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" NOTICE

- The invention disclosed in this document reeulted:frcm'
research in aeronautical and epaee activities performed under
programs of the National Aeronautics and Space Administration.
The iﬁvention»is'OWhed bY'ﬁASA and is, therefore, aQailablei
for licensiné'in'AGcordance with the NASA Patent Licensing
Regulation (14 COde of Federal Regulatlons 1245 2). ‘

To encourage commercial utlllzation of NASA-owned 1nven-

‘vtxons, it is NASA pollcy to grant llcenses to commercial

"cencerns. Although NASA encourages nonexclus;ve 11censzng

to promote cqmpetition and achieve the wldest possible utili-
zation, NASA will consider the granting of a limited exclusive
license, pursuaht to éhe NASA Péﬁent Licensing'Regulatibns,
when such a license will provide the necessary incentive to
the 1icensee to achieve early practxcal appllcation of the
1nventxon. | | | .

Address inquiries and all applications for license for :
this invention to NASA Patent Counsel, NASA Pasadena Office,
Mail Code i,‘4800_0ak Giove_nrive, Pasadena, CalifOrnia, 91103.
Approved NASA forms for application for nonexc}ﬁSive or exclusive

license a:e-evaileble from the above address.

‘(ASA-Case-NPO-10767-2) HIGHLY FLUORINATED N
'POLYURETHANES Patent Application E.C. 72-27151

. Stump, Jr., et al (Peninsular ChenResearch,
‘Inc.) PFiled 4 Apr. 1972 12 p CSCL 07¢C Unclas

G3/06 33838 _
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Inventors: . Eugene C. Stump, Jr. - NASA Case NPO-10767-%
Stephen Eugene Rochow
Contractor: Peninsular Chemresearch, Inc. - October, 1968

HIGHLY FLUORINATED POLYURETHANES

This invention provides new polyurethanes contalnlng a
high degree of fluorine atoms. The presence of the fluorine atoms
in the polyurethane resins provides material having good thermal
stability and chemical resistance.

This invention pertains to polyurethanes having the
repeating unit:

{?HZ[CF(CF3)0(CF2)pOCF(CF3)]nCHzogNHRNHgé}y where

n is an integer of 1 to 12,

p is an integexr of 2 to 23, ,
y is/an integer of 1 to 1000, and
R

is any radical suitable to link isocyanate groups and

is preferably selected from the group consisting of
alkylene and halogen substituted alkylene radicals of

4 to 12 C atoms, substituted and unsubstituted phenylene
groups of up to 20 C atoms.

These polyurethanes are derived from a new hydroxy-terminated
perfluocro polyether disclosed in a concurrently filed patent applica-
tion based upon combined. NASA Cases NPO-10765 and 10766. The
novel hydroxy terminated material is reacted with a diisocyanate to
produce the novel polyurethanes of this invention. The polyurethanes
can be used to form seals,‘coatlngs, pottlng materlal . hoses and
the 1like. _

CIP Application Serial No. 241,061 . = (NP0O-10767-2) -
Filed: April 4, 1972 o TR

-Contract NAS7-1#6""
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TO ALL WHOM IT MAY CONCERN

* El

:Contract NAS? 746

T wmons,

g e :;q;Peninsular Chemresearch Ing. .

Serial No. 241 061

NASA NPO-10767-2 -« - - - .+ < . Filed: April S1972

S P E C I F I C APT I O N

BE ‘IT- KNOWN THAT, EUGENE c. STUMP JR.,_a»citizeﬁ~of the |

NUnlted States of Amerlca, re51d1ng at Galnesv1lle, County of

Alachua, State of Florlda, and STEPHEN EUGENE ROCHOW, a 01t1zen

of the Unlted States of Amerlca, resldlng at Ann Arbor, County

fof Washtenaw State of Mlchlgan, have 1nvented ‘new and useful

HIGHLY FLUORINATED POLYURETHANES

jof whlch the follow1ng is a spe01f1catlon

ABSTRACT OF THE DISCLOSURE

Polyurethanes hav1ng the repeatlng unlt.

"_r'v’

-{;CH [CF (CF4)O(CF,). OCF(CF )1, CH ogNHRNﬂgd}— where .

n 1s an 1nteger of l to 12, '. 0 ‘_f.yi,hg ;Hrﬁyﬁf

_p is an lnteger of 2 to. 23,"”

'vsy is ‘an’ 1nteger of ! 1 to 1000, and
'Rfisfany radlcal Sultable to llnk 1socyanate groups'and
‘AHisdpreferably selected from the group con51st1ng of
| 'ialkylene and halogen substltuted alkylene radlcals of

4 to 12 C atoms, substltuted and unsubstltuted phenylene
N groups of up to 20 C. atoms.w “' - L
: o ORIGIN OF THE INVENTION ?ﬁgfud“

The 1nventlon descrlbed hereln was: made 1n the performance

of’ work under a NASA contract and is subject to the prov151ons of
‘Sectlon 305 of the Natlonal Aeronautlcs and Space Act of 1958,

Publlc Lay 83 568 (72 Stat 435} 42 USC 2457)

CROSS REFERENCE TO RELATED APPLICATION
. Thls appllcatlon is a contlnuatlon 1n—part of U S
appllcatlon Serial No. 770, 417 flled October 21, 1968w;:g_f'7
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fyl; Fleld of the Inventlon

4 and dlphenylmethane -4, 4'd11socyanate are two of . the moref;‘-f'

termlnated polyether hav1ng the general formula

-ether-termlnated W1th a01d or~ac1d fluorlde'grouplngs rather

ffBACKGROUND}OF~THE INVENTION < -

. The 1nventlon is’ 1n the fleld of polymers More partlcu-
larly, the. 1nventlon relates to new hlghly fluorlnated polyure—
thane polymers
2. Descrlptlon of the Prlor Art

Polyurethane re51ns,;also known as. lsocyanate re51ns, '

- are a well known class of’ synthetlc polymers. They may be

i

. either thermoplastlc or thermosettlng ’ The polyurethane reSLns

‘are made 1nto flex1ble or rlgld foams and flex1ble and Stlff o

flbers. They are' also utlllzed as coatlngs, llnlngs,land as

P

elastomers The polymer unlts are formed from the reactlon of

‘a dllsocyanate w1th a. lel Polyethers have been the most

"1mportant source of hydroxyl groups One of the most popular

polyethers utlllzed 1s polyoxypropylene Toluene dllsocyanate

{

prevalent dllsocyanates reacted to form the polyurethane resins.

In the hereln 1nventlon, a perfluorlnated hydroxy j;f”‘

| HOCH,, [CF(CF )O(CF ) OCF(CF )] CH20H B

where n is an- 1nteger of 1 to 12

and p is an 1nteger of 2 to.23 . ~}"'-:'Tif' o

is. reacted with a dllsocyanate to form the polyurethane‘*'In'y

Lo

u. S Patent-No 3,250,807, there is dlsclosed the ba51c.monomeric

ether structure- utlllzed | However, “the patent dlsclosesfthe.

than hydroxyl grouplngs In U S 'Patent No. 3 637 842 of

‘,January 25,‘1972 there is dlSClOSed a method of polymerlzlng the
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'fluorlnated ethers

thers disclosed in: the aforementloned patent such that n lsv

, equal to at least 2 to 12 ' Addltlonally, the copendlng appll-‘

catlon further dlscloses convertlng the acid. fluorlde termlnated

polyethers to hydroxy termlnated ones. It ‘is these hydroxy

‘termlnated perfluoropolyethers that are contemplated as the

starting materlals utlllzed hereln. Though, as 1nd1cated

there are several polyurethane res1ns avallable on the

commer01al market, none would possess the same thermal propertles,

non- flammablllty and the like, of polyurethanes usrng per-f

- . .
OBJECTS OF THE INVENTION

An object of this‘invention is tofprovide new polyurethane

. resins haV1ng improved ox1dat1ve stablllty

Another object of this 1nventlon is to prov1de new

polyurethane resins hav1ng outstandlng chemlcal re51stance and

'low temperature- flelellltY

A further object of thls 1nventlon is to prov1de hlghly
fluorlnated polyurethanes

Other objects W1ll be apparent from the folIOW1ng

. detalled descrlptlon and examples..

'BRIEF SUMMARY OF THE INVENTION S = G

This 1nventlon relates to new. polyurethanes hav1ng the

_formula:

“ECHZ[CF(CF )O(CF ) OCF(CF )] CH OgNHRNHgé}y where ﬁ;w
n ‘is an integer of 1 to l2 '
'p is an integer of 2 to 23,
y is‘an integer of 1 to 1000, and
R is any radical sultable to link. 1socyanate groups and
is preferably selected from the group con51st1ng of

alkylene and halogen substituted alkylene radlcals of
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formula HOCH, [CF(CF‘)O(CF ) OCF(CF )] CH

4 to 12 C atoms, substltuted and unsubstltuted phenylene

groups of up to 20 c atoms. )

uThe polyurethane results from the reactlon of a lel hav1ng the ,'

2OH where p'and;nvare
as defined above W1th a sultable dllsocyanate ‘such as.

tetrafluoro—m-phenylene dllsocyanate The formatlon of the flnal‘

" polyurethane’ product merely 1nvolves heatlng the two reactants
over a w1de temperature range for varylng lengths of " tlme to

‘obtaln products hav1ng dlfferent propertles of hardness, strength'

and the llke The resultant polxprethanes can be used for

fllms, sheets, seala,'and many other appllcatlons where good

‘chemicdl resistance, , low temperature flex1b111ty and non—~
“flammability is de51red It 1s belleved the 1nventlon w1ll be
" further understood from the follow1ng detalled descrlptlon and

‘examples.

DESCRIPTION OF . PREFERRED EMBODIMENTS

As 1nd1cated the: startlng diol prepolymer materlal

‘utilized. to form the polyurethanes of. thlS lnventlon hav1ng the

~general formula'

._-{tﬂ ICF (CF )O(CF ) OCF(CF )] CH OgNHRNHgé}y where fwt

n is an 1nteger of 1 to 12, ‘ |

p is an 1nteger_of 2 to 23,s4

y is an integer“ofAl to 1000 and :

R is any radlcal sultable to llnk rsocyanate groups and .
is preferably selected from the group con51st1ng of
alkylene and halogen substltuted alkylenevradlcals of
4‘to 12 C atoms,'substltuted‘and unSubstituted phenylene

groups of up to 20 C atoms,
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is disclosed in the above-mentioned Patent'Nol53;637,842; o

Briefly, . these diols are derived from an acid fluoride terminated

correspondlng perfluoroether wh1ch has first been polymerlzed

and then reduced to- change the termlnal groups from ac1d

fluoride to hydroxyl. As 1nd1cated in the co—pendlng appllcatlon,
itdis preferable‘that the,dlols_have a molecular welght range

of about 1500 to 2000 to provide:ease,of handling'and to produce

| satisfactory end products.

'The diisocyanate utilized has the general formula:

OCNRNCO where R is as defiped in the aboVehgeneral formula

for products of this invention. The halogen substitutions are

generally either chlorine or fluorine atoms.- The substituted .

,phenylene“grOups include halogen'substitutions;:alky1- ary1

and'alkaryl groups. - To practlce thls 1nvent10n, any- dllsocyanate

prev1ously and conventlonally utlllzed to- produce polyurethane

resins is contemplated Examples of conventlonal dllsocyanates

include toluene diisocyanate, 1nclud1ng mlxtures of ltS lsomers

such as the 2,4 and 2, 6 isomer, dlphenylmethane -4, 4‘—d11socyanate

and’ hexamethylene dllsocyanate.'

Particularly,‘it'is-desirable in'the herein invention

_to utilize diisocyanates containing a maximum amount of fluorine

atoms. The extremely good chemical resistance; non—flammability

'and the like can be attrlbutable to the presence of . fluorlne

_,atomsplnvthe polymer chaln.; Thus, if the dllsocyanate also’

contains a high substitution-of fluorine atoms like the diol

‘utilized, one obtains a polymer containing the .desired content

of fluorine. Thus, it is preferred to utilize diisocyanates'
such‘as tetrafluoro—m—phenylene diisocyanate, tetrafluoro-p-

phenYlene'diisocYanate; and the like.




O O N OO D K

XTI X SR RN S CRNE SRR CORNE SO CONNS O O ST« S S SO U A Sy U0 S S S S SR S P
O = S St RS B N ST T T o R~ SO = S S S N T N SO SR VI O

_',;‘v&?.y;:, MR

The resultant polymers'of this inveéntion will range from
Sthky semi-solids to tough brlttle sheets," dependlng upon the
amount of dllsocyanate utlllzed in the exten51on and cross
linking reactlon ‘that transplres between 1t and the dlols. .lt

should be noted that althOugh the hardness of the-resultant

polymers increases w1th lncrea51ng ratlo of dllsocyanate to lel,

- the glass temperature of the resultant polyurethanes 1s not

adversely~affected : Thus, it is contemplated to utlllze a

mole ratio of dllsocyanate to dlol of from l 1 up to about 3:1.
‘The preferred mole ratio range qf'the dllsocyanate‘to del“

is between”l-l and 2:1.

'The time and temperature of the polymerlzatlon reactlon

is dependent upon the molecular welght of the prepolymer and

- the type of dllsocyanate used : Completlon of the polymerlzatlon

for the given diol and dllsocyanate can be determlned by the-

.1ncrease in v1s0031ty of the melt polymer;_ Generally, the
‘\temperature of curlng ‘cah vary from 25° to 100 C, whlle the

’ tlme of the cure' can ‘range from lO to 30 mlnutes.,

It can be- apprec1ated that the end groups of the polymers

 of this 1nventlon are not readlly determlned The polymers can
' be hydroxy or 1socyanate termlnatlons, dependlng upon the

st01chlometry of the reactlon, reactlon condltlons and the ‘like. |

Further, 51nce the’ resultant hlgher polyurethanes formed are
1nfu81ble, orie cannot determlne thelr molecular welght through

avallable technlques Thus, a’ practlcal upper: 11m1t of y = 1000

is glven in the general formula for the products, though the';
._1nfu51ble polymers resultlng could well have a welght Slgnlfl—

cantly less than that
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-‘formula HOCH [CF(CF )O(CF

As can be seen, the polymers of thls 1nventlon provrde

thlghly fluorlnated structures whlch have many of the good

thermal, ox1dat1ve, and chemlcal re51stance propertles of other

- known hlghly fluorlnated materlals such as Teflon whlch 1s’
'tetrafluorethylene, yet. are’ elastomerlc materlals and can be- ."
_utlllzed as expuls10n bladder materlals, seals gaskets;,

' coatlngS‘and other 51mllar appllcatlon.z'

| It is belleVed the 1nventlon Wlll be better understood

: from the fOllOWlng detalled examples.;

EXAMPLE I
A hydroxy termlnated perfluoro polyether hav1ng the:

OCF(CF )] CH OH and prepared in

2)s 2°
accord w1th the method descrlbed in the above mentloned Patent-

o

. No. 3, 637, 842 was utlllzed Thls prepolymer had a molecular

- weight of about 1500.~ 1o0. 5 grams or - .0068 moles of the poly— a
.ether was added’ together w1th 2. 35 grams or’ OlOl mole”of‘ ‘
»tetrafluoro—m phenylene dllsocyanate to a2 100 ml reSinhhéttle

. equipped’ w1th a stlrrer, N 1nlet and outlet. The dllsocyanate

2

A was prev1ously prepared 1n accord with the procedure set forth .

by R. Gosnell ‘and J. Hollander in the Journal of Macromolecular
Science (Phy51cs) Bl(4), 831 (1967) After 20 mlnutes.of

stirring at‘room7temperature, the reactants had balled about‘

“the stirrer. The material was: then removed and placed 1n a press

between 10 mll shims -at 3000 psi-and- 160°C for 1/2 hour ‘~Th1s

produced a yellow, flex1ble sheet of the resultant polymer The -

'glass transition temperaturelwas —80 C and the" Shore A hardness

was 79.

" The above was repeated-varying thehamounts of'prepolymer
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and dllsocyanates as well as the temperature end tlme of heatlng..
Hydroxy termlnated perfluoropolyether prepolymer of varylng
molecular welghts ranglng from 1500 to 2193 was utlllzed “Thé'
results of the varlous preparatlons lndlcatlng the glass tran51t10nv
rtenperature Tg and the Shore A hardness, together w1th an
‘1ndlcat10n as to the type of product,-are 1nd1cated ln the

-following table::
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Though the materials:prepared. in Ehe'foregbing'téble
were all pressed to form sheets of the;pOiymer'Qf this invention,
it should be. understood that the material can be formed into

various other shapes such as seals, hoses and varicdus forms -

TR RN SR - " T O R U =

I R N o d el e o T R S B S R S
H O © ® N o o h W ¥ O

.‘23

24
25
26
27
28
29

30
3.

of coatings.

> Fo

i-lo- o

A




