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FOREWORD

This report presents the work accomplished by the Boeing Aerospace
Company on NASA Contract NAS3-16799 '"Development of Polyphenvlquinoxaline
Graphite Composites” during the period of April 1, 1973 to June 15, 1974.
The program was sponsored by the National Aeronautics and Spanre Adminis-
tration, Lewis Research Centa=r, Cleveland, Ohio, 44135. The program was
administered by the Materials and Structures Division, Polymers Section;

Dr. Tito Serafini, Group Supervisor. Ur. P. Delvigs was Project Manager.

Performance of this contract was under the direction of the Materials

Development Group, Research and Engineering Division of The Boeing

Aeraspace Company; Seattle, Washington. Mr. G. E. Hughes was Program
: ¢

Supervisor. Mr. J, T. Hoggatt was Program Manager and Technical Leader.

Mr. 8. G. Hill was responsible for composite fabrication and evaluation.
Monomers and polymers syntheses and characterization work was conducted
by Mr. P. M. Hergenrother (Task I, IT and IIT) and by Dr. J. G. Shdo
{Task IV).
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1.0 INTRODUCTION & SUMMARY

In a previous NASA contract (NAS3-15547, Reference 1) the potential of
polyphenylquinoxaline graphite reinforced composites to serve as heat
resistant structural materials was demonstrated. However, from that
program, several deficiencies in the polymers were noted that required
additional investigation and also new avenues of investigation became
apparent. One polymer that was developed and showed good performance
was a block copolymer (1:3) PPQ derivative. Additional studies to
optimize the processing parameters and to gain a better understanding
of the parameters that influenced this polymer's heat resistance were
warranted. It was also apparent that a higher degree of polymer cross-
linking was needed in the phenylquinoxaline polymers, in general to
gain thermal stability. Methods of obtaining this cross—linking appeared-

feasible.

This exploratory program was divided into four basic tasks. The initial
phase was devoted toward investigating processing wvariables associated
with previously developed PPQ resins (Reference 1), Tasks II and III
involved new polymer synthesis and the characterization of the graphite
reinforced composites resulting from them. The best polymers and com-
posites from Task I-III were subjected to mechanical property character-—
ization in Task IV. All the composite work was performed with high

modulus (type HM-8) graphite fiber.

In Task I, processing parameters associated with composite fabrication
from selected PPQ polymers were studied. These polymers were derived from
p-bis(phenylglyoxalyl)benzene reacted with 3,3'-diaminobenzidine and/or
3,3',4,4" "-tetraaminobenzophenone. These studies and studies reported in
reference 2 indicated that a monomeric reactant (PMR) approach towards
fiber impregnation was an attractive method of prepreg preparation when
high viscosity polymers (e.g. PPQ'S)'are involved. Additional studies in
Task I included effects of resin content and cure cycle on mechanical

properties,



1.0 {Continued)

Four new phenylquinoxaline polymers were synthesized in Task II. Thesge
consisted of a hydroxyl group containing PPQ synthesized from 3,3'dia-
minohenzidine (DAB), m-bis(phenylglyoxalyl)benzene and m~bis(p'~hydroxy-
phenylglyoxalyl)benzene; a cyano group containing PPQ from the reaction
of DAB and p-bis(p'-cyanophenoxyphenylglyoxalyl)benzene; an end-capped
block copolymer (Reference 1); and a polymer from the reaction of 3,3,
4,4'-tetraaminobenzophenone and m-bis(phenylglyvoxalyl)benzene designated
TAB/m~BPGB, The latter two polymers were chosen for composite studies

in the latter two tasks of the program.

Mechanical properties of the graphite reinforced PPQ composites were
good over the +21°C to 316°C temperature range. Flexural strengths of
the HM-S graphite fiber composites were in excess of 8.97X108N/m2
(130,000 psi) at +21°C (70°F) with over 50% strength retention at +316°C.
The polyphenylquinoxalines appear satisfactory for high temperature
applications, however, studies to promote better polymer crosslinking
and less stringent cure conditions (i.e., lower temperatures) are

warranted .



2.0 TASK T COMPOSITE DEVELOPMENT

Under NASA Contract NAS 3-15547 (Reference 1} a series of polyphenyléuin—
oxalines were evaluated, From that investigation, two polymers ware
chosen for more exploratory developments. These were (1) a copolymer made
from the reaction of p-bis{phenylglyoxalyl)benzene, 3,3'-diamincbenzidine
and 3,3',4,4'-tetraaminobenzophencne per Eq. 1 and (2) PPQ-I1 from the
reaction of 3,3'~diaminobenzidine and p-bis(phenylglyoxalyl)benzene,

Eq. 2. Studies in this task concentrated on the investigation of impreg-
nation techniques, cure parameters and the effects of fiber volume on
composite properties. Xach of these areas of investigation are discussed
below. In the course of the investigations, PPQ-1 was deleted and sub-
stituted with a polymer designated PPQ-II (Reference 1). PPQ~I was
dropped due to poor fiber wetting. PPQ-IT is a polymer derived from the
reaction of p-bis(phenylglvoxalyl)benzene and 3,3',4,4'~tetraamino-

benzophenone, Eq. 3.

HoN NH,

© cocoy = [ INTERMEDIATES ]

Copolymer

cocos ~ [ INTERMEDIATES ]

“2“)@ ﬁ_@““z EQN. 1
c
H2N NH2

HZNNH2
COCO¢ '

— PPQ I EQN. 2
- COCO¢
H.N o NH2
09 H2N c NH2
@ = PPQ II EQN. 3
Cocog



Table : 1 Characterization of Polymers
, Sol'n |> Tg, °C l: >
ftem Exp't No.y  polymer  |Stoichiometry| By Scale,) conc. , | Salvent Vis, cps|Ninh, {(Tg after 0.5 h b
No. [ PH-1- NH/CO Mole 1% Solids ' dilg| at3500¢) | PST.°C
244 | RaCo (1:3) 1.00/1.00 0.20 18 DMF | ==~ 035 287 290-300
via PMR {333)
246 B1Co (1:3) 0.985/1.00 1.20 16.2 | m-cresol| 6250 | 1.06 324 317-325
xylene
{1:1}
. 247 TAB/ D 0.995/1.00 0.30 18 m~cresol| 2260 | 0.85 285 295-305
m-BPGB xylene
{1:1}
254  |PPQ-I 10000 | 010 | 178 [nmp | --- |o066lB== 300[B>>] 200230
via PHiR 1.32(8>>(342){5 > 315-325
257 Bi1Co {1:3) Polymer --- e LT -=- 1107 325 318-327
End-capped No. 2
267 PPQ ) 1.00/1.00 0.30 18 DMF - 0.13@245 Elb 230-237
via PMR 0.4[Ti> 32[>| 312
269 Hydroxy/3PPG)  1.00/1.00 .01 18 m-cresol} 17,600 0,77 339 >345
217 DAB/ p-CPGB| 1.00/1.00 .005 15. m=cresol @ ﬁp 285 315-320
‘ (287)
277-1 (DAB/ p-CPGB| 1.00/1.00 .00 10 m-cresolf - -« @ —_— -
Maie ratio of tetraamine to tetracarbonyl monomer. m-his {phenyiglyoxalyl) benzene (m-BPGB)}. Para-bis
2.  Based upon the weight of polymer and volume of {pcyanophenoxyphenylglyoxalyl) benzene = p-CPGB
solvent. 8. After 10 minutes reaction time.
3. Brookfield viscosity at 259C, 9. After 5 hours reaction time.
"4.  Inherent viscosity in 0.5% m-cresol solytion at 259 C. 10.  After 1 hour reaction time.
6.  Glass transition temperature, datermined by DSC ; i
IAT = 200 C/min in No). 11,  After 5 hours ref}cnon tima.
6. Polymer softening temperature, determined on 12. tﬂa‘g%gltzsse rved in the DSC after the polymer was exposed
Fisher-Johns melting point apparatus undar slight )
pressure. 13. Ffolym‘er sollution was near gel and too viscous for Brook-
7. Hydroxy/3PPQ = 3,3'-diaminobenzidine (DAB), m-bis field viscosity detenminations.
{p’~hydroxyphenylglyoxalyl) benzene { m-HPGB), and 14, Inherent viscosity was not determined because polymer

could not be completely redissolved in m-eresol.



2.1 Impregnation Studies

This.invastigatiOn was conducted to compare the effectiveness of impreg-
nation using a diluted polymer solution vs. using a polymerization of
monomeric reactants (PMR) approach. PPQ solutions are relatively viscous,
and even at the 15-20% solid level care must be taken to insure good
wetting of the graphite fiber bundle. The PMR approach, which was devel-
oped at NASA-Lewis (Reference 2), permits the fiber to be wetted with a
low viscosity solution of monomeric reaétants with the polymer formation
and the accompanying increase in viscosity occurring on the fiber. The
standard method of fiber impregnation is described in detail in Section
8.0, Appendix. The PMR approach was tried using three different polymers.
These were a random copolymer (1:3), PPQ-I and PPQ-II {Reference 1). The
systems were impregnated and dried using the same procedures as with the
standard method except the impregnating resins were solutions of monomeric
reactants rather than polymer. The detailed preparation procedure for
each reactant is given in Section 8.0, Appendix. A sumary of synthesis
and characterization data of the Polymers which were used in this tagk,
and in later tasks, are shown in Table 1. The methoa of preparation for

each monomeric reactant solution follows.
2.1.1 Random Copolymer

A random copolymer (Item No, 1, Table 1) was prepared from reaction of

3, 3'~diaminobenzidine (0.05 mole) and 3,3',4,4'—tetraaminobenzophenone

© (0.15 mole) with p-bis(phenylglyoxalyl)benzene (0.20 mole) in dimethyl-
formamide at 187 solids content. After stirring ~0.5 hour, the major
porﬁion of the dark red solution was used to impregnate the HM-§ graphite
fibers. The remaining solution was stirred 20 hours with the appearance
of turbidity. The polymer was precipitated and washed with methanol,
dried and characterized as shown in Table 1. The inherent viscosity of
the polymer was low (0.35 d1/g) which explains the initial low glass
transition temperature (Tg = 287°C) of the polymer. However, the Tg -

increased to 333°C after holding in the DSC apparatus for 0.5 hour at



2.1.1 {Continued)

350°C, This increase was presumably due to further chain growth, The
Tg of high molecular weight random phenylquinoxaline copolymer (1:3)
was 325°C (Reference 1),

A second laminate was made with the random copolymer solution to deter-
mine the influences of impregnation methods on laminate properties.
The prepreg for the second laminate was made by vacuum impregnation of

a flat sheet rather than drum winding,.

The vacuum impregnated material was made by laying unidirectional fiber
tows (8 tows per inch) between two layers of porous teflon-coated glass
fabric and saturating the fibers with the PMR solution. The system was
covered with FEP (teflon) film, sealed and placed under vacuum. The solu-
tion was worked into the fibers with the excess resin being removed at

the edges. After remaining under vacuum for 16 hours under heat lamps

at ~71°C(~160°F), the prepreg was further dried in an oven at 121°C
{(250°F) for 24 hours.

2.1.2 PPQ-I

PPQ-I, via the PMR route, {polymer No. &4, Table 1), was prepared from
the reaction of stoichiometric quantities of 3,3'-diaminobenzidine and
p-bis(phenylglyoxalyl)benzene in N-methylpyrrolidone (NMP) at 17.8%
solids content, After stirring at ambient temperature for 10 minutes,
a small portion of the hlood red solution was isolated and quenched in
methanol for inherent viscosity measurements. The isolated yellow

polymer exhibited an n; of 0.66 and a Tg of 300°C. (The polymer may

nh
have undergone further chain growth while dissolved overnight in

m-cresol to obtain the Nin measurement). The remaining-portion of the

h



2.1.2 (Continued)

polymer solution was stirred an additional 0.5 hour and used to
impregnate the drum wound graphite fibers. (Refer to paragraph 8.1.4).
The polymer precipitated omn the fibers almost immediately with total
precipitation cccurring within one hour. As resgult the polymer did
not thoroughly wet the fibers. The short operating time was expected
but a better degree of wetting was anticipated. An isolated sample

of the same polymer batch required 5 hours to. precipitate the polymer.
This latter sample was stirred at ambient temperature and after 4.75
hours the solution viscosity had increased appreciably with polymer
precipitation beginning after five hours. The polymer was isolated by
quenching in methanol, washed well, dried, and characterized as shown
in Table 1. The Ninh Was 1.32 and the Tg after 0.5 hour at 350°C

was 342°C. The Tg of PPQ-I (nirlh = 1.24 as 0.5% H,S0, solution at 25°C)

2774
prepared during the previous contract was 350°C (Reference 1).

2.1.3 PPQ-II

Because of the short working life of the PPQ-I (PMR) solution and the
poor wetting characteristics, PPQ-II (Reference 1) was introduced to
the program using the PMR technique. PPQ-IT (Item 6, Table 1) was
prepared at 18% solids in DMF from the reaction of 3,344 -tetraamino—
benzophenone (0.30 mole) and p—Bis(phenylglyoxalyl) benzene (0.30 mole),
After stirring the blood red solution at ambient temperature for 1 hour,
it was used for fiber impregnation. A small sample of the polymer wés
retained and isolated by quenching in methanol. The isolated polymer
exhibited an ok of 0.13 dl1/g (0.5% m~cresol solution at 25°c)y, a

Tg of 245°C, and a polymer softening temperature (PST} of 230 to 237°C.
Another sample of the polymer was stirred continuously to determine the
amount of time required for polymer precipitation. After 5 hours of
stirring, turbidity developed in the solution and after overnight stir-
ring the polymer precipitated. After quenching in methanol and drying
the polymer exhibited an "ok of 0.4 dl/g, a Tg of initially



2.1.3 {Continued}

270°C, which increased to 312°C after cycling to 40D0°C, and a PST of 306 -
315°C. The polymer solution on the prepreg began to precipitate within

1.25 hours at 253°C temperature,

Test results from laminates made from each of the prepregs described
above are shown in Tables 2 to 5. Laminate No. 1, 15 and 26 are respec-
tively, the random copolymer, PPQ-1 and PPQ-II. Each was made using the
PMR process. Laminate No. 2, Table 2 is the random copolymer laminate
which was made via PMR and vacuum Impregnated on a flat table rather than

drum wound.

Laminates 1 and 2 were cured one hour each at 336°C (636°F) and 454°C
(850°F) under 1,38 x 106 N/ru2 {200 psi), N2 atmosphere. Laminates 15
and 26 were cured one hour each at 399°C (750°F) and 454°C (850°F) under
1.38 x 106 N/m2 (200 psi).

The results of this study indicate that the PMR process, in general, is

a very viable process and permits good fiber impregnation. The DMF solu-
tion of the random copolymer (1:3) and the PPQ-II provided a prepreg
which was better impregnated and more uniform than those made from the
more viscous m-cresol/xylene solutions. The resin did not show any ten-
dency to flake off and the resulting composites demonstrated good

properties.

Based on this evaluation, the PMR route does not appear practical for
PPQ~T due to an apparent limited solubility of the polymer in NMP.
Lamirate No. 15 in Table 3, fabricated using PPQ~I, provided relatively
poor properties. During impregnation on the rotating drum at ambient
temperatuxe, the resin began to precipitate from solution preventing
formation of a uniform prepreg. The resulting prepreg was resin rich

on one side with the resin exhibiting pronounced tendency to flake off.



TABLE 2 PROPERTIES OF POLYPHENYLQUINOXALINE GRAPHITE COMPOSITES

FLEXURE STRENGTH FLEXURE mnut.uﬁs m;rmm SHEAR STRENGTH
LAM. CURE FIBER SPECIFIC 2 3 10, , 2 105 ps1 /i (PST)
vo. | POLTMR O oS | SrECTT 10%/n {10? psI) 1068 % /m ( ) 10 J:z .
21% 204°%¢ 1% 2047 1% ‘204°%¢
1 hg- each at 8.62  (125.0) | 7.37 (106.9) | 13.9 (20.2) 13.4 (19.5) 33.3 (4830) | 31.9 (4630}
1 |Race 13 336°C and 454%, 52.6 1.52 7.1%  (104.2y | 7.73  (112.1) | 17.p (25.7) 4.2 (20.6) | 3L.7 (45907 | 33.4 (4840)
via PME under 1.38 x 10° N/m 8.40  {121.8) | 7.77 (112.6) | 19.9 (28.9) 13.9  (20.2) | 2.0 (4640) | == = —
N, atm 8.07  (1i7.0) | 7.2 (110.5) | 17.0 (24.6) 13,8  (20.1) | 32.3 (4690) | 3777 . (W740D
j 8.23  (119.4) | 6.58  ( 95.5) | 13.1 (19.0) | 11.7 (17.0) | 34.2 (4970) | 31.4,  (4560)
2 63.5 1.47 732 {106.2) | 7.58  {109.9) | 13.1 (19.0) | 12.2 (17.7y | 28.3 (4110) | 28.8 (4180)
* ’ 6.08  ( 88.1) | 6.29 91.2) | 13.2 (19.2) { 12.5 (18.1) | 27.2 (3950) | 20.6 (2980}
7.21 {104.6) | .82 %8.9) | 13.1 (15.1} | 1z.1 (17.67 | 79.9 (4340) | 6.9 (39ip)
1 br. each at 8.43  (122.2) | 7.0 (105.8) | 14.B (2L.4) [ 12.6 (18.3) | 50.4 (7310} | 42.2°  (6120)
s lsice 1:3 3365¢ and 45425 ss.5 1.68 8.83  (128.1) ; 7.00 {l0l.5} | 14.6 (21.1) | 14.0 (20.3) | 46.3 (:720) 42.; {6100)
: 2 * N §.14  (118.0) | 7.82  (110.5) | 15.2 {22,9) | 1la.6 2.1 46,7 (6770) | 39. (5690)
under 2.0 ; et e il Ll
o 070 NA .47 w8 ) 71 (W05.9) | WE @L3) | 187 (9.9 | WA (6e0) ¢ ALz (5970
. 8.5  { 94.9) | 6.49 (94.1) | 11.7 (17.0y | 12.4 (16.0) | 13%.7 (5760) | 37.6.  (5450)
4 48.0 1.61 6.93  (100.3) | 6,25 (920.6) | 12.1 (17.5) | 13.2 (1%.1} | 37.7 (56707 | 33,1 (5530}
) * 3.70 (84,00 5.48 { 94.8) | 10.6 {15.3) | 12.6 (18.2) [ 40.7 (5900) | 38,0 (5510}
: 6.42  { 93.1} | 6.41 ( 92.9) | 11.4 (16.6) | 1z.7 (18.4) | 390 - (3710) | 37.9 (5500}
1 hr. sach at 7.12 (103.2) | 6.83 { 99.0) | 1l4.6 (21.2) | 12.% (18.3) 31.0 (4490) | 35.3 {5120}
5 336%¢ and 454%C 2 £0.0 1.65 6.00  (87.2) | 6.6  { 95.8¥ | 12.6 (18.2) | 13.6 (19.7) | 31.2 (5400) | 34.8 (5050}
7.41  £107.5) | 6.23 (90.3) | 13.% {19.5) | 11.9 17.3 34.9 5060 28.3 (4110}
under 1.36x10°N/a 635 (95.1 | 6.55 (95.00| 13.5 (10.6Y | 1z.7  (18.8) | 3% (4980) | 32.8  (4360)
7.85  (113.8) | S5.61  ( 8L.AY | 12.1 7.5 | 11.s (16.8) | 37.0 (5360) | 30.1 (4360)
6 60.0 1.60 B.68  (125.8) | 5.5%0 { 79.7) | 12,7 {18.4) | 10.1 (15.7) | 31.s6 (4580) 29.2‘ (4210}
2.67 (125.7) | 7.28 105.5) | 12.6 £18.3) | 12.6 £18.3) | 42.1 (6100) | 33.1- (4800}
8.40 (121.8) | &.13 ¢ 88.9)| 1z2.5 (18.1) | 11.4 (16.6) | 36.9 (5350) | 30.7 (3460)
5.77  (83.7) | 6.32  ( 91.6}) 10.9 (15.8) | 10.9 (15.8) | 32.B (4730) | 26.9 {3900)
7 51.0 L.52 5.4 (78.8) | 5.%0 (85.6)[ 9.9 (14.4) | 10.2 (L4.8) | 30,2 (4380) | 26.9 {3900}
' * 6.23 90.3 5.53  ( 80.2)| 1i.i (6.} 110 16.0 33.3 (4830) | 25.4 (3830}
5.81 ( 84.3) | 5.92 ( 65.8)| 10.% (15.4) | 10.7 (15,5y | 3Z.1 (4650) | 26.7 (3880}
6.04 ( 87.8) 3.97 { 57.5) 9.1 (13.2) 8.1 (11.8) | 32.6 (4730) | 31.0 - (4500)
8 49.0 1.55 5.0 (72.7) | 4.B3  (70.0}! 8.9 (12.9) 3.0 (13,0} | 34.4 (4990 | 29.7 (4310)
6.39  (92.6) ¢ 6.4) 92.9 9.9 (14.4) | 10.4 (5.1 | 29.2 (4230) | 26.8 {3880)
5.81 ( 84.3) 3.0 { 73.5} 3.3 (13.5) 9.2 (13.3) 32.1 (4650) | 29.2 (4230)
: L he. each at, 5.0 (73.8) | 5.09  (73.B)| e (3.2)| 9.0  (13.00 | 3.4 csseny | 8.1 (4070
P 39%°C and &2; C/ 53.0 1.52 6.46  ( 93.6) 5.46 { 79.2})1 8.3 {12.0) 2.0 (13.1} ; J1.4 (4550) ; 25.1 (;640)
under 1.38x10 K/a 6.44  (93.4) | 5.37 (77.9}| 9.9 (14.4) | 8.4 12.2 29.2 £4230) | 26.7 (3870)
and B, ata 6.00 (85.9) S.3L ( 77.0%] 9.1 (13.2)| 8.3 (1z2.8) | 31.7 (4590) | 26.6 (3860)
4 - =
5.68  (82.4) | 3.39 ( 78.1)}| 8.5 {12.3} | 7.1 (10.3) | 30.1 €4360) | 3L.7 (4600)
10 54.0 1.48 5.13  ( 16.4) 1 5.00  ( 72.6) 8.5 (12.3)! 8.1 (11.8) | z29.2 (4230} | 27.5 . (3990)
6.21  (90.0) | 5.57 ( 80.7)] _8.% (12.5) 1 8.5 12.3 35.4 {51403 ] 30.8 {4430)
5.67 ( 82.3) 5.32 (77.1) 8.5 (12.4) 1.9 (11.5) 31.6 {4580)| 29.9 (4340}




TABLE 3 PROPERTIES OF POLYPHENYLQUINOXALINE GRAFHITE COMPOSITES

o1

CURE FISER | SPECIFIC FLEXURE smr:gx;m nmr%ﬂ MODULUS 1‘.;;55.1.&.'.}»1&3 SHEAR STRENGTH
POLYMER OO LTAONS VoL T | 10%/a®  (10°pst) 108 %/0®  (10%ps1) 10°y/0’ @®s1)
1% 204%¢ 1s°¢c 2% 204°%¢ 316°c n% ¢ za%c 116%¢
1 hr at 1999 plus 7.88 (114.D)]7.67 (108.3)]3.94 (57.2)]14.0 (20.3)|13.2 (19.1) {10.9 {15.8) |36.6 (5300)]37.2 (5390)|23.2 {3360}
BlCo 1:3 |2 hr at 4279¢ 2.0 1.54 |B-45 (122.5)6.90 (100.0)f4.96 (71.9)|13.7 (19.8)110.9 (15.8).1l.7 (17.0 36,5 (52900 | 33.7 (4880)| 21.7 (315D)
under 3.45 x 1068/2 . 6.93 (100.5)|7,76 (111.6)[3.82 (84.4)(12.2 (17.7){23.6 (19.7)!13.0 (18.9)|37.6 (3430)135.6 551601‘[ 7.8 (2580)
7.75 (112.4)]7.35 (306.6))4.91  (71.2)]13.3 (19.3)112.6 (18.2)111.% (i7.2) 36.9  (3350)'35.5 (5140}!20.9 (3030
7.77 (112.0)[5.21 { 75.6}[5.66 (82.0)]14.7 (2L.3)[1L.2 (1l6.2)|13.2 (19.1)[34.1 (4%40): 33.4 (4850) 29.7 (4200)
1.0 154 |6+16  89.3))7.16 {103.6)(6.25  (90.6)| 11.7 (16.9)/13.1 (19.0) 12.8 (18.6) | 33.5 (4860)1 34.9 (5060)1 25.4  (3690)
! : : 7.34 (106.5)]6.99 (101.3)[5.39 (78.1)|14.6 (21.1)(Ll4.l (20.5) |13.1 (19.0)}34.5 (5000) 31.9 {48303 | 25.4 {3680)
7.08 (102.6Y]6.45 { 93.53(5.76 {(B3.8)|13.7 {(19.6y|12.8 (18.6y  13.0 (LB.9)Y| 34.0 (4930)! 33.% (4e30) 26.8 T(383D)
1 hr at 3999C pL 8.94 (129.6)16.37 ( 92.4) [2.94  ¢42.6){15.0 (21.7)[14.1 (20.4)| 6.7 ( 9.7)38.1 (5330) 36.5 (5290): 16.6 (2400}
A e P L o | Lsy |537 (77.8)[7.90 QuA.6) 514 (74.5) Le.D (20.4) 14,1 (20.4) (119 (17.3) 1 38,0 (5530) ) 3.9 (3060): 27.0 (3910
under 6.90 x 106N/m2 ’ ) 1.87 (114.13}7.79 (112.9)(2.72 (39.4)|14.9 (21.6) 16,5 {(24.00| 5.9 ( 8.5))40.7 ¢5300);36.2 (5250) 13.5 (2250)
i -390 = 10%8/m, 7.39 (107.2)|7.35 (106.6)13.60 (32.2)| 14,6 (2l.2)|%4.9 {2L.6)| 8.2 (1l.8))39.0 (5630} 35.9 (5200)' 19.7 (285Q)
[ l f 8.92 (129.3)(8.21 (119.0) |1.30 (18.B){12.8 (18.5)[12.3 (17.9) | 1.3 {(1.9) 38,9 (3640) 36.0 {52203 25.0 (3620)
| 1 ! 65.0 | 1.55 [B8+96 (129.9)7.83 (113.5)|1.68 (26.0)] 13.0 (18.9)11.7 {17.00| 3.2 (4.7} 43.9 (6370} 38.3 (5368) 26.2 (3800}
; R 7.63 (110.7)}7.06 (102.3){1.5% (23.0)|13.0 (18.93|1l.8 (17.1)| 1.2 (1.7)|4l.% (6080} 37.5 (3440):21.6 (3130}
! 8.50 (123.3)17.70 (111.6) |1.51 (71.¢y!12.9 (16.8}|12.0 (17.3)) 1.9 (2.8)]al.e (6030)1 37.3 (5430p 24.3  (3520)
' 1 he each at 3.57  (51.8)[3.70 (53.7} |33 (46.9)] 9.6 (13.9)) 8.7 (12.6)| 9.0 (L3.1)| 14.2 (2060}| 23,2 (3360) 16.9  (2450)
PPQ I 4995¢ and 454°C 76.0 ! 1.4 |8+31 (91.5)]3.90 (36.6) 476 ¢g9.3)113.0 (18.8)|10.3 (15.0) [1l.4 (l6.6)| 19.8 (2870): 20.5 {2970) 15.5 (2150)
(PMY) | nder 1.38 x 1058/m? i 5.11  f74,1)|5.50 (79.7) |2, (4.13(12.2 (17,7)|13.2 (16.3) 9.4 (13.6)] 24.3 (3530)1 17.8 (2600),17.2 (2500)
| 5,00 (72.5)|4.37 (63.3)|3.65 7(50.0)|11.6 (16.8)10.1 (14.6)|10.0 (l4.4)119.4 (2820)' 20,5 {2980)|16.5 (2400
7.95 (115.3)|5.46 (79.2)(4.21 (61.0)|1I.8 (17.1}[10.0 (l4.5) | 8.7 (12.8)| 29.2 ({4240). 28.2 (4090)}14.7 (2130)
BlCo 1:3 |8 hr at 3719C frs 3| LS 1.5 [7-99 (l15.B)5.87 (86.6)[3.54 (51.4)]12.6 (18.3)10.6 (15.3) | 8.8 (12.B)| 37.2 (5400)1 28.§8 (4180) i 13.9 (2010)
under 2.07 x 10°N/m*. * . 7.60 (110.2)/6.66 (96.5) |Z.61 (37.9){12.5 (18.1)|10.9 (15.8) ¢ 6.9 (10.0)[ 30.0 (4350) 27.6 (4000} 13.4 (1940)
| 7.85 (113.8)[6.03 (87.4)|3.46 (50.1)[1Z.3 (17.8) | 10.5 (15.2)| 8.1 (11.B); 32.2 (4660); 26.2 (4050), 14.0 (2030)
7.07 (L02.5}[4.58 (6b.4)(1.08 (15.6)]10.6 (15.3)| 8.6 (l2.5) | 2.3 ( 3.4)}[ 33.1 (5090)] 32,6 (4730)] 13.5 (L960)
60.5 1.52 6.68 ( 96.%)|5.8L (84,1} .97 (14.1)}11.¢ (15.9) 10,7 (15.5) g { 1.3)] 35.9 (5210)§ 23.9 (3460)r 20.9 (3030)
: : 7.97 (LI5.5}|6.22 (90,2)|2.98 (£3.2){12.5 (18.1)(10.6 (15.4)] 7.5 (10.9)| 35.9 (5210)! 26.1 (3750)| 17.3 (2510)
7.24 (105.0)]5.54 (80.3)]1.68 (24,3)|11.3 {16.4)[10.0 (L4.5) ) 3.6 (5.2)] 35.8 (517n)f 27.5 {3990)! 17.2 (2500)
4 hr at 371°C under i 6.27 { 90.9)|5.46 {79.2)|L1.16 (18.6)] 1l.7 (17.03|10.1 (14.7)| 0.6 ( 0.9)] 33.7 (4880)1 30.5 {4420)| L9.9 (2380)
2.07 x 1068/w? and 7.74 (112.2)|6.39 (92.6)|2.76 ¢42.6)|1L.4 (16.3)( 7.7 (11,2} | 7,7 (LL.1)} 33.9 (4910)] 29.1 (4220)! 16.8 (2430)
4 hra@ 371°C in K2 62.0 1.57 |6.72 ( 97.5)06.33 (91.8)|1.36 (42.5)|11.4 (16.5)| 9.8 (24.01| 8,9 (12.9)! 32.8 (4750);26.3 {3820), 12.8 (185Q)
| (Mo pressure} 6.91 (100.2)]6.06 (87.9))1.75 ¢{34.6)|11.5 (l6.7)} 9.2 (13.4)| 5.7 ( 8.3)' 33.4 (4850)] 28.6 :'a150)§ 16.5 (2390)
6.30 ( 91.3}16.20 (89.9)]1.28 (16.8)[10.5 (15.2)| 9.9 (14.3}] 2.7 ( 3.9)} 34.6 {(5020)]28.9 (4290)|16.7 (2420
1 61.0 L.se 18:30 (91.43le.21 (90.0)]1.34 (39.8) 10.8 (15.6)|10.3 {15.0) | &1 (1i.8)| 35.1 (5090): 9.3 (4250) 17.0 (24&0)
: * 7.38 (107.0)| 6.23 (90.33{1.79 (19.7)(11.5 (17.2)] 9.9 (l4.4)) 7.2 (10.43] 33.1 (480001 29.9 (4340)115.3 {2220}
6.66 ( 96.6)|6.2L (90.1}|%.47 (25.4)|11.0 (16.0)|10.0 (14.6)} g0 ( 8.7)| 34.3 (4970); 29,4 (4260)i 16.3 (2370) |
4 hr st 371°C under 6.58 (95.4){4.90 (71.0)3.7L {18.5)|10.8 (L5.7)} %.0 {13.0)| 0.4 ( 0.6)] 2%.6 (4290)126.6 (3B&0) | 18.3 {2060} |
2.07 x 105N/x? and 63.0 1.56 16.60 (95.7}[5.71 (82.8) 1.23 (19.5)|10.3 (15.0)| 9.7 {(14.0}} 1.0 ( 1.5)] 3L.5 (4570)|27.0 (3910)| 13.8 (2000} |
4 hr at 371°C ia 6.61 (95.8)5.75 (83.4}1.48 (25.9){10.1 (14.7) 9.7 {(14.1)| 8.8 (12.7)| 28.8 (4320);27.8 (4030)115.4 (2240
air (No pressure) 6.60 (95.6}15.45 (79.10]|2.16 (Zi-ml10.4 (5.3 9.4 (13.7)] 3.4 (4.9} 3 (4390) | 27.1 (3930); 15.8 (7300} !
5.90  (B5.6)]4.90 (71.0001.28  (53.8)|LL.1 {16.1)] 2.0 (13.1)] 9.3 (143! 301 4650yl 27.3 (3960) ) 15.3 (2250)
1 63.2 1.53 |6.74 (97.7}6.25 (90.6}] 2.9 (17.%)|10.3 (15.0) 10,3 (14.9) 6 (0.9)] 3007 (4450)| 29.2 (4230)! 19.6 (2840)
5.72 (82.9)5.81 (84.2)|2.93 (21.4)[11.0 (16.0) 10,5 (15.2)) 2.1 (3. 1)5 341 (494d) 27.8 (4030)) 17.4 (2520
6.12 (88.7Y|5.65 (B81,9))2.38 (31.0y/10.8 (15.7)| %.9 {l4.4)| 4.2 (6.1)]32.3 (4680) | 28.1 (4070} 17.5 (254()
12 hrs @ 371°%C and i T
2 bre at 399°C undec| 61.5 — ! .
2.07 x 106N/m? ' BLEW DURING POST CURE AT [8OD®F, NOT TESTED 5
and 4 hr at 4279C 60.5 1.61 ! i
in X2 (No pressure) i ) _i




TABLE 4 PROPERTIES OF POLYPHENYLQUINOXALINE GRAPHITE COMPOSITES

11

FLERURE STRENGTH
AN CORE FIBER o DAURE 8 5 mi’i.mznz MODULU'S (INTERLAMINAR SHEAR STRINGTH
0. COMDITIONS VOLINME 2 19 N/ (10° e51) 10 % (10® ps1) 10%/m {P51)
21°%¢ 204°¢ 316°¢ 204°% 316% 1% 204°¢ 316°%¢
1 hr. at 371%C and 8.33 (120.8)f 7.35 (106.6) 3.70 (53.6) [16.2 (23.5) | 15.3¢21.8) 9.2 (13.5)] 38.5(5580) 31.7 (4600)| 15.1 (2188)
24 1 hr. st gzy"c under| 62.0 8.87 (128.6)| 7.82 {113.4)| 2.23 (32.4) |15.2 {(22.1)| 14.3(20.8% 1.9 ( 2.8)| 31.7¢4600)] 31,5 (45709 11.3 {1640)
1.38 x 10° w/n? §.21 (590.6) 8.72 { 97.4) 2.23 (32.4) |14.6 (21.3)| 14.2 {20.6) 1.6 ( 2.4)| 37.8¢5480)) 34.1 49403/ 15.6 (2260)
. | 7.81 (113.3)] 7.30 {105.83| 2.72 (39.5) |i5.% LAY | TA.5(21.1) 4.3 ( 6.2)] 36.0(5220)132.4 (4700) 14.0 (2030)
8.28 (120.1) 8.31 (120.5)| 2,24 (32.5) |15.2 )l 16.0¢23.2) 3.0 ( &.3)] 38.4 (5570)[31.2 (45200 21.4 (3100)
25 8.52 (123.6)| 5.69 { 82.5} Z.19 (31.7) (16.4 B)| 14.9¢21.6X 2.6 ( 3.8)33.7(4880)/25.6 (3710)111.3 (1640}
7.13 (103.8) 7.98 {115.7)¢ 3,19 (46.3) (16,0 (23.3){ 15,2(22.1) 9.7 {14.13 38.6(5600)129.9 (4340) 12.5 (181D
7.95 (115.7) 7.36 (106.2} 2.54 (36.8) |15.% 0y| 15.4(2ZZ.3Y 5.1 ¢ 7.4)] 36.9(5350)| 28.0 (4140) m‘{(m))‘
1 hr. at 399°C and 8.30 (120.4) 7.33 (106.4)] 3.52 (51.1) |15.9 16.0(23,2) 11.0 (15.9); 42.1 (6100)(33.2 (4810) 26.8 (3430)
2% 1 her 3% 2iiec mnd 61.0 9.26 (134.3) B.7L (126.3) 2.52 (36.5) |16.5 15.9(23.0) 5.9 ( 8.5)[41.0¢5950)(31.1 (4510} 35.4 (3690)
RPN e B 7.01 (100.6) 6.34 ( 91.9) 441 (63.9) |15.8 15.1(21.9) 10.1 (14.7)] 35.8 (5040)/ 30.8 (4460) 19.4 (2620)
: , e L. 8.19 (118.8) 7.46 (108.,2)] 3.48 (50.5) {16.1 15.7¢22.7) 9.0 (13.0)| 39.3(5700){31.7 (4590)] 23.9 (3460}
8.17 {118.5) 7.54 (109.4)] 5.74 (83.3) |14.0 12.8(18.6) 13,2 (19.2)| 39.8(5770)1 37,2 (5390) 22.7 (3290Q)
27 9.40 (136.4)] 9.65 (139.9)) 4.0L (58.1)} |15.3 14.1(20.4) 9.5(13.8)] 34.6(5020) 34,1 (4950} 23.1 (3350)
3.01 (130.6) 7.82 (113.4} 4.60 (66.7) |15.1 (21.9)] 13.9(20.2% 10.1 (14.7)| #2.3(3990)|38.3 ¢s550) 20.6 {2980}
8,86 (128,3) 8-34 (120.9)! 4.78 (6%,4) |14.8 T31.5)| 13.6{(L9.7) T1.0(15.9)] 38.6(359M136.5 {5300) 22.1 {3210}
o 8.84 (125.3) 8.95 (129.8), 5.98 (86.7) [15.2 (22.1)[ 15.4(22.3)[ 13.4 (19.4)] 46.0(BB703[41_3 (5990)| 24.6 (3570)
18 2 hrs, ar 427, C .| o o 9,06 (131.4) 8.79 (127.4)| 6.00 (87.1) |15.2 (22.1)| 15.0¢21.7) 13.0(18.9)| 49.4(7L70)38.8 (5630} 31.9 {3170)
under 3.45x10° N/m ) 10.30 (149.4) 8.66 (125.6)1 4.89 (70.9} |15.4 (22.4)) 15.2¢22.1) 12,1 (17.5)} 39.0{56503|37, 4 (54303 25,9 (3760}
! ] 9.34 {135.4) B.B0 (127.6)| 5.63 (Bl.6) |15.3 (22.2)| 15.2(22.0) 12.8(18.6)] 44.8(6500))39,2 {56807 24.7 (35007
8.28 (120.1) B.32 (120.7)| 4.63 (67.1} [15.2 (22,0} 14.1{20.4) £1.5 (16.7) 38.9(5640)37.% (5430)| 24.7 (3580)
29 9.42 (136.6) 7.08 (102.7)) 5.43 (78.7) [16.6 (24.0)| 14.4 (20,9} 12.1 (17.5) 40.4 (5860} 34,6 (5020)| 22-9 {3320)
5.36 (135.8) &.34 (121.00] 4.88 {70.7} | 15.0 16.9(21.6) 12.4 (16,6) 39.6(5760) 23,9 (4910} 25.8 {3740)
9.02 (130.8)] 7.92 (114.8)] 4.98 (72.2) |15.6 (22.6)| 14.5(21.0) 11.7 (16.9)| 39.6(5750335.3(50L30)| 24.5 (3550)
o 9.54 (138,3) 9.55 (138.5)| 5.51 (79.9) |15.7 (22.8){ 15.7(22.7) 13.8 (20.0)| 49.9{7230)40.9 {59303 27.7 (40L0)
10 2 hrs. at 454,C 9.81 (L42.2) 9.94 (144.1}) 5.04 (73.1) [15.8 (22,9} 18.5(26.8) 11.2 {15.3)| 45.4(6590%41.0 (5940) 24.2 (3510)
under 3.45x10° N/m 63.0 B1.75 (170.4) 9.85 (142.8}] 4.95 (71.8) |16.0 (23.2)| 15.7(22.8) 11,0 (16.0)| 46.6(6750)/41.9 (6070} 27.2 (3940)
1 | [0.36 (150.3) 9.78 (141.8); 5.17 (34.9) |15.8 (23.0)| 16.6 (94.1) 12.0 (17.4)| 47.3(6ER0)|4I.2 (5980) 26.3 (3520)
9.74 (141.2) 9.03 (131.0) 4.%4 (71.7) |15.6 (22.6)} 15.2(22.0) 13.2 {19,2) 55.5(8050) 43.4 (6300} 33.7 {4890)
31 0.09 (146.3) 10.13 (147.0)] 4.65 (67.4) 116.4 (23.8)) 16.2(23.5) 11.4 (16.5) 52.6(7620) 38.9 (5640) 21.4 {3110}
9.86 (343.0)] 9.37 (135.8)| 4.81 (69.8) |15.5 (22.5)| 15.5(22.5) 12.8 (18,5} 51.2(7430)[40.3 (5850)} 23.4 (3400}
9,90 (143.5)] 9.5% (137.9)| 4.B0 (69.6) -8 {(23.0y] 15.6(22,7) 12.5 (18,14 53.1(7700) 40,9 (5930) 26.2 (3800}
9.27 (134.4) 2.78 ( 40.3)| 2.28 (33.1) (21.3)) 6.3( 9.2) 3.2 ( 4.7) 37.0(5370) 29.9 (4340) 13.4 (1940)
1z 2 hrs. at asﬁ:c 2 11,08 (160.7) 9.30 (134.8)] 4.21 (61.0) (22.03 11.8(17.1)| 4.8 ( 7.0) 25.4 (3590)| 29,8 (432D} 16.5 (2390}
under 2.07x10° W/m 60.0 11.86 (164.7)| 8.43 (122,3)] 4.23 (pl.3) | 15.7 €22.8)| 13.7¢19,9) 7.7 (11.2) 33.9€4910) 26,0 (3770} 17.0 (2460
1 : } 16.57 (153.3)] 6.84 ( 99.1)| 3.57 (51.8) (22.0)] 10.6(15.4); 5.3 ( 7.6) 37 1(¢4660) 28.6 (4140) 15.6 (3760
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TABLE 5

PROPERTIES OF RANDOM COPOLYMER GRAPHITE COMPOSITES

EXPOSURE FLEXURAL PROPERTIES INTERLAMINAR SHEAR
LAMINATE o | topeasos | TEST TEMPERATURE p— STRENGTH
NUMBER TEMPE ° oF MODULUS 6., 2 .
HRS. Oc (OF) c ( ) lUSN/mz (loapsi) 1010N/m2 (loépsi) 10 N/m (ps:.)
5.06  (73.4) 9.7  (14.0) 26.8 (3590)
200 | 316  (s500) | 316 (600) 4.65  (67.4) 9.7  (14.0) 25.5 (3700)
4.86  (70.4) 9.7  (14.0) 25.1 (3650)
l*
500 3.25  (47.1) 21.1  (30.6) 11.5 (1670)
2.97 (43.1) 8.6 (12.5) 20.6 (2980)
3.11  (45.1) 4.9  (21.6) 16.0 (2330)
5.46  (79.1) 11.0  (16.0) 17.9 (2600)
200 5.31  (77.0) 10.2  (14.8) 29.0 (4200)
5.38  (78.1) 10.6  (15.4) 23.4 (3400)
2*
3.01  (43.6) 8.3  (12.0) 11.7 (1700)
500 3.75  (54.4) 10.3  (14.9) 12.3 (1780)
1 ! ' ! 3.38  (49.0) 5.3 (13.5) | iz.0 (17409

* Polymer batch PH-1-244

it
Laminate Cure: 1 hr. each at 336°C and 454°C under 1.38 x 106 N/m” and N2 atm,

Fiber Volume:

52.6%




2.1.3 {Continued)

The principal advantage offered by the PMR approach is a lower viscosity
solution which appears to provide better wetting of the fibers. A minor
disadvantage would be the limited shelf-1life of the solution. However,

this is not considered to be a serious deficiency in most cases.

Comparing the drum wound and the vacuum impregnated prepreg (laminate

1 and 2) no significant differences in mechanical properties were noted
between the two. The drum wound prepreg was more uniform and resulting
composite had better fiber distribution and lower void content (Figures
1 and 2). Drum wound impregnation was chosen as the preferred method of

impregnation.

2.2 Resin Content Studies

To investigate the influence of resin content on laminate properties a
series of laminates were made at 507 and 60% fiber volumes using the
block copolymer 1:3 (Reference 1). Duplicate laminates (Nos. 5~8, Table
2) were made at each fiber volume. As shown in Table 2, the higher
fiber volume laminates did translate better mechanical properties as
would be expected. There was some concern that the brittle PPQ resin
may result in lower interlaminar shear properties at the higher fiber

volume.

Two additional laminates (No. 9 and 10, Table 2) were made at a Vf =
30% under different processing conditions to determine if the properties
would be influenced significantly by the change. Comparing the results

of laminates 9 and 10 to 7 and 8 shows no influencing change.

Laminates for the remainder of the program were designed to have a

Vf = 60%Z,

13
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Figure 2: Cross Section of Laminate No. 2 (X65)
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2.3 Cure/Post-Cure Conditions

Curing conditions were investigated on two PPQ polymers in an attempt

to increase their elevated temperature performance and thermal aging
characteristics. Six different cure/post-cure combinations were tried
on the BlCo (1:3) polymer and an additional six combinations on PPQ-IT
as shown in Tables 3 and 4. Each laminate was tested for flexural
streangth, modulus, and interlamlnar shear strength at 21°C, 204°C and
316°C. The results of these tests are shown in Tables 3 and 4. The
cure cycle of 2 hours at 427°C (800°F) under 1.38 x 106 N/m2 {200 psi)
established previously (Reference 1) was used as the baseline in select-

ing the new cure cycles,

Based on these values a cure cycle of 1 hour each at 336°C (636°F) and
454°C (850°F) under 2.07 x 106 me2 (300 psi) was chosen for the 1:3
BlCo polymer and 2 hours at 454°C (850°F) under 2.07 x 10° N/u® (300 psi)
for the PPQ-1I polymer. )

A cross—sectional photograph of each laminate cure condition, with the
exception of laminates 22 and 23, is shown in Figures 4~14. Laminates
22 and 23 blew during postcuring. Figures 15-16, and 17-18 are typical
electron scanning photomicrographs of failed flexural specimens of BlCo

(1:3) and PPQ-IT polymers respectively,

In addition to performing flexural and ILS property determinations, creep
and isothermal aging tests were conducted on laminates from each polymer,
The results are presented in Figure 3 and Table 6 respectively. The
creep tests were conducted using flexural specimens under a constant

single point load condition at 316°C (+600°F).

The isothermal aging tests were runm at 316°C in air for a minimum of

400 hours exposure (Table 6).

Laminates are further described in Tables 7-9.

16
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Figure 4: Cross Section of Laminate No. 11 (X65) Figure 5: Cross Section of Laminate No. 13 (X65)



Figure 6: Cross Section of Laminate No. 16 (X65) Figure 7: Cross Section of Laminate No. 18 (X65)




Figure 9: Cross Section of Laminate No. 24 (X65)




Figure 11: Cross Section of Laminate No. 28 (X65)




; 5" Figure 12: Cross Section of Laminate No. 30 (X65) Figure 13: Cross Section of Laminate No. 32 (X65)



Figure 14: Cross Section of Laminate No. 34 (X65)
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Figure

15: Electron Photomicrograph of Flexural Test Failure Area
Laminate No. 18 (X600)
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Figure 16: Electron Photomicrograph of Flexural Test Failure Area
Laminate No. 16 (X600)
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Electron Photomicrograph of Flexural Test Failure Area

(X600)

te No, 32

mina.

La

Figure 17:
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Figure 18: Electron Photomicrograph of Flexural Test Failure Area e sz ‘f{\o"‘
Laminate No., 30 (X600) R e
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Table 6 ISOTHERMAL AGING OF PPQ-IT AND B1Co (1:3)
GRAPHITE COMPOSITES AT 316°C (600°F) anp 371°%C (700°F)

WEIGHT LOSS (%)

HOURS PPQ-IT BlCo (1:3) o
AGING AGING TEMPERATURE OC AGING TEMPERATURE ~C

316 371 316 371
100 2.35 6,95 2.21 7.20
200 3.50 13.75 3.20 14,10
300 4.40 24.00 4.15 22.14
400 5.85 31.00 5.60 30.00
500 7.10 33.00 6.95 32.15
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TABLE 7

LAMINATE DESCRIPTION

LAMINATE POLYMER POLYMER - PREPREG . THIL.CKNESS SPECIFIC
NUMBER ITEM NO. * VOLATILE, % - INCHES GRAVITY
1 RaCo (1:3) 1 2.10 3.35 - 3.49 .1320 - .1375 1.52
via PMR * )

2 0.73 2.69 - 2.74 .1060 - .1080 1.47

3 BlCo (1:3) 2 1.20 2.38 - 2.52 | .0936 - .0994 1.68

4 0.78 3.16 - 3,28 1244 - ,1292 1.61

5 0.75 2.51 - 2.55 0990 - .1004 1.65

6 1.70 2,40 ~ 2.56 .0946 - .1008 1.60

7 1.20 2.72 - 2.79 | .1071 - .1098 1.52

8 1.60 2.70 - 2.88 | ..1064 - .1132 1.55

9 1.70 2.83 - 3.14 1116 - .1238 1.52

10 1.40° 2.95 ~ 3.14 L1162 - ,1235 :1.43
11 1.10 2.31 - 2.49 .0910 - .0980 1.54
12 1.40 2.47 - 2.57 L0971 - 1010 1.54
13 0.80 2.34 ~ 2.49 | 0920 - .0980 |  1.53
1# ' 1.20 2.90 = 2.92 | 1141 - .1150 1.55
15 PPQ I via PMR 4 2,20 2.34 - 2.69 | .0923 - .1061 1.40

* SEE TABLE 1
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TABLE 8 LAMINATE DESCRIPTION
LAMINATE POLYMER POLYMER PREPREG THICKNESS SPECIFIC
NUMBER ITEM NO. * - VOLATILE, % o INCHES GRAVITY
16 BlCo (1:3) 2 1.20 2.87 « 2.95 .1130 - .1160 1.52
17 1.80 2.97  3.10 L1170 - .1220 1.52
18 0.10 3.02 - 3.12 L1190 - .1230 1.57
19 0.20 2.92 - 3.10 L1150 - .1220 1.56
20 0.20 3,05 - 3.28 | .1200 - .1290 1.54
21 0.10 2.74 - 2.97 | .1080 - .1170 |  1.53
22 2.40 - - -
23 A J 2.20 2,34 - 2.69 .0923 - .1061 1.61
24 PPQ IT via PMR 6 1.20 2.29 ~ 2,54 .0900 - .1000 1.62
25 1.20 2.2% - 2,54 | .0900 ~ .1000 1.62
Z6 1.80 2.16 ~ 2,54 | .0850 -..1000 1.61
27 1.80 2.16 - 2.54 .0850 - .1000 1.61
28 0.40 2.34 - 2,51 .0920 - .0990 1.68
29 0.40 2.34 - 2.51 | .0920 - .0990 | 1.68
30 | ] 0.60 2.36 - 2.39 .0930 -~ .0940 1.71

* SEE TABLE 1
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TABLE 9

LAMINATE DESCRIPTION.

LAMINATE POLYMER POLYMER PREPREG THICKNESS SPECIFIC
* . {
NUMBER ITEM NO. VOLATILE, % —_ INCIHES GRAVITY
31 PPQ-1I 6 0.60 2.36 - 2,39 | .0930 - .0940 1.71
via TMR
32 1.10 2.54 - 2.67 | -1000 - .1050 1.66
33 1.10 2.54 - 2,67 | .1000 - .1050 1.66
34 1.30 2,51 - 2.57 | -0990 - .1010 1.70
35 L ] 1.30 2.51 - 2,57 .0990 - ,1010 1.70
36 TAB/m-BPGB 3 1.38 2.44 - 2.64 | 0960 - .1040 1.61
37 Blco (1:3) 5 1.40 2,44 = 2.67 | .0960 — .1050 1.57
End CAPPED :
38atb Y 1.20 2,61 - 2.92 | .1030 - .1150 1.53
39 TAB/ m-BPGB 3 1.31 2.61 - 2.89 | .1030 - .1140 1.62

* SEE TABLE 1




TASK 1II -~ INTRODUCTION

The original objectives in Task II were to synthesize and characterize
polypbenylquinoxaline polymers from 3,3',4,4"-tetraaminobenzophenone (‘TAB)

and the following tetracarbonyl compounds.

¢

I
@cocoéﬁ é ¢
|
—-O-P-O——@
¢ococ @ Cocog

These objectives were modified early in the program. Findings showed that
synthesis of the silicon and phosphorous containing tetracarbonyl monomers
would be difficult and beyond budget and schedules allowed for Task II.

Thus, the objectives of Task 11 were modified as described below.

The modified Task II objectives are to synthesize and characterize poly-
phenylquinoxalines (PPQ) that have improved Processibility and extended

service life at elevated temperature.

Extending polymer service life at elevated temperature was sought by
decreasing the thermoplasticity of PPQs. Generally the thermoplasticity
of PPQs is reduced by exposure of the polymers to excessively high temp-
erature postcure cycles. This is believed to partly degrade the polymer
thermaloxidatively. Reducing thermoplasticity of PPQ was sought by intro-
ducing latent crosslinking groups that can be made to react after forma-
tion of the linear polyphenylquinoxaline system. Incorporation of the
following pendant functional groups on the backbone of PPQ molecules

was sbught: = OCN, -C=CH and -CN-0. These functional groups are known

to undergo the cyclization reactions shown on the following page

(References 3, 4 and 5).
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3.0 (Continued)

~OCN

—CNO

Ihn
—C=CH—

~
—C=CH

Therefore, the following tetracarbonyl compounds were selected for synthesis

and subsequent reaction with tetraamines to form PPOs with potential cross-
linking sites:

COCo @ OCN Caoco @—0—©CECH
@'coco @ OCN @

cocog

CoCog¢
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3.0 (Continued)

Further, improving processibility and extended service life at elevated
temperature was sought through modification of a PPQ by endcapping the
polymer with inert end groups. The PP} selected for end-capping was the
hlock copolymer {1:3) (Reference 1}). l1is peolymer has exbibited excellent
processibility, and increasing its already good thermaloxidative stability
was sought as & means to improve the polymer's service life at elevarcd

temperaturc.

3.1 Synthesis and Characterization

This section on Task Y1 work is divided into three parts. The first part
daescribes approaches used for model compounds and reactants synthesis.
The second part describes polymer synthesis approaches. The third part, in

the Appendix, describes details of synthesgis and characterization work.

3.1.1 Reactants

Meta-bis (hydroxyphenylglyoxalyl)benzene (w—HPGB) and m-bis(p'-cyanatophenyl-

glyuxalyl)benzene (m-CNOGB): The two tetracarbonyl compounds m-HPGB(IV)

and m~CNOGB(V) were synthesized in accordance with the reaction sequence

shown below.

CH,CO € CH200 ocn COCO“@OCH
COCO—
CH,CO
CH, CO T 2 —@00H3 @—OCH;,

o

coco COoCo '@
‘ OCN  _ BrCN @ OH
@ : coco
cOCOo
ocn OH

v
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3.1.1 {Continued)

When placed on a preheated melting point block set at 1960C, the yellow
solid m-CNOGB(V) melted at 198°-200°C. When heated from KT, the yellow
solid failed to melt up to 250%¢ (apparently duc to trimerization of —OCN
to sym-triazine). By Differential Scanning Calorimetry (DSC), at a
heating rate of 60°C/min in helium, the onset of the melting endotherm

occured at 193°C with the peak at 205°c.

Para-phenoxybenzonitrile: Para~-phenoxybenzonitrile(VI) was synthesized

through two synthetic routes. In the first route potassium phenolate wasg
reacted with p-bromobenzonitrile to give VI. 1In the second route p-phenoxy-

aniline was diazotized and reacted with cuprous cyanide (Reference 6

through Reference 8).

Para—bis(p'—cyanophenoxyphenylglyoxalyl)benzene {(p—CPGB): The tetracarbonyl

compound p-CPGB (VII) was synthesized in accordance with the reaction

sequence shown below.
oo O
CHaCOC o ALC L4 )
Q@ «+ ©@Qa. ~—-
CN
g coC " cs0 (O)-0-(O)on
el
Q¢ . 50,
coco @-o-@cn
Vi ,

Metaubis(p'acetylenephenylglyoxaly1)benzene (m-ACPG): The synthesis of

m—ACPG was sought using the treaction scheme shown below. The diaecid
chloride of m-phenylenediacetic acld was reacted with 1,2-dibromoethylbenzena
and a Friedel~Crafts catalyst in an attempt to obtain the intermediate

diketone. It was thought that the intermediate diketone could be oxidized
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3.1.1 {Continued)

to the corresponding bis(l,2~dicarbonyl) compound followed by dehydro-

bromination to yield an acetylene bis(l,2-dicarbonyl) compound. However,

, CHBrCH ,Br CHBICH,,Br
CH,COCR @ @cho -<: :}—- 2
' @.cusrcn Br
cnzcocp. . — e ?

Catalyst

as summarized in Table 31 in the Appendix, the preparation of the inter-
mediate diketone, to date, has been unsuccessful. Three of the four
attempts resulted in a high recovery of the starting material, 1,2~
dibromoetrhylbenzene. The other attempt (Expt, No. PH-1-263) provided an
orange product, mp > 390°C, whose infrared spectrum exhibited carbonyl
absorptions at 5.86u. The insolubility as well as the high melting point
suggested a polymeric material. It was thought that preferential reaction
could occur between the acid chloride group and the phenyl group of
1,2-dibromoethylbenzene with the Friedel-Crafts catalyst being effectively
removed by complexing with the product ketone. This would then inhibit
the formation and subsequent reaction of a carbonium ion generated by

the action of the catalyst on the a-bromo group. The use of a milder
catalyst (stannic chloride) in place of the strong aluminum chloride

failed to yield the desired product.

Para-phenoxybenzonitrile-N-oxide: The synthesis of p-phenoxybenzonitrile-

N~oxlde was approached from the reaction scheme shown on the following page.
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3.1.1 . {Continued)

CLC=NOH

CHO
: z HaNOH - Cag ‘
et )
EigN 1

CN—== (0
00@@1"'}4}<C::>
AL Cla @

-0 -2
coco (Q)o<{OY eno - . CH,COCE &
cH,coCR

The preparation of p-phenoxybenzaldehyde from p-phenoxybenzonitrile was
attempted by the Stephen reaction following a procedure given in Referenmce 9
for the preparation of B-naphthaldehyde from the corresponding nitrile.

The attempted preparation of p-phenoxybenzaldehyde was sought from reaction
of p-phenoxybenzonitrile with stannic chloride and hydrochloric acid. On
workup, the reaction products exhibited a nitrile group absorption band in
the infrared spectrum. Although there are several alternate routes for the
preparation of p-phenoxybenzaldehyde, time and Task IT budget did not permit
pursuit of alternate synthetic approaches. Para-phenoxybenzaldehyde wasg
sought for use in conversion to the nitrile oxide. The nitrile oxide would
have been used as an intermediate in an attempt to introduce nitrile oxide
Broups into PPQ).

1

Meta~bis(phenlylglyoxalyl)benzene (m-BPGB) and p-bis(phenylglyoxalyl)benzene

(p-BPGR): The tetracarbonyl compounds m~BPGB (VIII} and p-BPGR (IX)
(Reference 8 and Reference 10) were synthesized in accordance with the

following general reaction sequence.

37



3.1.1 {Cotttinued)

CH, COOH So CL, CH, COCR
CH,,COOM —— @—cnz oce
l ALCRy/oH
CH,CO¢

$,07 ‘@wcwicw
cocop

m-BPGB or p-BPGB

3,3"-Diamincbenzidine (DAB) and 3,3',4,4"-tetraaminobenzophenonene (TAB) :

The tetraamines DAB (X) and TAB (XI) were purchased from commercial sources

and purified as described in the Appendix,

3.1.2 Model Compounds

The reaction of o-phenylenediamine and m-CNOGE(V) was briefly investigated.

N COCO ©0CN
H - :
Q.. + © o
NH2 ‘ coco ©0CN
v

This brief investigation was promoted because the reaction of V with
3,3"~diaminobenzidine failed to provide the desired PPQ (See Paragraph 3.1.3).
A stoichiometric mixture of o-phenylenediamine and m-CNOGB in chloroform
resulted in a system, which (after precipitation from N,N-dimethylformamide
(DMF) with water and sintering at 270°C) failed to completely melt at 290°C
suggesting a mixture of high melting components. One of the problems anti-
cipated in introducing cyanato groups as latent crosslinking sites within
a PPQ'by this approach was the possibility of preferential reaction between
the amine groups and cyanato groups rather than the desired reaction of
amine and bis(1l,2-dicarbonyl) groups to form the quinoxaline ring, It was
originally thought that carbonyl groups para to the cyanato groups would
deactivate the cyanato groups sufficiently to permit the desired reaction.
Therefore, no further work with mrbis(p'—cyanatophenylglyoxalyl)benzene

was planned. Cyanato groups may be introduced into PPQ
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3.1.2 (Continued)

through an alternate approach by preparing a precursor hydroxy containing

PPQ and converting the hydroxy groups into cyanato groups.

3.1.3 Polvmers

Hydroxy/3PPQ. A hydroxyl group containing PPQ (hereafter referred to as
hydroxy/3PPQ) was synthesized in m-cresol from reaction of 3,3'-diamino-
benzidine (DAB), m-bis (phenylglyoxalyl) benzene (m-BPGB) and m-bis
(p'-hydroxyphenylglyoxalyl) benzene (m-HPGR). A ratio of DAB/m-BPGB/

m-HPGB = 3/2/1 was used in the reaction.

coco9 FOCD@
: OH
PO ¢ Ol ¢ O
HoN NH, cocos COCO@L
OH

T x Vil v

m-BPGB m-HPGB
"Oro) g 1O L0 O

N’ SN Ve

. OH ’ OH

Hydroxy/3PPO

This polymer was synthesized for use as precursor in an attempt to
introduce cyanato groups as latent crosslinking site. Since cyarato

groups trimerlze to form symmetric triazines at relatively mild conditions
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3.1.3 {Continued}

twlSODC) it was thought that a PPQ could be prepared where the number

of cyanato groups were kept at low values to allow for sufficient time
before the polymer became intractable during compositepreparation. To
enhance good dispersion of hydroxyl groups along the polymer, the hydroxyl
containing monomer (m~HPGB) was added to the tetraamine (DAB) and allowed to
react for a brief period. Subsequently the third tetracarbonyl compound
(m~BPGB) was added to the reaction mixture. After removal from solution,
the hydroxy/3PPQ failed to dissolve in chloroform, .N,N-dimethylacetamide,
N-methylpyrrolidone, or dimethylsulfoxide. The hydroxyl groups cannot

be converted into Cyanato groups with cyanogen bromide because of the

polymer is insoluble in a guitable medium for the reaction.

Cyano PPQ. A cyano group containing PPQ (hereafter referred to as DAB/
p-CPGB) was synthesized in m~cresol from reaction of DAR and p-his
(p'-cyanophenoxyphenylglyoxalyl) benzene (p-CPGE, VII). A ratio of
DAB/m—-CPGB = 1.00 was used in the reaction.

s <D0
HoN © @ +
o Q)-o-O)-o
X
DAB Vil '
p-CPGB

@

©

CN CN
DAB/P-CPGB

0
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3.1.3 {(Continued)

A very viscous solution was obtained within half an hour after mixing
reaction ingredients. This suggested use of more solvent for the reaction.
A second synthesis was conducted using twice as much solvent as the first
run. A gel was obtained after 1 hour reaction time. The gel persisted
even after reducing polymer concentration to & 3%, A film from the diluted
system was cast for isothermal aging evaluation (paragraph 3.1.4).

These results suggest that a workable polymer may he achieved by upsetting

the stoichiometry-of the reactants.,

The cyano groups were introduced into the polymer for possible trimerization
to symmetric triazine crosslinks in the cured polymer. A small amount of
p-toluene sulfonic acid was blended thoroughly with a powdered sample of

the polymer to determine if conditions conducive to CN trimerization would
affect Tg of the polymer. The sample exhibited a substantial increase in

Tg to 328°C. After holding at 400°C for 5 min. in N2, no Tg could be
detected to 400°C. Apparently, crosglinking was occurring, presumably

through trimerization to symtriazine.

End-capped Biock Copolymer (1:3): Block copolymer (1:3), first pre—

pared under a previous contract (Reference 1), was end-capped to produce a
non-functional, inert group-~terminated PPQ. This was done in an effort to
retain the good processibility and further extend the excellent high
temperature capability of B1Co (1:3). End capping BlCo (1:3) was accom-
plished by reaction of the ﬁolymer with excess o-phenylenediamine. Iso-
lation and reaction of resulting polymer with excess henzil afforded,

after isolation, end-capped BlCo (1:3) as schematically shown below.

_NH,
) (::I . $ N
va-@__c_cfh NHz Www-@l ,J@
—_— N
- [/
o 0
00
nu :
NHy Y AR W NI¢
W@~H2 - ‘VVWW—@. N

WVVVVNY™ = Polymer back bone
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3.1.3 {(Continued)

TAB/m—BPGB PPQ: A known polymer (Reference 8) (hereafter referred to as

TAR/m-BPGB) was synthesized from reaction of 3,3',4,4",~tetraaminobenzo—
phenone (TAB) and m~BPGB in a 1:1 m-cresol, xylene solution. The
polymer was prepared for characterization in H-MS graphite composites in

Task 1T and use as base for composite properties comparisons.

Cyanato PPQ: The attempted synthesis of a PPQ) containing cyanato groups
by reaction of m-bis(p'-cyanatophenylglyoxalyl)benzens (m-CNOGB)
with DAB yielded a product having an infrared spectrum inconsistent with

the desired structure.

COCOo @ OCN

" COC£P<::’bOCN
v
m-CNOGB

SO0

bCN E)CN

The reaction product's infrared spectrum lacked the -0CN absorption band

at 4.35 to 4.5u. A strong absorption band at 5.95u was present in the
product's spectrum. The band at 5.95u was attributed to carbonyl groups.
As discussed in the Meodel Compound Section of this report, (paragraph
3.1.2) one of the problems anticipated in this approach was the possibility
of the amine groups reacting with the cynanato groups rather than
selectively reacting with bis(1l,2-dicarbonyl) groups to form desired

quinoxaline rings.
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3.1.4 Characterization

“The polymers described -in -paragraph 3.1.3 were subjected to character-
ization tests in ferms o:i Brookfield viscosity, inherent viscosity (ninh)’
glass transition temperaturz (Tg), and softening temperature. Results

of these characterization tests are summarized in Table 1.

Four polymers were selected for fﬁrther characterization in terms of
thermogravimetric analyses (TGA), differential thermal analyses (DTA)
and isothermal gravimetric analyses, The selected polymers were: end-
capped BlCo {1:3), TAB/w—BPGB, hydroxy/3PPQ and DAB/p~CPGB. Selection
of these polymers was based on their potential for ease in processing
into cémposites. Table 10 presents the test results of simultaneous
- TGA and DTA of the four polymers. Table 11 and Figures 19 and 20
summarize the isothermal (316°C and 371°C) aging test results.
Excellent thermal oxidative stability at 316°C was exhibited by end-
capped BlCo (1:3) and the polymer derived from TAB/m-BPGB. Although
the polymer derived from DAB/p~CPGB displayed slightly lower thermalowi-
dative stability than end-capped BlCo (1:3) and the TAB/m~BPGR polymer,
we believe that the DAB/p~CPGB polymer has at least equivalent thermal
oxidative stability as the end-capped B1lCo (1:3) or TAR/m~-BPGE even
though the resﬁlts do not reflect this. The film used for isothermal
aging of the TAB/p-CPGB polymer was voidy and of poor quality. Difficulry
in obtaining a good [ilm of the TAB/p~CPGB polymer was attributed to
polymer gel described earlier in this report. Alternate synthetic
approaches of avoiding gel formation of TAB,p~CPGB warrant further
investigation. Upsetting reactant stoichiometry dis one such

approach. As indicated earliev, the possible poor thermal

oxidative stability of hydroxy/3FPQ was anticipated.
- On aging at 371°C the four polymers exhibited the same relative order

of thermaloxidative stability experienced at 316°C; Namely, the end-

capped B1Co (1:3) and TAB/m-BPCB polymers exhibited the highest, and
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3.1.4 {Continued)
the hydroxy/3PPQ exhibited the lowest thermaloxidative stability.

The end-capped BiCo (1:3) and TAB/m-BPGB polymers were selected for
further characterization in terms of Thermomechanical Analysis (TMA).

Selection was based on the polymers' isothermal aging test results.

As a side investigation, polymer creep tests were conducted on the end-
capped block copolymer (1:3) and TAB/m-BPGB using a 940 Thermal
Mechanical Analyzer (TMA) apparatus manufactured by E. I. DuPont
DeNemours and Company. The analyses were conducted to determine effects
of elevated post-cure temperatures on polymer film expansion, shrinkage
or flow characteristics while PPQ films are held under tensile stress at
temperatures up to 450°C (842°F). Prior to the TMA tests, the end-capped
BlCo (1:3) and TAB/wm-BPGB films were exposed to an elevated temperature
cycle of 1/2 hour at each 350°C (662°F) and 454°C (850°F). A=z shown in
Table 12, this exposure raised the onset of polymer softening temperature
and glass transition temperature of the two polymers. Control specimens
were analyzed using a tension probe. Post-cured specimens were analyzed
using & flat tipped penetration probe because the post-cure exposure
rendered the films too brittle for cutting into "dog bone" specimens.

(In a separate experiment using unpost-cured [control] film specimens of
TAB/m~BPGB, it was determined that the tension probe and penetration probe

yield comparable TMA traces.)

Figures 21 and 22 show superimposed TMA traces of end-capped BlCo (1:3)
and TAB/m-BPGR post-cured films and controls. The results desecribed
abave suggest the potential of TMA as means for determining optimum poly-
mer cure/post-cure parémeters. Studies using the TMA analyzer are
recommended for future work. A suggested study approach to determine
optimized cure-post-cure cycles for PPQ polymers is to correlate penetra-

tion probe loads, heat rise rates and polymer flow temperature.
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TABLE 10

SIMULTANEOUS THERMOGRAVIMETRIC AND DIFFERENTIAL THERMAL ANALYSIS
OF POLYPHENYLQUINOXALINE POLYMERS

REACTTONS REACTION TEMPERATURE (°C + 5°C) > [
BiCo (1:3) TAB/m—-BPGB DABR/m-HPGB /m-BPGB DAB/p-CPGR
end~capped
(PH-1-257) (PH~1-247) (PH-1-269)} (PH~-1-277~1)
lst Weight loss{minor) 80 85 - 75 75
1st Exotherm (minor) 80 100 75 75
2d Weight loss (minor) 225 — ——
2d Exotherm (miner) 280 220 255 250
Start of major weight loss 460 515 450 505
Major weight loss 590 580 650 610
Mineor weight loss 755 ' 760 740 760
End of weight leoss 860 >970 >970 >970

The shown reaction temperatures are the temperatures at whichk polymers exhibit maximum
rate of weight loss or exotherm.

[:::>> Powdered polymer samples were tested in a Mettler Simultaneous Anaglyzer using a nitrogen atmosphere
and heat up rate of 15 ¢ per minute.
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TABLE 11

ISOTHERMAL AGING OF POLYPHENYLQUINOXALINE POLYMER FILMS IN AIR AT 316°C AND 371°%¢

Polymer Expt. No. Polymer Weight Loss (Z)!S e
No. PH-1- 400h at 200h at__
316°C 371°C (g
1 257 BL Co(1:3) [1 - 4.4 33.8
end capped

2
2 247 TAB/m—BPGB[:::> 7.6 34.3

R P
3 269 DAB/m-HPGB/n=BPGB 99.6 7
4 277-1 DAB/p~CPGB "> 18.5 87

Ei::>BlCo(l:3) = block copolymer of p-bis (phenylglyoxalyl}benzene and 3,3"-diaminobenzidine

polymer, pbis(phenylglyoxalyl)benzene and 3,3', 4,4'-tetraaminobenzophenone polymer.

T

: 2_~m~BPGB

L

[3--DAB = 3,3"-Diaminobenzidine and w-HPGE = m-bis{p'~hydroxyphenylglyvoxalyl)benzene,

[anr .
;@,f»p—CPGB = p~bis(p'-cyanophenoxyphenylglyoxalyl)benzene.

%};ﬁhﬁﬂll films were aged in air circulating ovens.

[

Ny
i’

m~bis (phenylglyoxalyl)benzene and TAE = 3,3', 4,4'-tetraaminobenzophenone.

;3::>Values reflect measurements after aging films 200 hours at 371°C. Between 200 hours and

260 hours at 371°C the films' weight losses were 81% to 100% therefore these determinations
were discontinued.

Film weight loss = 100% in <100 hours at 371°F,
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Figure 19:  Isothermal (316°C) Aging of Task 2 Polymers



3.2 Polymer Selection for Task ITI

The end-capped BlCo (1:3) and TAB/m-BPGB were selected for cure/post
cure studies in Task 1II. This selection was based primarily on
polymer 316°C isothermal aging, TMA test results and polymer potential

for ease in processibility.
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Figure 20 :@ lsothermal (371°C) Aging of Task 2. Polymers
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TABLE 12 THERMOMECHANICAL ANALYSES OF PPQ FILMS

TMA Analysis
Polymer Softening or Expansion Temperature

Control B> P'

High Temperature [3=>[8>

. . Exposed Specimen
Exp. No. Tg QJ:Z:>

Polymer PH-1- {DsSC) Tg,°C Onset of T9,°C Onzet of
Softening Softening
Temperature Temperature
{°C} (°c)

- —

Bl Co (1:3) 257 325 ~ 300 225 ~400 325

end-capped

TAB/m—BPGB 247 285 ~310 250 ~ 310 285

20°C/min. ; Nz atmosphere.
Tg determined by DSC (heat up rate, 20°C/min.; N, atmosphere) .

shaped specimen with the following configuration was used:

Holes

to analyses.

vV

sg. cm.

AN
.32cm

M o

Vo

95cm

E. I. duPont de Nemours and Company, %41 Thermomechanical Analyzer (TMA) was used., Heat up rate,

Polymer films were dried at ~70°C in air ( ~ 16 hrs.}) and at «130°C in wacuo (~4 hrs.).

Polymer expansion was determined using a guartz tension probe loaded with 2g weight. "Dog bone"

Ichm

Polymer films were exposed to elevated temperatures of 350°C {1/2 hr.} and 454°C (1/2 hr.) prior

A flat tip (0.0684 sg. cm)} penetration probe with a 59 load was used in place of a tension probe

because the films were too brittle for cutting into "dog bone” specimens. Specimen size -~ 0,25
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PROBE DISPLACEMENT

~325°C Qnset of Penetration
/ Under bg Load |

- o]

Expansion
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Softening
~225°C Onset of
Expansion Under
29 Load Post Cured
-1, Trace for Postcured Specimen
(0.5 h at 350° Cand 0,5h at 4540 C)
/ 2. Penetration Probe: 5y Load,
Tg =~ 300°C 0.064 Sq. Cm.
Contro) ) ;
/_ 1.  Trace for control Specimen
Y {Air Dried ~16h at ~70° C and
4h at ~ 1309C tn Vacuum )
2, Tension Probe Load: 2g
L
50 100 150 200 250 300 350 400 450 500

Figure 21 :

Temperature (°C)

Thermomechanical Anafysis of End-Capped 8l Co {1:3), {PH 1-257)
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RESPONSE

~ 2885 °C Onset of Penetration Under Bg Load
/’/Tg = ~3100C

Expansion Under

or
2gLoad ~ 250°C
Softening I

1. Trace for post cured specimen
{.5h at 3509C and 0.5h at 4540C)

. Onset of ' :
Expansion — Post Cured

2. Penetration Probe 5g Load 0.064 Sq. Cm.

Tg= ~3100C
" Contro! {Unposteured)
1. Trace for Contre! Scecimen
{Air Dried ~16h a1t ~70° C and 4h at
~130°C |n Vac, |
2. Tension Probe: 2g ) oac
! ! | ] ] | | |
50 98 147 197 246 295 343 3m

Temperature {°C)

Figure: 22 Thermomechanical Analyses of TAB/m - BPGB  (PH 1-247)



4.0 TASK TII - NEW POLYMER COMPOSITE EVALUATION

The end-éapﬁed block copolymer (1:3) and TAB/m-BPGB were selected from
Task II for composite studies. Both polymers were synthesized using the
procedures noted in Section 3.1 and characterized. Table 13 lists the

Task III polymer reaction and characterization data.

Unidirectional graphite composite laminates'ﬁere made with each system.
The laminates, normally 0.1 inches thick, were cured one hour each at
336°C (636°F) and 454°C (850°F) under 2.07 x 10° N/m? (300 psi) and
evaluated for flexural and interlaminar shear properties at +21°C (70°F),
+204°C (400°F) and +316°C (600°F). The results of these tests are shown
in Tables 14~17. Figures 23 and 24 show a photomicrograph of each lami-
nate. Figures 25 and 26 show scanning electron photomicrographs of tested

flexural speciments from each laminate.

The laminates were subjected to 316°C (600°F) isothermal aging and these

results are shown in Table 18.

53



ve

TABLE 13

CHARACTERIZATION OF TASK III POLYMERS

1
StoichiometrJi::>§ Scale,

—
Conc[z;:> Solvent

n

inhI:::>

Polymer | Exp't No. Polymer Sol'igﬁ
No. PH-1- NHZICO {ole %4 Solids Vis.lf’;>31/g
eps

1 247 TAB/m—BPGJ:::>-0.995/1.00 .15 18% m~cresol 2430 1.05

Jsli xylene
(1:1)

2 246 Bl Co {1:3) 0.985/1.00 0. 24 16% - 1.87
Js511

3 257 Bl Co (1:3) Polymer #2 - 16% - 1.53
Js12 end-capped

VYV

Brookfield viscosity at 25°C

Mole ratio of tetraamine to tetracarbonyl monomer

Based upon the weight of polymer and volume of solvent

Inherent viscosity in 0.5% m—-cresol solutiom at 25°C

TAB = 3,3,'4,4"-tetraaminobenzophenone and m~BPGB = m-bis(phenylglyoxalyl)benzene




TABLE 14 PROPERTIES OF TAB/m~BPGB GRAPHITE COMPOSITE

11

EXPOCURE FLEXI'RAL PROPERTIES INTERLAMINAR SHEAR
TEST TEMPERATURE ” STRENGTH
TEMPERATURE STRENGTH DULUS 6. . 2
oc (°F) 108N/m2  (L03psi) [1010N/m? (10%psi)| 10 N/m (psi)
83  (113.6) 11.7 (17.0) 39.7 (5760)
21 (70) .17 (133.0) 12.3 (17.8) 41.0 (5940)
.87  (114.1) 12.0 (17.4) 40.4 (5860)
8.29  (120.2) 12.0 (17.4) 20.3 (5850)
7.70 (11l.6) | 14.8 (21.4) 40.6 (5880)
204 (400) 7.86 (113.9) 13.9 {20.1) 37.2 (5390}
8.19  (118.7) ‘| 14.3 (20.8) 39.3 (5700)
7.91  (114.7) 14.3  (20.8) 39.0 (5660)
1.39  (20.2) 1.6 (2.3) 11.8 (1710}
316 - (600) 1.74 (25.3) 3.5 (5.1) - 11.0 (1600)
1.94 (28.2) 4.3 (6.2) 14.3 (2070)
1.69 (24.6) 3.1 (4.5 12.4 (1790)

* Polymer batch PH-1-247 JS-11

Laminate cure: 1 hr at each 336°C(636°F) and
455°C(850°F) and 2.07 x 109 N/m?(300 psi)

Fiber Volume:
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TABLE 15 PROPERTIES OF TAB/m-BPGB GRAPHITE COMPOSITE

EXPOSURE FLEXURAL PROPERTIES
LAMINATE TEST TEMPERATURE
NUMBER | TIME | TEMPERATURE | ¢ (°F) STRENGTH 10, HODULUS

HRS. | o¢ (°F) 1088/m2  (103psi) | 10M0N/m?  (106psi)

36* 1.39 (20,2) 1.6 . (2.3)

1 s00) | 326 (sooy | 174 SN Eg:;ﬁ

1.69 (24.6) 3.1 (4.5)

2.88 (41.7) 5.1 ( 7.4)

100 4.23 (61.3) 9.4 (13.6)

3.63 (52.6) 1.4 (10.7)

3.58 (51.9) 7.3 (L0.6)

3.61 (52.4) 9.6 (13.9)

4.41 (64.0) 9.5 (13.8)

200 2.80 (40.6) 6.3 (9.2)

3.61 (52.3) 8.5 (12.3)

3.06 (44.4) 6.3 ( 9.2)

3.61 (52.3) 9.2 (13.4)

400 3.32 (48.2) 7.4 (10.7)

3.33 (48.3) 7.6 (11.1)

Y

1 ! ' ! 3.54 (51.4) 7.6 (11.0)

2.68 (38.9) 6.1 ( 8.8)

500 3.12 (45. 3) 7.4 (10.8)

3.11 (45.2) 7.0 (10.2)

#* Polymer batch PH-1~247 JS-11

- Laminate eure: 1 hr at each 336°C(636°F) and
4559C(3509F) and 2.07 x 106N/@2(300 psi)

Fiber Volume: 612
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TABLE 16 PROPERTIES OF END CAPPED BlCo (1:3) GRAPHITE COMPOSITE

EXPOSURE FLEXURAL PROPERTIES Interlaminar Shear
LAMINATE TEST TEMPERATURE St th
NuvBER | TIME | TEMPERATURE | °F) STRENGTH MODULUS P i )
HRs. |°c ©r | ¢ 1088/m2  (103psi) | 1010N/m? (106psi)| 10 B/m {psi)
37*
) 5.83 ( 84.5) .| 1l4.2 (20.6) 36.7 (5320)
21 (70) | 21 (70) | 6.94 (100.7) 13.2 (19.1) 33.1 (4800)
' 7.4 £107.4) 1.2 (22.1) 34.0 (4930)
6.72 (97.5) | 14:2  (20.6) 34.6 (5020)
6.34 (92.0) 12.1  (17.5) 25.2 (3660)
1 204 (400) | 204. (400) | 5.75 (83.4) 12.6  (18.2) 28.5 (4130)
6.76 - (98.0) 13.3  (19.3) 32.9 (4770)
6.28 (91.1) 12.6  (18.3) 28.9 (4190)
3.82 (55.4) 9.9 (14.3) 20.7 (3000)
Y 1 316 (600) | 316 (600) | 3.11 (45.1) 8.7 (12.6) 22,6 (3280)
: 3.88 (56.2) 9.9  (14.4) 19.1 (2770)
3.60 (52.2) 9.5  (13.8) 20.8 (3020)

* polymer batch PH-1-257 J8-12
Laminate cure. 1 hr at eac% 3360C(636°F) and
4459¢(850°F) and 2.07 x 100 N/m~ (300 psi)

Fiber Volume: 63%




TABLE 17 PROPERTIES OF ENDCAPPED B2Co(1l:3) GRAPHITE COMPOSITE

8¢

EXPOSURE FLEXURAL PROPERTIES
LAMINATE TEST TEMPERATURE
NUMBER | TIME | TEMPERATURE |0, (°F) STRENGTH Lo JOpULUS
HRS. | °C (°F) 1085/m2  (103psi) | 1010N/m?  (10°psi)
3% 3.82 (55.4) 9.9 (l4.3)
3.11 (45.1) 8.7 (12.6)
.1 0
316 (600) | 316 (600) 3.87 (56.3) 9.9 (14.4)
3.60 (52.3) 9.5 (13.8)
4,59 (66.6) 9.9 (14.3)
100 4.69 (68.0) | 10.3 (14.9)
4.68 (67.8) | 10.1 (14.6)
4.65 (67.5) | 10.1 (14.6)
3.61 (52.4) 9.6 (13.9)
4.41 (64.0) 9.5 (13.8)
200 2.80 (40.6) 6.3 ( 9.2)
3.61 (52.3) 8.5 (1z.3)
3.35 (48.6) 6.8 (9.8)
3.32 (48.1) 6.6 (9.6)
400 2.83 (41.1) 6.3 (9.1)
3.17 (45.9) 6.6 (9.5)
Y |
| | Y 1 3.08 (44 7) 5.4 (7.9)
s00 | 2.66 (38.5) 4.6 6.7)
2.86 (41.5) 5.1 (7.4)
2.87 (41.6) 5.0 (7.3)

# Polymer batch PH-1-257 JS-12
Laminate cure: 1 hr at 336°C(636°F) and
4459C(8500F) and 2.07 x 100 N/w?(300 psi)
Fiber Volume: 635




Cross Section of Laminate No. 37 (X65)

Figure 24: Cross Section of Laminate No. 36 (X65)




Figure 25: Electron Photomicrograph of Flexural Test Failure Area
Laminate No. 37 (X600)

60




Figure 26:  Electron Photomicrograph on Flexural Test Failure Area o Lr,
Laminate No. 36 {X600) KA

61
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Table 18 ISOTHERMAL AGING OF BlCo (1:3) END-CAPPED AND
TAB/m~BPGB GRAPHITE COMPOSITES AT 316°C (600°F)

WEIGHT LOSS (%)

HOURS

AGING BlCo (1:3) END-CAPPED TAR/m-BPGR
(316°C)

100 2.30 1.10
200 3.15 1.60
300 4.10 2.94
400 5.40 5.70
500 6.80 6.50




5.0 TASK IV - FINAL COMPOSITE EVALUATION

The objective of this task was to perform more extensive properties
studies on the best polymer from Task I and III, However, a review of
the Task I and Task IIT composite results indicated that the random
copolymer (1:3) via PMR, PPQ-II via PMR, end-capped BlCo- (1:3), and the
TAB/m-BPGB were relatively comparable in mechanical and thermal proper-
ties. One composite would demonstrate slightly better mechanical proper-
ties but then show less thermal stability or vice versa. The net
result was that an arbitrary selection had to be made as to the two
composites which would be evaluated in this task. Since the random co-
polymer (1:3) and PPQ-II were studied under a previous program [Reference
1; although using different processing parameters], it was decided to
evaluate the end-capped B1Co (1:3) and the TAB/m—-BPGB in more depth.

Each of these polymers were synthesized using the procedures stated in
Task II and characterized. Results of the polymer characterizations are

tabulated in Table 19.

Graphite (HM-S) composite laminates were fabricated using established
procedures and a cure cycle of one hour each at 336°C (636°F) and 399°C
{850°F) under 2.07x106 N/m2 (300 psi). The following property detérmina-
tions were conducted at +21°C (70°F), +204°C (400°F) and +316°C (600°F):

Tensile strength and modulus

Compressive strength

Flexural strength and modulus

Interlaminar shear strength

The results of these tests are shown in Tables 20 to 25. A Poissons
ratio of 0.33 and 0.37 were obtained for the end-capped BlCo (1:3) and
the TAR/m-BPGB polymers respectively.

Notched-izod impact tests were conducted and these results are shown in

Figure 27.

The thermal stability of the composites is illustrated in Tables 26-30.
Figures 28 and 29 show a photomicrograph of each laminate. Figures 30
and 31 show scanning electron photomicrographs of tested flexural specimens

from each laminate.
63
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TABLE 19 CHARACTERIZATION OF TASK IV POLYMERS

EXPERIMENT REACTION CONCENTRATION INHEREKT
POLYMER - NO. SCALE (% SOLIDS) VISCOSITY

PH-1~ (MOLE) d1/g*
TAB/m—BPGB 247-3513 .79 18 1.05
BlCo (1:3) 237-1516 41 16 1.79
end-capped
BlCo (1:3) 257=-J5817 41 16 1.10
end-capped

* 0.5% solution in m-cresol at

25°C
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TABLE 20  PROPERTIES OF

END-CAPPED BlCo (1:3) GRAPHITE COMPOSITE

EXPOSURE _' FLEXURAL PROPERTIES INTERLAMINAR, SHEAR
LAMINATE TIME TFMPERATUREl TEST TEMPERATURE 8 9 STRENGI}*I 10 fIODULUS 6 6 2 STRENGTH
NUMBER (HRS.) . (°F) "t °®) 107 N/m 10” psi)| 107" R/m (10" psi) 100 N/n (psi)
382" - 21 (70) 21 (70) 5.33 (77.3) 12.9 (18.7) 27.9 (4040)
8.56 {124.1) 10.8 (15.6) 28.8 (4170)
7.00 (101.5) 11.8 (17.1) 28.1 (4070}
6.96 {101.0) 11.8 (17.1) 28,2 (4030
204 (400) 204 (400) 6.94 (100.6) 11.6 - (16.8) 27.8 (4030}
.1 6.00 ( 87.0) 11.5 (16.7) 26.7 (3870)
7.46 (108.2) 12.8 (18.5) 26.6 (3850)
6.80 { 98.6) 12.0 (17.3) 27.0 (3920)
‘} .1 316 (600) 316 (600) 3.18 € 46,1) 6.3 (9.1) 24,2 (3510)
‘ 3.99 ( 57.9) 8.9 2.9 25.0 (3620)
2.66 ( 38,%) 7.5 (10,9) 23.4 (3390)
3.28 (47.5) 7.8 (11.0) 24.2 {3510)
+*

Polymer batch PH-1-257 JS16
1 br at each 336°C(636°F) and

Laminate cure:

455°c(850°F) and

Fiber Volume:

611 by weight

2,07 x 10%/a? €300 psi)
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TABLE 21 TENSTLE PROPERTIES OF END-CAPPED BlCo (1:3) GRAPHITE COMPOSITE
LAMINATE EXPOSURE TEST TEMPERATURE TENSILE PROPERTIES
HUMEER
TIME TEMPERATURE STRENGTH MODULUS

(Mrs.) | 0, % °) 109N/’ (10%ps1) 10¥%/m?  10®psi)
*

38b - 21 21 (7o) 9.02 {130.8) 17.7 (25.6)

9,57 (138.8 17.4 (25.2)

11.13 (161,4) 21.5 (31.2)

9,91 (143.7) 18.9 (27.3)

-1 204 204 (400) 9,41 (136.4) 18.3 (26.5)

9.19 (133.3) 21.0 (30.5)

7.82 (113.4) 16.5 (23.9)

8.81 (127.7) 18.6 (27.0)

f N 316 316 (600) 6.87 (99.6) 13.9 (20.2)

6.84 {99.2) 18.5 (26.8)

8.44 (122.4) 15.0 (21.8)

7.38 (107.1) 15.8 (22.9)

Polymer bateh PH-1-257 JS17

Laminate cure:

455°¢¢850°F) and

Fiber Volume:

1 hr at each_ 233

6., 2

2,07 x 10 N/m~ (300 psi)
61% weight

62C(636°F) and
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TABLE 22  COMPRESSION PROPERTIES OF END-CAPPED BlCo (1:3) GRAPHITE COMPOSITE
LAMINATE EXPOSURE TEST TEMPERATURE COMPRESSION PROPERTIES
NUMBER
TIME TEMPERATURE STRENGTH MODULUS
(Hrs.) | 0p “r) 9% ) 10%5/? (103ps1) 1010 10%s1)
38b * - 21 (70) 21 (70) 8.59 (124.3) 18.1 (26.3)
9,08 (131.6) 16.8 (24.4)
8,73 (126.56) 17.4 (25,2)
8.80 (127.6) 17.4 (25.3)
.1 204 (400) 204 (400) . 8,88 (128.8) 14.5 (21.0)
9.16 (132.8) 13.9 (20.2)
8,80 (127.6) 13.8 (20.0)
8,94 {129.7 14.1 {20.4)
# .1 316 (600) 316 (600) 3.59 (52.1) 8.4 (12.2)
5.85 (84.8) 11.4 (16.5)
4,61 (66.8) 10.5 (15.2)
4,68 (67.9) 10,1 (14.6)

Fiber Volume:

Polymer batch PE-1-257 JS17
Laminate cure: 1 hr at each 336°C(636°F') and
455°C(850°F) and 2.07 x 10° N/m® (300 psi)

61 by weight :
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TABLE 23

PROPERTIES OF TAB/m-BPGB GRAPHITE COMPOSITE

EXPOSURE FLEXURAL PROPERTIES INTERLAMINAR SHEAR
LAMINATE | TIME _‘T TEMPERATURE | TEST TEMPERATURE STRENGTH T MODULUS STRENGTH
NUMBER (ERS.) °¢  (°F) °c (°F) 10® n/n? (20> psi}f 10%° N/m? (0% psi) 10° n/a? (psi)
39 * - 21 (70) 21 (70) 9,52 (138.0) 14,1 (20.5) 29,1 (4220)
3.88 (143.3) 14.7 (21.3) 28.2 (4090)
9.43 (136.7) 13.7 (19.9) 28.8 (4170)
9.61 (139.3) 14.2 (20.6) 28,7 (4160)
.1 204 (400) | 204 (400) 6.90 (100.0 12.6 (18.2) 34.3 (4980)
7.84 (113.7) 14.8 (21.5) 32.3 (4690)
7.94 (115.2) 13.3 (19, 3) 28.9 (4190)
7.56 (109.6) 13.6 (19.7) 31.8 (4620)
' .1 316 (600) 316 (600) 4,23 ( 61.4) 9.2 (13.3) 27.8 (4030)
2.87 ( 41.6) 6.1 ( 8.8) 28,2 (4090)
4,92 ( 71.3) 11.0 (16.0) 23.4 (3390)
4.01 (58.1) 8.8 (12.7) 26.5 (3840}
* Polymer batch PH-1-247 JS13 o o
Laminate cure: 1 hr at each 336 £(636 F) and
455°C(850°F) and 2.07 x 10° N/w® (300 psi)

Fiber Volume:

602 weight
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TABLE 24  TENSILE PROPERTIES OF TAB/m-BPGB GRAPHITE: COMPOSITE

LAMINATE EXPOSURE TEST TEMPERATURE TENSILE PROPERTIES
- NUMBER :
TIME TEMPERATURE STRENGTH MODULUS
(rs.) | o “r) % ) 1085 /n’ ao*peny | 108%m?  10%pe1)
9% - 21 (70) 21 (70) 11.62 (168.5) 16,7 (24,2}
9,84 (142.7) 16.1 {23.3)
9.41 (136.5) 16.0 (23.2)
10.29 (149.2) 16.3 (23.6)
1 204 - (400) 204 (400) 8.47 (122.8) 4.2 ¢20.6)
6.87 (99.6) 14.8 (21.4)
7.04 (102.1) 16.4 (23.8)
7.46 (108.2) 15.1 (21.9)
Y .1 316 {600) 316 (400) 9,95 (144.3) 16.6 (24.1)
' 9,35 (135.6) 16,2 {23.5)
7.92 (114.9) 15.4 (22.3)
9.07 (131.6) 16.1 (23.3)
L

Polymer batch PH-1-247 JS13

Laminate cure: 1 hr at each 336°C(636°F) and
455°C(850°F) and 2.07 x 10° N/ (300 pai)
Fiber Volume: 60X weight




TABLE 25 COMPRESSION PROPERTIES OF TAB/m-BPGB GRAPHITE COMPOSITE

0L

LAMINATE EXPOSURE TEST TEMPERATURE COMPRESSION PROPERTIES
NUMBER
TIME TEMPERATURE STRENGTH MODULUS
(Ars.) 0C (D?) - OC (OF) lDBNr'm2 (_1031:51) 1010N/m2 (106psi)
39 * — 21 70y 21 70 6,66 (96,5) 12.1 {17.5)
7.18 (104.1) 12.3 (17.9)
5.80 {(98.6) 12.1 (17.6)
6.88 (99.7) 12.2 (17.7)
.1 204 (400) 204 {400) 6.72 (97.5) 11.9 (17.3)
9,71 (140.8) 12.3 (17.8)
7.57 (109 .8) 12.1 (17.86)
8,00 (116,0) 12.1 (17.6)
.1 316 (600) 316 (600) 2.63%* (38,1) 9,7 (14.0)
3.24 (47.0) 11,9 (17.2)
3.86 (55,9) 12.3 (17.8)
3.24 (47.0) 11.3 (16.3)

* Polymer batch PH-1-247 JS13
hm%nate gure: 1 hr at each 336%C(636°F) and
455°C(850°F) and. 32 07 x 10° N/ (300 psi)
Fiber Yoluma: 603 weight

oA three specimens had end failure




Figure 27
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Table 26 TSOTHERMAL AGING OF B1Co (1:3) END-CAPPED AND TAB/m—BPGE
GRAPHITE COMPOSITES AT 204°C (400°F) AND 316°C (600°F)

WEIGHT LOSS (%)
HOURS BlCo (1:3) END~CAPPED TAB/m-BPGR
AGING AGING TEMPERATURE (°¢) AGING TEMPERATURE (°C)
204 316 204 316
10 .03 1.70 .03 .82
100 . 085 3.20 .06 1.80
300 .086 3.90 12 2,80
600 126 6,30 124 6.20
1000 .12 12.70 12 13.6
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TABLE 27 PROPERTIES OF END-CAPPED BlCo tl:3) GRAPHITE COMPOSITE

EZPOSURE ____ FLEXURAL PROPERTIES - THTERLAMINAR SHEAR

LaMIaTE] | TIME TEMPERATURE | TEST TEMPERATURE S STRENGTH , Moo ) STRENGTH,
NUMBER (HRS.) ¢ ) °c ) 10° wm2 (10° paty | 1019 wynd (10% pst) 10% w/m® (psL)
s8a* .1 206 (400) | 204 (400) 6.56 (100.8) 11.6 (16.8) 27.8 (6030)
6.00 ( 87.0) 11.5 (16.7) 26.7 (1870
7.46 (108.2) 12.8 (18.5) 6.6 (3850)
6.80 { 98.6) 12.0 (17.3) 27.0 (3920)
1w 7.59 (110.0) 1.7 (19.8) 26.0 (3770)
6.69 { 97.0) 12.9 (18.7) 25.2 (3650)
5.61 ¢ 8l.4) 1.1 (16.1) 26.8 (3880)
6.66 ( 96.0) 12.6 £18.2) 26.0 770
100 7.59 (108.6) 12.0 (17.4) 25.2 (3660)
7.10 (103.0) 11.9 (17.2) 26.2 (3510)
6.99 (101.4) 1.7 (16.9) 27.8- {4030}
7.20 {(104.3) 11.3 r.m 25.7 (3730}
300 6.40 ¢ 92.8) 1z2.0 (17.4) 25.0 (3630)
5.81 ( 84.7) 1.9 (17.3) 25.9 £3750)
5.42 ¢ 78.6) 11.7 (16.9) 4.1 (3490)
5.88 ¢ 85.2) 11.9 (17.2) 5.0 (3620)
600 6.48 €94.0) J1i.s (17.1) 25.1 (3500)
7.03 {(102.0) 12.2 (17.7) 22.4 (3250}
6.28 ¢ 91.0) 1z.1 (17.6) 24.2 (3510)
6.60 {35.7) 12.0 £17.5) 236 (3420)
1000 6.16 ( 89.3) 12.0 (17.4) 1.9 £3170)

| o ¥ )

4.06 ( 58.9) 12.1 (17.6) 2.4 (3100)
6.24 ¢ 50.5) 12.2 Qar.mn 21.2 ¢3070)
5.49 ( 79.6) 12.1 (17.6) 21.5 (3110)

* Polymer batch PH-1-257 JSI6
Laminste gure: 1 by at each6336°é:(636°]') and
455"C{830°F) and 2.07 x 10 N/m” (300 psi)
Fibar Volume: 612 by weight
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TABLE 28 PROPERTIES OF END CAPPED BlCo (1:3) GRAPHITE COMPOSITE

EXPOSURE FLEZURAL PROPERTIES INTERLAMINAR SHEAR
LAMINATE) TINE TEMPERATURE | TEST TEMPERATURE g SIRGNGTH 10 2 GHODULUS 6 2 STRENGTH
NUMBER (HRS.) °C (*F) °C °F) 107 W/m (107 psi 107 N/m (107 psi}) 107 Nfm {psi)
18e* .1 316 (600) | 316 (600) 3.18 (46.1) 6.3 {9.1} 2.2 {3510}
3.99 (57.9} 8.9 (2.9 25.0 {3620)
2.66 (38.5) 7.5 (10.9) 23.4 {3390)
3.28 (47.5) 7.6 (11.0) 24.32 (3510)
10 5.49 (65.1) 16,1 Q4.7 17.6 (2350)
1.94 (57.1) 8.6 (12.5% 17.8 (2580}
.27 (61.9) 9.3 (13.5) 18.6 (2700}
4.23 {61.4) 9.3 {13.5) 18.0 (2610)
100 2.63 (38.2) 6.9 (10.0) 13.3 {1930)
4.27 (61.9) 9.4 (13.6) 16.4) (2380}
3.41 (49.5) 10.1 (14.6) 17.1 (2480}
3.44 (49.9) 2.8 {12.7) 15.6 (2260)
300 1,03 (44.0) 7.0 (10.1) 10.6 (1530)
3.21 (46.6) 7.2 {10.5) 8.6 (1270)
3.02 (41.8) 7.3 (10.6) 10.1 (1460)
3.09 (45,8) 7. (10.4) 9.8 {1420)
600 2.87 (41.6) 7.2 (10.5) .7 {530)
2.67 (38.71) 6.9 (16.0) 7.1 (1030}
2.54 (36.8) 6.2 (9.0 4.9 { 710)
2.69 39.0) 6.8 (9.8) 5.2 { 760)
1 1000 f 1 Y .97 (14.1 3.3 { 4.8) - -
1.14 (16.6) 2.1 ¢ 3.1 - -
1.65 (23.9) 5.0 (7.2 - -
1.26 (18.2) 3.5 ¢ 5.0

'
Polymer batch EB-1-257 JS1é
Laminate cura:

455%C(850°F) and

Fiber Volume: 61Z by weight

1 br at each 336°¢(636°F) and
2.07 = 16%/a (300 pai)




TABLE 29 PROPERTIES OF TAB/m-BPGB GRAPHITE COMPOSITE

SL

EXPOSURE FLEXURAL PROPERTIES INTERLAMINAR SHEAR
LAMINATE[ TIME TEMPERATURE | TEST TEMPERATURE g STRENGTH 1o g MODULDS STRENGTH
NUMBER (HRS.) "c (°F) g (°F) 10% w? 10? peny | 1620 wm (10° psi) 10° H/m (psi)
U .1 206 (400) 204 (490) 6.90 (100.0) 12.6 (18.2) 35.3 (4930)
7.84 (113.7} 14.8 (21.5) 32.3 (4690)
7.94 (115.2) 13.3 (19.3) 28.9 (4190)
7.36 {109.67 13.6 {19.7) 31.8 {46620)
10 6.97 {101.0} 14,5 (21.0) 24.3 {3530)
6.23 (90.4) . | 13.2 (19.1) 29.5 (4280)
6.65 ( 96.4) 13.6 (19.7) 13.9 (49103
5.62 { 95.9) 11.7 (19.9) 29.2 (4240}
100 6.77 (98.13 13.7 (19.9) 26,3 (3810}
) 6.3% ¢ 92.6) 13.4 (19.5) 28.6 (4150}
6.21 { 96.1} 13.3 (19.3) 28.7 (4160}
6.46 ( 93.5) 13.5 (19.6) 27.9 (4040)
300 _ 6.44 { 93.4) 13.6 (19.7) 23.1 (3350)
6.31 ( 91.5) 13.2 (19.2) 27.0 {3910)
6.50 ( 94.2) 13.7 {19.9) 29.9 (43403
6.42 { 93.0) 13.5 (19.6) 26.7 (3870
600 6.06 ¢ a1.8) 13.2 (19.1} 29,2 (4230)
7.72 (112.0) 15.4 (22,3} 28.3 (4110
7.61 (110.4) 14.2 (20.6} 24.4 (3540)
7.13 (103.4) 14.3 (20.7) 21.3 (3960}
{P 1000 4 ¥ 1 ' 7.30 (105.8 13.6 (19.7) 23.1 (3350)
J 6.35 { 92.1) 13.7 (19.8) 21.5 (3120)
6.81 { 98.8) 13.4 (19.4) 21.4 {3100)
6.82 ¢ 93.9) 13.5§ (19,6} 22.0 (3190)

* Polymer batch PE-1-247 J513 o o
te cure: 1l hr at each63362C(636 F) and
455 C(850°F) and 2,07 x 10 N/m” (300 psi)

Fiber Volume: &0 by weight




TABLE 30 PROPERTIES OF TAB/m—BPGB GRAPHITE COMPOSITE

9/

l EXPOSURE FLEXURAL PROPERTLES INTERLAMINAR SHEAR
LAMINATE[™  TIME TEMPERATURE | TEST TEMPERATURE 8 STRENGTH 10 JopULUS . ;TRENGTH
NUMBER (HRS.) ¢ (°F °C (°F) 107 H/m (107 psi 107 N/m (10" psi) 107 w/m (psi)
9" .1 316 (600) 316 (600) 4.23 (61.4) 9.2 (13.3} 27.8 {4030)
2.87 (41.6) 6.1 ( 8.8) 28.2 (4090)
4,92 (71.3) 11.0 (16.0) 23.4 (3390)
4.01 (58.1) B.8 {12.7) 26.5 (3840)
10 2.9% (43.4) 6.8 { 9.8) 22.5 (3260)
2.86 (41.5) 7.3 (10.6) 25.1 (3640)
3.68 (53.4) 9.5 (13.8) 27.3 (3960
3.18 (46.1) 7.9 (11.4) 24.9 (3610}
100 3.28 (47.6) 8.3 (12.0) 23.5 (3410)
1,55 (51.5) 8.3 (12.0) 24.7 (3580}
1.91 (56.7) 9.2 {13.4) 24.7 (3580)
3.58 (5L.9) B.6 (12.5) 24.3 (3520}
300 1.39 {69.2) 8.7 {12.6) 21.9 (3180}
1.23 (17.8) 5.4 ( 7.9} 23.9 {3460)
2.79 (40.4) 7.9 (11.4) 25.3) (3670)
2.47 (35.8) 7.3 (10.6} 23.7 (3440)
600 2.17 (31.5) 6.3 ¢ 9.1) 24,9 {36103
1.34 (19.4) 4.5 ( 6.5) 24.6 (3560)
2.56 (37.1) 7.2 (10.4) 22,6 {3270}
2.02 (29.2) 6.0 (8.7 24.0 (3480)

{r 1000 Y \j ¥ ¥ 2.12 (30.7) 2.3 { 3.4) - -

2.37 (34.4) 7.2 {10.5) - -

2,25 (32.6) 5.3 (7.7 - -

2.25 (32.6) 4.9 ¢7.2)
*

Polyesr batch FE-1-247 JS13 ° a
Laninate cure: 1 hr at ugh 336 C(636 ¥) and
455°C(850°F) and 2.07 x 10®B/a’ (300 pai)
Fibar Volune: &0% waight




g ol Figure 28: Cross Section of Laminate No. 38 (X65) Figure 29: Cross Section of Laminate No. 39 (X65)




Figure 30:  Electron Photomicrograph of Flexural Test Failure Area
Laminate No. 38 (X600)
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Electron Photomicrograph of Flexural Test Failure Area
Laminate No. 39 (X600)
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6.0

CONCLUSTONS AND RECOMMENDATIONS

Synthetic modifications of PPQ polymers were shown to be effective
in improving processibility, and ambient and elevated temperature

mechanical properties of PPQ/HMS graphite composites.

Use of the NASA-Lewis developed in situ PMR (Polymerization of
Monomeric Reactants) approach for fiber impregnation resulted in
improved composite processing and retention of properties after
extended aging at 316°C (600°F). PMR process composites derived from
a random copolymer exhibited, after 500 hrs exposure in air at 316°C
(600°F), a flexure stremgth of 3.11 x 10° N/m° (45,000 psi) at 316°C
(600°F), a flexure modulus of 14.9 x 100 N/m® (21.5 x 10° psi) and
an interlaminar shear strength of 16.0 x 106 N/m2 (2320 psi).
Modification of BlCo (1:3) by end-capping the polymer yielded com-
posites which were capable of surviving 1000 hours aging in air at
316°C (600°F). After this aging, end-capped BlCo (1:3) composites
exhibited at 316°C (600°F) a flexure strength of 1,26 x 108 N/m2
(18,200 psi} and a flexure modulus of 3.5 x 10lO N/m2 (5 x 106 psi).
Without end-capping BlCo (1:3) composites will not survive 1000
hours aging at 316°C (600°F) (Reference 1).

PPQ composites derived from TAB/m-BPGB exhibited further improved
retention of properties after aging 1000 hrs in air at 316°C (600°F),
After aging TAB/m-BPGB composites exhibited at 316°C (600°F) a

flexure strength of 2.25 x 108 N/m2 (32,600 psi) and a flexure modulus
of 4.9 x lO10 N/m2 (7.2 x 106 psi).

A PPQ polymer containing potential cyano crosslinking groups demon—
strated excellent weight retention in air at 316°C (600°F) and 371°C
(700°F). The polymer, when treated with p~toluenesulfonic acid and
mild heat conditions failed to exhibit a glass transition temperature
suggesting crosslinking by cyano group trimerization. The cyano

coutaining polymer could not be incorporated into composites because

80



5. (Continued)
of its high viscosity. Additional investigations are recommended to

improve processibility of cyano containing PPQs since this approach
offers a means of reducing polymer thermoplasticity at temperatures
below 454°C (850°F). This elevated temperature has been required to

reduce thermoplasticity of PPW composites at 600°F,

Bl
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8.0 APPENDIX

8.1 Experimental
8.1.1 Reactants

Meta-bis(hydroxyphenylglyoxalyl)benzene (m-HPGB) and Meta-bis(p-cyanato-

phenylglyoxalyl)benzene (m~CNOGB):- A solution of the diacid chloride of

w-phenylenediacetic acid (35.0 g, 0.15 m) and anisole (69 g) in carbon
disulfide (150 ml) was added dropwise during 2 hours to a stirred slurry
of anhydrous aluminum chloride (49 g, 0.37 m) in carbon disulfide at 8

to 12°C. After complete addition, the dark red reaction mixture was
stirred at ambient temperature for 18 hours followed by slowly pouring
onto ice and hydrochloric acid. Methylene chloride (200 ml) was used to
rinse out the reaction flask and also poured onto the ice. The organic
phase was separated, washed twice with cold water, dried over Drierite,
and concentrated to dryness. The tan residue was washed twice with
n-hexane and dried to yield the intermediate diketone as a tan solid

(51 g, 92% yield), mp. 82 - 84°(C. Meta-bis(p'-methoxyphenacyl)benzene

(51 g, 0.14 m) and selenium dioxide (30.7 g, 0.28 m) were refluxed in
glaciai acetic acid (1 %.) for 6 hours. The black reaction mixture was
filtered hot and the red filtrate treated with charcoal and celite 503

and refiltered. Upon cooling, a yellow solid (40 g, 72% vield), mp. 112 ~
114.5°C, separated which was recrystallized from ethanol (800 ml) to
afford m-bis(p'-methoxyphenylglyoxalyl) benzene as fluffy yellow erystals
(30 g) mp. 116.5 - 117.5°C, Meta—bis(p'-methoxyphenylglyoxalyl)benzene
(30 g, 0.75 m) was dissolved in glacial acetic acid (300 ml) and aqueous
hydrobromic acid (47-48%, 100 ml) was added. The reaction mixture was
refluxed for 22 hours followed by pouring the cooled light red solution
into ice water (500 ml). The resuiting yellow precipitate was removed,
washed with water, and dissolved in aqueous potassium hydroxide solution.
After filtration, the red solution was neutralized ﬁith dilute hydrochloric
acid and the isolated gum washed in boiling water. The resulting yellowy
solid was isolated and recrystallized from a 4:1 mixture of water and alcohol
(900 ml) to afford m-bis(p'-hydroxyphenylglyoxalyl)benzene as a yellow
amorphous solid (17 g, overall yvield 30.5%). Meta-bis(p'-hydroxyphenyl-
glyoxalyl)benzene (3.74 g, 0.010 m) was dissolved in acetone {100 ml) and

B4



8.1.1 (Continued)

cyanogen bromide (2.7 g, 0.025 m) was added at 5°C, After stirring for

a few minutes, a solution of triethylamine (2.5 g, 0.024 m) in acetone

(50 ml) was added over a 15 min. period at <5°C. Upon the addition of
triethylamine, a yellow precipitate began to appear. The yellow suspen-
slon was stirred at 5°C for 1 hour and filtered to yield a yellow solid
(3.8 g, 90% yield). Recrystallization of the yellow solid from acetoni-
trile (350 ml} afforded m—bis(p'-cyanatophenylgljoxalyl)benzene 85 an
amorphous yellow solid (2.3 g, 60% recovery) (mp.‘198 - 200°C). The dinfra-
red spectrum was consistent with the proposed structure of m~bis(p'cyana-
tophenylglyoxalyl)benzene (V, —OCN at 4.35 - 4.5u), A sample submitted for
elemental analysis provided the following results: Calculated for

CoyH oN,0,¢ ZC, 67.92; 7H, 2.86; 7N, 6.60. Found: %C, 68.07; ZH, 2.98,

2471272767
ZN, 6.46.

Para-phenoxybenzonitrile: Para-phenoxybenzonitrile was synthesized from

reaction of p-bromobenzonitrile with potassium phenolate. Parabromo-
benzonitrile was synthesized by refluxing p-bromobenzoic acid (300 g,
1.49 m) for ~2 hours in thionylchloride contalning a few drops of DMF.
The yellow solution was concentrated to dryness in vacuo to vield a white
crystalline solid which was dissolved in toluene and added slowly to
dilute agqueous cold ammonium hydroxide solution. The resulting white
precipitate was isolated, washed with water, and dried to vield p-bromo-
benzamide (290 g, 98% vyield), mﬁ. 187 - 190°C; Para-bromobenzamide

(290 g, 1.45 m) was dehydrated refluxing for 18 hours in toluene (1.5 1)
and thionyl chloride (500 ml) followed by hot filtration. The filtrate
was poured into ice water, stirred 0.5 hour, separated, and the organic
phase washed twice with cold wafer. Concentration of the organic phase
and addition of n-hexane provided p-bromobenzonitrile as a tan solid.
Overall crude yield from the acid to the nitrile (238 g, mp. 110 - 113°C;
iit. mp. 113°C, Reference 11) was 88%. The preparation of p-phenoxybenzoni-
trile was accomplished in.the following manner. Phenol (58g, 0.6m) and
potassium hydroxide (34 g, 0.6 m) were stirred and heated under nitrogen
to 210°C during 3 hours to yield potassium phenclate as a white solid.

Para-bromobenzonitrile (82 g, 0.45 m) and freshly preparéd copper catalyst
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8.1.1 {Continued)

were added at ~190°C and stirred for 1 hour at 190° - 200°C. After workup,
the resulting yellow-orange gum (70 g, 80% crude vield) was combined with
another crude crop of p-phenoxybenzonitrile and distilled. The fraction
collected at 136 - 140°C under 2 mm Hg (lit. b.p. 170-174/4mm, Reference 6)
solidified to yellow crystals of p-phenoxybenzonitrile, mp 41 - 43°C (1lit.
mp. 46°C, Reference 7). From 180 g of crude p-phenoxybenzonitrile, dis—
tillation provided only 67 g of pure nitrile. Para-phenoxybenzonitrile
was also prepared from p-phenoxyaniline by diazotization and reaction of
the diazonium salt with cuprous cyanide. The crude p-phenoxybenzonitrile

prepared by this route was combined with that prepared above and distilled.

An earlier attempt to prepare p~phenoxybenzonitrile yielded p-bromobenza-
mide and p-bromobenzonitrile. This was believed to be due to incomplete
removal of water during preparation of potassium phenolate from phenol

and potassium hydroxide.

Para-bis(p'—gyanophenoxyphenylglyoxalyl)benzengL (p~CPGB): The diacid

chloride of p-phenylenediacetic acid {16.1 g, 0.07 m) was reacted with
P-phenoxybenzonirrile (29 g, 0.15 m) and anhydrous aluminum chloride
{19.95 g, 0.15 m) in sym-tetrachloreocethane (150 ml). After pouring onto
ice and hydrochloric acid, a tan solid (35.2 g), m.p. 221-225°C, was iso-
lated. The tan solid was recrystallized from chloroform to vield a first
crop (14.2g) of the intermediate diketone, m.p. 223-227°C. The diketone
(14.2 g, 0.026 m) was oxidized with selenium dioxide (5.77 g, 0.052 m)

in glacial acetic acid to the corresponding bis (1,2-dicarbonyl) compound
(11.4 g) m.p. 206-209°C. Recrystallization from a mixture of benzene and

hexane afforded VII as z yellow crystalline powder (5 gs mp. 211.5 - 213°C).

Méta-bis(p'acetylenephenylglzgxalyl)benzene (m~ACPG), (attempted synthesis):

The synthesis of w-ACPG was sought through the tetrabromo diketone as pre-
cursor. Several attempts were made to synthesize the diketone. Table 31

summarizes these attempts, The following is a representative procedure
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TABLE 31

REACTION OF THE DIACID CHLORIDE OF WM-PHENYLENEDIACETIC ACID

AND 1,2-DIBROMOETHYLBENZENE

T =
Exp't No. R Size, CatalystD Solvent Ry TempDAddition Results
PH-1 mole °C

260-1 0.05 AlCl3 CSy 5°C ,|DiBr to diCoCl &| 91% Recovery of .diBr cpd,
AlCly |

2602 0.05 AlC1ly cs, 5°¢ Sol'n of diBr & | 91% Recovery of diBr cpd.
diCoCl to AlCL,

263 0.05 A].Cl3 C1,HCCHC1, 5°C |801'n of diBr & | Obtained 27.5g orange
diCoCl to AlCly | solid, mp 390°C, appears

to be polymeric,

268 0.05 SnCl, CH,C1, 8°c {S0l'n of diBr & | 86% Recovery of diBr cpd.

| picoc to AlCl,

D Stoichiometric quantity (2 mole catalyst per mole diacid chloride)

[2\) Initial reaction temperature during addition then ambient temperature




8.1.1 {Continued)

(Experiment No. PH-1-260-1, Table 31) used in the attempted synthesis of
diketone VIII. A solution of the dichloride of m-—phenylenediacetic acid
(11.5 ¢, 0.05 m) in 052 (150 ml) was added in 45 minutes to a slurry of
anhydrous AlCl3 (13.3 g, 0.1 m) in CS2 (150 ml) at < 5°C. To the resulting
solution was added dropwise 1,2-dibromoethylbenzene (26.4 g, 0.1 m) in CS2
(v200 ml). During addition (1 hour) the solution was held at 8° to 10°C.
After stirring two hours at <10°C the solution was dropped into ice/HCL.
The resulting system was extracted with methylene chloride. Removal of
solvent yielded a solid (24.5 g) which, after crystallization from ether,
had a melting point of 69°-73°C. The melting point 1,2-dibromoethylbenzene
is 73°-~74.5°C,

Fara-phenoxybenzaldehyde: The preparation of para-phenoxybenzaldehyde was

attempted as follows: P-phenoxybenzontrile (39 g, 0.2 m) was added to a
mixture of freshly prepared stannous chloride in absolute ether saturated
with hydrogen chloride. A yellow solid formed, presumably the aldimine
complex, which was hydrolyzed by an attempted steam distillation. The
aqueous distillate was extracted with ether and the ether dried and con-
centrated to yield a residual yellow oil (9.2 g)- The remaining oil in
the distillation flask, an orange oil, was extracted with ether, washed
well with water, dried, and concentrated to yield an orange oily residue
(27 g). The infrared spectra of both fractions wére identical, exhibiting
C-H stretching vibrations at 3.5 and 3.6y (from -~CHO), strong ~CZN absorp-
tion at 4.47p and strong carbonyl absorption at 5.95u. The fractions were
combined and distilled through a 3 plate Vigreux column. Although three
cuts were takem in the 130 - 138° range at 2mm, each fraction exhibited
identical infrared spectra, characteristic of a mixture of the aldehyde
and nitrile., Para-phenoxybenzaldehyde boils at 157 — 160°C mder 6mm
(Reference 12) and melts at 55°C (Reference 13). The ffactions were com—
bined (30,2g) in ether and extracted with aqueous sodium bisulfite.
Acidification of the bisulfite wash followed by extraction with ether pro-
vided only a trace of a white solid. The ether solution after extraction

with aqueous sodium bisulfite was concentrated to yield an orange oil
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8.1.1 (Continued)

whose infrared spectrum again showed the presence of aldehyde and

nitrile components,

Meta-Bis(phenylglyoxalylibenzene (m-BPGB): The following is a representa-—

tive procedure for synthesis of m-BPGB. Crude meta-phenylenediacetic acid
(500g, 2.57 mole) was stirred in thiomnyl chloride (2.3%) containing a few
drops of DMF at ambient temperature for 48 hrs. The dark brown seolution
was concentrated at temperature <50°C under vacuum to yield a brown low
melting solid (602g) which was dissolved in dry benzene (1.22) and added
during 5 hrs. to a slurry of anhydrous aluminum chloride (863g, 6.5 mole)
in dry benzene (1.6%) at 8 to 15°C. The resulting dark brown reaction
mixture was stirred at ambient temperature for 18 hrs. followed by pouring
cnto ice and hydrochloric acid. .The organic phase was separated and the
aqueous phase extracted with methylene chloride. The combined organic
phase was washed with water, concentrated to 1.22, and cooled to yield a
tan solid which was washed with petroleum ether. The dried solid (619g)
m.p. 85-89°C, was recrystallized from alcohol (4%) to provide a tan amor-
phous solid (400g) which sintered at 87°C and melted at 89-92°C. Two
additional recrystallizations from alcohol provided m—~diphenacyl benzene
as tan crystals (321g, 27% overall yield), m.p. 90.5-92°C. To a slurry
of selenium dioxide (192g, 1.73 mole) in glacial acetic acid (1.4), m—di-
phenacyl benzene (271g, 0.86 mole) was added and the mixture refluxed for
18 hrs. The black reaction mixture was filtered hot and the filtrate

- treated with charcoal. Upon cooling, m-bis(phenylglyoxalyl)benzene was
obtained as yellow needles (220g, 20% overall yield) m.p. 98-99.5°C

(113 mp 98-99.5°C) and by DSC, sharp endotherm, onset at 99°C and peak
at 100°C (AT = 2°C/min. in N2).

Para—bis(phenylglyoxalyl)benzene (p~BPGB). The following is a represen-

tative procedure for synthesis of p-BPGB (Reference 10). Para-phenylene-
diacetic acid (566 g, 2.9 mole) melting at 249° - 253°C (softened at 245°C)
was stirred in thionyl chloride (1.72) at RT for 48 hours to form a

turbid orange solution. The orange solution was concentrated to near
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8.1.1 (Continued)

dryness at 50°C under vacuum to yield a yellowish orange solid which was
washed with n-hexane and dried to yield the diacid chloride as yellow
crystals (610g). The diacid chloride (619g, 2.6 mole) was dissolved in
dry benzene (1.6%) and added dropwise during 3 hours under nitrogen to a
slurry of anﬁydrous powdered aluminum chloride (842¢, 6.3 mole) in dry
benzene (v2.0R) at <10°C. After complete addition, the brown reaction
mixture was stirred at <l0°C for 3 hours, and then overnight at ambient
temperature. The resulting dark brown reaction mixture was poured onto
ice in hydrochloric acid and stirred 4 hours to yield a gray emulsion.
'The thick emulsion was transferred to large evaporating dishes and allowed
to sit overnight. After decanting the water and drying the residue at
75°C, the resulting solid was pulverized and washed successively with dilute
aqueous hydrochloric acid, water, aqueous sodium carbonate, and water. The
resulting dry gray solid (872g) was dissolved in DMF (5%}, filtered, and
cooled to yield light tan crystals which were washed with methanol and
dried to afford p-diphenacylbenzene (573g), mp 204-207°C. To a slurry of
selenium dioxide (404g, 3.6 mole) in glacial acetic acid (32), p-diphen-
acylbenzene (573g) was added and the mixture refluxed for 18 hours. The
black mixture was filtered hot, and the vellow filtrate was treated with
Celite and charcoal, refiltered, and cooled to provide p-bis(phenylgly-
oxalyl)benzene (499g) as yellow crystals m.p. 124.5-126°C, [lit. m.p.
125~126°C (Reference 10)].

3,3'~Diaminobenzidine (DAB): This material as received, melted at 174-

176.5°C, Recrystallization was accomplished by dissolving 150g portions
in deoxygenated water (v6%) containing a pinch of sodium dithionite under
nitrogen. The yellowish solution was treated with charcoal, filtered,

and cooled to provide light tan needles (105g, 70% recovery) of the tetra-
amine, m.p. 176-177.5°C, [lit m.p., 179-180°C (Reference 1437,

3,3',4,4"'-Tetraaminobenzophenone (TAB): This tetraamine, m.p. 214-217.5°C

was recrystallized by dissolving 150g in DMF (1.5) and adding hot water
(v3.04) to near turbidity. The yellowish solution was treatred with charcoal,
filtered, and cooled to afford the tetraamine (120g, 80% recovery) as yellow
needles, m.p. 216-217.5°C, [lit m.p. 217°C, Reference 153).
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§.1.2 _ Model Compound

Reaction of o~phenylenediamine and m-bis(p'-cyanatophenylglyoxalyl)
benzene (m-CNOGB) was attempted by mixing equimolar amounts of each
compound in chloroform. The mixture was stirred at RT for two hours.
Solvent was evaporated by heating the system to “50°C. After chloroform
removal, the orange residue exhibited an infrared spectrum with strong
carbonyl absorptions at 5.954 and only weak absorptions at 4.35 to &.5u
characteristics of cyanato groups. The orange residue was dissolved in
N,N~dimethylacetamine  and water added to precipitate a yellow solid which
sintered at 270°C, wet at 272°C, and failed to form a complete melt by

290°C, indicative of a mixture of high melting components.
8.1.3 Polymers

Homopolymers: The homopolymers reported in Tables 1 and13 were prepared
according to the following general procedure. Para-bis(phenylglyoxalyl)
benzene, as a fine powder, was added during V5 min. to a slurry of the
tetraamine in a mixture of m-cresol and xylene (1:1) (used 70% of the
original volume of solvent). The remaining solvent was used to wash

down the residual tetracarbonyl reactant and the reaction temperature

(< 35°C) controlled by means of cooling in a water bath. The reaction
mixture was stirred at ambient temperature for ~18 hrs. to provide a
viscous solution as reported in Tables 1 and 13. A small portion of the
solution was slowly poured into methancl in a Waring blender to precipitate
a fibrous yellow solid which was then boiled twice in methanol. The
yellow polymer was dried at ~130°C in vacuo for 4 hrs. and characterized

as shown in Tables 1 and 13.

Hydroxy/3PPQ: Hydroxy/3PPQ was prepared from the reaction of 3,3'-

diaminobenzidine (0.01lm), m-bis(p'—hydroxyphenylglyoxalyl)benzene
(0.0033m), and m~bis(phenylglyoxalyl)benzene (0.0067m) in m-cresol,
The hydroxy monomer was added first to a slurry of the tetraamine and

after ~5 minutes, the other tetracarbonyl monomer added. After stirring
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§.1.3 {(Continued)

overnight, the polymer was isolated by quenching in methanol and dried.
The hydroxy/3 PPQ failed to dissolve in chloroform, symtetrachloroethane,
H,N-dimethylacetamide (DMAC), N-methylpyrrolidone, or dimethyl sulfoxide.
As a result, the hydroxy groups camnot be successfully converted to ‘
cyanato groups. This was surprising since the hydroxy PPQ exhibits

good solubility in DMAC.

DAB/p-CPGE: Para—bis(p'-cyanophenoxyphenylglyoxalyl)benzene {(p—CPGB)
(2.8827g, 0.005m) and 3,3'-diamingbenzidine (DAB) (1.0713g, 0.005m) were
reacted in m-cresol {20ml) for 0.5 hrs. to form a very viscous orange
solution. Additional m~cresol (10ml) was added and the solution stirred
for 1 hour. The viscous orange solution was poured into methancl in a
Waring blender to precipitate a yellow solid, which was thoroughly washed
in hot methanol and dried at 130°C. The yellow solid failed to redissolve
completely in m-cresol, and as a result, no inherent viscosity on this
sample was obtained. A second synthesis of the DAB/p~CPGB derived polymer
was conducted using a higher solvent content (PH-277-1, Table 1 ). A gel
was abtained after 1 hour reaction time. The gel persisted even after
addition of sufficient m-cresol to reduce the solid content to ~3%. A

film of the diluted system was cast for isothermal aging at 316°C and 371°C.

Block Copolymer; The block copolymer (1:3) was prepared through the

following representative procedure: p-bis(phenylglyoxalyl)benzene
(12.324g, 0.036 mole) as a fine powder was added during 5 minutes to
a slurry of 3,3'-diaminobenzidine (6.333g, 0.0295 mole) in a mixture
of m-cresol and xyleme (1:1, 50 ml). Additional solvent {25 ml) was
used to wash down the residual tetracarbonyl reactant and the mixture
stirred at ambient temperature for 4 hours to form a viscous clear
orange solution. In another flask, p-bis(phenylglyoxalyl)benzene
(28.758z, 0.084 mole) as a fine powder was added to a slurry of 3,3',
4,4"~tetraaminobenzophenone (21.477g, 0.0886 mole) in a mixture of

m-cresol and xylene (120 m2). Additional solvent (45 ml) was used to wash
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8.1.3 {Continued) -

down the residual reactant and the mixture stirred at ambient temperature
for ~ 4 hours, to form a viscous clear orange solution. The solution of
the diaminobenzidine oligomer was then added slowly with vigorous stirring
to the solution of the benzophenone oligomer at ambient temperature. The
viscosity increased, and additional solvent which was used teo wash out

the benzophenone oligomer's flagk was added to reduce the solids content

to ~18 %. Stirring was continued for 18 hours to provide a stable viscous

orange solution of 1:3 block copolymer, which is characterized in Table 1

{polymer No. 2).

End-capped Block Copolymer (1:3): The block copolymer (1:3) was end-

capped using the following representative procedure. BlCo {1:3) (10g)
was placed into m-cresol (100 ml) and stirred -~ 16 hours to dissolve the
polymer. After adding o—phenylenediamine (10g), the system was stirred
over a period of ~16 hours. The resulting polymer was poured into
methanol in a Waring blender. The resulting yellow solid was thoroughly
washed in hot methanol, dried at 130°C and then dissolved in m—cresol
(100 ml) followed by the addition of benzil (10g). After stirring

"~16 hours, the end~capped block copolymer (1:3) was isolated, washed
with methanel, dried and redissolved in m-cresol to give a solution of

18% polymer content.

Cyanato PPQ (attempted synthesis): In an initial attempt to introduce

latent crosslinking sites within the polymer, 3,3'-diaminobenzidine was
reacted with m—bis{ﬁ-cyanatophenylglyoxalyl)benzene (compound V)

in m-cresol at ~10% solids content. Prior to forming a complete
solution, the viscosity increased and then upon complete dissolution of
the new tetracarbonyl compound, the solution viscosity decreased. After
stirring for 18 hours at ambient temperature, the reddish-orange solution
was poured into methanol to precipitate a yellow solid. After thoroughly .
washing with methanol and drying at 50°¢ in vacuo, the yvellow solid

exhibited an infrared spectrum which was not consistent with the proposed
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8.1.3 {Continued)

structure of the desired polymer (no absorptions characteristic of ~QCN
at 4.35 to 4.5n and a strong absorption at 5.95u characteristic of

carbonyl).
8.1.4 Impregnation Procedure

The standard method of impregnation consisted of winding one tow of HM-§
graphite onto a 30.48 cm (12") diameter drum at 3 tows per cm (8 tows per
inch). The diluted polymer solution (18% solids) was poured and distrib-
uted on the fiber. When the desired quantity of resin had saturated the
fibers, heat lamps were directed on the drum to drive off the solvent.
With the drum continuously rotating (8 rpm) the prepreg was maintained
at 93°C (200°F) until the prepreg was tacky. Subseqguently the prepreg
was cut from the drum and hung in an oven for 17 hours at 121°C (250°F),
and for 7 hours at 177°C (350°F) for additional drying. The prepreg was

cut to size for lamimnating when dry.

8.2 Test Methods

8.2.1 Interlaminar Shear Strength (Short Beam)

Interlaminar shear (ILS) strength tests were conducted per ASTM Test
Method D2344, at a span-to~depth ratio of 4.

8.2.2 Flexural Properties

Flexural properties were determined per ASTM Test Method D790 using a

specimen 1.27 em (0.5 inches) wide at span—-to~depth ratioc of 20.

8.2.3 Tensile Properties

Tensile strength and modulus were determined using an IITRI specimen con-

figuration. The tests were conducted per ASTM Test Method 628,
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8.2.4 - Compression Strength

Compression strength was determined per ASTM Test Method D-695-63T.
3.2.5 IZ0D Impact

Notched izod impact tests were conducted per ASTM Test Method 256-56T.
8.2.6 Isothermal Aging

Isothermal aging of laminates was conducted in an air circulating oven

preheated to the desired temperatures. Air velocities (non-recirculating)

were controlled to a nominal 150 m2/min.
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