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FOREWORD

Thig report is presented in two sections, each of which is
@ssentially an annmual progress report as prepared by Minnesota

Mining and Manufacturing Commany under research and development
Contract AF 33(038)-515. It covers the period 15 May 1949 to

15 May 1951 and is one of 2 seriss to be issued on the mroject;
other reports will be published as ressarch progresses.

The Materials Laboratory, Directorate of Resesrch, Wright
Air Develomment Center initiated this resesrch project under
Research and Develoment Order No. 602-192, "Fuel and Oil
Resistant Polymer Eesearch," with Mr. J, C, Mosteller as Project
Ingineer; Major W. H. Ebelke functioned in this capacity for the
last six months of the referenced period. r~cse »ci . . Tovelcrte
ment Order Ko, ¢17-11, “"Synthesis and Evaluation of New Polymers,"

superseded RDC HNo. 602-192 during the course of the work covered
herein,
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ABSTRACT

Exploratory investigation into the preparation and properties
of fluorinated polymers is descrlibed, Y¥ew polymeric composltions
% mstter have been synthesized ard screened with respect to thelr
potentialities as sultable elastomers for use under extreme conditions
of temperature in contuct with various fuels snd olls., The esters of
unsaturated hydrocarton acids with 1,1-dlhydrcperfluorcelkyl alcohols
represent the most promisirg class of monomers iovestigated so far;
certair »f their polymers heve recelved consliderzble attention because
cf their rubbery prcperties and exceptionzl resistence te swelling by
non~fluorinated solvents, although their low temperature flexibility
will probebly reguire extension by plasticization., Flucrinated con~
densation-type polymers such as polyestersc and polysmicdes do not
appear promising as elastomers but may have potentialities as fibres,
filzs or structural plestics. Extensive structure versus preperty
correlations are not attemnted but it is concluded that eitber side~
chein or backbone fluorinse in polymeric structures promotes resistsnce
to swelling by common solvents; the forrwer doee not appear to effect
low temperature properties as adversely as sketal sttazchment, The
rossibility of constructing a better monomer then 2 fluwre-slkyl
acrylate for development into a superier elastomer for specialized
alr Force applications is still conceded for the field 1z relotively
new and the number of known compounds small.

PUBLICATION REVIEW

This report has been reviewed and is spproved.

FOR THE COMMANDING GENERAL: -

AL, SORTE
Colonel, USAF
///44;’/' Chief, Materisls Laboratory
S Directorste of Research

-/
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LNTRODUCTION

As the requirements of modern industrial and military
usage become more stringent, it has become necessary to develop
materials capable of withstanding increasingly severe extremes
of temperature and conditions of chemical attack. Since the
replacement of a major portion of the carbon-bonded hydrogen
atoms in orgaiic compounds by fluorine atoms produces compounds
having profoundly different physical and chemical properties
with greatly Increased stability to chemical attack, decreased
solubilivty In ordinary solvents, and markedly improved thermal

stabllity, the development of fluorinated liquids and soclids

}

anpear

re

- to re one method of satisfying these requirements,

<« particular, 1t would be extremely desirable to develop
highliy fluorinated rubber-like materisals thsat could be used in
varicus ap lications under extreme conditions of temperature

and exposure to solvents.

The Minnesota Mining & Manufacturing Company has been
developing an electrochemical fluorination process invented by
Professor J. 7. Simons of the Pennsylvania State College,

(J. Electrochem, Soc. 95, 47 (1949)). This process, involving
essentlally the electrolysis of a solution of an appropriate
organic compound in anhydrous hydrogsen fluoride, nrovides =
gource of many oreviously unobtainabtle fluorochemicals which

may be converted into new types of polymers.
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The Minnesota Mining % lianufacturing Company therefore
entered into Contract Lo. AF 33(038)-515 with the United States
Alr Force, represented by Wright Air Development Center, to study
the development of highly fluorinated rubber-like polymers of

possible utility in the Air Force program,

The chemistry of this type of compound is largely urknown,
It is, therefore, necessary to prevnare new monomers, to develop
processes of polymerization, snd to evaluste many different

types of polymers before satisfactory elastomers can be designed.

Two factors appear to be of primary importance in determin=-
ing the elastomeric properties of solids. First, any flexible
rubber-like polymer must contain long cazln rmolecules capable
of rcadily coiling and uncoiling., This regulres fairly free
rotation about some of the bonds in the chain. Secondly, the
long chain molecules nmust not be so firmly bonded together in
the polymer that colling and uncoillng is restricted by the
neighboring molecules, That is, the polyaer should not approach
the crystalline state when unstretched. For owtimum pronerties,
stretching should induce crystallization. 4s far as ils .inown
from the physical properties of the fluorocarbons, rotation
about the carbon-carbon bonds within the chain is Ml Mlv restricted.
‘lowever, thls can be overcorie by the insertion of caltatle gonclrge
sroups within the tolecaule, The only two com ercinliy develoscd
Algkly flucsrinaled ;olymere, Jolytetraflaorcetnyic & +nd ol hri-

* e .
fluorociloroet :ylene, co siow procicil: @ low te...erat e _rexl’ Tiiliy,

WADC TR 52-197 P$ 1 3



Therefore, there appears to be a sound basis for expecting
that suitable fluorinated monomers can be obtained which will

lead to polymers h-ving superior low temperature properties,

There are four general types of polymers to be examined;

1., Fluorocarbon Unsaturates = These include the mono- and

diolefinic and acetylenlc fluorocarbons. Poiyethylene is not

a rabbery polymer; polyisobutylene, differing only in the presence
of methyl side-chalins, 1s an elastomer, Although polytetrafluoro-
ethiylene and polytriflusrochloroethylene do not have rubbery
properties, flucrinated side chains may lmpart flexibillty to

the macro-molecule. The use of polyolefinic or acetylenic
monomers will permit retention of unsaturation in the polymer

end sheould 2llow vulcanization of the elastomer.

2. Hydrocarbon-Fluorocarbon Unsaturates - Compounds such

as (F3=CF2-C(CH3)=CH2, C3F7C02CH=CHp, etc., which when polymer-
ized will lead to hydrocarbon polymeric units containing fluoro-
carbon side chains, offer the possibility of a flexible molecule
with substantial inertness and a low inter-chain attraction.
Copolymers of unsaturated fluorocarbons and unsaturated hydro-
carbons mizht also be included in this class.

3. Hetero-Chain Type - For the flexlibility characteristic

of rubbery polymers, relatlvely free rotation of at least some
of the bonds in a polymer unit seens to be necessary. The
excellent low tempuerature characteristiecs of the silicone lubri-
cating olls are anparently due to Lhe OXyzen atoms interpolated

in tne main chain of the polymer, Through the inclusion of atoms
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such as oxygen, sulfur, silicon, phosphorus or nitrogen in
the chain, 1t should be poscible to vary the stiffness of thne
polymer at low temperature.

h. Condensation Type - In this group fall the polyesters,

nolyamides, etec., oSseveral non-fluorinated polymers of this
class have rubbery pro:erties; the low inter-chain attraction
of the fluorocarbons makes it necessary to explore this realm
to determine wnhether the fluorocarboen analogues are sultable

elastomers.
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POLYLERIZATION STUDIES

lost of the fluorocarbon monomers investigated in this
program are new materials. Many of them have been prepared by
arduous procedures which have allowed the production of only
small amounts. In order that the polymerization work would
not have to awalt the development of more sultable methods of
production, polymerization experiments have been adapted to a

semi-micro scale.

In general, the procedure involves the addition of about
£.250 g, of the monomer and an appropriate quantity of poly-
merizatlion inltiator to a short ampoule of 7 mm. glass tubing.
If co.oljerization 1s telng studied, the second monomer is
also added. Mor erwlsion polymerization the medium and emul-
sifier are included, Low-boiling .wonoiers are handled in a

vacuum systen.

The amnoule 1s then fro-en in Dry Ice or liquid air,
evacuated, ~nd sealed. The volymerization is carried out by
tumblins the arsoule in a thermostat at the desired temperature,
Lxverimental polymerizatlions of standcrd hy-rocarbon monomers
indicate thst the resalts of this small-scale work casn be sat-

isfactorily corselated wit? those obtained on a larger scale,

3y »nroceedin_ =t thls level, it has been possible to carry
or extencive solymirization studies utilizing only a few ;rams
of material. .eanwhile, other sccetions have been eng.aged in

-

developln: met'iods of producli;: the onorers so that the materials
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will be available on a sufflciently large scale by the time

promising conditions of polymerization have been developed.

Because of the lengthy names of the monomers, abbrevia-
tions have bheen used in several places, particulariy in the
tables, The names of the monomers and thelr abbreviations
are listed here for convenlence.

FEA 1,1-Dihydroperfluoroethyl acrylate
TPA 1,1-Dihydroperflucropropyl acrylate
FRA 1,1-Dihydroperflucrobutyl acrylate
FHiA  1,l-Dihydroperflucrobutyl methacrylate

VFEB Vinyl perfluorcbutyrate

Perfluoroolefins

The .ltimate 1n resistarnce to chenical attack and solvent
actlion in rubbery poliymers can be expected from the completely
flucrinasted :aterials. For this rcason, an exteunsive effort
has been made to polyierige C3F6(CF2=CF-CF3) and its homologs.
Althou C2¥)y and CoFaCl are subject to free-radical emulsion
volymerization, C3F4 has been found to be quite inert toward

t=is tv-e of initiation.

Tumernus exveriments ave been carfied out with various
peroxides, scids ond bases, In most cases little or nn reactlon
was ovzerved, Some tars cortain.ng ricre or less fluorize were
produced, but In no case was any very Sromising ~0lymer obtained.

A sumaery ol these experlimentc ls glven in Table I,
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Polymerization Lsiudies = ©

Cat;lygﬁ

(Perciices)

“enzoyl neroxide

0

Peracetic acld
t=-2utyl Iirdrorerox-
ide

Diethyi dipercar-
bonate

IipCp

Cumens hyiroser-
oxide

Cuniene nyarepcr-
oxide + p-toluene
sulfinic acid

Cumene hydroper-
oxlde

Nap8203

Lauroyl neroxide

(Brsic Catoly:ts)

WADC TR 52-197 Pt 1

2 g. C3F4, 2.

- r - -
C‘ 5 6 Y 0)5 &

7> . H20

v,
o)

Conditions Remarizcs

Sealed glass o
tuve, 65°,

15 hrs,

shaking

Same Mo
Same Ko
Same No
Same No
Same 1o
Same Ko

nolyn,

nolymn,
pelym,
polym.

nolyn,

Bomb, 125° Ko nolym.
126 vwsig.,
& nrs, 1709
130 psir.,
13 hrs.shaking
750 psig. No polym.
125°C., 12 hrs,
3350 vsig. o nolym.
200°, 36 hrs.

Dery
Stirred 2 Daric olt

hre, at “"u(,_,‘:’



TABLE I (Continued)

Catalyst. Hecipe Conditions Hemarus

XallHp 100 ml., I'H3, C.lg.. Stirred to- Vigorous
Fe(liv3)3, 10.7%. ce ther at reaction,
CaFg -75° to =5C° dara. o1l

contairing
L7, F is formed

CH3MNgl 2 ml, dihexyl Sealed tuve, o woeaym,
ether, 0.5 g. HZ° for
CHLicI, 3 o 72 hrs,
CaFp
CH3tgI 10 . CHaipl 3F6 bubrled Mo polym.
100 ml, al—n batyl through
ether, 5.8 g. GFp orlglﬂal
sol. at 5C°
(Lewis Acilds)
HaPQ, «BF 1.52 g. C3Fg, sealed tube No nolya,
T3 3.35 cat.3 at 60°, 2
hrs. snaking
2CH30I+EF3 3.&% C. C3F4 Lealed tube ..o volyu,
1.7 cat, at 60°, 20
hrs, shaking
H3P0), »BF3 2330 £+ CaF4 s¢aled tube Lo polymm.
nrs, saaking
H320) (100.) 2.087 g+ C3F5 Sealed tube o polym.
10% cat. at 75°, L7
nrs., shaking
Ticl 2.59 g. CaFg, Sealed tube Ho poly..
L 57 cat, at 75°, L7
hrs, shaking
2CII307T«EF3+7Fy 2.5 g. C3Fp, Sealed tube No volym.
0.2 g, cat, + at 75°, L7
0.2 g. BF3 hrs, shaking
(CsHg) 5N 1.0 g. C3F4, £5°, 2l hrs. lo nolynm.
C-OZ g. Cat-
(Ermulsicrn Polym.)
K25208 1.67 g. K25203 Sealed tube, Ko polym.
REFSEAOL] 1.07 5. 1azli503 65°, 1l nrs.
3 5. H20, 3 =
C3F6
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TABLE I (Continued)

Catalyst
K25208, NahHS03

KpS208, Nalsoj

K55208

K28208

L.v. Lirnt)

WADC TR 52-197 Pt 1

ReciBe

0. £. Kpsp208
0.l 5. NaHso3
23.8 g. C3F4

0.7 5. Ko8208
0.7 g. NaHSOj
Lo g. Ho0

L9.

g.1C3FgG

0.l g. K28208
0.2 g. borax,
20 g. Hp0

10.5 g. C3Fg

0.1 g. Kz28208
0.25 g. borax
2.5 g. Duponcl
1 g. H0

11.0 g% c3¥g

. C3F’

3 g 4
0.54 7 biacetyl

1
0.

i

S CgFé
5 ¢. Dlacetyl

Conditions

Remarks

Bomb, 300
psig. 85°,
1l hrs.
shaking

Bomb, 400
psig. 100°,
16 hrs.
shaking

Bomb, 350
psig., 80°,
23 nrs,
shaking

Bomb, l00
psig. 100Q°,
16 hrs,
shaking

Sealed tube
in weathepr-
oneter

Sealed tube
In weather-
ometer

No polym.

No polym.

No polym,

No polym.

Tube
exploded

Tube
exploded



It is not unusual to find that a materlal which polymer-

izes with difficulty can be induced to enter into a copolymer.
Considerable experimentation on C3F4 in combination with standard,
readily polymerizable, oleflins such as styrene, acryionitriie,
etec., was without significant success., It was finelly dlscovered
that C3F4 could be incorporated into copolymers with vinyl
monomers, such as vinyl chloride, vinyl acetate, or vinyl ethers,
when free radicals were used as a polymerization catalyst,

The experiments are summarized in Table II.
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Vinyl Copolymerization of C3F6

TABLE II

Components

0.5 g. C3F4
sStyrene
0.05 g. t-C}HQOOH

C3F6
CzHaC1
t-CLHyCOH
C

C

(o]
L ]
\

OO0 OCO OO
ViVl Ouvivt viu

L]
QC O o)

e
S
S.

C
we
o

. 3 O
3 05CCH
5 s. %-%hﬁgooa

Ul
) »
.

2 8.

[ ]

b O b
»
QMO WoOo
D]

5
i)

Ule

-
OO\ Org ™
g

- L ]

COMN O0WT OHO O = OO @]
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Condition

Sealed tube
7C°, 16 hrs.

Sealed tube
70°, 16 nrs.

Sealed tube
70°, 16 nrs,

Sealed tube
1259, 16 hrs.

sealed tube
50°, 18 hrs,

Sealed tube
50°, 18 nrs.

Sealed tube
50°, 13 nrs,

Sealed tube
138°, 16 nrs.

zealed tube
133°, 16 ars.

Sealed tube
50°, 33 ars,

Sealed tube
76°, L3 ars.

12

Polymer

Polystyrene

Polyvinyl chloride

No polymer

Tacxy polymer
133 F 175 C3Fg

Clear, flexible
15 C3Fg

Clear, flexible
207 C3F6

Clear, flexible
117 C3Fg

Dark, soft

Sllﬂhtlv brittle
L}.?,J C3F6

263 C3¥g



TAEBLE IT (Continued)

Components Condition Polymer

0.5 g. C3F6

0.5 g. C2H302CCH3

1.8 cc. H20

0.002 g. K28208 bealed tube Good latex
0.002 3. HaliS03 75°C. 107 C3Fg

3 g. C3F6

0.2 g. 021801 Sealed tube White powder
0.005 g. (TH3C02)2 50°, 48 hrs. 18% C3Fg

1 g. C3F4

lg. i-C%F2002H 50°, 16 hrs. Colorless, tacky
0.02 g. 1CH3C0272 57% C3Fg

WAIC TR 52-197 Pt 1 13



The vinyl ethers appear to be particularly promising.
As is the case with C3F6, these compounds “re noraally inert
Loward polymerization hy free radicals althouch they can be

. the osrevence of acids, such #s boron triflucride,

[

nolymerized I
alurinum chloride, etc, kixtures of verfluoronropene and vinyl

ethers volymerlze readlly in the presence of free radlieal

[y
[,

nitiators to form copolymers containiig, in some cases, a

)]

light excess of CiF4, Indicating the poscibility that relatively
highly fluorinated polymers can be obtained from thls type of

reaction,

teneral sethois have been develored for the production
of terminal olefins, such as perllusropentens-1, perfliuoro-
butene-1l, etc, The solyrerization of thece compounds is now

under investigation,

PerfluoroaLﬁ;}-Substitqud Hydr-carben Olefins

Consiierahle time has been ‘srent in an attemst to prepare
volymers containing nerfluoroslkyl side chairs, tvpified by
poly-2-rerflunropronylnoronylene. Some of the exrerirents are

listed ir Tatle III.
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TABLE III

Polymerizatlon Studies of 2-Perfluoropropylpropylene

Conditione

BF.; passed
th;ough at ~80°

~g0°

Sealed tube
106°, 16 krs.

G0

Sealed'tube
75°, 20 hrs,

Sealed tube
12k”°, 18 krs.
75°, 1B bres.

Sealed tubes

(FFPP)
Catslyst Reclpe
BF3 0.2 g. FPP + BF;
¢Bcua 3~k drops FFP
2 wl. ether sol.
¢3CNB
Liethyl 0.5 g. FFP
diper— 0.5 g. cat.
carbonate
Ya 3 drops FPP
of Na
K>550g i.3 g. FFr, 2.5 g. HO
0.015 g. HaHSO
0.05 g. Dupano} ME
Kp8-0¢g 1.7 g. ¥PP, 2.5 g. H0
NaHSO; 0.015 g. KpSp0g
0.015 g. HaHSO
0.05 g, Duponoi ME
K5550g 0.5 g. ¥PP, 2.0 g. acrylo-~
NaH503 nitrile, 2.0 g. Hz0, G.015
g. Ko850g, 0.015 g. NaH503
.05 g. Duponcl ME
K-850g 0.5 g. FPP, 2.0 g. styrene
NaH503 2.0 g. Hy0, 0,015 g. K55,0g
0.01% g. NaHSOB, 0.05 g.
Duponol ME
0.1 g. cat,
Cumene 0.5 g. FPP, C.007 g. CHP
Bydroper—
<xlide

WADC TR 52-1G7 Ft 1
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(2) 75°,
18 nhrs.

Sealed tubes

(2) 715°
18 hrs.

Sealed tubes
(2) 509, 16 nrs.

Sealed tubes

(2) 50°,
16 hrs.

Hesults

No polymer

Ho polymer

No polymer

Ko polymer

Bo polymer

No polymer

Polyacrylonitrile
with 1% F

Polystyrene
with<1% F

No polymer

No pelymer



TABLE I1I (Continueg)

Catalyst  Hecipe

InClj 0.5 g. FPP, 0.001 g. InCl3

Nap2S208 0.5 g. FPP, 0.1 g. styrene
0.05 g. NapSp08,
1,0 g. HoC

NasS50g 0.5 g. FPP, 0.1 g. acrylo-
nitrile, 0.05 g. NazSs03
T.0 g. HpO

Cume ne 0.5 g. FPP

hydroper- C.l g. vinyl acetate

oxide

Cume ne 1.0 g. FPP

hydroper- 0.2 z. vinyl acetate

oxide 015 g. CHP

Acetyl 1.0 g. FPP

peroxide 0.25 7. cat.

t-butyl i.0 g. FPP

hycdroper~ 0.2 g. vinyl acetate

oxide 0.05 g. cat,.

t-butyl 1.0 g. FPP

hydroner- 0.2 g. vinyl acetate

oxide C.05 z. cat,

WADC TR 52-197 Pt 1 16

Condlitions

Results

Sealed tubes
(2) 5o°,
16 hrs.

Sealed tubes
(2) s0°,
16 hrs.

Sealed tubes

(2) 50°,
16 hrs.

Sealed tubes

(2) 50°,
16 hrs.

Sealed tubhes
(2) 125°,
16 hrs.

Sealed tube
55°, 1-4-8 hrs.

Sealed tubes
(2) 125°

Sealed tubes
(2) 125°

No polymer

Polystyrene
with <1Z F

Polyacrylonitrile
with (14 F

No polymer

No polymer

No polymer

No polymer;
tube with vinyl
acetate alone
shows polymer

No polymer;
tube with vinyl
acetate alone
shows polymer



As can be seen, most of these experiments were not
particularly encourazing, The last two in the table are
interesting in that they show the monomer to be rerctive with
free radicals, since 1t is able to Inhibit the polymerization
of otherwise active vinyl acetate. Work on the polymerization
of this monomer, which has been inactive for some tine, will
be reswred in the light of knowledge gained rore recently in

the copolymerization of C3F6 with the vinyl compounds.

Perfluoroimines

A novel class of nitrogen-containing "olefins" has been
developed. These are typified by the formuls
CnE2n+1 N=CFp.
lembers of this series with n = 2, 3 and h nave been prepared
in sufficiently large amounts for exploratory nol qerization

worlk,

Since these compounds hydrolyre rather r2idly iIn aqueous
basic soclutlion and at an anprecisbie rate in neutral solution,

non~aqueous conditicns are veins examined.

The desired product,

i FnF2n+l
F ‘ x

corresnonds to a saturated tertinry fluoroccarborn polyamire,
The low iolecular weipht erfluoro tertiury aalies, such as
(62F5)3N, are aiiique In that they posse:s no anparent basic

properties. The comvuounds do noit dissolve in agueous acid

sosution, nor do they ferm salts, They are inert towarda oxidizing

WADC TR 52-197 Pt 1 17



agents and are not affected by conditions less stringent than
those necessary to destroy the perfluorccarbons themselves.
The polymer mlght therefore be expected to have all of the
stability of a fluorocarbon. Insertion of the nitrogen atoms
in the chain should nrovide increased flexibility, so that the
low temperature »ropertles deslred mey be found in this class

of polymer,

Polymerlzation of the imines has been studled using benzoyl
peroxide, t-butyl hydroperoxide, cumene hydroperoxide, boron
trifiuoride=-phosphoric acid, znd boron trifluoride~-ether as
initlators, There was no signiflcant reaction except with the
etherate, where a jummy white solid was produced. This appears

to be an imine~boron trifluocride complex,

Bulk copolymerization with acrylonitrile, styrene, vinyl
acetate, C3F4 and C3F7C(CH3)=CH2 has been tried, using benzoyl
peroxide as initiator at 75°, No reaction was observed with
the fluorinated olefins. Althoush polymers were obtained in
exneriments with acrylonitrile, styrene, and vinyl acetate,

In e el c2se annlysis showed the nresence of little or no
flucrice in the nolymer, Further work on the imires is contem~-
vlated because thelr polvmers, 1f obtainable, ocuiht to have

interesting oronerties,

Perflu.ro acrylonitrile

The polyuiers ol acrylonitrlile have proven extremely
useful in the hy.rocarbon lleld. ILxperimenls h.ve been started

toward the nreparcstion of colymers fronm Cro=CF=-CH anc its
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derivatives., The perfluoro comnound is far riore readily
hydrolyzed than its hydrocarbm analog and emulsion polymeri-
zation in water is difficult beceuse of the rapidity of
aydrolyslis. FPxperlments uslng the strndard KoSp0g-sulfinic
acid-Duvonol Il recies ,roduced a small smount of granular
wrecloitate with 2 fluerine content of 50-604, corresponding
to the theorctieal value for poly=03F3i of 53.17% fluorine.
cince the nitinl monomer layer dlsunneared, it s asswied

4

the nydirolyais is more ranld than solyuerizabion under tre

o

conditione used.

Tonelnerization with styrene =nd with acrylonitrile rave
similar resuits, polymers being obtzlned in low yizld with
5-10: fluorine content, corresponding to 10-157 perflasro-
acrylonitrliie in the copolymer. Work is continuing with more
active inltiators at low temperatures and with non-4agueous

media,

2ulk polymerization of perfluoroacrylonitrile and conolym-
erization with styrene ornéd with acrylonitrile, in the presence
of cumene hydroperoxide as initiator, ylelded polymer only in
t1ie case of styrerne and then in very small amounts, The
activity of the fluorinated nionomer tovard {ree radicals is
evidenced by its ability to impede the polymerization under
corditlns in wilich the hydrocarbon olefln would norualiy be
polymerized compleiely, In the coce of the covolymerization
with styrene, the solid contained 20-30;5 fluorine, correspondl..

rourhly to a 1:1 copolymer,
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Further experiments along these lines are nlanned.
- -

Vinyl. Perfluorcbutyrate (VFB)

The esters of hydrocarbon alcchols with conpletely
fluorinated acids are characterized by very ready hydrolysis.
Expleoratory kinetiec studies Incicate that ir aqueous solution
at a pH lower than about O, the rate is first order with
respect to ester and irdependent of hydrogen lon concentration.
The rate of hydrolysis 1is about 10,000 times faster than that
of ethyl acetate under similar conditions. However, the
stability of polymeric esters is satisfcctory, the high
molecular weizht, with correspondingly low sclubility, having
decreased the rate of hydrolysis to the point where poly-VFEBE

is stable to boliling water for several hnours,

Polymers of C3F7C0pCH=CHp ha%e been obtalned from bulk
polymerization with & wneroxide catalyst. Roth water and forma-
mide have been us=d as a disversion medium for emulsion polymeri-
zation. 1In no case so far has a latex been produced, although
with water and a versuliate-sulfinic acid initiator system,
polymer is produced in coaguluwn form, Activated agueous
reclipes using lron-sugar or ascorbic acid result in very low
yields of a wegak polymer, In many cases the solid obtalned had
a relatively low fluorine value, Copolyrerization with vinyl
acetate in formamide resulted in a polymer containing only

Li.5% flunrine.

The difficulty of obtaining a staible emulsion of fluorinated

monomer 1in agueous or hydrocarbon iype solvelt may be overcome
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with long-chain fluorinated acids as emulsifiers. An experiment

in which sodium perfluorocaprate was tried yielded a viscous residue
of undetermined composition, Furthsr studies are contemplated using
initiators active at low temperature, so that the rate of hydrolysis

will not plasy too large a role, and using nonagueous suspending media,

1,1-Dihydroperfluoroalkyl Acrylates

The perfluoro acids can be reduced in satisfactory yield to the
1,1l-dihydroperfluoro alcohols, The esters of these alcohols with
hydrocarbon acids have essentially the same hydrolytic stability as
is shown by the normal hydrocarbon esters. The first three members
of the series, 1,l-dihydroperfluoroethyl, provyl and butyl alcohols,
have been converted to the acrylates which have been found to poly-

merize,

The hydrocarbon acrylates form polymers that are essentially
rubbery in nature., The polyacrylates of the fluorocarbon alcohols
are very similar in properties, Folymers have been rroduced on the
250 mg, level that merit extensive further investigation., In a
few cases larger scale preparations have already been tried. The
polymerizations in general were carried out as previously described,
Approximately 0.25 grams of monomer, 0.5 grams of water and corres-
ponding quantities of initiator, activator or emulsifier wers sealed
in a glass tube of about 2 cc. capacity and agitated in a wafer bath,
All runs were made in duplicate or triplicate; they are summarized in

Table IV,
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TABLE IV

Polymerization Studles of 1,l-Dihydroperfluorcalkyl Acrylates

Monomer layer
Zone at 2 hrs,

Cormmlete conv.
Com@lete conv.
in 6-10 hrs.

Complete conv,

507% conv. in

Aopearance Appesarance Solubility Analysis
Monomers of latex of Polymer of Polymer of Polymer Remarks
FBA Pale, Rubbery, good
Transliucent adhesion to
slass
FRA.vinyl Stable, Rubbery, but
acetate zlight pre- stiffer than in Lo nrs.
coagulum above,
272 F
FBA+acrylo- Stable Hard nowder
nitrile
FRA-styrene Stabile Hard powder
in 8§ hrs.
FBA-VFB lione iiay be only
poly~-FBA; 8 hrs.
not yet
analyzed

FRA+isoprene

FRBAbuta-
diene

FBA - C2F),

FrA.CpF3CL

Rather noor
latex; par-
ticles sen-
arate on
standing

Rather peoor
latex; better
in annear-

ance than
above
Feir, of

normal onac-
ity, some
nrecoamilun

l.ene

Aimost acg
traunszarent
as water

WADC TR 52-197

Pubbery but
vary tacky;
probably of
low mol. wt.

Rubbery,
ENAnDY,
»robably of
rel, low
rnol. wg,

Strong and
rubbery

strong, less
rubbery than
srcvious latex

Substantially
complste conv,
in 2 nrs.,
rel, slow

High conversion
only ater 7C hrs.

Fressure even
after 20 hrs

ALl tukes =xnlnde
after viorying
Intervaelis

Conversion high
at 20 hrs., sare
sressure



TABLE IV (rontinued)

Appvearance Appearance Solubility Analvsis
Il momers of Latex of Polymer of Polymer of Polymer Remarks
FPA+FPP Clear liquid Sol. WIRZ,  L6% F; calc.laybe slight
vhase, sliuy C3F7C00H for FPA: copolymer,
coag., Lé.5% ® F analyses
usually low
FPRA:FPP n Insol, KI®K, 50.54 F, Probably
sol. G3F7C00T cale. for  no copolymer

FEA:styrene Good latex

FEAtacrylo~ Good latex
nitrile
FEA Translucent
latex, more
turbid than
FPRA
FEA-buta- Fair latex,
diene precoag.,
FEA-CEFQ Translucent
latex, pre-
coag,
FEA-CpF3C1 Precoar,

fair latex

FPA-Cth Translucent
latex,
Precoazs,
FPA*CgF3Cl Translucent
latex,
precoag,
FPA-buta- Coarse
diene dispersion

WADC TR 52.197 Pt 1

Jdard powder

Hard powder

Strong, not
rubbery

Soft, tacky,
low yield

Rubbery

Soft,
tacky

Sol. [IBK

Sol, LIIRK,
LEX insol,
penzene

Sol, [IEK,

LEK

Disvnerses
in NIBK

Sol. NIBK

Sol. NIBK

Sol, HEK

Swells, but
insel, in
w1BK

23

FBA: 52.3%
F

57.5,0 FLA Probably
B

]
by

det, copolymer,
not proved

607 FEA by Sol'y. and
F det, analysis
35.6% acrylo. irmdicate
by I det. corolymer
3437 F
cale. for

FEA: 37.09 F

W .63 wEA
by F det.

37.6% F
37.04 F
cale, for
FEA

10.5%
CoF3Cl by
Cl. det,
74 .29 FEA
by F det.

Very little
copolymer

Probably not
conolymer

Not completed

ot completed

Lot completed ILow vield,
dariens in
vac, oven



TARLE IV (Continued)

Appearance Appearance Solubillty Analysls

Monomers of Latex of Polymer of Polymer of Polymer Kemarks

FBA (contrel) Translucent --== - --- Latex kept
latex, some for reference
precoag.

FBA:CpF3Cl Translucent === Disperses 2% CpFP3Cl To be used to
latex, sl. in by €l dét, confirm pre vious
precoége. C3F7CO0H results

FBA :C3F6 Clear liquid Rubbery Sol. 61.3% F C3F6 contalned

' phase, C3F7CO0H 52.3% calc, 6% C2Fly
precoag. No gel for FBA which may have

FBA-CQF),

FBA-CoFqCl
25:?52 >

FRA-buta-
dlene

FBA- CoF3Cl

FRMA

FE\I.A-FBA

Clear latex,
pr‘e Coag .

Clear latex,
precofg.

Translucent Soft but rmb-
bery, snappy
not tacky.

latex,
slimy pre-
cCoag.

Clear latex
very sl.
precoar,

Soltn, in
C3F7COZH

Soltn,. in
C3F7C02H
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arittle,
weak

Soft,
flexible

Porms vis-
cous gel in
C3F COO0H,
small insol.
fraction

Disperses in
C3F7COO0H;
sol and gel
phases

Sol, Benz.
C3F7C0O0H,
1-Cl-1-102
propane gel
present

Turbid dis-
persion in
C3F7COOH

polymer

Not complete ===

Not complete ===

Infrared
indicates
copolymer;
% B indi-
cates

12.7%
42.0%

FqCl
133y

FBA

Cli,

A good copolymer;
promising
properties

Will be frac-
tionated and
analyzed if
possible



Examination of the polymers obtalned from these experi-~
ments showed that most of them are true copolymers. Some ,
however, can be separated into sol and gel fractions of
different composition by thelr solublility in perfluorobutyric
acid. The trifluorochloroethylene—FBA polymer was separated
into a sol fraction of negligible fluorine content and a gel
fracticn which had the same 8analysis as polymerized trifluoro-
Chloroethylene, indlicating that the two monomers had

polymerized separately,

Polymers from the CzFu-heptafluorobutylacrylate re=ction
could be separated Into asal fraction which contained a negligible
amount of C2F); and a gel fraction which contained 61.5% fluorine,

Polytetrafluoroethylene has 72% fluorine, poly-FpRaA, 52%.
y

liodiflcatisn of llaloethylene Polymers

The two highly fluorinated comnereially available plastics,
polytetrafluoroethylene and polytrifluorochloroethylene, present
many desirable projerties. If theirpr less desirable charscteris-
tics coﬁld be modified by polymerization under somewhat different
conditions than have been uscd in the past, materials of wider
applicability might be produced. Some experiments in this

direction have been initiated.

It would be desirable, for example, to prepare a stable
latex from these olefins instead of the usual cecarse, granular
precipitate, One method woild be to carry out the poiymerization

in the presence of fluorinsted materlal as dispersing agent or
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as a modifier. Polymerization in the presence of 1,l-dihydro-
heptafluorobutyl acetate or butyl perfluoroproprionate produced
polymer suspenslons that settle but which are redlspersible.
The trifluorochloroethylene polymers are soft and pasty, those
from C2FL somewhat tougher, Because of the small scsle, the
yields were quite poor and the resulting solld was seriously
contaminated with emulsifier., The fact that the usual granular
precipitates were not obtained indiecates that further work ls

justified.

Attempted copolymerization of CgF| with acrylonitrile
or with styrene resulted 1n the formation of materlal which
could be separated almost completely into two polymer fractions,

nder the conditions used, little or no copolymer was formed,
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THE PROPERTIES OF 1,1-DIHYDROPERFLUOROALKYL

ACRYLATE POLYMERS

The only polymers that have yet been obtained on a
sufficient scale to merit farther examination are those of the
acrylates., Even in this case the quantities prepared were
so small that only preliminary examination is possible. Never-
theless, these polymers are adequate to establish some guldeposts

in the previously unexplored field.

In the series of homopolymsrs FEA, FPA and FBA, the turbidity
of the latex decreases as the fluoroeerbon radical increases in
size; the direction expected, because of decreased refractive
index, as the number of CFp2 groups is inereased. The agqueous
latices are remarkable for their transparency. The refractive
index of the particle 1s so close to that of water that even

those with 30% solid content are transparent.

The rubbery nature of the polymer increases ss the fluoro-
carbon chain length incresses, In the caze of hydrocar~on
acrylates, the minimum brittle point is reached with the eight

carbon aleochol.

The polymers are relatively stable toward combustion,.
While poly-FEA, with 375 fluorine, burns, poly-FPA with L7%
fluorine burns only when adeguate précautions hsve not been

taken to reriove the hydrocarbon emulsifier. Poly-FrA, with
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52% fluorine, is self-extingulshing when removed from the

flame.

The polyethyl derivative, FEA, is moderately soluble in
hydrocarbon solvents, The polypropyl derivative, FP4A, 1is
soluble in methyl isobutyl ketone and in heptafluorobutyric
acid, The polybutyl derivative, FBA, is insoluble in methyl
isobutyl ketone or any other non-fluorinated organic solvents,
The copolymers, on the other hand, acquire a solubility in
hydrocarvon solvents correspounding to the amount‘of'hydrocarbon
introduced into the polymer. The butadiene-FPA copolymer was
insocluble in methyl iscobutyl ketone, bubt exhiblited considerable
swelling. The copolymers of FBA and butadiene or isoprens
showed nezligible swelling and no solubility in toluene or in

methyl isobutyl ketone.

The butadlene and isoprene copolymers with the heptafluocro-
butyl acrylate are particularly interesting in that they form
rubbery elastomers even with the relatively low molecular we lght
so far achieved., A few exploratory experiments have been made
in which these copolymers were compounded in essentially a tread
stock recipe to produce material resembling the corresponding
prodact irom natural or GKL rubber., The resistance to solvents
is excepytionally good. The fact that these particular recipes
result in a material of low tenslile strength probably arlises
from the low molecular weight of the present polymer., BRBecause

of the relatively hizh rluorine content of these alastomers,
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it would not be expected that the standard compounding conditions
would be optimum; the compounding and curing of the polymers is
being studied further, for the very small scale samples thus far

prepared have not heen adequate for extensive evaluation.

WADC TR 52.107 Pt 1 29



SUMMARY

Conditions for the copolymerization of highly fluorinated olefins
have bsen develoved, Unlike tetrafluoroethylene, completely fluorinated

olefing have proven to be extremely reluctant to homopolymerize,

vinyl esters of fluorocarbon acids have been polymerized to elasto-
meric materials; the monomers hydrolyze readily in water, however, and

their satisfactory emulsion polymerization is therefore complicated.

The 1,l~-dihydroperfluoroalkyl esters of acrylic acid are sufficiently
stable to be polymerized under conditions approaching those normally used,
Some of the polymers obtained are believed to be high molecular weight
elastomers, Copolymers incorporating butadiene and isoprene have been
prepared which, after compounding and curing according to standard tread
stock recipes, have yielded apparently cross-linked vulcanizates comparable
to those obtained from natural or GRS synthetic rubbers - except that the
former exhibit considersbly increased solvent and fire resistance and
have relatively low tensile strength. Such copolymer vulcanizates of

1,1-dihydroperfluorobutyl acrylate show particularly wromising oroperties,

Preliminary experiments have indicated that verfluoroacrylonitrile
can be both homopolymerized and covolymerized. A novel class of unsaturates,

the perfluoroimines, has alsc been prepsred and is under investigation.
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CONCLUSIONS

In order to make a start In the field of highly fluorinated
elastomers with desirable low temperaturs properties, a sreat
deal of auxiliary work has been necessary. Facilities for the
preparation of the vasic fluorocarbons had to be expanded and
developed. Iew personnel had to be acquired and trained in
the sneclalized techniques of fluorocarbon chemistry, Syntheses
had to be devised for the monomsers, many of which had not been
previously prepared. It has been possible to carry all of these
at the same time that the techniyues of polymerization of these

fluorinated materials were being developed.

Several baslic assumptions were necessary to Justify the

'_.
-y
1
e
ot
e

atlion of this work:

1. That menomers containing a high Tluorine cortent
suaitable for polymerization ecould bve prepsred.

2. That these mcnomers wiwen prepared could be volymerized.
3. That the resulting polymers would have desirable low

temperaturce flexivilicy.

The first two assumptions “ave been proven correct.
Several classes of mons.ers, lneluding completely fluorinated
olefins, mixed fluorocarbon-hyudrocarbon olsfins, the vinyl esters
of fluorocarvon aclds, the acrylate esters of {l.ioroearbon
alcohols, perl’lucroacrylonitrile, ard lerfluoroimines, =ave been
ore.arec n quantltlies sultable for initiating polymerization

work. As was anticipated, the volyasrization of these new celacses
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of material required the development of new techniques of
polymerization, In some cases, at least, these difficulties
have been overcome and polymers have been produced. Undoubtedly
the optimwn conditions have not been attained, but the value of

work in this direction has been established.

The validity of the third asswuwmption remains to be proven.
The vroperties of the acrylate polymers and copolymers nrepared
up to this time are sufficlently interesting to fortify the
hope of eventual success. Copolymers which are capable of
vulcanigation have been obtalned and vulcanized. The major
effort during the coming year will be directed toward the
preparation of wmore satisfactory fluorinated polymers and :ore
extensive Ilnvestligation of the structural features necessary
to foster low temperature flexiblility in this class of material,
In additlon, the preparation of new classes of monomers and
the extension of the known members of the classes already pre-~

pared will ©te intensified.
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APPEIDIX 1

Properties of Fluorochemical Intermedlates

Formula b.p. °C. Eig iig
C3F7CH2I 91-91.5/740

C3F7 COCH({C02C2Hg) 2 121-126/27

CP3CH2NCO 55-57/748

C3F7CHaNCO 87-90/737

C3F7602 (CHp) ), OH 141-143/737 1.3269% 1.395%
CF3C0pClig Li-U3

C3F7C02CH3 79.5 - 80.5  1.293 1.b863
C3F7C0pCE=CHp 78=79/748

CHp=CHCOpCHoOF 3 92/7h2 1.34h92% 1.216%
CHp=CHCOCHC3F 7 31-32/22

C2H3C02 CH2CF3 92.0 1.3492% 1.216%
C2H3C02CH2C2Fg 102-103 1.3375 1,312
C2H3C0p2CH2 C3F7 122.0 1.3279 1.455
CF3CONH2 il

C3F7CONE2 105

CF3CHp N2 39-Lo

C3F7CH2NHp 68/743 1.298 1.493
C3F7CH20H 95/7U9 1,2942 1.601
C3F6 =30

C3F7H -16 to -18

CoFgH -1:9

w* 26°

%% Melting Point
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APPEIDIX I (Continued)

Formula

{(Perfluoroimines}

CoFgli = CFp
CaF7l = CFp2
ClyF'gN = CFp

~-13.2
+12.3 - 12.5
39.0

(Perfluorcacrylonitrile)

CF2 = CF-CK
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SECTINYN 11

Contract Period 15 May 1350 to 15 May 1951
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INTROLUCTION

Elastomers make up only a very smsll fraction of the welght
of modern aircraft, Nevertheless the correct functioning of these
small rubbery parts is vital to the operation of the entire mass
of machine., As the reguirements of modern design become increasingly
stringent, the lack of suitable elastomeric materials begins to be
a limiting factor, Although great progress has heen made in the
past two decades 1n the development of synthetic rubbers, no mate
rial has yet been found which satisfies the combined reguirements
of freedom from swelling in the presence of hydrocarbon fluids,
of freedom from permanent deformation under stress, and ability
to operate satisfactorily at the very low temperature freguently
encountered at high altitude as well as at polar bases, In view
of the major effort that has already gone into such stuaies, it
has become evident that a raaleally improved rubber can be cobtained

only through a radically rew appreach,

One such approcach is the development cof an elastomer based
not upon hydrocarbons but upon fluorocarbons, These compounds,
which have only recently become cf commercial interest, comprise
the analogues of the well=known hydrocarbon families in which
hycrogen bonded to carbcn has been suhstituted by fluorine., This
exchange confers upcon the molecule greatly increased thermal

stablllity and resistarce tc attack by mest cheniczls anc sclvents,

o
[V R]



Desplte these alterations, the carbon skeletons permit reactions,
if not identical with, at least in many cases similar to those
familiar to the orgénic chemist. The Minnesota Mining & Manu-
facturing Company has been engaged in the development of an
electrochemical fluorination process invented by Lr, J. H. Sinons
at the Pennsylvania State College., This process, which 1is des-
cribed in the J. Electrochem. Soc. 95, 47 (1949), involves the

electrolysis of a solution of an organic compound in anhydrous
hydregen fluorlde, Through its use a great variety of previously
uncbtainable fluorophemicals can be prepared, Study of the reactiors

of these compounds has been under way for .several years at 3IM,

Ir ¥May of 1949 the Company anéd the Air Materiel Command of
the United States Air Force entered into Contract AF 23(038)-515
to study the prepuration and properties of highly fluorinated,
rubber~like polymers of potentlal value in the Air Force program,
Luring the first year the work was primerily exploratory in nature,
Most of the emphasis had of necessity to be on the preparation of
rew types of monomers, the development of techniques of polymeri-
zation, and the cohtaining of preliminary éata on the nature of this
tyre of morcmer, Luring this period, it was possible to demonstrate
the desirability of further study of the preparation of fluorinated
rolymers., Rubberwlike materials were prepared on a millizram scale
and several classes of interesting polymers were given preliminary

evaluation,

buring the sscond contract year, the period covered by the
present report, it was possihle to pnt 2 greater emphasis on the
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develoment of the more promising elastomers, in particular, the

1, l-dihydroperfluoroalkyl acrylates, Some of the types of polymers
wvhich at first appeared mromising were found on more extensive

study to lack one or more of the properties necessary to meet the

stringent requirements of the Air Force.

Becauge of the novelty of this whole field of chemistry the
poséibility of obtaining still more suitable monomers and polymaers
is very high, Several new compounds have been developzd and the study
of their polymerization characteristics initiated. Exploratory poly-
merization studies have been valusble even when the product was unsatis-
factory. So little work has been done in this field that there were
no signposts, Bven at present there are too few data to gappert fim
generalizations, but at least there are some, A stiffening effect
of fluorine on the polymer backbone has been observed in saveral cases,
particularly in the diens series., Fluorine on the side chain has not
vroduced so much of an effect., On the other hand, backbone fluorine
seems to be mors effective in improving solvent resistance, Until a
sufficient variety of polymer types has been vrepared, this exploratory
work will have to be continued. It also appears desirable to develop
a satisfactory polymer, even though it may not be the eventusl optimum,
For this reason much emphasis has been placed on further studies of the
more promising polymers. Many interesting and potentially important
avenues have been passed over for the yresent and certain promising
leads have not yet besn followed up, with the understanding that more
time will bs available for such work in the future,
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PCIYMEEIZATION STULIES

4

The conventlenal pclymerizatiorn techrnigues reguire the use of

rather large amounts of morcmer, Since this rrepram invelies prepe-

aratlions which are frequently tedious ané very evrensive in terrs

of material and mnpower, as car he exrected ir the developrert of

(Y

new materlals, rapid prcgrecss heg »eer possible crnly by reducirs

e¥ploratory studles tc a very small scale,s In tre stucy cf @ rew

meromer, cuantities of the orcer of 290 milligrams #re sezled with

a corresponcing ameunt of cemcnomer, with tre exulsicr rneciun and

emilslfier in the case of ewulsicn pelymerizaticr, =ré

st
prs
¥
—"
'

i

promoter, in short ampoules cf 7 millimeters pless turirg The
ampoule is frozen, evacuated, ara sezled, Feolymerizaticor

carriez cut by tumblirng the anmrcule in a thermc:ztat =

ct

the cezirec

tenperature,

In thils manrer it has heen possirle tc mske the most efficiernt
use of the facllities snd marpcwer, If the prelirirsry results zre
ercouraging, more effective methofs of preparirg the meorcmer are

developed and larger scale work initiated,

The chemical names of the fluorinsted morcorers zre frecuertiy

lengthy and involved, It has been fourc convenient tc use ahhrew

[

tions, A4 table of the mornomers, their rnames and ahhwreviaticr will

e found at the end of the Experimental section cf thie re:cort,
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CONDENSATION POLYMERS
POLYAMIDES

The familiar polyamldes are somewhat crystalline in nature
and therefore do not make particularly satisfactory rubbers, The
effect of fluorine subsiitution cannct be reliably predicted,
although it may be expected to reduce the intercheir attraction
of the alkyl portion., It was, therefore, felt desirable to carry

on a few prelimirary experiments in this class of compouncs.,

Polyethylene perfluorosucciramide has been prepared by cone
densation both in bulk and ir solvent. In one experirent, 2,2 g,
of diethyl perfluorosuccirate and O,M49 g. of ethylene cdiamire were
dissolved in 25 c¢c, of dioxane cocled to 0°C, The solution was
then heated to refluxing and mzintaired there for € hours. The
white erystals that formed were filtered from the soluvtion., When
heated, no melting poirt was ohserved but the material gradually

darkened, as a result of decomposition, betweer 200-£20°C,

Polyhexamethylene perfluorcsucclnamide was similarly prepared.
LDiethyl perfluorosuccinate, 2,5 g., and polyhexamethylene diamire,
l.2 g., were cissolved in 25 cc. of cooled cdioxane, Reactiorn at
room temperature was rapld to form a whilte irsoluble procduct, As
first formed, this material melted at 205-210°C, At this temperature
further polymerizatlion took place, as evidenced by the increase in
viscosity and the liberation of ethanol. Extended heating resulted

in no evident cross-linkirg, the material remaining thermoplastic,
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The polyamide appears to be a hard solid with a high degree of
internal strength, Fibers, which can be ccld~drawn, are formed

from the melt,

A third polyamide was prepared from € g. of diethyl perflucro=
adipate and 2.% g, of hexamethylene diamire dissolved in 25 cc. of
dlethyl ether, After the solutioen had been refluxed for 1 hour, a
white crystalline product was chbtasired, This material mel ted and
further polymerlzation proceeded at slightly above the melting poirt,
Unfortunately a firal product was obtaired which was infusible,
suggesting that cross-linking had ceccurred., This may have beer

due to the presence of impurities in the startirg material,

These results are not particularly enccuraging, but the product
of an oc-oc-ab-Ca-tetrahydroperfluorodiamine ard a perfluoro dibasic

acid should be studiled,

OLYESTERS

Several of the known high molecular weight polyesters of the
hydrocarbon serles have scmewhat rubbery prcperties, Fer this
reasorn, the procduct of fluorinated glycols anc dlesters have been
given a preliminary investigatlon. The ready hydrclyzability of
the monomer esters of the fluorococarbhor acids 1s well known. However,
the polyesters, such as ethylene glycol diperflucrobutyrate, glycerol
triperfluorobutyrate, and peritaerythritcl tetraperfluorcbutyrzte,
when adequately purified, have beenr found to be only very slowly

hydrclyzed by prolenged refluxing with water, It seems evidert

WADC TR 52-197 Pt 1 b}



trxt & pelyester of sufficiently high molecular weight to be an

clastomer would also have adequate hydrolytic stability,

A preliminery direct esterification of ethylene glvceel by
rerflucrosucceirice acld resulted in a viscous ligquid which did not
appear rubbery, although it may have applications as a hydraulic

fluid or as a plastieclzer,

in attempt to cbtain a polymer by ester interchange with
c¢iethyl perfluorcosuccinate in ethylene glycol was unsuccessful,
Even 1r the presence of zinc oxide, as catalyst, the interchange
was prohibitively slcw and discoleration was evident. Condersaticr
was carried out by mixing 2.5 g. of diethyl perfluorosuccinrate,
Out g+ of ethylene glycol, and 0,001t g. of zirc oxide, The mixture
was refluxed at 170°C, 1in an orygen free atmosphere for l¢ hours,
followed by heating at 0.5 millimeters for 4 days, Only a viscous

vellow liguid was ohtailred,

The condersation of perfluoroadipic acid and 1,1,0,0~tetrahydre-
perfluorchexanediol-1,€ was accomplished by dissolving 0,29 g. of
rerfluorcadipic acid and 0,2¢ g, of tetrahydreperfluorchexaneciolel,ct
in 5 cco of toluene and refluxirg until water was no longer limersted,

The toluene was then distilled and the residue heated for 2 davs at

o

joh)

approximately 170°C,/1 mm, pressure., A small amourt of a dark,
rubbhery polymer was found., This material bhecame brittle after

several weeks at room temperature,
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The esterificatior becomes slow at a relatively early stage,
and considerable difficulty has been encountered in the preparation
of polyesters of sufficiently high molecular weight, The conden-
sation eof 0.2 g. of perfluorosebacic acid and 0,2 g. of ethylene
glyeol at 125°C, for 22 hours, followed by 4,5 hours at 150°C,/

0.5 mm,, produced a wax~like polyester with a melting point of

about 130°C, The direct esterificatior of perflucroadipic acig

with ethylene glycol and diethylene glycol proceeded only to the
stages of a viscous liquid. An equimolar mixiure of tetrahydroe
perfluorohexamethylene glycol, HCCHy(CFp)yCHoOH, and perfluoro-
adipyl chloride, heated under anhydréus conditions without solvent
for 96 hours at 100°C,, formed a viscous liguid which could be
converted to a waxy material by further heating for 48 hours at
120°C,/0.5 mm. None of these compounds is of sufficiently high
molecular weight to exhibit rubbery properties., The viscous 1iguids
are substantially non~volatile ard insoluble in hydrocarbon solvents,
They may be of value as plasticizers for some of the fluorinated

rubbers,
PERFLUOROOLEF INS

An extersive investigatior of the polymerization properties
of the higher perflucroolefirs indicated that they are much more
resistant to free racdical activation than is CoFy. Polymerization
was not initiated by acids or bases, Copolymers could be obtained

with the vinyl ethers, vinyl esters, or viryl chlorides, ir the
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presence of a freewradical polymerization initiator, A more

thorough study of these systems was therefore made,

Coby,

The simplest of the perfluoroolefins copolymerizes with the
vinyl ethers, A mixture of 0,5% g. of CoFy, 1.0 g. of vinyl
isopropyl ether, and 0,015 g. of acetyl peroxide was allowed to
react for 20 hours at 60°C. in an ampoule., Analysis of the polymer
formed showed the presence of 27% by weight of fluorine, correse

ponding to 25% copolymerized CoFy.

E3E¢

This olefin has been given the most thorough study with the
vinyl ethers, It was soon found that anomalous results were
ocbtained unless very speclal precautions were taken to purify
the olefin, The vinyl ethers are particularly sensitive to homo=
polymerization in the presence of even traces of acld, Passage
of C3F6 through aqueous base followed by dryilng over caleium sulfate
results in a material which, when sealed with vinyl isopropyl ether

in the absence of peroxlde, forms no polymer after 16 hours at 65°C,

A serles of experiments was carried out to compare the effi-
ciency of acetyl peroxide with benzoyl peroxlde as the initiator,
Polymerlzation was carried out in small sealed tubes at 50, 70, and
85eC, for 48 hours, with a mixture of 10 parts by weight of C3Fg,

l part vinyl acetate, and 0,1 part of 1nitiator. Polymers were
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obtained in 70-80% yleld with acetyl peroxide, The fluorine content
varied from 23~30%, corresponding to 30-40% C3Fgs Higher tempera-
tures resulted in higher ylelds of polymer but the product contained
less fluorine, The use of benzoyl peroxide resulted in only 35=45%
ylelds of polymer contailning 30=-40% of C3F6. Acetyl peroxide appears

to be considerably more satisfactory, particularly at lower tempera=

ture,

The effect of varying vinyl acetate:C3F6 ratios was studied,
With benzoyl peroxide at a temperature of 70°C., a 48~hour reaction
period resulted in the formation of 50% polymer from a 5:1 olefin:
acetate ratio, A 15:1 ratio resulted in 70% yield, In the first
case, 25% C3F¢ was found in the polymer and in the second, 33%.
The use of acetyl peroxide at 50°C, with a 10:1 C3F6:viny1 acetate
rotlo resulted in a polymer containing 50% of copolymerized C3F6.

Agaln acetyl peroxide appeared to be superior,

In an effort to avold homepolymerization, the emulsion polymeri-

zation with vinyl acetate was studied., The basic recipe consisted of:

Vinyl Acetate 1 g,
C1Fg 10 g.
Water 20 2
K>550g C.1 g.

To this was added 0,1, 0.2, 0.2, and 0,4 g, of Duponocl ME,
Polymerization was carried out at 70°, No prcrounced variation

between the various tubes was observed, the fluorine content of
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the polymers being 11=13%, corresponding to 15-17% CyFge This
was substantlally less than had been found in bulk polymerization,
The decrease can be accounted for by the low solubility of CBFé
in the medium and in the micelles of the emulsifier,

Attempted emulsion copolymerization with vinyl isopropyl
ether in the presence of Duponol ME and K2820g~NaHS03 was unsuccess=
ful., With K2S20g and sodium stearate, a latex was not obtained but
instead a lump of polymer containing 48% fluorine, corresponding
to S54% C3Fg. The results are similar to those in bulk polymerizae

tion and evidently ro true emulsion was obtained,

Baslic recipes were also studied, 1In the presencé of borax a
polymer containing 58% copolymerized C3F¢ resulteds In a series
of experiments with vinyl 1sopropyl ether, a recipe of:

C3Fg O0u5 2o
VIPE Ced 8o
H,0 1.8 g,
KoS00g 0,05 gZe
Borax 0,01 g.

was used, From 0,005 to 0,030 g, of sodium stearate was added to
the various tubes, Agitation at 65° for 64 hours resulted in 70=
80% ylelds of approximately 1:1 copolymers, although no latex was

formed in any case,
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The vinyl butyl ethers are apparently less sensitive to acid
polymerization, In experiments with vinyl n=hutyl ether and vinyl
isobutyl ether, polymers were obtzined with 7% fluorine, corres-
pending to 48% copolymerized CiFge 4 1:1 mole ratio would result
in 46% fluorine,

Attempts to find additional monomers which wenld successfully
corolymerize with C3F6 were unsuccessful, From bulk experimerts
with viryl chloride, acrylcnitrile, styrere, isorrere, and ischutylere,
polymers were chtalned ir each case with only relatively srsll amennts
of fluorine, Maleic anhydride, dibutyl maleate, cimethyl maleate,
#llyl glycidyl ether, and propylene oxide were slso tried with CBFG'
Acetyl percxide was used as initister, After 50-80 hours at tempera-

tures ranging from S0=70°C,, no polymer was chtained,

S.Eg

The acld catalyzed homopolymerization of vinyl ethers has been
found to be even more pronounced with the Cy olefins than with CaFg.
Preliminary experiments with CyFg-l and vinyl isopropyl ether, in
which equal weights of the two were reacted at ©0° in the preserce
of 1% acetyl peroxide, resulteé in a product which consisted of
two layers: an upper viscous liguid containing 15% fluorine (20%
CyFg) and a lower layer of white, brittle polymer cortaining c0%

fluorine (7¢% copolymerized C,Fg)s A 1:1 mole ratio in this case

‘would correspond to only €¢8% CuFg. The lower layer therefcre

aprears to contain some CLFg units joined together ir the polymer,
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However, an attempt to repeat this experiment on a larger scale

resulted 1n a polymer containing only 27% fluorine,

A series of tubes were prepared containing

Perfluorobutene~l 0u5 B
VIPE 0.5 g
K2S,0g 0.005 g.
HoO 1.8 g,

and elther sodium stearate or Aerosol 0T to the extent of 0.02 to
0,08 g, In addition some of the tubes contained 0,1 g+ of borax,

The tubes were agltated for 60 hours at 75°C, In most cases no
polymer was obtalned., 1In a few a very small amount of polymer
analyzing 30«50% fluorine was formed, Similar results were obtained
when 1-CLFg, (CF3)2C=CF2, was used in place of the perfluorobutene=1.

Both of these olefins were somewhat less reactive than CaFg.

The more promising conditions were examined in another series

of runs,
TABLE I
Vinyl Ethers = CiyFad
Tube Buffer
No, Monomers Catalyst & Water Emulsifier Results
1 0.5 g+ VIPE 0,005 go 0,01 g, 0.02 g. Na  Ampoule broke
K»850g borax stearate
0,005 ge 2.0 g,
NaHSO3 water
2 05 g« VIBE 0,005 go 0,01 g 0.02 g. Na Two 11g, layers;
1.0 go CFg~1 K25,08 borax stearate small amt, white

2.0 ge powder, 1% F

water
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TABLE I (Cont,)

Tube Buffer
No, Monomers Catalyst & Water Emulsifier Results
3 0.3 g. VME 0,005 g. 0,01 g. 0,02 g. Na Two 1liq. layers;
1.0 g« CyFg-l KoSo08 borax stearate small amt, white
2,0 ge powder, 17% F
water
[ 0.5 g« VIPE 0,005 ge 0.01 ga 0,02 g, Na Small amt, reddish
1,0 gs ClFgel KyS50g borax stearate brown polymer,
2.0 g 13% F
water
0.01 g, 30%
NH, OH

This type of recipe does not appear to be particularly effeetive
for emulsion polymerlzation of the perflucroolefin-vinyl ether

system,

Iwo attempts were made to prepare olefineether copolymers of
low enough molecular weight to be fluld. Three grams of ChFge-l,
1l g, of isopropyl ether, and ¢ g, of chloroform or carbon tetraw
chloride were allowed to react for 18 hours at 75° in the presence
of 0.05 g. of benzoyl peroxide. In both cases the residue after
removal of solvent and excess monomer was a black rubbery polymer
containing only a small percentage of fluorine, Apparently the

major reaction was a homopolymerization of vinyl isopropyl ether.

Attempted polymerization with propylene oxide in a tube cone
taining 1 g. p-CLFg-1l, 1 g« propylene oxlde and 0.0i g, of acetyl
peroxide at 55°C, for 48 hours was unsuccessful. A mixture con-
taining 1 g. of CyFg«l, 1 g, of vinyl isopropyl ether, and 0.02 g,

of acetyl peroxide 1n 2 g. of methyl perfluorocbutyrate produced only
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a tacky polymer of very low fluorine content, after 18 hours

hkeating at 5%°,

CoF18=1

Attempts have been made to prepare polymers from the ninee
carbon terminally unsaturated olefin, 09F18-1. Three small scale
sealed tubes were used with 0,02 g. of acetyl peroxide as the
initiator, In one tube, 1 g. of C9F18-1 was sealed; 1n the second,
0.5 g. of C9F18'1 and 0,05 g. of vinyl acetate; in the third, 0,5 g.
of 09F18-1 and 0,05 g. of vinyl isopropyl ether,

The results were similar to those observed for the lower members
of the series. No homopolymerization was observed. The vinyl acetate
copolymer, with a fluorine content of only 20% (26% olefin), was a
tough, white material. The vinyl 1sopropyl ether copolymer contained
26% fluorine, corresponding to 3% weight % of olefin, It is obvious
that considerable homopolymerization of the vinyl ether occurs since
the 1:1 copolymer would contain 66% fluorine, Efforts are cone
tinuing to prepare the 1:1 copolymer, which would contain 87%
perfluoroolefin by weight and would be indicative of the ultimate

results to be obtained from this class,
e by Olefins

A polymer from the perfluorcolefin Just described would cohtain
fluorine both on the side-chains and on the backbone. Another type

of polymer, one containing a hydrocarbon backbone with flucrocarbon
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sldee~chains, would be obtalned from the perfluoroalkyl olefins
2-perfluoropropylpropene, 2-perfluorobutylpropene, and 2-perfluoro-
amylpropene, This polymer might be characterized by the superior
flexibility of the hydrocarbon backbone and still maintain the

solvent resistance of the perfluoroalkyl groups,

Perfluoropropylpropene did not yield a homopolymer in the
presence of either peroxide or boron trifluoride, nor was polymeriw
zation observed with vinyl iscopropyl ether and acetyl peroxide,

When a mixture cof 1 g, of the olefin, 1 g, of vinyl acetate, and

0.02 g. of acetyl peroxide was heated for 60 hours at €0° in the
small tube set vp, a 73% yield of a polymer containing 36 .,4% fluorine
(57.3% perfluoropropylpropene) was obtained, A 1:1 mole ratio

copolymer would contain 45% fluorine,

The perfluorobutyl and perflucroamyl homologues also falled
to polymerize in the presence of acetyl peroxlde., Copolymerization
with vinyl acetate under conditions similar to those successful with

the perfluoropropylpropene were unsuccessful in both cases,

Although polymerization of the perfluoroalkyl olefins cannot
be given high priority, 1t is hoped to resume work on this type of

compound at a later date,

Fluorinated Acrylonitriles

Perflucroazcrylonitrile, CFo=CFCN, hydrolyzes quite rapidly in

water solution and hydrolysis has been the predominant reaction under
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the conditions of emulsion polymerization so far studied, Most of

the exploratory experiments have therefcre been in bulk,

Homdpolymerization in the presence of boron trifluoride or
acetyl peroxide has been essentially unsuccessful., Under moderate
conditions very small quantities of a very low molecular weight
materlal was produced, Under more stringent conditions the polymeri-
zation tube exploded, Methyl magnesium iodide in ether can be used
as an lonic polymerization initlator with aerylonitrile, An experi.
ment with Grignard reagent as initiator for the polymerization of
perfluorcacrylonitrile resulted in the formation of fluorinewcontain-
ing, methanolwsoluble, highly colered material, The product appeared
to be a result of the addition of the Grignard reagent rather than

rolymerization,

Several bulk copolymer systems were investigated., The experie-
ments Involved equal weights of the two substances in the presence
of appreximately 1% acetyl peroxide, The tubes were maintaired at
g0°C. for 2 weeks, The reactions with vinyl iscputyl ether, perfluoro-
butyl acrylate, C3F6, and 1-CuFg yielded either no polymer or one
which was essentially fluorlne free, With i1sobutylene a resinrous
polymer ccntalning 30% fluorine was obtained, Vinyl chloride yielded

a2 polymer centaining 15% fluorine and 36% chlorine,

Copolymerization with vinyl acetate was more successful. The
rezcticn wzs carried out in a small tube with acetyl peroxide as

catalyst at £0°, In a serles of experime: vt the weight ratio of
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nitrile to vinyl acetate was varied from 1:1 to 12:1, Over this

range, the fluorine content of the polymer varied from 20% in the
1:1 ratio to 28% in the 12:1 ratio, The latter represents nearly
a 1:1 mole ratio, No rubber-like properties were observed in the

polymers,

The copolymerization reactivity of perfluoroacrylonitrile is
similar to that of the perfluoroolefins, All of the materials
that have formed copolymers lie in the "low Q", non-conjugated
region of the Price-Alfrey dlagram., Further study of this region
may be profitable,

A related nitrile, oc~perflucropropyl acrylonitrile, C3FpC(CN)=
CHp, showed somewhat higher reactivity, Homopolymerizatior was rot

observed in a standard recipe of:

oc ~FPAN 0.125 g,
Copolymer 0,125 g.
Water O5 g
Puponol ME 0,0075 g
Na,S,0g 0,0025 g.
Borax 0.002% g,

With styrene a copolymer containing 21.,1% fluorine (52.5% ce~FPAN)
was obtairned, With acrylonitrile a polymer containing 12,2% fluorine
(22,3% oc~FPAN) was found., In neither case was there evident
hydrelysis of the nitrile, Neither ccpolymer shows elastonmeric

properties,
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Much more encouraging results were obtained with butadiene as

a2 comoncmer in the above recipe. The materials were sealed 1in tubes

contzining respectively 0, 0,00025, 0,00075, and 0,00150 g, of
tertiary dodecyl mercaptan, Polymerization was carried out for

48 hours at 55°C,

The polymer prepared in the absence of mercaptan was culte
rubbery., It cortained 61% by weight of the nitrile, Examination
showed an ASTM brittle pcint of =40 to «50°C, and a swelling volume
of 600% in 70:30 isooctane:toluene solvent, The polymers prepared
in the presence of mercaptan appeared to be over-mcdifled. They
contained 57% nitrile by weight, showed a brittle point of ~b0 to

~50°C, and 200% swelling in iscoctane:toluene,

FLUORINATED LIENES

Although elastomerie polymers have been, in a few cases,
prepared without the use of conjugated diene monorers, most of
the presently known rubbers ccntaln a butadiene derivative as cre
component, Several members of this elass have been studied Iin

homo= and copolymer systems,

Perfluorobutadiene

This mercmer has been ohtained, with the cooperation of the
Air Force, from twe cutside sources: Purcue Eesearch Fourdation
which 1is also engaged irn a contract with the Air Force, and the
M. W. Kellogg Company, which 1s engaged in work leadirg to flueri-

nated polymers under the sponsorship of the Quartermaster Corps.
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Homopolymerizatior wes studled

TABLE 11

in three recipes,

Hererclymerizz:Zizr. of Perfiucrchutadiere
- B c
FB 160 13C 100 L
R 180 15¢C 180
Turncrel ME 1.6 - el
Na Perfluorocarrate Rz 7l -
Nay 500 Cott 240 e
¥58,08 - - Fe”
Rorax Gafe 1,0 -
“ime £ days & Cays bouiye, F00
Temrerature 5Ce Q0 (VE days, w0®°
From reciresz 4 ara B, small ylelds of hard, resirncus pcolymers

ware

of pely=FRB in the

chraired, which contzired €39 of
case of the polymer

fror B, Some pelymer for

explcded prematurely.

Copolymers with styrere and acry

following recipe:

WADC

Perfluorchutadiene
Comoncmer

Water

Lupencl ME
NapSo08

Rerax
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Latlces were obtained from both styrerne and acrylonitrile,
In the feorzer case the copclymer contained 16.8% perfluorobutadiene
ané with the zcrvionitrile only 2.3%., Neither polymer was partie

cularly promising., Further work is in progress with other comonomers,

zwChloronerflucrobutadiene

This perhalobutadiene was obtained from the Purdue Research
Foundatiorn., It zppears to be capable of both homoe and copolymeri=-
zation, Bulk polymerization in a sealed tube in the presence of 1%
acetyl peroxide proceeded slowly. After two weeks at 80°, a brown,
tacky polymer had bheen formed in poor yield., Emulsion polymerization
usirg a stancard Duponol ME-K;E50g recipe was allowed to proceed for
2k hours at 55° and then was heated for 48 hours at 100°, A4
rubbery polymer was obtained in poor yield, Aralysis showed the

presence of 17% chlorine, rather close to the thecretical 19%.

Copolymers with butadiene and 1,l=dihydroperfluorchutyl

acrylate are described subsequently,

l1-Perflucroprovylhutadiene

Substitution of a terminal hycérogen by a perflucrerropyl group
does not seem to seriously decrease the polymerizatior resctivity, 1In

a recipe censisting of

FFB 0.25 g,
Water D.4% g,
Dupcrcl ME 0.0075 g.
Ko5,08 0.002¢% g.
Seray 0.0025 g.
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a good latex was formed after § days agitatlon at £0°C, The

polymer, after ccagulation, was light cclorec and strong, but

showed only limited rubbery character, unéoubtedly due to excessive
cross-linking. The 58.4% fluorine content markedly affectedé solvent
properties, ©Swelling was very slight in benzene and somewhat greater
in methyl iscbutyl ketone, diperfluorobutyl ether, and triperfluorc=
butylamine. Perflucrobutyric acid softened and swelledé the polymer,

while methyl perfluorobutyrate resulted in a cloudy dispersion,

The experiment was repeated with the persulfate reduced to
0.,0% parts per 100 parts of moncmer and with 2 concentrations of
tertiary codecyl merczptan varying from 0,12 to 0,60 parts per
100 parts of moncmer, All of the polymers were leathery anc showed
marked permanent set, The brittle temperature varied from ~10, in

the absence of mercaptan, to O to +10 in the presence cf the modifier,

Copolymerization with butadiene was stucied ir the case of
several of'these fluorinatedé clenes in modificatlions of the basic
erulsion recipe:

Fluorinateéd Diene 0.175 g.

Butacdiene 0.125% g,
Water 045 g.
Lupcnel ME 0.0075 g,
NasS008 0.002% g.
Borax 0.0025 g,

The reactior was carried out ir the small sealed¢ tubes for 4& hcurs

at 559, Small amounts of tertiary dcdecyl mercaptan were added to
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several of the reactions. 1In no case was any great change from the
unmodified polymer observed, The table below shows a few of the

propertlies of the uncured polymers,

TABLE I1I
Butadiene-Fluorinated Butadiene Copolymers
% Comonomer Brittle Stiffening % Swelling in 70:30
Comonomer by Wt, Point Point Isooctane:Toluene

1-FPB 57 -55 -5 2000
CFB 56 =10 to =35 =25 to =20 200
CFB 56 =30 to =35 ~25 to =30 230
FB 40,5 Not sufficient sample ~— 300
FB 41,8 Not sufficient sample ~ 300
FB 33,8 Not sufficient sample -~ 300

A comparison of the effect of fluorine on the side-chain and
fluorine on the backbone of the polymer may be obtalned from the
fluoropropylbutadiene and chloroperfluorobutadiene copolymers,
although it must be recognized that the structural characteristics
are not identical, With perfluoropropylbutadiere, the copolymer
contained 24,2% fluorine located on the side-chain. 2000% swellirg
was observed in the 1sooctane:toluene mixture, In the case of chloroe
perfluorobutadiene, with 29,8% fluorine located on the backbore,
the swelling was only 300%. Comparison of the brittle temperatures
favors the side-chain location somewhat, In both instances the
propertles are considerahbly less desirable than those obtaired with

1,l=-dihydroperfluoroalkyl polymers of comparahle fluorine content,
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The copolymer of FPB with butadiene is firm, rubbery, and very
tough, Its mechanical properties as judged from the uncured sample
are appreciably better than those of any rubbefy polymers so far
prepared in this program, Whille its swelling volume is too high to
satisfy the present rigorous requirements without serious modifi-

cation, it may be of value in some applications,

The chloroperfluorobutadiene and the perfluorobutadiene copolyw
mers were somewhat weak, although elastic. An effort is being made
to prepare the butadiene copolymers with the highest possible pro-
portien of the fluorinated dlene,

UNSATURATED PERFLUORDALKYL ESTERS
Bisel,l=Dihydroperfluorpobutyl Fumarate

Preliminary studies have been made of the polymerization
tendencles of the new ester, C3yF7CH20oCCH=CHCO2CH2C3F 7, No polymer
was obtalned from an attempted bulk polymerization of FBF in the
presence of 2% acetyl peroxlde at 75°C, A sodium stearate-K,S508
emulsion recipe falled to produce polymer., However, from an experi-

ment in which

FBF 0s5 ge
VIPE 0e5 g
H>0 2,0 g
Cy7H35CONa 0,03 g,
K,5,0g 0.05 g.
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were sealed in a small glass tube at 75° for 24 hours, 0.5 g. of
a clear, colorless polymer contalning 46% fluorine was found. This

approximates the fluorine content expected for a 1l:1 copolymer,

The reactivity of the fluorinated fumarate appears to be
sirilar to that of the hydrocarbon ester, in that it shows little

tendency to homopolymerize but does enter into copolymers,

Several attempts were made to copolymerize FBF with CyFg-1
in bulk and emulsion recipes. No polymer was cbtained. The none
fluorinated di-nebutyl fumarate similarly did not copolymerize with
CyFg=l. The reactlvity of the fluorinated fumarate with other

moneomers Will be studied,

l,1-Eihvdroperfiuorobutyl Sorbate

This is one of the monomers studied in an effort to prepare
poelymers with a hydrocarbon backbone and a fluorinated side-chain,
It was found to homopclymerize and copolymerize readily in the
standard Duponol ME-persulfate recipe, a good latex belng formed
in 4 days at 50°C, Copolymers with styrene and acrylonitrile were

also prepared,

The homopolymer, which contained 41,7% fluorine, 92.3% of the
theoretical, was a soft elastic material of relatively low molecular
weight., The copolymer with styrene, containing 57.5 weight % FBS,
and with acrylonitrile, containing 64,5 weight % FBS, both showed

limited rubbery characteristics. Severe cross-linking d1d not appear
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to have taken place despite the absence of modifler and the extended

reaction period,

The homopolymer was prepared on a somewhat larger scale In a

recipe ccnsisting of:

FBS 1,00 g.

Water 1.80 g.

Duponel ME 0,02 g,

NasS,0g8 0,003 g,

Borax 0.001 g.
Probably as the result of the lower persulfate concentratlon, the
polymer was firmer and had good rubbery propertles, Solvent resiste
ance was promising, The brittle temperature of the uncured pclymer

was unexpectecdly high, appearing to be above 0°C,

l.1=Pihyvdrcperfivorobutyl Crotonate

The reactivity of this unsaturated ester, CH3CH#CHCOQCH2C3F7,
appears to be quite low, No homopolymer was obtained with the
standard reclpe after 1 week at 50°C, Under these same conditions
copolymers were obtained with styrene and acrylonitrile, latices
being formed in both cases, Analysis indicated the presence of 4%
FBC in the acrylonitrile copolymer and 14% FBC with the styrene,
Butadlene copolymers were prepared ln the presence of tertiéry
docdecyl mercaptan varying from O to 0,330 parts of mercaptah per
100 parts of moromer, While an increasing quantity of mercaptan
softened the pclymer in the expected manner, nc more than 12% FBC

was incorporated ever at the highest mercaptan concentrations,
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Vinyl Perfluoroacyl Esters

Prellminary studies during the first period indicated the
possibilities of the vinyl perfluoroacyl esters. Although the
moncmers hydrolyze very rapidly in water, the polymers were suffi-
ciently insoluble to be classeé as water stable, no slgn of hydrolysis
being observed in bolling water after several hours, A series of
micrcscale experiments was carried out to determine the copolymeriw
zation characteristics of vinyl perfluorobutyrate, Experiments
described in Table IV were obtained from standard sealed tube experie
ments with 18 hours agitation at 55°C, The catalyst consisted of
1% of acetyl peroxide,

TABLE IV

Bulk Corolymers of Vinyl Perflucrobutyrate

Results

Monomers % Yield % F Z VFB Nature of Froduct
1.0 g. VFB 45,0 7¢2 13,0 Light yellow powder
1.0 g, Acrylonitrile
1.0 g. VFB 6740 26,8 46,6 Clear, tough, hard
1.0 go Vinyl Acetate
1.0 g« VFB 20,0 1.6 249 Clear, hard
1.0 g. Styrene
1,0 g, VFB 65.0 4.9 L5,0 White, opague, hard
1.0 go« Methyl Methacrylate
1,0 g, VFB €0.0 28,2 52,8 Clear, colorless,
1.0 g, Vinyl Acetate brittle
2.0 g« Me Perfluorobutvrate

' (sclvent)
2.25 go VFB 25,8 14,5 26,2 Cream~mcolored powder

Oe5 go Acrylonitrile
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TABLE IV (Cont,)

Results

Monomers % Yield £ F £ VFB Nature of Product
1.4 g, VFB 67.9 Sel €2,5 Clear, colorless,
D¢ ge Vinyl Acetate flexible
1e05 go VFB 7.2 20,8 55.6  Opaque, yellow,
0.5 g+ Styrene flexible
1,20 g, VFB 100,0 20,0 54,3  Opaque, white, hard
0.5 g+ Methyl Methacrylate

Vinyl perfluorovalerate and vinyl perfluorocaproate were also
polymerized in solution, The tubes, containing 3 g. of the vinyl
esters, ¢ g, of methyl perfluorobutyrate, and 0,02 g. of acetyl
peroxide, were shaken at 55°C, for 20 hours., Clear, extremely
viscous solutions were obtained from which colorless, flexible

films could be cast,

The valerate and caproate were also subjected to polymeriza=

tion in aqueous medium, An emulsion recipe consisting of:

Vinyl Ester 0.?25 g
Yater Ot g
K25008 0.0025 ge
Duponol ME 0.,0075 g

was used with agitation for 48 hours at 45°C, 1In neither was a
latex formed, although a precoagulum containing more than 5C%
fluorine was recovered, Under the conditicns of the experinents,

the ester was hydroclyzed before it could polymerize,

Suspension polymerizaticn was attempted in a reclpe consisting

of:
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Monomer 0.20 ge

VWater 2400 Ee
Bentonite 0.02 g.
Diisopropylbenzene

hydroperoxide o0l g
Mixtures were agitated at 80°C, for 24 hours, With the valerate,
a solid of less than 5% fluorine was obtained, In the case of the
caproate, a low yleld of polymer contairing 25% fluorine was

recovered,

Very considerable improvement in techniques is necessary before
systems involving water can be used with these readily hydrolyzed
monomers, It may be desirable to further develop polymerization

in non-aqueous media,

Since the most successful results were obtained in solution
polymerization, a number of experiments were tried ir which a variety
of vinyl esters were evaluated, Benzotrifluoride and methyl perfluoroe
butyrate were indicated by preliminary experiments to be the most
promising solvents, The results are summarized in Table V,

ABLE V

Splution Po erization of Vin Perfluoroac Esters

Reaction
Monomer Solvent Catalyst Temp. Iime, Hrs, Comment
1,0 g 3.0 g2« 0,01 g L5 18 Polymer is white powder; melts
VFA MFB Acpy 0o to clear, tough film; yield
45%

1.0 ge 3.0 e 0.01 g. k5 18 Light tan, brittle, clear
VFP MFB Aeo0s solids yleld 58%

60 Ly Solution gelled
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Monomer

1.0 Ee
VFV

1.0 ge
VFC6

2.0 g,
VFB

1,0 g,
VFB

240 Ba
VFB

1.0 g,
VEB

2.0 g,
VFB

0.5 Es
VFB
0.5 ge
VFA

20 g.
VFB

1.0 g.
VFA

1.0 g.
VFCé

1,0 g
VFCIO

1.0 ge
VFC1o

1.0 g.
VFCig

Solvent
2.0 ga
MFB

6.0 g.

1.0 g

560 8o

1.0 g
MFB

WADC TR 52.167 Pt 1

Cats

0.01 g.
AC202

0.0C1 go
Aco0o

0.01 g.
Acp0o

0.1 Ee
AC202
0.01 g,
AC202

0,02 g,
Bzo0p

0.02 g,
Bz»0o

0.01 Ee
ACEOQ

t

TABLE V

Temp, Iime, Hrs,

45
60
b5
60
55

50

50

55

55

50

50
50
50
45
45

55

145
15

Reaction

18
LY
18
Ly
36

24
oL

- 2L

2l

18

30
ok
2l
16
16

3
16

3

65

Comment

Light tan, brittle, clear
solid; yield 62%;

Solution gelled

Light tan, brittle, clear
solid;

Solution gelled, Yield 60%
White, granular solid, 78%
yvield

White, granular, brittle;
melts to clear film; 62% yield

Similar to 6, 7, 65% yield
Low yield of white, brittle
s0lié which melts to clear
film

Low yield of slightly dise=
colored, brittle solid

Clear, colorless, brittle
solid, fair yield

10% yield of clear, very light
tan solid

White powder which melts to a
dlear, tough film

Poor yield of clear, cclorless
brittle sollid

Clear, brown semi-liquid
Clear, tan, waxy solid

Clear, white powder



A cyeclic ester, vinyl perfluorocyclohexyl csrhoxylate, was
also studled, A homopolymer was prepared from a bhulk mixture of
1 g. of ester and 0,1 g. of acetyl peroxide, sealed in a tube for
16 hours at 50°C, Soluticn polymerization was studled in a sealed
tube experiment in which 1 g, of ester, 2 g. of methyl perfluoro-
hutyrate, and 0,02 g, of acetyl peroxide were agitated for 16 hnurs
at 50°C, The polymer in both cases was similsr, being a hard,

clear solid softening ahove 100°,

These polymers are extremely insoluble in most materlals,
RBenzotrifluoride 1s an acdequate solvent for polymerization but
the purified, drled polymer cannot be reclssolved in it, Methyl
perfluorohutyrate dissolves the polyvinyl esters of the higher
perfluorc acids but will rot redissolve the trifluorocacetate,
Aliphatic or aromatic hy.irocarbors, non-fluorirated esters, ethers,

etec, are not seclvents,

Allyl Perfluorobutyrate

An attempt was macde to decrease the brittle point of the poly-
vinyl esters by interposirg a methylene grcup between the carboxyl
radieal and the chain, Allyl pérfluorobutyrate, CqFrCOCHLCH=Hp,
was found to polymerize ard copolymerize, in some cases in evcellent
yleld, ERubbery polymers have not yet been obtained; in scme cases
the materials are relatively soft cor even viscous liguids. This
compound may be of interest from the point of view of Copolymers
with the acrylate esters or in the preparétion of polymeric plasti-
cizers,
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The results of the initlal studies are summarized in
Table VI,
TABLE VI
Allyl Perfluoroputyrate Polymerization

Emulsion Recipe

Monomer 0e25 £
Water O.45 ge
Luponol ME 0,0075 g.
K,5,0g 0.0025 g.

(Samples agitated for 5 days at 50°C,)

Po er
Comonomer ZF % _AFB Comment
None No polymer
Styrene, 0.125 g. 1.4 2.7 Hard, resinous
Acrylonitrile, 0.12% g. 1.0 1.9 Hard, resinous

Bulk Recipe
1% Acy0, as catalyst

0.5 g, total monomers

(Samples agitated for 5 days at 50°C,)

Polymer
Comonomer % F % AFB Comment
VIBE, 0,125 g, 27,0 71.0 Theor, for 1l:1, 37.6% F
olly liquid
VIBE, 0,12% g. No polymer
Styrene, 0.25 g. 8.2 15.7 Hard, resinous
Vinyl acetate, 0.25 g. 28,1 £6.0 2 moles vinyl acetate

per 1 VFB 1ir polymer
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TABLE VI (Cont,)

Comonomer % F % AFB Comment
Allyl acetate, 0,25 g, No polymer
Maleic anhydéride,

0.25 g. 31,6 Viscous liquid
None 47,8 (theory, Viscous liquid
52.2)
Allyl acetate (control) Viscous liquid
0.5 g

Perflucrcalkyl Acrylates

By far the greatest progress toward a low temperature solvent-
resistant rubber has been made with the class of compounds obtained
from the esterification of acrylic acid with the 1,l1-dihydroperflucro
alcohols, such as CF3CFpCFpCHpOH, These alcohols are derived from
the perfluoro aclds by reduction of the methyl esters. The monomers
polymerlze rapidly in an essentially standard emulsion recipe. In
most cases, an induction period of wvariable length, due to traces
of oxygen, 1s experienced, Once polymerization 1s started, it
proceeds rapidly and exothermally even at an initial temperature
of 30°, It is therefore difficult to maintain a constant tempera-
ture, The presently used recipe is 1llustrated by Table VII, Five
separate reactions were carried out under what were intended to be

identicair conditions.

(See table on following page)
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TABLE Vil

Polymerization of ¥FBA

(FBA:100; Water:180; Luponol ME:32)

Induction

K,5508 Period, Temperature % Conversion
parts Min, Iritial Max, at 2,5 hours
0,40 90 52 67 97.1

0,40 120 L5 63 9763

0e35 170 L6 62 9.5

0.35 145 Lo 6kt 98.3

0,35 130 k6 63 95.1

The combined latices were coagulated by freezing and the polymer
was washed and dried, The white, tough, somewhat tacky polymer had
an intrinsic viscosity, as measured in methyl perfluorobutyrate
solution, of 2,95, The yield was 478 g., 96%. A 44O g. sample of
this material was submitted to Wright Field for evaluation (PO 156,
Lot 1).

The polymerization 1s retarded by the presence of mercaptans,
With the standard recipe, 90% conversion is reached in 15 to
20 minutes; the presence of 0,025 parts of tertlary hexadecyl
mercaptan per 100 parts of monomer necessitates 60 minutes for $0%
conversion. The final yields in both cases were essentially quantil=
tative, The addition of the mercaptan also causes the expected
decrease 1in chain length, Where unmodified material has a viscosity

above 2,25, the material prepared in the presence of the 1-Cj¢
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mercaptar has an intrinsic viscosity of only 1,45, These results

are very similar to those found for the unfluorinated polymer,

The studies of compounding, curing, and evaluation are included

in a subsequent section,

While the solvent resistance of the unmodified l,l=dihydrow=
heptaflucrobutyl acrylate polymer is more than satisfactory, 1its
brittle point appears to be inherently too high occurring at about
=20°C, in the uncured polymer,

A study of varlous copolymer possibilities is in progress,
alming toward decreasing the brittle point without seriously
decreasing solvent resistance, Copolymers were prepared with
1,1l=dihydroperfluorocapryl and 1,1-dihydroperfluorchexyl acrylate.
The former gave material which had very poor properties, apparently
from impurities in the capryl ester used as starting material, This
reaction will be restudied, Results of the hexyl ester are reported

in the section on curing and compounding.

The use of n-octyl acrylate as an FBA comonomer was studied in
three experiments, one using a 75:25, one using 50:50, and one using
25:75 mole ratios of the two acrylates, Except in the case of the
75% neoctyl acrylate polymer, where the fluorine content was almost
double that expected of the copolymer formed in ratios of the
reactants, the polymer appeared to have about the same composlition

as the monomer mixture,
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A methacrylate ester was prepared from l,l-dlihydroperfluorocbutyl
alcohol and polymerized, The polymer turned out to be a white pcwder
whiech was plastlic rather than rubbery. It was soluble in methyl
perfluorobutyrate and benzotrifluoride, but insoluble in acetone,
methyl isobutyl ketone, dloxane, and chleronitropropane., Copolymers

with FBA have not yet been made,

A number of small scale attempts were made to copolymerize FBA
with isoprene, dihydrodicyclopentadienyl acrylate, 2-chlorocethyl
vinyl ether, 2-chloroperfluorobutadiene, 2-chloroethyl acrylate,
and divinyl ether in order to prepare polymers with a double bond
or chlorine atom that would be available for subsequent vulcaniza-
tion. The copolymers of isoprene and 2-chloroperfluorcbutadiene
were particularly promising, Additional work has heen done on these
two comonomers. The others will be studied in more detall when time

permits,

The system, butadiene:FBA, has been studied extensively.
Initial efforts were very promising, An attempt to prepare the
copolymers on a larger scale was less successful, It was extremely
difficult to reproduce results even under apparently identical cone
ditions. A series of polymerizations was carried out, in which
250 milligrams of FBA was prepared in each of the following recipes
and agltated in sealed tubes at 50°C, for 140 hours, Table VIII

summarizes the results,

(See tahle on following page)
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TABLE VIII
Butadlene:FBA Copolymers

Butadiene Water Duponol ME K;S50g Meggg%%an Yield
—DBa  __Be  __ DBa . __ Mg, - Z__ Nature of Polymer
125 O Lt5 745 2.5 0 50  Soft, tacky
100 Ol45 745 2.5 0 50 Firm, tacky
50 Oukt5 745 29 0 50 Firm, rubbery
125 0,45 75 2¢5 0,001 0 -
*125 Olt5 7e5 245 0 0 -
125 Ou 5 745 1,5 0 50  Firm, rubbery
**125 O 45 7.5 245 0 0 -
**125 0,45 745 245 0.001 0 -

* FHA instead of FBA

** Isoprene instead of butadiene

It seems possible that this lack of reproducibility arises
from a competing Diels-Alder condensation of the butadiene and
acrylate, to form a cyclohexenyl ester, Not only would this consume
the reagent but it is possible that the product would act as a
polymerization retarder, The decrease in molecular welght in the
low yleld experiments and the presence of an ester odor which is
absent from those experiments in which rubbery pelymers were obtained

tend to confirm the hypothesis,

Recently a compound believed to be this adduct has been
prepared by reacting 5 g. of l,1-dihydroperfiuoro acrylate with
1l g. of butadiene in a sealed tube without catalyst for 60 hours
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at 85°, Fractionation of the resulting liquid under vaeuum
resulted in the isolation of a small fraction boiling at L47-580C,/
3 mm, This material analyzed for 42% fluorine, corresponding to
about 47 mole % FBA, and had a refractive index of 1.2780, The
effect of 1ts addition during the copolymerization of FBA and

butadiene will be checked,

A series of small scale experiments in sealed tubes was carried
out to determine the most suitable conditions for the consistent
preparation of the copolymer. The recipes and results are summarized

in Table IX,

IABLE IX
Butadiene-Acrylate Copolymerization
Run 2 Run 3 Run 4 Run_ 5 Run 6 Run_7
Ho0 g, 045 0,45 0.l5 045 0.5 0.L5
FBA g, 0,200 0.12% 0.125 0,125 0.125 0.12%
BD 0.050 0,125 0.125 0.125 0.125 0.12%
Emulsifier Iupchol ME Luponel ME Luponol ME Na Na Na
g. 0.0075 0.0075 0,0075 stearate stearate stearate
0.0075 0.0075 0,0075
Nas55,08 ge 0025 ,0025 «0N2% .0025% 0025 . 0028
NaH803 Ee .0025 - 0025 - 0025 0025
Borax g. g 0025 . 0050 . 0025 . 005 . 005
Temp, °C, L oo L5o Loe Lo Loe Lo
Reaction
Time, Hrs. lt Lk le Ll 16 1€
Results Yield 38% Yield 20% Yield 65% No Ne Poor
falr poor poly-~ good latex, reaction reaction yield,
latex, mer and strong soft
ruhhery latex snappy polymer
polymer polymer,
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The trials involving borax in the persulfate:bisulfite recipe

appeared to give better results than did the others,

was qulite ineffective as an emulsifier for this system.

Sodium stearate

Reclipes

No., 3 and 4 were therefore further investigated on a larger scale,

as summarized in Table X,

TABLE X

Butadiene:FBA Copolymers

Run 8
H20 Ee 306
FBA Ee 1.0
BDL g, 1,0

Emulsifier g. Duponol ME 0,06¢

Na555,0g 8. 0.02
NaHS03 g. 0,02
Borax g. 0.0h
te=Cyo
Mercaptan g. 0.001
Temp, °C, k5o
Reaction
Time, Hrs. 16
Results Av, yield (two

ampoules): 36%
Av, %F: 24,6
Rubbery poly-
mer of falr

prOp.

Run 9
3.6
1,0
1,0

Dupcnol ME 0,06

0.02
0,02
0.0k

A

Lo

16

Av, yleld (two
ampoules): 61%
Av, £ F: 25.0
Rubbery poly-
mer tougher
than 8

Bun 10
2.6
1.0
1.0
Luponol ME 0,06
0.02

0.04

50

1€

Av., yleld (two
ampoules): 70%
Av, F: 26.4
Gocd rubhery
polymer

The copolymers obtained from experiments 8, 9, and 10 were

compounded 1in a sulfur-Captax-zinc oxide recipe.

Cures of 20 and

60 minutes at 300°F, appeared to be inadequate; the polymers showed
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little change in physical properties and had a swelling volume in
70:30 1sooctane:toluene mixture of 650«=750%, Additional curing for
90 minutes at 00°F, produced vulcanizates with a swelling volume

of U504 and ASTM brittle temperatures of =60 to «70°C,

To determine the best conditions for a larger run, in which

varying ratios of monomers could be studled, three emulsion recires

were tested,
ABLE XI
Butadiene:FBA Copolymerization Recipes

1 2 2
H,0 3.6 g, 3.6 g. 2.6 g
FBA 1.0 g. 1.0 g. 1.0 g.
Butadiene 1.0 g. 1.0 g. 1.0 g.
Luponol ME 0.06 geo 0.06 g Ca06 g,
Nap8208 0,02 g, 0,02 g. 0.02 g,
NaHSO4 0,02 g. 0.02 g. --
Borax 0.04 g, - 0.0k g,

Polymer had formed in all three recipes after 24 hours at
42oC, The products from the first two were soft, tacky ané arparently
not homogeneous, but that from No, ? was a filrm, rubbery product which,
after curing with sodlum silicate for 1 hour at 1£0°C., produced a
vulcanizate with a brittle point of =55°C, and a swelling volume of

95% in a 70:30 isooctane:toluene mixture,
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Experiments were then run using recipe No, 2 with FBA:butadiene
ratios of 1:1 to 5:1, The products were isolated and cured in a
silicate recipe (see next section), The polymers which contained
24 to 35% fluorine were strong and rubbery, The vulcanizates had
brittle temperatures of «60 to «70°C, but increased in vélume in
the isooctane:toluene mixture by 114=180%., The copolymer with 37%
fluorine had a brittle temperature of «55°% and a swelling volume of
only 90%. This material, however, was weak and apparently too highly
cross~1inked., The 40% fluorine polymer was so weak that its

properties could not be measured,

The use of a mercaptan modifier introduces further complication,
It apparently retards the reaction sufficiently to allow the Llelse
Alder condensation to gain headway., In a recipe which gave high
yields of a good rubber in the absence of mercaptan, the addition
of 100 ppm. of t.~dodecyl mercaptan reduced the yield to only 5%
after 12 hours; 33 ppm, of mercaptan resulted in an 80% yield in
10 hours, The rubbery quality of both polymers was poor. In another

case the followlng recipes were compared,

A 2
Water 16,2 16.2
FBA 745 745
Butadiene 1.5 1.5
Duponol ME 0,27 0.27
NasS508 0.0% 0,09
Borax 0.18 0.18
t.-C12 mercaptan - 0,05
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The tubes were agitated at 45° for 5 hours, Conversion in the

first case was 82% and the second 85%, The polymer prepared in

the absence of mercaptan'was a white, firm, snappy material which,
when cured 1n a silicate recipe, showed a brittle temperature of

«80 to =»50°C, and a swelling volume in the isococtane:toluene sclvent
of only 70%. The product from Run 2 was so crumbly that it could not

be evaluated,

An attempt to study the properties of the 1:1 mole ratio
c0polymér as the functlon of conversion procuced erratic results.
Four identical tubes were prepared. Three of these produced soft,
cheesy polymers and the fourth a considerably hetter polymer, for

ne obvious reason,

Assuming the Dlelse=Alder reaction to be uncatalyzed, a series
of tubes was prepared for testing with higher persulfate concentra-
tion and lower operating temperature., The recipe consisted of:

Water (boiled; distilled) 180

FBA 8343
Butadiene 1647
Duponol ME 3.0
NapS»08 4,0
NayBy 04 2.0

Tubes were agltated at a temperature of 35°, Inductlon pericdés
varied from 4 to 4=1/2 hours, In ore case a 47% yield was obtained
at the end of 9 hours and in another only a 10% yield at the end of
14+ hours, The polymers ccntaired from 30 to 34 mole % FBA, Lespite
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the erratic ylelds anc variable and excessive induction perioeds, the
polymers obtaired were of fairly high gquality, indicating some

promise for this apprcach.

Two additlonal tubes were prepared with this same recipe except
that every precaution was taken to exclude air, Induction perlods of
only 1/2 hour were observed, The yield was 83,5 and 81.,8%. The two
polymersdlffered somewhat in mechanical progperties, one, containing
41,8% fluorine, was rubbery and the other, containing 44 .4% fluorine,
was cheesy, There zppears to be no reason for the observed differw
erce, both tubes being charged and run in the same marner., Some of
the variables controlling the polymerization of these moncmers remain
tc be discovered., Experiments invelving the addition of various
amounts of the "LielseAlder adduct" whose isolation was cescribec

above may help in unravelling some of these variables,

It appears probable that the addition of sufficiert butadlene
to the 1,l-diheroperfluorobutyl acrylate pclymer to lower the
brittle pcint satisfactorily will simultanecusly result in too great
a decrease in solvent resistance., This may be overccme by the use of
other moncmers either with or without butadiene, Flucrirated monomers
would be particulsrly desirable since there seems to be a good
correlation betweer the fluorine ccrntent and the resistance to

swell, 2=Chloroperfluorobutadiene was stucied with this 1p mind,

A series of small scale experinents was carried out usirg a

standzré reclpe:
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Monomer

Hy0

Tupenol ME

K55,0g

0u25 ge
0.k5 g,
0,0075 g.
00,0025 g,

Mixtures were sealed andé agitated in the water bath under the

conditions indicated in the tabtle below,

Morcmers
CFB ¥BA

Heaction
Corditions
Time Temp,

TABLE XII

CFB:FBA Copolymers

Hrs, _2C, % F

0.25 0

0.125 0,125

0.188 0,063

0,062 0,188

0 0.25

Two polymer fractions

precoagulum,

23 at 55
plus
42 at 100

23 at 55
plus
65 at 100

23 at 5%
plus
42 at 100

23 at 5%
plus
€5 at 100

22 at 55

for which the

rnot
enough
sample

4540

were obtaired,

Analysis

% Cc1 Infrared

Nature of Polvmer

1700 e -

4,0 appears to
be copclye
mer

9.0 -

1.6 aprears to
be copoly=
mer

analyvses are shown,

harder product, presumably highly cross~linked,

0 to 4% chlorire, 20 to 25% filuorine. For compa

53.2% fluorine and FBA £2,3% fluorine,
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yield pcor

Cl analysis
correspends to
21% CFB

Cl analysis
ccrrespenas to

47,4% CFB

Cl analysis
ccrresrends to
84% CFB

Controlj polymeri-
zatiorn 1s much faster
than with CFB presernt

One was essentlally a

The cther was a
These contained
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Poly-CFB as isolated in the first experiment 1s moderately
rubbery, presumably because of early precipitation from the emulsion.
The copolymers with FBA are more resinous and cross-~linked. However,
it was felt that the recipe could he revised to give higher yields
and more rubbery polymers, Further exploratory experiments wefe
therefore tried, These are summarized in Table XIII,

TABLE XTI

Polymerization of 2-Chloroperfluoro Butadiene

Polyn, % CFB Comments
Monomers Ratio Method % .C1 % F by Wt,
CFB Emulsion 17 - 85.5 Low yield, rubbery
_ polymer
CFB Bulk 12 - 60 Very low yileld
CFB + Trace
FRA Emulsion 1,9 L46,0 9e5
CFB:FBA 1:1 Emulsion 4,0 L5.4 20
CFB:FBA 1:1 Emulsion O.4 20«35 0=20 Very small sample
CFB:FBA 3:1 Emulsion 5.6 - 28
CFB:FBA 1:3 Emalsion 1,6 45,7 8,0
CFB:FBA Bulk 4,0 49,5 20 1 mnle CFB to
3 FBA 1n polymer
CFB: Emulsion
acrylonitrile borax
CFB: Bulk 25 3,2 12 Poor check between F
acrylonitrile and Cl analyses
CrB:FBA: L8:48: Bulk 2,6 - 19 Soft, tacky
iscrrene L
CFB:FB4: 43:43: Emulsion 7,7 - 41 Clear, rubbery
iscrrene 1k borax
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TABLE XIII {(Cont.)

Polym, % CFB
Monomers Ratio Me thod gCl Z%£F by Wt, Comments
CFB:vinyl 1:1 Bulk - 7 13 Tacky, soft polymer
ether
CFB:vinyl 1:1 Bulk - 23,2 43,5 Soft, brown polymer
acetate -

The bulk experiments were carried out at 60° for 5 days, in the
presence of 1% acetyl peroxide, Emulsion polymerizations were made

with 1% persulfate and 3% Duponol ME, with borax where lndicated,

Of particular interest are the two runs in which isoprene was
present, These indicated that under the proper conditlons chloro=
perfluorobutadiene was quite reactive and that it could be incorporated
up to 40% in a copolymer, This was explored further in a reaction in

which was used

CFB 0e25 Ee
FBA 0s25 go
CgHg 0.25 g.
Water Out5 Zo

Puponol ME 0,075 g.
Na,850g 00,0025 ge
Borax 0.0025 g.
In this case only 20% chloroperfluorobutadiene was found in the
polymer, which analyzed 63% FBA, 17% isoprene, and 20% CFB, An
attempt to determine the brittle temperature was unsuccessful, but
the polymer appeared to be quite resistant to swelling in aromatic

solvents,
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Under eimilar conditions a polymer was prepared containing
4% ¥BA, 22% CFB and 13% 3D, The unvulcanized polymer appeared dead
and inelastic; elongation was voor and the brittle point was in the
region of +5 to +12°C., The value of chloroperfluorobutadiene for

use in low-temperature volymers appears auestionable.

The fluorinated butadiene, l-perfluoroproryl butadeine, has been
studied as a copolymer with styrene but not yet with a verfluorealkyl

acrylate,

Another substituted butadiene, CH>=CHCH=CHCN, is reported to
conier oil resistance when corolymerized with butadiene, without impair-
ing low temperature Droperties. A small samvle was obtained from Dr. C.
S. Marvel of the University of Illinois. In preliminary experiments it
was found to homopolymerize and corolymerize with FBA and with an FBA:
isoprene mixture. In each case the material was resinous rather than
rubbery, indicating that too high a provortion of the diene had been
incorporated. The FBA copolyumer, containing 31% fluorine (corresponding
to 60% FBA), showed very slight swelling., The diene was considerably
more reactive than had been anticinated, Further experiments are in
progress to determine whether the incorporation of a very small amount
of l-cyanobutadiene will improve fuel resistance without sacrifice of

low temmerature flexibility.

Several of the FBA-BD copolymers became brittle after mrolonged
standing in air at room temperature, This is mresumably due to oxida-
tion of residual olefin linkages; the addition of antioxidants will be
studied,
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LYMER EVALUATION
COMPOUNDING AND CURING

The properties of a cured polymer are largely determined by
the characteristics of the uncured material, Tensile strengths ard
solvent resistance can be increased by cross-linking, Brittle points
can be decreased to some extent by plasticization, A serious study
of the compounding and curing techniques will be undertaken only
when a base polymer which seems to approach satisfactory performance
has been developed. However, a certain amount of work at the present
time 1is necessary in this field, in order to give some l1dea of what
the finished product will be like. Although one could hardly expect
conventional curing agents to be the most satisfactory in the fluorie
nated system, they provide a logical starting point for the work.,

Only the acrylate polymers have been studied,

A recipe consisting of:

Polymer 4 g,
Triethylene

tetramine Ce? Ee
PbO 0.k g.

produced a rubbery cure of polybutyl acrylate in 2 hours at 212°,
Polyperfluorcbutyl acrylate treated according to this recipe was
found to cure in 1% minutes to a hard, crumbly mass and in 60 minutes
to a very hard, waxy solid, The fluorinated acrylates apparently
cured a great deal faster than the nonefluorinated analogues., The

time was cut down drastically; a 2eminute cure resulted in a product
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which was flexible, had little permanent set, a tensile strength of
360 psi and an elongation of 1000%, A S-minute cure gave a tensile

strength of 350 psi and an elongation of 200%.

A second recipe,

Polymer L g,
Dichloroquinone

chlorimine Ce? Eea
Pb3 0y 4,0 go
SRS Black l.2 g,

produced a rubbery cure of butyl acrylate in 2 hours., An attempt

to cure the polyperfluorobutyl acrylate was a failure,

Rather promising results were obtained from a recipe consisting

of : Polymer 100 parts
Red Lead 10 parts
p=quinone
dioxime 2 parts
Triethylene
tetramine 2 parts
Magnesium Oxide 1€ parts
Ferric Oxide 1 part

At 300°F,,

90 minutes, beyond which time flexlbillity was lost.

the tensile strength increased

cure resulted in a material with the following properties:

WADC TR 52-107 Pt 1

Tensile
Elongation
Brittle Peoint
Permanent set
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125%
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with curing time to
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On the basis of these results, a 6" test slab of polyperfluoros

butyl acrylate was prepared and cured in the recipe for 105 minutes

at 300°F, The material was submitted to Wright Field for further

evaluation. The followlng data concerning this sample were abstracted

from a report of E, R, Bartholomew, MCREXM-MS488, 15 October 1950,

Immersion Tests
Temperature
Solvent °F,

None

Toluene ca, 75
Isooctane ca, 75
Acetone ca., 7%
Bromochloromethane

ANe(Q=366 Hydraullc 0il 158
Di-secwamyl sebacate 158
Water 158
"Silicone™ Hydraulic 011 300
Perfluoro (diethylcyclohexane) 120
Perfluoro (diethylcyclohexane) 120
Perfluoro (methyldecalin) 120
Perfluoro (methyldecalin) 120
Fluorolube 120
Fluorclube 120
Biseperfluorobutyl Ether 120
Biseperfluorobutyl Ether 120
Triseperfluorcbutylamine 120
Iriseperfluorcbutylamine 120
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A 10% elongated sample of the polymer was unaffected by exposure

to 0,015% ozone for 1 hour.

Swelling but ne dlsintegration was

observed after 1 week's immersion in red fuming nitric acié at room

temperature,

affect the material, causing only a slight shrinkage and a small

apparent increase in tensile strength,

One week's aging at 150°F, in air did not appreciably

The particular polymer sample used was of relatively low molecular

welght and externsive curing was necessary to give satisfactory tensile

strength,

approximately =20 to +20°C,

cbtained with a recipe using a smaller prOpoftion of compounding

Because of this, the brittle temperature was raised from

Scmewhat more satisfactory results were

ingredients and a shorter curing time on a polymer of higher molecular

weight,

In Table XIV are described the results with poly~FBA, poly-

FHA, copolymers of FBA and neoctyl acrylate, and an FBA-FHA copolymer,

Curing of Acrylate Polymers

Polymer
Red Lead
Paraguinone dioxime
Triethylene tetramine
Mg0
Feg 03

Ty, ASTM britile
temp, °C,

% Swelling in 70%30
1scoctane:toluene

WADC TR 52-197 Pt 1

ABLE XIV

\un

045

FHA
L
0.8
048

OWlt
=21
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FBA:50 FBA:25 FBA:50 ¥FBA:7%
FHA:50 n=CA:75 1ne0A:50 n=04:25
5 7 5 5
1 1.4 1 1
1 1.4 1 1

7e5 11 7.5 705

Co5 0.7 045 0.5
=26 -70 -66 =21

0 158 175 9%



Quantities were adjusted for the various polymers so that they
would be approximately equivalent on a molar basls, All batches were

cure¢ for 90 minutes at 300°F,

The brittle temperature of ~20°C, found for the poly-FBA is
essentially the same in this case as that found with the uncompounded,
uncured stock., Poly«~FHA itself has about the same brittle tempera=-
ture as poly-FBA but the 50:50 mixture of the two arpears to be
somewhat lower., The expected decrease 1n brittle temperature with
the inclusion of n-cctyl azcrylate was found., However, the inclusicn

of even 25% showed a drastic increase 1n swelling,

Two silicate cures were tried on the acrylate pclymer, the

first consisted of:

Polymer 1,00 g.
Philblack A 045 g.
Lanolin 0.0k g.

Calcium Hydrcxide 0.0k g,

Sodium Silicate
Pentahydrate 0,10 g.

Curing for 45 minutes at 154°C, produced a vulcanizate which was
hard and inelastic, Apparently poly-FBA, because of its high density,
canrot tolerate so large a proportion of carborn black as the non-
flucrinated polyacrylate. A modified recilpe

Polymer 1,00 g.

Calcium Hydroxide 0.04 g.

Scdium Silicate
Pentahyarate 0,10 g.
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was gqulte successful, After 45 minutes cure at 154°C, a vulcarizate
was obtained which showed 200% elongation and far greater flexibility
at room temperature than did the polyamide cure. The brittle point
was ~»25°C, and the tersile strength about 720 psi, A larger sample

of this material was prepared and submitted to Wright Field.

Some prelimirary studies have been made on the compounding of
butadiene copolymers. The sodium silicate system procduced a gum
vulcanizate with an elongation of 150% and a tensile strength of
870 psi, A sulfur-zinc oxide-tetramethylthiuram disulfide system
similar to that which is used irn the wvulcanizing of butyl rubber pro-
duced unexpected difficulties, The polymer broke dewn very rapidly
when milled with the compounding ingredients, so that at the enrnd of
15-20 minutes the origiral firm polymer was pasty and sticky, The
vulcanizate was very weak, with a tensile strength of less than 150 psi,

indicating again a badly degraded polymer,

Neither the silicate nor the polyamide cure 1s entirely satis-~
factory. The silicate cure introduces a water sensitivity that is
undesirable for many applications, Further study of compounding

systems 1is beirg continued,

PLASTICIZATION OF POLY-FBA

While it would be desirable to obtain a pure cured polymer which
had the desired brittle point, it may not be possible to reach this

objective, Plasticlization offers a meanrs of decreasing the brittle

WADC TR 52-197 Pt 1 g3



point perhaps 10 to 20° with relatively little effort., Useful
compounds must be compatible with the polymer and the curing system
and must be insoluble in common solvents, It 1s probable that these
requirements can not be met with low molecular weight compounds.
However, 1n order to determine some of the characteristics of the

newWw polymers, an evaluatlon of several low molecular weight materials

was undertaken, Poly-FBA was cured according to the following recipe:

Polymer 100 parts
Red Lead 10 parts
Mg0 15 parts
GMF 2 parts
Fe203 1 part
Triethylene tetramine 2 parts
Plasticizer 20 parts

The raw materlials were mixed on the mill and the mass cured at 150°C,
for 35«40 mimites. Plasticizers tried were
Tris(l,1-dihydroperfluorobutyl J)phosphate
Triperfluorchexylamine
Ethylene Glycol Perfluorobutyrate
Glycerol Triperflucrobutyrate
Triperfluorobutylamine Distillation Residues
The unplasticlized FBA had a brittle temperature of «11°C, The
plasticized materials varied from +4 to «18 in brittle point, with
the phosphate the only plasticlzer showing a significant 1oweriﬁg.
The glycol and glycerol esters appeared to have a stiffening, cross-
linking effect. §Since the above recipe appeared to lead to cver-

curing, it was modifiled to:
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Polymer
Red Lead
Mg0
GMF

Triethylene tetramine

F9203

100 parts
5 parts
745 parts
1.0 part
1.0 part
Oe¢5 part

The pclymer was compounded and cured for 90 minutes at 150°C,,

then immersed in the plasticlzers until the sample had reached

constant welght or had absorbed the desired amount of plasticizer,

They were then removed, weighed, and the brittle temperature deter-

mined. The results are shown in the following table,

TABLE XV

Plasticization of Poly~FBA

Conc, of Brittle Tensile
Plasticizer Temp,

Plasticizer Wt, ¥

Strength

Solubility of
Plasticizer
in 70:30

°Ce _ __psi Isooctane:toluene

Trisel,l~dihydroperfluoro~
butyl phosphate

Triperfluorohexylamine

Ethylene glycol
diperfluorobutyrate

Glycerol triperfluoroe
butyrate

Triperfluorobutylamine
st1ll residue

None
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Triperfluorohexylamine was incorporated on the mill., The
quantities are somewhat in doubt because of the relatively high
volatility of this material, While ethylene glycol diperflucroe
butyrate‘gave the greatest decrease in brittle point, it was rapidly
extracted by the 70:30 isococtane:toluene mixture, as shown by an
increase in brittle temperature of one sample from ~35 to =23 after
72 hours contact with the solvent., Triperfluorohexylamine reached
a constant welght in contact with the iscoctane:toluene only after
420 hours during which time the brittle temperature increased from
=24 to =26, While higher molecular weight fluorocarbons would be
satlisfactory from the standpoint of sclubility in isooctanestoluene,
it 1is probable that compatibility will be low, More satisfactory
results may be expected from some of the liguild fluorinated polymers

which have been prepared.

Two linear polyesters, one from ethylene glycol and perfluoro-
succinic acid, the other from ethylene glycol and perfluorcadipic
acid, were tested with both the polyamine and sodium silicate cures,
In each case severe bubble formation occurred in the polymers during
cure, presumably because of further condensation of the polyesters,
Moreover, it was found the silicate cure was almost entirely inhilbited,
the polyester reacting more rapidly with the alkallne curing agent
than did the polymer, The polyesters may be satisfactory in a differ-

ent curing systen,

One pecullar property of the poly~FBA should be mentioned, A

sample which had been cured in a silicate recipe with the irclusion
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of 5% by welght of Philblack A was tested on the Bashore resilicmeter.
A resilience value of 10% on thls instrument was found. Such a low
value wduld indicate the usefulness of this polymer in applications

for the deadening of mechanical or acoustical vibration,
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SIMMARY and CONCLUSIONS

Exploratory mreparations of fluorine-containing polyamides and polyesters
ngy be of interest as fibres, films or plasticlzers for fluorinated elastomers.
They are not very rubbery, however, snd lack low temperature flexibility so
would be of little or nc valus as rubber compounds of themsslves, A few un-
explored types are yet to be studied; the effect of higher molecular weight on
polymer properties also merits investigation,

Yo homopolymers could be prepared from the perfluorc-olefins but en extensive
survey has been made of their copolymers with vinyl ethers; these were foumd %o
be quite stsble and resistant to solvents, but also soft rather thsn rubberliks.
Except for the preperation of a copolymer of very high fluorine content, there
appears to be little justification for further work or this particular system.
However, sttempts to develop other perfluoro-olefin copolymers snd to prepare
homopolymers will continue,

Fluorinated acrylonitriles have been examined only in a preliminary fashion
but further study is encouraged by preparation of a copolymer of butadiene and
&-perfluoroproryl acrylonitrile which combines rubber properties with moderate
solvent resistance and = brittle temperature below -UO°C,

Three fluorinated butadienes, namely rerflucrobutadiens, 2-chloroperfluoro-
butadiens and l-perfluoropropylbutadiene have been both homrolymerized and
copolymerized., Although their homopolymers are of doubtful value because of
high brittle points, these dienes may be useful as copolymer components since
they should permit cross-linking by conventionzl vulcanizing agents,
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Vinyl perfluoroacyl esters have been found to polymerize readily to form
resinous or plastlc rather than elastomeric products. Further investigation
of this class of monomers does not appear to be justified.

Preliminary studies of the 1,l-dihydroper{luoroalkyl fumarates, sorbates
and crotonates confirmed difficulties anticipated in comnection with the horo-
polymerization and copolymerization of +hese relatively unreactive mononers.
Purther work will be considered as new methods or monomers become available
but no intensive investization 1s presently indicated.

The esters of acrylic acid with 1,1-dihydroperfluoroalkyl alcohols represent
the most promising class of monomers examined and studies in this area constitute
the major part of the past vear's effort. 1,1-Dihydreperfluorobutyl aorylate
has received particular attention; this moaomer readily forms a rubbery homspolymer
which is almost completely resistant to swelling by acueous and non-fluorinsted
orzanic solvents at ordinary temperatures. The brittle point of the homopolymer
is about -20°C; this appears to be close to the minimum for the horologous series,
It has been lowered by the use of various hrdrocarbon comonomers, althouzh at the
expense of solvent resistance. Butauiiene has proven inadequate when used as a
sole comonomer but promising results have been obtained with butadiene-containing
terpolymer systems. Intensive efforts are being made %o obtain a satisfactory
balance between the low temperature brittle point and solvent resistance by such
internal plasticization, but the use of a plesticizer as a compoﬁnding ingredien
may ultimately be necessary to attain a suffiiiently low brittle point. Choice
of a plasticizer will depend to a large extent on the compounding recipe and

curing conditions, but a modicum of exploratory work has bteen undertaken to
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examine the compatibility and efficiency of some of the simple fluoroccarbon
derivatives; the 1,l-dihydroperfluoroalkyl phosphates, for example, were found

to be compatible but did not markedly lower the brittle tempersature - the low
molecular weight polyesters, on the other hand, seem te be more effective but
require new curing recipes. Soft, fluorine-containing polymers such as poly-
{allyl perfluorobutyrate) may also be of interest as plasticizers. A rubber
compound which is flexible at low temperatures because of the nature of its

bage polymer is, of course, much to be preferred over one which must be plasticized
to develcop the proper degree of flexibility.

Little emphasis has been placed on compounding and curing during the past
contract year; it is believed such studies should not be pursued extensively
until the optimum polymer of any given homologous series has been selected for
development. The properties of poly-l1,l-dihydroperfluorobutyl acrylate, however,
have been sufficiently promising to justify a preliminary study of its curing
characteristics and the development of a suitable curing resipe; this study has
been limited to recipes known to be suitable for its unfluorinated analogue.
Silicate and amine-oxide cures have been found operative but none has proven
entirely satisfectory; other curing systems will be investigated as more of this
polymer becomes available.

These exploratory polymerization studies have extended an early pgeneralization
about fluorinated polymers. Specifically, it has been verified that fluorine,
either on the side chain or on the backbone, definitely promotes resistance to
swelling or solution by non-fluorinated solvents. Furthermore, it has bLeen cone-
cluded that side=-chein fluorination does not increase the brittle point as

markedly as skeletal fluorine yet is capable of providing very high solvent

resistance,
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Although the fluorine-containing polyaorylates appear the most proamising
fuel and oil resistant elastomers discovered under this research project, it
would be premature to oconclude that still better polymers cennot be found; the

field of fluorinated polymers is relatively new and the number of known oconpounds

is small,
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BD
BTF
CFB

FBA
FBC
FBF
FBMA
FBS
FHA
oc-FPAN
1=FPB
MFB
p=0A
VFB
VFCg:
VFCy0
VFP
VFV
VIBE
VIPE
VME
VNBE

APPENDIX 1
JABLE OF ABBREVIATIONS

Allyl perfluorocbutyrate

Butadiene

Benzotrifluoride
2=-Chloroperfluorobutadiene
Perfluorobutadiene
1,l=Dihydroperfluorobutyl acrylate
1,1-Dihydroperfluocrobutyl crotonate
Biswml,ledihydroperflucrcbutyl fumarate
1,1-Dihydroperfluorobutyl methacrylate
1,1-Dihydroperfluorobutyl sorbate
1,1-Cihydroperfluorohexyl acrylate
oc~Perfluoropropyl acrylohitrile
l=Perfluoropropylbutadiene

Methyl perfluorcbutyrate

p=-0ctyl acrylate

Vinyl perfluorobutyrate

Vinyl perfluorocaproate

Vinyl perfluorocaprate

Vinyl perfluoropropionate

Vinyl perflucorovalerate

Vinyl i-butyl ether

Vinyl i-propyl ether

Vinyl methyl ether

Vinyl pebutyl ether
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CHp=CH~CHp02CC3F7
CHp=CH~CH=CHp

CF3C6H5

CFo=CCl1~CF=CFo
CF,=CFCF=CF>
CHy=CHCOpCHyC3Fy
CH3CH=CHCO2CHpC3Fy
C3F7CHy0,CCH=CHCOoCH,CyFy
CHp=C(CH3 )COpCHC3Fy
CH3CH=CHCH=CHCO,CHyC3Fy
CHyCHCOpCHCsFy g
C3F»C(CN)=CHy
C3F5CH=CHCH=CHp
C3FrCO2CHy
CHp=CHCOpCgH) »
CH2=CHOQCC3F7

CHp=CHO,CCgFqq

CEpCHO2CCgF1 g
CHp=CHO2CCoF g
CHp=CHOpCCgFy 7
CHy=CHOC(CHy )3
CHp=CHOCH(CHz ),
CHp=CHOCH3
CHp=CHOCLHg



APPENLIX 11
Informal Report - April 24, 1951

The Curing of Fluorinated Acrylates
by: J. F, Abere

A, General:

The raw poly-FBA prepared by using an emulsion recipe is white,
opaque, and qulte tacky, It is easily banded on a cold mill, but
despite its tackiness, it can be removed by peeling it back with a
knife after the rolls have been stopped. After compounding ingredi-
ents have been added the handling properties of the batch improve and
the usual ™cutting back™ procedure may be used in order to insure

good mixing.

Until only very recently, the temperature of the rolls at the
commencement of milling has been about 35° for the silicate recipes
and at room temperature for the amine recipe, This has been the
procedure because of the lack of a heating system fér the micro mill,
Now a suitable heating system 1s installed and there will be greater
flexibility in the compounding process, At this time no evaluation
has been made of the effect of mill temperature upon the results
obtalned with a gilven recipe. Since poly-FBA 1s easily worked cn
a cool mill, it is probhable that a high rbll temperature is unnecessary

and may actually be undesirable,

These preocedures, incorporating the use of a cool mill, deviate
from the methods described 1in the literature for the curing of acry-
lates (see, for example, Service Bulletin He¢, Hycar Polyacrylic
rubbers, August, 1950; B, F, Gecoérich Chemical Company), Usually,
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temperatures from 100 to 150°F, are advised but thus far nco
difficulties have been observed 1n getting good cures with poly=-
FBA when little or no heating is used,

The molding pressure has been 900 psi (gauge) in almost all
the work performed with poly=FBA, On our press, and using the small
mold, this results in a molding plate pressure of 1800 psi, This
value 1s probably higher than necessary and it is likely that wide
variations in plate pressure would produce little or no change in

the character of the wlcanlizate,
B, Amine Cure:

The most effective recipe of this type which we have used is

as follows:

Poly=FBA 100,0
Red Lead 540
GMF (paraguinone dioxime) 1,0
TETA (triethylene tetramine) 1,0
Magnesium Oxide (calcined) 7.5
Iron Oxide (Fep03) A 0.5

Temperature 298°F,
Mold Pressure 1800 psi
Time « Varlable

Thls recipe will give a soft and flexlible cure if the time is
about 1,5 hours, If a less extensible but stronger procuct is

desired then a longer period may be used,
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Qur usual procedure is to get a good bané of polymer working
on the mill and then slowly add a mixed masterbatch of all the solid
ingredients noted¢ before, Finally, after the batch is well-mixed,
the TETA is added elther dropwise or in small portions on the end of
a spatula. Milling is halted when the mixing 1s complete and the

stock 1s completely homogeneous,

No attempt has been made to vary the components of this recipe
in a systematic fashion. ULoubling the vulcarizirg ingredients in
the formula shown above will produce a somewhat overcured vulcanizate,
No work has heen performed on the subject of proving or dlsproving
the supposed mechanism of curing by the formatlon of amide llnkages
at each end of the TETA in this formula, Thus far, no difficulties

with pitting or sticking have been observed in the molding operatlons.

Ce Silicate Cure:

The most successful formula of this type 1s as follows:

Poly-FBA 100,0
Sodium Metasilicate nonae«

hydrate .72
Calcium hydroxide 2.72

Temperature - 210°F,
Time = 2 hours

Mold pressure 1800 psi

Once agaln, the first step is to get a good band running on
the mill and once this is achieved, the lime 1s added slowly with

enough time allowed for each addition to become falrly well mixed
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with the polymer, After the final addition of lime, the milling is
continued until a homogeneous batch is obtained. At this stage the
metasilicate is carefully heated in a small glass container until it
becomes completely liguified. Care must be taken not te induce
boiling and thus drive off the water of hydration. With small
batches, the molten metasilicate may be added all at ocnce, but if
the batch is large (above 10,0 g.), it is probably best to divide
the metasilicate into several small portions and then melt and add

each one separately,

The polymer may beccme excessively stiff in regiorns where the
metasilicate concentrates after addition, but upon continuous milling
the batch will become homogeneous and may be stripped off., Some signs
of bin curing have occurred with batches which have been stored for

several weeks,

In this method of vulcanization it is believed that the cross-

links are formed by the following type of reaction:

(see reactior on following page)
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# |
HC~C~0~CHyRp + NaO?iONa +

0
, %
NaOfE:‘iONa RpCHp0=C-CH
51 :
9 0 !
HCwC-0-SiONa

{0

R
Ka081-0-C-CH + 2KaOCH;Ry

It is clearly evident that residual sodium silicate groups may
be expected to contribute greatly to a decrease in the water resist-
ance of the wvulcanlzate, Once again, no work has been performed on

the thercetical aspect of the supposed mechanism,

If a given batch of polymer, compounded with metasilicate, is
subjected to varied times of cure, it is found that the tensile will
rise to a maximum and then level off and give substantially the same
value even though the time 1s extended considerably. However, the

elongation does not appear to be adversely affected by the extended
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cure ani, thersfore, the curing time does not have to be fixed with

exactness once the gensral shape of the curing curve is known.

In comparing the amine and the metasilicate cures, the latter
is favored somewhat. It has a simple recipe, gives a more lively
vroduct with good elongation, and the curing curve levels out to
sugsest good long-range retention of original procerties, Altaough
it might be exvected that the amine cure would glve better resistance
to water penetration, it was observaed to yield a swelling volume of
100% in distilled water at room temperature compared with only 70%

for the metasilicate cure,
D, Miscellansous

Several other recires have been checked but none have shown
promise, Sulfur cures, 2,6-dichloronuinons chlorimine and paraguincne
dioxime (GMF) wers all ineffective when used as the essentisl ingredi-
ents of a recive (see Quarterly Report for May - July, 1950}, None of
thesa formlas have been tested exhaustiveiy and it is to be exmectsd
that new and successful formulae will be discovered in the future, A

short bibliography of the most pertinent publications is enclosed,

Organic compounis containing isclated fluorine stoms tend to be
unstable, in contrast to the stability of perfluoroalkyl-substituted
materials. We do not expect, nor have our tests indizated, any
significant decomposition during the molding overation such as has
been reported for polyvinyl fluoride. Eowever, until more experience

has beon obtained, precautions to rotect personnel would be advisable,
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