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FOREWORD

One of the requirements of the U.S. Army 1s a rubber
whlich has excellent solvent resistance as well as good
flexibility at low temperatures. Research has shown that
a nitroso rubber gum stock, a copolymer of tetrafluoro-
ethylene and trifluoronitrosomethane, has this combination
of properties to a high degree. Pound quantities of this
gum stock nave been prepared by the Thiokol Chemical
Corporation. The physical and rheological studies of this
gum stock were undertaken by the Monsanto Research Corporation
with emphasls on molecular structure, solvent resistance,
thermal stabllity, and some effects of curing conditions.
Thelr results are contalned in this report. 1In particular,
thelr study of the molecular welght distribution, gel
content, volatiles, and unexpected chemical groups, sheds
new light on certain structural factors which should con-
tribute to the synthesis of similar polymers with improved
properties. -

The work covered in thls report was performed over a
two-year perlod by G.L. Ball III, I.0. Salyer, H.S. Wilson,
and J.V. Pustinger of the Monsanto Research Corpcration,
Dayton Laboratory, Dayton, Ohio, under Contract
DA19-129-AMC-151(N).

The U.S. Army Natick Laboratories Project Offlcer was
! Dr. Robert A. Prosser, and :he Alternate Project Officer
E was Dr. Nathaniel S. Schneilder.

S. J. KENNEDY

i Director
; Clothing & Organic Materlals
r.; 1 Division
APPROVED:
DALE H. SIELING, Ph.D.
Sclentific Director
W. M. MANTZ
: Brigadier General USA
3 Commanding
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ABSTRACT

Characterizatiori of the copolymer triflunronitroso-
methane/tetrafluoroethylene was completed. 71lue gum stock
was primarily produced by the Thiokcl Chemical Corporation
and was supplied by the U.S. Army Natick Laboratories. N¢
sample was submitted as representative of a production batch
of the copolymer. The CF3NO/C,F, copolymer was shown to be
a low temperature gum with high solvent and chemical resis-
tance and with a reasonable thermal stablility up to 250°C.
As received, the CF3NO/C,F, gum was not readily cross-linked
into a high-strength rubber. The gum samples consisted of
25-50% insoluble gel and ~3% insoluble basic magnesium
carbonate trihydrate. ''he structure was shown to be:
EN-CFz-CFz-OQX. Violent decomp sition of both the CF3NO/C,F,

Fi
gum and rubber occurred at ~260°C. The initial decomposition
was confirmed to be: CF3NO/C;F, —> COF, + CF3N = CF,. The
glass transition temperature of the gums covered a range of
-41° to -49°C and that of the rubber was ~-49°C. The
typical gum exhibited a bimodal molecular weight distribution
with a lower portion at ~2 x 10° and a higher portion at
6 x 10°. A typical average Mys My, and M /My was:

M, = 3.4 x 106, My = 2.7 x 10, and M/ /My = 125. The Mark-

W
Houwink equation for CF3NO/C,F, in FC-75 at 25°C is:

[n] = 3.2 x 10-5 M,%: 72, optimized cure conditions showed
that lower cure temperatures and longer cure times were
advisable, that MgO was valuable as a scavenger filler, and
that a PCR-bulk-polymerized gum provided a significantly
better rubber. The best mechanical properties obtained
were 387 psi tensile strength and 527% elongation.
Impurities and extremely high molecular weights were
detrimental to providing good mechanical properties.




TR T T

I. INTRODUCTION

This report consists of the results of the character-
ization of the copolymer trifluoronitrosomethane/tetra-
fluorcethylene. The gum stock was primarily produced by
the Thiokol Chemical Corporatlion and was supplied to
Monsanto Research Corporation by the U. S. Army Natick
Laboratories, Two small samples were produced by
Peninsular ChemResearch late in the program,

The length of the program was three years; however,
samples were not received for the first year, thus limiting
the actual characterization program to a two-year period.

No sample was submitted as a representative of a pro-
duction betch of the copolymer gum. Therefore, the charac-
terization was performed upon those samples that were re-
celved first, along with those most closely approximating
the theoretical elemental analysis for CF3;NO/C,F,. Nec
cured samples were receilved.

The Thiokol gum samples recelved were 1dentified as
ZR-561-XP5675, XP5702, XP5812, XP5887, XP5807, XP5704, 0.2
C,F3H terpolymer, and 0.5 C,F3H terpolymer. A 3M Company-
produced sample arnd a bulk and solution-polymerized sample
from Penlnsular ChemResearch were alsoc obtailned.

While a complete and detalled characterization of the
CF3NO/C,F, copolymer was 1in order, the degree of worth of
the copolymer in terms of solvent resistance, thermal
stabllity, and low temperature flexittllity was of prime
interest,

The report 1s written 1n three primary sectlons con-
sisting of Experimental Data, Discussion, and Conclusions,.
The experimental data are separated from the other two
sections so that unblased results can be 1interpreted as
the reader pleases. Detalls of sample preparation, test
technigues, and useful characterization data not pertinent
to the discussion are presented in the Appendices.

R S R




II, SUMMARY

The characterlistics, as well as the characterization
techniques, of CF3NO/C,F, gums were determined.

Techniques determined included:

1. The determination of the best solvent for solu-
tion studlies and the applicacion of the solvent to solution
viscoslity. The best solvent was 3M Fluorocarbon FC-75
(1somers of perfluorocycllc ether).

2, A fingerprinting procedure consisting of solution
viscosity and Vicat indentation measurements to determine
similaritles between batches.

3. An elution fractionation procedure employing a
solvent/nonsolvent system of 1somers of perfluorocyclic
ethers (FC-75) and benzotriflucride by which ~1.5 grams of
gum could be fractionated to 25 fractions.

4, Molecular weight analysis by light-scattering of
the CF3NO/C,F, gum in FC-75. He/tr P(90°) extrape ™ ~tions to
Zzero concentratlon provided molecular welghts.

5. Dynamic glass transition temperature measurements
utilizing the ball rebound methcd performed on whole gums,
including the inscluble gel,

6% Cure-time temperature studies utilizing the ball
rebound method.

Characterization included:

1o The Huggins K' and K" constants for CF3NO/C,F,
in FC-75 at 25°C of 0,396 and 0,124, respectively.

2. Quantitative and qualitative analysils that showed
the submitted gum samples consisted of 25 to 50% insoluble
gel and ~3% insoluble bhasic magnesium carbcnate trihydrate,

3. Elemental analysls cenfirming the C3F5NO e.emental
nature to within 0.15%.

v e s e ———— e




4, Infrared analycis exhibiting the C-F and C-O-N
stretching and -CF,-CF;- bends,

5. Nuclear Magnetic resonance analysis defining the
structure to be:

ET-CFZ-CFZ-O}

CF;

€. X-ray analysis indicating that the gum was non=-
erystalline from =70 up to 28°C.

7. Thermogravimetric analysls showing violent decom-
position of both the CF3;NO/C,F, gum and rubber at +260°C.
Weight losses starting at ~75°C were assoclated with lower
boiling, lower molecular weight specles. The decomposition
was identical in air and an inert gas having been confirmed
(with the ald of mass spectrographic analysis) to be:

CF3NO/CyFy, —— COF, + CF;3N = CF,

8. Displacement density measurements showing densities
of 1.937 * 0.001 g/cc for the CF3NO/C,F, gum.

9. Molecular welght and molecular welght distribution
S that indicated a bimodal distribution of the typical gum
with a lower portion at 2 x 10° and a higher portion ~6 x
108, The low-molecular-weight portion represented an amount
- of 20% of the weight of the gum. The average Mys MN, and
MW/MN for the gums were:

My My My, /My
XP5702 - R3 3.4 x 1068 2.7 x 10* 125
XP5702 -~ R4 3.4 x 1068 1.9 x 10° 18
PCR-bulk poly. 2.0 x 10¢ 2.3 x 10" 88

The M, was weighted considerably by the low-molecular-weight
portion.

10. Molecular weight-viscosity correlations that deter-
mined the Mark-Houwink equation for CF3NO/C,F, in FC-75 at
25°C to be: .

[n] = 3.2 x 10-5 MWO'




The a constant (0.72) demonstrated the improved solu-
bility of the CF3;NO/C,F, gum in FC-75 over that 1n per-
fluorotributylamine (0.66) and Freon 113 (0.51).

11. Determlnation of the glass transition temperature
of the gums by various techniques indicating a range of -41°
to -49°C and that of the rubber to be ~-43°C, ReaSonable
flexibility of the rubber was 1ndicated at temperatures as
low as =55°C wlth probable utilization avallable to -70°C.

12. Determlnatlon of the highly degradatlve effects
of amines upon the CF3NO/C,F, gum with resultlng significant
lcsses 1n molecular welght.

13. Determination of c¢ptlmum cure conditions on the
varlous gums showing that lower cure temperatures and longer
cure times were advisable, that MgO was valuable as 8
scavenger filler, and that the PCR-bulk-polymerized gum
provided a significantly better rubber. The best mechanical
properties obtained were 387 psi tensile strength and 527%
elongation. Impurities and extremely high molecular weights
were detrimental to providing good mechanical properties.

14, Determination of solvent and chemical resistance
that indicated, but did not prove, high stability. The
particular rubbers examined were pocrly cross-linked; there-

fore, only lack of solubility and not lack of swelling was
demonstrated.

The CF3NO/C,F, copolymer was shown to be a low tempera-
ture gum with probable high solvent and chemical resistance
and with reascnable thermal stiabillty to 250°C. As received,
the CF3NO/C,F, gum was not readlly cross-linked into a high
strength rubber,




III. EXPERIMENTAL DATA

A. SOLVENTS FOR THE CF3NO/C2Fu4 COPOLYMER

. The CF3NO/C,F, copolymer was reported to exhibit
characteristically a high degree of solvent resistance.
This very nature, unfortunately, is not consistent with
providing good solution studies. Highly fluorinated sol=-
vents had been reported to be the best for this gum (Ref. 1).
Accordingly, the following solvents were evaluated for their
usefulness in terms of time to solution and solution viscosity.

e} o
Tm, c pr, C

Perfluorotributylamine, (C,Fgq)3N >23 175
[3M Brand Fluorochemical FC-43]
Perfluorocyclic ether, isomers of, CgF ;60 >23 100
[(3M Brand Fluorochemical FC-75]
Tetrachlorodifluorocetharie, CCl,FCC1l,F 25 92
[Freon 112] '
Trichlorotrifluoroethane, CC1l,FCClF, >23 L6

[Freon 113]

These solvents will be designated as FC-43, FC-75, Freon 112,
and Freon 113 in further discussion,

As shown above, the Freon 112 melts at 25°C; there-
fore, at a room temperature of 23°C, sclution with the nitroso
gum could not be maintained. After a few unsuccessful
attempts to provide solution up to 80°C with the Freon 112,
the solvent received no further attention.

The XP5675 and XP5702 gums were put into solution

in three remaining solvents. A period of at least 24 hours
; at 80°C was necessary to get the gum into solution in the
: FC-75 or in the FC-43. Because of the low boiling point of
the Freon 113, an attempt was made to dissolve the gums in
this sclvent at 23°C. Solution did not occur in seven days.
It was found, however, that when the temperature was railsed
to just 25°C, the gum dissolved as fast as it did in the
FC-75 and FC-43 solvents.
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Upon dissolving either the XP5675 or the XP5702
in any of the three solvents, a cloudy solution resulted.
Filtering through extremely retentive, hardened filter
paper removed only a minute portion of che cloudiness.
Centrifuging for six hours (for the FC-75) and 12 hours
(for the FC-43), followed by refiltering, was necessary
to remove the cloudiness,

Although exact quantitative analyses of insoluble
products in the gums were not conducted, due to the visible
nonhomogeneity of the gum samples, the followlng typical
percent insolubles were calculated from the initial and
final concenirations of the solution:

% Insoluble or
Lost (*8%)

Solvent XP5702 XP5675
FC-43 29 14
FC-75 45 22

These insolubles were collected.as a white sub-
stance (see Section 0) and as a finely divided gel. No
attempt was made to provide solution with previously
reported poor organic solvents (Ref. 2).

B. FINGERPRINTING OF THE CF3iNO/C:F4 COPOLYMER BATCHES

The fingerprinting of the CF;NO/C,F, batches was
an attempt to determine the similarity between production
lots on a simplified basis. In essence, a quality control
procedure was to be established.

Two technlques were expiored--one utilizing solu-
tion viscosity and the other, the Vicat softening curve.

The solution viscosity fingerprinting technique
conslsted of measuring the solution visccsities of a gum in
at least two different solvents. Typlcal results are shown
in Figures 1 and 2, where three submltted gums were evaluated
in three different solvents. Note the easily distinguishable
differences and the fact that the intrinsic viscosity measure-
ment was a resulting beneflt.
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The Vicat fingerprinting technlque consisted of
determing the 1ndentatlon of a specifled cross sectlion as a
function of temperature according to ASTM D1525-58T. The
technique could be conducted upon an unmodified chunk of the
gum sample and was normally performed from =-75°C to above
the softening temperature.

Typlcal Vicat curves are shown 1n Figures 3 through
5 for samples XP5675, XP5702, XP5812, XP5704, PCR-bulk and
PCR-solutlon-polymerlzed copolymer and the 0.5 molar ratio
terpolymer. Shown in Figure 6 are samples XP5675 and XP570¢2
which were teated by heating at 50°C fcr 16 hours in a
vacuum of 3 mm Hg.

Flngerprinting by means of measurlng solution
viscositles 1n first one solvent followed by dilution with
ancther solvent was found to be of little value. Thils was
primarlly because as much time and effort was expended as
for measuring solution viscositlies 1n two different sol-
vents wlthout the applicable intrinsic viscoslty data
resultlng.

C. SOLUTION VISCOSITIES

The presence of substantial insoluble and volatile
portions complicated the measurement of solutlion viscoslitles
in the submitted gums. The cleaning procedure requlired prior
to any viscosity measurement 1s outlined 1n Appendix C. This,
of course, means that the evaluated specimens were not always
entlrely representatlve of the submltted sample.

Specimens that were nct cleaned were tested and
reported in quarterly reports early in the program (Ref, 3).
The reproduclbllity of vliscosity data was such as to prove
1t rather doubtful - although stl.:l representative.

A typlcal plot of reduced and 1lnherent viscosities
of the cleaned sample XP5702 in solvents FC-75 and FC-43 1s
shown 1n Figure 7 with the K' ana K" Hugglins ccnstants.

Flgures 1 and 2 represent three different partially
cleaned gums 1in the solvents FC-75, FC-43, and Frecn 113.
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Other viscoslity data determined in a similar man-
ner, utililzing the K' and K" constants to extrapolate the
intrinsic viscosity, are found in varlous tables through
thls report.

The solutlon viscoslties of the PCR-bulk and
solution-polymerized copolymer samples are shown in Figure 8.

D. ELEMENTAL ANALYSIS

Carbon, hydrogen, nitrogen, fluorine, and oxygen
(by difference) el-mental analysls was performed on what
visually seemed to be the more typical samples recelved
from Thiokol along with two samples from Peninsular Chem-
Research. These were samples XP5675, XP5702, XP5812,
XP5887, PCR-bulk and PCR-solutlon.

The elemental analysls was performed 1ln December
of 1964 and repeated agaln 1n June of 1966. One sample,
XP5675, was analyzed also in March of 1965 with sample
XP5702 belng analyzed after vacuum-drying at the same time.

The analyses are recorded 1n Table 1. The oxygen
was determined by difference since 1t could not be measured
directly in the presence of fluorine. Also included in
Table 1 is an "Atypicallity" term, which 1s a measure of the
percent devlatlon of the analysls from theoretical. It 1s

calculated from:
_ 1
A = L(X-X)? 72
N=-1

where X = analysils value, X = theoretical value, and N = the
number of elements reported. The theoretical analysls for
C3F;NO 1s shown for comparilson.

E. INFRARED ANALYSIS

Typlcal iInfrared spectra for the copolymer
CF3NO/C,F, are shown in Figures 9 and 10 for the samples
XP5675 and XP5702. These samples were evaluated as re-
celved in the form of gum smears. Solvent IR spectra are
shown 1in Appendix H.
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F. NUCLEAR MAGNETIC RESONANCE ANALYSIS

The typical F!? resonance spectrum of the CF3NO/C,F, ‘
copolymer 1s shown in Figure 11. The test was performed at
40.0 Mc with a trifluoroacetic acid reference. The area
ratlos and reference poslitions are also shown 1n the figure.

Also see Section 0. and Figure 36. Solvent NMR
spectra are shown 1n Appendix H.

G. X-RAY ANALYSIS

X-ray analysis was performed from -70°C up to 23°C
wlth resultant diffuse diffraction patterns.

H. MASS SPECTROGRAPHIC ANALYSIS

A typical mass spectra of the copolymer CF3;NO/C,F,
(Sample XP5675) 1s shown in Figure 12. The figure covers the
spectrum from mass 15 to mass 50 and, in thils particular case,
was observed at 100°C.

The mass spectra were observed in four different
samples representing the 3M gum (56703-3), Thiokol samples
XP5675, XP5812, and XP5675, that was precipitated from solu-
tion. This observation was conducted at various stabilized
sample temperatures from 50 up to 275°C.

The observed mass spectrograph pressure as a
function of temperature for tnese fcur samples is shown in
Flgure 13.

The most prominent ionic specles observed by tre
mass spectrograph as a function of sample temperature is
shown ir Figures 14 thrcugh 19 for the Thiokol samples
XP5675, the precipltated sample of XP5675, and the 3M
sample 56703-3.

O




T's THERMOGRAVIMETRIC ANALYSIS

Thermogravimetrlc analysis was performed o»n Thilokol
samples XP©702 and XP5675, a vacuum-dried sample of XP5675,
and the 3M gum 56703-3. The XP5675 sample was vacuum-dried
for 16 hours at 80°cC.

The thermogravimetric analysis curves for the
sample XP5675 before and after drying are shown in Figure 20.
The TGA was conducted in an 0.2 mm Hg vacuum at ~3°C per
minute temperature heating rate. Thils 1s also a typical
curve for sample XP5702.

The TGA of 3M sample 56703-3 is represented in
Flgure 21 under ldentical test conditions.

Isothermal TGA's 1n both hellum and alr were con-
ducted on sample XP5675 at about 25°C intervals from 23°C
up to 330°C. A composlte of the integral and differential
welght loss of the sample as a functlon of temperature 1is
shown 1n Figure 22. Also shown 1s the TGA of a vacuum-dried
sample of XP5675 heated in helium.

J. DIFFERENTIAL THERMAL ANALYSIS

Differential thermal analysls was performed on
varlous CF3NO/C,F, samples from -100°C up tc 300°C. DTA's
for samples XP5702, XP5675, and 3M 56703-3 (9690), represen-
tatlve of all samples tested, are shown 1n Flgure 23 from
-100°C to 100°C. The analysis was performed in glass sample
wells with chromel alumel thermocouples, an air atmosphere,
and a heating rate of .11°C per minute on ~40 mg sample,

The DTA curves from 100°C to 300°C are not shown.
They consist of a straight-llne porticn up to ~250°C and
then a sudden endothermlc thrust whleh 1s caused by the
explosive remcval of the thermocouple ifrom the sample w=1ll.




K. SOLVENT/NONSQLVENT SYSTEMS FOR THE CF3iNO/C2Fu
COPOLYMER

Our preference for FC-75 [isomers of CgF;¢0] as a
solvent has previously been noted (see Section A). This sol-
vent has a bolling point of ~100°C and 1s relatively non-
viscous (0.65 ¢s) from room temperature to its boiling point.
Various nonsolvents miscible in the FC-75 were tried. How-
ever, very few sclvents were miscible in the FC-75. The
benzotrifluoride was miscible and has a bolling point of
~100¢C and about equal viscosity to the FC-75

The precipitation point at 23°C and a range of use-
ful concentrations and temperatures for fractionation by
column elution have been determined for sample XP5702, a
higher molecular weight gum portion. The concentrations and
temperatures are shown in Table 2.

L. FRACTIONATION OF THE CF3NO/C,F, COPOLYMER BY THE
ELUTION TECHNIQUE

Two samples of the XP5702 and the Peninsulal Chem-
Research bulk-polymerized CF3NO/C,F, copolymer were fraction-
ated in detail by the elution technique (Ref. 4).

The samples were cleaned by beilng put into solution
in FC-75 solvent (isomers of perfluorocyclic ether), heating
to 80°C, cooling, filtering, centrifuging, decanting the
clear solution, evaporating the solvent, and recovering the
soluble gum. A large portion (~25%) of insnluble gel was
noted as removed from the gums during this cleaning.

The polymer samples were again put into soluticn i1n
FC-75 ( 1 g in 29 ml at 85°C). A solvent/nonsolvent system
was then prepared based on prior determinations (see Section
K) of solvent/nonsolvent ratios. The systems consisted of a
ratio of ~3 g polymer/100 ml FC-75/73 ml benzotrifluoride.
Under these conditions, the polymers were all in solution at
70°C and precipitated at 25°C

The elution column consisted of cleaned, pure
silica sand of mesh particle size ranging from -40 tc +200.
N, gas was used as a back pressure tc regulate the flow of
the solvent over the sand. This column is described in
Reference 4,
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The column was maintained at 78°C by refluxing
ethanol in the jacket and the polymer solution was heated to
80°C prinr to pouring it .n the column. The actual solutian
added consisted of 1 g of sample (purified), 33 ml of FC-75,
and 24 ml benzotrifluoride. After the solution was addedy
the column was cooled slowly in order to cause selectlve
deposition of the polymer. A final drying using N, gas was
provided.

Removal of the polymer fractlons was accomplished
by elution with solvent/nonsolvent mixtures of FC-75 and
benzotrifluoride. The column was first flushed with 250 ml-
of benzotrifluoride in order to remove any impurities and to
set the polymer to the substrate. Progressive elutions were
then performed by solvent/nonsolvent mixtures,

The detalls and techniques of the various fracclion-
ations are spelled out in Appendix D. The more detailled
fracticnations were performed by elutinn at 56.5°C (boiling
acztore), utilizing 1% solvent/nonsolvent increments pro-
gressively from 35% up to 55% solvent/nonsolvent ratios. The
fractionations performed are shown in Tables 3, 4, and 5.

Following fractionation, the fractions were evapo-
rated, weighed, and when sufficient sample was avallable,
specific viscosities were determined in an C.1% solutlon of
FC—75 .

Data were also accumulated on the FC-43 solvent
and at 35°C.

The three fractionations are shown Iin Figures 24
and 25 as viscosity versus total and differential welght.

M. MOLECULAR WEIGHT DETERMINATIONS CF CF3NC/C,F.
FRACTIONS BY LIGHT-SCATTERING ANALYSIS

The techniques required in cleaning the submitted
CF3NO/C,F, copolymer, in preparing light-scattering sclutions,
and 1n rerforming the light-scattering measurements are de-
tailed in Appendices C and E.

The light sczattering determinations were performed
in FC-75 at 25°C for a number of sample solutions represented
by the Zimm and Hc/tP(90°) data shown in Figures 26 tarough 33.

12
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N. DENSITY OF THE CF3NO/C,F, COPOLYMER GUM

Densitles were measured by a displacement technique
in a low viscosity silicone fluid. The average density of
sampl~s XP5675 and XP5702 was 1,937 t 0.001 g/cc at 25°C.

0. QUALITATIVE AND QUANTITATIVE ANALYSIS OF
CONTAMINANTS IN PRODUCTION LOTS OF CF3NO/CyF,

Insoluble gels from 25-50% (in FC-75) plus a white
insoluble material were present in the Thiokol CF3NO/C,F,
samples. The white 1lnsoluble substance varled from 1-3% by
welght of the sample,

The IR spectrum of the white Jnsoluble material
removed from sample XP5702 is shown in Figure 34,

Emission analysis was also performed which indicated
the presence of magnesium.

The unfractionated specimens contained 15-20% by
welght of a relatively volatile high viscosity liquid which
could be removed by vacuum drying or Just heating (see Figure
20 for example). A specimen of the volatlle material was re-
moved from Thiokol sample XP5702, The infrared spectrum of
this material 1s shown in Figure 35, and the NMR F!? spectra
are shown 1n Figure 36. 1in attempt to observe spin-spin
coupling was attempted by diluting the volatile material
with CFCl;. No improvement in resolution over that shown
in Figure 36 was observed.

A proton resonance NMR was conducted with negative

i

resulvts.

5 LINEAR THERMAL EXPANSION OF THE CF3NO/C,F, COPOLYMER

"Apparent" linear thermal expansions were determined
on the CF3NO/C,Fy gums from -75°C up to their glass transiticn
(T_.). Samples XF>702, XP5812, YP5887, and a vacuum-dried
saﬁple XP5675 were evaluated. The tests were conducted at a
temperature heating rate of 1°C per minute introducing a
dynamic nature to the standard ASTM D696-U4 technique. For
thlis reason the word "apparent" 1is attached to the title. 4
quartz dilatometer was utilized for the measurement.

13




The glass transition temperatures, Tg, were deter-
mined by the temperature at which <

3nR\ _
-—aT) = 0.

A typical linear thermal expansion curve 1s shown
in Figure 37 for sample XP5702 and the "apparent" linear
thermal expansion coefflclents and thelr extrapolated Tg's
are shown in Table 6. '

Q. 1000 CYCLES PER SECOND MODULUS BY REBOUND METHOD
OF THE CF3NO/C,F, GUM

Figure 38 shows the rebound tester used to determine
the glass transition of a materlal at 1000 cps by measuring
the rebound of a small (1/8 inch diameter) ball bearing from
the surface of a specimen. Although complete correlation has
not been made, the percent rebound as measured by the 1lnstru-
ment has been shown to correlate to the logarithmic decrement
of a material (Ref. 5). Since the logarithmic decrements goes
through a maximum where the elastic modulus decreases rapldly
from a glassy state to a rubbery state (i.e., the glass
transition), we may roughly predict the glass transition
temperature at 1000 cps.

The need for such a test 1s a result of the 1n-
ablility to obtaln any reasonably shaped or geometrlcally
stable specimen. The rebound test requires only a flat non-
sticky surface. The tacklness of the niltroso gum 1s no
problem at low temperatures; however, from 0°C and up
(where tacklness 1s a problem) an aluminum surface can be
used without altering the positlon of the transition region
(only magnitude, of relative importance only, 1s affected).

Data of percent rebound versus temperature for
specimen XP5675 are reported in Flgure 39. A 0.5 mi:. alumi-
num foll covering was attached to the gum as a rebound sur-
face, and the specimen was tested from -100° to 40°C.

R.  AMINE DEGRADATION OF THE CH4NO/C,F., GUMS

The degradatlve effects of cycicnexyiamirnz and
n-butyl amine refluxed over the XP5702 sample sf CF;NO/C,F,
were determlned. The analysls was conducted by measuring




the solutlon viscesity of the gum prior to and after refluxing
with the amines for a period of time. The refluxing times

were dictated by the work of the 3M Company previously reported
(Ref. 6).

The results are recorded in Table 7. The intrinsic
viscosities and mclecular weights are calculated from the
specific viscosities. The gums were also aged in FC-75 and
FC-U43 at 50°C with no measurable change in viscosity with
time.

S.  FORMULATIONS AND CURE CONDITIONS OF AMINE-CURED
CF,NO/C,F, COPOLYMER

i Rubber Product

In order to provide a CF3NO/C;F, rubber for
characterization, a mincr effort in formulation and curing
was conducted. The original formulations were based upon
the reported data of the 3M Company and the U.S. Army Natick
Laboratory (Ref. 1 and 2). The basic formulation consisted

o Welght
CF3NO/CoFy gum 100.00
Si0,; filler 15 0D
Triethylenetetramine 1.25
Hexamethylenediamine 2.50

carbamate

The lack cf success 1n producing a rubber with propertles
similar to those reported ty 3M and the 3M and the Nati:x
Labs resulted 1n alterations to the basic formulaticons and
a short curing study involving the ADL ball rebound tester,

The CF3NO/C,F, formulations and curing pro-
cedures are shown in Table 8 where the XP5812 (purified),
XP5702 (purified), XP5887, and Peninsular ChemResearch buif-
polymerized (purified) gums were utilized.

The details of the milling and moldirg of -he
numerous batches were reported earlier (Ref. 7 and & and in
Appendix F). Relatively standard rubber technology was
utilized.
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2. Adheslve Product

Flve master batches were used to determine
the utllity of the CF3NO/C,F, rubber as an adhesive. The
stalnless steel strips were prepared by the procedure out-
lined 1n Appendix G. The bondlng procedure used was as
follows:

a. 1l g of the sample was placed between two
overlapping strips (1" x 1/2" overlap area).

b. The samples were placed in a press, pre-
heated to 212°F.

o After 5 minutes in the press, 225 1lb (gage)
pressure was applied to the samples.

d. The samples were left at 212°F and 225 1b
(gage) pressure for 1 hr.

After pressing, only twn of the samples,
(37593-1 and 37593-2), held a bond. These samples were
then post-cured 1n an oven at 122°F for 16 hours, at 167°F
for 2 hours, at 212°F for 72 hours, and at 239°F for 2
hours. The strips were then pulled apart at a crosshead
speed of 0.05 1nches/min. Instrument fallure caused no
recordlng of load for sample 37593-1. Sample 37593-2 had
a strength of 180 psi. 1In both cases, the fallure was
cohesive. '

3. Amine-Curing Studles Utllizing the ADL
Ball Rebound Apparatus

Portions of the "Master Batches" that gave
somewhat favorable results on the tenslle tests were milled
to a thickness of about 5.5 mils. From these milled samples,
1/2-1inch diameter specimens were cut for the ball rebound
apparatus (see Figure 38). Test temperature started at
T4“F on the uncured gum and was lncreased to 230°F.

Shore A-2 durometer readlngs were taken on

the samples before and after test. The results are
recorded 1n Table 9.
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Figure 40 shows the data for rebound versus
temperature of samples 37593-1A, 37593-2A, and 52905-1A
(see Table 8). These three samples have the same CF3NO/C,F,
gum and amines, both type and amount. They vary 1in type
and content of fillers: 37593-1A has 15 parts HiSil 101
and no MgO; 37593-2A has 1% parts HiSil 101 and 10 parts
MgO; 52905-1A has 7.5 parts HiSil 101 and 7.5 parts MgO.

Figure 41 illustrates the rebound versus
temperature data for samples 52911-1A and 52911-2A (see
Table 8). These two samples have the same type and quantity
of nitroso gum and flllers, varying in the type and gquantity
of amines: 52911-1A contalns 1.25 parts TETA and 2.5 parts
Oxydianaline; 52912-14 contains 0.65 parts TETA and 2.5
parts HMDAC.

Figure 42 shows the rebound versus temper-~
ature data for samples 52912~1A and 52912-2A (see Table 8).
These two samples vary only 1n type of nitroso gum; 52912-1A
contains Peninsular ChemResearch (purified) gum. Both of
these samples "sponged" during the test.

e PHYSICAL MECHANICAL PROPERTIES OF THE AMINE-
CURED CF3NO/C,F, RUBBER

il "Statvic" Tensile Properties

The tensile strengtns (ultimate, stress at
100% elongation and at 300% elongation), ultimate elongat: c:
and hardness values for the various amine-cured CF.NO/C,F .
rubbers are shown in Table 8.

b]

The tensile tests were conducted on umlcro-
tenslle specimens wlth a one-incn gage length. Crcssizau
rates of 20 inch per minute were utilized throughout. The
harcdness measurements were conducted cn the Shore A appara: .:.

2. 1000 Cycles Per Second Rebourd Modulwls

The 1000 cps modulus for the uncured aitrosoc
gum has previousiy been determinea by the revound technigue
(see Section Q). The~1000 cps modulus of cured samnples
37559-4 and 37559-5 1s shown in Figure 43. fTue rebounding
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occurred from the surface of the rubber specimen as opposed
to the technique of rebounding from an aluminum foll surface
layer, as was necessary for the tacky gums.

3. 3 Cycles Per Second Forced To.'sional
Pendulum Modulus

Using a modified Nonlus Torsion pendulum, as
shown 1n Figure 44, the 3 cps loss modulus of samples 37559-5
and 37559-8 was determined. The torsion pendulum 1s modi-
fied by replacing the fine supporting wire with a rigild
steel rod. The rigid rod provides a driving force that
maintains the frequency of test at approximately 3 c¢cps and
allows testing lower modulus values, which a normal torsion
pendulum, due to the required support of the specimen, would
not allow. Because the damping values are of the steel-
rubber composlte system, they cannot be related to modulus
terms developed merely on material properties. The tempera-
ture of maximum damping, however, 1s real and meaningful.
The damping of rubber samples 37559-5 and 37559-8 is shown
in Figure 5.

4, Clash-Berg T¢.~slonal Modulus

The torsional modulus {(static) by the more
standard technique of Clash-Berg 1s shown in Figure 46 for
rubber sample 37559-5. T, (modulus at 4500 psi) is at -49°C,
and Tges (modulus at 665 psi) 1s at -32.5°C. This provides
a Stiff?ex range of 16.5°C with a midpoint of -40.8°C.

\

5. Metal-to-Metal Adhesive Shear

The procedure and results of these few tests
are reported 1n Sectlon S.2. The coheslve failure amounted
to a strength of 180 psi.

U.  SOLVENT AND CHEMICAL RESISTANCE OF THE AMINE-
CURED CF3NO/C,F, RUBBERS

Sample 37566 - Cure No. 1 was molded into a
bm x 4" x 5.02" sheet. Specimens approximately 2" x 0.33" x
0.02" were cut from this sheet. Thelr welghts and volumes
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were determined and the specimens were placed in the 14
solvents and chemicals show. in Table 10. The welghts and
volumes of the specimens were redetermined at various 1nter-
vals up to a total of 1128 hours. These and tne " ulated
densities are shown in Table 10 with the corresvonc.ng sol-
vent density. Also shown 1n Table 10 are the results of
cure sample 37559-8 immersed in FC-75 up to 1412 hours.

This amine-cured, Si0,-filled rubber had exhlbited a

tensile strength of 267 psi and 420% elongation.

The viscosity of the FC-75 sclvent was measured
to determine if the polymer was being extracted. No signifi-
cant change was noted.

The swelling of sample 52905-1-1, 52911-2-1,
52912-1, and 52912-2-1 in FC-75 for periods up to 1200
hours is shown in Table 11. The percent weight and volume
change from original 1s reported versus time.

V.  THERMOGRAVIMETRIC ANALYSIS OF THE AMINE-CURED
CF,NO/C,F, COPOLYMER

TGA in helium and in alr was conducted on the
ammine-cured rubber XP5675, the results of which are shown
in Figure 47. 1In air, the rubbter .lclently d-compused at
270°C, forcing the remainder of the specimen out o:f the
weighing crucible,
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Iv. DISCUSSION

A. SOLVENTS FOR THE CF3NO/C,F, COPOLYMER

The attempt to provide solvents consisted of find-
ing the best solvents available so that solution studies
could be pe. formed. Naturally, solubllity, per se, would be
the primary factor in choosing a solvent. However, due to
the generally poor solubility of CF3NO/C,F4 in any solvent
and because of the lncreased ease (decrease in time) with
which a gum can be put into solutlon at elevated temperatures,
a solvent with a relatively high bollling point was preferred,
A solvent that 1s a liquid at room temperature also was
considered to be an advantage.

Since Freon 112 melts at room temperature, 1it,
therefore, would not have been convenlent to use.

FC-U43 exists as a liquid at room temperature and
has a boiling point at 170~180°C, thus making it a con-
venient solvent. However, periods ranging 2 to 3 hours at
100°C were necessary to dissolve the polymer in this solvent.

FC-75 also exlsts as a liquid at room temperature,
having a boiling point near 100°C. In addition, dilute
solutions of the rubber gum could be prepared in less than
30 minutes at 100°C.

Freon 113 1is a liquid at room temperature and
bolls near U45°C. Dilute solutions of the rubber gum could
be prepared in 2 hours with moderate heating.

The utility and convenlience of the solvents would
thus place them 1n the order: (1) FC-75, (2) Freon 113,
(3) FC-43, and (4) Freon 112.

Other Freons exhiblt such a narrow range vetween
their melting and bolling points along with such low boil-
ing points, that they were not considered.

No really good solvent was f>und for the CF3NO/C,F,

copolymer, as shown by the solutlon viscosity measurements
(see Section C).
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B. FINGERPRINTING OF THE CF3NO/C,F, COPOLYMER BATCHES

The original scope of the characterlzation progra.u
assumed that numerous production samples of the CF3;NO/C,Fy
gum would be submitted. Additlonally, it was consldered
that these samples would be quite similar or 1dentical and
therefore could be represented by just one of the batches,

A simple fingerprinting procedure was thus considered to
be desirous in order to rapidly determine the similarity
of the batches,

Solution viscosity measurements 1in two different
solvents were originally proposed as the technlque for
fingerprinting and, as shown in Figures 1 and 2, could
easily distingulsh the differences between three of the
gums. Such an analysis would distinguish a difference in
molecular weight and molecular weight distribution for a
given copolymer. It, of course, could not describe the
weight distribution, other than to show that a difrference
existed.

The difference between submitted batches, however,
was so extreme, as shown by the viscosity data, that such
a refined procedure was not necessary to show that
differences did exist.

A simpler technique, therefore, that did not re-
quire causlng solution or forming of a specimen, was devised
utilizing the Vicat (ASTM 01525-58T) indentation as a
function of temperature. As shown in Figures 3 through &,
the various batches were ecasily distinguished as be;ng
different by their Vicat temperature (temperature =~ _ :r.
indentation) and the slope of the indentation curve.

Figure 6 demonstrates the utility of the Vi: %
technique to show that one of the significant differeiices
between the batches was the presenc 'n differing amounts
of volatile portlion that could be removed by vacuum drying.

The Vicat temperature was also an exceller:
indicator of the relative glass transition termperat.res.
The lcwer Vicat temperatures of the Peninsular ChemResearcn
samples were probably significant and an inaicator of an
l1dealized gum.
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C. SCLUTIQON VISCOSITIES

Solutlion viscositles were determined in the sol-
vents FC-7%, FC-43, and Freon 113, with major emphasis
being placed upon the FC-75 solvent discussed 1n Section A.
The low 1ntrinslc viscositles and corresponding shallow
slope of the reduced viscoslties versus concentrations
shown 1n Figures 1, 2, and 7, indlcated the relatively poor
solubllity of the CF3NO/C;F, gum 1n these solvents. The
sclubility of the gum 1in the FC-75 solvent was also shown
to be the best,

The intrinsic viscosity 1s related to the reduced
and 1nherent viscositiles by the Huggins equations:

nsp/C

and (lnnr)/C

[n] + K'[n)2cC
[n] - X'[n)%C

where theoretically K' + K" = 0.500,

The XK', K", and K' + K" determined for two of the
representatlve samples of CF3NO/CoFy gum in the three
solvents were:

XP5675 XP5702
Solvents K' K" Kt+K" K K" K'+K"
FC-75 0.366 0.138 0.504 0.3596 0.124 0.520
FC-43 0.316 0.172 0.488 0.422 0.109 0.531

Freon 113 0.086 0.363 0.469 0.009 U.417 0.426

In cases where sample was sufficient only to mea-
sure specific viscosity, the intrinsic viscosities wers
calculated ultilizing the above K' and K" values (see for
example Tables 3, 4, and 5).

The K' and K" constants were rigldly defined for
the CF3NC/CpF, copolymer, utilizing clean fractions of
sample XP5702 in FC-75. The K' and K" constants for the
CF3NO/CyFy in FC-43 and Freon 113 were not datermined on
as pure fractions of gum, and therefore may have to be
slightly revised. Tne primary difficu.ty lay in selecting
what would be consldered an ldealized or representative
CF3NC/C,F, sample. As discussed 1n Section D, sample XP5702
Wwas arbltrarily selected.
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The main difficulty in measuring solution viscos-
ities, besides the problem of no really good sclvents being
avallable, was the cleaning of the submitted gums. The gums
contalned 25% to 50% insoluble gels and particulate matter
plus 20% volatile (low bolling) gum. Causing solution and
measuring viscosities at elevated temperatures could pos-
sibly decrease the amcunt of insoluble gel; however, the
volatlile portion of the sample would be lost. Because the
insoluble gels remalned as an exceddingly tacky substance
that collected in filters, frits, and on glass, they could
not be readlly recovered.

The Peninsular ChemResearch bulk and solutlon-

polymerized CF3;NO/C,F, samples also contalned the insoluble
gels and volatile material.

D. LEMENTAL ANALYSIS

The C, H, N, F, and O (by difference) analysls was
performed on four of the Thiokol-submitted samples and the
two Peninsular ChemResearch CF3NO/C,F, samples. Tals analysils
was conducted upon receipt of the samples, at an interim
period, and also after the samples had aged 1In the standard
laboratory atmosphere for a year and a half.

Also calculated was the devliation from theoretical,
"Atyplcality", of each of the samples. The closer the
Atypicality value 1s tc zero, the closer the analysis 1s to
theoretical. The slgnificance of the atyplcality analysis
is that (1) if an impuricy alone were volatilizing away, the
dtypicality would decrease as the atygrical contaminant was
removed; (2) if monomer is volatized due to depolymerization
or incomplete conversion, the material remains unchanged or
increases in atypicailty, depending upcn whether or not
comonomers are 1ost at the same rate.

The atyplcality of the sample XP5675 did increase
during a six-month perlod and could no- te explained by the
loss of any known fluorinated solvent or apparent decom-
position. We would suggest sampling as the real difference.
Over the 1-1'2 years, however, the atypicallty decreased,
indlcating a loss of scme nontypical msteriai. .




The vacuum drying of sample XP5702 decreased the
Atypicality of the gum, indicating that impurities, possibly

monomeric material, existed in the volatile portion of the gum.

In all cases the Atyplcallty decreased with time,
signifying that the impurlties were a volatile substance, or
at least combined to glve the theoretical structure (less
likely). The inability to determine oxygen content separately
in the presence of fluorine limited our ability to completely
analyze the situation.

ihe Peninsular ChemResearch samples showed excel-
lent typlcality as compared to the Thiokol samples.

Because of the larger sample avallable, the rela-
tively low atyplcality, and the proven abliity to reduce
atypica.ity by vacuum drying, the purlfied XP5702 gum was
selected as the typlcal gum for thls characterization
program.

E. INFRARED ANALYSTS

Infrared spectra in the 2-15u range were deter-
mined on samples XP5675, XP5702, XP5812, XP5887, and 3M -
56705~3. They are represented by the spectra shown in
Figures 9 and 10.

Strong C-F stretching vibrations show up at
1153, 1245, and 1300 cm ' with weak overtones near 2400
cm ‘. The peak at 830 cm™! is bel:ieved due to £CF,-CFp-
bend, gnd the one at 745 em= eitter 1o -TF;-CF_ or
,LCF-CF_, neither of which appear in the ideallzed averaged
structure obtained by NMR (ses Secvion F). The absorptions
at 1065 and at 1103 cm~! are assigned to C-0-N stretching;
the weak to medium abscrptions at 20190, 2085, 2400, and
2530 cm™: appear to be flirst harmonics of the C-0-N and
C-F stretching absorptlons. These weak to medlum bonds
were not observed in sample XP567%, evan tnrough hey are
customarily seen 1in perfluorocarbon spectra.

The absence of hydrogen is ncied, in that there

are no bonds near 3000 cm™ . Alsc, significantly, no
-CF(CHa); at 730 cm™ ! nor -CF.CF; at 72% o2;m™' were noted.
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Sample XP5702 exhibits a spurious peak at 1735 em™!
in the region normally assigned to saturated non-fluorinaied
esters and aldehydes, a-halogen ketones, and a~halogen acids.
The most 1lilkely explanation, considering the slight brownish
color of the sample, 1s that overtemperature at some point
in the processing allowed scme trace oxldation or rearrange-
ment to halogenated ketones and acids.

F. NUCLEAR MAGNETIC RESONANCE ANALYSIS

Shown in Figure 11 1s the NMR spectrum obtained
for sample XP5675. The spectra for the remaining samples
were almost 1dentical, although small devliations were
noted 1n exact peak location and height. Listed in Table
12 are these peaks and their assignments. The structure
defined 1is:

[a ]

~CFy-CF,-03,

I
CFj;

Attempts were made to probide better resolution
and possibly a more detailed structure or indication of
some anomality. The high viscecsity of the solutions and
poor sclubility of the polymer prevented any further de-
talled analysis of the whole gum. See also Section O for
a description of the volatile portion of the gum.

G. X~RAY ANALYSIS

The presence of only dit:iuse aiffraction pausterrns
from -70° to 28°C indicated no :rystaliinity.

H. MASS SPECTROGRAPHIC ANALY3!S

In an attempt to estatbtliish the nature of the
volatile portion of the CF3NO/C,F, gums submitted by
Thiokol and to confirm the mode of thermal decompositicn
of the gum, mass spectrographlc analyses were conducted
isothermally from 23°C to 275°7C in 50°C intervals.
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Figure 13 shows the existence of the volatile
which starts evolving at 50°C, reaches a maximum at 100°C,
and contlnues to be evolved above 200°C (below the decom-
position temperature). The removal of thils volatile pcrtion
was demonstrated on a vacuum-dried fractlcn which, following
the expected thermal decomposlitlion nature of a gum with a

single distribution of molecular welghts, started decomposing

at 150°C, proceeded through a maximum at 250°C and continued
to decompose the various molecular weight components up to

500°C. The volatlile portion thus has the nature of a nitroso

gun of low and normally distributed molecular weights.

Knowing the nature of tne volatile product, the
isothermal mass spectrographs should have determined the
make-up. If solvents or other contaminants were present,
1t would be expected that these would be shown as evolving
at temperatures in the volatile reglon, adding to those
masses expecteu for the nitroso copolymer. The results of
the mass spectrographic data indicated that there were no,
even slightly significant, different masses given off in
the volatile reglon and that the products given off in the
volatile region were 1ldentical to those at elevated tem-
peratures. The most promlnent masses given off by the
nitroso copolymer are those shown in Figures 14 through 19.
The most probable specles to assoclate wlth those masses
are listed in Table 13.

It should be noted that mass 100, which is
assoclated with C,F., is not present with the ratlo of
component masses whlch indicate tetrafluorcethylene. The
C,F, 1s a result of an ionic speclies created by the mass
spectrograph from the polymer chailn.

Flgures 14 through 19 show that the XP5675, the
vacuum-dried XP5675, and the 3M - 36703-3 do not differ
in their composition. The difference in intensities is @
function only of the molecular welight distribution.

We had also hoped to show that the mode of decom-
position was, as shown by Shultz, et al. {(Ref. 9):

CF3NO/C,F, ——— COF, + CF3N=CF,.




This would be shown on the mass spectrographic data
. by an increase in masses 66 (COF;) and 133 (CF3NCF,). Mass 66
did increase as expected (see Figure 14 for example); however,
a corresponding increase in mass 133 was not demonstrated.
The nature of the CF3NCF, spectra 1s not known, but a further
break up of this portion could account for the lack of the
mass 133 lncrease. Even though the data probably confirm
the expected decomposition mode, it cannot establish 1t.

ILc THERMOGRAVIMETRIC ANALYSIS

Shown in Figures 20 and 21 1s the thermogravimetric
analysis curve obtalned from a 0.100 g sample of gum under
vacuum (0.3 mm Hg) when heated at a nomlinal 3°C/minute.
Beginning at *~75°C a very gradual weight loss occurred
up to ~260°C. At . .s point, an extremely rapid loss
occurred. A downward thrust was exerted on the sample
cruclble. A sharp splke appeared in the wéight-loss
curve, and this spilke was found to be highly reproducilble.
By 350°C, the =2ntire sample had dissoclated, leaving no
residue. Shultz, Knoll, and Morneau (Ref. 9) conflrmed
this unzipping by the use or differential thermal analysis,
noting exactly the same temperature for the beginning of
the reactilnn.

Vacuum-drying of a sample demonstrated that the
initial loss was due to a volatile product and that ¢the
actual decomposition occurred at 260°C.

The composite 1sothermal thermogravimetric data
shown 1in Figure 22 are most significant. A leveling-off of
welght loss occurred at each temperature indicating that
each weight loss 1s assoclated with a particular molecular
welght fractlion. No breaking-down of higher molecular
welght fractions occurred that would produce shorter chailn
fractions which could then be lcst (confirmed also by the
mass spectrographlic data’.

A comparison of the thermral decompositcicn of the

CF3NC/C,F, copolymer in alr and in an inert gas indicates
no effect of oxygen upon tne thermal failure.
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In both cases, a volatile portion (which has been
shown to be removatle) 1is evident from 50°C to 200°C with a
perak at 100°C. Primary decomposition occurs at 260°C (from
120°¢ to 350°¢).

No violent decomposition occurred during decom-
position of a relatively small specimen.

J. DIFFERENTIAL THERMAL ANALYSIS

As shown in Figure 23, the glass transition by
DTA of the CF3NO/C,F, copolymer was located in the region
of =41° to -46°C. - The transitions of the three samples,
3M-§6703-3, XP5675, and XP5702, are within 2°C of each
other. The DTA method does not allow for further refine-
ment of the difference in the transitions of the various
samples. The change in slope in the region of -51° to
-56°C of sample XP5702 1is undefined, and it 1s, at present,
doubtful if it 1is real or not. The possibility of this
being the lower-molecular-weight gum 1is considered, but has
not been proven or entirely anticipated. X-ray analysis
shows that it 1s not crystallinity (see Section G). The
varlous slopes shown in Figure 23 are probably more a
result of the technique than a characteristic of the
polymer, The change in slopes, however, is real and has
been confilrmed by repeated analyses.

High temperature DTA confirms the decomposition
temperature of *260°C established by thermogravimetric
analysis.

K. SOLVENT/NONSOLVENT SYSTEMS FOR THE CF3NO/C,F,
COPOLYMERS

In crder to obtain the molecular weight fractions
of the nitroso copolymer, a solvent/nonsolvent system is
necessary. Once such a system is dz2termined, a means of
fractionating may bte employed, sucl as solvent/nonsolvent
precipitation or elution fractionation.

Four useful solvents had previously been selected
(see Section A). Of these, two were selected on tne basis
of useful boiling points (less than 100°C), being relatively
nonviscous, and having a miscible nonsolvent with similar
properties.

28




The FC-43 [(C4Fgq)3N] was too viscous (2.8 c¢s) and
has a boiling point of 170°C. The Freon 112 does not meit
or flow to temperatures of 25°C; therefore, it 1s most
unsuitable as a fractlonating sclvent.

The Freon 113/acetone, solvent/nonsolvent, system
has been reported previously by others (Ref. 1). It is
very gocod with the exception that the higher molecular
welght nitroso portions are difficult to get into the
Freon 113 solvent. The boiling point of 50°C als¢c limits
the temperature range usable to aid in separation of the
fractions (by improving solubility).

The utility of the FC-75/benzotrifluoride system
was demonstrated (see Table 2 in Section L). A range of
4o°c is avaliable between the condition when the pclymer
is all in scolution and when 1t 1s all precipitated out.

A ratio of zalmost 1:1 of the two solvents before the gum
1s c1t of solution allows for a broad range of solvent
ratlos avallable for removal of the fractlons from the
elution column. The sensitivity of the gum solution to
temperature and solvent ratio is high, however, so that
great care 1s required in preparatlon of the fractions.

L. FRACTIONATICN OF THE CF3NO/C,F, COPOLYMER BY
THE ELUTION TECHNIQUE

Fractionatlion was performed by selective depo-
sition of the polymer ITrom a solubility-critical solution
of FC-75 and benzotrifluoride. Deposition occurred upon
cooling from 78°C to ambient and evaporation of the solvent
mlxture. Ccmplete removal of all of the mixed solvent from
the elution column was found necessary £o prevent prematirs
removal of the polymer by the nonsolvent flush. Overnight
drying by flushing with dry nitrogen gas was found adequate
to remove the solvent mixture. 1.5 grams o.” polymer was
deposlted in this manner.

Depending upon the quantity of material desired
in each fraction removed, 1% to 2% soivent/nonsolvent
increments are recommended. Increments of 2% grovids
fractlions adequate for viscoslty and light scattering
determinations, whereas 1% increments provide only
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sufficlent guantities for point viscosity determinations

that are required to specify a welght-viscosity distribution.

Increments of 5% were found to cause nonselective elution,
resulting in viscosity reversals in the expected higher
viscosity regions (Ref. 8).

An elution temperature of 56.6°C was found to
allow more selective elution fractions than did a 78°C
elution temperature.

Elution solvent/nonsolvent rations from 35% to
55% removed 95% of weight of the polymer. Approximately
6% low-molecular-weight material was removed with the non-
solvent flush, and all but a fraction of a percent of the
polymer was removed by the pure solvent.

Up to 25 fractions of the XP5702 polymer were
recovered in the above manner, using 1% solvent increments
(see Tubles 3, 4, 5). The XP5702 polymer fractionated in
this minner had been purified previously by filtering out at
least 25% gel. The removal of this gel is a tedious, but
necesrary, procedure. The gel was not collected in a
manner that would allow its characterization.

The viscosities of the fractions eluted by 1%
solvent/nonsolvent lncrements were determined in FC-75
at 0.1% concentration. The integral and differential
welght-viscosity distributiors of two purlified samples of
XP5702 and the PCR-bulk-polymerized copolymer are shown in
Figures 24 and 25.

The differential welght-viscosity distribution
shows two separate dominant viscoslty portions. The two
portions have reduced viscositles of 0.2 and ~2.3. The
2.3 viscosity region, however, is most dominant. The
nonsymmetyy of the weignt distribution about the
higher viscosity portion is due t% the presence of the
lower viscosity polymer portion and slight viscosity
reversals in the fractionatlon. It is in all probability
real, due to the unusual polymerizatlon process encountered
in the formation of the polymer. Fractilionation of the
polymer with the low viscosity portion removed would be
required to establish the reasons 1or rhe lack of symmetry
normally not encountered in polymer distributlons,
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The similarity of the welght-viscosity distribution
to the weight-loss temperature (TGA) spectrum shown in
Flgure 22 1s noteworthy. f‘ne TGA curve indicates that the
low vicscosity portion contributes significantly to the
nonsymmetry of the polymer weight distribution.

The fact that the reduced viscositles of the
various portions are identical at 35°C to those measured
at 25°C (see Table 3) proved that determinations were not
conducted in a critical solubllity reglion of the CF3NO/CF,~
FC-75 solutlon.

M. MOLECULAR WEIGHT DETERMINATIONS AND DISTRIBUTIONS
OF THE CF,NO/C,F, COPOLYMERS

Light-scattering measurements were performed on
four CF3NO/C,F, copolymer samples, including the 3M - 56703-3
gum, fraction no. 4 of fractlionation run 2 XP5702, fractilons
13 and 14 of fractionation run 3 XP5702, and fraction no. 15
of fractionation run 3 XP5702 ’‘see Tables 4 and 5).

The 1light-scattering Zimm plots are shown in
Figures 26, 28, 30, and 32, and the He¢/t P(90°) data are
shown in Figures 27, 29, 31, and 33.

The welght average molecular welghts were calcul-
ated by means of the Debye equation,

3273n3(dn/de)? C _ He _ 1
3N AT T T T T mprey *oeMee

refractive index of solvent = (1.261

where for FC-75 n?

dn/dc = refractive index increment of
solution = 9.025
A = wavelength o[ light used = 436C A
N, = Avogadro's number = 6.02 x IO
A, = Ozmotlc second virial coeflicient
P(6) = scattered light intensity.
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The index of refractlion for FC-75 supplled by 3M
is credited to E. F. Beale, University of Maryland. The
equation for the refractive index as a function of wavelength
is:

where A = 1.2777 N
B = -6.4 x 1075u¢
C=1.3 x 10-“p"

The refractiye index of FC-75 varies from 1.294
to 1.278 between 2800 R and 6000 §.

The value of dn/dc found was 0.025, determined
with a Brice-Phoenix differential refractometer. No fluores-
cence was evident. Dissymmetry was corrected by two methods -
Zimm plot extrapolation to zero concentration and angle
where P(6) = 1, and by Debye's original method of direct
measurement and correction for dissymmetry of scattering,
due to molecular dimensions thrat are large compared to A.
The solvent FC-75 at 25°C 1s apparently close to being a crit-
ical consolute solvent (no polymer-solvent interaction), as
a number of the Zimm plots were long and narrow with suf-
flcient scatter-uncertainty as to render it of dubious
value for molecular weight or end-to-end chain length
determinations.

In particular, the Zimm plots of the samples 3M -
56703-3 and XP5702 - Run 3 - fl15 were not usable. Guided
by the He/- P(90°) plots, the Zimm zero concentration-angle
extrapolations were reasonable for samples XP5702-R2-fi and
XP5702-R3-f13,14. However, all reported M, values were
obtalned by zero concentration extrapolation of Hc/- P(90°).

The partlcular Brice-Phoenix light-scattering
instrument utllized was checked wlth an NBS polystyrene.
The determined My was 5% higher than that reported by NBS.
No corrections were made to the My data reported herein;
however, consideration should be given to this difference
as a possible correcticon.
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The molecular weights determlned for the four
samples and the corresponding intrinsic viscositiles in
FC-75 at 25°C are:

M,

Sample [n] W
3M-56703-3 0.42 0.56 x 10°
XP5702-R2-f4 1.30 1.8 x 10%
XP5702-R3-f13, 14 1.15 3.3 x 10°
XP5702-R3-15 1.69 3.9 x 10°®

These data are shown in Figure 48 relating the
intrinsic viscosity of the CF3NO/C,F, copolymer in FC-75
to molecular weight.

These data may be expressed by the :fark-Houwink
equation:

- = a
[T]:] = K Mw
Utilizing the data, the values of K and a are:

K
a

3.2 x 107°
0.72

These constants may be compared with the values of Morneau
et al. (Ref. 1) for FC-"'2 and Freon 113.

TEE K a
Perfluorocyclic ether (FC-75) 25 3.2 X 1O
Perfluorotributylamine (FC--432) 25 RN T T T

Trichlorotrifluoroethane (Freon ..3, 35 3.80 = 1.7~

Utllizing the Mark-Houwink K and a constaznts, i e
viscosity welght distributions shown in Figures 24 ang o-
may be approximated as molecular weight total and aifferenti
distributions. The calculated My valur~- are listed in Table
3, 4, and 5. The My, My, and My.i; were determined {or
XP5702-R3, XP5702-R4, and the PCR-bulx-pclymerized ' carrion-
ated gums as described in Apperdix D', The values are-
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Sample M, My My /My
XP5702-R3 3.4 x 10° 2.7 x 10*% 125,
XP5702-R4 3.4 x 10° 1.9 x 10° 18.
PCR-bulk Plyz. 2.0 x 108 2.3 x 10" 88.

The presence of a sizable low-molecular-weight
portion was shown in all cases as was noted by Morneau,
et al. (Ref. 1) for the 3M-produced gums. This low-molecular-
welght portion strongly weights the My of the whole gums,
causing My/My ratios tc be considerably higher than normal.

N. DENSITY Of CF3NO/C,F, COPOLYMER GUM

The density of the CF3NO/C,F, gum 1is high with a
value of 1.937 t 0.001 g/cc.

0. QUALITATIVE AND QUANTITATIVE ANALYSIS OF
CONTAMINANTS IN PRODUCTION LOTS OF CF3NO/C,F,

Analwrsis of the IR data and the emlssion analysis
shows that the white insoluble material was a mixture of
CF3NO/CoF. gum similar to XP5675 and basic magnesium car-
bonate trihydrate (Satler #1740).

The assignments given to the absorption bands of
the infrared sr :trum are (see Figure 34):

vample XP570¢ IR Assignmunts

(microns) Ass.! . ment
2.9> H,0
6.1
.7 Carbonate ion
7.0 {
7.7 \ Nitroso rubber
.0 I
8.7
9.1
G.4
2.75
10.9

34




e e te———————— R e 1 o T e -

Sample XP5702 IR Assignments

st i

{mlcrons) Assignments
11.3 Basic magnesium carbonate trihydrate
Li..F
12.5
13.5 Basic magnesium carbonate trihydrate
14.2 and nitroso rubber

In some samples, this amounted to 3% by weight contaminant. |

A sample of the volatile high viscosity liquid
was examined by NMR and 1R (see Figures 35 and 36). T e
peak groups were observed that occurred in the spectral
regions previously assigned to -I "F3, EOCF,4CF,-, and
£NCF,4CF, -. There were at least cwo different magnetic
environments for each peak group. Unfortunately, the
iine width of the peaks was too great to permit resolution
of the subsplitting that resulted from spin-spin inter-
actions. The poor solublllity of the polymer excluded
improved resolution macro techniques.

The multiplicity in each peak group is belileved
to result from the influence of the 8 grouvs. As a general
rule, -0O- has a greater effezt, 1.e., produces a greater
displacement of resonance to lower field, than does =lR..
Although there are no positive inaicetinrs o0 any neasurable
amount of =-NGC. (see Figure 35), the g eflfect of this g:ru .0
is much greater than the -0- or -IF gzroups, and would
produce an even greater displacement to a lower flela.

Note the relative peak group areas, and th= -2
tive peak helights and shapes on euath peak group. Thers
no indication of the presence of -CFg(CFz)nCFz—.

By LINEAR THERMAL EXPANSION OF THE CF3NO/C,F.
COPOLYMER

Apparent linear expansion coefficients wer- mea-
sured oa the various gums with the most typical gunm
(theoretically) exhibiting a value of 7.0 x 10°°-C7¢ from
=72°C to the glass transition temperature. The axore typical
production gums exhilbited a change in their expansicn co-
efficients between -72°C and their glass transition temperature.
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The glass transition temperature (expansion
coefficient method) for the mcst typical nitroso gum was
-49°C. Other gums varied from -46° to -48°C (after vacuum-
drying).

The change in expansion coefficients was probably
due to the varying amounts and presence of the low molecular
welght gum.

Q. GLASS TRANSITION OF THE CF4NO/C,F, COPOLYMER
GUM AT 1000 CYCLES PER SECOND BY REBOUND METHOD

Figure 39 shows the minimum rebound (maximum loss)
to be in the region of -18°C. This 1is the 1000 cps glass
transition temperature. Using an eguivalence of 7°C per
decade of frequency (which 1s an approximation), the 0.1 cps
glass transition (such gs determined by the torsion pendulum)
would be -U6°C.

This test and temperature provide a reasonable

result, especially since other dynamic tests are not usable
on gum stocks.

R. AMINE DEGR/DATION OF THE CF3NO/C,F, GUMS

The degracdation of the CF3NO/C,F, copolymer by
refluxing amines was performed to determine the similarity
to the 3M copolymer (Ref. 6) studles. The similarity was
confirmed, and 1t was shown that all molecular welght species
were degraded to a similar low level during a one-hour re-
fluxing with cyclohexylamine. Molecular weights were reduced
from as high as 6 x 10> down to 8 x 10*%,

A significant problem of curlng with amines, as
had been expected, was confirmed.
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S, FORMULATION, CURE CONDITIONS, AND MECHANICAL
PROPERTIES OF AMINE-CURED CKF3NO/C;F, COPOLYMERS

4% Rubber Product

The formulation and curing work on the nitroso

gums was accompllished in four steps.

a. Evaluation of the Thiokol XP5812 in the
"standard" formulation.

b. Evaluation of Thiokol XP5887 as to varying
formulations and curing conditions.

€ Maximization of Thiokol XP5887 by adjusting
the formulation and curing procedure for
best physical properties.

d. Utilizing the best formulation and curing
procedure found with Thiokol XP5887, pre-
paring nitroso rubbers from (purified)
Thiokol XP5702 and Peninsular ChemResearch
nitroso gums, and comparing their physical
properties.

a. Sample XP5812 was apparently a high-molecular-
welght fraction as submitted, and was further washed with

Freon 113 td remove possible low-moiecu’ ar-weight fractions.

Of those cured samples (see Table 3; :37559-1, 2, 3, 4, 5,
6, 7, 8), 37559-2, 3, 6, and 7, did no- exhiblt adequate
physlcal properties to permit a mechanlical test.

Sample 37559-2 had a yellcw appearance, did nct
seem crosslinked, and probably had a strength of less than
100 psi. Sample 37559-3 seemed well zured, with a hardness
of 30 (Shore A) prior to postcure and 33 after postcuring.
Extreme blisterlng and porosity prevented adequate tensile
tests. Sample 37559-6 turned dark bhrown during cure, indi-
cating that degradation had occurred. Tensile streng-h
(not measured) would have been well pelow 100 psi. Sfample
37559-7 did not crosslink; however, the carton black pre-
vented the observablility of any degradation. Its tensile
strength would have been well below 100 psi, also.
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The tenslle strength, elongation, and hardness
of samples 37559-1, 4, 5, 8 are shown in Table 8.

It was found that the cure cycle and postcure
cycle had to be greatly modifled in order to obtaln
adequate rubber. The cure was extended to 300 minutes
at 250°F and the postcure applied in 30°F intervals for
a period of one-hour each to 212°F, then held for 18
hours. Shorter cure times resulted in insufficient cross-
linking, with the lack of stepped post-cure resulting in
blistering and increased porosity.

The addition of a slight amount of Elastopar
resulted in degradation of the gum during cure. Although
no further studles were conducted, cures at lower tempera-
tures may be possible. The use of carbon black as a filler
was also found to be inadequate for reinforcing, preventing
cross-1linking. Even though the use of a higher-molecular-
welght gum apparently improved the properties of the cured
rubber, the results were not conclusive. Tenslle strengths
of 230 psi, L20% elongation, and a hardness of 39 were
obtained with the amine-cured, Si0;-reinforced XP5812
rubbter. An additional improvement of 35 psl in strength
and 8 Shore hardness units resulted from the addition of
one~-part of carbon black 1n the Si10,--filled rubber. Thus
a rubber of 267 psi tensile strength, 420% elongation, and
47 Shore A hardness units was obtained.

The temperature of maximum loss (minimum rebound),
as determined by 1000 cps rebound modulus, was found to
vary between -7° and -12°C for various amine-cured specimens
(see Figure 43). The temperature of maximum loss for the
1000 cps modulus of the uncured gum had previously been
determined teo be -~18°C. '

The temperature of maximum loss as determined
by 3 cps torsional pendulum modulus was found to be in the
range of -~41° to -44°C for the amine-cured rubber (see
Figure 45). Relating the 3 cps modulus to the 1000 cps
modulus would result in a translation of about 11°C per
decade of frequency. This 1s a relatively high translation
for a supposedly cross-linked rubber.
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I'e (modulus at 4500 psi) as determined by the
Clash-Berg torsional modulus was -49°C with a Stifflex
range of 16.5°C (see Figure 46).

&, The best master batches of the five XP5887 gum
type evaluated were 37593-1 and 37593-2. These two rubbers
contained the same amines and amount of HiS11 101 filller.
However, 37593-2 also contained 10 parts of MgO. Sample
37593-1 produced better elongation properties than did
?7593-2 (ULB0% to 270% for the latter), but 37593-2
produced better s:trength properties (350 psil for 37593-2
to 270 psi for 37593-1).

Sarpie 37593=3 differed from 37593-1 by contain-
ing 50 parts of HiSi1 101 instead o: 15 parts. T.is rubber
was quite stiff in the uncured state, and very hard and
brittle when cured. Each attempt to mold a sample of this
rubber resulted with the moulded disc cracking and breaking
betore it could be postcured. However, pleces postcured
seemed to cure and hold together better as they were postcured.

Samples 37593-4 and 37593-5 were similar in
appearance and properties. Sample 27593-4 was the same
as 37593=1, except nc¢ amines were aidad. Jample 37593-5
vas the same 48 3/593-!, excw=piL 1 a2 o par 3 ot FO=43
amine instead of the amines wse: ~<r 37%y--.. 32750 of
these rubvers weprs vziy 3017 .
cured completely with use o:f v:i. oo - L ;
that were used with samples - - Hp N i et
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Sample 52911 had the same formulation as 52905-1
except 2.5 parts of Oxydianaline was used instead of 2.5
parts of HMDAC. The tensile strength and elongation were
poorer than 52905-1. It also turned brown when cured.

except that only 0.65 parts of TETA was used, as compared
to 1.25 parts in 52905-1. Poorer properties were obtalned
from this system. Further investigatlion should be made by
increasing the amount of TETA in the 52905-1 formulation.

d. Sample 52912-1 (PCR's CF3NO/C,F, gum) produced
the best mechanical results (tensile strength, 387 psi;
elongation, 527%). Sample 52912-2 (purified Thiokol
XP5702) produced poor physical properties (tensile
strength, 170 psi; elongation, 425%). The formulations
for these two samples were the same as that used for
52905-1. Only the nitroso gums were different.

The fact that the PCR gum procduced significantly
better mechanical properties is significant. These
properties, however, were still below those reported
by 3M and the Natick Labs on earlier work (Ref. 2).

The best press cures employed varying tempera-
tures rather than maintaining a stationary temperature.

It was also found that for best results, the
press cure should only be used tc ohtain a molded sample
with good surface qualities. The postcure should be used
to obtaln the best physical properties.

2. Adheslive Product

The same difficulties 1n providing a good
cure, as with the rubber product, was observed in attempting
to adhere metal to metal with an amine-cured CF3NO/C,F,
adhesive. The bond to the stainless steel was stronger
than the rubber, as noted by the cohesive fallures. The
strength of the rubber, however, was only 180 psi. It
was expected that this is a low value not necessarily
characteristlc of a well-cured rubber.

Lo

Sample 52911-2 had the same formulation as 52905-1




3. Amine-Curing Studies .Utilizing the Ball

Rebound Technlque

Results from._the ADL ball rebound test of
the master batches helped to produce the best curing pro-
cedures. Rebound data of master batches 37593-1, 37593-2,
52905-1, 52911-1, 52911~2, 52912-1, and 52912-2, show that
the rubbers go through three to four different stages as
they are heated (see Figures 40, 41, U2). These stages
produced the best temperature ranges for postcuring and
also gave an indication of the highest temperature
feeritical tempecature, gt which the sample should be press
cured.  This rivieal tempsrature was about 230¢F for the
Thioke!l XP58E7 rubbers and about 215-220°F for the
Thiokol ¥XP5702 and PCR rubbers. The postcuring steps were
taken from Figure 40, These temperatures correspond to
positicrs of the stages on the rebound cures.

Figure 40 1llustrates the erffect of various
types and amounts of filler in a particular amine gum sys-
tem. All samples have simillar rebound curves. They have
a peak or a leveling-off between 115°F to 145°F, and all
level-off between 145°F to 205°F. They also have a peak
between 190°F to 230°F. These ranges vary in magnitude
in each case, due primarily to the amount of filler and
the hardness of the specimen due to cure. Sample 37953-2A,
which should have been the hardest, due to the higher
filler content, 4id not have this characteristic.

Figure 41 shows the effect of various nypes
and quantities of amine. Their rebound curves are similar,
showing peaks at 115°F, a peak or leveling~off hetwen-
1U5°F to 190°F, and a peak betw=er 220°F and 230°F., “ample
52911-2A also had a peak at 140°F. Little difference wa-
shown between the two samples except that 52911-2A ex-
hibited a considerable rebound drop at A120°F whicr -
have been due to some initial de:ompgosition or depug-.
The final product as shown by the hardness values or s
and U5 (Table 9) was apparently little different,

R
&

The effect of the CFiNO/C,F, copolyme: ‘s
shown in Figure 42 for two. different gums produced oy :
Thiokol ard Peninsular ChemResearch. Thelp rebourd . .pves {

are similar, exhibiting a peak or leveling-off tetw- .. -5-p ?
to 120°F, a peak between 135°F to 160°F, a peak velwe=1 .G0°F
41 coPY
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to 215°F, and a falling off or a peak between 220°F to
230+°F. Samples 52912-2A also had .a peak between 175°F

to 195°F. These ranges vary in magnitude 1n each case.

Both of these samples "sponged" durlng the test, indicating
that these samples may have had a lower critical temperature
than the others. The erratic curing nature of .sample
52912-1A (Thiokol) resulted in a poorly cured specimen,
indicated by no change 1n hardness during cure (Table 9).

T. SOLVENT AND CHEMICAL RESISTANCE OF THE AMINE-
CURED CF3NO/C,F, RUBBERS

The increase (and decrease) of welght and volume
of the cured CF3;NO/C,F, copolymer in 14 solvents and
chemicals 1s shown in Table 10.

The densilties of the solvents and chemicals
indicate that the volume swell 1s not due merely to
poroslty of the rubber and subsequent plckup of the liquid.

Note that the rubber was swollen by all of the
liquids, including water, indicating that it was poorly
cross-linked. The FC-75, FC-43, ana Freon 113 swelled the
rubber significantly. Extractables were not indicated by
a change in viscosity of the solvent; however, slight
CF3NO/C,F, concentrations wers observed in an IR analysis
of the solution.

Volume swell analysis for four different rubbers
in FC-75 1s shown in Table 11. The ~ubbers are all amine-
cured and consist o. two samples prepared from XP5887,
cne from XP5702, and one from PCR-bulk-polymerized gum.

In all cases, extreme swelling indicated a poorly cross-
linked structure to the polnt of sample 52912-2-1 which
fell apart in time.

As expected, those samples with the least amount
of swell (52905-1-1) exhlblted the best mechanlcal properties
(see Table 8).
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U.  THERMOGRAVIMLTRIC ANALYSIS OF THE AMINE-CURED
CF3NO/C,F, COPOLYMER

The violent thermal decomposition in air at 260°C,
that had previously been demonstrated on the gum (Section I),
was shown to occur with the rubber. Decomposition of the
rubber in helium occurred ver the temperature range from
150° through 320°C. Note @ .at extreme caution should be
used in handling this rubber at elevated temperatures
(above 250°C).
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V. CONCLUSIONS

The utility of three solvents, FC-75 (isomers of CgF,¢0),
FC-43 [(Cu4Fq)3N], and Freon 113 (CCi1,FCCl,F;), for solution
measurements on productlion lots of CF3NC/C,F, gums was demon-
strated. FC-75 was shown to be the solvent with highest
utility since solution occurrsd in the shortest time, the
viscosity was relatively low, and the solvent could be
removed readily by evap ation (bp 100°C). Even at its
best, however, the FC-", would not be considered to be an
outscanding solvent. Intrinsic viscosities of only 1.7
were noted for the high molecular weight gums (3 x 10°)
and 0.4 for a molecular weight of ~5 x 10°.

Trhe Huggins K' and K" constants for CF3NO/C,F, (pro-
duction} in FC-75 were determined to be 0.396 and 0.124,
respectively. In general, the K' of the CF3NO/C,F, in
FC-75 was greater than that in FC-43 or Freon 113, which
indicates the improved solubllity in the FC~75 solvent.
All characterization of the Thiokol productlion CF;3NO/C,F,
gums, especially including solution studies, was compli-
cated by the presence of a large amount of insolubles
and a sizable low-molecular-weight volatile portion. The
insoluble portion consisted of 25% to 50% gel and ~3%
insoluble baslc magnesium carbonate trihydrate. The low-
molecular-welght portion amounted to 20% by weight of the
polymer, having a molecular welght below 2 x 10-°. This
portion apparently was, however, only low-molecular-
welght copolymer, as shown by NMR, elemental analysis,
and mass spectrographic analysis.

Various fingerprinting techniques were develored to
allow rapid and simple determination of batch-to-batch
simlilarity. The more precise technique consisted of
measuring solution viscosities in two different solvants.
This technique readily determined that differences existed
in ali batches submitted. It was snown that the precision
provided was not required to show the major differences
which existed. Instead a simpler technigue utilizing
Vicat indentation with temperature was shown tc¢ be
Just as useful and simpler. ‘%e Vicat techniyue utllizes
a plece of gum as submitted; therefore, it requirses no
rorming or causing solution. Vicat temperature differences
as little as 0.2°C were observable and significant.
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Althouv_h the fingerprinting techniques were not set up to
determine what differences existed, but only 1if they did
exlist, the varying amounts of low molecular weight gum
were shown tn be the prime contributing factor.

Elemental analysis confirmed the elemental nature of
C3F7NO to within 4% of typicality, which improved with time
to 0.15%. In all the Thiokol production gums observed, the
typlcality of the elumental analysis increascd with time.
The improvement in analysis may have been due to a volatili-
zatbion of some atypical product in the low-molecular-weight
portion and the selection of a better, however less repre-
sentative, specimen. The only atypical product that was
identified was the basic magnesium @arbonate trihydrate.
Based upon the good elemental analycis, the ability to
improve elemental analysis by vacuum drying, .and .the
quantity a.allable, the Thiokecl XP5702 gum was .selected
as the typical gum for characterization purposes.

Infrared analysis indicated C-F stretching, -CF;-CF;-
bend, and C-0-N stretching. Either -CF,-CF] or  CF-CF
were Iindicated, even though they do not =xist 1in.the-
ideallzed average structure. Degradation was noted by
some rearrangements to halogenated ketones and aclds. No
hydrogen was shown.

The structure was confirmed by nuclear magnetic
rescnance to be:

EN-CFZ-CFz-O;x
|
CF;

No further definition could be sutained due to poor solu-
bility of the gum.

The gum was noncrystalline from -70° to 28°C.

The weight loss with temperature of the CF3NO/C.F,
gum was shown to start at ~75°C, then continue graduaily
to 260°C where a rapid weight loss occurred (in larger
quantities the rapid loss woula have been considered
explosive). Isothermal weight loss data indicated that
a loss of up to 20% of the weight occurred before 150°C
with a peak loss +v100°C; then, the remalnder of the speci-

men was lost with a peak ~250°C. Each temperature established
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an equllibrium weight, indicating that each weight loss

was assoclated with a particular molecular welght fraction;
thus, the polymer had a bimodal distribtuion. This loss was
identical in an inert gas as in air, indicating no effect of
oxygen on ithermal fallure. Mass .spectrographic analysis
confirmed, but did not establish, the primary mode of
decomposition to he

' CF3NO/CFy —— COF, + CF3N=CF,

and differential thermal analysis confirmed the decomposition
temperature of ~260°C.

The density of the CF3NO/C,7,gum was 1.937 t 0.001 g/cc.

Elution fractionation of the CF3NO/C,F, copolymer,
utilizing a FC-75/benzotrifluoride solvent/nonsolvent system,
was demonstrated as being highly successful. The success
was demonstrated in just the third fractionation of this
entirely new polymer solvent system. Utilizing 1% solvent
increments, as many as 25 fractions were obtalned with ease.
The number and quantities of fractions obtalned could readily
be adjusted by selecting elution solvent increments and an
elution temperature of 56.6°C wWas found to provide the most
usable (in terms of qQuantity) selective elution. Approximately
1.5 g were fractionated per batch.

Fractionation of two of the Thiokol production CF3NO/C,F,
samples from which 25% gel had been removed indicated a
bimodal distribution. The two molecular welght peaks were
located at 5.7 x 10% and ~2 x 10°. The high molecular
wélght portion was .ot symmetrical about its peak, primarily,
becuase of the welghting of the low-molecular-weight portion.
This bimodal distribution was shown earlier in the thermo-
gravimetric analysis, indicated by an ldentical temperature
distributlcn curve.

Molecular weight determinatlions on the CF3NO/C,F,
copolymer by light-scattering were shown to be readily,
although tediously, obtalnable in the FC-75 solvent. Zimm
data, due to the FC-75 apparently being close to a critical
consolute solvent, were not usable. However He/t P(90°)
extrapolation to zero concentration provided reasonable
moulecular weight data. Molecular weights from 0.56 x 108
to 3.9 x 10° were determined with «.rresponding intrinsic
viscosities of 0.42 and 1.69.
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The Mark-Houwlink equatlion was determined to be:

[n]

The 2 value of the FC-T75 solvent indicated the improved
solubility of the CF3NO/C,F, copolymer in FC=-75 over FC-43
and Freon 113, which were nearer the value of 0.5 for a
Flory 6 solvent, 1.e., 0.72>0.66>0.51.

- 0.72
3.2 x 1075 MW

Utilizing the Mark-Houwink equation, the determined
constants in FC-75,and the vlscosities in FC-75, the M,
M, and M /My, for the Thiokol XP5702 samples were detér-
mined to Dbe:

et

My My M/ My
Run ? 3.4 x 1068 2.7 x 10% 125
Run 4 3.4 x 1068 1.9 x 103 18

The low values and conslderable differences in MN, and
accordingly high My/My valies, were due primarily to the
presence of the sizable low-molecular-weight portion of
CF3NO/C,F, gum. These values, however, were characteristic
of the production CF3NO/C,Fy gums.

The glass transition temperature (Tg) of the CF3NO/C,F,
gums was determined by a number of techniques. By low
temperature differential thermal analysis, the Tg was
shown to be in the region of -41° to -U6°C with the various
samples being within 2°C of each other. By linear coeffic-
ient of expansion, the g was shown to b= from -U46° to
-49°C. The most typical production gum:s exhiblted the
lower Tg's, down to -U49°C, probably due to the presence
of the low-molecular-welght portion which acted as a
plasticizer. The purified gums exhiblted a characteristic
Tg of =47 = 2°C,

The CF3NO/C,F, copolymer gum 1s readlly degraded by

refluxing amlines with losses in molecular welghts of two
orders of magnitude, t.e., from 108 to 10%.
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Amine-curing of the Si0,-filled CF3NO/C,F, production
gums, utilizing the 3M-determined formulation and cure
cycle (standard cure cycle), was unsuccessful in terms of
producing the mechanical properties reported by 3M and the
U.S. Army Natick Laboratories. Modification of the standard
cure cycle to longer times and lower temperatures followed
by extended stepped post cures resulted in the best rubber,
having a 267 psi tensile strength, %20% elongation, and
hardness of 47 (Shore A).

The glass transition temperature. of the modified cure
standard rubber was -49°C (Clash-Berg technique) with a
Stifflex range of 16.5°C. The .3 cps and 1000 cps tempera-
tures of maximum loss modulus were -42:2°C and --10:2°C,
respectively. These modulus measurements indicated the
utility of the CF3NC/C,F, rubber at low temperatures.
Reasonable flexibility is available as low as -55°C, anu
the rubber may well be utilized much below -T70°C.

The utility of MgO filler as a scavenger to prevent
blistering and thus produce a higher strength rubber was
demonstrated. JStrengths of 350 .psi tensile over 270 psi
and elongations of 540% over U420% were obtained. Room
temperature cures and low reactive amine (FC-43) cures
were unsuccessful. The addition of a small amount of
carbon black, 0.01%, was shown to increase mechanical
properties by 5%. The mechanical .properties of carbon-
black-reinforced rubbers were not ccnsistent. A tensile
strength of 290 psi and 423% elongation was obtained,
which indicates that carbon black shculd not be eliminated
from cconsideration as a filler.

The best mechanical properties obtalned were the
result of the utilization of a Peninsular ChemResearch-
bulk-polymerized gum in a Si0,/MgO-filled systen. The
tensile properties were 387 psi strength and 527% elonga-
tion. These results strongly indicate that the quality
or nature of the gum 1s .a most significant factor in ob-
taining good mechanical properties. The only significant
differences between the PCR and Thiokol gums, however,
were the high insoluble content of the Thiokol gums and
the lower molecular welght of the PCR gums. It might be
concluded Lnat the Thiokol gums were hindered from cross-
linking due to their extremely high molecular weight (20%
greater than 6 x 10%). The reason that the PCR rubbers
did not exhiblt the 3M and U.S. Army Natlick Laboratories!
reported physical properties. was not determilned.
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Curing studies on the amine CF3NO/C,F, system indicated
that tnere were significant temperature plateaus of degrada-
tion and cross-linking. Curing of the rubber at tempecratures
above these plateaus resulted in poor propertles. It was
concluded that press cures should be conducted at temperatures
below the first plateau .(*150°F) in .order to obtaln a suvitable
packing and surface, followed by oven postcures at tempera-
tures below the final pleteau. The oven postcures should
be conducted stepwise from below the first plateau tempera-
ture to the final plateau temperature.

Metal-tr -metal adheslive shear strength was shown to be
180 psi and ¢ a cohesive nature. The rubber-to-metal
strength wouid probably bc well above 180 psi for a good rubber.

The solvent -~..d chemlcal resistance of the amine-cured
rubbers was shown to be extremely poor, probably because
they were poorly cross-linked. While 1t was not conclusively
shown, it would be expected that the CF3NO/C,F, rubber would
potentially exhibit excellent solvent and chemical resls-
tance, because the rubbers were not soluble in any of the
solvents or chemicals examined.

The thermal stabllity of the CF3NO/C,F, rubber was
shown to be ldentical to the gum, exhibiting violent decom-
rosition at ~260°C. No therma! stability was added tc the
gum by cross-linking.

The bulk-polymerized Pen‘nsu.ar ChemResearch CF .NDO/C,F,
copolymer was similar to the Thiokol gums In terms c* =11
propertles except purity and molecular weight. Signi.i:antly,
the PCR gum had a sizabie insoluble zel portion ana -
bimodal molecular weight distribution of the Thioko. : .mz.

No basic magnesium carbcnate dinydrate was seen, nowe. -7,
The M, My, and Mw/MN, of the PCR gum were:

= 6
Mw 2 x 10
MN = 2.3 x 10O
Mw/MN = 88

Again the M,, and M /MN were strongly Influericed by ine
slzable low-molecular-wezight portion. The average us.e-
cular weight was 1.4 x 10°® less thai the Thiokol gum. As
discussed above, the mechanlical properties of the FIF rubber
were slgnificantly bettver than the rubber produced from the
Thiokol gums.
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Table 13

MASS SPECTROGRAPHIC MASS ASSIGNMENTS
FOR THE CF3NO/C.F, COPOLYMER

Mass Possible Species
30 NO
31 CF
47 CF=0
. 50 CF,
66 CF2=0
. 69 CF,4
99 CF3NO
100 CoFy
114 CoF,N (
119 C,Fs
130 (CF;),NO
133 CFp=N
CF;
: 164 (CF,),NCF,(or CgP,0)
| 180 ~CFy=N-0-CF, )
4 CF,
199 ~CF,=N-0-CF,
o CF,
,
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ure 13. Mass Spectrcgraph Pressure During
Isothermal Runs on Samples XP5675, .
Vacuum-Dried XP5675, 3M-56703-3,
and XP5812.
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| Figure 14. Most Prominent Ionic Species From
50 up to 275°C of Sample XP5675.

81




IntensiLy, divisions/micron

ne
| ! L ! ) !

Mass Spectrograph vata

uSP -

40 Bew

Mass Number
10 -
25 -
20y -
i
15 P
10 -
]
j‘ -.
ol | i 1 ] | ] f
Gyrl) 90 230 170 10 « 40 il 30

Termperatue:, °¢C

Figure 15. Most Prominent Ionic Species From 50
Up to 275°C of Sample XP5675.
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Figure 18. Most Prominent Ionic Species From 50

Up to 250°C of Sample 3M-56703-3.
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Up to 250°C of Sample 3M-56703-3.
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Figure 39. 1000 Cycles Per Second Modulus By

Rebound Technique On CF4NC/C,¥,

Sample XP5675.
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APPENDIX C

SOLUTION VISCOSITY MEASUREMENTS AND CLEANING PROBLEMS

1. Generai

The nitroseo copclymers recelved had to be cleaned 1in crder
to remove gel particles and insoluble material. DBetween
20-40 gms of material were cleaned at one time. The material
was placed in a quart bottle and 400-500 ml of FC-75 was
added. The bottle was put on a tuinbling wheel and left to
tumble for two to four weeks. After this length of time,

the materlal was finely divided, dispersed, and 1n solution
as much as could be expected. The solution was then heated
to 80°C in an attempt to produce further solution.

Problems exlsted in filtering. Flrst, the solution was
filtered through a stainless steel cloth (300 mesh). This
removed the larger pleces of gel. It was then filtered by
means of a suction flask using Whatman's filter paper #1.
This did not seem to clear up the solution satisfactorily.
Centrifuging was tried, but did not help; also, it would

‘have been a little impractical for cleaning up larger

samples. Filltering through Whatman's filter paper #1

under atmospheric pressure was then performed. This was
rather time-consuming but necessary. The solution had to

be flltered at least three to four times before the solution
looked falrly clear. There was always a very slight hazil-
ness that could not be removed. The fllter paper had to be
changed frequently due to the fact that 1t clogged up during
filtering. Each filter was rinsed down with FC-75 before
belng replaced with a new filter.

The final methiod of flltering consisted of putting the gum
into solution by tumbling, flltering through 300 stainless
steel mesh to remove any large amounts of gel, and then
filtering through Whatman's filter paper #1 three to four
times.

After the sclution was filtered, the nonsolvent benzotri-

fluoride was added. Abou®t 450 ml of benzotrifluoride was

added to 300 ml of solution. The beaker was then p.aced in

a water bath at 50°C, the water bath being placed on top of

a magnetic stirring hot plate. Cold alr was blown over the

beaker by means of a heat gun. 'The solution was stirred ’
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> rnvinucusly during evaporation. After the solvent was

wporated, the material was removed from the beaker, placed
_4 4 vacuun oven, and heated at 60°C for 12 hours. The
ateriai was then considered purified.

2. Gel

Attempts were mude to clean up XP5702 by means of a soxhlet

extractor. A 10 gm sample was deposited ja a thimble and

the thimole placed 1n a soxhlet extracto¢. 300 ml of FC-75

8 B TLES S e lask and refluxed for ¢85 hiours.  Uhe mate-
. o

5 g SPET Al i A d seliylike, sonsequently clogging up
A1 rimcie, whioen a;;sved the ¥C=75 to run only cver the

BT
v U the maverial in vthe thimble., This thimble was
ool freomo o the ertranttus, the excess of solvent was dried
o2 » o tng wnld alr, and then placed iIn a vacuum cven for
s an 60°C. Fifty-six percent of undissolved mate-
s n~d 1n the thimble.

hr..vhizr azpprcach was attempted utilizing a soxhlet extracrar
Th}s rlne a 10 gm sample was plazed in a plece of stainless
ste2: mesh (300 mesh) and placed in the thimble. After
re"1>‘n1 the FC-T75, the material became swollen and jelly-
" 9§ d mv""f~We=d n *He thimble, ccnsequently clogging

sag 0 &
2. Wl L3 exi3ned vhen ruaning viscositiez.  Uniess the
3ier’ a0 wes clecned beforehand, there was always the provianm
i Leing present. In the case of FOR-buix polymer-
ol raluticn-polymerization gums, insrinsia sise -
2 ”fbiufﬂd wNithoun o “1&133. 1w
Wialnorase fhis Ie m
=5 MBEET Y E i I
EEFCSRRCY AT § TURU R SO P IC S ST PR TR VRED TR RN Vit vet &l .
H-bulk polyuwsrisaviun (Craccions 13, d 0 e,
pragent In the soldime, whiizh made L lwnoezolo o
hf letermine visceziviseg., Joacentraticne Cn owoa- . -
aa had to be redeterni:on by usint che eoleuar Uit
.2 une solutions.

2osclunion In FC=T5 was mad- up (L gmo ool ottt

e = *. ) .
R D u.«ewv*nn The gel onnT o g
P . . ) q T . . 0 °
IR =T o M PR L s i I L

*H

4 gooch cruciblo, Lyt thii uedboe talgiEvs o

sﬁbrt?y after the flltering began. Two cc of the
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unfiltered solution was removed and placed in a two-ounce
french square bottle; 10 cc of FC-75 was added. This was
mixed well and then filtered through a welghed plece of
Whatman's filter paper #1 untlil the solution was clear.
The filter paper was dried at 60°C in a vacuum oven over- C
night and weighed. Recovery of 14.3% and at times as high

as 45% gel was made.

3. Viscosity Measurement

Specific viscosities were determined in a Cannon-Fenske-
Ostwald-type viscometer. The charge or loading capacity
was approximately 7 ml.

Ordinarily, the viscometer would be filled by immersing

the measuring side of the viscometer under the surface of
the 1lilquid and applying a gentle vacuum to the other end,
completely filling the measuring side of the viscometer.
The vacuum would be released, allowing the solution to
drain back through the caplillary until the meniscus reachea
the upper etch mark on the working capillary. Then the
viscometer would be inverted to an upright position.

This technique could not be applied when running viscosities .
on the nitroso gum or copolymers, using FC-75 or FC-43,

because of the low surface tcensions. When trying to fill

the viscometer in the above manner, difficulties were en-

countered in letting the solution drain back through the

rapillary. The solution would bubble and flow out of the

vlscometer rapidly so that too much of the solutlion was lost.

Consequently, the viscometer was loaded by means of pipettes.
3even ml were used to run the efflux time of the2 solvent,
and 7 ml were used to determine the efflux time of the
solution. The capacity of the viscometer was about 7 ml,

5o thils enabledone to control the volume in both cases,

<hus providing precise measurements.

A three-way plpette manipulator was used to fill the pipettes,
and a plece of tygon tubing about l-inch long was melted onto
a plece of stainless steel cloth (500 mesh) and was fitted
over the delivery end of the pipette. This apparatus was
used as a filter. The viscometer was filled and measure-
ments were made both on solvent and solution. General
practice was used for cleaning the viscometer.
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When a sufficient amount of material was avallable, a 0.1%
solution was made using 0.05 gm of gum t¢ 50 ml of solvent.
It was impossible to follow thls practice when working with
the samples collected from the fractionatlon technique. The
amount of sample avallable was used and the volume of the
solvent was adjusted in order to have a 0.1% solution. In a
few cases, a 0.1% solution could not be obtalned and smaller
concentrations such as .05% were utilized.

v
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APPENDIX [,

FRACTIONATION PROCEDURES

Several techniques were tried fo¢r fractionating and the one
used shall be discussed. This method was used both in the
fractionation of XP5702 runs 3 and 4, and the PCR-bulk-poly-
merization gum. Sample XP5702 was purified, as menticned

in the cleaning procedure (Appendix ), and the PCR was
assumed purified when recelved.

The conditions for fractionating were the same for both
samples. The elution technique method was used (Ref. U4).

A 1.5 gm sample was weighed and deposited in a two-ounce

french square bottle. The polymer was put into solution

by adding 29 ml of FU-75 and heating to 80°C. After the

polymer was in solutlion, 21 ml of benzotrifluoride was

added to the hot solution and reheated so the material

could go back into solution. The solvent/nonsolvent sys-

tem used above was based on prior determinations /see

Section K). Under these conditions, the polymer was all

in solution at 80°C and precipitated at 25°C. The solution ,
was ready for deposition. g

The elutlon column consisted of cleaned, pure silica sand

of from -40 to +200 mesh particle size. N, gas was used

as a back pressure to regulate the flow of the solvent over
the sand. The column was maintained at 78°C by refluxing
ethanol in the Jjacket The solution at 80°C was poured on
the column and allowed to elute 2/3 of the way down the sand.
After the solution was added, the column was cooled slowly
in order to cause selective deposition of the polymer.
Nitrogen was left to flcw through the coiumn for U8 hours

to dry the column.

After the column was dry, 200 ml of benzotrifluoride was
~flushed through the column to set the polymer to the sub-
strate.

Fractionation was then begun. First the ethanol jacketing
solvent was removed and replaced with acetone. The column
was heated with acetone, refluxing 1n the jacket at 56°C.
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. Removal of the polymer fractions was performed by eluting
with solvent/nonsolvent mixtures of FC-75 and benzotri-
fluoride. Progressive elutions were then performed by
solvent/nonsolvent mixtures, enrichening with solvent and
decreasing wich the nonsolvent as follows.

Solvent, Nonsolvent,
FC-75 Benzotrifluoride
Fr 1 35 65
Fr 2 38 62
Fr 3 41 59
Fr 4 42 58
Fr 5 43 57
Fr 6 Ly . 56
Fr 7 45 55
Fr 8 46 54
Fr 9 47 . 53
Fr 10 48 52
' Fr 11 49 51
Fr 12 50 50
Fr 13 51 49
Fr 14 55 45
Fr 15 60 4o
Fr 16 100 0

The fractlons were recovered in weighed beakers and evapo-
rated to dryness at 50°C. The fractions were then dried
in a vacuum oven at 60°C for 24 hours, desiccated, then
welghed agaln to determine the amount of each fraction
recovered.

A specific viscosity was then measured in FC-75 at 25°C,

Intrinsiec viscosities were calculated from the specific
viscosities by the Huggins' equation,

: K'C[n]l + [n]2 - 2ZR =0
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The molecular weight was calculated using the intrinsic vis-
cosities and the Mark-Houwink equation,

. a
(n] = K(M,)

where K = 3.171 x 10-%, and a = .T717.
The summation percent of the fractions was calculated and
the integral and differential molecular distribution curves
were plotted.

Ci = percent 1'th fracticn is of the composition.

Mi = molecular weight of i'th fraction.

MN = number average molecular weight.

My = weight average molecular weight.

Ny = Cy/My

I wt. % or £% = summation weight percent.

102

and MN was calculated from: MN = fEI7M;
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APPENDIX E. .‘

LIGHT-SCATTERLING PROCEDURE

A X value for the Differeatial Refractometer was determined.
This value 1s used for measuring the dn/dc value for light-
scattering.

A constant, a, which i1s used in the turbldity equations for
light-scattering haa to be determined. This is an instru-
meintal constant relating the worxking standard t¢ the reference
standard opal glass.

A calibration factor known as r/r' was determined. This 1is
a factor relating the narrow beam geometry to the standard
beam geometry when using a cylindrical cell. This factor
also 1is used in the turbldity equation.

The quantity (n - no/C) 1is a constant (refractive increment)
for a given solute-solvent system, and was determined by the
Brice-Phoenix Differential Refractometer.

An NBS Standard poiystyrene sample was checked. Therefore,
r/r' was again measured since the factor i1s dependent for

each solute-solvent system to be studied. Also, (n - no/C)
was measured because of the different solute-solvent system
used: dn/dc at 546 mu for polystyrene = 0.1097, refractive
index = 1.497 at 5!  mu.

The light-scattering data were collected on a cylindrical
cell at 436 mu wavelength and 25°C. The cylindrical cell
was used 1n order to measure the scattering at angles from
135° to 30°. From this data, a Zimm plot was drawn. Wave-
length 436 mu was used instead of 546 mu, because sufficient
scattering was not obtainable at 546 mu, resulting in low
galvonometer deflections and poor accuracy.

The cylindrical cell used was scrupulously cleaned, inside
and outside, with detergent solutions before use. After

cleaning, the cell was rinsed with distilled water, triple .
distilled water, and finally with distilled methanol.
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Pipettes used for transferring were immersed in cleaning
solution at least 24 hours, rinsed with tap water, distilled
water, triple distilled water, and distilled methanol, then
dried.

Solvent and solutions were filtered through millipore filters
plus a millipore filtering finnel enclosed in a pressurized
chamber. (Nitrogen was use” %o filter solutions and solvent.)
4 0.45 wu millipore filter was used for solutions and 100 mu
millipore filter was used for the solvents.

The solvent was filtered a minimum of three times directly
into the clean cylindrical cell, washing the 1nside walls
down each time with the solvent. Adequate cleaning was
important in order to yleld accurate molecular weights. A
stock solution was also flltered until the solution was
perfectly clear, then filtered into a scrupulously clean
bottle until ready for use. The solution was filtered
first and then when ready for the test, the solvent was
filtered, as described above, in the cell. Thirty ml of
solvent was required for the cell. Scattering was measured
on the solvent and then different amounts of stock solution
were added to the solvent, with the scattering measured on
each concentration respectively. Filve concentrations were
run.

The data werz then ready for calculations. The apparent
turbidities were calculated for each concentration and for
the solvent. The data were computed on an IBM 702 computer
and plotted by hand.

dn/dc used for nitroso copolymers = 0.025 at 436 mu
Refractive index at 436 mu = 1.281
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APPENDIX F. a
DETAILS OF FORMULATION, CURING, AND PHYSICAL TESTING -
OF THE CF,NO/C,F, RUBBER
Eleven "Master Batches" were prepared, nine of which contained
CF3NO/C,Fy gum XP5887, one of which contained "purified" gum
XP5702, and one which contalned Peninsular ChemResearch
"purified" bulk polymerized gum. These "Master Batches" were
prepared on a two roill rubber mill and stored in a freezer to
prevent initial curing before the molding procedure,
Te test samples were preparsd from the "Master Batches" in
two sters - molding and postcuring.
flic Molding Procedures
A. Sample # 37593-1 cure #1
a. 7.5 grams of the "Master Batch" were placed
in a 2" dia. x 60 mil shim mold between two
sheets of teflcn.
. The press was preheated to 120°C.
¢. The mold was placed on the press and the
press faces were brought together (no
pressure aprlisd) for 5 minutes.
a, 1000 1lb (gage) pressure was applied and the
press was pbumped four to five times.
e, The mold was left in the press at 120°C and
1000 1b (gage) pressure for 3 hours.
B, Samples - 37593-1 cure #2 to cure #4; 37593-2
cure #1 to cure #3; 37593-3 cure #1 to cure #2;
37593-4 cure #1 to cure #3; 37593-5 cure #1 & #2. .

a. 7.5 grams of "Master Batch" were placed
in a 2" dia. x 60 mil shim mcld between
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two sheets of Teflon. {33 grams used in a
4r x 4" x 60 mil shim mold for 37593-2

cure #3).

The press was preheated to 100°C.

The mold was placed on the press and the
press faces were brought together (no
pressure applied) for 5 minutes.

1000 1b (gage) pressure was applied and
the press was bumped four to five times.

The mold was left in the press at 100°C
and 1000 1b (gage) pressure for 1 hour.

Samples - 37593-1 cure #5; 37592-2 cure #4;
52911-1 cure #1; 52911-2 cure #1

d.

7.5 grams of the "Master Batch" were
placed in a 2" dia. x 60 mil shim mcld
between two sheets of Teflon.

The mold was placed on the press and the
press faces were brought together (no
pressure applied) at room temperature.

The temperature was increased to 55°C and
held.

After 5 minutes at 55°C, 1000 1lb (gage)
pressure was added and the press was
bumped four to five times.

The mold was held at 55°C and 1000 1b
(gage) pressure for 1 hour.

Samples - 37593-1 cure #5; 37593-2 cure #5;
52912-1 cure #1; 52912-2 cure #1

a.

7.5 grams of "Master Batch" were placed
in a 2" dia. x 60 mil shim mcld between
two sheets of Teflon.
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Samples - 37593-3 cure #3; 52905-1 cure #1;
52905-2 cure #1

The moid was placed or. the press and the
press faces were brought together (no
pressure applied) at room temperature.

The temperature was increased to 55°C and
1000 1b (gage) pressure was applied, The
press was bumped four to five times and
the mold was held at 55°C and 1000 1b
(gage) pressure for 15 minutes.

The temperature was raised to 75°C and
held feor 15 minutes (sti11l at 1000 1b
(gage) pressure).

The temperature was increased to 100°C
and held for 20 minutes (pressure still
at 1000 1b (gage)).

7.5 grams of the "Master Batch" were placed
in a 2" 4ia. % 60 mil shim mold between two
sheets of Teflon.

The press was preheated to 100°C.

The mold was vlaced on the press and the
press faces were brought together (no
pressure arplied).

After 5 minutes in the press, 250 lc (gage.
pressurs was applied for 1 minute. The
press was bumped four tc five times
(temperature held at 100°C).

The pressure was increased to 500 1lb (gage)
pressure one minute. The press was bumped
four to five times (temperature held at 100°C).

The pressure was increased to 750 1lb (gage)
for 1 minute. The press was bumped four tc
five times (temperature held at 100°C).

The pressure was increased to 1000 1lb (gage)
and held for 1 hour. The press was bumped
four to five times (temperature held at 100°C).
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Of the five procedures, "D" and "E" appeared to give the best
results. Procedure "A" gave irregular surfaces to the sample
(temperature too high, above curing range). Procedure "3"
was good, however; stepplng the temperature appeared to ve
better. Procedure "C" gave irregular surfaces to the sample
(temperature was not high enough to allow the rubber to flow
properly and initiate cure).

2. Postcuring and Durometer A-2 Readings

After molding, the samples were postcured in an oven over a
period of about 24 hours. Postcuring stages and Durometer
(Shore A-2) readings corresponding to each sample at each
stage of postcuring are as follows:

A, Sample N, 37593«1 cure 71
Postcure: Time (hra)/ Temp (°F) 16/122, 3/158, 5/185, 17/203, 5/212

3hore A-2 readlngs:

4 q 43 ' 4y | 47 48 49 49 u9

Before 1 IEG°P | 185°p 203°p 212°F
Posteyre | 1- r[3 hr]2-172 hr]5s hrllk BrfI7 hrlZ-174 hel5 hriPlngl
Y 3 l

B. Samples No. 37593-1 cure #2, 37593-2, cure #1, 37593-u4 cure #1, 375935 cure #1
Postcure: Time (hrs)/Temp (°F) 17122, 17167, 1/212, 16/230, 2=1/2 /257
Shore A-2 readings:

Before 122°P 167°P 212°p 257°P 230°P 251°F +j1nal
Sample No. P.C. |1/2 hr.il hr{i/Z hrli hril/2 hril hrll/2 hril hr[l6 hr ==L he [l 1/ hr 1~ -
37593-1 cure #2| 40 40 40 ho 41 41 41 35 31§31 i--|3 41 31
37593=2 cure #1| 47 A8 48 48 49 50 52 57 57 163 ,--| 64 6h "h
37593-4 cure #1] 30 33 34 34 35 36 37 36 30 ] 39 le-fl) nl 4)
37593-5 cure #)§ 28 31 33 34 35 36 37 32 30 | 37 --139 9 37

NOTE: Durlng the postcure of the above samples, all but sample 37593-2 cure #1 began to sponze
(show gaa) when the temperature of the oven wss increased from 212°F to 257°F. This led
to the belief, that the temperature range between 212°P and 230°P was critlcal for theae
specific nitroso samples.
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Samples No. 37593-1 cure @8, 37593-2 cure #3, 37593-3 cure #2, 37593-4 cure #3, 3759325 ~ure 12

c.
Postcure: Time (hrs)/Temp (°F) 17122, 1/167, 1/185, 1/203, 16/212, 1/230, 2/237
Shore A-2 readings: .
. Before| 1229 jaser | 203°F 212°F 230°F
s e No. p.c. [T/¥hr.[T Br[1 hr|Y hr]1ZZ hr|Y hr|172 hrl16 hr|172 hr
37593-1 cure #4| &2 N2 [ 31 “3 a3 ¥7 a7 u8
37593-2 cure 13 52 5@ ae b1 58 60 66 69 69 6y
375933 cure #2} 95 96 97 = 98 98 98 98 93 98 98 98
37593-4 cure #3]| 41 31 w0 . %0 31 [} %0 [} 'H 82 ay
375935 cure #2| 37 37 370 == 132} 37 1321 36 lew | s0o (w0 42
D. Ssmples No. 37593-1 cure #5, 37593-2 cure #4, 37593-1 ocure #6, 375932 cure 05.
37593-3 cure #3, 52905-1 cure #1, 52905-2 cure #1
Fostcure: Time (hrs)/Temp (°P) 16/122, 1/158, 1/176, 11/212, 1/230, 1/239, 2/257
Shore A-2 readings:
Before '122°P | 158°p 176°F 212¢p 230°p 239¢F 2Y1°F .
Ssmple No P.C. ;IS hr 07 hr |1 hr 072 hr 1 hv }&:.MLMMLV_?LLL&,_;;; T |
37593-1 cure #5 %0 i d0 ; 38 39 39 91 LFRERR L LL] I Y ! bh gk i
37593-2 cure #4 53 ! 53 : 50 50 50 | 50 | 50 64 (1} 64 : 64 | (] | th frn ”h
37593=1 cure #6 37 .37 ' 38 39 ¢ 39 37 |38 w2 n2 [F) [¥) l LEIE 4 [he he
37593-2 cure #5 U7 ! 52 52 '52 i %2 - 52 58' 63 , 6 \ 64 68 | &4 (1] 68 {61 n
37593-3 cure #3  -- 18 60 '16 | 18 80 |91l 8s | 86 38| 88 i 88 | 89 ] 90 |99 , y3
92905-1 cure #1 42 42 Mg ! M M2 15 . N5 S N5 N5 | A5 | A5 ;ls [T
52905.2 cure 2 40  #2 (TR PR P N P KL R T3 uc| Ww 46 ] N a6 !uf. i
E. Samples No. 52911-1 cur‘ 1, 52911-2 cure #1, 52912-1 cure ix. 5291222 cure #1
Postcure: Time (hrs)/Temp (*P) 16/122, 1/158, 1/116, 16/212, 1/230, 1/239, 1/257
Shore A-2 readings: . :
1122°p 1158°p)1745°P
sSample No. i6 hr {I"br JT he
S 52911«1 cure 71 | 38 %0 %0
52911-2 cure #1 | 33 33 33
52912-1 cure 11 | 36 37 37
52912-2 cure #1 | 32 33 | 33 e TR )
. s

After the samples were postcured, tensile specimens were cut
and tested on the table model Instron. Conditions of the
tensile test were: 20 inches/min chart speed, 20 inches/min
crosshead speed, and 1 inch gage length between Jaws. Results
from this test can be found in Table §.
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APPENDIX G.

SURFACE PREPARATION OF METAL ADHERENDS

Stalnless Steel

Degrease with methyl ethyl zetcne, fcllowed by « vigorous
brush-scrubbing with Ajax cleaner molstened with warm
water Rinss rh-recughly with tap water and inspect fer

a uniform water flim  2ven focrce-dry at 180°F-200°F for
1% minures and subgec- to the foilowlng etch:

BU. m> - 35% hydre:zh.oric acid
89 ml - 85% o-phosphoric acid
43 ml - 60% hydrofiucrc acid

The acid mixture 1s placed in a polyethylene tray of suit-
able size sitting in a bupbbling water bath (180°-190°F).
The panels are etched for a width of cone inch along

the bonding edge for two m’ -utes, then thoroughly

rinsed with distilled watzr and over force-dried for 15
minutes at 180°-200°%. B:rding cuera-:.ons sha>uld begin

as soon as rossitle arter comelet-:n of the etor ing
operatilon,
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