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FOHEWORD

This investigation was conducted by the Organic Materials Branch under
Froject No., 734C, "Rubber, Ilastic and Composite Materials", Task No. 73404,
"Synthesis and Evaluation of New Folymers®, formerly RDO 617-11, *"Synthesis
and Zvaluation of Iew Folymers". This investigation was initiated under
the direction of the Materiale Laboratory, Directorate of Research, wWright
Alr Development Center, with Mr. F. W. Knobloch acting as project englneer.

This report covers work performed from Jamuary 1953 to June 1955.

WALG TR 55-374



ABSTRACT

A series of six new fluorinated acrylamide monomers have been studled.
These included 1,l-dihydrotriflucrocethyl acrylamide, i,l-dinydroheptafluoro-

butyl acrylamide and the glawthyl.lg—n-butyl. and N-isobutyl derivatives
of the latter.

Homopolymerization of the fluorcacrylamide monomers readily proceeded
both in bulk and in solution with benzoyl peroxide. Liquid monomers
polymerized in emulsion with persulfate initiators. All homopolymers were
thermoplastics which could be cast to yield clear transparent films. The

electrical, thermal, and dilute solution behavior of soue of these materials
has been studied.

Copolymerization proceeded with a number of co-monomers which included
alkyl acrylates, fluoroaliyl acrylates, vinyl ethers, and several dienes.
Essential parameters such as monomer reactivity ratios, intrinsic viscositles
and empirical slope constants k' were evaluated for selected copolymers.
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INTRODUCTI QN

There is a need even in today's operational aircraft for materials
possessing thermal stabilities above those presently known. New aynthetic
organic and inorganic polymers are being investigated by the Alr Force in
an attenmpt to discover new materials with inherent high thermal stabilities.
Aireraft of the future will impose more stringent demands for these compounds,
and development of new synthetic materials is an essential preregusite to
the production of future superior air weapons.

This report contains results of an initial investigation related to
the polymerization and characterization of a new series of fluorinated
acrylamde monomers of potential use for specialized high temperature
applications as aireraft materials.
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SECTION T

HOMOFOLYMERS

Polymerization Technigues

Ths six fluorinated ascrylamide monomers prepared for use in this
investigation are listed in Table 2. The synt&esis and physical prorerties
of these monomers have already been reported.l“

The fluorinated scrylanide monomers homopolymerized rapidly tc high
conversions in either bulk, solution, or emulsion sysfems, Induction periods
of long duration wers often encountered. Careful removal of oxygen from
the system resulted in almost complete elimination of these induection periods.

The lirited quantities of monomers available necessitated the use of
small scale polymerizations., Bulk homopolymerizations were run with 0.5 gm,
of monomer and 1% benzoyl peroxide as initiator. Solution polymerizations
were generally run in benzene with 1 gm. of monomer and 1% benzoyl peroxide
as initiator. Emulsion polymerizations =and copolymerization of 1liguid monomers
were run with 5 gm. of monomer and potassium rersulfate as initiator.

The N-ZFBAm lMonomer was taken as a representative member of this series
and its emulsion polymerization was subjected to a mors quantitative study.

The simple emulsion recipe shown in Table % was employed.

TABLE 1
EMJLSION RECITE

Farts
lionomer 100
Water 180
KZSZQS 1
Sodium Lauryl sulfate 3
Temperature : 50eC

This same recipe was extensively used in emulsion work with the fluorinated
acrylamide mononers. A time - conversion graph for the polymerization is
presented in Figure 1.

*Numbers refer to Bibliography on Fage 26
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B.

An increased rate of polymerization occurred at about 30% conversion.
Beyond this point, a plot of concentration vs. time indicated that the poly-
merization closely followed kinetics of a zero order reaction. This behavio
is in keeping with findings for other emtlsion polymegizations ag is the
initial slow rate resulting from the induction periocd®.

It can be noted in Figure 1 that only about 10 minutes were required
to complete the major portion of the polymerization (30-95%). This indicates
the rapidity of polymerization which was found characteristic of the fluoro-
acrylamide monomers.

Polymer Characteristics

All of the coagulated polymers whether prepared by emmlsion or solution
techniques, were exceptionally rubbery. This condition undoubtedly resulted
from a plasticizing action of aqueous methanocl in the case of emulsion prepared
polymers and from benzene in solution prepared polymers. In this plasticized
state the polymers exhibited true elastomeric behavior. They possesced a
lively smap, considerable strength, and could be elongated several hundred
percent,

Upon evaporation of solvent, all polymers in this series were thermo-
plastic solids which could be cast to yleld clear transparent films or
drawn from melts or sclution into weak fibers.

The poly-fluorc-acrylamides are similar to polyethyl methacrylate in
aprearance and texture. Flexibility of the polymers did not vary greatly
within the series but increased with the length of the alkyl group.

The homopolymers were highly resistant to common organic solvents.
(Foly-FEAm, soluble in acetone and swelled greatly by methanol, was an
exceptiony Fluorinated solvents such as methyl- and ethylperfluorcbutyrate
were found most effective. Monomeric 1,l-dihydroperfluorobutyl acrylate
alao dissclved the polymers. Carbon tetrachloride exhibited considerable
aswelling action and worked well in conjunction with the other fluorinated
solvents,.

Electrical measuraments were made on a sample of linear poly-N-nBFBAm
both before and after exposure to gamme radiation. The results, which represent
approximate values, are tabulated in Table 3. The semple remained c¢lear and
transpareat during irradiation, Failure of the irradiated N-nBFBAm to dissolve
in methylperfluorobutyrate (a good solvent for the linear polymer) pius the
greatly increased brittleness was evidence that exposure to gamma radiation
had resulted in appreciable crosslinking.

The behavior of the fluoro-acrylamide polymers on heating was the subject
of some study. All observations other than oven tests were made with a small

WALGC TR 55-374 L



TABLE 3

ELECTRICAL MEASUREMENTS ON N-nBFBAm

Letermination

Surface Resistivity
Volume Resistivity
Dielectric Constant

Pielectric Loss Tangent

WALC TR 55-374

Before Irradiation

1
10 5ohms/sq

loljohms cm

3.31
0.0245

Pt

lOlsohms/sq

lOlsohms cm
357

0.0228

Frequency

s
10 cycles/sec

6
10 cycles/sec



hot stage heated at a rate of 2°C per minufte. The acrylamides of the primary
amines began to soften sbout 140°C; acrylemides of the secondary emines

began softening around 100°C, No sharp melting points were exhibited by

any of the homopolymers. Continued heating resulted in the formation of
rubbery solids which slowly melted to viscous liquids (about 200°C). The
thermal stability of these materiamls was not extensively evaluated but
appears to warrant further study. This conclusion was based on some out-
standing results observed with two copolymers described below.

A copolymer prepared from 1,l-dihydroheptafluorcbutyl acrylate (FBA)
and FEAm (25 mole percent charge) was heatsd to 330°C. Only faint yellowing
resulted. This represented approximately 100°C improvement over the
darkening and apparent decomposition point for a control sample of poly FBA.

A copolymer of N-nBEFBAm and trifluorcethyl acrylate (FEA) prepared fromw
equimolar charges lost 5.4% of ite weight after oven aging for 72 hours at
3500F, Poly FEA lost over five times this amount (29.1%) in the same test.

SECTION II

COPOLYMERS

Copolymerization

Experience has shown that the fluorinated acrylamides copolymerize
readily with a variety of monomer types. Comonomer types investigated
ineluded dienes, vinyl ethers, alkyl- and fluorocalkyl acrylates. A summary
of copolymerizations is presented in Table 4.

Reactivity Ratios

l, Discussion

Reactivity ratios r. and r. aere important parameters for characterizing
the behavior of individu&l monolmers in copolymerization reactions. Thus r
represents the ratio of rate constants for the free radical of monomer one
(M,) with monomer one (I ) and with monomer two (M,) respectively. These
rafios describe in terms of reaction rates the relftive tendency for a
particular ronomer to homopolymerize compared to its tendency toward copoly-
merization. The complete theoretical development of this theory is described
elsewhere. (3,4)

One convenient method for deriving values for r) and r. consists of

substituting the experimentally determined monomer and copolymer compositions
for a single copolymerization run into Equation 1, Fl;(rlfl‘+ 2f | £, +1of, Y/

WADC TR 55-374 6



Fluorcacrylamide
Monomer

FEAm

FBAm

N-MFBAmM

N-1BFBAm

N-FBFAR

VFBE
TAC

WADC TR 55374

Comonomer and
Mole % charged

Homopolymer

Aerylonitrile 50
Butadiene 5o
Chloroprens 75

Ethyl Acrylate 50
n-Butyl Acrylate 50
n-Cetyl Aerylate 50

n-Butyl Vinyl Ether 50

75

FBA 90
Homopolymer
Acrylonitrile 50
Chloroprens 75
n-Butyl Vinyl Ether 50

L] L] L] 75

n L] ] 10

FBA 75
Haomopolymer
Homopolymer
Homepolymer
A ® 25-75
Homopolymer
Homopolymer

]
n

FEA * 50 wt
VFBE * . 50
FBA * 75
TAC * 50 wt
Methylperfluorchutyrate

Banzoyl Feroxde

TABLE 4

COPOLYMERIZATION RUNS

Polymerization Conditions

and Yield

Benzens, 132202,* 500G, 96%

Emilsion, KZSEOB'
Emulsi KS o0
BLom 228
Emulsicn, K25205.
S0
Emulsion, K2 Py
Bm:lsion, KZSEOS'
Emulsion, KZSZOS'
Emlsian, K?Szoa.
| § L}
" L)

B B o »
enzens, Bz_0,

Emilsicn, 1{25208,

Emxlsion, K23208'

Em]‘.sion. Kzs 308'
" *

Emalsion, KESQOS'

Benzene, 32202,

Benzene, Bz 0.,

Emil K S50
milsion, 25:0gs

Benzene, B'z.202,

0
Benzene, 322 o

Bulk 32202,
Benzgne, 32202.
Emulsion, Kaszoa.

Emlsion, K504,
Blslon, KES:EDB'
Emulsion, KESEOB'

Emilaicn, Kaszos,

1,1-Dihydroperfluorobutyl acrylate

Methyl methacrylate

Trifluorcethyl acrylate

1, 1-Dihydroperfluorobutyl vinyl ether

Triallyl eyanurate

509G, 41%

50°C, 100%
2500, 68%
500C, 100%
500G, 52%
500C, Te%
5o0C, 48%

.n 96%
. 98%

50°C, 94%

500C, 97%
250G, 57
5000, T5%
42z
30%

500C, 947

5000 -

B0OC  ~-
500C, 97Z

600C —
500G, 51i%

10000 —
5000, 90%
5090 —

500C, 60%
500C, 84%
500C, 64%
5000 —

Remariks
Hard brittle; opaque; thermo-

plastie; inacl HMFB; sol, agetona

Hard brittle, appeared
nonhomogenacus

White FPowder

Strong Blastomer

Hard, brittle

Hard, brittle

Only alight flexibility
Brittle, resinous

Stiff waxy
Strong elastomer

Hard brittle, opaque, thermo-
plastic, socl, MFB

Hard, brittle; powder on grinding
Tough elastomer

Brittle orange-ysllow solid
Britile sclid

Brittle resin; brown

Tough waxy elastomer

Brittle, clear polymer

Brittle clear transparent

Reactivity ratio copolymerizations
white opague solid

Yeallow transparent plastic
Clear plaatie
White opaque plastic

Tough horny polymer
Horty, somewhat brittle material
Waxy, tougher than poly FBA

Rubbery at 3109C



(rlfl2 + f fzz) where F) represents the fraction of monomer

N& in the %ncrement of copolymer at a given stage in the polymerization;

f. and f2 represent the mole fractions of monomers M, and K in the feed.
T%is is determined for several copolymerizations and r, is plotted as a
function of T for each case. The average point of intersection represents

the best experimental values of ry and Toe

2. Experimental

Reactivity ratios for the copolymer system methyl methacrylate~N-EFBAm
were obtained by the intersection method described above. Copolymerizations
were allowed to proceed to between 5 and 10% conversion and the copolymers
were isolated and purified. Copolymer composition was determined from
nitrogen content (Crippen & Erlich Laboratories, Inc.).

A plot of r. as a funetion of T, using Equation 1 is shown in Figure Zz.

1

The small quantities of fluoro-acrylamide monomers allocated for these
studies made it necessary to limit the total monomer charge to 5.0 gm per
run. A 10% conversion or C.5 gm of polymer was considered the maxisum
allowable for the determination. PFrevious reactivity ratio determinations
on this sumall a scale have not come to our attention.

Copolymerizations were essentially run in bulk although a small amount
of benzene was used to wash residual catalyst into polymerization vials.
The following recipe was employed:

Monomers 5.0 gm
Benzoyl Feroxide .05 gm
Benzene C.4-0.,8 ml
Temperature 66 + 10C

The relatively small scale of the polymerizations plus the rapid
polymerization rates of the fluoro-acrylamide monomers necessitated that the
solutions be carefully watched and quickly coagulated after polymerization
commenced. A simple procedure accomplished this. Glass tuzgng (9 mm) was
cut to short lengths and a fragile glass bulb of about 10 em’ capacity was
blown at one end. The ingredients were introduced, frozen in Dry Ice, and
sealed in an atmosphere of nitrogen. Vials were agitated just below the
surface of a constant temperature bath with the aid of a shaking machine.
The small vials were held by merely "plugging® them into a piece of rubber
vacuum hose. This facilitated rapid removal for observation and four
polymerizations could easily be run concurrently by this procedure., Only a

WADC TR 55-374 8



F0T38Y f1TATLPESY JOWOUON

g eamByyg
LY

#'1 2’1 01l 80 90 0 20 o

i \% 20
(VWW) 220=% \\\
| |(“vE43-N) 680= L %0
\\\ 90
-~
\Q\\\\\\\nunnn 8°0
o’l
—

-~ — \ e’l
bl

e4 aNv la

SOILVYH ALIAILOV3IY H3IWONOW

WADC TR 55-374



D.

few preliminary runs were required to enable one %o determine when
polymsrization had cormenced. After evidence of polymerization was noted,
vials were quickly removed and cosgulated by crushing the fragile bulb

in a beaker of methanol., Folymers thus obtained were subjected to three
reprecipitations and two filtrations through glass sintered filters.
Results are presented in Table 5.

A value of 0.89 for the reactivity ratioc of the N-EFBAm indicates
the activated fluorinated eacrylamide monomer shows a slightly greater
tendency to copolymerize with a methylmethacrylate molecule than to

homopolymerize.

Copolyvmerization Curve

Data obtained in reactivity ratio determinations made it possible
to construct the copolymerization curve for the N-EFBAm-methylnethacrylate
system. Since both reactivity ratios were less than unity a critical
concentration or crossover point was known to exist.5

The critical concentration point, (fy)s, at which moncmer feed and
copolymer have identieal composition, was not spparent from experimental
data. However setting F =f, in Equation 1. gives an expression for the
eritical concentration; (fl) = {l-rz) / (2-ry-rp) Equation 2. and (fl)c
was calculated to be C.687. he copolymerization curve shown in Figure 3
was constructed from the experimental data and the calculated crossover
point. From the copolymerization curve it is possible to estimate the
ratio monomers are combining to form polymer for any given concentration
of monomers. Tallored polymers, with respect to camposition, can thus
be prepared for any system from a knowledge of the copolymerization curve
provided only that monomer concentrations can be maintained constant
during the polymerization. It can be seen that in the N-EFBAm-methyl -~
methacrylate system, the combining ratio for the monomers closely approxi-
mates monomer concentrations. This is more often not the case and wide
variations between monomer concentration and polymer composition frequently

exist.

Dilute Solution Studles

l, Folymer Fractionation

In cases where little is known about the macromolecular nature of a
copolymer, fractional precipitation in conjunction with other determinations
often provides valuable indications of the true nature of the copolymers.
The theory of polymer fractionation is based on molecular weight differences
which exist in the polymer mass; chains with similar molecular welghts
exhibit similar solubilities. Two camplicating factors, 6however. also
affect the fractionation. These are polymer composition

WADC TR 55-374 10
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7

and molecular stracture.

Two copolymers previously listed in Table 4 were selected for studies
related to compositional and wolecular structure heterogeneities. These
were the n-butyl vinyl ether~FEAm copolymer and the n-butyl acrylate-
FEAm copolymer.

2. Compositional Heterogeneitiss
a. Discussion

The coumposition of polymer chains varies continucusly during the
course of almost all copolymerizations as has already been indicated. This
inevitably results in heterogenous comonozer content in the macromolecules.
Such compositional heterogeneities are serious obatacles in the evaluation
of molecular characteristics for copolymers. The generally accepted methods
of evaluating chain length (solubility fracticnation and dilute solution
viscosity) can be radically affected by these simultaneous changes in
compositicn.

The compositional differences of both copolymers studied were determined
by elemental analysis. These are indicated in the inserts of Figures 4 and 5.

The data for the n-butyl vinyl ether-FEAm copolymer indicate fraction-
ation resulted primerily from molecular weight variations. This is sub-
stantiated by the fairly constant composition of the polymer fractions
and the steady decrease in values for intrinsic viscosities ('Tk)is
proportional to molecular weight. See discussion on Fage 17.

In contrast, the affect compositional changes played in the fractionation
of the n-butyl acrylate-FEAm copolymer can readily be interpreted from tne
analytical and viscosity data. With only slight deviation, the nitrogen
content of fractions incressed steadily from a value of 2.70% to 7.79%.
Intrinsic viscosity values, after first declining normally, again increased
markedly.

b. Experimental

Fractional precipitation by addition of a nonsolveﬂf to a polymer
solution was employed. Conventiorally accepted methods™ described below
were used with the exception that the relatively summll volumes of solution
made it convenient to employ a large centrifuge to ald in the separaticns.
This resulted in a loss of temperature control for a short period but
considerably reduced the difficulty of separating the voluminous precipitate
fram solution in instances when it was slow to settle.

The two copolymers were both soluble in acetone. Fractionations were
made from dilute acetone solutions (concentration € less than 13 polymer)

WADC TR 55-374 13
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using water as a precipitant. The fractionations were rerformed with small
samples; the n-butyl acrylate-FEAm copolymer weighed 2.5Z gm; the n-butyl
vinyl ether-Fidm copolymer weighed 1,79 gm. In the former case, 12 fractions
were obtained of between 0.1 and 0.Z gm; in the latter, 8 fractions of
approximately equal size were obtained. Flots of recovered polymer va.
precipitant added are presented in Figures 4 and 5,

Fractions ware precipitated by titration with distilled water.
Frecipitated fractions were warmed and gently agitated until a clear
solution was obtained. The solutions were placed in a corstant temperature
bath (25°C) for at least 12 hours. The solutions were centrifuged for a
few minutes and the supernatant liquid removed., Fractions were dried and
welghed. Two succescive solutions, filtrations and precipitations were
employed to sharpen fractions. Fractions were again dried {15C°F for
17 hours) and subgequently used for viscosity studies and elemental
analyses.

3. Nolecular Structure Heterogeneities
a. Discussion

Insight into the nature of molecular structure heterogeneities
réquired more detailed dilute solution studies. Extensive pursuit of
such studies can provide valuable indications of intermolecular interactions,
molecular weight ranges, and the nature of polymer-polymer and polymer-
solvent interaction,

There is considerable evidence9 which suprorts the idea that the
structural heterogeneity resulting from chain branching can be detected by
a determination of the Huggins' slope constant, k', found in the equations
proposed by Huggins

Nsp/c :[n] + Ml = Equation 3

where”ﬂsp/c is the reduced viscosity, WM the intrinsic viscosity, and ¢
the concentration in gm/10C ml. Branched polymers have been found to
yield higher values for k' than unbranched polymers ‘. Several workers
have noted such afomalous viscosity behavior and attributed them to the
branched species. 1, 12, 13

The empiricel slope constant k' corresponds to the constantJB in the
equation of Mead and Fuoss*~,

lncﬂr = [}ﬂ - ﬁ[}{]z“ Egquation 4

where Yir is the relative viscosity.

WADC TR 55-374 16



Curves of Nsp/c vs. ¢ and (lnMNr)/c vs. ¢ are linear at very low con-
centrations and k' and @ are evaluated from the limiting slopes (c—»o) of
these sjuations. The empirical slope constants are related by

k' = A —/3 Equation §
where A = 1/2.1'5

It can be seen from equations 3 and 4 that in the limit as e-»o,
Msp/c =M and (AnMrle =M respectively, hence the intrinsic viscosity,
M . can be readily evaluated by extrapolation of either of these curves to
infinite dilution using data obtained at finite concentrations. Often
both extrapolations are made to pinpoint M with greater accuracy. Because
of the nature of the curves it is more convenient, when determining the
empirical slope conatants, to determine Sand compute k' from it using
equation 5.

The intrinsie viscosity finds wide use in the characterization of
macromolecules. FProbably the most significant relationship is in the equation

n = of

where K and a are empirical constants and ¥ is the number average molecular
weight, It has been indicated that

71 = lim mSp/C)

C»0

where Wsp is the specific viscosity. The specific viscosity is defined in
terms of the relative viscosity, Yo,

\T‘Sp = 7[1‘ —_—1

s
Finally the relative viscosity is defined by the solution viscosity, W,
and the solvent viscosity, W, by the relationship

e =

The viscosities YO and W® are experimentally determined from carefully
prepared polymer solutions of known concentration.

In many investigations the assumptions are made thati density differences
(between polymer solution and pure solvent) and kinetic encrgy corrections
are negligible. This allows flow times to be substituted directly in above
equations in place of viscosities and Wr = tr, Msp/ec = tsp/c, and nl=

WADC TR 55-374 17



b. Experimental
Data obtained in the present investigation are presented in Tables 6 and 7.

Intrinsic viscosities for fractionated FEAm copoclymers were determined
from plots using both the equation of Huggins and of Mead and Fuoss, These
are presented in Figures 6, 7, 8, and 9. The empirical slope constant
was calculated and k' determined by use of equation 5.

Normal values for k' range from G.35 to 0.4016 Mason and Grag39 have
found an appreciable increase in values for k' for polystyrene with an
average of one crosslink per 10,000 mers in the polymer chain. O©On the
basis of this information it would appear that the FEAm copolymers were
essentially linear in mature,

Viscometer, A modified Ubbelohde viscometer especially constructed
for this work incorporated an increased bulb capacity to allow dilutions
to be made directly in the viscometerl7. Viscosity determinations were made
in a constant tsmperature bath (25 + .,020C) which employed a elamp to
assure a standard position for mounting. The flow time for water was
109 seconds.

Solutions. A single "bateh" of dimethyl formamide (DMF) was used
for all viscogity determinations. The solvent distilled 151.5-152.20C
at 745 mm. (Kﬁoz 1.4300) and was filtered through sintered glass before
use. All apparatus used 1o contain solvents and solutions were treated
with hot conec, IHNO, to remove dust. Pelymer solutions were prepared
using the completely soluble polymer fractions obtained from the fractionation.
Viscosity solutions were prepared in the viscometer by adding a weighed
amount of polymer followed by a unit quantity of DIF delivered from a
calibrated pipet. The viscometer was capped and gently agitated by
fastening to a shaking machine. All samples were shaken overnight to
assure conplets solution. Successive dilutions were made in the viscometer.
The system was allowed to come to equilibrium for at least 1C minutes
before any readings were taken. TFlow times were measured in triplicate
(On a2 few occasions dust epparently entered the system during dilutions
and was recognized by erratic readings. In these cases numerous readings
were taken and the shortest flow times used for calculations).

SECTION IIT
SIMMARY OF RESULTS
Fresent studies involving the fluorinated acrylamides serve to characterize

these new plastics and provide information and technical data to other
investigators following parallel courses of research. Significant findings

WADC TR 55-374 18



it 0g6z”
911" (390
é11° 6515670
gtT* Lt gTfo"1 g-4
fog* Lolt*
h6ze wete”
2gz* 062 ghgz*
£gz 6921
gge’ LESR*0 g
8h* 6€LZ®
6LY z59¢e"
Lee ger® omd.. Toto* 9Ll 6L1G"0
, Lane LG60* 1 1
o & % 2015 - 7% wopyseomop  womeni
I5WATOUC ) I9UTd TAULA [A3ng-U/WyA] Po3euc 13oeid 20J 9380 A3 1S0OSTA

9 TIOVL

19

WADC TR 55-374

T
Ll



9t*" mmﬁ.
9€*0 4:ﬁ.o
9£*0 ::H.o
ge. mmﬁ.
ge* mmﬁ.
£ce hma.
A% JHN.
e %o
o X &

289°

1g9*

hes

hehe

goh

985™

hy*

069"

W

tg90*0

Sotho*o

£eco"

1g20*”

1960

1880°

99ho*

adoTg-

2L9
2L9
£99
L59
Shg
BO9

089
089
zl9
869

&hg
hog

728"
625"
2z’
Lig
s
261

cahe
98"
atr*
gele
Lahe
zg9h"

Tigh*
gghe
ot
£efre
oLt
LSt

6L5°
295"
995"
196
G

Llole
£eg
gzg*
£19°

€Ly
zol*
1189°
8L9"0

2

.H= ut

1961
geee”
ée*
T26E°
285" 0

£al1't

66T
gELz"
£z6z"
LégE®

ohgs=o

269T'1

Sol1*
ghoz*
LGGz:
oThe”
G1Tét0

6220° T

z2qT”
zhite
gL1z"
hosz"
95En”

TTi8%0

£€tz”
0962
0ozE*
99zt
66€9°0
gélz 1

giet’
glzz®
ofof"
ghsthe

16060

69Llo*
Gzot”
geeTe
GLOE*0

Gzlo”
l9to"
osht*

10620

T2 oo7/@?
uo 14 BIJUSOUCH

HTWATOIOO SIVTAMOV TALNG-U/WYZT QEIVHNOILOVHI HOd VIV ALISOISIA

L TIAVL

2T

It

o

uoT308BIg

WADC TR 55-37



o7 ]|

geadny £3Te008TA

. 9 eIy g
7“001/ “6 ‘NOILVYLNIONOD

43INA10d0O H3HL3 TTANIA TALNG-+/%“V3d
SIAYND ALISOISIA

001 . ) ) .
= GLO omo — mLNo oooo_.

o 0 AR

8-2 2-2 SNOILOVH4 A3INISWOD
004
¢-2 NOILOvYS 2 — e 00¢"
oov
‘(\..J.’

— .
[-2 NOILOVY S \o\o.\\l 0oos
=1 009

o/ uhwy Yo o/%Yy

wADC TR 55-37h



001

goadny A3TR00ETA

L sxnidty
7%001/ “5 ‘NOILVH.LNIDONOD

GL'0 0S0 6é0 0 OOO.__.‘.
00§’
¢ NOI1OVvHd
_— e ! —— llu&n‘l\O‘O\
— =0
. — | NOILOVYHd VO oL
o
-
-
- 008
-
— -
- -
006’

¥3INAI0d0D IUIVIANOV 1ALNE-WWY3d
S3AYND ALISOOSIA

o/ wg yo o/

WADC TR 55-37h



SoAIND A3TSOOSTA

g #IIT4

7 001/7¢ ‘NOILVHLN3ONOD

Ggel 001 G0 0G0 Ga0 OOO o
—_—t | Z NOILOVNHA O lO‘.\\ldﬂUn 00¢%

—O——o0-0- _

- \\\m\ﬂm._\Hoqm“_ o\b\o.\\

a— \
- \\O ] .
—— 009
t.\\lo._..\ ./OI

/jl/

\\ 0o0L
I _zo_té\mn_o\o\
\\\o\ oos'
&

006’

H3INATO40O 3IUIVIAYOV TALNS-YW/Wy3Id
S3AYND ALISOOSIA

o/+*u g yo osY

23

WADC TR 55-374



#eAIny £3TE028TH

6 eandyy

7= 001/ ‘NOILVHLNIONOD
0gl G2l 00’ G0 0S0 G20 00

ooV

N\

~O ~0—0-GO0—

00¢
S NOILOVHY _~-TO
OIR

.Ollo.ll

o= . 009
o\\ll/ ¢ zo_»oMFO\\o\
=T 0—~oq

~—\oor

P 21 NO HUMWO\.U‘O\
\ \\O\ . 008
_D\ 006

H3INATOd0D 3UVIANOV IALNG-/“V3d
S3AYNO  ALISOJSIA

o/uw] wo os%M

WADC TR 55-374



include:

a. Dlonomer Reactivity. Reactivity ratios for thesystem N-EFBAm-
methyl methacrylate were experimentally determined. Values of
ry = 0.89 (N-EFBAm) and r; = 0.77 (methyl methacrylate) indicated
the radicals of both monomers showed about equal tendencies toward
homo- and copolymerization. A slight preference toward copolymerization
is indicated for esach of the monomer radicals.,

b. Dilute Solution Behavior. Normal values of the empirical slope
- constant k' for several copolymers indicated these polymers were
essentially linear, Intrinsic viscosities determined in dimethyl
formamide for two copolymers ranged from values of n = O0.118
to n = 0.6%0.

¢. Thermal Stability. Evidence is presented which indicates some
materials mmy be expected to show improved thermal stability
through copolymerization with fluorcacrylamide monomers. Pre-
liminary semi-quantitative data indicated that in two cases
thermal stabilities showed somewhat better than marginal improvements.

d. Flasticization. A unique property of the fluorcaerylamide plastics
was thelr elasticity when plasticized with common solvents such as
benzene and methanol. The plasticized polymers possessed strength,
lively snap, and elongations of several hundrad percent.,

Further investigations with these and related monomers may prove of
interest. New monomer types incorporating fluorcalkoxy side groups and
various combinations of two fluorinated side groups would be expected to
yield more flexible polymers of improved solvent resistance and possibly
greater thermal stability.
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