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NOTICES

When Government drawings, specifications, or other data are
used for any purpose other than in connection with a definitely related
Government procurement operation, the United States Government
thereby incurs no responsibility nor any obligation whatsoever; and
the fact that the Government may have formulated, furnished, or in
any way supplied the said drawings, specifications, or other data, is
not tobe regardedbyimplicationorotherwise as in any manner licens-
ing the holder or any other person or corporation, or conveying any
rights or permission to manufacture, use, or sell any patented inven-
tion that may in any way be related thereto.

This document is subject to special export controls and each
transmittal to Foreign Governments or Foreign Nationals may be
made only with prior approval of the Plastics and Composites Branch,
MANC, Nonmetallic Materials Division, Air Force Materials Labora-
tory, Wright-Patterson Air Force Base, Ohio 45433.
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FOREWORD

This report was prepared by Hughes Aircraft Company, Culver
City, California, under USAF Contract No. AF 33(615)-2418. This
contract was initiated under project No. 7340, "Non-Metallic and
Composite Materials," Task No. 734001, "Thermally Protective
Plastics and Composites." The work was administered under the
direction of the Nommetallic Materials Division, Air Force Materials
Laboratory, Wright-Patterson Air Force Base, Ohio. Mr. P. F.
Pirrung (MANC) acted as project engineer.

This report covers work from February 1967 to February 1968.
Work accomplished from February 1965 to February 1966 was reported
in AML TR 66-75. Work accomplished from February 1966 to February
1967 was reported in AFML TR 66~-75, Part I1I.

Previous work on this program was performed under USAF Contract
No. AF 33(657)-8621 and will be found in ASD TR 63-568, Part I,
ML TDR 64-222 and APML TR 65-94. _

Report was sutmitted by the authors April 1968.

This technical report has been reviewed and is approved.

1 RN.2

R. G. SPAIN, Afting Chief

Plastics and Composites Branch
Nonmetallic Materials Division
Alr Force Materials Laboratory
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ABSTRACT

Precise processing techniques were used in preparing new
ablative plastics and composites. This research involved the use of
novel heat-resistant resins such as:

e bisbenzimidazobenzophenanthroline
branched, crosslinked polyphenylenes
chrome based metal organic phenolic

PBI-carborane

phenyl aldehyde

poly(a, a'-diphenyl-xylylidine)
polyaminoborane
polyimidazopyrrolone
polyimide

polyphenylene sulfide

poly(perfluorophenylene)
e tungsten based metal organic phenolic
Novel reinforcements included:
e Dboron nitride fibers
e high modulus carbon yarn
e high modulus graphite fabric and yarn
e silicon carbide whiskers

Resin impregnation techniques used in preparing research speci-
mens included spatula or brush coating, dip coating, soaking, and dry
powder layup.

The following research specimens of controlled composition
were prepared and submitted to the Air Force Materials Laboratory
for hyperthermal evaluation:

e pellet specimens, 3/4-inch diameter by 1/2-inch long
rocket nozzle assemblies
cylinders, 1 inth diameter by 2 inches long

laminate, 7 x 7 x 1/4 inch

laminated squares, 2 x 2 x 1/2 inch

This abstract is subject to special export controls and each transmittal to Foreign Governments or Foreign
Nationals may be made only with prior approval of the Plastics and Composites Branch, MANC, Nonmetallic
Materials Division, Air Force Materials Laboratory, Wright-Patterson Air Force Base, Ohio 45433,
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SECTION 1
INTRODUCTION

New polymeric materials and reinforcements have been developed
in Government and industry research programs. Many of these mate-
rials offer considerable promise for use in high-performance ablative
plastics.

The program objectives are to select promising ablative materials
for further study and develop suitable fabrication procedures for pre-

paring small ablative composites containing these new materials.

The principal work during this 12-month period of the program
was the continued use of precise processing techniques in fabricating
research specimens of closely controlled composition. Specimens were
produced consistently with a resin content within a +2-percent range.

In all experiments, all pertinent processing information and data were
recorded to allow later duplication of any test specimens required for
further tests. These processing data can be used in scaling up the
processes if required. Specimens prepared under this contract have
been forwarded to the Nonmetallic Materials Division, Air Force
Materials Laboratory, for subsejuent hyperthermal evaluation.

During this period, newly developed resins and reinforcements,
which are becoming available in research quantities, were used to
fabricate ablative composite specimens. These specimens will be sub-
sequently characterized for possible use in high speed entry and rocket
exhaust environments. Materials intended for potential entry environ-
ments will be characterized with an air arc heater. This research is
being performed under AF 33(615)3923 with the Avco Corporation, SSD.
Rocket nozzle specimens will be characterized using a liquid propellant
motor or a solid propellant motor simulator under Contract AF 33(615)-
1632 with the Aeronutronic Division, Philco Corporation.

VRS
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SECTION II
SUMMARY ’l

Precise formulation and processing technignes were used in the
preparation of ablative composites of controlled composition containing
new polymeric materials and reinforcements.

L

Formulating, molding, and postcuring conditions were varied, as
required, to produce test specimens of high quality from a wide range
of resins and reinforcements. New resins investigated included:

—

B eamry
Bmand

) bisbenzimidazobenzophenanthroline

e branched, crosslinked polyphenylenes =

° chrome based metal organic phenolic H

. PBI-carborane

. phenyl aldehyde H

° poly(e, a'-diphenyl-xylylidine)

° polyaminoborane T

. polyimidazopyrrolone 1.]

° polyimide '

° polyphenylene sulfide U

° poly(perfluorophenylene)

[ tungsten based metal organic phenolic H
Novel reinforcements included:

e nitride fibers H

° high modulus carbon yarn ,

° high modulus graphite fabric and yarn ;

° silicon carbide whiskers a8

In addition, a large quantity of research specimens was fabricated
using standard resins such as phenolics or epoxy novolacs and standard
reinforcements such as Refrasil, carbon cloth, or graphite cloth. In =
many cases, a standard reinforcement was combined with a new resin
while a new reinforcement was combined with one of the standard resins.

During the period covered by this report, the following specimens
were prepared and shipped to Air Force Materials Laboratory:

4 cylinders 39 ASD No. 4 rocket nozuzle !
assemblies

1 laminate
6 thermogravimetric analysis
specimens

r'---

3 laminated squares

132 pellet specimens

et i -




--d

o

—

:.a-.--t . nse- & t ]

SECTION III
GENERAL SPECIMEN PREPARATION PROCEDURES

) GENERAL DISCUSSION

Precise formulation and processing techniques were developed
and applied in the fabrication of ablative composites containing new
polymeric materials and reinforcements. Five main types of test
specimens were prepared and submitted under this program:

Cylinders; 1.000 0. 001 inch in diameter x 2. 000 inches long
Laminates; 7 x 7 x 1/4 inch

Laminated squares; 2.000 x 2.000 x 0. 502 40. 002 inch

Pellet specimens; 0. 750 inch in diameter x 0. 502 +0. 002 inch
long

° Rocket nozzle assemblies; ASD No. 4

A complete description of all test specimens fabricated and
delivered during the period covered by this report is given in Tables I
through X in the Appendix.

Tables I, II| and III give density, Barcol hardness, composition,
and a brief description of cylinders, one laminate, laminated squares,
pellet specimens, and rocket nozzles.

Table IV lists all specimens by test specimen data sheet number.
It also gives the specimen type, material code, and other information
such as the date requested and shipped.

Table V lists all test specimens according to type of reinforce-
ment. Table VI lists all test specimens according to type of resin.

Tables VII; VIII, and IX give the fabrication details for cylinders,
a laminate, laminated squares, pellet specimens, and nozzles.

Table X lists material sources for resins, reinforcements, and
fillers used.

Table XI is a cumulative index listing all specimens shipped under
Air Force Contracts AF 33(657)-8621 and AF 33(615)-2418, by data
sheet number, type of specimen, material code, and AFML Technical
Report numbers. Table XII lists the material symbol codes used.

The composition of the test specimens was maintained in almost
all cases within the range of +2 weight-percent of the required nominal
composition. This was done by carefully controlling each step of the
fabrication process from the initial coating of the reinforcement to the
final postcure of the molded or laminated composite. Past experience
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was used in making allowance for the weight loss (change in composition)
of the coated reinforcement which takes place upon drying, B-staging,
curing, and postcuring.

33 ==

: All reinforcements except glass and high silica content cloth

. were oven-dried two to three hours at 240°F prior to coating with resin.
| All subsequent calculations were based on this dry reinforcement weight.
|

Carbon and graphite cloth have been found to lose as much as 10 weight-
percent on drying.

' 2. TYPES OF IMPREGNATION

] Several methods of impregnating the reinforcements were used:
e Spatula or brush coating

Dip coating

Wi el
&

o
e Soaking
.

Dry powder layup

A. Spatula or Brush Coating

This method of impregnation is used only on cloth. Fabric is cut
to a size sufficient to allow the blanking or cutting out of the proper
number of plies for the molding (Figure 1). The dry cloth is weighed
and laid out on a piece of cellophane. The proper amount of resin is
weighed out and thinned, if necessary, to coating consistency. The
resin is poured over the fabric and uniformly distributed over the cloth
with either a spatula or a l-inch wide paint brush. The impregnated
material is dried on the cellophane for 15 to 20 minutes, then hung up
to dry for about 1 hour at room temperature. After drying at 160°F for
20 to 60 minutes, the cloth is weighed and the resin content calculated.
Excess resin is removed by wiping the surface with a paper tissue
soaked in thinner. However, if additional resin is needed, it is added
to the back side of the cloth and uniformly distributed by either spatula
or brush. When the desired resin content is reached, the fabric is
B-staged to form a prepreg. The final resin content is then calculated
from the final coated weight.

b 2
ol S e B o e

B. Dip Coating

This method of impregnation is used only on cloth. A weighed
piece of dry cloth is repeatedly passed through a small dipping tray
until the required amount of resin is obtained. When a large number of
dips are required, the cloth is allowed to dry after every fourth dip.
The drying time, from 5 to 30 minutes, depends on the resin system.
Dip coating is usually used in place of spatula coating under the fol-
lowing circumstances:

° With solutions containing small percentages of resin solids

4
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Figure 1. Blanking of Prepreg in Punch Press
(HAC Photo 4R01228)

° With viscous resin solutions with large amounts of thinner
added to obtain satisfactory coating properties,

® When coating carbon or graphite cloth with a solution con-
taining a high percentage of resin solids. These types of
cloth tend to powder when spatula coated with a solution
with a high solids content

When the correct resin content is obtained, the cloth is B-staged
and the final resin content is calculated from the weight of the B-staged
cloth.

C. Soaking

This method is used with yarns, filaments, or fibers which wet
readily. The dry material is placed in a beaker and thinned resin
solution containing a weighed amount of resin solids is added. The
reinforcement is allowed to soak for 60 minutes in air before the excess
solvent is removed by evaporation under vacuum. After drying in an
oven at 160°F for 60 minutes, the resin content of impregnated rein-
forcement is calculated from the increase in weight.

The resin content of the prepreg is increased or decreased when
required, by pouring additional resin or solvent over the material and
filtering off the excess. The material is B-staged after obtaining the
proper resin content.
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D. Dry Powder Layup

Cloth cannot be impregnated when the resin used is a dry insoluble
powder. Specimens are prepared by sprinkling resin between plies of
reinforcement. Pieces of cloth are blanked into plies and when required
are dried in an oven at 240°F for two hours. A calculated amount of
resin is sprinkled between plies with each addition of resin and cloth
being weighed on an analytical balance. The resin and reinforcement
are weighed into a preform holder and transferred into the cold mold
prior to molding.

3. MCLDING AND POSTCURING
The moldings and laminates required for this program were made
in precision laboratory presses under closely controlled conditions of

temperature, pressure, contact time, and cure time.

Oven postcures were accomplished in mechanical convection ovens

_ equipped with cam-type programming controllers. Inert atmosphere

postcures were conducted with the moldings or laminates enclosed in a
stainless steel fixture through which a slow stream of argon was passed
(see Figure 2).
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Figure 2. Specimens Being Prepared for
Postcure in Argon Atmosphere
(HAC Photo 5R01227)
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SECTION IV
FABRICATION PROCEDURES

Fabrication procedures for each type of specimen are given in
the following paragraphs.

1. CYLINDERS

Fabrication procedures for different compositions of 1-inch
diameter x 2-inch long cylindrical specimens are listed in Section V,
Specific Specimen Procedures. Molding conditions are listed in
Table IX,

2. LAMINATES (1/4 INCH OR LESS IN THICKNESS)

One laminate, 7 x 7 x 1/4 inch, was prepared as follows. B-staged
prepreg was cut to the proper size, randomized, stacked, and wrapped
in cellophane. The resulting layup was placed between 1/8-inch alumi-
num cauls and loaded into the press. The laminate was cured using the
molding conditions listed in Table IX. After postcure, the final resin
content was determined. The laminate was then trimmed and squared
by sawing with a diamond bandsaw. Finally, the density was calculated
from the dimensions and weight of the specimen.

3. LAMINATED SQUARES

Laminated squares are machined from laminates at least 5/8-inch
thick. The prepreg for molding the laminate is prepared by spatula,
brush, or dip coating. After B-staging, the material is cut into plies
sufficiently large to allow the machining of the required number of
specimens. The prepreg is laminated in an open laminating fix.ure
(Figure 3) which allows the escape of excess volatiles and prevents
slippage of plies during cure. Molding conditions are listed in Table IX.
Specimens were rough cut prior to postcure to minimize the possibility
of "blow-up." Diamond tools were used to machine postcured pieces to
final dimensions.

4. PELLET SPECIMENS

When sufficient material is available, pellet specimens are
machined from cylindrical moldings either 2 inches or 3-1/2 inches in
diameter. The parts are usually molded at least 5/8-inch thick to
ensure sufficient material for machining. Individual pellets are molded
when not enough material is available for molding the larger discs.
Pellet specimens machined from the larger discs would be expected to
vary only slightly in composition compared with specimens individually
molded. Before molding a large disc, a 3/4-inch diameter pellet is
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Figure 3. Prepreg Being Molded in Laminating Fixture
(HAC Photo R108700)

made to determine the molding characteristics of the prepreg. The
charge weight for the large disc is then calculated using the following
formula:

(Diameter of)2 Desired thickness)( Weight of
Charge weight _ \ large disc of large disc 3/4-inch disc

fl i
o TaPgE disc Diameter of 2 (Thickness of
3/4-inch disc 3/4-inch disc

The number of plies needed to mold a laminated disc is calculated
by first averaging the weights of five plies. The charge weight is then
divided by the average weight per ply for the answer,

Discs were molded and postcured using the conditions listed in
Table VII. The density is determined from the dimensions and weight.
Pellet specimens are cut from large discs using a diamond bandsaw
and all specimens are machined to final dimensions using a Carboloy
cutter,
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5. ROCKET NOZZLE SPECIMENS

The ASD No. 4 rocket nozzle assembly consists of a nozzle insert
bonded into a molded phenolic housing as shown in Figure 4. All of the
nozzle inserts fabricated during this report period were reinforced with
plies perpendicular to the nozzle axis and were machined from blank
moldings or laminates.

The method used to fabricate the nozzle insert blanks depended on
the type of resin. Whenever possible, a high density, cylindrical blank
was molded under high pressure in a compression mold. Some resin
systems could not be cured while confined in a closed mold due to the
release of excess volatiles which resulted in blistering and delamina-
tion. Materials containing such resins were laminated in an open lami-
nating fixture which allowed the escape of excess volatiles during cure.

pil——e. §, 78 A WOLDED ————————

FE -

Bi/e

MOLOED HOUSING

NOZZLE WSERT

pl)—— £ /16 AS MOLDED —

NOZ2LE WSERT 0D MACHINE FOR SLIDE FIT INTO MOLDED HOUSING
INSERT BONDED WTO NOUSING WITH MAPEX 1208 (CATALYST 1213 14 PHR), CURE | HOUR AT ROOM TEMP
1 HOUR AT 200°F

Figure 4. ASD No. 4 Rocket Nozzle Assembly
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The nozzle housings were molded from MX2625, a heat-resistant
silica fiber and mineral-filled phenolic.

Cylindrical nozzle insert blanks were molded and postcured using
the conditions listed in Table VIII. All of the internal dirnensions of
the inserts are machined with a carbide tool. The final configuration
is then machined to the ASD No. 4 dimensions. Figure 5 shows a
typical machined nozzle insert. A diamond tool on a tool post grinder
is used for machining.

The density of the finished insert is determined by comparing its
weight with that of an insert of known density molded from general pur-
pose phenolic.

Nozzle inserts and nozzle housings are bonded together using
Hapex 1208% containing 14-percent hardener. The bond is cured 1 hour
at room temperature and 1 hour at 200°F.,

Figure 5. Completely Machined ASD No. 4 Rocket Nozzle Insert
(91LD phenolic resin-Thornel 40 graphite fabric)
(HAC Photo 4R01591)

":Hastings Plastics, 1704 Colorado Blvd., Santa Monica,
California.

11
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SECTION V
SPECIFIC SPECIMEN PROCEDURES

Certain specimens were fabricated by methods other than
described in the previous section. Detailed procedures are listed
below and are grouped according to specimen type.

1! PELLET SPECIMENS

Data Sheet No. 440 9]1L.D-silicon carbide whiskers-carbon
cloth CCA-1

The AFML Froject Engineer requested the molding of a 91LD

phenolic resin - silicon carbide whisker - carbon cloth CCA-1 composite.

This composite was to have the same volume-percent of resin and
reinforcement as one containing 35 weight-percent 91LD resin and 65
weight-percent carbon cloth CCA-1. Additionally, the volume-
percentages of silicon carbide whiskers and carbon cloth CCA-1 were
to be equal.

A, Density of Silicon Carbide Whiskers

The density of silicon carbide whiskers was first determined with
a pycnometer and toluene as follows:

° The pycnometer was filled with toluene at 25°C. The volume
of this tolucne (V) was found by dividing the known density
of toluene into the weight of liquid in the pycnometer.

° The pycnometer was emptied and dried and then an amount
of silicon carbide whiskers was placed inside.

o The weight of whiskers was found and the pycnometer refilled
with toluene at 25°C.

° The volume of the added toluene (V2) was found by dividing
the density of toluene into weight of added toluene.

° The volume of toluene displaced by the whiskers was found

by subtracting V2 from Vl'

° The volume of the whiskers is equal to the volume of the
displaced toluene. Dividing this volume into the weight of
whiskers gave a density of 3.2 gm/cc.

The amounts of silicon carbide whiskers and carbon cloth CCA-1
needed for the requested specimen were then calculated. Density
values of 1.26 gm/cc and 1.84 gm/cc were used for 91LLD resin and
carbon cloth CCA-1, respectively.

12
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B. Volume Composition of a 35 Weight-Percent 91LD Resin
-b5 Weight-Percent Carbon Cloth CCA-T Composite

The volume-percent of resin and reinforcement have been
previously calculated for composites containing 35 weight-percent
91LD resin and 65 weight-percent carbon cloth. These values are as
follows:

° Volume-percent 91LD Resin = 44.1 .
° Volume-percent Carbon Cloth CCA-1 =55.9

C. Calculation of Weight Composition of a 91LD-Silicon Carbide -
Carbon Cloth Composite

1. For a ]l cc specimen containing 44.1 volume-percent
91LD, 27.95 volume-percent silicon carbide whiskers
and 27.95 volume-percent carbon cloth, the weight of
resin is found as follows:

Resin DResin x VResin = 1,26 gm/cc x 0.441 cc = 0.556 gm

2. Similarly, for the weights of whiskers and cloth:

a. Wgoyw = Dgew * Vsew = 32 gm/cc x 0.2795 cc
= 0.894 gm
B wClloth - DCloth X vCloth = 1.84 gm/cc

x 0.2795 cc = 0.514 gm

3. The total weight (and density) of the composite is

= 0.556 gm + 0. 894 gm

Wesmp = YResin T Vsew T Meloth
+0.514 gm
wComp = 1.964 gm

4. The weight-percent of 91LD resin, silicon carbide
whiskers and carbon cloth can then be calculated.

a. Weight-percent Resin - 0.556 gm 100 - 28.3

1.964 gm

13
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. _0.894 gm _
b. Weight-percent SCW = T.964 gm x 100 = 45.5
1

c. Weight-percent Cloth = (1)<5; ig: x 100 = 26.2

D. Calculation of Weight of a 3/4-inch Diameter x 5/8-inch Pellet

Specimen Having a Density of 1.96 gm/cc

w = D x V

Pellet Pellet 1.96 gm/cc x 4.525 cc = 8.869 gm

Pellet

E. Weight of Silicon Carbide Whiskers and Carbon Cloth
Required for a 3/4-inch Diameter x 5/8-inch Composite
Containing 45.5 Weight-Percent Whiskers and 26. 2 Weight-
Percent oth

The weights of silicon carbide whiskers and carbon cloth CCA-1 for
a required pellet weighing 8.869 gm are as follows:

e Silicon Carbide Whiskers . . ... ........ 4,035 gm
¢ CarbonCloth CCA-1................. 2.324 gm

For a composite of alternating plies of silicon carbide whiskers
and cloth, one-half the volume-percent of resin must be coated on the
whiskers. The remaining half must be coated on the carbon cloth. The
weight-percent of resin required for coating whiskers and cloth with
equal volumes of resin was determined by first calculating resin content
of these materials after postcure. The amount of volatiles in 91LD
resin lost from drying, B-staging, molding and postcuring averages
between 7-8 weight-percent. This weight-percent must be added to the
final resin content to obtain the desired resin content for coating the
two reinforcements.

F. Calculation of Weight-Percentage of 91LD Resin Required
to Impregnate Silicon Carbide Whiskers and Carbon Cloth
CCA-E

l. For a l cc composite, the weight of resin on silicon
carbide whiskers is

wResin(SCW) - DResinvaesin(Scw) = 1.26 gm/cc

x 0,2205cc = 0.278 gm

2. The weight of silicon carbide whiskers in the composite
is
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wSCW = DSCWXVSCW = 3.2 gm/ccx0,2795 cc = 0.894 gm

3. To find the weight of the impregnated whiskers:

wResin(SCW) + WSCW = 0.278 gm + 0.894 gm = 1,172 gm

4. Therefore, the weight-percent resin on the silicon
carbide whiskers is

w ;
Weight-Percent = R OBinp ) x 100 = e g

Resin(SCW) + WSCW 1. 172 gm

23.7

5. Similarly, for a 1 cc composite, the weight-percent of
resin on carbon cloth is 35, 1.

6. The weight-percents of resin required to coat
silicon carbide whiskers and carbon cloth were then

calculated:
Weight-Percent Weight-Percent
Resin After Resin Required
Post Cure For Coating
Silicon Carbide 23.7 31.7
Whiskers
Carbon Cloth CCA-1 35.1 43,1

A 3/4-inch diameter peliet was fabricated with 91LD resin,
whiskers and carbon cloth. The cloth was coated using the spatula
coating technique. The silicon carbide whiskers were coated by the
soaking process described in Section III under Types of Impregnation.
The pellet was then successfully molded, postcured, machined, and
shipped to AFML,

. Data_Sheet Nos. 473-1la Polyphenylene sulfide (sodium
and 473-2a sulfide curing agent) — carbon
cloth
° Data Sheet Nos. 473-1b Polyphenylene sulfide (p-
and 473-2b toluenesulfonic acid and

xylylene glycol curing
agents) — carbon cloth

Refer to ROCKET NOZZLES, Data Sheet Nos. 468-1a, 468-1b and 4€9.

Data Sheet No. 478 DEN 438 — polyaminoborane-
Refrasil cloth
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Polyaminoborane cannot be used by itself as a resin matrix in
making reinforced composites. The AFML Project Engineer, there-
fore, requested composites in which polyaminoborane was incorporated
as a filler. The material is light and fluffy and has a high bulk factor.
Large amounts of the powder are incorporated in the resin carrier only
with great difficulty. The pellet specimens requested were to contain
the following composition:

e DEN 438 resin 25 weight-percent
e Polyaminoborane filler 15 weight-percent
e Refrasil C100-48 cloth 60 weight-percent ,

The weight of polyaminoborane required was 60 percent of the weight of
DEN 438 resin.

The weights of the components are calculated as follows. A picce
of cloth is weighed which is large enough to be blanked into the required
number of plies. From the weight of cloth, the weight of filler is
determined (wecight of filler /weight of cloth as 15/60). The amount of
catalyzed resin needed can then be found (weight of catalyzed resin/
weight of filler as 25/15).

The polyaminoborane filler was added to catalyzed DEN 438 resin
in the proper proportions and thoroughly blended using a mortar and
pestle. This blending process broke down the particles of filler finc
enough for the filler to be deposited in the interstices of the cloth.
Failure to do this results in the powder flaking off the cloth during
blanking of the plies. The resulting paste was thinned with acetone to
a consistency suitable for coating the cloth. After coating, the cloth
was air dried and B-staged prior to blanking into 2-inch diameter plies.
A 2-inch diameter x 5/8-inch thick disc was then successfully molded.

The 2-inch diameter disc was not postcured in an oven but in the
2-inch diameter mold under 3300 psi pressure. DEN 438 resin appears
to soften and weaken in the upper temperature range of the postcure.
This allows any entrapped volatiles to ""blow'' the part as they seek to
escape. The use of high pressure during postcure prevents ''blow-up"
during the "thermoplastic' stage of the resin.

The resin and filler content for the cured and postcured specimens
were calculated as indicated below

1. Cloth of a known weight was uniformly coated with an exact
amount of resin-filler blend containing a known w-ight of

filler.
2. The resin content was found at each stage of the prepreg's
preparation by first finding the welight-percent of reinforce-

ment and filler. The sum of these components when subtracted
from 100 percent gave the weight-percent of resin,
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3. New weights of reinforcement and filler were calculated after
the prepreg was cut or blanked into plies. The weight-
percentages of each component was multiplied by the charge
weight of the prepreg.

4. The resin content after molding and postcure was found
using the procedures in Step No. 2.

Three 3/4-inch diameter x 1/2-inch pellet specimens were
machined from the postcured disc. One of the pellets cracked severely
shortly before shipment to AFML and was not included. The high filler
content in the resin matrix (approximately 60 weight-percent) resulted
in the specimens having poor interlaminar shear strength.

e Data Sheet No. 481 91 LD — poly(perfluorophenylene) —
graphite cloth

] Data Sheet No. 484 91 LLD — bisbenzimidazo-
benzophenanthroline — graphite
cloth

91 LD resin-graphite cloth composites were molded using poly(per-
fluorophenylene) and bisbenzimidazobenzophenanthroline (BBB polymer)
as fillers. The amounts of cloth, filler and resin used were calculated
in the tame manner as described for the DEN 438-polyaminoborane-
Refrasii cloth composite. The proportions used, however, were 15/55
for filler to cloth and 30/15 for resin to filler,

The filler was intimately mixed into the resin using a mortar and
pestle, and acetone was added to thin the resulting paste to coating
consistency. The resin-fillef acetone blend was then spatula coated on
the dried, graphite cloth. The impregnated cloth was air dried, oven
dried, B-staged and blanked into plies prior to molding.

Pellets containing poly(perfluorophenylene) filler were individually
molded because there was insufficient filler for this series of specimens
to mold a 2-inch diameter disc. Pellets containing BBB polymer were
machined from a 2-inch diameter disc. however, since there was
sufficient filler. Additionally, six 1/4-inch diameter pellets were
molded to determine the percentage weight loss of poly(perfluorophenylene)
during postcure. Three of these small pellets were prepared from 91 LD
resin powder and three from a 2:1 mixture, by weight, of 91 LD resin
powder and poly(perfluorophenylene).

The poly(perfluorophenylene) and pure 91 LD resin pellets were
postcured in the same oven using the standard B-1 schedule (72 hours
from 275° to400°F, 4 hours at 400° F). The pure resin slugs showed
the usual amount of weight loss. The composites containing resin and
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filler either showed no weight loss or gained slightly. A possible expla-
nation may be that the 91 LD and oxygen from the air reacted with end
groups on the poly(perfluorophenylene) chain, However, without know-
ing either the formula or the percentage composition of the filler poly-
mer, this explanation cannot be proven. Final resin and filler contents
were not reported on the data sheet because of this phenomenon,

The 2-inch diameter disc containing BBB polymer was slightly
cracked when removed from the mold. The disc was cut into three
equal pie shaped pieces and each one contained a small crack parallel
to the plies. Another composite could not be molded since there was
sufficient filler at this time for only one. The thrce segments were
postcured between pieces of aluminum plate held together by C-clamps.
The pressure exerted by the clamps prevented further '"blow-up." The
postcured segments were machined into pellet specimens which appeared
to be satisfactory.

The weight loss in postcure was normal for a 2-inch diameter,
30 weight-percent 91 LD resin composite. Therefore, all weight loss
was attributed to the resin and none to the BBB polymer which was
assumed to remain constant in weight. Resin and filler contents listed
on Data Sheet No. 484 were calculated on this basis, in the same manner
as described for the DEN438 -polyaminoborane-Refrasil cloth composite.

™ Data Sheet No., 482 PBl-carborane — Refrasil cloth
° Data Sheet No. 483 91L.D — PBl-carborane —

graphite cloth

° Data Sheet No, 485 Poly (@, a'-diphenyl -p-xylylidine) —
graphite cloth

e Data Sheet No. 486 Poly (a, a'-diphenyl -m-xylylidine) —
graphite cloth

PBl-carborane, poly (a, o'-diphenyl-m-xylylidine) and poly (a, o'-
diphenyl-p-xylylidine) resins were found to be soluble in N-methyl 2-
pyrrolidone (NMP). Lacquers were prepared from each resin and NMP
and coated on small pieces of cloth. These strips were vacuum dried
at 300° F for several hours and then oven dried at 400° F to remove any
remaining NMP. This solvent has a high boiling point (395° F') and is
not easily removed from coated cloth, Traces remaining can cause a
part to '""blow up' when the prepreg is molded at very high temperatures
(500° —700° F).

After molding successfully 3/8-inch diameter x 1/4-inch discs
with each of the resin lacquers, 3/4-inch diameter x 5/8-inch specimens
were molded. Because of the small amount of poly (a, o'-diphenyl-xylylidine)
resins received, their lacquers were coated directly on blanked 3/4-
inch diameter plies of graphite cloth to minimize wastec.
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The poly(a, o'-diphenyl-xylylidine) resins appear to be thermo-
plastic since they continue to flow slowly under prolonged exposure to
heat and pressure. Therefore, the pellet specimen molded from each
type was not postcured prior to machining and shipment.

A 2-inch diameter x 5/8-inch thick PBI-carborane-Refrasil cloth
disc was similarly prepared by coating the NMP-resin lacquer on
blanked plies of cloth. Test pieces of this type composite were postcured
in both argon and air using the temperature cycle previously used on a
carborane resin-asbestos composite. * The maximum temperature
reached in this cycle is 800° F. The piece exposed to air was badly
oxidized and the piece postcured in argon while not oxidized was severely
cracked. A second tést was conducted using argon and a maximum post"-
cure temperature of 700° F. The postcured sample did not crack but
was very easily delaminated. Because of this possibility of delamina-
tion, the 2-inch diameter disc was not postcured. Three pellet speci-
mens were machined from the unpostcured disc but in spite of precautions,
one of the pellets broke before being completed. Even without postcure,
the disc had poor interlaminar shear strength. The two remaining
pellets were shipped to AFML.

Composites were prepared containing 91 LLD resin (30 weight-
percent) PBl-carborane resinas filler (15 weight-percent) and graphite
cloth G1550 (55 weight-percent). The small amount of PBl-carborane
resin remaining after previous attempts to mold this material, did not
allow preparing a 2-inch diameter disc. 91-LD resin varnish and PBI-
carborane resin filler were intimately mixed together in the required
proportions using a mortar and pestle. This mixture was coated on
previously blanked 3/4-inch diameter plies of graphite cloth to mini-
mize waste of filler. Three 3/4-inch diameter x 1/2-inch pellet speci-
mens then were successfully molded and postcured.

e Data Sheet No. 520 Abchar 413! — Abchar 7002 —
carbon cloth

e Data Sheet No. 522 Abchar 412B3 — Abchar 7002 —
carbon cloth

"The temperature was raised to 250° F over 16 hours, then held
at 250° F for 12 hours. The temperature was then raised at the rate of
50° per 12 hours to 800° F. After being held at 800° F for 24 hours, the
part was cooled to below 200° F before removing.

lInformation on this resin is given on page 38
2Information on this resin is given on page 36

3 . . c
Information on this resin is given on page 37
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A 3-1/2-inch diameter x 5/8-inch disc was molded and postcured
using Abchar 413! resin, Abchar 7002 filler and carbcn cloth. A second
3-1/2-inch diameter x 5/8-inch disc was molded and postcured using
Abchar 412B, 3 Abchar 7002 filler and carbon cloth. Fabrication
procedures for both were the same regardless of the resin system.

The carbon cloth was oven dried to remove residual moisture and then
weighed. The weight of Abchar 7002 powder required was calculated
using the ratios 15/55 for filler to cloth and 30/15 for resin solids to
filler.

A Waring Blendor was used to intimately mix Abchar 7002 into
the resin solution. The materials were blended for 15 minutes after
which acetone'was added to thin the rhix to coating consistency. The
carbon cloth was spatula coated, air dried, oven dried, B-staged,
molded and postcured using the conditions indicated in Table VII,
Fabrication Details —Pellet Specimens.

Resin and filler contents for the cured and postcured specimens
were calculated in the same manner as described for the DEN 438-poly-
aminoborane-Refrasil cloth composite. The volume-percent voids in the
resin matrix was calculated from the following formulas.

P\ A V!
‘ M~ 2V TV + V. +V

D. = M

M WR Wc WF

Dy D. 't D
VFR c F
where

DM = de_nsity of molding
WM = total weight of components in the molding
VM = total volume of components in the molding
VVFR = volume of void filled resin
VC = volume of cloth

lInforma.tion on this resin is given on page 38
%Information on this resin is given on page 36

3Information on this resin (Batch C2943-72A) is given on page 37
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VF = volume of filler
DVFR = density of void filled resin
DC = density of cloth
DF = density of filler
WR = weight of resin
WC = weight of cloth
We = weight of filler
D, -D
2. Volume percent voids in resin = %ﬂx 100
R
where
DR = density of void-free resin
DVFR = density of void filled resin

Calculating the final resin, reinforcement and filler content as
well as the volume-percent voids in the resin matrix was contingent on
one factor. This factor was that Abchar 700! did not lose any weight
during postcure. Previous work reported in Technical Report AFML-
TR-66-75, Part 1I, Page 30 indicated this assumption to be correct.

Six pellet specimens were machined from each 3-1/2 inch diam-
eter disc and shipped to AFML.

. Data Sheet No, 524 Teflon 30-boron nitride fibers
° Data Sheet No. 526 Teflon 30

Teflon 30 and Teflon 30-boron nitride fiber composites were
molded in the following manner. The required charge weights were
calculated from the material in the preform mold. A specimen preform
thickness of 5/8 inch was used in calculating the charge weight of a
1/2-inch thick pellet. Similarly, a preform thickness of 2-1/2 inches
was used for a 2-inch thick cylinder. .

The entire charge weight for a specimen was preformed 1n one
operation in a cold mold at 5000 psi. The mold was then heated to
700° F as rapidly as possible and the molding material sintered.

lInformation on this resin is given on page 36
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The high bulk factor of the material necessitated a special mold
for the 2-inch thick cylinders. This mold was 13 inches and could be
separaied into two pieces, a bottom section 4 inches high and a top
section 9 inches high. After preforming, the top section was removed
and the part was sintered in the bottom section. A shorter punch was
used to apply pressure.

All the required specimens were prepared except for the 2-inch
thick Teflon 30-boron nitride composites. A problem occurred when
excessive escaping volatiles extruded molding material out the bottom
of the mold and raised th: mold up from the press platen. This phe-
nomenon prevented the obtaining of satisfactory parts.

The Teflon 30 and Teflon 30-boron nitride fiber composites which were
molded, were machined to the required dimensions. The close tolerance
required for the diameter of the 2-inch thick cylinders were obtained
in different ways. For the cylinder with the center hole, the hole was
first drilled and the specimen mounted on a proper size mandrel passing
through the hole. The cylinder was then machined to the required outer
diameter. The cylinder without the hole was centerless ground to
dimension. lhe machined parts were then shipped to AFML,

Data Sheet Nos. 530a, b, and ¢ Abchar L52131 - carbon cloth

Data Sheet No. 531 Abchar Llllgz - _carbon cloth
Data Sheet Nos. 532a,b, and ¢ Abchar H913> - carbon cloth

Data Sheet Nos. 533a, b, and ¢ Abchar H1013% - carbon cloth

The AFML Project Engineer requested the fabrication of pellet
specimens from carbon cloth and polyphenylene resins with new curing
agents, These resins are as follows:

1. Abchar L913 - polyphenylene (MW 1000) with 1, 3, 5-benzenetri-
sulfonyl chloride as curing agent

2. Abchar L1023 - polyphenylene (MW 1000) with 4, 4'-biphenyldi-
sulfonic acid as curing agent

3. Abchar H913 - polyphenylene (MW 2000) with 1, 3, 5-benzenetri-
sulfonyl chloride as curing agent

4, Abchar H1013 - polyphenylene (MW 2000) with 4, 4'-biphenyldi-
sulfonic acid as curing agent

Information on this resin is given on page 39
Information on this resin is given on page 40

1
2
3 . . P

Information on this resin is given on page 39
4

Information on this resin is given on page 39
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Abchar L913! was furnished as a lacquer, Abchar H913Al and
Abchar H1023l as dry powders. Abchar L1023 was also in powder
form even though the resin is low molecular weight. A lacquer could
not be prepared because the polymer and curing agent are not soluble
in the same solvents.

Specimens molded from Abchar L913! were prepared using stand-
ard impregnating and molding procedures and used untreated carbon
cloth, The dry powders were mixed with chloroform to form a slurry.
This slurry was spatula coated on carbon cloth pretreated by Dr. Leroy
Miller of the Materials Technology Department's Polymer and Chemicgal
Technology Group.

The purpose of the pretreatment was to try to chemically link an
organic compound to the surface of the carbon cloth. This compound,
organically similar to the curing agent in the polyphenylene, would then
link with the impregnating resin during molding. Use of pretrcatment
should greatly improve the adhesion of the resin to the cloth if the chem-
ical linkage takes place.

Dr. Miller stated that the pretreatment would lose weight during
cure and posicure. This loss of weight is subtracted from the resin
weight rather than the reinforcement weight. The resin content as
reported is the difference between 100 weight-percent and the reinforce-
ment weight-percent. This method is used since the reinforcement
weight remains constant during cure and postcure., The weight loss of
the composites cannot be correctly apportioned between the resin and
pretreatment.

After spatula coating, the prepreg was air-dried for 30 minutes
and oven-dried at 160° F for 10 minutes. The prepreg was then blanked
into 1-inch diameter plies and molded at 500° F and 3300 psi pressure
for 2 hours. '

The composites were postcured at considerably higher tempera-
tures than usually used for polyphenylenes. The standard polyphenylenc
postcure cycle consists of a gradual 108 hour temperature rise from
275°t0 550°F. This cycle was modified at the suggestion of Dr., Bilow
and Dr. Miller to a temperature rise from 275° to 750°F over 129 hours.
They believe that optimum resin properties will not be obtained with
these curing agents at lower postcure temperatures. An argon atmo-
sphere is used in both cycles to prevent excessive resin oxidation at
elevated temperatures.

1Information on these resins is given on page 39
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Pellets were machined from the postcured composites. The
interlaminar shear strength was poor for several of the moldings,
however, and plies readily broke off during machining. The thickness
of the remaining parts was well below tolerance and the specimens had
to be discarded. Those specimens which were successfully machined
were shipped to AFML.

Abchar L1023 polyphenylene resin could not be successfully molded.
A replacement low molecular weight resin catalyzed with 4, 4'-biphenyl-
sulfonyl chloride was furnished as a lacquer and designated as Abchar
Li112.! Six carbon cloth discs, 1-inch diameter x 5/8-inch were then
molded with this lacquer using a spatula coated prepreg. However, all
specimens severely cracked during postcure and only one pellet could
be machined from them. Cracking was probably caused by ihe large
amount of volatiles lost by the discs during postcure. This weight-loss
ranged from 16-20 percent. The 120 hours of the postcure, from 275°
to 750° F was insufficient time to allow such a volume of gas tp escape
without fracturing the parts.

Data Sheet No. 537 Polyimidazopyrrolone (Pyrrone) -

carbon cloth

Refer to ROCKET NOZZLES, Data Sheet No. 536

® Data Sheet No. 539 a&b SC1008 - Thornel 25 graphite
fiber tape
° Data Sheet No. 541/552 SC1008 - graphite yarn WYB 85 1/2

taEe
e Data Sheet No. 543/553 SC1008 - carbon yarn VYB 70 1/2
and 543b tape
e Data Sheet No. 545 Skybond 703 - Thornel 25 graphite
fiber tape
° Data Sheet No, 547 DP-25-10 - Thornel 25 graphite

fiber tape
e Data Sheet No. 548 SC1008 - quartz yarn

e Data Sheet No. 549 p-Phenylphenol phenol formalde -
hyde - Thornel 25 graphite fiber

taEe

o

lInformat:ion on this resin is given on page 40
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[ Data Sheet No. 550 Abchar 413! - Thornel 25 graphite
fiber tape -
® Data Sheet No. 551 DP-4-31 - Thornel 25 graphite

fiber tape

Refer to ROCKET NOZZLES, Data Sheet Nos. 538, 540/552, 542/553,
542b and 546

Data Sheet No. 555 Polyphenylene sulfide - carbon cloth

A 2-inch diameter x 5/8-inch disc was molded containing Phillips
Petroleum polyphenylene sulfide resin and carbon cloth. The specimen
was prepared by molding a dry powder layup at 650° F (the manufacturer's
recommended cure temperature) for 2 hours. The resulting disc was then
cut into three equal pie shaped pieces to minimize the possibility of "blow-
up'' during postcure. These pieces were po<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>