSpace Act,
the name of the Administrator of NASA appears on the first page of the
patent; however, the name of the actual inventor (author) appears at

the heading of column No. 1 of the Specification, following the words
..with respect to an invention of ..."
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Accordingly, it is a principal object of the present in~

, 3419531 vention to provide a nove! class of fluorinated polyformals
novgli;}(_)r':llsl:{'esos\::fg::;:cc1’!2‘-‘3{:‘?;:0:?;«5“1“‘ Another object of the present invention is to provide a
- s y L > thod for th aration of fluorinated poly-
taker Corporation, Los Angeles, Calif., a corporation of 5 ;:rfllal:‘c od for the preparali ! POy .

California
No Drawing. Filed June 3, 1966, Ser. No. 554, 959
8 Claims. (CL 60—67) .

Yet another ob;ect of the presem invention is the pro-
vision of novel polymeric materials possessing many valu-
able properties and' utilities particulerly in the field of
coatings, laminating, and the like.

- _ o ABSTRACT GF THE DISCL(.)SURE‘ . 10 These and other objects of the present invention will )
This patent describes a novel fluorine-containing poly- ?gl‘g\;:garem from the more detailed description which .
A meric polyformals havine the repeating unit Briefly, the present invention comprises the novel fluo-
S —O—CH,—-O—CHZ—%(ZFQ-),,—CH,— rinc-containing polymeric polyformals having the follow-
e " wherein n is'an integer of from about 3 1o about 6 pre- 15 N8 repeatingunit:

. o pated by reacting trioxane with a diol having the formula o —O0—CHy—O—CH;—+¢CFy},—CHy—
T . HO—CH;—CF2}y—CH,—OH wherein n is an integer of from 3 to about 6. .
These polymeric, polyformals are useful directly for The invention includes the novel method of preparing
e impervious coatings on metals and the like. . 20 these puiyformals by reacting a fluorinated diol of the
. . - . . formula:
The invention described herein was made in the per- HA HF{CFTH——CHz H
formance of work under a NASA contract and is subject with trioxane in accordance with the following equation:
- . ' < H . /0\ N
) £\ CHy CH
TO~Cls—-CFs -~ CH-0H + (!’ A P
\ /n « - <
N 7
CHs ! ;
Lo T N 4
HO~Clls—{-CF3-— C -0~ CH1 0~ Cll~L-C F s C Hya—0-Clls-0~C Hi—L ¢ Fi- —CH:—OH
e ’Z‘ A Y Al IS N A
to the provisions: of Section 305 of the National Aeronaun- - wherein x is an integer of from 1 10 about 50, and n is as
_ tics and Spadce Act of 1958, Public Law 85-568 (72 Stat. defined above.
435; 42 U.S:C. 2457). The foregoing reaction proceeds in one step in high
- This invention relates to novel fluoriiecontaining poly- . yields. The structure of the final product has been con- -
formals, and to their meiliod of preparation. _ 4o fHrmed by both clementnl analysis and infrared spectrum
Heretofore, it has been proposed to prepare polyformals data.
by the reaction of various diols or thiols with cyclic The recaction of this invention is normally carried out
acetals of the type: in the presence of an effective catalytic amount of an acid
catalyst, i.e,, from about 0.1% to about 10% by weight
CRr-CR:~0, 45 Of reactants, "such as ferric chlor ide, p-toluenesulfu"lc acid, -
CIR". and the like.
CR~CR—0 T No solvent is reguired in order 1o contact the diol, tri-
: oxane and catalyst. However, any inert solvent can be
wherein R is hydrogen or methyi and R* is hydrogen or added to facilitate stirring where the reaction mass is very

some other radical, in the presence of an acid. catalyst. 5o viscous. The reaction temipciature is not critizal and is
The cyclic acetals of the above foimiula are prepared by vsually within the range from about 60° 10 150° C. Op-
reacting a diol of the formula: tionally, an inert blanket of nitrogen. argon or the like

. : can be maintained over the reaction mass {0 minimize by
HO—(CR—O0H . : product formation. The polymeric polyformal is isolated
and purified by conventional precedures, normally by

. . . . 05 . s
with an aldehyde in accordance with the following equa- ™ washing and extraction. Any unreacted diol can be re-
tion: moved by distillation under vacuum.
The following example is presented solelv to illustrate
CR;—CR~OI ](l: CR—CRr0, the invention and should not be regarded as limiting in
+ 0-—-’ —_ CHR’ + H:0 Go any way. In the example the parts and percentages are -
CRi—CR;—OH R’ CR+—CR:—0 by weight unless otherwisc indicated.

Example

The cyclic acetal is normally purified by distillation. -
Into a 100 ml. three-necked flask were introduced 2,2,

When the foregoing synthesis procedure was proposcd

for the preparation of fluorinated polyformals by the re- 65 3,3,4,4-hexafluoro-1,5-pentanediol (53.0 z., 0.25 mole),
action of hexafluoronentanediol with dibutyl formal in % trioxane (7.5 g., 0.083 mole) and r-toluensulfoaic acid
the presence of anhydrous ferric chloride or p-toluene sul- (1.5 g.). The flask was equipped with a stirrer, con-

fonic acid, no polymeric fluorinated polyformal was ob- denser, thermometer and nitrogen inlet. The inZ-edients
tained. However, according to the present invention there were mixed for 17 hours at 102° C. to 120° C. under
is prov:dcdanovel method whereby new fluorinated poly- 0 nitrogen. The polymf:r was cooled, ll_len dissolved in
formals possessing many useful properties may be ob- ether, The ether solution was washed with 5% hydrogen
tained. peroxide containing 10 ml. of 10% soditin carbonate. It
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was then washod with water and the ether dried with
potassium carbonaie. The ether was removed to yield a
clear. nearly ceolorless cil. The unreacted 2.2.3.3.4.4-hex-
afluoro-1,5-pentanediol was rcmoved via vacuum distil-
lation at 103° C. The yield was 56.7%. The molecular
weight of the polymer as determined by vapor phase os-
mometry was 835+20. The polymer was hydroxyl ter-
minated as indicated by the hydroxyl equivalent weight
of 470.

Elemental analysis for x=2, n=3.—Calculated for
C3HF2q0s: C, 31.30; H, 2.70; F, 51.60. Found: C,
31.30; H, 2.76; F, 51.34.

The forcgoing example may be repcated using 2,2,3.3..

4,4,5.5-octaftuoro-1,6-hexanédiol or other highly fluoriy

nated diols of this type in lieu of 2,2,3,3,4,4-hexafluoro-

1,5-pentanediol.

The p-toluenesulfonic acid can be replaced by ferric

chloride or any similar acid catalyst of the type familiar
to those skilled in the condensation pol;mer art.

The polymcnc po.yformals of my mvenuon are- useful o

dxreclly for impervious coatings on metals and the like.
The polymer may be applied 10 any base in melt or solu-
tion form. Since the polymers are soluble in ether, an
eihereal solution represents a very convenient coating
composmo'l -

As is indicated above, the polymers of this invention
are generally hydroxy terminated. However, other ter-
minal groups can be provided by reaciion by the addition

of appropriate functional compounds. The hydroxy .ter- -

mination of the polymer.c polyformals can also be uti-
lized to advantage in the preparation of other polymers
such as by reaction with acids and isocyanates. For ex-
ample, the hydroxy terminated polyformals of -this in-

. vention are useful as curing agents for isocyanate termi-

nated polyether prepolymers such as Adiprene 1-100 (by
Dupont), an. isocyanate terminated prepolymer having a
molecular weight of 3000 and an NCO equivalent weight
of 1000. Thus, when Adiprenre 1-100 (16.0 g, 0.016
equivalent) and the hydroxy terminated fluorine-coniain-
ing polyformal of 665 molecular weight (5.0 g., 0.0132
equivalent) were mixed and cured for 2 hours at 250° F.

- a highly elastomeric solid usefu! as an adhesive, coating

or laminating resin was obtained.

Those skilled in the art will readily apprecxate that the
plurality of carbon-tc-fluorine bonds in the novel poly-
mers of my invention render them of great value in any
sitvation where chemical and heat -stability is of .im-
portance.

Having fully descrited the invention, it is to be under-
stood+that the invention is not to be limited to the par-
ticulars sbove set forth, but rather is of the full scope
of the appended claims and a Jawiul range of equivalents.

1 claim:

1. Novel fluorine-contdining polymem: polyformals
consisting essentially of

e O—CHo—O—CH{CF;},,CHz—
wherein n is an integer of from 3 to aboig 6.
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2. Novel fluorine-containing po]ymenc nolyformals
consisting essentially of

—0—"C Un—O-—CH ){C 1'3\.,‘1 T 2
3. Novel hydroxy terminated ﬂuorme comamlng poly-
meric polyformals having the general forniula -

HO—CH¢CF,.C Hz{O—CH:—O—CHz‘(‘CFg’)'n .
CH23,0—CHy—0O—CH4CF.yCH;,—OH

wherein n is an integer of from 3 to about 6, and x is an
integer of from 1 to about 50.

4. Novel hydroxy terminated fluorine-containing poly-
meric polyformals having the general formula

HO—CHCF3};CH,;{0—CH:—0—CH,{CF 3},
CH;},O—CH —OQO—CH,{CF 2~);,CH3—OH

wherein x is ant integer of from 1 to about 50.
§. The method of preparing nove! fluorine-containing
polymeric polyformals having the 1z, 2ating unit:

—O0—CH;—0—CHx{(CF},CH;—
which comprises reacting in the presence of an effective
catalytic amount of an acid catalyst trioxane with a diol
of the formula
HO—CH3{CF;>,CH,—OH

wherein in the above formulae, n is an mteger of from 3
to ahout 6.

6. The method oﬁ preparmg novel ﬂuonne-contammg
polymeric polyformals having the repeating unit: -

—O0—CH;—0—CH {CF;»4CHs—

which comprises reacting in the presence of an effective

catalylic amount of an acid catalysl trioxane with a diol

of the formula

45
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’HO—CH-ACFg-),CH,—-OH .
7. The method of claim 5 wherein the reaction is car-
ried out under an inert gas blanket.
8. The method of claim 5§ wherein the catalyst is p-
toluenesulfonic acid.
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