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ABSTRACT
Contract NAS 9-9614

The steel-on-steel (17/7 PH) adhesive bonding fechnology of a new cless of high
temperaiure stable epoxy adhesive based on the monomer bis(epoxybutyl)carborane has
been developed. This monomer can be cured with conventional curing agents and
reactive hardeners without the evolution of volatile by products. The foliowing lap-

shear strengths have been obtained in air environments (10 minute hold at temperature),

- 320°F 4040 psi
- 65 3480
75 3060
350 3100
450 2960
. 500 2620

Lap-shear strengths as high as 2180 psi have been obtained at 500°F after aging at

500°F for eight hours in an air environment, The honeycomb bonding technology
(stainless steel core and face sheets) has also been developed. In beam flexure tests,
ultimote loads of 1580 pounds and 805 pounds were obiained at 75°F and 500°F
respectively, In sandwich peel tests, peel forque values of 6.5 and 3.1 inch pounds/inch
width of specimen were obtained at 75°F and 500°F respectively. These values were
obtained on a formulation which had not been modified with an anti-oxidant, Further
improvement in these values can be expected with additional optimization of the

formulation and cure ~ussembly procedures.

The adhesive system based on the bis(epoxybutyl)carborane monomer can be processed by
conventional epoxy handling techniques. The B-staged adhesive can be applied to

substrates by hot -melt techniques or in the form of an impregnated glass eloth carriertape.
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The lap-shear and heneycomb adhesive values reported above were obtained using a
cure~assembly cycle of 307-351°F, 60 psi, 2 hours and a post ~cure of one hour at

435-465°F. Specimens can be bonded using préss or vacuum bag {echniques.
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[ INTRODUCTION

54 piypetive of this program was fo develop the steel-on-steel adhesive bonding
sekeoddagy of o new class of high-fempeiature-stable epoxy adhesive based on the

s peeeess closs, bis (epoxyalkyl) carborane. A need exists for an adhesive that cures

» 1} 1he evolution of volatile by-products and which is useful ;or bonding applica-

¢ »s under long-time exposure at 500°F and above in air environments. Steel-on-steel
1m=theor strengths of greater than 1700 pst had previously been obtained at 500° F with

(1,2)

iy {cpoxyqlkyl)ccrbomnes cured with certain agents. These results demonstrated
st this system was a potentially useful adhesive for high temperature bonding applica-

[T was § T

i.1 ADHESIVE REQUIREMENTS

High temperafure stable adhesives are required for bonding of primary load-carrying
structures in spacecrafi and for new high speed aircraft such as the SST. The exterior
structures of high speed aircraft are heated by air friction and will have to withstand
temperatures of 450-500°F for hours at a time during flight and for thousands of hours
during the service life of the airplane. Heneycomb sandwich materials are to be
extensively used in construction because of the strength and rigidity of these structures
for minimal weight of material used. Presently, polyimide is the material used for
bonding the honeycomb structure because 1t is stable at 500°F and is commercially

available.

Although polyimides do have attractive strength-temperature relationships, a serious
limitation exists in their processability. The mechanism by which the polymer cures to

o crosslinked structure results in the evolution of q volatile by-product, water (i.e. steam).
Tie evolution of volatiles during the cure-assembly cycle presents serious problems fo the
processor in certain applications. Some marginal improvement in processing can be

eede by going to higher bonding pressures. However, this bonding pressure requires
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extensive modifications in manufacturing equipment and special jigs.

Epoxies are more attractive candidates for adhesive systems than are polyimides. Their
advantages are that no volatiles are evolved during the cure cycle and lower temperatures
and pressures are normally required for cure (as compared to polyimides), However,
epoxies which are presently available do noi satisfy the high temperature requirements
of new aerospace applications. Standard bisphenol-A-based epoxy adhesives generally
are not useful above 350%F, Some epoxy phenolic can be used for short time periods

at 500%F but volatiles are evolved duringthe cure of these materials.

1.2 CARBORANE CHEMISTRY

Because of the excellent handling characteristics of epoxies and an improved order of
thermal stability i;m‘uced by the carborane group to polymer systems, we have under-
taken the synthesis and evaluation of a new class of epoxy, the bis (epoxyalkyl) -
carboranes. Carberanes are compounds which contain boron, carbon and hydrogen and

(3)

led to important advances in bonding theories and in struciure~property relationships.

have recently been reviewed by Williams.'™ Investigations on these materials have
Of the many compounds which have been reported, those of ihe series CoB H 1o have
received the most attenfion. These have been termed "closo" carboranes because of
their closed polyhedral structure. There appears to be some degree of resonance
stabilization in the carboranes. However, Muetterties and Knoth point-out that there
are no quantitative figures for this resonance siabilization because of o lack of
thermodynamic data on proper reference compounds.(4) The species that has been most
readily available Tor study is I,Z*CZBI OHIZ(closo-l ; 2-dicarbadodecaborane). This

is an icosahedral siructure with the ten boron ard two carbon atoms occupying the
twelve verfices. A hydrogen atom is atfached fo each carbon and boron atom. In this
structure, the two carbon atoms are in the adjacent (ortho) configuration. This car-
borane is prepared by the reaction of decaborane with acetylene in the presence of a

Lewis base. Two other isomers exist in which the carbon atoms are in the 1,7 and 1,12
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positions. These structures are illustrated below.

For clarify purposes, the hydrogen atoms have been omitted from the above struciures.
The 1,7 (meta) and 1,12 (para) structures can be prepared in quantity by the high tem-

peratyre isomerization of the 1,2 species 5.6

Techniques have been developed for the rep]acem'eni' of the carbon-bonded hydrogen
ofoms with organic functional groups. The carborane polyhedron is remarkedly stable
to oxidizing and reducing agents. This pro_perfy permifs selective oxidation and
reduction reactions to be performed on the organic substituents. The carborane cage
can be incorporated into the backbone of polymer structures by polymerization of
functional groups bonded to the carborane carbon atoms. A strong electron withdrawing
character, attributed to the polyhedron appears to affect the chemistry and properties
of various groups bonded to the icosahedral carbon atoms. For example, the epoxy

linkage in epoxybutylcarborane

HC — C(CHg); CH — CH,

\o / No”

BioH1o
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is readily cleaved by acids whereas, under identical.conditions, the epoxy linkage in

epoxyisopropylcarborane
CHs

|

HC—C— G —CH,

o/ ©

BioH 1o

. (7

is stable to attack by ac1ds( )*.

"The magniftude of this electron-withdrawing character varies from isomer to isomer.
For example, the C- carboxyacids are fairly sirong acids with the 1,2 series foiming
slightly stronger acids than the 1,7 series. (8) Hawthorne and co-workers have conducted

quantiiative studies of the electronegativities of the 1,2 and 1,7 carboranyl groups and

the results ore reproduced beiowo(9)
1,2-Carborany! 1,7~carboranyl
Hammett g=constant ’ ~0.47(m},~0.49(p) _—
o +0,375 = 0,010 +0.194 + 0,10
o +0.003 & 0.005 -0.03% + 0.005

Ot

These values could be quile useful in helping fo explain the effect of the carborane

structure on properties of polymers in which it is incorporated.

-~

* The following symbols represent the ortho carborane structure.

HC —CH unsubstituted carborane

\o/

ByoHio

RC —CR substituted carborane

\o/

BigH1o
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1.3 THERMAL STABILITY OF CARBORANE CONTAINING POLYMERS

Of the many reported carborane confaining polymer systems, thermal analyses in detail
have been reporfed on only three. In one system, the carborane group is pendant to the
polymer backbone. In the other two systems, the carborane group is o portion of the

backbone.

1.3.1 POLYMERS CONTAINING PENDANT CARBORANE GROUPS

The copolymer 4-(o~carboranyl)~1-butylmethy! siloxane - dimethyl siloxane contains
the carborane group pendant to the chain and separated from it by four methylene

(CHZ] groups. The polymer has the following repeating structure

CHs cng
|
— S — O 5 —O —f——

l |
CHs (CHy4

|

C —CH

\o/

BioH1o

1

The structure can be considered as a modified alky! polysiloxone since the carborane
nucleus is attached through a 1,4, butylene group to a silicon atom. Delman and co-
workers found that this polymer was more resistant fo themooxidative degradation than

(10)

the conventional dimethylpolysiloxane. These workers concluded that the carborane

group had some influence on the stability of the CHZ group as well as on the pendant

methyl groups bonded to silicon. Such stabilizing effects were greater on the methyl
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group attached to the some lsiiicon atom as the carboranylbutyl group. They concluded,
based on the work of Hinshelwood,“ D that if polar effects of the carborane cage were
predominant, the polymer would be less resistant to themooxidation thuem polydimethy!-
stloxanes, This contradicted their findings. They suggested that the bullky carborane
cage stabilized the molecule by sterically hindering the acess of oxyger 1o the methylene

groups of the butyl structyre.

1.3.2 POLYMERS CONTAINING CARBORANE GROUPS IN THE BAC #:BO NE

Two series of polymers have been studied. In the first, meta carborane iz bonded to

dimethylsiloxane groups in a repeating unit with the following structure.

CH3 CH3

e Si—“‘ CB]oH mC — Si"—" O
l

CHs CH,

Themal stability studies conducted by Delman and co-workers indicer=d the high
slability of the meta carborane greup; thermooxidative degradation o his part of the
structure did not set in until 6000(:.(1‘2) The compounds exhibited muzh lower volatility

fosses than conventional polydimethylsiloxanes. These authors atrrim_red this stobilization

to the influence of the m~carborane group on the thernooxidative cecomposition of
methyl groups. The group which were adjacert to the carborane cage were mora protacted

than those which were further away.

Finally, Delman and co-workers also studied the themooxidative stemility of siloxone

13)

P°|){meY5 containing both carborane and phthalocyanine groups.( These polymers
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-

tod the following structure where the notetion (Pc) represents the phthalocyanine ring.

__ l —
CH
-—-OCH:%/CCHEOSE(Pc)O CH,C — CCH,O S‘,i o
10t 10 oMo éH3 / 2
| -n

These authors concluded that the carborane nucleus exerts a stabilizing influence on the

oxidative decomposition of adjacent methylene groups.

~

1.4 PRIOR RESULTS ON BIS (EPOXYALKYL) CARBORANE ADHESIVES

|
We had previously synthesized and characterized a series of bis (epoxyalkyl) carborane

(1:2)

monomers having the following general stiucture.

CH< - ;H(CHQ)X C - € (CHy), CH - CHy
@)

w0 O

where

x =y =1, Bis (epoxypropyl)carborane
x =y =2, Bis (epoxybutyl) carborane
x =y =3, Bis {epoxypentyl) carborane

- x = y=4, Bis (epoxyhexyl}carborane L
% =2, y =3, (epoxybutyl) (epoxypentyl) carborane
% =2, y =4, (epoxybuiyl) (epoxyhexyl) carborane
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Bis (epoxybutyl)-meta-carborane was also prepared but was not extensively invesiigated

as an adhesive.

These monomers could be cured with conventional catalysts and reactive hardeners to
give adhesives with excellent room temperature steel-on-steel bonding characteristics.
For example, in the E’;F3:Ei'I\H-i2 cafquzed sysfem, the following bond strengths were

obtained.

Lap-shear
Strength (psi)

Bis {epoxybutyl) carborane 2300
Bis {epoxypentyl) carborane 2810
Bis (epoxyhexyl) carborane 3600

However, lap~shear strength dropped off quite rapidly with increasing test femperature.
In the bis (epoxybutyl) carborane system, the cured adhesive experiences a drastic loss

in strength between 350 and 375°F. At 400°F, only 16 percent of the rcom temperafure

strength is retained. The drop=off in lap~shear sirength in the bis (epoxyhexyl) carborane

$ystem occurs af a Jower temperature. Less than 10% of the room temperature strength

is refained at 225°F.

Several reactive hardeners were considered as the curing agent. Of these, a poly~-

functional aromatic amine (p,p" = sulfonyl dianiline)

HzN@ @NHQ

appeared to give the most encouraging 500°F bond strengths. Others have utilized this

—tn—

O

hardener for the development of epoxy novalac systems fo be used at high temperatures.

Because of sluggish reactivity arising from its low basicity, the epoxy-hardener mixture

Qa

4)



‘Itl;}HI-IAil(‘II CENTER o SINGER-GENFR AL PRECISION, INC

must be heated to effect cure. Grafstein and Dvorak have reported the degradation of

(8)

sulfone hardener (a weak base) is expected on the carborane cage. The well-known

the carborane cage by attack of sfro-ng bases.' ' However, no such attack of the
thermooxidative stability of the polyaiylsulfones has been attributed by Vogel to the
electron-wilhdrawing characier of the sulfone group. (15) The sulfone group acts as an
electron sink, withdrawing electrons from the aromatic rings and linkages in the
polymer backbone 1o make them more resistant to oxidation. Therefore, this aromatic

amine hardener was an attractive choice as a curing agent.

Preliminary tests using bis {epoxybuty!) carborane monomer cured with this aromatic
amine gave steel~on-steel lup-shear strengths of 1700 psi at 500°F tn air. This system
was not modified with fillers or anti-oxidants. The value of 1700 psi represents almost
an 85% retention of room temperarure bond strength. Specimens sooked at 500°F in air

for 24 hours gave lap=shear strengths of almost 1500 psi ot 500°F. Preliminary tests

with other carborane derivatives (ex. bis (epoxypropy!l) carborane and bis (epoxyhexy!) -

carborane) did not give as good high temperaiure bond strengths.,

Because of the excellent handling characteristics of the epoxyalkyl carborane based
adhesives, their ready polymerization under a variety of conditions, promising 500°F
bond strengths, and the absence of volatile products, it was believed that this system
offered an excellent system for practical high femperature bonding requirements.

The objective of this program was fo improve the steel-on-steel adhesive bonding

dwracteristics of this system and to develop a honeycomb bonding technology .
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2., DISCUSSION

Based on results of a prior s‘rudy(z) the hardener which was selected for this evaluation

was p, p' - sulfony! dianiline.

O
O

This hardener is termed G-50 for the remainder of this report.

Selection of a monomer for extensive study was based on a limited number of lap-shear
test results on several cured epoxyalkylcarborane monomers. As a result of these

studies, the monomér which was selected for study was bis{epoxybutyl)carborane, the

member of the series where x =y =2,

CH, - CH(CHQ)X C -C (CHy) CH -CH;,
N

BioH 1o O

First, suitable procedures were developed for the synthesis of quantities sufficient for
honeycomb testing. Then, the effects of fillers such as aluminum to match thermal
expansion coefficients of cured epoxy and steel substrates and asbestos to control
flow properties were investigated. Finally, honeycomb specimens, steel core and

face sheets, were assembled with the adhesive and evaluated by beam flexure and

sandwich peel tests.
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2.1 LAP-SHEAR EVALUATION

Substrates were 17/7 PH stainless stee!, condition TH 1050.

2.1.1 BIS(EPOXYBUTYL)CARBORANE , HARDENER G-50

A series of tests was initially undertaken to determine a satisfactory cure-assembly

schedule for the sysiem consisting only of epoxy monomer and hardener. Investigated

were level of hardener, B-staging conditions, cure temperature, cure time, and cure

pressure on the bonding area. A low cure temperature was selected so that a subse-

quent post-cure at a higher temperature could be used to develop a step-wise cure,

posf-cure cycle. The following results were obtained on this initial work.

&

A satisfactory B-stage (from an application standpoint)

could be achieved at 3000F over a one to two hour period.

A cure schedule of 2 &  hours, 60 psi at a temperature of

300-350°F gave promising room temperature bond strengths .

Post~cure of 64 hours at 400°F resulted in an increase in
500°F strength. Small changes in 75CF strength were
observed at the 25 and 33 phr hardener level whereas a
significant drop in 75°F strength occurred at the 43 phr level,
The post-cure schedule was modified (foward the end of the

program) to improve results and processibility.

Of the hardener levels which were investigated (25, 33 and

43 phr ~ stoichiomefric amount required for complete reaction
of N-H groups with epoxy linkages} the best 500°F results were
obtained at the 33 and 43 phr level. Strengths at 500°F at

25 phr were lower.
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|
!

# o af these resulis is given below.

e e wpaETEA T

Lap-Shear Strengths {psi) :

i

o MoP.CY 75(P.CY  500°F (No P.C.)  500%F (P.C.)

LA
P

: 2740 2640 : — 920
. 2360 2560 1210 1620
37220 2520 e 1480

§ %

i ¢ exlees are given only to indicate frends which were observed in the initial
s oo of the program. Higher values are to be expected if improvements in processing
s 2 g -assembly conditions developed during the last portion of the program are in-

+ L <ated inlo these systems.

- 3 2 MS{EPOXYBUTYL)CARBORANE, HARDENER G-50, ALUMINUM

+ o+ we of aluminum filler was investigated with the objective of reducing siresses

“waang from differences of the coefficients of thermal expansion of the cured epoxy

> »faten] substrates.

Ao Wory Aluminum Level ~ A series of tests was conducted in which the concen-

tation of hardener was held at 33 phr and the level of aluminum filler was varied.
Cure assembly for all specimens was about 305-345%F , 40 psi for 2 & hrs. Lap-
sheat fost results are listed below. These results indicated that an aluminum filler

txding of 50 phr would give the best lap-~shear strengths.

i. 75°F Values Without Post-Cures - These values indicated that the use

of aluminum filler would improve 75°F strength.
0 phr aluminum - 2540 psi (Series 44-37)
50 phr aluminum - 3320 psi (Series 44-40)
100 phr c;!uminum ~ 3260 psi (Series 44-39)
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ii. 75°F Values With Post-Cure (As Shown) -  Of the aluminum filled

systems, slightly higher results were cbiained at 50 phr. The highest
wvalue was obtained af 0 phr, However, these values may all be within

normal scatier,

4 hours at 490 + 10°F 64 hours at 400 + 10°F

0 pht aluminum -- 2560 (Series 44-~33)
50 phraluminum 2000 psi (Series 44-46) 2360 (Series 44-40)
100 phr aluminum 1780 psi (Series 44-43) 2220 (Series 44-39}

ti. 500°F Values With Post Cure (As Shown) - Thése valves indicated

that a 50 phr level of aluminum filler would be more beneficial than

100 phr.
4 hours at 490 + 10°F 64 hours at 400 + 10°F
50 phr aluminum 2180 psi (Series 44-42) 2040 psi (Series 44-40)
100 phr aluminum 1810 psi (Series 44-43) 1860 psi (Series 44-39)

B. Optimization of Cure~Assembly Procedure - Additional efforts were undertaken

to improve cure-assembly procedures. These studies included investigations of the
effect of the following on lap-shear strength at various hardener levels: glass ¢loth
finish, finger-type panels versus individual specimens, nature of etchant for specimen
substrates , substrate degrease treaiments, and nature of post-cure conditions. On
the basis of the test results given below, a level of 43 phr G50 hardener was chosen
for accumulation of additional lap-shear data (temperafure variation and aging) and

for assembly of honeycomb specimens. However, it is expected that continved
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optimization of bonding conditions would result in an improvement in values

listed below.

i. 33 phr G-50 Hardener, 50 phr Aluminum - As a result of these studies

a considerable improvement wos made in lap-shear strength of this formu~

fation. Highest values obtained were-

75°F (no posi-cure) - 3380 psi (Series 44-55)
75°F (post cured 4 hours at 460-470°F) - 2460 psi (Series 44-60)
500°F ~ 10 minute hold {post cured 4 hours at 460-470°F) - 2440 psi (Series 44-62)

ii. 42 phr G-50 Hardener, 50 phr Aluminum - The best overall values were

obtained af this hardener level which is the stoichiometric amount required

for complete reaction with the epoxy ring.

75°F (no post-cure) ~ 3120 psi (Series 44-77)

75°F (post-cured 4 hours af 435-—49301:) - 2700 psi (Series 44-77)
500°F - 10 minute hold (pDST—C{JFed 4 hours at 435-493°F) - 2500 psi (Series 44-77)
500°F - 30 minute hold (post-cured 4 hours at 462-468°F) - 2630 psi (Series 44-74)

iii. 50 phs G~50 Hardener, 50 phr Aluminum - Values fell off quite sharply
O "
at S500°F,

75°F (no post-cure) - 3200 psi
75°F (post-cured at 4 hours) ~ 2160 psi
500°F ~ 10 minute hold {post-cured 4 hours at 482°F) - 1200 pst

C. Comparison of Assembly Techniques ~ Vacuum bag techniques for assembly using

this system were also evaluated. Lower values were obtained on post-cured samples
as compared fo values obtained in Carver press assembly. However, this may be due
to an unoptimized vacuum bag assembly procedure. Test results are compared below

on samples that had been post-cuied for 4 hours at 435-493°F
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Vacuum Bag Carver Press
75°F 2880 psi (Series 44-80) 2700 psi (Series 44-77)
500°F (10" hold) 1880 psi (Series 44~80) 2500 psi (Series 44~77)
SOOOF (30" hold) 2130 psi (Series 44-8T1) 2630 psi (Series 44-74)

Carver Press techniques were chosen for most assembly since best resulis were

obtained using this procedure,

2.1.3 BIS(EPOXYBUTYL)CARBORANE, HARDENER G-50, ALUMINUM , ASBESTOS

Excessive adhesive flow in the cure-assembly cycle of the aluminum filled system

. indicated that a flow control agent would have io be added o the formulation
before honeycomb assembly could be attempted. Asbestos at a level of 29 phr was

chosen to reduce the amount of flow.

A. Selection of Bonding Conditions - Several series of specimens were assembled

in order to accumulate data on lap-shear strength and to develop B-stage , cure-
assembly-post cure procedures which would be ammenable to standard epoxy adhesive
processing techniques. All specimens were assembled using impregnated glass cloth

carrier. The following procedure was developed.

& Blend epoxy, aluminum and asbestos for 10 minutes at

- 291-311°F under vacuum to give a heterogeneous slurry.

o Add hardener, heat ot 291-31 1°F under vacuum for 55
minutes .
o Impregnate glass carrier cloth.
@ After specimen lay-up, cure at 307-351°F at 60 psi for 2 1/2 hours,

® Post—cure at about 435-465°F for one hour.
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The following lap~-shear values on post-cured specimens were obtained in Series 44-87
using Carver Presss assembly techniques.
75°F - 3210 psi

500°F (10 minute hold) - 2620 psi
500°F (30 minute hold) - 2300 psi

Specimens were also assembled using vacuum bag techniques. Lap-shear values in

Series 44-85 (where post~cure was four hours at 435 - 495°F) are given below.

500°F (10 minute hold) - 2360 psi
500°F (30 minute hold) - 2130 psi
500°F (60 minute hold) - 2360 psi

B. Lap Shear Strength Versus Test Temperature - 1t was of inferest fo determine

lap-shear strength as a function of test temperature. Sixty specimens were assembled
in Series 44-92. Twenty-five of these specimens were tested without post-cure
and thirty-five were post-cured at 426 - 470°F for one hour. Highest values from

each test condition are listed below.

Lap-Shear Strength (psi)

Test Tempercture (OF)

10 minute hold Post ~Cured Non Post -Cured
-320 4040 2940
-5 3480 2840
+75 3060 2940
+350 3100 2460
+450 2960 B&0
+500 2230 Not tested
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A comparison of the highest values shows that in all cases, the post~cured values
are significantly higher than the non-postcured except at room temperature where
there was only a slight difference. As expected, values fell off quite sharply for
the non post-cured above 350°F, probably reflecting the state of incomplete cure.

Failure mode changes from predominantely adhesive at -320°F to predominantely

cohesive at +450°F. At SOOOF, mode of failure ranges from 50 to 80% cohesive.

A plot of high-low values for the posi-cured samples appears in Figure 1. Scatter
at 75 and 350°F is about the same (320 psi versus 300 psi). The scatter increases

at higher and lower temperatures, This Figure shows a reasonably stable lap-shear
strength over the entire range with a fall ~off in the 500°F area. This data indicates

that there may be a "knee" in the lap-shear strength versus temperature curve in the
500°F region,

Additional values obtained at test temperatures above 500°F supporf the conclusion
ihat there may be a sharp fall-off in sirength. These values and the Series in

which they were obtained are listed below.

Lap-Shear
Series Test Temperature Strength
44-84, 85 550°F 970 psi
44-84 584°0F 270 psi

-

in the tests at 550°F and 5840F, the loading curve indicated a yield before break .

This behavior indicates that a Tg might have been exceeded.
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C. Lap Shear Strength Versus Aging Time - Twenty specimens were assembled to test

the effect of aging at 500°F on lap-shear strength. (Series 44-88,89) All specimens
were post-cured for one hour at 435-493°F. Six of the 20 specimens were tested ot 500°F

with varying holds at temperature.

10" hold 30" hold 60" hold 120" hold
1810 psi 1820 psi 2140 psi 2230 psi
1780 :

1660

The lap-shear values at ten minute hold were unexpectedly fow, indicating a problem

with the cure~assembly. The increase in values with increasing hold time at the fest
temperature indicates that additional curing might be taking place in the Instron oven.

A DTA analysis was conducted on a chip from one of the 10-minute-hold specimens The
thermogram did not show a curing exotherm in the 200-300° C region. Such an exotherm
would indicate the presence of unreacted epoxy groups. However, the amount of additional

curing which could be taking place might be too small to be picked up by a DTA analysis.

The remaining 14 specimens were aged for various times at 500°F in an air-circulating
oven. All specimens were cooled to room temperature and then tested at 500°F (10" hold

at temperature). Lap-shear test results are listed below.

Lap-Shear Values {psi) Aging Time (Hours) at 500°F
2140,2080 2
2420,2020 w 4
2180,2060 . 8
1420G,1180 16
200,860 : 40
830,800 66
740,740 120

The specimens that were aged for two hours saw a temperature of 470-500°F. The specimerrs
thot" were aged for four and eight hours also saw this temperature during the first two hours
and then a temperature of 500° F for the remainder of the aging time. The specimens aged

for 16, 40, 66 and 120 hours saw 500°F during the entire period of time.
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Lap-shear values held~up satisfactorily through the eight hour aging peried. Mode of
foilure was primarily cohesive. However, values fell sharply at the 16 hour and sub-
sequent periods. With increasing aging time and lower lap-shear values, there was o
corresponding increase .in the degree of adhesive failure. At the 120 hour period, failure

was almost completely adhesive.

In Series 44-87, three specimens were post-cured for 160 hours at 500° F in an air-cir-
culating oven. Lap-shear strengths of 772, 570 and 550 psi were obtained and failure

was primarily adhesive.

The fall off in lap-shear stiength with aging time may be explained in several different

ways.

Thermooxidative Degradation - Although the adhesive darkens

outside the joint during the aging, there is no such evidence
for .degradation in the joint area itself. However, others
have also reporied degradation of lap-shear strength using
stainless steel substrales. For example, Krieger and Politi
report that HT 424 (an epoxyphenolic supplied by American
Cyanamid) shows significani refention of 500°F lap-shear
strength after 200 hours aging at 500°F in air on aluminum
substrafes(.i 6)On 17/7 PH stainless steel subsirates, it shows
a negligible loss in strength after 500 hours af 500°F in
nitrogen. However, in an air atmosphere, on stainless
steel , 500°F band strength is completely degraded after
100 hours exposure at 500°F .

Eby and Brown(U) have recently reviewed bond failure
caused by oxidation of the adhesive. Adhesives which
give high lap-shear strengths in aluminum~-to-aluminum

joints in air af 550°F degrade rapidly when used befween



SINGER-GENERAL PRECISION, INC. ¢ KEARFOTT DIVISION

stainless steel., These authors suggest that oxides of iron,
nickel or chromium are present on the metal surface and

that these specimens catalyze the decomposition. In
addition, Eby and Brown suggest that the chemical structure
of the adhesive influences the inirinsic thermooxidative
stabilify of the adhesive as well as its stability with respect
to degradation caused by the substrate. For example, as

the phenolic content of an adhesive is increased, the thermo-
oxidative stability on stainless sieel decreases. Thermo-
oxidative stability in adhesive systems to be used on stainless
steel substrates is often improved by the addition of anti-
oxidants. Such improvemenis might also be realized in the

bis(epoxybutyl) carborane system.

Brittle Character - The aging treatment at 500°F may introduce

a degree of strain into fhe‘adhesive (perhaps by additional
cross—linking) which results in the adhesive being pulled away
from the steel substrate. Audible clinking sounds were noted
just affer the specimens were removed from the aging oven and
placed on the bench top. This suggesis that pull-—aw‘ay from
the surface occurs during the temperature cycle and not at
temperature. A test of this hypothesis would be to eliminate

the temperature cycle to give a continuous aging-test sequence.

Non-Optimized Cure Cycle - The data indicates there is a

possibility that o change in the post-cure cycle might result
in an improvement in lap-shear values. The specimens that
had been aged up to 80 hours at 500°F actually experienced

an initial two hours at 470 - 500°F. Values of six specimens
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were above 2000 psi. The specimens that were aged for
16 hours and longer did not experience fthis Tower temperature

treatment and lap-shear values fell sharply.

An extensive series of tests would have to be conducted to determine which of the above
three possible causes of bond-failure is operating in the aging studies on the bis(epoxybutyl) -

carborane system.

2.2 HONEYCOMB EVALUATION

The adhesive system bis{epoxybutyl)carborane - 43 phr G-50 hardener - 50 phr aluminum

- 29 phr asbestos) was evaluated in stainless steel honeycomb panels. Face sheets were
17/7 PH stainless steel, condition TH1050. Core was also of the above type of steel,

0.5 in thick, 0.25 in cell sizef 0.002 in foil size, densify‘8.7 Hos/ﬁ‘3 and non-perforated.
Specimens were evaluated by beam flexure and sundwich peel tests. Initially, specimens
were assembled and tested to develop lay-up and assembly techniques (both Carver press
and vacuum bag), substrate cleaning procedures and post-cure conditions. Carrier cloth
impregnated with lé-;;tcged adhesive was used for this work. The same cure-assembly-

post cure cycle was used for honeycomb assembly as was used for lap-shear specimen

cssembly.

Because of a lack of comparitive data on high performance epoxy acdhesives, an available
quantity of Metlbond 329 was also evaluated in honeycomb panels using beam flexure
tests and sandwich peel tests. This data was used for comparitive purposes only and is not
intended to represent optimized values for Metlbond 329 which might be achieved under

more idealized cure-assembly conditions.

* Square cell was used in this work
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2.2.1 BEAM FLEXURE TESTS

In the bis(epoxybutyl}carborane system, ultimate loads were obtained of 1580 pounds at
75°F and 805 pounds at 500°F (10 minute hold at tempeiature}. There was excessive
flow of the adhesive during the cure assembly process and this resulted in a starved glue
line. There was some evidence of core failure in the specimen which gave the value of
1580 pounds at 75°F. However, in all other specimens tested at 75° F, failure was in
the adhesive at the face sheet-core interface. In all tests conducted at 500° F, failure

was aiso in the adhesive.

Beam flexure tests with Metlbond 329 gave ultimate loads of 1690 pounds at 75° F and
320 pounds at 500° F.

This comparison indicates that the bis{epoxybutyl) carborane system is slightly poorer
at 75°F than Metlbond 329 but moy be significantly better at 500°F. However, any
further tests and comparisons will have to await the development of a system with better

flow control properties.

2.2.2 SANDWICH PEEL TESTS

fn the bis(epoxybutyl)carborane system, peel torques up to 6.5 inch pounds/inch width of
specimen were obtained of 75° F. At 500° F (10 minute hold at temperature) peel torques
up to 3.1 inch pounds/inch of specimen were obtained. These values compare with values
obtained with Metlbond 329 of 13.5 and 7.1 inch pounds/inch width of specimen at 75 and
500° F respectively. Again any further tests and comparisons will have to awaif the de~

velopment of o system with beiter flow conirol properties.
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2.3 PEVELOPMENT OF CARRIER CLOTH TECHNOLOGY

l

The carrier cloth technology of the B-staged bis(epoxybutyl) carborane system
was developed. This enabled the loading of adhesive in the glue line to be
more accurately controlled, and the B-stage more easily handled. Calendering
techniques were noft investigated since this type of procedure would have
required more material than was awailable for this program. The impregnated
cloth had to have tack so that it would adhere to subsirates, particularly during
honeycomb assembly. In addition, flow during cure had to be controlled
particularly during honeycomb assembly so that good fillets could be obtained

while gn adequate amount of adhesive was refained in the glue line area.

Early efforts indicated that, in order to obtain impregnated cloth with saf~

isfactory tack, the B-stage period had fo be shortened to about 55 minutes.

However, the B-stage adhesive had an excessive amount of flow when heated

af the femperature used for cure~assembly of lap-shear specimens. Asbestos

was therefore added to the formulation at leve!l of 29 phr. Use of asbestos

resufted in a reduction in flow. Thickntlass of impregnated glass cloth was

0.011 inches and loading of B-staged adhesive was 0.07 pounds per square

foot of glass cloth. Tedlar backing could be applied to both sides of the impregnated
cloth, The tape was soft and flexible and could be creased without cracking. Tape
stored at - 10°F for periods up to 12 days did not experience a loss in degree of tack
nor was there any apparent crystallization, Tape stored at room temperature for periods

up to four days experienced a noticeable decrease in degree of tack with the onset of
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crystallization in the film. However, attempts to prepare honeycomb specimens using
this procedure still resulted in excessive flow. Additional effort will have to be under-
taken, perhaps with other types of additives, in order to better control the flow properties

of this system.

2.4 SYNTHESIS OF INTERMEDIATES AND MONOMERS

One objective of this work was to develop suitable high yield preparatives routes for
intermediofes and monomers. Of particular concern was the preparation of carborane

(1,2)

from decaborane. On previous efforts, we had prepared carborane by a step-wise
process which was concluded by a permanganate oxidation step. Epoxy monomers were
prepared from this carborane intermediate in high yield and could be cured with conven-
tional curing agents to give adhesives with excellent bond strengths. For the present pro-
gram, we switched to a route which involved the reaction of decaborane with diethyl
sulfide and acetylene. This route is known fo give a yield of carborane which is higher
than the overall yield o\F the previous route. However, others have reported that carborane
prepared by this method contains sulfur impurities which are difficult to remove.(7) It
was conceivable that these impurities could hinder curing reactions and affect lap-shear
strength. However, this was not the case. Carborane prepared by the diethylsufide-

acetylene process was converted to the desired epoxy derivative using the following re-

action sequence
carborane ——> bis{alkenyl)carborane—~—> bis(epoxyalkyl)carborane

High purity epoxy monomer was obtained which, when cured, had excellent steel-on-steel

adhesive bonding characteristics.

2.4.1 PURIFICATION OF DECABORANE

During the first part of the report period, we found that high purity decoborane was required
\
for a high yield synthesis of carborane. The stock decoborane is yellow and probably con-

tains quantities of higher boron hydrides (arising from the pyrolysis reaction normally used
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1 # avrgey desehorone). Several vacuum sublimation systems were evaluated for the pur-
o sgimne & teral of 14,40 pounds of crude material was purified to give 12.26 pounds

¢ e oecmbosone. Decaborane used was government -fumnished,

oA PRIRARATION OF CARBORANE

. . . 18
woThigrse wot prepared according to the following reaction sequence.( )

Lo HCHg,s  Bropylether

—3 BigHpg ECZ H5)2§_} 2

?35?5#;_?5}”5)2_5]2 + CoH, -Rropyl ether > CaBioHiz +Hy +2(CyH,),S
]

D eesy tig sk, the charge of decaborane was increased from 100 g. to225g. A
Try 2et egecenion of charged decaborane to carborane was 70 percent. Thirty-four

w s e wetw performed and 9.33 pounds of carborane obtained.

3 &3

[ A

CIPATATION OF BIS(BUTENYL)CARBORANE

T

& * . »
Ere Smtsentovy win prepared by the following reaction sequence :

M CH P ;
+ 2C4H9L1 2 LiC CLi + 2C4H10
{3;// \c/
i1 B10M0
L RN, '
yra

* 2B4CH,), CH =CH,
Y

f:----<:(c:H2)2 CH=CH, + 2Ligr
\)/ ‘
& oMo ) LNOT REPRODUCIBLE ‘
———— 2-17

& 4, a ,;(ﬁ‘
3 Chr gﬁ:gz



2-18

SINGER-GENERAL PRECISION, INC. « KEARFOTT D!ViSidN

During this work, the charge of carborane per reaction was increased from 21.6 g to
225 g in a step-wise fashion. A typical conversion of charged carborane to bis(butenyl) -
carborane was 81 percent, Twenty-one reactions were carried out and 12.81 pounds of

product obtained.

9.4.4 PREPARATION OF BIS(EPOXYBUTYL)CARBORANE

Bis(epoxybutyl)carborane monomer was prepared by the following reaction:

CH,Cly
NCIQCOg

CHy=CH(CH,), C L (CHy), CH=CH, + 2CF;CO3H
2 2 Z

BioH o
CH, -—7H(CH2)2 C—-—--—_-C(CHQ)Z CH--;——/-—CHZ + 2CFCO5H

O . O O
ByoH1o

During this work, the charge of bis(butenyl)carborane per reaction was increased from
24.5 gto 225 g. Typical conversion of butenyl to epoxybutyl of 95 percent were realized.

Thirty-five reactions were performed and 9.23 pounds of pure product were obtained.

In several reactions (not included in the summary above) semi-solid products were obtained
which were difficult to distill, Primary evidence for the impurity was the presence of a
band ot 1780 c:m-] in the infrared spectrum, characteristic of a carbony! stretch when that
group is bonded to Rer @ broad band at 3500 cm~] (hydrogen bonded OH) and a sharp band
ot 3620 cm-] for free OH(IQ). This impurity has been identified as the trifluoroacetate
adduct obtained by a ring-opening reaction. Expoy ring-opening can take place by

atlack of triflueroacetic acid, a by-preduct of the reaction, as illustrated below.

i s e

\ If I
—--c< - ;Hz + CF, COH = C,}iCHzoCCFa
. .

OH
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The experimenmf procedure calls for the addition of sodium carbonate to the reaction.
Tie purpose of the sodium carbonate is to remove trifluoroacetic acid, reacting with it
to form the sodium salt. This reaction reportedly is faster than the reaction of the acid
with the epoxy ring to give ring-opening and the frifluoroacetate udduat.(zo) Since the
teaction of trifluoroacetic acid with sodium carbonate is heterogeneous, « very fine
powdery grade is a requisite to prevent the ring~opening reaction from taking place.

in those reactions where impure product was obtained, o granular grade of sodium car-

bhonate had been used.
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3. EXPERIMENTAL

3.1 TECHNIQUES

3.1,1 SUBSTRATE PREPARATION FOR LAP-SHEAR SPECIMENS

Only enough specimens were cleaned on any occassion to-assemble the desired number

of specimens, When necessary, prepared substrates were stored in a closed container

for several hours until assembly was initiated, In this manner, contamination from the

lab atmosphere was minimized. An extra specimen was processed along with the specimens
to be used for assembly, A water-break test was conducted on ’rhislspecimen after the
final drying procedure (described in C below), In this manner the wetting properties of
the substrate suface after the final cleaning step could be evaluated, Details for

substiate preparation are given below.

A. Degreasing — Prior to Serie's 44-68 all substrates were cleaned by rinsing with
methylethylketone, Beginning with a new supply of steel (0,063 inch) used on Series
44-63 to 44-82, it was found that this procedure did not remove all organic impurities.
Water breck tests were not always completely satisfactory. The steel had been supplied
with an adhesive backing which was not removed with MEK. Beginning with Series 4468
until Series 44-82 substrates were cleaned first with benzene and then with methylethylke-

tone. Water break tests were almost always safisfactory.

B. Acid Treatment — Subsequent to degreasing, all substrates were cleaned with one

of the three procedures described below,

i. Procedure | — Two acid solutions were used for this procedure, The first

solution had the following composition by volume

Nitric Acid (70%) 104
Hydrofluoric Acid (50%) 24
Water 88%
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Substrates were immersed in this solution for 10 minutes, They were then rinsed
with tap water, Then, the substrates were immersed in a solution having the

following composition for 10 minutes at 160°F.

Sedium Dichromate 28.59
Sulfuric Acid 285g
Water to make one liter

After this treatment, the substrates were thoroughly rinsed with cold running tap

water and distilled water,

ii. Procedure Il — The solution has the following composition:
500 mi of concentrated hydrochloric acid
20 mi of 30% hydrogen peroxide
100 m! of formalin

450 ml of distilled water
11

The substrates were immersed in this solution at 60-65°C for 10 minutes. They
were removed and washed for one minute each in three successive baths of

3

distilled water af room temperature,

iii. Procedure I~ The solution was prepared with the following compositicn:
33 ml of distilled water
33 g of sodium dichromate

1000 ml of concentrated sulfuric acid (5. G. 1.87)

The strips were immersed in this solution at 57-85°C for fifteen minutes. They
were then rinsed by being placed successively in three baths of distilled water

for one minute each.

C. Final Specimen Dry -~ Subsequent to the acid treatment, the substrates were

transfered to a perforated stainless steel container and dried for one hour af 70°C ina
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small gravity convection oven, Beginning with Series 4486, a special stainless steel
rack was used to maintain spaces between specimens during the drying cycle. In

addition, drying time was reduced to 30 minutes.

3.1.2 B-STAGING PROCEDURES

Procedures for B~staging the adhesive for a particular assembly are described in the

tables which accompany this report,

3.1.3 LAP-SHEAR SPECIMEN ASSEMBLY

Both individual and panel specimens were assembled in this work. Individual lap-shear
specimens were assembled in a special mounting fixture which could take @ total of
five specimens. The size of the strip used for individual specimen assembly was 5,094
in x 1.000 in.x 0.059 in. In some cases, 0,063 in. thick steel was used. This is
indicated on the tables at the end of the report. Where no notation is made, 0,050 in,
thick steel was used. Dimensions of the finger panels are shown in Figure 2. Prior
to Series 44-82, B-staged adhesive was c;lpplied to the substrates by a hot meli technique,
Subsequent assemblies were carried out with impregnated carrier cloth, Overlap area
for all specimens was 1.0 x 0.5 in. and was fixed by alignment pins on the mounting
fixture. The B-staged epoxy was warmed and carefully applied to the adherends, The
latter were then warmed with an air gun and the adhesive was spread over the overlap
surfaces, A strip of glass cloth was placed in the overlap area as a carrier. Prior fo
Series 44-85, all specimens before final assembly were outgassed in a vacuum oven to
remove air which had dissolved in the adhesive during the application, Beginning with

Series 4485, this step was omitted.

The completely assembled individual specimens or panels on the mounting fixture were
placed in a Carver Press or a box for vacuum bag assembly, Details on temperature, time

ond pressure for the cure cycle are given in the tables on each individual series. Panels
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were cut into individual specimens subsequen’r to the post ~cure,

3.1.4 HONEYCOMB PANEL ASSEMBLY

Procedures for honeycomb assembly are described in a separate section,

3.1.5 POST-CURING AND AGING STUDIES

Post ~cure was conducted in a gravity convection oven, In several series, however,
post -cure was conducted in an air-circulating oven, Deiails for each Series are given
in the tables which accompany this report. Aging studies were carried out in an air~

circulating oven,

3.2 LAP-SHEAR TEST EVALUATION

Substrates for this work were 177 PH stainless sieel, condifion TH 1050 tested under
procedures outlined in Mil Spee MIL-A-005090E (Wep). Complete deiails of all
B-staging, cure-assembly and post -cure procedures are given in the tables in the

Appendix. Pertinent results of many of these tests are given in the following sections.

All specimens were tested in an Instron Tensile Tester in an air atmosphere. An Instron
Environmental Test Chamber was used for tests over the 65 to +584°F range. The -65°F
temperature was controlled with ¢ CO, atmosphere. Tests at ~320°F were conducted using
liquid nitrogen as the coolant. Each specimen was brought to the test femperature (about
5 to 10 minutes required), equilibrated at the test temperature for the desired time period,

and tested. Unless noted, all specimens were equilibrated for 10 minutes and tested,

3.2,1 BIS(EPOXYBUTYLYCARBORANE - G50 HARDENER

A. Vary Hardener Concentration — Specimens were assembled with bis(epoxybutyl)~
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carborane cured with 25, 33 and 43 (stoichiometric) phr G-50 hardener, Posi ~cure was
64 hours at 400 = 10°F. Data for this work (Series 44-32, 33 and 41) is summarized in
Table 1. The highest lop=shear value at 75°F without post-cure was obtained at 43 phr,
Room temperature values with post~cure were all about the same. At the 43 phr level,
post ~cure resulted in o drop in room temperature strength. s Lap-shear values ot 500°F
were significantly lower at the 25 phr level as compared to 33 phr and 43 phr where
they were about the same, The slightly higher values at the 33 phr level may be normal
scatter, The lower 500°F strengths at the 25 phr fevel probably reflect a fower degree

of cross=linking with the lower concentration of hardener.

TABLE |
LAP-SHEAR STRENGTH
Bis(epoxybutyl)carborane G50 Hardener

Vary Hardener Concentration

Series 44-32 Series 44-33 Series 44~41
25 phr 33 phr 43 phr
75°F, No Post -Cure 2740 psi 2360 psi 3220 psi
2420 2120 3040
1930 2100
1000
75°F, Post-Cured 2640 2560 2520
2360 2420 2340
2240 2040
2000
500°F, Post-Cured 920 1620 1480
700 1210 1160
400 990 990
790

3-5
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B, Effect of Post~Cure on 500°F Lop-Shear Strength —  Several Se%’ies of specimens at

a 33 phr G-50 concentration were assembled to determine the effect of a 64 hour post -
cure at 400°F on SOO?F lap-shear sirength. Cure~assembly conditions were 302 -351°F,
60 psi for 25 hours, Post—cure at a temperature above that of the cure temperature results
in an increase in 500°F strength in air. For example, test results ot 500°F for Series
44-19 to 4422 show o range of 230-1210 psi for specimens without pr‘::si' -cure and 1260
to 1860 psi for specimens with post~cure, Creation of higher cross link density on

post —cure probably accounts for this trend.

" C. Variation of Cure Temperature — The abject of Series 44-27, 28 and 29 was to

observe the effect on lap-shear sirength of decreasing the cure temperature and pressure

to 244-282°F and 30 psi from 302-351°F and 60 psi.

o In Series 44-29, cure time was 3 hours. Bond strengths without post-cure were
560 psi at 75° and 160 psi af 5000, indicaling incomplete cure, Post~cure of 7
hours at 302°F followed by 723 hours at 392°F gove strengths of 2100 and 1430
psi at 75 and 500°F respectively.

@ In Series 44-28, the cure time was increased fo 5 hours and all samples were
post-cured at 302°F for 7 hours followed by 72% hours at 392°F, Strength at
75°F was 1420 psi and 1680 psi af 500°F.

6 In Series 44-27, the cure time was 22 hours and post -cure was 64 hours af
338°F. Strengths without post~cure were 2380 psi at 75°F and 980 psi ar 500°F,
After post ~cure, strengths were 2430 psi and 1160 psi at 75 and 500°F respectively.

On all specimens cured at the low temperature, the epoxy was very britile on the steel
surface outside the overlap area, A step-wise cure seemed to impiove the 500°F bond
strength. A long cure fime gave acceptable room temperature properties. However, there

appeared fo be no advantage to decreasing the cure temperature. Therefore, & cure
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temperature of about 302-351°F was used for most work on the program,

“3.2.2 BIS(EPOXYBUTYL)CARBORANE - G50 HARDENER ~ ALUMINUM

A. Effect of Varying Aluminum Concentmtion

i, 33 phr G~50

© Room Temperature Strength -~ No Post Cure — Lap shear strengths at room

temperature are higher for filled systems than for the unfilled system; there
appeoars to be no appreciable difference between 50 phr and 100 phr filler
concentration (Table 1), Lap-shear values of 3320 psi for filled sysiems and

2540 psi for the unfilled system were obtained.

TABLE |l
LAP-SHEAR STRENGTH
Bis(epoxybutyl}carborane, 33 phr G-50 Hardener
Vary Aluminum Concentration

Room Temperature, No Post-Cure

100 phr Al 50 phr Al 0 phr Al

. LAP SHEAR LAP SHEAR LAP SHEAR
SERIES # STRENGTH (psi) | SERIES # | STRENGTH (psi} | SERIES # | STRENGTH (psi)

4439 3260 44-40 3320 4437 2540
3090 3200 2140
2120 2960
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o Effect on Room Temperature Bond Strength-With Post-Cure ~— Representative

values are listed in Table [1l. In the 400 = 10°F - 64 hours post-cure system,

slightly higher values were obtained at 0 phr Aluminum (2560 psi as compared to
2360 psi and 2220 psi for the 50 phr and 100 phr filled systems). With a 4-hour

post ~cure at 490 = 10°F, higher results were obtained at 50 phr (Series 4446,

2000 psi} as compared to the 100 phr system (Series 44-43, 1780 psi). For the

comparison with a 490% 10°F post-cure, data af 0 phr Aluminum is not available

under the same assembly-cure conditions.

TABLE HI
LAP-SHEAR STRENGTH

Bi s(epoxybutyl)carborane, 33 phr G-50 Hardener
Vary Aluminum Concentration

Room Temperature, Post-Cure

64_Houm Post -Cure at 400 + 10°F

100 phr AL . 50 phr Al . Ophr Al
LAP-SHEAR | LAP-SHEAR LAP-SHEAR
SERIES # STRENGTH (psi) SERIES # | STRENGTH (psi) | SERIES # | STRENGTH (psi)
44 -39 2220 44-40 2360 44-33 2560
1860 2340 2420
240 2300
4 Hours Post -Cure af 4904] 0°F
100 phr Al 50 phr Al 0 phr Al
LAP-SHEAR : LAP-SHEAR LAP-SHEAR
SERIES # STRENGTH (psi){ SERIES # STRENGTH {(psi) | SERIES # STRENGTH (psi)
4443 1780 44-46 2000
1600 19230 No Dala
1180 1830
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o Effect on 500°F Bond Strength, With Post—-Cure — Highest values for each post
o L
cure cycle (64 hours ot 400 + 10°F and 4 hours at 490 + 10°F) were obtained

using a 50 phr concentration of aluminum, No data were olffained with O phr

aluminum. Representative values are listed in Table V.

TABLE IV
LAP-SHEAR STRENGTH

Bis(epoxybutyl)carborane, 33 phr G-50 Hardener
Vary Aluminum Concentration

5009F With Post-Cure

64 Hours Post~Cure af 400 + 10°F

100 phr Al 50 phr Al
LAP-SHEAR LAP-SHEAR
SERIES # STRENGTH (psi) SERIES # STRENGTH (psi)
44 -39 1860 4440 2040
1850 1710
1730 1270
1060 1070

4 Hours Post -Cure at 490 + 10°F

LAP-SHEAR LAP-SHEAR
SERIES # » STRENGTH (psi) SERIES # STRENGTH (psi}
44-43 1810 44 -42 2180
1250 1780
1080 1410
1020 1200
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ii. 43 phr G-50, Stoichiometric — Two series of individual specimens (Series 44~

71 and 44-74) were assembled ar a hardener level of 43 phr using 50 phr aluminum
filler, Post-cure was four hours at 462-472°F, Tests at 500°F were conducted ot
both 10 minute and 30 minute holds af temperature. Resuvlts are summarized in

Table V.,

TABLE V
LAP-SHEAR STRENGTH
Bis(epoxybutyl)carborane, 43 phr G-50 Hardener, 50 phr Aluminum
Series 44-71 and 74 Combined

75°F 75°F 500°F (with post-cure)

{no post-cure) fwith post ~cure) 10 minutes 30 minutes
3200 psi - 2460 psi 2480 psi 2630 psi
3150 2340 2320 2360
3070 2290 2290

2880 - 2250 ' 2200

2560 2240 2120

2100

As we have noted previously, 75°F bond strength decreases with post-cure. This is
due to strain infroduced info the glue line by additional cross-linking. With post -
cure, room-~temperature strength is 1003 retained ot 500°F at a 10 minute hold at
temperature. Two specimens were tested at 500°F after a 30 minute hold of
temperature, The highest {ap-shear strength at 500°F (2630 psi} was obtrained under
these conditions. This high value on a 30 minute hold could perhaps represent
scatter (only 150 psi above the best value obtained on a 10 minute hold at

temperature).

One panel Series 44-93 was assembled at the end of the program to determine the
effect of aging at 500°F on 500°F lap shear strength using the 42 phr G =50, 50 phr

aluminum formulation. A film type adhesive was used. All specimens were post ~cured


http:N(1|it-COfHNB.Al

RESTARCH CENTER ¢ SINGER-GENIERAL PRECISION, INC.

for one hour at 435-465°F and aged for varying times af 500°F in an air
circulating oven, then tested at 500°F. Volues dropped from 1780 psi after two
hours posi ~cure to 860 psi after 30 hours of post-cure. We have no previous data
on a non-asbestos system which has been aged af 500°F, Data is lower than values
obtained on an asbestos system under comparable aging conditions (Series 44 -88,

89). Reasons for these low values are not clear,

iti. 50 phr G~50 -~ A series of specimens was assembled (Series 44-47) in which
the hardener level was 50 phr G =50 (o 16% excess over the stoichrometric amount)
and 50 phr aluminum, Post~cure was 4 hours af 482°F, Maximum fap=shear values
were:

75%F (no post ~cure} - 3200 psi

75°F (post -cured) - 2160 psi

500°F {post ~cured) ~ 1200 psi

Strength ot 75°F (without post-cure) is about as good as has been obtained in the
bis(epoxybutyl)carborane system at a filler concentration of 50 phr afuminum,

However, values at 75°F and 500°F with post ~cure are lower,

B. Effect of Glass Cloth Finish on Lap-Shear Stiength

i. Comparison of Volan A Versus Heat Cleared — in the first part of this program,

Style 112 glass cloth with a Volan A finish was used as the carrier in the overlap
area. Since the Volan A finish may introduce chemical species info the overlap
area which could wedken bond strength, the use of heat cleaned Style 112 glass
cloth was initiated. A comparison was made between the use of the two types of
finish in the system 33 phr G-50, 100 phr afuminum, Lop-shear vaives at room

temperature without post-cure are listed in Table VI,

3-11
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The highest room temperature strength before post~cure was obtained using heat
cleaned glass cloth (Series 44-39), However, because of the spread of values
obtained, this may not be due to the type of finish on the glass cloth bui to subtle
changes in another variable (ex. surface prepamtion, specimen alignment, uneven
heating in the Carver Press etc). Data is not available to compgre bond strengths
after post—cure, Because of the stightly higher results obtained with the heat-
cleaned cloth, all assemblies subsequent to Series 44 -39 were with heat cleaned

glass cloth.

TABLE VI
LAP-SHEAR STRENGTH
Bis(epoxybutyl}carborane, 33 phr G -50 Hardener, 100 phr Aluminum
75° F, No Post-Cure
Comparison of Glass Cloth Finish

HEAT CLEANED FINISH VOLAN A FINISH
LAP SHEAR STRENGTH (psi) LAP SHEAR STRENGTH (psi)
SERIES # 75°F SERIES % 75°F

44-39, 43 3260 44-30, 31, 38, 35 3020
3090 2920

3040 2880

2700 2700

2120 2700

1640 2680

2580

2000
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ii. Pretreatment of Heat Cleaned Glass -Cloth —— Completely machined panels

were assembled for this work and the epoxy mixture used was bis(epoxybuty!) -
carborane -33 phr G-50 ~ 50 phr aluminum, From Series 44-38 to 44-62 the heat
cleaned 112 glass cloth was pretreated up ~ 338°F for periods of one to four hours
prior to its application to the B-staged epoxy on the specimen substrate, [n Series
4462, the cloth was pretreated at ~ ?SOOF, The object of raising the temperature
was to effect a high degree of clean{ijess by pyrolysis and air oxidation of residual
organic contaminants acquired during eutting and handling of the strips of fabric,
Test results are listed in Table VI and are compared with those of Series 4461 in
which the cloth was pretreated at ~ 338°F. Post ~cure was 4 hours at 460°F. The
number after the lap-shear value refey to the panel {first or second) from which the

specimen was taken.

Uniformly higher values were obtainegd in Series 4462 in which the glass cloth was
prefreated ot ~ 750°F. Because of the small number-of samples tesied and scatter
previously observed, it is not certain % this trend is significant, However, subsequent
to Series 44-62, all cloth was pretrea~ad at 750°F, Although excellent bond strengihs
were obtained in Series 4462 af fest ~amperatures of 75°F and at 500°F scatter at
500°F was still present, and the lowess values were obtained on the specimens from
the second tray. The cause of this is ~ut apparent. The portion of the epoxy applied
to the substrate was B-staged a little ager (510 minutes) for the second panel
assembly than the portion used for the e panel assembly, In addition, the second
panel assembly on which the epoxy hass been spread stood at room temperature,
covered with an evaporating dish, for about 24 hours before being placed in the
outgdssing oven prior fo assembly in e Carver Press. The glass cloth used as the
carrier was pretreated for about one hawms the cloth for the second panel assembly
was pretreated for up to four hours. Az, the results might indicate that the second

panel received less of a post~cure tharr the first panel,

S —— 3-13
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Although the difference in the temperature pretreatment given the glass cloth did
not appear to hf:ve an effect on bond strength, the higher temperature treatment
did have a profound effect on wettability of the glass cloth by the resin, The
aluminum filler was not absorbed into the fiber bundles. Both resin and filler were
excluded from the interior of the fiber bundle when the fabric was pretreated at
338°F. This is probably due to non-wettability. Clear resin was observed at the
fiber ends outside the joint. The absorption of resin into the fiber bundle displaces
air and produces voids near the steel-resin interface, Voids were more plentiful

in the higher heat treated case but not absent in the*lower heated case,

TABLE VH
LAP-SHEAR STRENGTH
Bis(epoxybutyl)carborane, 33 phr G-50, 50 phr Aluminum

Pretreatment of Heat Cleaned Glass Cloth

_ Series 44-61

Cloth Pretreated at 338°F
Lap Shear Test Results {psi)

75°F (o P.C.)

75°F (with P.C.)

500°F (with P.C.)

2820 (2) 2280 2) 2340 (1)

2710 (2) 2240 (1) 2000 (1)

2540 (1) 2080 (1) 1860 (2)
Series 4462

75°F (no P.C.)

‘Cloth Pretreated at 750°F

Lap Shear Test Results (psi)

75°F (with P.C.)

500°F (with P.C.)

3220 (2) 2300 (2) 2440 (1)
2520 (2) . 2240 (1) 2350 (1)
2480 (1) 2160 (1) 2050 (2)

. 1930 (2)
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C. Use of Finger ~Type Panels for Specimen Assembly — 1in the hope of reducing scatter

in lop-shear values, three modifications of finger-type panels described in MiL-A-
005090E were machined and evaluated. The three modifications are illustrated in

Figure 2. These are completely machined (1a) partially machined wi;h additional saw
cuts (1b), and partially machined (Ic). The completely machined panel was expected to
give better results since less cutting is involved after assembly. The other two types were
evoluated in the hope that uniform results might be obtained with a simpler panel. Each
panel assembly yielded five individual specimens after being cut. Two panel assemblies,
giving ten individual specimens, were evaluated for each modification. The adhesive
formulation bis(epoxybutyl)carborane ~ 33 phr G50 hardener - 50 phr aluminum) was
B-staged and cured under conditions similar to those used for an assembly of individual

specimens before post-cure {4 hours af 490 * 'IOOF).

Results of pane! assembly are compared in Table VIIL. This comparison indicates that
although little difference was noted in degree of scatter, the best all-round values were
obtained with completely machined-out panels (Series 44-53; 2880 psi at 75°F - no
post-cure, 1820 aof 750F with post~cure, 2100 psi at 500°F with post~cure). Fer much of

the remainder of the program, completely machined panels were used,

3-15
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TABLE VI
. LAP-SHEAR STRENGTH
Bis{epoxybutyl)carborane, 33 phr G =50, 50 phr Afuminum

Comparison of Assembly Techniques

75°F 758 500°F
SERIES # COMMENT NO POST-CURE  WITH POST -CURE WITH POST -CURE
44-52 Partially 2850 psi 1780 psi 1420 psi
Machined 2440 1520 1320
1830 1400 1140
1090
44 -54 Partially 2580 1510 2000
Machined with 25460 1500 1670
Saw-cuts 2480 1490 1440
310
44-53 Completely 2880 __ 1820 2100
Machined 2800 1780 1840
2640 1640 1510
1210
44-42 Individual 2960 ' 1600 2180
2780 1560 1780
2480 240 1410

3-16
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D. Nature of Etchant for Specimen Substrates — The procedure used in the first part

of this program for pr;zpcring the steel substrates was an HF-HNOj, dichromate treatment
(Procedure ). This step-wise treaiment had been used in our previous eFForfs.(l’z)
However, scatter in lap -shear values at both 75°F and 500°F was con!sidembie. Although
water-break tests following the distilled water rinse were acceptable, similar tests

conducted {on spare specimens) after the drying cycle (and just prior to application of

B-staged epoxy) often were not acceptable. Attempts to better control the atmosphere

" during drying (for example by using a flowing stream of nitrogen gas) did not have any

appreciable effect on bond strength.

Two aliernate cleaning procedures were investigated in the hope of obtaining betier
surface preparation and, at the same time, improving lap-shear strength valuves. Both
procedures are described in detail in a previous section. Results are discussed below.
All work was undertaken with the formulation 33 phr G =50, 50 phr aluminum under identical
curing and post ~curing conditions of 4 hours at 470°F, Special care was taken to determine

if there was a correlation between lop-shear strength and the order of panel assembly,

i. HC! ~ HyOy ~ Formalin — This treatment (Procedure [} is recommended

by Lee and Neville and is a one-step process using a solution of HCI-H,O, and
formalin, A waterbreak test onstrips cleaned in the above manner was satisfactory,
An initial comparison was made of |ap-shear results using specimens cleaned with
this solution (Series 44-44) with results obtained using Procedure |, (Series 44-42}.
There was no appreciable difference in magnitude of values or in degree of

scatter, Specimens were individua!l); assembled and this may have accounted

for the failure to observe any difference.

Additional lop—shear testing was conducted using specimens cut from completely
machined panel assemblies. Results of Series 44~55 in which substrates were
treated with Procedure il are listed in Table IX, Excelient lap-shear strengths

were obtained at both 75°F and 500°F with post ~cure (2300 and 2280 psi respectively}.
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TABLE 1X
LAP-SHEAR STRENGTH
Bis(epoxybutyl)carborane, 33 phr G-50 Hardener, 50 phr Aluminum

Comperison of Substrate Preparation®

75°F {ho p.c.)

Series 4455

Procedure 1l

75°F {with p.c.)

500°F (with p.c.)

3380 (1) psi 2300 (1) psi 2280 (2) psi
2720 (2) 2220 (2) 2200 (1)
2600 (2) 2180 (1) 2080 (2)
2040 (1}
Series 44-59
Procedure il

75°F (no p.c.)

75°F (with p.c.)

500°F (with p.c.)

3100 (2) psi 2400 (1) psi 2340 (1) psi
3010 (1) 2300 (2) 2320 (1)
2950 (2) 2240 (1) 1920 (2)

- 1720 (2)
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TABLE 1X: continued

Series 44-60

Procedure |f

75°F (no p.c.) 75°F (with p.c.) 500°F (with p.c.)

2770 (1) psi 2460 (2) psi 2120 (1) psi

2550 (2) 2340 (1) 2000 (1)

2520 (2) 2160 (1) 1470 (2)
1470 (2)

Series 4456

Procedure |

75°F (no p.c.} 75°F (with p.c.) 500°F (with p.c.)

2680 psi 1480 psi 1580 psi
2600 1260 1560
2520 1080 1500
1480

, Series 4458
.Procedure |

3280 psi 1600 psi . 1900 psi
2600 ) 1440 1720
2550 1280 1120
990

* The number in parenthesis after the lap~shear value indicates the panel assembly
from which the specimen was cut ~ one or two.
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The important point to be noted is the low degree of scatter, Whether the
specimens came from the first or second panel assembled does not seem to make
any significant difference in this series although the best 75°F value = no post
cure - was obtained from panel No. 1, However, this uniformity was not

the case in Series 44-59 and 60. The values of 2340 psi at 500°F {(Series 44-
59) and 2460 psi at 75°F (Series 44-60) are very good. However, in both series,
considerable scatter is found at 500°F, In each case, two high and two low
values were obfained, The high values were obtained from the first pane! assembled
whereas the two low values were obtained from the second panel assembled. The
age of the cleaning solution also appears to affect lap~shear sirength. In Series
44-57, a previously used solution was used for surface cleaning, The highest

500°F strength obtained was 1890 psi.

Two series of specimens were assembled using Procedure I: Series 44-56 and 58,

Completely machined panels were also used for this work. Results are listed in

Table IX., Considerble scatter was obtained at 75°F and at 500°F with post~
cure, and values were not as high as those previously obtained with Procedure |
or with Procedure Il. This surface treaiment using Procedure | may be an inherent
problem with this epoxy system, Conslsiently better results seem to be obtained

when the steel surface is treated according fo Procedure |1,

. HySQy - NapCryOy —  Another treatment was briefly investigated (Procedure

[11). This method involves immersion of the substrates in a solution of HSO 4 and
NayCryOy. Such a solution has been mcommendezd by others when attempting to
obtain maximum peel strength on stainless steel. Bikerman has proposed that peel
stress is @ major component of the lap-shear test. Ten lap~shear specimens were
prepared from specimens surface-treatsd in this manner (Series 44-45) at 33 phr
G-30 Hardener with 50 phr aluminum filler. A water-break test performed on an

extra specimen at assembly time was acceptable. However, lep shear values under
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all conditions fell below optimum values obtained using the other cleaning

procedures., Maximum values are listed below {post-cure was 4 hours af

490 * 10°F).

75°F: (no post ~cure) 2620 psi
75°F: (with post -cure) 1560 psi
500°F: (with post-cure) 1710 psi

No further work was conducted with this cleaning procedure.

E. Substrate Degrease Treatments — [nitial cleaning procedures involved immersion of

the substrates in a bath of methylethylketone. During the program, a new quantity of
steel (0.063 in. thick) was purchased which was supplied with a paper backing bonded to
the stee! with o pressure sensitive adhesive, This paper was stripped from the substrate
prior.to the deburring operation, In Series 4463 and 64, the specimens were given the
standard sofvent wash with methyl ethy! ketone (MEK) prior to treatment with the etch
solution, Water break tests on these specimens were not f;);'lplei'el)f satisfactory,
Subsequently, we found that the pressure sensitive adhesive was not soluble in MEK.
Substrates for Series 44-66 were cleaned with MEK only whereas substrates for Series
4448 were cleaned with both MEK and benzene, Water break tests on specimens which
had been given both MEK and benzene treatment were quite satisfactory whereas water
break on specimens cleaned only with MEK were marginal. The surface preparation used
was Procedure [, The formulation was 33 phr G~50 hardener and 50 phr aluminum,
Post-cure was 4 hours at 458-462°F. The best 500°F values were obtained in Series
4468 in which both the MEK and benzene treatments were used. Results are listed in
Table X. Subsequent to this work, all 0,063 inch thick sub;f:ufes were cleaned with the

combination surface treatment.
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TABLE X
LA f-%rEAR STRENGTH
B;S(epox},buf}tf,:x;ri,orane, 33 phr G~50, 50 phr Aluminum

Comparl="" w4 Substrate Degrease Treatments

Lap-Shear Strength*

Organic Solvent 75°F (ro p.c.) 75°F (p.c.)  500°F {p.c.)

Series # LCleaning Treatmen
4464 MEK 3640 (2) 2780 (1) 2080 (2)
2600 (1) 2660 (2) 1710 (2}
2540 (2) . 2460 (1) 1650 (1)
1450 (1)
44-58 MEK plus 3380 (2) 2720 (1) 2310 (1)
benzene 29240 (1) 2640 (1) 2150 (2)
. 2560 (2) 2460 (2) 2010 (2}
1970 (1)

* The number in parenthesis afi~/ 1H2 fap=shear strength indicares the number of the

! e snect i
tray (one or iwo) from which j/ % #Pecimen was obtained,
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F. Nature of Post ~Cure Conditions — Two different ovens were used for comparison

of post —curing conditions. In this work, the hardener level was 33 phr with aluminum
fitler af 50 phr. One oven was a gravity convection type, the other was an air~
circulating type. In Series 64, specimens were post -cured for four hours in the air
circulating oven af a temperature which cycled from 505-520°F, Although lap-shear
strengths at 75°F without post -cure ranged up to 2960 psi, strengthswith post-cure at
75°F and SOOOF, were suprisingly low. The hig_hesi' values obtained were 1130 psi at
75°F and 950 psi at 500°F. The drastic drop in adhesive bond strength with post ~cure
compared to previous values in a gravity convection oven might be due to a problem
with use of the air-circulating oven, the higher temperature in the oven or the 15°F

cycle range in that oven,

In the above work, a methyl ethyl ketone (MEK) cleaning treatment of the steel substrate
was used prior to the acid etch. In the belief that the surface had not been adequately
degreased with this solvent freatment, a series of tests was conducted in which the organic
cleaning treatment consisted of a benzene rinse followed by a MEK rinse. Two series of
specimens were prepared and post~cured at about the same temperature; one set in the
gravity convection oven at 458-462°F (Series 44-68) and one set in the over circulating
oven at 453-467°F (Series 44-67). Results are listed in Table X].

There was no appreciable difference in color of the cured epoxy outside the specimen
overlap areq, indicating that air circulation versus gravity convection apparently does

not make any difference in amount of oxidation that takes place. The best results with
post cure were obtained on specimens cured in the gravity convection oven (Series 44 -
68). A possible cause of low values and scatter for specimens in Series 44-67 in which the
air circulating oven was used might be the wider cycle in temperature, 14°F as compared

to 4°F in the gravity convection oven. This cycle could result in stresses being set —up

- which are reflected in lower bond strength,
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TABLE X|
LAP-SHEAR STRENGTH .
Bis{epoxybutyl)carborane, 33 phr G -50 Hardener, 50 phr Aluminum

Comparison of Post-Cure Conditions

Post Cure Lap-Shear Strength (psi}
Series & Condition 75°F o p.c.)  75°F (p.c)  500°F (p.c.)
4467 453-467°F 3660 2180 . 2000
Air Clrculation 3200 1740 1680
2730 1680 1540
1300
44-68 458-462°F 3380 2720 2310
Gravity 2940 2640 2150
convection 2660 2460 2010
1970

G. Vacuum Bag Assembly — Work was undertaken to develop vacuum bag assembly

techniques. With this procedure, a lower and more evenly distributed pressure than could
be obtained with Carver Press techniques would be applied. A fixture was constructed in
which individual lap-shear specimens, lap -shear panel assemblies and 3"X8" honeycomb

specimens could be assembled.

Testing was conducted with specimens assembled using the formulation 42 phr G -50 and 50
phr aluminum,. Several specimens for each series were post-cured in a gravity convection
oven at 435-493°F for four hours. Two trays of 5 individual specimens each were assembled
per series, B-staged resin was applied to the substrate by the hot melt technique. How-
ever, contrary to the procedure used for Carver Press assembly, the specimens were not
outgassed ai 120°C in a vacuum oven prioi to assembly. 1t was expected that the vacuum
used for the bagging-operation would pull out air dissolved in the epoxy before the epoxy

cured to a highly viscous state. The first tray of each series was assembled in the fixture
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and the fixture attached to the vacuum connection in the oven, The vacuum was
applied (14 psi) and heating initiated. About 45 minutes was required fo bring the
oven fo the desired temperature., The oven temperature was maintained at 340-360°F
for a 2% hour period. This temperaiure cycle is slightly higher than that previously
reported for Carver Press assembly, 302 -350°F. It was assumed that the time tequired to
equilibrate the second tray to oven temperature was quite small, Therefore, no equi-

libration was used and the time period under vacuum in the oven was only 23 hours.

Specimens obtained in Series 44-78 were wedged=shaped and not satisfactory for testing.
Wedging was reduced in Series 44-79 but not completely eliminated. Lop-shear values
were lower than those previously obtained using @ Carver Press. In Series 44-80 and 81,
improved spacers were used in the assembly process and wedging was reduced still further,

Lap-shear values are listed in Table XIl.

Lap-shear values at 75°F without post~cure were low as were the values at 500°F with
post—cure on a 10 minute hold, Two of the three values obtained at 500°F on a 30
minute hold (2130 and 2080 psi) were higher than the values obtained on a 10 minute
hold, It is possible that this differential is due to additional cure at 500°F in the hold
cycle. Most encouraging were the values obtained at 75 F with post~cure. All these

values were uniformly higher than those obtained without post~cure.

An inspection of the glue line showed that bubbles had formed which had not been removed
by the vacuum. In several instances, there were brown channels which extended to the
edge of the overlap area. Also, brown spots were present indicating that air had been

ent rapped. Exposure of the cured epoxy to air at elevatéd temperatures resulfs in
discoloration of this type due to oxidation. In addition,the majority of the joints appeared
starved and the resin ran considerably more than it did in comparable Carver Press
assemblies. The most likely explanation is that the resin used for the Carver Press work had
a higher melt visiosity due 1o additional B-staging in the outgassing step subsequent to

p—————g

application on the metal substrates.
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TABLE Xit
LAP-SHEAR STRENGTH
Bis(epoxybutyl)carborane, 42 phr G-50 Hardener, 50 phr Aluminum

|
Vacuvum Bag Assembly Techniques

500°F (p.c.)  500°F (p.c.)

75°F (no p.c.) 75°F {p.c.) 10 minutes 30 minutes
1910 psi 2880 psi 1880 psi 2130 psi
1320 2700 1840 2080
2580 1780 830
2520 1650
2450 1630
2400
2380

3.2.3 BIS(EPOXYBUTYL)CARBORANE - G50 HARDENER - ALUMINUM - ASBESTOS

~

Asbestos was added to the formulation in an attempt to control the flow properties. The
formulation for all the work described below is 43 phr G50, 50 phr aluminum and 29 phr
asbestos (except in one instance where the level was 36 phr). The B-staged adhesive was
applied in tape form. Fabrication of the tape is described in another section. Except
where noted, all assembly was with Carver Press techniques. Prior to Seiies 44-87, a

high magnetite asbestos was used. Beginning with Series 44-87, a low magnetite content

asbestos was used (ALCOA, CRL-8, 325 mesh, 0.5% magnetite content).

A. Variation in B-Sfage Time — The object of Series 44-91 was to determine the effect

of a slightly longer B-stage time on lap-shear values. A portion of the B-stage mixture was .
removed after 55 minutes and glass cloth was impregnated. The remainder of the mixture
was B-staged for a total of 70 minutes and this was used for impregnation of a second batch
of glass cloth. The portion of the mixture thai was B—staged for 70 minutes was more viscous
than the portion that was B-staged for 55 minutes. However, there was little difference in
the degree of tack of the impregnated cloth. All specimens were post~cured for one hour

at 435—4950F, and tested at 500°F (10 minute hold), Test results are listed below.
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55 minute 70 minute
B-stage B-stage
2490 psi 2320 psi
2340 2300
2180 1940
2080 1920

1980 1750

There appedrs to be no significant difference in lap-shear strength between the two

B-stage periods.

B. Variation in Post —Cure Time

i. Series 44-86 — The usual magnetic stirrer was replaced with a mechanical
stirrer in an aftempt fo achieve more efficient mixing and prevent lumping of
the magnetic particles, The charge of epoxy used was 10.0g. During the B-
staging period, the mixturewas altemately stirred with o mechanical stirrer and
then outgassed without stirring. As a result, the mixture was outgassed for only
abotu one-half of the 55 minute B~tage time. Cloih was impregnated using a
Carver Press with 6"X6" platens at a temperature of about 75°C. Circular forms
about 5" in diameter were obtained and there was some tack, The impregnaied
cloth which was prepared appeared quite uniform and there was no visual
evidence of clumping of magnetic materials. A set of ten specimens was
assembled and post~cure was varied from one to four hours at 435495°F,
Lap~shear results are listed below for specimens tested ot 500°F (10 minute hold

at temperature),
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Post~Cure Time (hours)

one two four
2020 psi 1820 psi 1980 psi
1840 1700 1840

1720 1600 1770

One specimen was post ~cured for one hour and tesfed at 500°F with a 30
minute hold. The lap—shear value was 1720 psi, within the range of the values
obtained on the ten minute hold., The values indicated that a one hour post -
cure was probably sufficient, The porosity of the glue line was quite high, The
reason for high porosity may be the inefficient outgassing during the B-stage
process used for this series. Alternatively, porosity may be due to a high degree

of run-out of the adhesive, (The impregnated cloth did have a certain degree
of tack).

ii. Series 44-90 — Ten specim:ens were assembled using individual subsimtes,
The B-stage time was 55 minutes. A new lot of green—colored Tedlar film

(} mil thick - a Dupont product designared as 100 BG 15UG) was used in the
as-received condition, Al specimens were pos{:-cured ot 435-495°F for one or
four hours. All tests were conducted at 500°F (10" hold at temperature)., Results

are summarized below.

Lap Shear Test Results (500°F)

One Hour Post Cure Four Hours Post~-Cure
2220 psi 2340 pst
2180 2220
2100 2180 . .
2080 2100
1910 2100
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The averages of the results were 2098 psi and 2188 psi for one and four hour
post-cure respectively. This slight difference is in agreement with our previous
resulis (Series 44-86) which indicated that a one hour post —cure would be

safisfactory. . - . .

C. Increased Loading of Asbestos — Ten specimens were assembled in Series 44-84,

A slightly higher amount of asbestos, 36 phr as compared to 29 phr for Series 82 and 83
was used. Assembly-cure conditions were identical to those used on Series 44-82 and 83,

Lap-shear test results at 500°F are listed below.

10 minutes 30 minufes
2860 psi 2420 psi
2480 2340
2240 2000
2060 1980

Specimen temperature was monitored throughout the above tests by means of a thermo-
couple. Tempemfurés of all specimens were 500°F e>;cep1" for the specimen which gave

the highest value of 2860 psi where the temperature was 492°F. It is possible that the
slight drop in temperature (8°F) could have caused a high test result. Two specimens

were tested at higher temperatures; lap -shear values of 270 psi (at 584°F) and 970 psi

(at 550°F) were obtained. These results suggest that there is a sharp fall-off in strength
above 500°F and that @ Tg might have been exceeded. The results at 500°F are similar

to those reported where the level of asbestos was 29 phr. Therefore, it is not expected

that the increased amount of asbestos will have any significant effect on lap~shear strength.

D. Variation-in Test Temperature — The object of Series 44~92 was to compare lap ~shear

strength versus test temperature. A Carver Press with 8"X113" platens was used fo
impregnate several pieces of glass cloth. The size of the sample obtained was approximately
8"X10". Impregnated cloth was cut to fit the overlop areas. Two sets of lap-shear panels

were assembled per day over a six day period. The impregnated cloth was stored in o
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refrigerufo;- at -10°C. Twenty-five of the specimens were tested without post —cure,
The remaining 35 specimens were post~cured at 426-470°F for one hour. A distribution

of specimens was obtained for each test condiiion,

Results are discussed in depth in a previous section, The data is still plagued with a
significant number of low lap—shear values at 500°F. Apparently, there is still a problem
with asserbly - formulation procedures which shows up in high scatfer in the high and
fow temperafure regions, One confributing factor may be possible contamination from
the surface of the Tedlar, There seems to be no direct relationship between the day of
assembly and the value of lap~shear sirength for a particular test condition, If is
conceivable that storage time (af —100C) of the impregnated glass cloth could affect
lap-shear strength. An independent series of tests would have to be conducted fo

investigate this possibility.

E. Variation in Aging Time

i. Series 44~-87 — The objective of this work was to obtain preliminary
information on the effect of aging at 500°F on lap =shear strength at 500°F. The
asbestos was pretreated at 400°C for one hour prior to use. The' epoxy (10.0g.
charge), aluminum and asbestos were manually blended and heated at 150 . 5°C
with outgassing until the epoxy had melted and a slusry was obtained, The vacuum
was broken and the hardeneradded. Heating was continuved at 150 ¥ 5°C for

an additional 55 minutes with outgassing and stirring, Af the end of this period,
there was no evidence of outgassing. The glass cloth which was impiegnated with
this B-stage was uniform but tackless. The average temperature during the B—stage
was > 150°C. This may have caused a greater than expected degree of cure with

loss of tack.

All specimens were post ~cured for one hour af 435-495°F, Two specimens tested

at 75°F gave lap-shear valves of 3210 and 3020 psi. Five specimens were tested
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\*J . . . .
ar 500°F with varying time holds at temperature. Results are listed below,

10" hold 30" hold 60" hold

2620 pst 2300 psi 1500 psi
243C
2300

There was little or no porosity of the glue line on these specimens, This
decreased porosity, as compared to Series 44-86, may have resulted in in-
creased lap -shear values as compared to the values in that series, All failures
were primarily cohesive except for the specimen giving the poor value at a

60 minute hold. Here, failure was primarily adhesive.

The remaining three specimens were aged at 500°F for 160 houss in an air-
circulating oven. The specimens were then tested at 500°F (10' hold) and

lap ~shear values of 772, 570, and 550 psi were obtained. Failures were
primarily adhesive, Although the epoxy outside the joint had darkened, the
portion in the joint area was unaffected. The predominance of adhesive

failure is reminiscent of data obtained in prior work where use of a gravity
convection oven (Series 44-68) and an air circulating oven (Series 44-67} were
compared for effect on post ~cure, Use of a gravity convection oven resulted in
cohesive failure whereas use of the air circulating oven apparently resulted in

adhesive failure and lower 500°F bond strength,

ii. Series 44-88, 89 — The adhesive mixture was B-staged under the same

conditions as those described for Series 44-87. The cloth was tacky in this
instance. However, the B-staging temperature was < 150°C. The cloth was
stored at room temperature for about 16 hours before Series 44-88 was assembled.
It was then stored at -10°C ovemight until Serfes 44-89 was assembled, In this
way, it was hoped that the impregnated cloth would have the same history for

both series. The cloth appeared to lose its tack on standing at room temperature
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ovemight. All specimens were post~cured for one hour at 435493°F, Six
of the 20 specimens were tested af 500°F with varying holds at temperature,
The remaining 14 specimens were aged at 500°F n an air-circulating oven

e . . . "
and tested at 5007 F. Results are discussed In a previous section,

iii. Series 44-93 — The object of this work was fo investigate the effect on
lap~shear strength of long-term aging at 500°F of specimens whose substrates
had been cleaned according to Procedure |. Al specimens were post—cured for
one hour at 435-465°F and were aged for various times at SOOOF, then tested
at 500°F, Lap-shear strength fell from 1500 psi after 2 hours aging to 560 psi
after 30 hours of aging at 500°F. This surface treatment does not appear fo

offer any hope for improving long-term aging data,

~

F. Vacuum Bag Techniques

i, Series 44-82, 83 — The B-stage was 55 minutes and the impregnated tape

was outgassed on the specimens before final assembly. All specimens were

post —cured at 435-495°F for four hours. Results are summarized below.

75°F 500°F (10 minutes) 500°F (30 minutes)
2940 psi 1040 psi 1110 psi
2840 940 1050

2780 930 1000

2790 930 980

2630 900

2500 900

2480 830

2400 830

Although the values at 75°F were very satisfactory, 500°F values dropped
drastically as compared to previously reported values from vacuum bag techniques

and Carver Press techniques. Possible causes of a drop in strength are:

3-33



RESEARCH CENTER ¢ SINGER-GENBRAL PRECISION. INC.

¢ outgassing oven - could have been contaminated,
e shorter B-stage - 55 minutes instead of two hours, can affect the curing

characteristics.

e use of impregnated {ape - variables of use, possible contamination from
Tedlor backing,

@ asbestos - is known to be impure, contains a metal phase which is magnetic.

& pressure ~ Carver Press techniques used about 60 psi whereas pressure in the
vacuum bag procedure is about 14 psi.

ii. Series 44-85 — Five specimens were assembled using the vacuum bag
technique and a back-Ffil{ of 45 psi of nitrogen on fop of the bag. The
impregnated tape was not out—gassed before the cure-assembly operatior was
initiated. Some difficulty was encountered during the cure-assembly operation.
The vacuum bag broke during the first part of the cure resulting in a pressure
of less than 14 psi on the specimens and a tempature somewhat less than the
oven temperature of 340-360°F (because gaseous nitrogen which had not been
preheated was rushing over the specimen;). The box was reassembled and
cure-assembly continued successfully for an additional two hours. Since the
epoxy appeared soft at the end of the cure cycle, the panels were post-cured
on the jig and cut apart after the post ~cure operation (4 hours af 435-495°F),

The following lap-shear strengths were obtained.

500°F (10" hold): 2360, 1970 psi
500°F (30* hold): 2130 psi
500°F (60" hold): 2360 psi
550°F (10" hold): 970 psi

These results indicate that a pressure of about 60 psi on the overlap area will

give acceptable 500°F lap-shear properties.
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3.2.4 OTHER EPOXYALKYLCARBORANE SYSTEMS

We have previously found that, with the hardener boron trifiuaride: monoethylamine,

(2)

room temperafure bond strength increased with an increasing value of x =y,

CHy ——CH(CHy) G ——C (CHy) CH—CHy

N o/,

) BmH]o (@)

However, preliminary data indicated that high temperature bond strength decreased with
increassing value of x = y, perhaps because of decreasing therma! stability or a decreasing
glass transiiion temperature. During the program we conducted a limited number of tests

to determine if this trend also held in the G~50 hardener system.

A. Bis(epoxypen.‘yl)cclrborcne — Lap-shear specimens were assembled (Series 55-1)

using bis(epoxypentyl)carborane cured with G -50 hardener af @ concentration of 39.8 phr,
the stothiometric amount required for complete reaction of N-H groups with epoxy groups.
No aluminum filler was used in this work. Post-cure was 64 hours at 400°F. Lap-shear
failure at room temperature {no post-cure) was primarily cohesive. Failure was primarily
adhesive on room temperature and 500°F tests with a 64 -hour post-cure at 400 210k,
Data is summarized in Table X!l and compared with results from o bis(epoxybutyl)~

carborane series, cured and post-cured under identical conditions {Series 44-41).

Room temperature strengths in Series 55-1 were about 18% higher than those in Series 44~
41, However, on post —cure, lower results were obtained in Series 55~1 than in Series

44-41. In Series 55-1 ot room temperature, 53% of the original strength before post ure
was obtained. This compared to a 73% retention of strength in Series 4441, Although
there was considerable scatter in the 500°F test values, it is apparent that, under these

assembly-—c;.ne conditions, higher values are obtained with bis{epoxybutyl)carborane.
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TABLE Xitl
LAP-SHEAR STRENGTH
Bis(epoxypentyl)carborane, 39.8 phr G ~50 Hardener

Lap-Shear (psi} Lap -Shear (psi) Lap-Shear {psi)
Room Temperature Room Temperature 500°F with
No Post ~Cure With Post -Cure Post -Cure
Series 55-1 3800 2080 ’ 1360
- 3660 3700 2020 1960 730 705
3650 av. 1800 av. 380 av.
350
Series 4441 3220 2520 1480
. apsp S130 2340 2500 1160 1105
2100 V¢ 2040 V- 990 av.
790

B. (Epoxybutyl)(epox;rhexyl)ccrbomne — The stoichiometric amount of G ~50 hardener

was also used with the epoxy (Series 46-1), No aluminum filler was used, Post~cure was

four hours at 500°F, Highest lap ~shearstrengths obtained were as follows:

75°F {no post —cure} 3500 psi
75°F (with post ~cure) 2100 psi
500°F (with post-cure) 350 psi

. o . . . .
Failure at 757F without post —cure was primarily cohesive whereas failure after post~cure

(both ot 75°F and 500°F) was primafily adhesive. Strength ot 500°F was quite fow.

C._ Bis(epoxybutyl) -, Bis(epoxypentyl)carborane Blend ~— A limited number of tests

were conducted in an attempt to improve the plasticity of the bis{epoxybutyl)carborane
system by adding 10 parts bis(epoxypentyl)carborane per hundred parts epoxybutyl resin,
In Series 44-72, the composition was 10 phr bis(epoxypentyl)carborane, 33phr G-50 and
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50 phr aluminum filler, Post-cure was four hours at 470°F, Highest test results with

post ~cure were 2420 psi at 75°F and 1940 psi at 500°F. In Series 44-75, the amount of

G -50 hardener was increased to 47.5 parts per hundred parts epoxybutyl resin, This
value corresponds to the stoichiometric amount of hardener required for complete reaction
of N-H bonds with all epoxy groups. Lap-shear strength ranged up 10 2220 psi at 75°F
and 1260 psi at 500°F (10 minute hold at temperature), Apparently, an increase in the
amount of hardener resulted in a decrease in bond strength. Two specimens were tested
at 500°F after a 30 minute hold at temperature and values of 1200 and 1700 psi were

obtained. This increase in strength might be due to additional cure.

D. Bis(epoxybutyl} -, Monoepoxybutylcarborane Blend — The use of monoepoxybutyl -~

carborane as a reactive plasticizer in the bis(epoxybutyl)carborane - G50 hardener system
was briefly investigated. (Series 44-7,8). Both 75°F and 500°F bond strengths decreased

from values obtained without the monoepoxy additive.

3.3 HONEYCOMB EVALUATION

The information obtained during lap shear testing on formulation and cure-assembly

parameters was used as a basis for this work,
3.3.1 MATERIALS

The core material was 17/7 PH stainless steel (Condition TH 1050) non-perforated square
honeycomb, 0.5 in. thick and having a 0.25 in. cell size and 0.002 in,foil size. Stainless
steel facings were also used; 0.050 in. thick for the flexure specimens and 0.020 in. thick

for the sandwich peel test specimens.

3.3.2 DEVELOPMENT OF HONEYCOMB BONDING TECHNIQUES

Vocuum bag and Carver Press techniques were used to bond honeycomb specimens. For ali
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specimens,‘ the B-staged adhesive was applied as an impregnaied carrier tape. Numerous
specimens were assembled to develop procedures for applicaiion of the tope to substrates

and for specimen assembly,

A. Vacuum Bag— Tedlar was initially used as the bagging film. However, handling
difficulties were encountered and Capran was substituted, The specimens were assembied
on a base plate having a vacuum connection. A sheet of the bagging film was then placed
over the specimens, To effect the seal, an aluminum box, provided with an O -ring, was
placed over the assembly with the bagging film projecting over the edges. When vacuum
was applied, a pressure of about 14 psi was exerted by the surrounding atmosphere in the
box on the bagging film and on the areas fo be bonded. An inlet was provided to the box
so that an external pressure could be applied in addition to the pressure exerted by the

vacuum differentiai.

B. Carver Press— The method of stops was chosen for Carver Press assembly. Stainless
steel (303) stops were used around the press edges to ensure a reasonably even glue line.
The height of the stops was 0.608 £ 0,001 inches. The ideal thickness of the assembly before

bonding was calculated from the following dimensions.

core: 6.500 £ 0,001 inches
skin: 0,0500+£0.0001 inches
skin: 0,0500+0.0001 inches
impregnated cloth: 0.012
impregnated cloth: 0.012

Total 0.624 inches

Since the height of the stops was 0.608 inches, there was a cerfain amount of compression
in the initial stages of the assembly which served to drive the core into the ‘adhesive.
Ideally, there should be little or no residual pressure applied during the cycle after the

adhesive has flowed based on the following caluclation:
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core: 0.500+ 0.001 inches

skin: 0,0500£0.0001 inches

skin: 0,0500£0,0001 inches
bare cloth: 0.004 inches
bare cloth: 0.004 inches
Total 0.608 inches

C. Substrate Cléuning—— All face sheefs were treated according to Procedure [I. Cores

were treated in various ways. These are described in following sections.

D. Test Techniques

i. Beam-Flexure — Beam flexure tests were carried ouf using a one third span

and single point loading technique. The specimen dimensions were 3.0" £.01" x

8.0" +.01" and the load was applied through knife edge supports. To avoid
focalized deformation of the face sheets, end support bars were placed between the
knife edges and.the specimen. A schematic view\ of the specimen is shown in
Figure 2. In all specimens the 'L' direction of the core was paraliel to the

8 in, dimension of the specimen, All rests were carried out at a cross head speed

of 0,020"/min.

it, Sandwich Peel — The sandwich peel tests were carried out in accordance

with specification MIL-A-25463 (ASG). The peeling torque (T) was calculated

as follows:

(Fy = Fg) (g = rp)
W

T =
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FIGURE 3
BEAM FLEXURE TEST APPARATUS
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4
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where

ey
H

average peeling load for 5 inches of peeling between
P 1and 6 inches

F o= load to overcome resisting torque of drum and that required
to bend the facing
ror = 0.5 inch for apparatus
W = specimen widrh

Fo was determined by inserfing a specimen identical to the facing of the sandwich
panei to be tested in place of the sandwich specimen and applying a load sufficient
to roll the drum upwards around the sheet. The tests were carried out at o cross

head speed of 1 inch per minute,

3.3.3 BEAM FLEXURE TESTS

~

A, Bis(epoxybutyl)carborane -~ The formulation used was 43 phr G -50 hardener, 50 phr

aluminum, 29 phr asbestos.

i. Vacuum Bag Assembly — Selected test results are given in Table XIV.

B-stage time for the adhesive prior to application to the glass cloth was 55 minutes.
Highest strengths obtained were 1500 pounds at 75°F ond 775 pounds at 500°F,
Failure was in the c;dhesive at the thinner of the two bond lines. The thin glue

line appears at the top of the specimen in the lay-up configuration and is o result
of adhesive flow during cure. The effect of a four hour post ~cure resulted in a
slightly lower value as compared to a one hour post~cure. The low value on No. 14
suggests that a core rinse with MEK (methylethylketone) will not give satisfactory

load strength,
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TABLE XIV
BEAM FLEXURE TESTS
Bis {(epoxybutyl)carborane, 43 phr G~50 Hardener, 50 phr Aluminum
Vacuum Bag Assembly

Post ~Cure

Specimen Core Time (hrs.) Ultimate Temperature
Number Treatment at 435-495°F Load (Ibs.) OF

7 MEK + Procedure |l one 1500 75

10 " ! " one 1425 75

12 " " " four 1350 75

14 MEK only four 700 75

8 MEK + Porcedure one 775 500

it, Carver Press Assembly — Selected test results are given in Table XV, B-stage

time for the adhesive prior to application to the glass cloth was 55 minutes except
where noted, For several specimens, the core was compressed perpendicular to the

L direction to increase the density (and therefore the bonding area) from 8.7 lbs/ﬂ's

to 14.1 Ibs/ﬂa. Two 8"X10" specimens (23 and 24) were assembled. In the first

part of the assembly cycle for specimen No, 23, pressure was released and water

vapor was evolved indicating that the core had not been adequately dried. Therefore,
more precaution was taken in drying the core used for No, 24, During the assembly

of No. 24, adhesive was pushed out of the glue line during the first part of the assembly
cycle. This was probably due to pressure build-up of air entrapped in the cells, Presm;re
was momentarily released (afrer about 10 minutes) to allow escape of the air and then
reapplied. No evolution of vapors was observed. No push-out of the achesive was
observed during the remainder of the process, In both cases, the visible fillets were
good. There was s:ome run-down of the adhesive, These panels were cut into 3"X8"

specimens and flexure tested,
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TABLE XV
BEAM FLEXURE TESTS

Carver Press Assembly

Post Cure Test
Specimen Core Time (Hours) Core Density  Temperature
Number Treatment  at 435-495°F [bs./ff3 OF
20% Toluene-Acetone
Water One 8.7 75
I MEK + Procedure 11 One " 75
13 " * " Four " 75
23 (a) Toluene-Acetone
. Water One 14.1 75
23 (c) H 1l 1 1] 75
24 {a) " i " R 75
24 (C) It ~ H 1 i 75
25 [} ar [t Lt 75
21% " n it 8.7 500
9 MEK +Procedure 1] " " 500
23 (b) Toluene-Acetone
Water " 14.1 500
24 (b) il H 1 " 500
26 " " * " 500
28 1H 1 1 ar 500

* B-stage for the adhesive was 0 minutes

Ultimate
Load (1bs.)

1580
1450
1330

1010
1320
1430
1530
1370

805

650

550
450
390
455
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The ’highesi- value at 75°F (1580 Ibs.} was obtained on specimen No. 20, In this
case, there was some evidence of core failure. For all other samples tested at

75 and 500°F failure occurred in the adhesive at the thinner of the two glue lines.
The highest value at 500°F (805 Ibs,) was obtained on specimen No. 21, In both
specimens, fillet size on the upper glue line was larger than previously observed.
This improvement could be due to less flow of the adhesive since a longer B-stage
time was used to prepare the adhesive for the bonding of these fwo specimens

(90 minutes as compared to 55 minutes). The highest 75°F and 500°F values were
obtained with core that had received successive treatments of toluene ~ acetone -
water. As was found with the specimens assembled using vacuum bag techniques,
a four hour post—cure {as compared fo a one hour post~cure) did not have any
significant effect on strength, The highest value af 75°F was obtained with o one
hour post-cure, Compression of the core resulted in increased scatter but the
highest value {1530 Ibs. - Number 24C) approached the value obtained using core
without compression (1580 ibs.).

B. Metlbond 329 Control — In order to evaluate the flexure test results obtained on the

carborane system, several specimens were assembled with Metlbond 329, Samples of this
adhesive were available in this laboratory, However, the properties of the material may
have degraded because of long-term storage condifions, Therefore, these tests were
conducted for general comparison purposes only and are not intended to represent the

strengths that could be obfained from Metlbond 329 under ideal conditions.

Carver Press and vacuum bag techniques were used for the assembly of these specimens. All
face sheets were treated as described in Procedure I1. Cure assembly time was 335°F for

60 minutes (os recommended in NARMCO product bulletin dated 4/20/60). Results are

listed in Table XVI. Fillets were small and symmetrical and there was no rundown of

adhesive into the core. Failure occurred in the core at 75°F and in the adhesive at the skin-
core interface at 500°F, Compression of the core resulted in an increase in the 75°F strength.
However, values dropped at 500°F. This drop may be due to degradation of the adhesive

during storage. Therefore, these values may not be very useful for comparison purposes.
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Specimen Core Assembly Core Density Test Ultimate
Number Treatment Technique !bs./Ff3 Temperafure (°F)  Load (Ibs.)
16 Procedure 1} Carver Press 8.7 75 1365
17 " i Vacuum Bag . 75 1430
18 Toluene +

Acetone Water Carver Press " 75 1690
]9 1 1 n n H 3 500 320
22 " " " " 14,1 75 3350
29 H 118 H 13 1 75 2400
30 " i H 1 n 500 ]20
31 " mooow " 500 145

~

3.3.4 SANDWICH PEEL TESTS

As received core (density 8.7 Ibs/ffs) was used for all specimens, Face sheets were treated

according to Procedure 11, All core was treated with foluene -~ acetone - water.

A. Bis(epoxybutyl)carborane — The formulation used was 43 phr G-50 hardener - 50 phr

aluminum - 29 phr asbestos. Three specimens tested ot 75°F gave peel torque values of

6.5, 5.8 and 5.0 inch pounds/inch of specimen. Specimens tested at 500°F gave peel torque

values of 3.1 and 3.0 inch pounds/inch of specimen. On al specimens, there was an excessive

amount of run-down of the adhesive into the core.

B. Metlbond 329 — Two specimens tested af 75°F gave peel torque values of 10.1 and

13.5 inch pounds/inch of specimen. Two specimens tested at 500°F gave values of 7.1 and

6.5 inch pounds/inch of specimen,
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3.4 DEVELOPMENT OF CARRIER CLOTH TECHNOLOGY

Several different procedures were investigated in order fo determine a satisfactory means

of impregnation of glass cloth, The most satisfactory technique is described in 3.4.5,

3.4.1 PROCEDURE ONE

A strip of glass cloth (heat cleaned Style 112) was placed on Tedlar film on a glass plate

and the assembly placed in a warm oven at about 100°C, A portion of hot B-staged

epoxy {with aluminum filler) was placed on the cloth and spread as evenly as possible with

a spatula. An overlap of a second sheet of Tedlar film was placed on top of the epoxy, and
pressure applied with a glass rod to press~out air bubbles. The assembly was removed from
the oven and the laminate of Tedlar - impregnated glass cloth - Tedlor was trimmed. On
cooling, the laminate wrinkled badly due to differences in thermal contraction characteristics
of the glass cloth and the epoxy. The epoxy was very brittle and cracked off when the glass
cloth was bent, The resin was poorly distributed and the bubbles had not been completely

removed,

3.4.2 PROCEDURE TWO

tn this work, portions of the B-staged mixture (with aluminum filler) were removed at various
times during the B—stage and placed on glass cloth on the fixture described above. Six
samples were removed at various time intervals and applied to the glass cloth in separate
areas. These time periods were at 60 minutes {no aluminum), 75, 90, 105, 120 and 135
minures. The fixture was at room temperature and no attempt was made to spread the epoxy
at this time, The fixture was placed in an oven at about 100°C and a Tedlor overlay applied.
After a 5-10 minute period to equilibrate the resin to oven temperature, the epoxy was spread
by rolling with a glass rod, The fixture was removed from the oven and strips frimmed to

about 1" X 3" size., The strips were better in appearance than those of No. 1 above but

some wrinkles were still present. All the strips were brittle and easily damaged. The samples
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ot 60 and 75 minutes appeared to wet the giaxss cloth, At 90 minutes, the extent of
wetting appeared to be marginal with even 'azss wetting ot longer times. This lack of
opporent wefting might be due to the fact =3 not enough pressure was applied to press

the resin into the glass cloth.

3.4.3 PROCEDURE THREE

The B-staged mixture with aluminum filler awss guenched by pouring the mixture info an
oluminum foil covered dish. The foil was go=ied off the stiff B~staged material, The
costing was then bioken into several disc skewmed pieces about 14" thick, Several attempts

were made to impregnate 4 mil thick, heat « =uned Style 112 glass cloth with this material,

In the first attempt, 0.5 mil thick polyethyls~e was used as the backing. On an aluminum
back—plate (1/16" thick) were placed lays~ of polyethylene, resin, glass cloth, resin

and polyethylene. The back-plate with the f=y-up was placed in a Carver Press main-
tained at 185°F (this is about the temperatLre limit since polyethylene melts at about 194°F).
The lay -up was pressed for 30 seconds af 566 psi. (Brass shims, 12 mil thick, were used to

Fix the thickness of the lay-up). The lay-ug wes cooled outside the press and trimmed to
give a four inch square of impregnated cloth, The specimen was about 11 mil thick (after
subtracting the two thicknesses of polyethylzse). It was soft and flexible and could be
creased without cracking. This behavior iz i sharp contrast to our previously reported work
in which the impregnated cloth was britile and casily damaged. This improvement is probably
due to a shorter B~stage time, the use of a thinner backing and decreased overall lay-up
thickness. The polyethylene bucking could be easily peeled from the lay-up to yield a
tack-~free surface. The B—stage was very mobile at 302°F. When a sample of impregnated

cloth was heated to this temperature, the adhesive ran considerably,

A second impregnation was carried out in a similar manner using 3 mil Tedlar and 30 mil

shims for the press. Only one piece of epoxy casting was used with a press temperature of

about 250°F for 30 seconds, Although the epoxy did penetrate the cloth, there appeared to
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be more on one side than the other. The impregnated cierh was flexible but not as much
so as that described above. It could be wrapped around @ = inch mandrel without cracking,
However, use of a smalier mandrel did result in cracking..

in a third impregnation, the procedure described for the ™ st wos repeated except that
casting was applied on only one side of the glass cloth. The epoxy did not completely

penetrate the cloth.

3.4.4 PROCEDURE FOUR

In an attempt to improve flow characteristics, asbestos fil i=r was added to the formulation,

The procedure for B-staging the mixture was as follows:

@ heat resin and hardener until clear, 15 minutes = 150+ 2°¢C

e add aluminum, stir 5 minutes under vacuum

e add asbestos, stir with a cumulctive time to 55 minutes with occasional vacuum
8 quench cure by pouring mixture into aluminumr 7oil

o cool to break into chunks

Experiments indicated that flow was reduced considerably: when asbestos was added to the
system. At the same time, an improvement in degree of tock was obtained, Tape stored

at room temperature for periods up to four days experiencad a noticeable decrease in
degree of tack with the onset of crystallization in the film. Similar samples, when stored
at - 10°F for 4 days, did not experience a loss in degree of tack nor was there any apparent

crystaliization.

3.4.5 PROCEDURE FIVE

The following procedure was developed for impregnation of glass cloth to be used for

assembly of the last few series of lap-shear panels and for honeycomb panels. The B-staged
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epoxy was poured onto Tedlar to obtain strips. Layers of Tedlar, resin, glass cloth, re;iz:t
ond Tedlar were placed on an aluminum back plate (1/16" thick). The back-plate with
the lay-up was placed in @ Carver Press maintained af about 185°F. (Brass shims, 12 mil
thick, were used to fix the thickness of the lay-up). The lay-up was cooled outside the

press and trimmed to give of sample of about 8"X10",

3.5 SYNTHESIS OF INTERMEDIATES AND MO NOMERS

3.5.1 PURIFICATION OF DECABORANE

Several vacuum sublimation systems were evaluated for the purification. In a typical
purification, 68g of whiie decaborane was obtained from 80g of crude in an eight hour
period (for an 85% recovery). The purification was not scaled-up any further because of
potential safety problems. [t was found that operation of several sublimators simultaneously
would provide an adequate supply of high purity decaborane for the next reaction step.

Eighty-one sublimations were conducted.
3.5.2 CARBORANE

The reaction was carried out in a one-liter, three-necked, round-bottomed flask equipped
with extra coarse gas inlet tube, Allihn condenser, bubble counter, paddle stirrer, and
thermometer, An acetylene-purification train was assembled consisting of three 500 ml
flasks equipped with extra coarse gas inlet tubes followed by a 2“X30" column packed with
an equol mixture of Drierite (indicating) and potassium hydroxide (pellets). Trapsto catch
back-up or overflow were inserted between the gas cylinder and acid, acid and KOH column
ond between the column and the reaction flask. A rotameter, inserted between the final

trop and the reaction flask, permitted reproducible admission of the required volume of gas,
The system was swept with prepurified nitrogen from charging of reactants to the time when

acetylene was admitted,
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Two hundred ml of n—propy! ether, freshly distilied from sodium benzophenone ketyl,
was placed in the thoroughly dried reaction flask. The N; flow was started and 2259
(1.82 moles) of sublimed decaborane was added to the flask. This was followed by the
addition of 220 m} of diethyl| sulfide which had been standing over molecular seives
No. 4A for a minimum of 72 hours. The mixture was stirred for 3 hours at 40°C. The
temperature was raised t.o 65-70°C for two hours and finally raised to 87°C and acetylene
admitted. The flow rate was adjusted so that about 5 ounces of acetylene flowed infto the
mixture over a 42 hour period. At the end of this time the reaction mixture was cooled
to 40°C before being transferred to a one liter,single neck,round bottom flask. The
mixture was then placed in o flask on a rotary evaporator and the solvent mixture removed
and collected in a dry ice trap. The product remaining in the flask was usually an orange
solid af this stage. The solid was dissolved with 290 to 300 ml of absolute methanol, cooled
to about 0°C and added dropwise over a 60 minute period to a stirred solution of 400 ml
of methanol, 150 ml of acetone and 150 ml of conc, HCl. The reaction was swept with Ny
to avoid buildup of any mixtures of hydrogen and air.. Stirring was carried out for 5 hours
after which the mixture was allowed to stand for a minimum of twenty hours.
The reaction mixture was divided ‘into three portions in three 500 ml dropping funnels.
The contents were added dropwise to three four-liter volumes of tap water a 23°C. The
crude product formed as loose curds on the surface of the water. These were suction filtered
and redissolved in 500 mi of methanol. To this solution was added rapidly @ cold solution
of 50g of KOH in 75 ml of water. The mixture was stirred for precisely three minutes before
being divided into three equal volumes and each poured into four liters of ice water. The
resulting precipitate was suction filtered and vacuum dried for 16 hours, The dried material
was blended with 40g of anhydrous CaCly (12 mesh) and placed in a one liter Soxlet
extraction thimble, The solid was extracted for 8 hours with 750 ml of heptane. After
extraction the cooled solution was filtered and about 190g of crude carborane was obtained.

The filtrate was evaporated to 50 mi and filtered again, Another 25g of product was thus
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obtained, The solid was dried in @ moving air stream in a fume hood for 16 hours. The
product was then sublimed under vacuum at a temperature of 90-97°C to yield 184g of

white crystalline material (70% conversion based on charged decaborane).

3.5.3 BIS(BUTENYL)CARBORANE

No difficulty was encountered in the scale-up of this preparation. The optimized
procedure is as follows, A five liter, three neck, round-bottom flask was charged with
2770 ml of n-butyl lithium~hexane solution (1.6M, 4.42 moles of active agent). The flask
was equipped with a mechanical stirrer, reflux condensor and a one liter dropping funnel.
The flask was cooled with an ice water bath and stirring was ipifiafed. A nitrogen flow
was maintained over the mixture during the reaction. Carborane (225g. - 1.56 moles)
was dissolved in 870 ml, of anhydrous ethyl ether, The solution was quickly transfered to
the dropping funnel and added to the butyl lithium solution over a one hour period. The
ice bath was removed and stirring was confinued for 1% to 2 hours, Stirring was dis-
continued and the solid allowed to settle, Approximately 75% of the supematant liquid
(containing unreacted butyl tithium solution) was removed with a siphon dfrangement.,
Fresh ethyl ether (one liter) was added and the mixture was stirred for five minutes, After
settiing, about 75 percent of the supernatant liquid was again removed. Then 1220 ml,
of fresh ethyl ether was added, stirring was inifiated and the mixture heated to reflux,
Bromo~butene (570g. - 4.22 moles) was added to the refluxing solution over a one hour

period. Reflux was confinued overnight for 163 - 175 hours.

The mixture was cooled to room temperature and allowed to settle. The supernatant liquid
was divided into equal portions ond added to two separatory funnels containing 500 ml, of
distilled water each. The solids in the flask were poured slowly into a four [iter beaker
containing 500 m!. of distilled water, (Considerable heat is evolved in this step and caution
must be exercised. The solution should be stirred with a glass rod during this step), The

solution was then divided and added to the fwo separatory funnels. The funnels were then
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shaken (with venting) and the layers allowed to separate. The water layer was removed
and discarded, Each ether layer was added to a three liter beaker containing 90g. of
anhydrous magnesium sulfate. The mixture was stirred occasionally for 15 minutes and
filtered through a common Buchner filter. The solids on the filter were rinsed with 250
ml. of fresh ethyl ether. The filtrate was then gravity filtered and the clear solution
rincoedat 70-80"C unti! all solvent was removed. A VPC analysis was then obtained,
Normally, purity was greater than 95 percent; impurities were carborane and monobutenyl

cathorane,

The crude product was then initiafly distilled using a 30 inch Vigreaux column. Unreacted
carborane and monobutenylcarborane were distitled from the main portion of the product,
The pot residue was finally distilled in o show path system at a pot temperature of 190~
198°C and at a vacuum of 0.02mm. Ina typical reaction 31ég. of product with a purity

of 99% (as indicated by VPC analysis} was obtained. This quantity represents a conversion

of 81% of starring matericl to desired product,

3.5.4 BIS(EPOXYBUTYLICARBORANE

Reactions which were performed are summerized below. The optimized procedure is given at

the end of this section,

A, SUMMARY OF REACTIONS

e Reaction ¥ 1 — Bis(butenyl)carborane (24.5g) was treated with 16,3 ml of HO,
and 84.7 ml of trifluoroacetic anhydride, The crude product (27.8g) was 96.3% pure,
On distillation, 16.2g of product with a purity of 96.1% was obtained, The quantity

obtained represents a conversion of 58,5% of bis(butenyl)carborane to desired epoxy.

& Reaction # 24 — Three reactions were carried out using 24.5g of bis{butenyl}~

carborane, 16.3 ml of 0% Hy,C, and 84,7 mi of triflucroacetic anhydride, Gas
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chromatographic analyses of the crude products showed a purity of 79.7%, 91.5%

and 90,1% of the desired pioduct. The three ciude products were combined (85.6g)
and treated with an additional quantity of trifluorcacetic acid (prepared from 5.5 ml
of 90% HyO, and 28.2 ml of trifluorcacetic anhydride). Gas chromatographic analysis
of the crude product, 82.0g, showed that the purity had been increased to 94,8% .
The product was distilled and 67.3g of bis{epoxybutyl)carborane with a purity of
98.33% was obtained. This quantity represents an overall conversion (for the three

reactions) of 75% of bis(butenyl}carborane to desired epoxy.

¢ Reaction # 5-8 — Four reactions were carried out using the quantities of re~

agenis listed above, Gas chromatographic analysesof the crude products showed a
purity of 95,8%, 94,8, 94.7 and 95.4% of desired product. The four crude products
were combined (115,8g) and treated with an additional quantity of trifluoroacetic
anhydride. Gas chromatographic analysis of the crude product showed that the purity
had been increased fo 96,4%. On vacuum distillation, 90 g of product with a purity
of 98.5% was obtained. This quantity represents an 82% conversion of starting material

?
to desired product.

o Reaction # 9-10 — The charge of bis(butenyl)carborane was doubled to 49.0g and

amounts of reagents were correspondingly increased. Analyses of the crude products

were as follows,

Weight Crude Purity
Reaction # 9 54,99 93.9%
Reaction # 10 57.1¢g 96.0%

The re-reaction step was omitted on this work, The two crude products were combined
and distilled. On vacuum distillation, 90 g of product with a purity of 98.3% was
obtained. This quantity represents a 79% conversion of starting material to desired

product.
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& Reactions # 11-19 —— Product from these reactions was severely contaminated

with a component which was identified as the trifluoroacetate adduct derived from
the epoxy ring-opening reaction. This contamination problem is discussed more

fully in an earlier section,

o Reaction # 20 -— A powder grade of sodium carbonate was used for this reaction.

Quantities of reactants were:

2200 ml CH,Cl,

65.2 ml H,O,

300 mi trifluorcacetic anhydride
715g. sodium carbonate

98g. bis(butenyl)carborane

A VPC analysis after a one hour reflux period showed a purity of 94.6%. No
unreacted butenylcarborane was detected by infrared analysis. After 23 hours of
reflux, the reaction was worked up to give 109.7g. of crude product {purity of
96.5% ). The product was distitled to give Blg. of product with a purity of 99%,
The infrared spectrum was nearly identical to the previously recorded spectrum of

1

this compound. A peak at 1780cm™" was present but quite weak (as compared to

spectra of impure materials obtained in reactions 11-19),

e Reaciion # 21 — Quantities of reagents were chenged to more nearly reflect

the stoichiometric requirements of the recction,

[

2200 m! CH,Cly

32.6 ml (1.20 moles) HyO7

169 m! (1.20 moles)trifluoroacetic anhydride
318 g. (3.00 moles) sodium carbonate

100 g. (0.400 moles) bis(butenyl)carborane
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At the end of the two-hour period ot room temperature of Phase 2, a test with -
starch —jodide paper was positive indicating that an active peroxy compound was
still present. After one hour of reflux, a starch jodide test was negative. An
infrared analysis showed the absence of butenyl groups and @ gas chromatographic
analysis showed o purity of 97.1%, The mixture was worked up after 2% hours of
reflux and 113.2g, of produci (purity of 97.1%) was obtained. On distillation 96g.
of product with a purity of 92.1% was obtained.

: -1 -1
In the infrared spectrum weak bands were apparent at 1790cm ~ and af 1170em
indicating the possible presence of o small amount of impurity, However, elemental
analysis and a molecular weight determination were in excellent agreement with

calculated values.

© Reaction # 22 —The quantities of reagents were scaled-up and the amounts used

were 69.3ml of hydrogen peroxide, 400 ml of trifluaroacetic anhydride, 760g. of
sodium carbonate and 225g. of bis(butenyl)carborane. Trifluoroperocetic acid
intermediate was added to the butenyl carborane over a 33/4 hour period. After
13/4 hours reflux, a negative test was obtained with starch iodide paper indicoting
that the peracid was completely destroyed. On distillation, 224g. of product was
obtained. However, the infrared spectrum of the product contained a peak at
1780cm”! indicating that the hydroxytriflucroacetate adduct was present, The
powder sodium carbonate used was of a larger particle size than used in reactions

20 ond 21,

o Reaction # 23 — In this reaction, the quantities of reagents used were the same
as in Reaction 21; 32.6ml (1.20 moles) of HyOy, 169 mi (1.20 moles) of trifluoroacetic
anhydride, 318g. (3.00 moles) of sodium carbonate, and 100g. (0.400 moles) of

bis(butenyl)carborane. The addition, reflux time was approximately the same, An

infrared spectrum of the crude product (119.1g.) contained o strong band at l780cm-].
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On distillation, 102g. of product was obtained, and @ medium intensity peak was
-1, . . .

present at 1780cm  in the infrared spectrum. Since the source of sodium carbonate

was the same as that used in Reaction 22, this result led us to believe that a finer

grade of powder was required.

& Reaction # 24 — Again the same amounts of reagents were used as in reaction 21.

However, the sodium carbonate was ball-milled, sieved through a No. 325 screen

and vacuum dried at 50°C. The trifluoroperacetic acid was added over a 25 hour
period at ice-water temperature. The ice was removed and the mixture allowed to
warm to room temperature over a 15 hour period, A test with starch iodide paper

was positive indicating the presence of peroxy compound. A 20ml sample was removed
and worked up in the usual manner (filter and Rinco). The infrared spectrum of the
solid confained a strong band at l780cm4. A gas chromatographic analysis showed
that conversion of the alkenyl to epoxy was nearly complete (92.7%). After one hour
of reflux, the starch-todide test was negative. A sample was again worked up in the
usual manner. The infrared spectrum contained a peak aof 1780cm_} but of less intensity
than before reflux. A gas chromatographic analysis showed that reaction was 96.6%
complete. A similar infrared analysis after two hours of refiux showed an additional
decrease in the intensity of the peak af 1780cm".l . After 17 hours of reflux, only a
weak peak was present at ]780cm4. The product was isolated and distilled,
Distillation yielded ?1.1g. of product with an infrared spectrum that contained

only a weak peak at ]780cm—]. A gas chromotographic analysis showed a purity

of 97.2% .

¢ Reaction # 25 — Conditions and quantities for reaction 24 were repeated with

the exception that as-received powdery sodium carbonate (dried at 50°C overmnight)
was used and the addition period was extended. The object of this work was to

determine if a 325 sieve fraction is required (only about 40% of the as~received

1
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powder sodium carbonate will pass through this size screen), Universal indicator
paper was used to monitor the acidity of the reaction. Trifluoroacetic anhydride
gave a pH of 3, The pH of the trifluoroperacetic acid was 0 (the limit of the
indicator). The pH was monitored at hour intervals over o six‘ hour addition period,
During this period, the pH ranged befween 4 and 5. After 15 hours of reflux, the
pH of the mixture was 5. The reaction was worked up, and the crude product was
distilled. The infrared spectrum of the pioduct (89g.) contained a weak absomption
at T?BOcrn-] but the absorption appeared to be somewhat more intense than the
band in the product {rom reaction No. 24, This comparison indicates that sodium

carbonate sieved through a No. 325 screen is probably required.

@ Reaction # 26 — The procedure and quantities for reaction No, 24 were repeated,

The sodium carbonate was ball-milled, sieved and dried. The pH was monitored over
the 24 hour addition period and ranged between 4 and 5. Samples were removed
before reflux was iniliated and at various intervals during the 22 hour reflux period.

Infrared spectra of the filtered liquid were recorded in a 0.1mm pathlength cell.

The intensity of the 1780cm " 'band falls quite rapidly during the first part of the
reflux period and appears to be constant after 21 hours. The mixture was worked
up, and the crude product distilled to give 92.2g. of praduct, No peak at 1780cm—]
was detected in the infrared spectrum. A gas chromatographic analysis indicated

that the product was greater than 99 percent pure.

In summ-ary, a finely divided grade of powdery sodium carbonate appears to be a
requisite for obtaining high purity product. This is probably because the reaction of
trifluoroacetic acid with sodium carhonate is heterogeneous. An extended reflux
period is required toyemove the Rf% - species from solution, The species could

be the free acid Ry COH oran adduct of the olefin which is gradually converted to
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epoxy during the reaction. Further investigations are required to determine the
mechanism of epoxy formation. The product obtained from reactions 2426 oppears

to be of high enough purity for adhesive bond evaluation.

¢ Reaction # 27 «— In reaction 27 and 28, the sodium carbonate was sieved

through at 325 screen and dried at 50°C overnight. The charge of bis(buteny!)-
carborane was increased to 150g. The quantities of reagents were 48,9 ml of

HyOg, 253.5 ml, of trifluoroacetic anhydride and 477g. of sodium carbonate. Samples
were removed before reflux was initiated and at various time intervals during the

39% hour reflux period. Infrared specita of the filtered liquid were recorded in o
0.1mm pathlength cell. The intensity of the band at 17"80(;m--1 was nearly constant
after 19 hours. Only T14g. of distilled product was obtained, representing a 67%
conversion of starting material to product, This conversion is substantially lower
than that obtained in Reaction 26 where the conversion was 82% on a 100g. charge.

8 Reaction # 28 — A 39 hour reflux pericd was used. Conversion again was low,

117g. for 69 percent,

@ Reaction #29 — A new supply of sodium carbonate which was guaranteed to pass

through a 325 screen (98%) was used for this and the remainder of the work, For this
reaction the sodium carbonate was vacuum dried for several hours. Converion again

was low, 65% for 110g. of product,

@ Reactions # 30 and 31 — The charge of these reactions wos reduced to 100g, and

the reaction conditions were similar fo those used for reaction 26. Sodium carbonate
was dried for reaction 30 but not for reaction 31. Since the conversions were about
the same (74 and 76 percent representing 84 and 86g of product), the sodium carbonate

was not dried for the remainder of the reactions.
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ﬁ R G%ﬁd}_& — This reaction was underfaken using a 150y, charge of
e

bi '(’;:Ni/g}cqrbomne. The reflux period was reduced to 22 hours since the step=
s{but

o euy] /51 conducted in reaction 27 indicated that this shortened time period
wise ¢iF1d /

would F# cgtisfactory.  The converwion in this reaction increased to 84% (142g.).

A ylnit MY take place between the epoxy and the solids in the reaction flask
react]

o o uieE The convession. This would result in an increased amount of residue
7o ael !

the l“:filluﬁon step. Further studies would have o be undertaken to prove this,
on &

& Reu: H{ns # 33 - 36, 38 —These reactions were run with a 150g. charge and

conyeistol® ranged from 88 fo 91 percent.

o Rountlahs # 37, 39 ~ 46 —The charge of bis(butenyl)carborane was Increased

o ;;;B and the amount of reagents were increased proportionately. (74.2 m! of
H,O3 a- § ml. of trifluoroacetic anhydride and 750g. of sodium carbonate), A 22
hour jefles period gave a 964 conversion (243g.). The high conversion is probably
due 14 @ nearly optimized reaction procedure and decreased physical loss of material

the d‘;a‘t”lcﬂon step. The detailed procedure is given in the following section,
On -5 -
E...Dpfim';zbd .Trocedure

i Pi,qm_';.—*- A two liter, 3 neck, round bottom flask containing a magnetic
sﬁrr_ié:'\v\% charged with 800 ml of methylene chloride and chilled with an ice-water
bath: wdrogen peroxide (74.2 ml of 90%,2.70 moles) was added carefully to the

flask q_ﬁ»,‘he mixture was stirred for five minutes, Then 373 m! (2.70 moles) of '
trifi:.*"“"‘%ce“c anhydride was placed in o dropping funne! and added dropwise over

o 45 & ote ;_seriod. Stirring was cionfit\ued Forfm afidjfionq! Se_win fninures. A
nifr&é“?"ﬂow was maintained over the mixture during this period. Hydrogen peroxidé
is ;',:_.t,“f";{e in methylene chloride. At the end of Phase |, the solution is homogeneous

et the complete formation of trifluoroperacetic acid.
[ 133 *
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iusk, was equipped with a
it. Phase II — A five {i k bott -
it ase || ive liter, 3 neck, round botfom vpnel. The flask was charged
condenser, mechanical stirrer and a solid addition

with 715 g. (6.75 moles) of Baker grade sodium ¢+

vendor to pass through a No. 325 mesh screen), 27~

JLonate (98% guaranteed by the
- ;ﬁj.’?OO moles) of bis(butenyl)-

Al

i, and an fzddirional 120C ml.

carborane dissolved in 1000 ml of methylene chlo~ . .
s replaced with a one liter

of methylene chloride. The solid addition funnel -
Jaodjes af room femperature,

dropping funnel. The mixture was stirred for five ~ . .
PRIng © . Ipitiated. The solution from

cooled with an ice water bath and the nitrogen fi~ .
° nitreg I over a four hour period. The

Phase | was placed in the dropping funnel and ad-' . L.
t .1 fwo hours without application

ice water bath was removed, and stirring continua- ) . .
! ° am oil bath, During the first

of external heat. Reflux was then initiated with ~ .
st ylisided. Reflux was continued

30 minutes, reflux was guite vigorous but graduall * . s
f v q 19eToUs bul graduall, hecked with starch -iodide

for an additional 19 to 22 hours. The contents wea-- . .
. iperature with the aid of an

d Ph . -
paper an paper. The flask was cooled to o Jusing @ No. six funnel and

. b - re . a-
ice water bath, and the mixture was Buchner filt o 80O mi of fresh methylene

.1 filt . The soli ith = :
No. 1 filter paper. The solids were washed wi 1 cloudy solution was then

chloride to remove any retained product. The slir* ]
y e product. The sli~ , was Rincoed at about 60-70°C

- {:- . 3 .L'(
gravity filtered through No. 588 paper. The sofu ¢ /.P.C. analyses were recorded,

until solvent was completely removed. Infrared o=

.{fed under vacuum {,02-05mm),

h de product f i iz
The crude product from above was fractionally di . iting of 59 volis. A first fraction

The heating tape on the head was held at a varias -
t.ih temperature. The temperature

(about 5 grams) was usually removed at 170-18077% . femperature of 190-226°C.

was increased and the main fraction was removed »* ] . .
hiaction, In a typical reaction

Infrared and V.P.C. analyses were recorded on this ) . . .
vy recorce o ¢5% starting material to desired

243g. of’pu d .t ien of .
g. of"pure product, representing a conversion o Lpurity level of <29 of

product is obtained, V.P.C, analysis indicated ar

alkeny| derivatives.
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3.5.5 HYDISOXYTRiFLUOPOACETATE OF BIS(EPOXYBUTYL)CARBORANE

A reaction was undertaken to prepare and characterize the triffuoroacetate adduct by
eliminai ing sodium carbonate from the reaction procedure. Trifluoroacetic anhydride
(16.2 ml, 0.120 moles) was added with stirring over a 15 minute period fo a solution of
80 ml of methylene chloride and 3.2 ml (0,12 moles) of hydrogen peroxide maintained
af ice water temperature. The resulting solution was stirred for an additional seven
minutes and then added over a 30 minute period fo a solution of 10 g (0.040 moles) of
bis(butenyl}carborane dissolved in 140 mi. of methylene chloride. The resulting solution
was stirred for 30 minutes at room temperature and then refluxed for one hour. After this
period, a test with starch iodide paper was positive, indicating the presence of peroxy
compounds. Sodium carbonate (31.8g.) was then added and the mixture refluxed for an
additional hour. A test with starch iodide papet was negative, The mixiure was filtered
to remove insoluble salts, and methylene chloride was removed from the filtrate by o
Rinco evaporation, ~An infrared spectrum of the semi—-li.c":;—uid product (12.2g.) as a smear

between KBr plates contained a strong band ot 'I780cm~1 characteristic of the carbonyl

stretch of RF%FI ~. There were no shap bands {o indicate the presence of epoxy groups.

The material was only slightly soluble in CCly but the spectrum that was obtained contained

a shamp band at 34520c:m'-1 and a broad band in the 3400 - 3600cm-1 region. A gas chromato-
graphic analysis showed the absence of bis{epoxybutyl)carborene, Several materials were

detected with retention times shorter than that of bis(epoxybutyi)carborane.
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3.6 DIFFERENTIAL THERMAL ANALYSIS

Differential thermal analysis was used to study the curing characteristics and to obtain
information on the thermooxidative stability of the bis(epoxybutyl)carborane, 43 phu

G -50 hardener, 50 phr aluminum system.

3.6.1 CURING CHARACTERISTICS

The composition studied was that used for the assembly of Series 44-77 and contained
29 phr asbestos. Samples were taken at various stages of the processing procedure. A

nitrogen atmosphere was used for all these analyses. Results are as follows,

¢ Mechanical Mixture of Components — The thermogram is shown in Figure 4.

The endotherm at 75°C corresponds to the melting point of the epoxy monomet,
The exotherm that peaks at 230°C and the shoulder at 280°C are assumed to be
due fo the curing reaction. The exotherm at 405°C is apparently due to thermal

decomposition and appears in the other three thermograms described below.

e Sample After B-Stage — The thermogram is shown in Figure 5. The endotherm

at 75°C corresponding to the melting point has decreased. The exotherm at 230°C
corresponding o curing is still present, The exotherm (shoulder) at 280°C has

been shifted slightly to 295°C.

® Sample After Cure-Assembly — The thermogram is shown in Figure 6. The

endotherm at 75°C has now disappeared. The curing exotherm at 230°C has decreased

and the exotherm at 295°C has now become more apparent,

@ Sample After Post-Cure — The thermogram is shown in Figure 7. Both.curing

exotherms at 230 and 295°C have now disappeared and have been replaced by a
slight, but reproducible endotherm ar 275°C. ‘
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These results show that this cure~assembly post—zure eycle results in complete cure, ot

feast within the limits of detection by DTA,

3.6.2 THERMOOXIDATIVE DEGRADATION

No attempt was made to thoroughly evaluate the thermooxidative stability of the adhesive
system,. In order to obtain preliminczy informction, DTA thermograms were compared in air
and nitrogen of the formulation used for Series £4-77. This formuiation did not contfain

asbestos filler. Results are listed below,

e Nitrogen— This thermog-om s shown in Figure 8, It is similar to that obtained
for the asbestos filled sytem {Figwie 7, Series 44-82). The exotherm for decomposi~
tion starts about 325°C and peaks ot £10°C, A slight endotherm is apparent at
275°C.

o Air— This thermogram is shown in Figure 9. In air, the exotherm stars a little
sooner than in nitrogen (27="C versus 325°C) and peaks at about the same tempera-
fure - 410°C. The shape o7 the Curve is generolly the same. However, the portion
of the exotherm beyond A1G7C is difficult to reproduce, A second exotherm has
been observed at about 425~ C in some DTA scans. The appeorance of this exotherm

is dependent on sample size and @ir flow rate, [t may represent physical movement

of the sample. A slight encothesrm at 275°C is apparent,

In otder to obtain more definitive =xxte am the thermal stobility of this system, TGA and IGA
data should be obtained. The apcesenae of stight endotherm at 275°C in all the cured
systems may be significant. This erciorherm say represent ¢ tronsition temperature of some
kind and may account for the shers fali~off ¥ lop-sheor strength obove 500°F, Additional

studies would have to be undertcka to dete-nine if this is the cose.
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f]exibiliziné unit into the epoxyalkylcarborane monomer structure or by a blend

with a high~temperature - stable polymer system,

4, Some improvement in the flow control of the adhesive during the cure-assembly
of tesl specimens is required. This may be accomplished by replacing the asbestos

with Cabosii or Alon-C.

Others have proposed that the carborane cage structure exerts a stabilizing effect (by
electronic or steric influences) on polymer structures in which it is incorporated. The !
following additional information should be accumulated to determine the extent of this

influence on adhesive systems.

- 1. The thermal properiies of the cured adhesive (TGA, DTA and IGA) should be
measured and compared to those of adhesivesbased on model epoxy compounds

which do nof contain carborane in the monomer structure,

2. Lap-shear strength of the cured model epoxy compounds should be measured

and compared to those of the cured epoxyalkylcarborane monomer,

3. The mechanism of thermal and thermooxidative degradation shovld be determined
{(by mass spectrometry, pyrolytic infrared spectroscopy, and pyrolytic gas chromatog-
raphy).

The long-range potential of this system is dependent on the furthe® characterization of
adhesive properties and on the availability of quantities of raw material needed for the
synthesis of the epoxy monomer, Not only is the assurance of a long ~runge source of supply
needed but it must be made available at a reasonable cost. This raw material is decaborane,
a compound of boron and hydrogen which was originally produced in some quantity for a

high energy fuels program. This material is no longer being produced and several R and D
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-

investigations, including this program, have utilized existing stocks, Other promising
polymer systems that incorporate carborane in the structure have been reported recently.

If enough useful products are developed, then decaborane may become available ot a
reasonable price. However, until that time, the use of carborane based polymers, including
the adhesive developed on this program,is expected to be limited fo those applications

where cost is not a major determining factor.
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Lap-Shear Strength (Series 44-])
Bis(epoxybuiyilcarborane - 47.8 phr G-50 Hardener

SENGEILGENERAL PRRECISION, INC.

Loexloan Test Glue Line Failure Strength  Type of
Stumbar Temperature °F Thickness (in) psi Failure
441 «No Test 4
4412 500 .003 1640 cohesive
44-1-3 500% .005 570 adh(coh)
44~ -4 500 004 1000 cohesive
44-1-5 75 .050 1660 adhesive

Composition ~ 1.98 g. epoxy + 0.95g hardener

B-stage, 291 - 302°F for 95 minutes

Carrier ~ 112 Volan A glass cloth

Outgassed = 20 minutes at 248°F

Cure Assembly, 352 to 392°F, 120 psi, 2 1/2 hours, Carver Press
Post Cure ~ *24 hours af 5009F

Substrate -~ 17/7 PH Stainless Steel

Cleaning - Procedure |

Application - Hot melt

Individual specimens

NOT REPRODUCIBLET
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Lap-Shear Strength (Series 44-2)
Bis(epoxybutyljcarborane « 48,5 phr G -50 Hardener

Specimen Test Glue Line Failure Strength  Type of
Number Temperature °F Thickness (in) psi Fatlure
ixi- s =} 75 051 2300 adh(coh)
4422 500 002 800 adh(coh)
4423 500+ .006 1300 coh-ad
44-2-4 500% Broke in Jaws — ———
44.«2-5 75 : .003 1860 e
4426 500 .008 840 coh-ad
dd«2=7 500% Broke in Jaws - -

44 ~2-8 500 Broke'in Jaws — m——

4 =20 500% 004 750 adh(coh)
44~2-10 75 .009 {830 adhesive

Composition - 3. Odg epoxy *+ 1.47g. hardener

'r-s%c:ge, 293~304°F for 60 minuies

Carrier = 112 Volan A glass cloth

Qutgassed = 50 minutes of 2»480" '

Cure Assembly - 352 to 392°F, 120 psi, 2 /2 hours, Carver Prass
*Post Cure ~ 24 hours at 500°F

Substrate - 17/7 PH Stainless steel

Cleaning - Procedure i

Application - Hot melt

individual specimens
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Lop~Shear Strength (Series 44-3)
Bis{epoxybutyl)carborane ~ 50 phr G-50 Hardener

Specimen Test Glue Line Failure Strength  Type of
Number Temperature OF Thickness {in) psi Failure
4431 75 004 700 -
44~32 500 .006 © 560 adhesive
44338 500 005 550 adhesive
44-34 75 003 1820 e
4~35 500 004 610 adhesive

Composition ~ 2. Og epoxy + 1.0g. hardener

B-stage, 284 ~ 295°F for 30 minutes followed by 30 minutes at the same femperafure under vacvum
Carrier = 112 Volan A gless clofh

Outgossed - 60 minufes at 248°F

Cure Assembly, 352 1o 392°F, 120 psi, 2 /2 hours, Carver Press

Post Cure - None

Substrate -~ 17/7 PH Stainless steel

Cleaning - Procedure |

Application = Hot melt

Individua! specimens



RESBARCH CENTER ¢ SINGERGENERAL PRISCISION, INC.

i Lap-Shear Strength (Series 44 -4)
g Bis(epoxybuiyljcarborane - 49,2 phr G-50 Hardener

Spacimen Test Glue Line Failure Strength Type of
umber Temperature °F Thickness (in) psi Failure
Q;-I 75 .008 560 adhesive
4442 75 022 740 adhesive
44 43 75 015 1240 adhesive
44 ~4-4 75 .03 1330 adhesive
44~4-5 75 .008 1570 adhesive

!mposiﬁon ~ 2.02g. epoxy + 0.99g. hardener
—stage, 297° - 302°F for 30 minutes foliowed by 30 minutes at the same femperaiure under vacuum
Carrier - 112 Volan A glass eloth
Qutgassed - 75 minutes at 248°F
Cure Assembly - 352 to 392°F, 120 psi, 2 /2 hours, Carver Press
Post Cure - None
Substrate - 17/7 PH Stainless sieel
Cleaning - Procedure |
Application - Hot melt
Irdividua! specimens

A-g




Specimen

Number

44~ 51

4452
44-53
4454
44-5-5
44546
44 =57
44~5-8
44 =549

44-5-10

RESEARCH CENTER ¢ SINGRIR-GINRBRAL PRECISTON, INC,

Lap-Shear Strength (Series 44 -5)
Bis(epoxybutyl)carborane ~ 47,5 phr G -50 Hardener

Test
Temperature F

Glue Line
Thickness (in)

75
500
500*
500

73
500
500%
500%
500

75

.008 .
005
Broke in Jaws
Broke in Jaws
.008
005
Broke in Jaws
Broke in Jaws
.003

.003

Composition ~ 3.33g. epoxy + 1.57g. hardener
B~stage, 302°F for 30 mmufes followed by 35 minures additional ar the same temperature under vacuum
Outgassed ~ 60 minutes 248° F
Cure Assembly, - 352 to 3?2 F, 120 psi, 2 /2 hours, Carver Press
Post Cure = 24 hours at 500°F
Carrier - 112 Volan A glass cloth
Subsirate ~ 17/7 PH Stainless steal
Cleaning ~ Procedure |
Application ~ Hor melr
Individuc! specimens

Failure Strength  Type of
psi Failure
2080 ——
530 adhesive
2060 i
800 adh{coh)
690 adh(coh)

2080



RESEARCH CENTER ¢ SINGHR GENERAL PRECISION, TN

Lap-Shear Strength (Series 44-6)

Bis(epoxybutyl)carborane - 48.5 phr G-50 Hardener

Specimen Test Glue Line Fatlure Strength  Type of
Number Temperature °F Thickness {in) psi Fatlure
44 =6l 75 005 1690 adhesive
44 -2 75% .004 1270 adhesive
44-4-3 500 004 400 adhesive
A4 64 500+ 004 650 adhesive
44 ~6-5 500 .005 860 adh{coh)
44 =64 75 005 (970 cohesive
44.5=7 75% .005 1400 adhesive
44-6-58 500+ 006 830 coh-ad
44 ~6-9 500 .006 720 adh(coh)
44 -6-10 75 003 2530 coh-ad

Composition -~ 3.51g. epoxy + 1.79g. hardener

B-stage, 302 - 31 1°F for 30 minutes followed by 35 minutes additional at the same temperature

‘under vacuum

Oui‘gussed =60 minutes at 248 F

i
4
P

[y
13
1

Cure Assembly - 352 to 392°F, 120 psi, 2 /2 hours, Carver Press

* Post Cure - 2 hours at 500°F
Carrier - 112 Volan A glass cloth
Substrate - 17/7 PH siainless steel
Cleaning - Procedure i
Application = Hot melt
Individual specimens

A-6



RESEARCH CENTER ¢ SiNGBER-GENBERAL PRECISION, INC

Lap-Shear Strength (Series 44-7)

Bis(epoxybutyljcarborane ~ 8.2 phr monoepoxybutylcarborane
48.5 phr G-50 Hardener

Specimen Test Glue Line Failure Strength  Type of
Number Temperature °F Thickness (in) psi Failure
447~ 75 004 2320 cohesive
4472 75% .004 1420 adhesive
4473 500 .004 640 adhesive
474 500 .004 600 coh(ad)
44-7-5 500 004 600 adhesive
4476 75 .005 2000 adhesive
4477 75% .005 [280 adhesive
44-7-8 500% 004 250 c:rdhesive'

44 -7 500 .003 320 adbesive

Composition - 3.53(?. bis(epoxybutyl) = + 0.29g. mono(epoxybutyl)carborane + 1.72g. hardene:
B-stage, 275 - 296 F for 70 minutes. The mixture was very fluid of the end of this period.
Carrier ~ 112 Volan A glass clorh

Qutgassed ~ 60 minutes at 248°F

Cure Assembly - 352 to 3920F, 120 psi, 2 I/2 hours, Carver Press
*Post Cure ~ 2 hours af 500°F

Substrate ~ 17/7 PH Stainless sieel

Cleaning ~ Procedure i

Application = Hot melt

Individual specimens



o® !-a!N(:H%t-(:i*l!\'iﬂ!!/\!, PRECISTON, INO.

RESEAICH CENTER

Lop-Shear §reepinigrh (Series 44-8)

10 phr monoepoxybutylcarborane

. 1 % \ ),f,’é‘e -
Bis(epoxybutyllcarbors 47.5 phr G-50 Hardener

Specimen Test Gh® Line . Failure Sifrengfh Type of
MNumber Temperature OF Thimrness (in) psi Failure
. | 75 3006 1550 adh (coh)
£LwBD 75% 006 Hole adhesive
44-8-3 500 L3905 710 adh{coh)
At 500 5006 390 coh(adh)
44-8-5 500 P04 490 adhesive
4485 75 5806 1500 adhesive
44wBey 75% - ;}";.’7 1040 adhasive
44-8-8 500% 06 400 adhesive
4489 500 06 520 © adh(coh)

44-8-10 75 ';,;@34 1640 adhesive

Composition = 3.60g. bis(epoxybutyl) - + 0.3*5”,’9,' monogepoxybuf):f?carborcne + 1.71g. hardener
i ooe, 293° - 302°F for 45 minutes followeas * &Y 43 minutes additional af the same femperatyre
‘ under vacuum

Qurgessed ~ 60 minutes af 248°F .

Cure Assembly - 352 (o 3920F, 120 psi, 2 l
® Post Cure - 2 hours o 500°F

Cereier - 112 Volan A glass cloth

Substrate - 17/7 PH Stainless steel
Clecning = Procedyre ]

Applicetion ~ Hot melt

Irdividual specimens

Aep NOT REPRODUCIBLE
R

'2 « hiours, Carver Press



Specimen

Number

44-9-]

44-5-2
44-9-3
4454
44-9-5
44-9-6
44-9-7
44-9-8
44-9-9

44-2-0

RIESIHAIRCIT CENTIIL ¢ SINGISH-GENEIRAL PRIECESTION, 1NC,

Lap-Shear Strength (Series 44-9)
Bis(epoxybutyl)carborane < 40,5 phr G-50 Haordens:

Test Glue Line Failure Strength ~ Type of

Temperature OF Thickness (in} psi Failure
75 .00 1360 adh{coh)
75% .008 ‘ 980 adhesive
500 .007 1060 adh(coh)
500+ .00% 1560 adh(cch)
500 006 1470 adh(cch)
75 003 2300 .udh (coh}
75% 006 1460 adhesive
500 .006 1590 adh(coh)
500 .005 - Hoo adh(coh)
75 .004 2120 coh(adh)

Composition ~ 4.03g. epoxy + 1.63g. hardener
B-stage, 305 - 307°F for 40 minutes followed by 35 minutes additional of the same femperature

under vacuum

Outgassed ~ 60 minutes ot 248°F

Cure Assembly - 352 ro 392°F, 120 psi, 2 ]/2 hours, Carver Press
* Post Cure - 2 hours ar 500°F

Carrier - 112 Volan A gloss cloth

Substrate - 37/7 PH Stainless steel

Cleaning - Procedure |

Application - Hot melt

individual specimens



RESEARCH CENTER o SINGRIGGENIBRAL PRIGCISION, INC

Lap~Shear Strength (Series 44-10)
Bis{epoxybutyl}carborane -~ 40.3 phr G~50 Hardener

Spacimen Test Glue Line Failure Strength  Type of

Number Temperature OF Thickness (in) psi Failure

4440 75 008 914 adhesive
44102 75% 013 580 adhesive
44-133 500 010 1050 adh ~coh
44404 500% 010 1020 adhesive
4405 500 007 1304 - coh{adh)
44406 75 020 1340 adhesive
4407 75% Al 380 adhesive
44-108 500% .0li 800 adhesive
44105 500 016 1000 adh(cch)
44-1@10 75 012 1540 adhesive

Composifion ~ 4. 089 . EpOXy + 1.65g. hardener

B~stage, 309°F - 316°F for 70 minutes

Carrier = 112 Volan A glass Cloi‘h

Cutgassed - 60 minutes af 248 F

Cure Assembly - 352 to 392 F, 60 psi, 2 1/2 hours, Carver Press
* Post Cure ~ 2 hours ot 500°F

Substrate - 17/7 PH Stainless steel

Cleaning ~Procedure |

Application - Hot melt

Individual specimens



!

RESEARCI CENTER ¢ !7[N(:MR-(:!GNI'}HAL PRECISION, NG,

i

Lap-Shear Strength (Series 44-1)
Bis{epoxybuiyl)carborane ~ 40.8 phr G =50 Hardener

Specimen Test Glue Line Fatlure Strength

Type of
Number Temperature 'F Thickness (in) psi Faifure
44~1H 75 .00% 1780 adhesive
44112 75% 017 734 adhesive
4413 500 017 Q40 coh(adh) ‘
44-114 500% 019 750 adhesive
44«1t5 500 010 1350 coh(adh)
44416 75 009 740 adhesive
44 =}~7 75% | 0i4 794 adhesive
44118 500% .007 1410 adhesive
44117 500 007 1190 cohadh -
44-11-10 75 006 {940 adhesive

Composition ~ 4. 049 epoxy t 1.65g. hardener

B~stage, 315-322°F for 80 mmui’es ,

QOuigassed ~ 60 minutes af 248 F

Cure Assembly - 352 to 392 F, 60 psi, 2 1/2 hours
* Posi Cure - 2 hours at 500°F

Substrate - 17/7 PH Stainless steel

Cleaning ~ Procedure |

Application ~ Hot melf

individual specimens

1A~TT



RESEARCH CENTER =& SINGUDIVGENIRAL PRISOISTION, 1N

Lap-Shear Strenash {Series 44~{2)
Bis{epoxybutyl)carborane 33 phr G-50 Hardener

?5::1;:;?" T em.l;azs:a‘:‘ure OF 'lﬁ\{ilz:irz.;:se {in) el Umpss:reng?h .;Z?li ;F
.4--iz-t 75 .007 2160  adhesive
44122 75% J10 886 adhesive
44423 500 . .006 1030 adh(coh)
4424 500% .007 1010 adhesive
44125 500 _ 005 800 adh{coh)
A4l 26 75 .006 2000 adhesive
44 {27 75% - .008 G464 adhesive
44128, 500% .007 1204 adhesive
44-129 500 .007 590 adhesive
441210 75 006 1780 adhesive

Composiiion - 4.05g. epoxy + 1.41g. hardener

-'-Siqge, 298 - 30?°F for 17 minutes followed by 50 minuies additional at the same temperature
under vacuum

Quigassed - 60 minutes at 248°F y

Cure Assembly, 352 to 3920F, &0 psi, 2 /2 hours, Carver Press
* Post Cure - 2 hours of 500°F

Carrier - 112 Volan A glass cloth

Substraie = 17/7 PH Stainless Steel

Cleaning ~ Procedure |

Application - Hot melt

fndividual speciments

A-12



Spacimen

Number
44131
44 132
44-139
44134
44~135

44439

44-13-10

Composition - 3.99

RESEARCH CENTER ¢ SINGHR-GENGRAL PIRBCISION, il\T(f.

Lap~Shear Strength {Series 44-13)
Bis(epoxybutyl)carborane - 34,2 pht G=50 Hardener

Test Glue Line Failure Strength  Type of

Temperature OF Thickness (in) psi Failure
75 .006 2060 adhesive
75% .009 520  adhesive
500 004 780 adhesive
500+ .005 7I0 adhesive
500 006 580 adhesive
75 009 2100 adhesive
75% .008 560 adhesive
500% 008 1400 adh{coh)
500 7 {84 adhesive
75 .008 2060 adhesive

. epoxy + 1.45g. hardener

B-stage, 298 ~ 309°F for 25 minutes followed by 45 minutes additional at the same temperature
under vacuum.

Qutgassed - 60 minutes af 248°F

Cure Assembly, 302 - 351°F, 60 psi, 2 /2 hours, Carver Press
¢ Post Cure - 2 hours at 500°F

Carrier - 112 Volan A gless cloth

Substrate - 17/7 PH Stqginless steel

Apolication - Hot melt

Irdividual specimens



S ; “E < ba i[‘? SGENBERAL PHISCHSION, TING,
RIBSEBARCH CENTER ¢ SN ] it

Lap~Shear Strength (Serfes 44-14)
Bis(epoxybutyt)earborane ~ 33 phr G~-50 Hardener

Specimen Test Glue Line Failure Strength  Type of
'gumbe.- Temperature OF Thickness (in) psi Failure
4414 75 .005 2130 adh -coh
44142 75% 007 970 adh(coh)
44-143 500 012 ‘ 470 adh~coh
44444 500% 008 1130 adh(coh)
44445 500 004 650 adh-coh
44446 75 .oioe 2150 adh ~coh
44447 75% - 009 1000 adhesive
44148 500% 008 1570 adh-coh
44-149 500 .0l0 1100 adh-coh
441410 75 .008 2260 adh ~coh

Pomposition - 3.99g. epoxy + 1.37g. hardener

B-stage, 298 - 30%°F for 70 minufes

Qutgassed - 60 minutes af 248°F

Cure Assembly, 302 - 3510F, 60 psi, 2 I/2 hours, Carver Press
* Posi Cure - 64 1/2 hours or 400°F

Substrate ~ 17/7 PH Siainless Steel

Cleaning - Procedurs |

Application - Hot melt

Individual specimens



RESEARCH CENTER ¢ SiNGIR-GENBRAL PRBCISION, INC.

Lap~Shear Strength (Series 44-15)
Bis(epoxybuiyl)carborane — 33 phr G-50 Hardener

Specimen Test Glue Line Failure Strength  Type of
Number Temperature OF Thickness (in) psi Failure
4415+ 75 007 2120 adh~coh
44-45-2 75% .008 950 adh{coh)
44-]5-3 500 005 840 adh~coh
44-15+4 500% .008 1300 adh{coh}
44-15-5 500 005 720 adh=coh
44~15-6 75 009 2120 "~ adh=coh
44~15-7 75% .008 1020 adh(coh}
44-:5 ~3 500% .004 1440 adh{coh} _
44-15-9 500 006 1080 adh ~coh
44~1540 75 022 1600 adh~coh

e

Composiiion - 3.9‘?‘5;, epoxy + 1.37g. hardener

B-siage, 295 - 304 °F for 70 minutes

Carrier - 112 Volan A glass cloth

Qutgassed ~ 60 minutes ot 248°F

Cure Assembly, 302 - 351%F, 60 psi, 2 ]/2 hours, Carver Press
* Post Cure ~ 64 1/2 hours at 400°F

Substrate - 17/7 PH Stainless Steel

Cleaning = Procedure |

Application - Hot melt

Individual specimens

A-15



SSIA RO CIRNTRIIL o SINGEI-GIINERAL PRECISION, INO

ch—Sﬂaar Strength (Serles 44-16)
Bis{epoxybutyljcerborane = 33 phr G-50 Hordener

Spe‘cimen Test Glue Line Foilure Strength  Type of
Number Temperature °F Thicknass (in) psi Failure
.-46 =i 75 005 2360 adh(coh}
44={6-2 75% 008 840 adhesive
44~16-3 500 .005 950 adh(coh)
44 =64 . 500% D06 200 adhesive
44=}6-5 500 007 1200 adh~coh
4dnib~6 75 005 2560 adh{coh}
44 ib-7 75% - 005 il40 adhesive
44168 500~ 005 820 adhasive
44162 500 004 750 adh~cch
441610 75 005 2320 adh-coh

Composition - 4.00g. epoxy + 1 389. Hardener

.‘roge, 311°F for 50 minutes followed by 20 minutes additional at the same {emperature
under vacuum .

Outgassed - 60 minutes at 248 °F

Cure Assembly - 302 - 351°F, 60 psi, 2 /2 hours, Carver Press
* Post Cure ~ 64 /2 hours at 400°F

Carrier ~ 112 Volan A glass cloth

Substrate = 17/7 PH Siainless steel

Claaning ~ Procedure |

Application = Hot melt

Individual specimens

A-16



|

RESEBAICH CIBNTIIR ¢ SINGRIGENIRAL PRECISION, INC.

Lap=Shear Strength (Series 44-17)

Bis(epoxybutyl)corborane = 33 phr G50 Hardener

Specimen Test Glue Line Failure Strength  Type of
Number Temperature °F Thickness (in) psi Failure
4447+ 75 008 2530 adh=coh
44u]7 -2 75% 003 680 adh(coh)
44173 500 004 800 adh-coh
44174 500% .004 1550 adh{coh)
44175 500 004 780 | adh-coh
44176 75 004 2480 cohasive
4477 s |-.004 1660 adh~coh
44~i7-8 500% LOl0 1180 adh -coh
4417 -9 500 005 360 cohesive
44-17-10 75 005 2330 cohesive

a

Composnhon - 4.00g. epoxy + 1.38g. Hardener

B-siage, 311°F for 50 minuies followed by 20 minutes additional at the same temperature

vnder vacuoum )
Quigassed ~ 60 minuies af 248 F
Cure Assembly = 302 - 3519, 60 psi, 2 /2 hours, Carver Press
*Post Cure ~ 64 ' /2 hours af 400°F
Cartier = 112 Volan A glass cloth
Subsirate = 17/7 PH Stainless steel
Cleaning = Procedure |
Application = Hot melt
tndividual specimens

A-17



RESISARCH CBNTIR o SINGRIRUBNERAL PEUSCHESTON, TN

Lap=Shear Strength (Series 44-{8)
Bis(epoxybutyl)carborane = 33 phr G-50 Hardener

Specimen Test Glue Line Failure Strength  Type of

Number Temperature OF Thickness (in) psi Failure

4418 75 006 2100 adh-coh
44-18-2 75 .006 1950 adh-~coh
44-18-3 75 004 2100 adh-coh
44-184 75 .005 2080 adh~coh
44-18-5 75 .006 2100 adh-coh

Composition ~ 2.99g. epoxy + 1.04g. hardener

B-stage, 270 - 275 Fcf;‘or 90 minutes and an addifional 20 minutes slowly raising the temperaiure
to 315°F

Outgassed - 60 minutes ai 248°F 1

Cure Assembly 302 - 315°F, 60 psi, 2 /2 hours, Carver Press

Carrier ~ 112 Volan A glass cloth

Substrate ~ 17/7 PH Stainless Steel

Cleaning - Procedure |

Application -~ Mot mels

Irdividua! specimens

A-1R



RESHARCH CENTER ¢ SINGHR-GENBERAL PRECISION, INC.
3

Lap=Shear Strangth (Serias 44-19)
Bis{epoxybuiyl)carborane - 33 phr G-50 Hardener

Specimen Test Glue Line Failure Strength  Type of
Number Temperature F Thickness (in) psi Failure
44«9 75 .004 2080 adh~cch
44~19=2 75% 004 1580 adh~coh
44<19.3 500 .005 550 adhesive
44-19-4 500% 010 1260 adh~coh
44 ]9 -5 500 006 490 adh-coh
44-19-4 75 003 2000 adh "'{.:.Oh
44« |9-7 75% " ,006 | [380 adh-coh
44198 500 007 {790 coh{ad) .
dh~l90 . 500 003 1210 adh-coh
44-19-i0 75 .005 2160 adh-coh

Composition - 3.96g. epoxy + 1.30g, hardener

B-stage, 262-270°F for 55 minutes followed by 50 minutes additional at 270 - 302°F. uynder
vacuum

Outgassed - 60 minutes at 248°F

Cure Assebmly, 302 - 351°F, 60 psi, 2 ' /2 hours, Carver Press

#*Post Cure ~ 64 hours at 400°F,

‘Carrier - 112 Volan A glass cloth

Substrate - 17/7 PH Stainless steel

Cleaning - Procedure |

Application ~ Hot melt

Individual specimens



RESEAIRCEH CEBNTREID o SINGEILGENBERAL PRIGCISION, ENC

I;ap—Shear Strengrh (Series 44-20)
Bis(epoxybutyl)carborane = 33 phr (-50 Hardener

peciman Test Glue Line Failure Strength  Type of
Number Temperature O Thicknass (in) psi Failure
44 20~ 75 004 2120 adh-coh
44=20-2 75% .005 1440 adh-coh
44~ 20-3 500 .004 6i0 adh ~coh
44 204 500% . .007 1740 adh~coh
| 44~ 20-5 500 .005 680 adh~coh
44- 20-6 75 .0013 2400 adh-coh
44~ 20~7 75% 0,003 1480 adh(coh)
44:- 20-8 500% .005 1640 adhesive
44 20-9 500 .006 840 adhesive
44 20-40 75 .007 o200 adh~coh

——— e e 1
1

Composition - 4'0053' epoxy + 1.3%g. hordener o
B-stage, 279 ~ 293°F for 45 minutes {ollowed by 80 minutes odditional af 275-311°F under vacuum.
Carrier - 112 Volar A glass cloth

Qutgnssed ~ 60 minutes af 248°F i

Cure Assembly, 302-3510F, 60 psi, 2 /2 hours, Carver Press

*Post Cure = 64 hours of 400°F

Substrate ~ 17/7 PH Stainless stesl

Cleaning ~ Procedure |

Application = Hof meli

Individual specimens

e ——— o - P



Specimen
Numbear

44 =21
44-21-2
44-21-3
44~ 214
44.- 215
44= 215
44 217
j44- 21-8
44~ 21-9

44- 21-10

Composition - 4,03g. epoxy + 1.359. hardener

RESISAIWCHT CHNTISIL o SINGIRIR-GENERAL PRECISION, INC.

Lap~Shear Strength (Series 44-21)
Bis(epoxybutyi}carkorane = 33 phr G-50 Hardener

Teost Glue Line Failure Strength  Type of
Temperafure F Thickness {in) psi Failure
75 .003 I9;50 adh-coh
75% .003 1620 adh-coh
500 .003 520 cohesive
500% 005 1470 adhesive
500 004 1060 cohesive
75 .005 1910 adh -coh
75% . .004 1160 adhesive
500* 006 1260 achesive
500 ° 010 680 adh~coh
75 006 (220 adh~coh

B~stage, 282 - 285%F for 45 minutes followed by 80 minutes additional at 280 - 2910F

under vacuum,

Ouvtgassed ~ 60 minutes af 2480F

Cure Assembly, 302-351°F, 60 psi, 2 |/2 hours, Carver Press
*Post Cure - 64 hours at 4000F

Carrier - 112 Volan A glass cloth

Subsirafe - 17/7 Stainless sieal

Cleaning - Procedure |

Application - Hot melt

Individual specimens

A2



T REHBARCH CENTIR ¢ SINGHR-GIENERAL PRIECISION, INC.

Lop-Shear Strangth (Series 44-22)
st(epoxyb%yi}:&rbomne = 33 phr. G-50 Hardener

Specime;a Test Glue Line Failure Strength  Type of
jiumber Temperature °F Thickness (in) psi Failure

| 44+ 221 75 .004 2040 adh-coh
44 22~2 75% .005 1460 adhesive
44 222 500 .003 890 cdl.wesive
44~ 22-4 500*% 003 1860 adh{coh)
44- 22-5 500 .005 740 adhesive
44 22-6 75 003 - {870 adh~coh
44w 22-7 75% G064 150 adn{con)
44= 22-8 500* .067 1560 adhesive
44= 22-9 500 .004 230 adhesive
44 22-10 75 o004 70 adh-coh

Composition - 4,02g. epoxy + 1.39¢. hardener . o

B~stage, 280 - 282°F for 45 minutes followed by 80 minutes additional at 279-291°F
under vacuum

Qutgassed - 60 minutes at 248°F

Cure Assembly, 302 - 351°F, 60 psi, 2 }/2 hours, Carver Press

“Post Cure = 64 hours of 400°F

Carrier - 112 Volan A glass cloth

Substrate~ 17/7 Stainless steel

Cleaning = Procedure |

Application - Hot melt

Individual spe€imens

A-22



RESEARCIH CHNTIER o SII:L(HC{{-(H']NIN{AL PRISCISTON, ING,

Lap~Sheat Strength (Series 44-23)
Bis(epoxybutyl)earborane ~ 33 phr G-50 Hardener

Specimen Test Glue Line Failure Strength  Type of
Number Temperature °F Thickness (in) pst i'faiiure
44-23~] 75 .004 1870 Adhesive
44-23-2 75% .006 1460 Adhesive
44-23-3 500* .005 1500 Adhesive
44~23~4 500 007 410 Adh-Coh
44-23-5 500 .007 480 | Adh-Coh
44~23-6 75 005 1800 Adhesive
44-23-7 75% .’}006 1450 Adh(Coh)
44-23-8 500* 006 1000 Adhesive
44-23-9 500 .007 460 Adh-Coh
44-23-0 500+ 006 1980 Cohesive

Composition = 4,05 epoxy& 1,42 g, hardener

B-stage, 275 - 2969 for 50 minutes followed by 75 minutes additional at 294 - 2980F
under vacuum
Qutgassed 60 minuies at 248%F
Cure Assembly 302 - 3519, 40 335;, 2 1/2 hours, Carver Press
*Post Cure = {16 hours af 397°F

Carrier ~ 112 Volan A glass cloth
Substrate - 17-7 PH Stainless Steel
Cleaning - Procedure |
Application - Hot melr

Individual specimens



RESEARCHE QMNTRR o SINGRI-GINERAL PRECISION, INC.-

Lap-Shear Strength (Series 44-24 )
Bis(epoxybuiyl)carborane - 33 phr -~ G-50 Hardener

Specimen Test Giue Line Failure Strength  Type of
Number Temperature OF Thickness (in) psi Failure
4424~ 75 .005 1950 Adhesive
44-24-2 75% 006 1220 Adh(Coh)
44-24-3 500 005 770 Adh-Coh
4424 4 500% .007 1410 Adhesive
44-24-5 500 006 680 Adh-Coh
4424 -6 75 006 2300 Adhesive
44-24-7 75% 004 1320 Adhesive
44-24-8 500+ 006 1100 Adhesive
4424 -9 500 006 540 Adh-Cch
442410 500% 006 {240 Adhesive

pr—

Composition - 4.01 g. epoxy & 1.3% g. hardener

B-stage, 27} - 2899F for 50 minutes followed by 75 minutes additional at 285 - 293°F
’ under vacuum
Qutgassed - 60 minutes at 248°F
Cure Assembly, 302 - 35i°F, 60 fsi, 2 1/2 hours, Carver Press
#Post Cure =~ H6 hours at 397°F

Carrier - 112 Volan A glass cloth
Substrate - 17-7 PH Stainless Steel
Cleaning - Procedure |
Applicaiion - Hof melt

Individual specimens

A~24



popaecdf ARLLTI ¢ CloNTIIR

Lap~Shear Strength (Series 44-25)

Bis(epoxybutyl)carborane -

33 phr G-50 Hardener

-

e SINGER-GENERAL PRISCISIORN, tnes

iiﬁ:_::ﬂ Tem-;eesri;lfure Op: 'ﬁwli{::ir}\—;:se(in) FCIIIUI-epssiihmngi‘h -:;z?!i:ef
£E<R3- 75 .003 1760 Adh(Coh)
£4¢5-2 75% .003 1580 Adh~Coh
EE08-3 500 004 550 Adhesive
46554 500% .003 790 Adhesive
355 500 .005 450 Achesive
44256 75 .004 2440 Cohesive
&4-25-7 75% .005 2120 Adh-Coh
4425-8 500% .004 1020 Adhesive
44-95-9 500 006 550 Adhesive
44-25-10 500% .003 610 Adh~Coh
Composition ~ 3,99 ¢, epoxy & [.38 g. hardener

B-stage, 280 - 287%F for 50 minutes followed by 75 minutes additional at

285 - 298% under vaceum

Outgassed ~

* Post Cure -

60 minutes at 248%F
Cure Assembly 302 ~351%F, 60 psi, 2 1/2 hours, Carver Press
64 hours at 3320F

Carrier - 112 Volan A glass cloth
Substrate - 17-7 PH Stainless Steel
Cleaning - Procedure ]
Application = Hot mels

individual Specimens

A-25



Specimen

Number

44261
44262
44263
4426 4
44-26-5
44266
44947
44-26-8
44-26-9

44-26-10

Composition ~

B-stage,

Qutgassed -
CUFE Assemblyi
+Post Cure -

RESHEARCH CIKNTICIL o HIN(H‘-HL(IE‘JNEI{,AL PRISCISION, INC

Lap-Shear Strength (Series 44-26)
Bis(epoxybutyl)carborane ~ 33 phr  G-50 Hardener

Test Glue Line Failure Strength  Type of

Temperature OF Thickness (in) psi Failure
75 .005 2080 Adh(Coh)
75% 006 1520 Adhesive
500 005 450 Adhesive
500 009 1020 Adhu-Coh
500 007 480 Adh-Coh
75 006 2160 z;\dh(Coh)
75+ 005 2140 Adh{Coh)
500% .00|9 840 Adh(Coh)
500 0 : 380 Adh(Coh)
500« 009 1040 Adh~Coh

4.03 g. epoxy &1.40 9. hardener

280°F for 50 minutes followed by 75 minutes additional at 282 ~ 306%F under
vacuum :

60 minutes at 248% '

302 ~ 351%, 60 psi, 2 1/2 hours, Carver Press

64 hours o 332°F

Carrier - 112 Volan A glass cloth
Substrate - 17-7 PH Stainless Stee!
Cieaning - Procedure |
Application - Hot meft

Individual specimens

A=26



IISSIBAIRCEH CHENTIRR e

SINGER-GIENERAL PRIBCISTON, INCG

Lap-Shear Strength (Series 44-27)

Bis(epoxybutyl)carborane = 33 phr  G=50 Hardener

§pecimen Test Glue Line Failure Si.rengi-h Type of
Number Temperature OF Thickness (in) psi Failure
44- 27- 75 .006 2380 Adh-Coh
44 27-2 75% 006 2430 Cohesive
ad= 27-3 500 006 740 Adhesive
44~ 274 500% 005 60 Adhesive
4= 275 500 .006 980 Adhesive
44~ 276 75 .007 {680 Adh-Coh
4n 277 75% .006 1840 Adh(Coh)
44- 27-8 500% .005 790 Adh-Coh
44 27-9 500 .007 i 400 Adhesive
“4- 27-10 500+* 005 ‘1 800 Adh~Coh
Composition "' . 4.02 g. epoxy & 1.37 g. hardener
8-stage, 253 - 280%F for [30 minutes followed by 20 minutes additional ai 27[ - 275%

under vacuum
Outgassed - 45 minutes at 248°F

Cure Assembly = 244 - 282F, 30 psi, 22 hours, Catver Press

w Fost Cure = 4 64

1

Cartjer - 1192 Volan A

hours at 338%F
glass cloth

Sbrirtgic - 17-7 PH Stainless Steel

Fi W ¥

i‘i ening - Proceduse |
“irlicarion - Hot mel
E~Tieidygl specimens

A=27



TRESIARCH CENTISIL o SINGER.GIENIERAL PRECISION, INC.

Lap=Shear Stiength (Series 44-28)
. Bis(epoxybutyl)carborane = 33 phr  G-50 Hardener

e
e

Specimen Test Glue Line Faflure Strengih  Type of
Number Temperatrure °F Thickness (in) psi Failure

' 4428+ 75% .098 1420 Adhesive
44-28-2 75% .007 820 Adhesive
44-28-3 500% 005 1320 Adhesive
44284 500% .005 1220 Adhesive
43-78-5 500« 005 1620 Adhesive
44-28-6 75+ 007 1340 Adhesive
44287 75% 007 130C Adhesive
44-28-8 500 006 {680 Adhesive
44-28-9 500« 005 1290 Adhesive
44-28-10 75 008 1380 Adhesive

—

Composition = 4,02 g, epoxy & 1.36 g. hardener

B-stage, 270 - 280%F for 65 minutes followed by 45 minutes additionai at 270 - 291°F
under vacuum
Outgassed ~ 30 minutes at 248°F

Cure Assembly, 244 - 282%F, 30 psi, 5 hours, Carver Press
xPost Cure = 7 hours at 356%F followed by 72 1/2 hours edditional ar 400%
Corrier - 112 Volan A glass cloth
Substrate ~ 17-7 PH Stainless Steel
Cleoning - Procedure |
Applicotion ~ Hot melt
Individual specimens

A28



Specimen
Number

44~

44

44~

44~

44-

44~

44~

44~

44~

Composition =
Individual specimens

29~

29-2
29-3
294
29-5

29-6

29-9
29-10
29-11
29-12
29-13
29-14

29-15

B-stage,

Ourécssed -

Cure Assembly,
* Post Cure -
Carrier - 112 Volan A glass cloth
Substrate - 17-7 PH Stainless Sieel

—

FUSSISARCH CIENTIRRL o 7T HMINGIHR-GIINBERAL PRECISION, INC,

Bis(epoxybutyl)carborane = 33 phr

/
Lap-Shear Strength (Series 44-29)
G =50 Hardener

Test Glue Line Failure Strength  Type of
Temperature OF Thickness (in) psi Fatlure
75 .005 560 Adh-Coh
75% .005 1920 Adhesive
500 005 00 Cohesive
500% 005 1360 Adh-Coh
500 005 150 Cohesive
Broke during assembly
75% .006 1750 Adhesive
500 iOOé 110G Adh-Coh
500 .005 100 Cohesive
500% .006 {430 Adh-Coh
75 006 220 Adh~Coh
500 007 80 Cohesive
5004 005 210 Adhesive
75 .006 310 Cohesive
75% 005, 2100 Adhesive

5.00 g. epoxy &[.73 g. hardener

280 - 288 for 80 minutss followed by 55 minutes additonal ar 291 ~ 302°F

under vacuum

30 minutes ot 248%F

244 - 2829, 30 psi, 3 hours, Carver Piess

7 hours at 302%F followed by 72 1/2 hours at 3920C

Cleaning ~ Procedure |
Application - Hot meli

A-29



Specimen
Number

44-30-1
44302
44-30-3
44-304

44-30~5

4

Composition -

B-stage,

REESIBARCH CINTERR ¢ SINGER-GENISHAL PRECISION, INC

Lap-Shear Srrength (Series 44-30)

Bis(epoxybutyl)carborane = 33  phr G-50 Hardener
100 phr Aluminum

Test Glue Line Failure Strength  Type of
Terperature F Thickness (in) psi Failure
500% .006 1260 " Adhesive |
75 .007 2700 Adh-Coh
500« .005 1380 Adhesive
75 007 2920 Adh-Coh
200% 006 ' (250 Adhesive

:
)
2.0l g. epoxy &0.67 g. hardener & 2.00 g. aluminum powder

269 ~ 284%F for 30 minutes, add aluminum powder over a 10 minute period, heat

. for 70 minutes additional at 291 - 294% under vacuum

Outgassed =~ -
Cure Assembly'_
# Post Cure -

60 minutes at 248%F
305 - 345%F, 60 psi, 2 1/2 hours, Carver Press
[16 hours at 392%

Application - Hot melt
Carrier - 112 Volan A glass cloth
Substrate - 17-7 PH Stainless Steel

Cleaning - Procedure |
Individual specimens

A-30
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RESEARCH QINMNTER o SINGER-GISNIEERAL PRISCISION, INC.

Lap-Shear Sirength (Series 44-31)

Bis{epoxybutyl)carborane = 33 phr G50 Hardener
{00 phr  Aluminum

Specimen Test Glue Line Failure Strength  Type of
Number Temperature OF Thickness (in} psi Failure
44~ 3| 75 007 2580 Cohesive
44~ 3i-2 75% .005 540 Adhesive
44~ 3|3 500 010 830 Adh-Coh
44~ 314 500% .009 [320 Adh(Coh)
44~ 31-5 500 010 610 Adhesive
44 3|6 75 .007 2880 Cohesive
44~ 31— 75% 005 1780 Adh{Coh)
44- 3|-¢ 500% Ol 1240 Adhesive
44~ 3]-9 500 010 ) 530 Adhesive
44~ 31-10 500+ 010 1450 Adhesive

Composition ~ 2,97 g. epoxy & 1.02 g. hardener & 2,99 ¢. aluminum powder

B-stage, 269 - 284%F for 50 minutes, add aluminum powder over a 5 minute period,
heat for 70 minutes additional at 284 - 285% under vacuum
Outgassed = 60 minutes ot 248%
Cure Assembly: 307 - 3500F, 60 psi, 2 1/2 hours, Carver Press
*Post Cure - 16 hours at 3920F
Carrier - 112 Volan A glass cloth
Substrate - 17-7 PH Stainless Sreel
Cleaning - Procedure |
Application - Hot melt
Individual specimens

A~3]



RESEARCH CEMNTEIY o SINGHIR-GENBERAL PRIEECISION, INC.
4

Lap<Shear Strength (Serlies 44-32)
Bis(epoxybutyl)earborane ~ 25 phr G-50 Hardener

Specimen Test Glue Line Failure Strength  Type of

Number Temperature °F Thickness {in) - psi Failure

44 32-1 75 . .007 1930 Cohesive
44~ 322 75% .005 2360 Adh~Coh
44~ 32-3 500 .005 430 Cohesive
44~ 324 500* .006 920 Adh(Coh)
44~ 32-5 500 .005 600 Adh~Coh
44~ 32-6 75 .006 {000 Cohesive
44- 327 75% 005 2200 Adh-Coh
44— 32-8 500% 006 400 Adh~-Coh
44~ 32-9 500 006 {150 Cohesive
44~ 32-10 500% 007 700 Adh-Coh
44~ 32 75 007 2740 Cohesive
44- 3212 500 .005 120 Cohesive
4~ 32403 75% .005 2640 Adh-Coh
44~ 32-14 75 | 007 2420 Cohesive
4= 32415 75% .005 2240 Adhesive

Composition -

’F'Idifi?:luc! specimgﬁ{sm g. epoxy & [.27 g. Hardener

E"smge’ 287 - 302% for 30 minutes followed by 9?0 minutes additional at 291 - 298%F
under vacuum

60 minutes at 248°F

307 - 350 OF, 60 psi, 2 1/2 hours, Carver Press

ot 64 1/2 hours at 392%F

‘.a:ner - 112 Volan A glass cloth Cleaning - Procedure |

Substrate -~ 174y PH Stainlass Steel Application = Hot melt

Qutgassed ~
Cure Assembly

hy
=Post Cure -



I NGIILCGENERAL PRIECISION, INC,

b3

L4 max hlEad %3 t‘i:!\"S'HH °

Lap-Shear Strength (Serfes 44-33)
s {spoxybuty)carborane ~ 33 phr G-50 Hardener

. Test Glue Line Failure Strength  Type of

,& YTempesature OF Thickness (in} psi Fatlure
“toes :« 75 .006 2120 Adh-Coh
cbirEa) 75% .004 2420 Adh-Coh
mer b 500 .00 440 Cohesive
wx hed 500* 006 1620 Adh-Coh
spe=ield 500 .005 410 Cohesive
bk Yy 75 006 2360 Cohesive
Bhe i 75% 005 2560 Adh~Coh
Fsey Ia8 500+ 006 121G Adh~Coh
I B 500 .006 340 Cohesive.,
M0 500+ .006 990 Coh-Ad

pnoam——

-reviitlan = 4,02 g, epoxy & 1.38 g. hardener

tsiesg, 280 - 291% for 50 minutes followed by 75 minures additional at 280 ~ 285%F
: uvnder vacuum
. “"J"f‘f*ﬁ =~ 40 minutes of 248%F
T #asmbly, 307 - 350 9F, 60 psi, 2 1/2 hours, Carver Press
S - &4 1/2 hours ot 3920F

< = $12 Volon A glass cloth
- 2e = 1747 PH Stainless Steel
ro = Frodedure |
o = Hot melt
< wlsageimens



HESEARCH CIHNTRR o SINGEHRLGIENERAL PRIEBCISION, ING

Lap-Shear Strength (Series 44-34)

Bis{epoxybutyl)carborane ~ 33 phr G =50 Hardener
t00 phr aluminum

Specimen Test Glue Line Failure Strength  Type of
Number Temperature OF Thickness (in} psi " Failure

A4- 34| 75 .0l4 2000 adhesive
44~ 342 " 75% - 740 adhesive
44~ 34-3 500 009 440 adh(coh)
44~ 344 5004 .010 1380 adhesive
44- 34-5 500 010 420 adh(coh)
44~ 346 75 Off 3020 “ adhesive
44~ 347 75% - 740 adhesive
44- 34-8 5004 0l 1250 adhesive
44~ 34-9 500 009 530 adhesive

44~ 34-10 5004 .OH 1180 adhesive

Composition = 3.0l g. epoxy and .02 g. hardener and 3.02 g. aluminum powder

B-stage, 277 - 280°% F for 50 minutes add aluminum powder over a 5 minute period,
heat for additional 65 minutes at 277 ~ 284%F under vacuum.
Qutgassed = 60 minutes ot 2480F
Cure Assembly, 307 - 350°F, 60&751 s 2 1/2 hours, Carver Press
xPost Cure - 216 hours af 392%

Carrier ~ 112 Volan A glass cloth
Substrate ~ 17-7 PH Stainless Steel
Cleaning - Procedure |
Application -~ Hot melt

Individua! specimens

A-34



Specimen
Number ;

44-35-|

44-35-2
44-35-3
44~35-4
44-35-5
44-35-4
44-35-7
44-35-8
44-35-9

44-35-10

RESEARCH CHNTRERR o Hi]'ll(il']l{-(:lGNEI{Ab PRIECISION, INC.

Lap~Shear Strength (Series 44-35)

Bis(epoxybutyl)carborane - 33  phr G-50 Hardener
100 phr aluminum

Test Glue Line Failure Si;\engfh Type of
Temperature %F Thickness (in) psi Faifure
75 010 2680 adh(coh)
75% - 1090 adhesive
500 .008 400 . adh{coh)
500+ .0t 1260 adhesive
500 012 520 " adhesive
75 .oll 2700 adh{coh
75% - H50 adhesive
5004 ol 1200 " adhesive
500 0l 770 cohesive -
500+ .0l 120 adhesive

Composition = 2,99 g. epoxy and L0l g, hardener and 3.02 g. aluminum powder

B-stage 280 - 288%F for 55 minutes, add aluminum powder over a 5 minute period,
hear for an additional 65 minutes at the same temperature under vacuum,
Outgassed - 60 minutes of 248°F,
Cure Assembly, 307 - 3500, 60 535?, 2 1/2 hours, Carver Press
xPost Cure -~ 120 hours ot 482°F,

Carrier ~ 112 Volan A glass cloth
Substrate - 17-7 PH Stainless Sieel

Cleaning ~ Procedure |
Application - Hot melt

Individual specimens



PLRSHRARCH CIHNTRRR o SINGEIR-GENERAL PRECISION. INC.

Lap=Shear Strength (Series 44-36)
Bis(epoxybuiyl)carborane - 83 phr G-50 Hardener

Specimen Test Glue Line Failure Strengih  Type of
_ Number Temperature F Thickness (in} . psi Failure
44-36-] 75 .006 1920 adh{coh)
44~36-2 75% .007 2060 adh-coh
44= 363 500 007 620 adhesive
44~ 364 5004 .005 {350 adh-coh
44~ 34-5 500 .006 620 adh(coh)
44= 366 75 006 2320 cohesive
44~ 36-7 7 5% 006 1960 adh-coh
44-36-8 5004 006 1340 adh(coh)
44-36-9 500 006 590 adhxcoh
44~ 36-10 5004 006 1 {360 adh-coh
%
Composition - 4.0l g. epoxy and 1.37 g. hardener - ’
B-stage, . 284% for 50 minutes followed by 70 minutes at 282 - 285 OF under vacuum.
Outgassed ~ 60 minutes at 248°F
Cure Assembly, 307 - 350%F, 60 psi, 2 1/2 hours, Carver Press
*Poct Cure - 116 hours at 392°F

Carrier - 112 Volan A glass cloth
Substrate - 17-7 PH Stainless Steel

Cleaning - Procedure |
Application = Hot melt
Individual specimens

A-36



RESBARCH CHNTER o SINUGRILGEBNERAL PRECISION, INC.

Lap-Shear Strength (Series 44-37)
Bis(epoxybutyl)carborane = 33 phr G-50 Hardener

Specimen Test Clue Line Fatlure Strength  Type of
Number Temperature OF Thickness (in} psi Failure
44 ~ 37 -} 75 .005 2540 cohesive
44-37-2 . 75% 006 2220 adh-coh
44~ 373 500 0l 30 - adh~coh
44374 500 .005 910 adh-coh
44=37-5 500 .0f2 240 cohesive
44-37-6 75 .008 2140 cohesive
44 37 7 . 75% 005 2420 adh-coh
44-37-8 5004 .005 1130 cohesive
44-37-9 500 .0i0 480 adh-coh
44 - 37-10 500% . 009 1100 cohesive
Composition = 3,99 g, epoxy and 138 g. hardener
B-stage, 285 = 287°F for 50 minutes followed by 70 minuies at 287 - 289%F under vacuum,
Outgassed - 60 minutes at 248°F ’
Cure Assembly, 3073 ‘50, 60 psi, 2 /2 hours, Carver Press

rPost Cure - 16 hours af 392°F

Carrier -~ 112 Volan A glass cloth
Substrate - 17-7 PH Stainless Steel
Cleaning - Procedure |
Application = Hot melt

Individual specimens

A=37
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RIESEARCH CIHNTEIRR e HEN(J"I!*H{-(H'}Nlﬂi{/\l; PRECISION, 1INC.

L.

Lap-Shear Strength (Series 44-38)
Bis(epoxybutyl)carborane « 50 phr G-50 Hardener

Specimen Test Glue Line Failure Strength  Type of
Number Temperature °F Thickness (in} psi Fatlure

' 44 38+ 75 .0l8 1210 adh(coh)
44~ 382 75% Ol 1500 adh(coh
44~ 38-3 500 Ol2 610 adh(coh)
44~ 38-4 5004 .0} 950 adh(coh)
44= 38-5 500 017 1150 cohesive
44« 38-4 broke in jaws
44~ 387 75% .PM 300 . cohesive
44~ 38-8 broke in jaws
44~ 38~9 500 .08 | (60 cohesive
44- 38-10 5005 009 320 cohesive

Composition = 3,98 g. epoxy and 1.98 g. hardener

B-stage , 271 - 280°F for 55 minutes followed by 70 minutes under vacuum at the same
temperarure '
Ouigassed ~ 60 minutes af 2480F
Cure Assembly, 307 - 350°F, 60 psi, 2 /2 hours, Carver Press
*Post Cure = 116 hours at 392°F

Carrier - 112 Volan A glass clot
Substrate - 17-7 PH Stainless Sieel
Cleaning - Procedure }
Application = Hot meit

Individual specimens

A-38



L EESEARCH CHKNTIER o SINGHR-GENIRAL PRECISION, INC.

Lap~Sheor Sirength (Series 44-39)

Bis(epoxybutyl)carborane = 33 phr  G-50 Hardener
100 phr Aluminum

Specimen Test Glue Line Faifure Strength  Type of
Number Temperature °F Thickness (in) psi Failure
4439~ 75 .007 3090 adh (coh)
44-39-2 754 006 240 adhesive
44-39-3 5004 .008 1860 coh(adh)
44«39-4 500« 007 1850 cohesive
447395 75% 006 2220 adh{coh}
44-39-6 75 0105 2120 adh-coh
44-39-7 75% L0065 1860 adhesive
H
44-39-8 500« .008 1060 adhesive
44-39-9 75 .006 3260 coh(adh)
44-39-{0 500% 007 [730 adh-coh
{
Composition = 2,99 g. epoxy and 0.98 g. hardener and 2.95 g. aluminum
B~stage, " 280 - 284°F for 55 minutes, add aluminum and heat at 280 ~ 284°F under vacuum
for 80 minutes additional.
Outgassed - 60 minutes at 248%F
Cure Assembly, 305 - 345 °F, 60 psi, 2 [/2 hours, Carver Press
*Post Cure - 64 hours at 392°F

Carrier ~ 112 heat cleaned glass cloth
Substrate ~ 17-7 PH Siqinless Steel
Cleaning - Procedure |

Applicarion - Hor melt

Individual specimens

A-3%



Specimen

Number

44 40~
44-40-2
44-40-3
442 404
44~ 40-5
44~ 40-6
44~ 40-7
44~ 40-8
44~ 40-9

44~ 4010

Composition ~

Brstoge

Outgassed =
Cure Assembly
Post Cure ~

RESEARCIH CENTER = SINGER-GENERAL PRECISION. ING.

Lap-Shear Strength (Series 44-40)

Bis(epoxybutyljcarborane = 33 phr  G-50 Hardener
50 phr Aluminum

Test Glue Line Failure Strength  Type of

Temperature OF Thickness (in) psi Failure
75 007 2960 adh{coh)
/5% 006 2340 adhesive
500« 006 1710 adh-coh
5004 007 2040 adh-coh
754 007 2300 adhesive
75 .006 3320 coh{adh)
75% 006 2360 adhesive
5004 .008 1070 adhesive
75 006 3200 coh-adh
5004 .008 1270 achesive

3.0l g. epoxy and 0,99 g. hardener and .49 g, aluminum

280 - 297 OF for 55 minutes, add aluminum and heat o 275 - 288 OF for
65 minutes additional

60 minutes aof 248°F

305 ~ 3450, 80 psi, 2 /2 hours, Carver Press

64 hours at 392°F

Carrier - 112 heat cieaned glass clorh
Substrate - 17-7 PH Stainless Sreel
Cleaning - Procedure |

Application - Hot melt

Individual specimens

A-40



Specimen

Number

44~ 4]-|
44~ 4}-2
44~ 41-3
44- 414
44-4]-5
4444
44- 417
44-41-8
44=-41-9

44- 41410

Composition -

B~stage

Outgassed -

RESEARCH CHENTER o SINGBR-GENBERAL PRECISION, INC.
i

Lap~Shear Strength (Series 44 -41)
Bis(epoxybutyl)carborane ~ 43 phr G-50 Hardener

Test Glue Line Failure Strength  Type of
Temperature F Thickness (in) psi Failure
75 .006 3220 adh-coh
75% .006 2520 adh(coh )
500« .008 990 adhesive
500« .007 790 adhesive
75% 007 2340 _ adh(coh)
75 .007 3040 cohled)
75% .008 2040 adhesive
500+ .009 160 ~ adh(coh)
75 .010 2100 adh(coh)
5004 .009 1480 adh{coh)

2.99 g. epoxy and [.28 hardener

273 - 275% for 30 minutes followed by 55 minutes additional at 275 - 2930
under vacuum. ‘
60 minutes at 248%F

Cure Assembly 305 - 345%, 60 psi, 2 1/2 hours, Carver Press

*Post Cure -

64 hours ar 392%

Carrier ~ 112 heat cleaned glass cloth
Substrate - 17-7 PH Stainless Steel, 0.05 in.
Cleaning ~ Procedure |

Application - Hot melt

Individual specimens

A-41



RESEARCH CUNTIVR o SINGHR-GENERAL PRECISION, INC.

44-42)

Bis(epoxybutyl)carborane - 33 phr G-50 Hardener
50 phr Aluminum

Lap-Shear Strength (Series

Specimen Test Glue Line Failure Strength  Type of

Number Temperature OF Thickness {in) psi Failure

44 A2 ] 75 010 ‘ 2780 adh-coh
t4e 22 75% .008 1600 adhesive
44~ 42-3 500« .007 1780 adh(coh)
44~ 424 500« .008 2180 adhesive
44w £9 .5 /75% 007 240 adhesive
44 £D oty 75 010 2480 cohesive
44— 597 75% 007 1560 adhesive
44 - {Q ~8 5004 006 {200 adhesive
44~ £2-9 75 009 2960 cohesive
44~ 2210 500 ) 007 i410 adhesive

Composition = 2,99 g. epoxy and (.99 g. hardener and 1.5} g. aluminum

B-stoge,

Ouroassed ~

60 minutes at 248F, 60 psi, 2 1/2 hours, Carver Press

Cure Assembly, 305 - 345%, &0 psi, 2 1/2 hours

298 - 302% for 55 minutes, add aluminum, heat for 60 minutes additional at 275 ~
+ 293% under vacuum

sPosi Cure = 4 hours at 500°F,
Carrizr - 112 heat'cleaned glass cloth
Substrate - 17-7 PH Srainless Steel
Cleansing - Procedure I

Application - Hot melt

individual specimens

A2



RESBARCI CHNTHR  © SINGER-GENERAL PRECISION, INC.

Lap-Shear Strength (Serles  44-43)

Bis(epoxybutyl)carborane ~ 33  phr G50 Hardener
100 phr Aluminum

Specimen Test Glue Line Failure Strength  Type of
Number Temperature °F Thickness (in) psi Failure

44-43-] 75 - .009 2700 odh~coh
44-43-2 75 .008 600 adhesive
44-43-3 5004 009 i250 adhesive
44~43-4 5004 008 1810 adhesive
44-43-5 75% .009 1780 adhesive
44 - A3~ 75 ' 002 1640 adh=-coh
44~ 437 75% -.009 1180 | adhesive
44-43-8 500+ 009 [020 adhesive
44~ 43‘ -2 75 .00% 3040 coh(adh)
44-43.10 500% 009 108G adhesive

Composition = 3,00 g. epoxy and 1,00 g. hardener and 2,99 g. aluminum
B-stage | 293%F for 55 minutes, add aluminum, heat at 293% under vacuum for 60 minutes

Ovutgassed ~ 60 minutes at 248°F
Cure Ass.em'bly, 305 - 3450F, 60 psi, 2 1/2 hours,
% Post Cure - 4 hours af 500%

Carrfer - 112 heat cleaned glass cloth ’
Substrate ~ 17-7 PH Stainless Sreel

Cleaning - Procedure |

Application - Hot melf

fndividua! specimens

T~
A
2



RESEARCH CENTER -« SINGER~-GENERAL PRECISION, INC.
Lap~Shear Strength (Series 44-44)

Rislepoxybutyl)carborane — 33 phr G-50 Hardener
50 phr Aluminum

Specimen Test Glue Line Failure Strength Type of
Number j‘emperafure °F Thickness (in) Dsi ) Failure
4444-1 75 0.005 2700 adh - coh
ji4~44-2 75% 0.007 1840 adhesive
44-44-3 500+ 0.006 2020 adh = coh
44-44-4 500% 0.007 1630 adhesive
44-44~5 75% 0.007 1550 adhesive
44-44~6 75 0.006 2460 cohesive
A44-44-7 75% . 0.007 1790 adh ~ coh
44-44-8 500% 0.007 2080 adh - coh
44-44-9 75 l 0.006 2880 cohesive

44-44-10 500~ 0.005 1440 adhesive

Composition = 2.%% ¢ epoxy + 0.98 g hardensr + 1.49g aluminum
B-Stage, 284°F for ¢\ minutes, add aluminum, hedt ot 280°F for addifional 70 minutes under vacuum

Ouigassed ~ 60 minytes ot 248°F

Cure Assembly, 305 « 245°F, 40 psi, 2 1/2 hours, Carver Press
Post Cure* — 4 houys gt 482°F

Carrier ~ 112 heat ¢leaned glass cloth

Substrate — 17-7 Pl{ Stainless Steel

Cleaning ~ Procedure |
Application - Hot nuels
Individual specimeng

A-44



RESEARCH CENTER -~ SINGER-GEMNERAL FRECISION, INC.

Lap-Shear Strength (Series 44-45)

Bis{epoxybutyl)carborane — 33 phr G-50 Hardener
* 50 phr £luminum

Specimen Test o Glue Line Failure Strength
Number Tempeiature F Thickness {in) psi Type of Failure

44451 75 0.006 2550 adh - coh
44-45~2 75*% 0.:006 1560 adh - coh
44-45-3 500* 0.007 1330 adhesive
44~45-4 500* 0.006 1710 adhesive
44-45-5 75% 0.006 1470 adhesive
44-45-6 75 0.006 2380 adh - coh
44-45-7 75% 0.006 1180 adhesive
44-45-8 500* 0.007 1220 adhesive
44-45-9 75 0.006 2620 adh ~ coh
44-45-10 500* 0.006 1130 adhesive

l

Composition — 2.99 g epoxy +0.%98g hardener +1.49g aluminum

B-Siage, 284°F for 60 minutes, add aluminum, heat for 60 minutes af 284°F under vacuum
Outgassed — 60 minutes at 248°F !

Cure Assembly, 305 - 3450F, 0 psi, 21/2 houli's, Carver Press

Post Cure® — 4 hours ar 482°F i

Carrier —. 112 heat cleaned glass cloth

Substrate — 17-7 PH Stainless Steel

Cleaning:  procedure 1li
Application’ - Hot melt

Individual specimens
{
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RESEARCH CENTER = SINGER-GENZRAL PRECISION, INC.

Lup-Shéur Strength (Seriex 44-46)
~Bis(epoxybutyl)carborane « 33 phs G50 Hardener

P 7 50 phw Aluminum
Specimen Test Glue Line Failure Strength
Number Temperature % Thickness (in) ) psi Type of Failure

44-44-1 75 0.005 2700 adh - coh
44-46-2 75* 0.006 2000 adhesive
44-46-3 500* 0.007 1640 adhesive
44~48-4 500¢ 0.005 1620 adhesive
44~46-5 75% 0.005 1930 adhesive
444G 75 . 0.005 3180 cohesive
44~46-7 - 75% 0.005 1830 adhesive
444468 500 0.007 1000 adhesive
44-46-9 75 G.006 3240 cohesive
44-46-10 500" 0.005 1060 adhesive

Composition ~— 2.99 g epoxy + 0.98g hardener + 1 .49g aluminum

B-Stage, 284°F for &0 minutes, add aluminum, heatr for additional 60 minutes under

vacuum af 284°F
Outgassed — 60 minutes at 248°F
Cure Assembly, 305 - 345%F, 60 psi, 2 1,/2 hours, Carver Press
Post Cure® — 4 hours ar 482°F
Carrier — 112 heat cleaned glass cloth
Substrate — 17-7 PH Stainless Stee)
Cleaning~ Procedure |
Application - Hot melt

Individual specimens



Specimen

Number

44-47-1
44-47-2
44~47-3
44-47-4
44475
44-47-6
44-47-7
44-47-8
44-47-9
44-47-10

]

RESEARCH CENTER — SINGER-G;ENERAL PRECISION, INC.

Lap-Shear Sirength (Series 44-47)

Bis(epoxybutyl)catborane ~ 50 phr G~50 Hardener
50 phr Aluminum

Test Glue Line Failure Stréngth .
Temperature F Thickness (in) psi Type of Failure
75 0.007 2740 coh - adh
75% 0.007 2160 adhesive

500* 0.006 1000 adhesive
500* 0.006 1060 adh - coh
75% 0.007 1900 adhesive
75 0.006 2260 cdhesive
75% 0.007 2040 adh - coh
500* 0.005 1200 coh ~ coh
75 01.007 3200 coh - adh
500* 0.006 950 adhesive

Composition — 4.00 g epoxy + 1.99 g hardener + 1.99 g aluminum

B-Stage, 248°F for 60 minutes, add aluminum, becf for 40 minutes at 284°F under vacuum
Ovutgassed — 60 minuies af 248°F

Cure Assembly, 305 ~ 3’_450F, 40 psi, 2 1/2 hours, Carver Press
Post Cure* — 4 hours of 482°F

Carrier — 112 heat cleaned glass cloth

Substrate -~ 17-7 PH Stainless Steel

Cleaning = Piocedure |

Applicarion - Hot melt

Individua! specimens
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Lap-Shear Strength (Series 44-52 )

" Bis(epoxybutyl)carborane ~ 33 phr G~50 Hardener
50 phr ‘Afuminum

Specimen Test Glue Line Failure Sirength Type of
Number Temperature “F Thickness (in) psi Failure
44-52-1 75 .004 1830 Adh - Coh
44-52-2 75% .005 1400 Adhesive
44~52-3 500" .006 1090 Adhesive
44-52-4 500* .007 1140 Adhesive
44-52-5 75* .005 1780 Adhesive
44-52-4 75 . 005 2440 Adh ~ Coh
44-52-7 75% .005 1520 Adhesive
44-52-8 500* .006 1320 Adhesive
44-52-9 75 .004 2850 Adh - Coh
44-52-10 5024 .006 1420 Adnesive

Comsposiﬁon - 3,00 g epoxy + 1.00 g hardener + 1.50 g aluminum

B~siage , 270 - 289°F for 60 minutes , add aluminum, heat at 282 - 202°F for 60 minutes additional
vnder vacuum,

Qutgassed ~ 60 minutes at 248°F

Cure Assembly, 302 - 351°F, 60 psi, 2-1/2 hours, Carver Press
*Post Cure - 4 hours at 482°F

Carrier ~ 112 heat cleaned glass cloth

Substrate - 17-7 PH Siainless Sieel

Cleaning - Procedure |

From Partially Machined Panels

Application - Hol melt

!
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Lap-Shear Strength (Series 44-53)

Bis(epoxybutyl)carborane ~ 33 phr G50 Hardener
50 phr Aluminum

Specimen Test Glue Line Failure Strength Type of
Number Temperature °F Thickness (in) psi Failure
44-53-1 75 .004 2800 Adh - Coh
44-53-2 75% .005 1640 Adhesive
44-53-3 500+ .008 1840 Adhesive
44-53~4 500% .007 2100 Adhesive '
44-53-5 75% .005 1820 Adhesive
44-53-6 75 .004 2880 Adh - Coh
44-53-7 75* .005 1780 Adhesive
44-53-8 500" .008 1510 Adhesive
44-53-9 75 .004 2640 Adh-Coh
44-53-10 5007 .007 1210 Adhesive

Composition - 2.99 g epoxy + 1.00 g hardener + 1.51 g aluminum

B-stage , 275 - 287°F for 60 minutes , add aluminum, heat at 284 - 302°F for 70 minutes additional
under vacuum,

Qutgassed - 60 minutes at 248°F

Cure Assembly, 302 - 351°F, 60 psi, 2-1/2 hours, Carver Press
*Post Cure - 4 hours at 482°F

Carrier - 112 heat cleaned glass cloth

Substracte ~ 17-7 PH Stainless Steel

Cleaning - Procedure |

From Completely Machined Panels

Application - Hot melt
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Lap-Shear Strength (Serj’es 44-54)

Bis(epoxybutyi)carborane - 33 phr G-50 Hardener
50 phr Aluminum

Specimen Test o Glue Line Failure Strength Type of
Number Temperature F Thickness (in} psi Failure
44-54~1 75 005 2480 - Adh - Coh
44-54-2 75% .005 1500 Adhesive
44-54-3 500*% ) .007 2000 Adhesive
44-54-4 500* 007 310 Adhesive
44-54-5 75% .006 1510 Adhesive
44-54-6 75 005 2560 Adh ~ Coh
44-54-7 75* .005 1490 Adhesive
44-54-8 500% .007 1670 Adhesive
44-54-9 75 .005 2580 . Adh -~ Coh

44-54-10 500* .008 1440 Adhesive

Composition - 3.00 g epoxy +1.00 g hardener + 1,51 g aluminum

B~stage, 277 - 291°F for 60 minutes, add aluminum, heat at 275 - 293°F {or 60 minutes additional
under vacuum,

Outgassed ~ 60 minutes at 248°F

Cure Assembly, 302 - 351°F, 60 psi, 2-1/2 hours, Carver Press
*Post Cure - 4 hours at 482°F

Carrier - 112 heat cleaned glass cloth
Substiate - 17-7 PH Stainless Steel
Cleaning - Procedure | '

From Pariiatly Machined Panels Wiih Saw Cuts

Application - Hot melt
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RESEARCH CENTKR ¢ SINGER-GENERAL PRECISION, INC.

Lap-Shear Strength (Series 44-55)

Bis(epoxybutyl)carborane ~ 33 phr G-50 Hardener
50 phr Alursinum

Specimen Test ) Glue Line Failure Strength

Number Temperature °F Thickness (in) psi Type of Failure
44-55-1 75 005 3380 Cohesive
44-55-2 75* .005 2300 Adh (Coh}
44-55-3 500* .006 2040 Adh~Coh
44-55-4 500* .006 2200 Adh-Coh
44-55-5 75% .006 2180 Adh(Coh)
44-55-6 75 .005 2720 Cohesive
44-55-7 75% .005 2220 Adh(Cah)
44~55-8 500* .005 2280 Ceh~Adh
44~55-% 75 004 2600 . Cohesive
44~55-10 500* .005 2080 Coh~Adh

}
Composition = 3.01g epoxy +'1.0lg hardener + 1,49 aluminum

B-Stage, 280 - 300°F for 60 minutes, add aluminum, heat at 275-298°F for 60 minutes
addiiional under vacuum

’Oufgqssed ~ 60 minutes ot 248°F '%
Cure Assembly, 302 - 351°F, 40 psi, 21/2 hou;'.s, Carvar Prass
* Post Cure -4 hours at 470°F,grovify convection oven

Carrier = 112 heat cleaned glass cloth, prefreated at ~338°F
Substrate: 177 PH Stainiess Steel

Cleaning: Procedure H

From completely machined panels

Application = Hor mels
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RESEARCH CENTER e SINGER-GENERAL PRECISION, INC.

Lap~Shear Strength (Series 44-56)

Bis(epoxybutyl)carborane - 33 phr G50 Hardener
50 phr Aluminum

e

s

. Specimen Test Glue Line Failure Strength
Number  Temperature °F  Thickness (in) psi Type of Failure
44-56-1 75 .006 2600 Coh~Adh
44-56-2 75% .005 1480 Adhesive
44-56~3 500* .004 1500 Adhesive
44-56~4 500 .005 1560 Adhesive
44~56-5 75* .006 1260 Adhesive
44..56-6 75 .005 2520 Coh-Adh
44-56-7 75*% .005 1080 Adhesive
44~56~8 500 .005 1580 Adhesive
44~56-9 75 005 2680 Cohesi ve
44-56~10 500 .G05 1480 Adhesive

Composition ~ 3.02g epoxy + 0.99 hardener + 1.47 aluminum

B-Stage, 266 - 300°F for 60 minutes, add aiuminum, heat of 275 - 293°F for 60 minutes
- under vacuum

Qutgassed - 60 minutes of 248°F

Cure Assembly, 302 - 351°F, 60 psi, 2 1/2 hours, Carver Press
- * Post Cure - 4 hours af 4700!-', gravity convection oven

Carrier ~ 112 heat cleaned glass cloth, pretreaied af ~ 338°F

Substrate - 177 PH Stainless Steel

Cleaning = Procedure |

From completely machined panels

Application - Ho! melt
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RIESHARCH CENTBR o SINGER-GENSRAL PRECISION, INC
Lap-Shear Strength (Series 44-57)

Bis(epoxybutyl)carborane ~ 33 phr G-50 Hardener
50 phr Aluminum

Test Glue Line Failure Strength

Specimen

Number Temperature ¢ Thickness (in) psi " Type of Failure
44-57 1 75 .005 2660 Cohesive
44=57-2 75* .006 2000 Adh (Coh)
44-57-3 500* .006 1890 Adh-Coh
44-57-4 500* .005 1700 Adhesive
44-57-5 75% .006 2080 Adh (Coh}
44-57~-6 75 .005 2760 Cohesive
44577 75+ .006 1920 Adh (Coh)
44~57-8 500 .006 1780 Adhesive
44-57-9 75 .005 2900 Cohesive
A44-57-10 500 .006 | 1540 Adhesive

Composition - 3.02g epoxy + 0.9%9g hardener + 1.50g aluminum
B~Stage, 273 - 293°F for 40 minutes, add aluminum, heai af 275 - 293°F for 75 minutes

additional under vacuum

Quigassed - 60 minutes at 248°F
Cure Assembly, 302 - 351°F, 60 psi, 2 1/2 hours, Carver Press

%Post Cure -4 hours af 470°F, gravily convection oven

Carrier = 112 heat cleaned glass cloth, pretrected at ~ 338°F
Substrate = 177 PH Stainless Steel

Cleaning ~ Procedure [i

From completely machined panels

Application - Hot melr

A-53



RESEARCH CENTER » SINGHEHR-GENERAL PRECISION, 1INC.

Lap=Shear Strength (Series 44-58)

Bis(epoxybutyl)carborane ~ 33 phr G50 Hardener
50 phr Aluminum

Specimen Test Glue Line Failure Strength
Number Temperarure F Thickness (in) psi Type of Failure

44-58-1 75 .005 3280 Cohesive
44-58-2 757 .006 1440 Adhesive
44~58-3 500” .005 19200 Adhesive
44-58-4 500% .006 1720 Adhesive
44-58-5 75% .005 1280 Adhesive
44-58-6 75 .005 2600 Cohesive
44-53-7 75% .005 1600 Adhesive
44-58-8 500* 005 990 Adhesive
44-58-9 75 .005 2550 Cohesive
44-58-10 500* .006 1120 Adhesive

Compeosition -« 3.01g epoxy + 1.01g hardener + 1.52g aluminum

B-Stage, 271 - 287°F for 60 minutes, add aluminum, heat of 275 ~ 293°F for 60 minutes
under vacuum '

Outgassed ~ 60 minufes ai 248°F '

Cure Assembly, 302 - 351°F, 60 pst , 2 1/2 hours, Carver Press
* Post Cure -4 hours at 470°F, gravity convection oven

Carrier = 112 heat clecned glass cloth, pretreated at ~338°F

Substrate - 17-7 PH Stainless Steel

Cleaning - Prqcedure {

From completely, machined panels

Appl?caﬁon - Hot melr
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RESIEARCH CENTER

Lap~Shear Srrengih (Series 44-59)

Bis{(epoxybuty!)carborane = 33 phr G-50 Hardener
50 pht Aluminum

SINGER-GENERAL PRECISION, INC.

Specimen Test Glue Line Failure Strength
Number Temperature °F Thickness (in) psi Type of Failure

44-59-1 75 .005 3010 Cohesive
44-59-2 75% .005 2400 - Adh~Coh
44-59~3 500% .005 2320 Cohaesive
44-59-4 500* .005 2240 Cohesive
44595 75*% .005. 2240 Adh-Coh
44-59-6 75 .006 3100 Cohesive
44597 75* 004 2300 Adh-Ceh
44~59-8 500*% .005 1920 Coh (Adh)
442595 75 .005 2950 Cohesive
44-59-10 500* .005 1720 Coh (Adhk)

Composition ~ 3.00g epoxy + 1.00g hardener +1.51 aluminum
B-Stage, 275 - 287°F for 60 minutes, add aluminum, heat at 293 - 298°F for 60

minutes additional under vocuum

Qutgassed = 60 minutes af 248°F

Cure Assembly, 302 - 351 OF, 60 psi, 2 1/2 hours, Carver Press

= Post Cure ~ 4 hours af 470° F, gravity convection oven

Carrier - 112 heat cleaned glass cloth, pretreated at ~ 338°F

Cleaning: Procedurs il

From completely machined panels
Subsrrate: 17/7 PH Sicinless Steal
Application ~ Hot melt
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RESBARCH CENTER ¢ SINGER-GRENIRAL PIRECISION, INC.

Lap-Shear Strength (Series 44~60)

Bis(epoxybutyl)carborane «~ 33 phr G50 Hardener
50 phr Aluminum

Specimen Test o Glue Line Failure Strength
Number  Temperature F Thickness (in) psi Type of Failure

44-60-1 75 006 2770 Cohesive
44-60-2 75% 006 2340 Adh-Coh
44-60-3 500% . 005 2000 Coh (Adh)
44-60-4 500 .005 2120 Coh (Adh)
44-60-5 75 005 2160 ‘Adh {Cch)
44=60-6 75 005 2520 Cohesive
44-60~7 75 .005 24460 ' Adh-Coh
44~80-8 500+ 005 1470 Coh (Adh)
44-60-9 75 005 | 2550 Cohesive
44-60~10 500% .005 1470 Coh {Adh)

Composition - 3.01g epoxy + 0.99g hardener + 1/4%9g alumirum

B-Stage, 275 ~ 293°F for 60 minutes, add aluminum, heat at 293 - 298°F for 60 minutes
additional under vacuum

Oulgassed - 60 minutes of 248°F
Cure Assembly, 302 - 351 °F, 60 psi, 2 1/2 hours, Carwver Press
* Post Cure = 4 hours ot 470°F, gravity eonvection oven
Carrier - 112 heat cleaned glass cloth, pretreated at ~ 338°F
Substrate ~ 17-7 PH Stainless Steel
Cleaning - Procedure [
From completely machined paneis

Application - Hot melt
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Specimen

Number

44611
44612
44-61-3
44614
44615
44616
44617
44618
44619
446110

Test

Temperature °F

RESEARCH CENTER

Glue Line
Thickness (in)

75
75%
500%
500%
75%
75
75%
500%
75
500%

005
006
007
005
005
006
006

Lap~Shear Strengih (Series 44-61)

Bis(epoxybui'yi)carbor‘ane - 33 phr G-50 Hardener
50 phr Aluminum

Failure Strengih

psi

2540
2240
2340
2000
2080
2820
2280
1840
2710
1860

Composition =~ 3.00g. epoxy + 1,00g. hardener + 152g. aluminum
B-stage, 289-298% for 60 minutes, add aiummum, heat at 277-293% for 60 minutes

additional under vacuum,
Outgassed - 60 minutes ot 248°F
Cure Assembly, 302-351%F, 60 psi, 21/2 houss, Carver Press
Post Cure =4 hours at 460i20F, gravity convection oven
Carrier ~ 112 heat cleaned glass cloth, pretreated at ~338%F
Substrate = 177 PH stainless sieel

Cleaning = MEK, FProcedure |i

From completely machined panels

Application = Hot melt

SINGER-GENERAL PRECISION, INC.

Type of

Foilure

Cohesive
Cohesive
Cohesive
Coh (Adh)
Cohesive
Cohesive
Cohesive
Coh {Adh)
Cohesive
Coh (Adh)
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RESEARCII CENTER ¢ SINGER-GENERAL PRECISION, INC.

Lap-Shear Sirength (Series 44-62)

Bis(epoxybutyl)carborane - 33 phr G-50 Hardener
50 phr Aluminum

Specimen _ " Test Glue Line Failure Strength Type of
Number Tempercture F Thickness (in) psi Failure
4452 ] 75 005 2480 Cohesive
44522 75% 005 2240 Cohesive
44523 500* 004 2440 Coh-Adh
44624 500% 005 2350 Coh (Adh)
4462 -5 75% 005 2160 Cohesive
44626 75 005 - 3220 Cohesive
A4 =62 <7 75% 005 2300 Cohesive
44-52-8 500* .00é 1930 Cohasive
44529 75 .006 2520 Cohesive
44-62-10 - 500* 005 2050 Cohesive

Composition - 3,01g. epoxy + 0,99g, hardener + 1.50g. afuminum

B-stage, 289-302°F for 60 minutes, add aluminum, heat at 266-293%F for 60 minutes
additional under vacuum,

Outgassed - 60 minutes ar 248°F

Cure Assembly, 302-351°F, 60 psi, 21/2 hours, Carver Press
* Post Cure - 4 hours at 460 iQGF, gravity convection oven

Carrier = 112 heai cleaned glass cloth, pretreated at ~7500F

Substrate = 17-7 PH stainless steel

Cleaning = MEK, Procedure il

From completely machined panels

Application = Hot melt
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RESEARCH CENTER

Specimen Test
Number Temperature OF
44631 75
44632 75%
44633 500%
44634 500%
44635 75%
44 =53 G 75
44537 75%
44-63~8 500*
44-63-9 75
44-63-10 500%

1~

i

SINGER-GENERAL PRECISION, INC.

Lap~Shear Sirengih (Series 44-63)

Bis(epoxybui yl)carborane ~ 33 phr G-50 Hardener
50 phr Aluminum -

Glue Line Fatlure Strength

Thickness (in) psi
006 3040
007 860
007 430
007 240
.008 720
L0086 3030
008 380
006 800
006 2800
007 210

Composition ~3.01g. epoxy + 0.99g, hardener + 1.51g. aluminum

B-stage, 271-293%F for 60 minutes, add aiuminum, heat ai 275-289%F

for 60 minutes addifional under vacuum

Outgassed = 60 minutes at 2480F

Cure Assembly =302-351%, 60 psi,‘21/2 houts, Carver Press

* Post Cure = 4 hours ot 392% followed by 4 hours at 505-520%, forced draft oven

Carrier = 112 heat cleaned glass cloth, pretreated at 750%F

Substrate = 17-7 PH stainless steel, 0.063 in,

Cleaning -~ MEK, Procedure i}

Individual specimens

Application - Hot melt

Type of

Fatlure

Cohesive
Adhesive
Adhesive
Adhesive
Adhesive
Cohaesive
Adhesive
Adhesive

Cohesive

Adhesive
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RESEARCIH CENTER e SINGER-GENBERAL PPRIEECISION, INC

Lap~Shear Strength (Series 44-64)

Bis{epoxybutyl}carborans = 33 phr G-50 Hardener
50 phr Aluminum

+

Specimen Test Glue Line Failure Strength Type of
Number Temparature °F Thickness (in) psi Failure
44 w4 ] 75 .008 2900 Cohesive
44642 75% 009 750 Adhesive
44-64-3 500% 007 3860 Adhesive
44644 500% .007 ) 390 Adhesive
44645 75% 008 1100 Adhesive
44646 75 .008 2520 Cohesive
44 =64 ~7 75% .008 1130 Adhesive
44648 500% 006 930 Adhesive
44549 75 .007 2960 Cohesive
44 -54={0 500% 007 950 ) Adhesive

Composition = 2,999, epoxy + 0,99g, hardener + 1.50g. hardener

B-stage, 264-288% for 60 minutes, add aluminum, heat af 287-293%F
for 60 minutes additional under vacuum :

Outgassed - 60 minutes at 248°F

Cure Assembly, 302-851°F, 60 psi, 2/2 hours, Carver Press
* Post Cure ~ 4 hours at 505-520°F, forced draft oven

Carrier = 112 heat cleaned glass cloth, pretreated ot 750%

Substraie - 17-7 PH stainless sieel, 0.063 in

Cleaning - MEK, Procedure {1

individual specimens

Application - Hnt melt



! RESEARCH CENTER ¢« SINGER-GENERAL PRECISION, INC

Lap~Shear Strength (Serfes 44-65)
Bis(epoxybutyl}carborane - 33 phr G~50 Hardener

- 50 phr Aluminum
v
/_,/

Specimen , Test Glue Line Fatlure Strength Type of
Number Temperature OF Thickness (in) psi Failure
44~65-] 75 .008 2940 Cohesive
44-65-2 75% 007 1670 Adhesive

44 -55-3 500% .008 1400 Coh=Adh
44-65-4 500% 009 1470 Adh(Coh)
44-65-5 75% .008 1620 Adhesive
44-65-6 75 .00% 2280 Cohesive
44657 75% 010 2160 Adh{Coh)
44-65-8 500% 009 2020 Adh(Coh)
44-65-5 75 006 2880 Cohesive
445510 500% .008 1480 Adhesive

Composttion - 2,999, epoxy + 1.01g, hardener + 1.50g, aluminum

B-stage, 266-294°F for 60 minutes, add aluminum, heat ot 293-298%
for 60 minutes under vacuum

Outgassed ~ 60 minutes at 248%F

Cure Assembly, 302-351%F, 60 psi, 21/2 hours, Carver Press
* Post Cure =~ 4 hours of 453-467%, forced draft oven

Carrier = 112 heat cleaned glass cloth, pretrected af 750%

Substrate - 17~7 PH stainiess steel, 0,063 in.

Cleaning = MEK, Procedure 1!

individually assembled specimens

Application - Hot melt
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RESEARCH CENTER - SING7KP»-GENERAL PRECISION, INC.

Lap~Shear Strength {Series 44-66)

Bis(epoxybutyi)carborane ~ 33 phr G ~50 Hardener
50 phr Aluminum

Specimen Test Glue Line Failure Strength Type of

Number Temperature F Thickness (in) psi ) Failure

4466-1 75 006 2600 Cohesive
44662 75% .008 2780 Adh~Coh
44-66-3 500* 009 1450 Adh-Coh'
44664 500% .008 1650 - Adh=Coh
44~66-5 75% 008 2460 Adh -Coh
44~66-6 75 ,006 3640 Cohesive
44567 ‘ 75% 007 2660 + Adh~Coh
44.66-8 500% 007 2080 Coh-Adh
44-66-9 75 007 2540 Cohesive
446610 500% .008 | 1710 Adh-Coh

Composition =~ 3,01g, epoxy + 1.00g, hardener + 1,50y, aluminum

B-stage, 269-307% for 60 minutes, add aluminum, heat at 284-3020F
for 60 minutes additional under vacuum

Outgossed = 60 minutes at 248°F

Cure Assembly, 302-351%F, 60 psi, 21/2 hours, Carver Press
* Post Cure = 4 hours at 458-462%F, gravity convection oven

Carrier - 112 heat cleaned glass cloth, pretreated ot 7500F

Subsfraie = 177 PH stainless steel, 0,063 in,

Cleaning - MEK, Procedure il

Individually Assembled Specimens

Application - Hot melt



RESIEARCIH CENTER ¢ SINGER-GIENERAL PRECISION. INC.

Lap=Shear Strength (Series 44-67)

Bis(epoxybuiyl)carborans ~ 33 phr G =50 Hardener
50 phr Aluminum

Specimen Test Glue Line Fatlure Strength Type of
Number Temperature F Thickness (in) psi Failure
4467 =1 75 008 2730 Cohesive
44 <467 =2 75% .008 2180 Adh(Coh)
4457 =3 500% ,008 1540 Adh(Coh)
444674 500% 007 1680 Adh{Coh)
44-87-5 75% .008 1740 Adhesive
44675 75 007 3660 Cohesive
4447 =7 75% 010 1680 Adhesive
344-67—8 500% .008 1300 Adhesive
44567 =9 75 .008 3200 Cohesive
4467 =10 500% .008 2000 Adh{Coh)

Composiiion = 3.00g. epoxy + 1,00g. hardener + 150g. aluminum

B-stage, 293-302%F for 60 minutes, add aluminum, heat at 280-293°F
for 60 minufes under vacuum

Qutgassed = 60 minutes ot 248%F

Cure As;embiy, 302-351%, 60 psi, 21/2 hours, Carver Press
* Post Cure -4 hours af 453-467%, forced draft oven

Carrier - 112 heat cleaned glass cloth, preireaiment at 750%

Substrate = 17-7 PH stainless steel, 0,063 in,

Cleaning =~ MEK, benzene, Proceduie I

Individually assembled specimens

Application - Hor melt

A A2


http:Applicat.on

A-64

RESEARCI CENTER ¢ SINGER-GENERAL PRECISION, INC.

Lap~Shear Strength (Series 44 -68)

Bis(epoxybutyl)carborane = 33 phr G-50 Hardener
50 phr Alumirum

Specimen Test Glue Line Failure Strength Type of

Number Temperature OF Thickness (in) psi Failure

44-68-1 75 .008 2940 Cohesive
44682 75% ,008 2640 Adh({Coh)
44-68~3 500% - .008 1970 Coh (Adh)
44684 500% 007 2310 Cohesive
44 585 75% 007 2720 Ach~Coh
44684 75 007 2380 Cohesive
44 -68=7 75% 008 2460 Adh~Coh
44-568=8 500* 008 2150 Cohesive
44 -89 75 .008 2660 Cohesive
44-68-10 500% 008 2010 Cohesive

Composition - 3.00g. epoxy + 1,00g. hardener + 1,50g, aluminum

B-stage, 276+-298% for 60 minutes, add aluminum, heat at 284-294%F ’
{or 60 minutes under vacuum

Qutgassed = 60 minutes at 248°%F

Cure Assembly, 302-351%F, 60 psi, 2]/2 hours, Carver Press
* Post Cure ~ 4 hours at 458~462%, gravity convection oven

Carrier - 112 heat cleaned glass cloth, pretreated ot 750F

Substrate ~ 177 PH siainless steel, 0,063 in,

Cleaning - MEK, benzene, Procedure !

Individuaily assembied specimens

Application - Hot melt
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Bis(epoxybutyl)carborane - 33 phr G-50 Hardener
50 phr Aluminum

Lap~Shear Strengih (Series 44-69)

Specimen Test Glue Line Fatlure Strength Type of
Number Temperature °F Thickness (in) psi Failure
44 ~69~1 75 0.009 3080 cohesive
4469 -2 75% 0.008 2780 adhesive
44693 500% 0.008 2140 cohesive
44694 500% 0,008 1700 cohesive
44595 75% 0.00% 2600 adhesive
44 -69-6 75 0.008 3080 cohesive
44497 75% 0.009 2300 adhesive
44-69-8 500% 0.009 2120 coh {adh)
4459~9 75 0.009 2920 cohesive
44-69-10 500% 0.008 2080

Composition - 3.01g. epoxy + 1.01g. hardener + 1.49g. aluminum
B-stage, 296-302°F for 60 minutes, add aluminum, heat at 287-293°F for 60 minutes under

vacuum

Qutgassed - 60 minutes at 248°F

Cure Assembly, 302-351°F, 60 psi, 21/2 hours, Carver Press

* Post Cure ~ 4 hours af 468-472°F, gravity convection oven

Carrier - 112 heat cleaned glass cloth; pretreated at 750°F

Substrate =~ 17~7 PH Stainless Steel, 0.063 in,

Cleaning - Procedure |}

Individual Soecimens

Application - Hot melr

coh (adh)
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Lap~Shear Strength (Serfes 44-70)

Bis(epoxybutyl)carborane ~ 33 phr G-50 Hardener
50 phr Aluminum

Specimen Test Giue Line Fatlure Strenght  Type of
Number + Temperature °F Thickness {in) psi Failure
44-70-1 75 0.008 2870 cohesive
44-70~2 75% 0.008 2420 adhesive
44-70+3 500% 0.008 1620 adh {coh)
44704 500% 0.008 ) 2210 coh {adh)
44705 75% 0.008 2360 adhesive
44705 75 0.008 3280 cohesive
44-70~7 ) 75% 0.009 2340 achesive
44-70~8 500% 0.007 1940 cohesive
44-70-9 75 0.008 3480 cohesive
44~70-10 500%* 0.008 2210 cohesive

Composition - 3.00g. epoxy + 1.00g. hardener + 1.50g. aluminum

B~stage, 258-293°F for 60 minutes, add aiuminum, heat at 275-302°F for 60 minutes under
vacuum, ! ’

Qutgassed =~ 60 minutes at 248°F
Cure Assembly, 302-35I°F, 60 psi; 2 /2 hours, Carvor Press
* Post Cure - 4 hours af 468*472°F, gravify convection oven
Carrier - 112 heat ~leaned glass cloth, preireated at 750°F
Substrate =~ 17~7 PH Stainless Steel, 0,063 in,
Cleaning ~ Procedure |}
individual Specimens

Application - Hot melt
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Lap-Shear Sirength (Series 44-71)

Bis(epoxybutyl)carborane - 43 phr G~50 Hardener

Specimen Test
Number Temperature “F
44-71-1 75
44712 75%
44713 500%
4477 4 500%
44-71-5 75%
44715 75
44717 75%
44-71-8 500%
44-71-7 75
44-71-10 500%

50 phr Aluminum

Glue Line
Thickness (in)

0.008
0,008
0.006
0.006
0.010
0.007
0.009
0.007

N ONg

e\

0.006

Composition - 3,01g. epoxy + 1.29g. hardener + 1,50g. aluminum
B~stage, 266-302°F for 60 minutes, add aluminum, heat af 287-302°F for 60 minutes under

vacuum,

Ovutgassed ~ 60 minutes at 248°F
Cure Assembly, 302 -351°F, 60 psi, 21/"2 hours, Carver Press
* Post Cure ~ 4 hours at 468-472°F, gravity convection oven

Carrier ~ 112 heat cleaned glass cloth, pretreated ai 750°F

Substrate ~ 17-7 PH Stainless Steel, 0,063 in,

Cleaning ~ Procedure 1

Individual Specimens

Application - Hot melt

Failure S{rength Type of
i Failure

2560 cohesive
2340 adhesive
2200 cohesive
2120 cohesive
2240 adhesive
3150 cohesive
2460 adhesive
2480 cohesive
3200 cohasive
2290 cohesive
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Lap-Shear Strength (Series 44-72)

Bis(epoxybutyl)carmorane = 33 phr G -50 Hardener
50 phr Aluminum
10 phr bis{epoxypentyl)carborane

Specimen Test o Glue Line Failure Strength Type of
Number Tempeature F  Thickness (in) psi  ~ Failure
44~72 -1 75 0.008 3200 cohesive
44-72-2 75% 0.009 2400 adhesive
44723 500% 0.008 1740 cohesive
4472 =4 500% 0.007 1400 cohesive
44725 75% 0.009 ’ 2420 adhesive
44726 75 G.009 3030 cohesive
44 ~72~7 75% C.009 2350 adhesive
44-72-8 500% 0.008 1760 cohesive
44729 75 0.00¢ 3000 cohesive
44-72-10 500% " 0.008 1940 cohesive

Composition - 3.00g, bis(epoxybutyl)carborane + 0,30g. bis(epoxypentyl)carborane + 1,00g.
hardener + 1.4%9g. aluminum -

B~stage, 275-298°F for 60 minutes, add aluminum, heat ot 269-296°F for 60 minutes under
vacuum.

Outgessed ~ 60 minutes at 248°F

Cure Assembly, 302-351°F, 60 psi, 2 1/2 hours, Carver Press
* Post Cure ~ 4 hours af 468-~472°F, gravily convection oven
Carrier = 112 heat cleaned glass cloth, pretreated at 750°F
Subsirate ~ 177 PH Stainless Sreel, 0,063 in.

C-lecming - Procedure I

Individual Specimens

Application - Hot melt



RESTWANICTIE CENTIRID o SINGER-GCENBERAL PRECISION, INC

Lap-Shear Strength (Series 44~73)

Bis(epoxybuiylcarborane - 33 phr G50

Specimen Test
Number . Temperature °F
4473 - 75
44-73 -2 75%
44-73-3 500%
44734 ‘
44735 75%
44-73-4 75
44-73-7 " 75%
44-73-8 500%
44-739 75
44-73-10 500%

50 phr Aluminum

I

Composition ~3.01g. epoxy + 1.00g. hardener + 1.50g. aluminum

B~stage, 280-302°F for 85 minutes, add aluminum, heat af 266-295°F for 35 minutes
under vacuum, g

Qutgassed - 60 ‘minutes ai 248°F

i
t

-
Cure Assembly, 302-351°F, .60 psi, 2 ]/2 hours, Carver Press

* Post Cure = 4 hours at 462 ~468° F, gravity convection oven

Carrier - 112 heat cleaned glass cloth, pretreated af 750°F

Substrate - 17-7 PH Stainless Steel. 0.043 m

Cleaning - Procedure i _

Individual Specimens

Applicafio’n ~ Hot melt

Glue Line Failvre Strength Type of
Thickness (in) psi Failure
.008 2900 Cohesive
.008 2380 Adhesive
.006 2?20 Adh-Coh
Poor Specimen
008 2180 Adhesive
007 2840 Cohesive
009 2300 Adhesive
.008 2000 Adh~Coh
010 ‘ 3320 Cohesive
009 1500 Adhesive
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Lap-Shear Strength (Series 44~74)

Bis(epoxybutyl)carborane ~ 43 phr G-50
50 phr Aluminum

Specimen Test Glue Line " Failure Strength Type of
Number Temperature °r Thickness (in) psi Failure
44 -74~1 " Poor Specimen

44742 75% ‘ 009 2290 Adhesive
44-74-3 500% (10'hold) .008 2320 Cohesive
44-744 500%* (30"hold) .007 2630 Adh-C oh
44745 75% 006 2250 Adhesive
44 74-6 75 .006 3070 Cohesive
44747 75% 006 2100 Achestve
44-74-8 500% (30%hold) .007 2360 Adhesive
44 749 ¢ 75 009 2880 Cohesive
44-74-10 Poor Specimen

Composition - 3.01g. epoxy + 1.2%9g, hardener + 1.51g. aluminum
B-stage, 258-293°F for 60 minutes, add aluminum, heat at 291 298°F

for 60 minutes under vacuum,

Outgassed - 60 minutes at 2480F
Cure Assembly, 302-351°F, 60 psi, 2 1/2 hours, Corver Press

* Post Cure ~ 4 hours at 462-468°F, gravity convection oven

Carrier ~ 112 heat cleaned glass cloth, pretreated at 750°F
Substrate = 17-7 PH Stainless Steel, 0.063 in. .

Cleaning - Procedure 11

Individual Specimens

Application ~ Hot melr
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Lap-Shear Stiength (Series 44-75)

Bls(epoxybufyl)cqrbomne ~-47.5 phr G-50
50 phr Aluminum
10 phr Bis(epoxypeniyl)carborane

Specimen Test Glue Line - Faflure Strength Type of

Number Temperature *F Thickness (in) psi” Failure

44 75 ) 75 : 007 3520 Cohesive
4475 75% .008 2120 Adh(Coh)
44-75-3 500*% (10'hold) 009 ) %70 Adhesive
44-75-4 500+ (30'hold) 007 1700 Adh-Coh
44-75-5 75% 007 2120 Adhesive
A4 -F54 75 .008 2940 Cohesive
44 757 75% 008 2220 . Adhesive
44758 500% (10*hold) .008 1260 Adhesive
44-75-9 75 008 3240 Cohesive
44-75-10 500* (30'hold) +007 © 1900 Adh -Coh

)
Composition ~2.99g, bis(epoxybutylf)carborane + 0.31g. bis(epoxypentyl)carborane
+ 1.43g. hardener + 1.50g. aluminum

B-stage, 289-307°F for 60 minutes, add aluminum, heat af 266-293°F for 60 minutes
under vacuum, .

Outgassed - 60 minutes at 248°F

Cure Assembly, 302-—3510F 60 psi, 2 ]/2 hours, Carver Press
* Post Cure ~ 4 hours af 462-468° F, gravity convection oven

Carrier ~ 112 heat cleaned glass cloth, pretreated af 750°F

Substrate ~ 177 PH Stainless Steel, 0.063 in.

Cleaning ~ Procedure I}

Individual specimens

Application - Hot melt

A-71



A=72

RESBALRJI CENTER  SINGER-GENERAL PRUECISION, IMNC.

Lap~Shear Strength (Series 44-77)

- Bis(epoxybutyl)carborane ~ 43 phr G =50 Hardener
50 phr Aluminum

Specimen Tesi Glue Line Failure Strength Type of
Number Temperoture °F Thickness (in) psi Failure
4477 -1 75 006 3120 Cohesive
44-77 2 75% - 006 2700 Coh (Adh)
44~77 -3 500%* (10" hold) 008 2500 Cohesive
4477 -4 75% .006 ' 2600 Coh (Adh)
4477 -5 500% (10" hold) 006 1720 Cohesive

Composition - 3.01g. epoxy + 1.2%9g, hardener + 1.50g. aluminum

B-~stage, 257 298°F for 60 minutes, add aluminum, heat af 277 298°F for 60 minutes
addiriona! under vacuum,

Ouvutgassed - 60 minutes at 248°F -

Cure Assembly, 302-350°F, 60 psi, 2 1/2 hours, Carver Press
* Post Cure ~ 4 hours ot 435-4930F, gravity convection oven
* Carrier = 112 heat cleaned glass cloth, pretreated at 750°F

Substrate ~ 17-7 PH Stainless Steel, 0,063 in,

Cleaning - Procedure |

From complefely machined panels

Application - Hot melt



RNRESEARCIH CENTER ¢ SINGER-GENERAL PRECISION, INC.

Lap-Shear Strength (Series 44-79)

Bis(epoxybutyl)carborane - 43 phr G~50 Hardener
50 phr Aluminum

e

s

SPECngn Test Glue Line Failure Strength Type of
Number Temperature OF Thickness (in) psi Failure
4479 -1 75 .008 1310 Cohesive
44792 75% .008 1780 Adh (Coh)
44-79-3 500* (10* hold) 011 670 Adhesive
4479 -4 500* (10" hold) .010 1320 Adh (Coh)
44-79-5 - Poor Specimen -
44796 75% .008 2000 Adh (Coh)
44 ~79 -7 75% 010 ) 1920 Adh-Coh
44-79-8 500% (10" hold) 010 1870 Adh-Coh
4479 -9 500% (30" hold) 011 1760 Coh-Adh
44 w7 =10 500% (30" hold) 010 1150 Coh)Adh

Composition - 3.,01g. epoxy + 1,27g. hardener + 1.4%9g. aluminum

B-stage, 262 293°F for 60 minutes, add aluminum, heat af 284-2986F for 60 minutes
under vacuum,

Ovutgassed - No

Cure Assembly, 340-360°F, 14 psi, 2 1/2 hours (Vacuum bag)
* Post Cure - 4 h.ours at 435 -4930F, gravity convection oven

Carrier ~ 112 heat cleaned glass cloth, pretreated at 750°F

Subsirate = 177 PH Stainless Steel, 0.063 in. '

Cleaning ~ Procedure [

Individual Specimens

Applicarion - Hot melt
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Lap-Shear Strength (Series 44-80)
Bis(epoxybutyl)carborane ~ 43 phr G50 Hardener

Specimen Test Glue Line
Number Temperature OF  Thickness (in)
44-80~-1 75 008
4480-2 75% 007
44-80-3 500* (10* hold) .008
44804 ' 500% (10" hold) .007
44-80-5 | 75 .008
44-80-6 75% 007
44-80-7 75% 008
44-80-~8 Poor Specimen
44-80-9 500* (30" hold) ,008
44-80-10 Poor Specimen

50 phr Aluminum

Failuie Strength
psi

1910
2520
1780
1880
2880
2700
2400

co
(2]
<

Composition - 3.00g. epoxy -+ 1,28g, hardener + 1.4%9g. aluminum
B-stage, 273-289°F for 60 minuies, add aluminum, heat af 278-295°F for 60 minutes

under vacouum

Qutgassed ~ No

Cure Assembiy, 340-360°F, 14 psi, 2 1 /2 hours (Vacuum bag)

* Post Cure -4 hours at 435 -49301:, gravify conveciion oven

Carrier = 112 heot cleaned glass cloth, pretreated at 750°F

Substrate ~ 17~7 PH Stainless Steel, 0.063 in.

Cleaning -~ Procedure I
Individual Specimens

Application ~ Hot melt

Type of
Failure

Cohesive
Coh~Adh
Cohesive
Cohesive
Cohesive
Cohe;;ive

Cohesive



RESHARCH QENTER o SINGUER-GIENIZIIAL PRECISION, INC.

Lap-Shear Strength (Serfes 44-81)

Bis{epoxybutyl)carborane ~ 43-phr G-50 Hardener
50 phr Aluminum

" Specimenp Test Glue Line Faifure Strength Type of
Number: Temperature OF Thickness {in) psi Failure
4481~ 75 006 1320 Cohesive
44-81-2 75% 009 2580 Cohesive
44-81-3 500% (10" hold) .008 1840 Cohesive
44 -81 -4 500% (10" hold) .008 1630 Cohesive
44-81-8 Pgor Specimen
4481 -4 75% .008 2450 Cohesive
4481~/ 75% .009 2380 "Coh (Adh)
44-81-8 500* (10° hold) ,007 1650 Cohesive
44-81-9 500% (30" held) ,008 2130 Cohesive

44-81-1§ 500* (30" hold) ,007 2080 Cohesive
% )
Composition ~ 2.99g., epoxy + 1.29g. hardener + 1.49g. aluminum

Bstage, 280-296°F for 40 minutes, add aluminum, heat ot 282 296°F for 60 minutes
under VGcuyum,

Qutgassad - No %

Cure Assembly, 340-3600F, 14 psi, 2 ]/2 hours ‘!(Vocuum bag)
“ Post Cure -4 hours at 435-493°F, gravity convection oven
Carrier = 112 hear cleaned glass cloth, pretreated at 750°F
Substrate -~ 177 PH Stainless Steel, 0,063 in.

Cleaning -  Procedure |

Individual specimens

Application' - Hor melt
|

A~75
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Lap-Shear Strength (Series 44-82)

Bis(epoxybutyl)carborane =~ 43 phr G -50 Hardener
50 phr Aluminum
29 phr Asbestos

~
Specimenf Test ) Glue Line Failure Strength  Type of
Number Temperature OF # Thickness (in) psi Faiiure
44 -82 -~} 75 006 2630 Cohesive
44-82~2 -50C (10" hold) 006 230 Cohesive
44-82-3 500 (30" hold) _ .007 1000 Coh (Adh).
44-82-4 75 .006 2720 Cohesive
44-82-5 500 (10" hold) 005 940 Coh (Adh)
44 -82-6 75 006 2480 Coh (Adh)
4482 ~7 500 (10" hold) 005 830 Cohesive
4482 -8 500 (30* hold) 007 280 Cohesive
- 44-82-9 75 006 2400 Coh{Adh)
44-82-10 500 (1¢¢ hold) 005 900 Coh (Adh)

Composition - 20.94g. epoxy + 8,5%g. hardener + 9.96g. aluminum + 5.77g. asbestos

B-stage, 293 -302°F for 15 minutes (clear), add aluminum and asbestos, heat o 293-302°F
" with occasional vacuum for 40 minutes additional,

Outgassed = one hour at 212°F on glass cloth,

Cure Assembly, 340-360°F, 14 psi, 2% hours {vacuum bag) -

Post Cure, 4 hours at 435-—4950F, gravity convection oven all specimens
Carrier = 112 heat cleaned glass cloth, pretreared at 750°F for one hour )
Cleaning ~ Procedure It

Completely machined panels

Substrate: 17-7 PH Stainless steel

Application - Tape

A-76
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Lap~Shear Strength (Serfes 44-83)

Bis{epoxybutyl)carborane ~ 43 phi G-50 Hardener
50 phr Aluminum
29 phr Asbestos

Specimen Test Glue Line
Number Temperature °F % Thickness (in)
4483~ 75 .006
44-83-2 500 (10" hold) .006
44-83-3 500 (30" hold) .007
44-83~4 75 .007
44~83~5 500 (10" hold) .006
44-83~6 75 007
44-83-7 500 (10" hold) .006
44-83-8 500 {30" hold) .007
44 ~83-9 75 i .007
44-83-10 500 (10" hold) .006

Failure Strength  Type of
N psi Failure
2780 Cohesive
930 Cohesive
1110 Coh {Adh)
2840 Cohesive
830 Cohesive
2500 Cohesive
200 Coh (Adh)
1050 Cohesive
2940 Cohesive
1040 Cohesive

See Series 44-82 for conditions of assembly, cure, and post —ure. .

A-77
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Lap-Shear Strength (Series 44-~84)

Bis{epoxybutyl)carborune = 43 phr G-50 Hardener
50 phr Aluminum
36 phr Asbestos

Specimen Test
Number Temperature °F
44-84~1 500 (10' hold)
44-84-2 500 (10* hold)
44-84-3 492 (10' hold)
44-84-4 500 (10" hold)
A4 -84-5 500 (30" hold)
44 -84 -4 500 (30" hold)
44-84-7 500 (30" hold)
44-84-8 500 (30" hold)
44-84-9 550 (10" hold)
4?—84-—10 584 {10' hold)

Glue Line Failure Strength Type of
Thickness (in) psi Failure
A 2060 Cohesive
2480 Cohesive
2860 Cohesive
.005 to 2240 Cohesive
.010 2420 Cohesive
2340 Cohesive
1980 Cohesive
2000 Cohesive
C 970 Adh (Coh)
A 270 Adhesive

Composition = 40.00g. epoxy + 17.20g. hardener + 20.00g. aluminum + 14,40g, asbestos
Bstage, 293-302°F for 15 minutes (clear), add aluminum and asbestos, heat at 293-302°F

with occasional vacuum for 40 minutes additional

Outgassed - one hour at 212°F on glass cloth
Cure Assembly, 307-351°F, 60 psi, 2 & hours (Carver Press)

* Post Cure ~ 4 hours at 435-«4‘?50F, gravity convection oven

Carrier - 112 heat cleaned glass cloth, pretreated at 750°F for one hour

Cleaning ~ Piocedure I

Completely machined panels

Substrate ~ 17/7 PH Siainless Steel

Application - Tape

1
'



RESEARCH CENTER @+ SINGUER-GENERAL PRECISION, ING

Lap-Sheai Strength (Series 44-85)

Bis(epoxybutyilcarborane - 43 phr G~50 Hardener
50 phr Aluminum
36 phr Asbestos

Specimen Test Glue Line Failure Strength Type of
Number Temperature OF Thickness (in) psi Failure
44-85~1 500 (10" hold) 005 1970 Cohesive
44-85-2 500 (10" hold) .005 2360 Cohesive
44-85-3 500 (60' hold) .006 2360 Cohesive
44854 " 550 (10* hold) D005 970 Adh (Coh)
44-85~5 500 (30" hold) 005 2130 Cohesive

Composition = See Series 84
B-stage - See Series 84
Outgassed ~ No

Cure Assembly, < 340-360°F at 0-15 psi for 100 minutes, 340-360°F at 60 psi absolute
for 2 hours (vacuum bag plus back-fi {i)

Post Cure = 4 hours at 435-495° F, gravity convection oven

Carrier = 112 heat cleaned glass cloth, preheated af 750°F for one hour
Cleaning -~ Procedure |

Completely machined penels

Substrate ~ 17/7 PH Staintess Steel

Application - Tape
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Lap~Shear Strength (Series 44-86)

Bis(epoxybutyl)carborane ~ 43 phr G-50 Hardener
50 phr Aluminum
29 phr Asbestos

Specimen Test Post ~Cure Failure Strength™ Type of
Number Temperaiure *F Time (Hours) psi Failure
44-86~1 500 (10" hold) one 1840 Coh-Adh
44 -85 -2 500 (10" hold) two 1600 oo
44-86-3 500 (10" hold) two 1700 e
44364 500 (10" hold) one 1720 s
44~86-5 500 (30' hold) four 1720 o
44-86-% 500 (10" hold) one 2020 o
44-85-7 560 (10' hoid) four 1980

44-86-8 500 (10° holid) ivio 1820 W
44-86-9 500 (10 hold) four 1840 noa
44~85-10 500 (10" hold) four 1770 " _"

Composition - 10.0g. epoxy + 4.3g. hardener + 5.0g. aluminum + 2.9, asbestos

B-stage, 293-31 1°F for 15 min|ufes (clear), add aluminum and asbestos, heat ot 293 -~
302°F with occastonal vacuum for 40 minutes additrional,

Qutgassed - No

Cure Assembly, 307-351°F, 60 osi, 2% hours (Carver Press)

Post Cure, 435-495"F, gravity convection oven

Carrier ~ 112 heat cleaned glass cloth, pretreated af 750° for one hour
Cleaning - Procedure Il

Completely machined panels

Glue line thickness ranged from 0,008 to 0,010 inches

Substrate ~ 17/7 PH Stainless Stec!

Application - Tape



RESKARCH CHENTEIL o SINGER-GENERAL PRIECISION INC.

Lap-Shear Strength (Series 44-87)

Bis{epoxybutyl)carborane ~ 43 phr G ~50 Hardener
50 phr Aluminum
29 phr Asbestos

Specimen Test Aging Time at  Failure Strength®*  Type of
Number Temperature _F 500°F (Hours) psi Failure
{

44871 1499 (10" hold) 160 - 570 Adhesive
44872 499 (60" hold) None 1500 Adhesive
44-87-3 75 None 3210 Cohesive
44-87 -4 499 (10" hold) None | 2430 Cohesive
44-87 -5 499 (30 hold) None 2300 Cohesive
44-87 -6 492 (10" hold) 160 772 Adhesive
44-87 =7 75 None 3020 Cchesive
44-87-8 499 (10" hold)  None 2300 Cohesive
44-87 -9 498 (10" hold) None 2620 Cohesive
44-87-10 499 (10" hold) 160 550 Adhesive

Composition - 10.0g. epoxy -+ 4.3g, hardener + 5.0g. aluminum + 2,9g. asbestos

B~stage ~ Blend epoxy, aluminum and asbestos for 15 minutes at 293-311°F with
vacuum, add hardener, heat at 298-311°F with vacuum for 55 minutes additional.

b
i

Outgassed ~ No
Cure Assembly, 307-351°F, 60 psi, 2 3 hours (Carver Press)

Post Cure ~ one hour, 435-4950F, gravity convection oven

Carrier ~ 112 heat cleaned glass cloth, pretreated at 750°F for one hour

A I

Cleaning ~ Procedure ||

Complefely machined panels
* Glue line thickness ranged from 0,008 ro 0.010 inches

Subsfrc:reit - 17/7 PH Stainless Steel

Appiicaiilon - Tape

A-8]
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Lap-Shear Strength (Series 41—88)‘

Bis(epoxybutyl)catborane = 43 phr G~50 Hardener
56 phi Afuminum Powder
2% phr Asbestos Powder

Specimen Test Aging Time at Fatlure Strength . Degree of
Number Temperature % 500°F (Hours} psi Cohesive Failure
44881 501 (10" hold) 0 1780 85%
44-88-2 502 (120" hold) 0 2230 85%
44-58-3 500 (10" hold) 2 2140 100%
44-88-4 500 (10" hold) 4 2420 80%
44-88-5 504 (60" hold) 0 2140 90%
44-88-6 500 (10" hold) 0 1810 85%
44-88-7 504 (10" hold) 8 2180 504
44-88-8 499 (10" hold) 16 1180 20%
44-88-9 498 (10" hold) 40 840 204
44-88-10 500 (10" hold) 66 ) 800 104

Composition - 9.98g. epoxy -+ 4.30g. hardener + 5.03 aluminum + 2,88y, asbestos
B-stage, 273-289°F for 55 minutes with continuous outgassing

Ourgassed - No .

Cure Assembly - 340-360°F, 60 psi, Carver Press, 23 hours

Post Cure = 1 hour at 435~493°F gravity convection oven

Carrier ~ 112 heat cleaned glass cloth, pretreated at 750°F for one hour
Cleaning - Procedure [l

Completiely machined specimens

Substrate - 17/7 PH Stainless Steel
Application -~ Tope
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Lap -Shear Strength {Series 44-89)

Bis(epoxybutyl)carborane ~ 43 phr G~50 Hardener
50 phr Aluminum
39 phr Asbestos

Specimen Test Aging Time at Failure Strength ~ Degree of
Number Temperature OF 500°F (Hours) i psi Cohesive Failure
44 -89-1 500 (10" hold) 0 1660 20%
44-89-2 499 (10" hold) 120 740 54
44-89-3 500 (10" hold) 2 2080 1004
44 -89~4 500 (10" hold) 4 2020 50%
44-89-5 500 (10° hold) 120 740 5%
44-89-6 501 (30° hold) 0 1820 90%
44 -89 ~7 500 (10" hold) 8 2050 30%
44-89-8 499 (10" hold) 6 1420 20%
44-89-9 499 (10" hold) 40 900 20%
44-89-10 104

500 (10" hold) 66 830

See Series 44-88 for conditions of assembly, cure and post-—cute,
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Lap-Shear Strength (Series 44~90)

Bis(epoxybutyl)carborane - 43 phr G -50 Hardener
50 phr Aluminum
29 phr Asbestos

Specimen Test Post Cure Failure Strength Type of
Number Temperature °F Time, Hours pst Failure
44-90~1 500 one 2080 Cohesive
44-90-2 500 one 2180 Cohesive
44-90-3 500 one ) 2100 Cohesive
44-90-4 500 one 2220 Cohesive
44-90-5 500 ona 1910 Cohesive
44-90-4 500 four 2100 Cohesive
44-90.7 500 {our 2160 Cohesive
44-90-8 500 four 2180 Cohesive
44:90-9 500 four 2340 Cohesive
44-90-10 500 four 2220 Cohesive

T

Composition ~ 10.0g. epoxy + 4,39 hardener + 5.0g. aluminum +2.93. asbestos

B~stage, 293-311°F for 15 min (resin + aluminum -F,csbesfos) add hardener, stir under |
vacuum {or 55 min at 293-311°F.

Ovutgassed - No

Cure Assembly, 307 ~351°F, 60 psi,2% hrs (Carver Press)

Post Cure - 435~495°F gravity convection time cs shown

Carrier ~ 112 heat cleaned glass clorh, prefreated ai 750°F for one hour

Cleaning - Procedure I
Individual Specimens

)
Glue line ranged from O,

4

005 o 0.020 inches

Substrate: 17/7 PH Siainless Steel

Applicarion - Tape



RESHEARCIH CENTER ¢ SINGER-GENERAL PRECISION, INC.

Lap -Sheor Strength (Series 44-91)

Bis(epoxybutyl)carborane - 43 phr G-50 Hardener
50 phr Aluminum
29 phr Asbestos

Specimen Test B-stage Failure Strength Type

Number Température °F Time (min) psi Failure
44-91-1 500 55 2180 Cohesive
44-91-2 500 55 2490 Cohestve
44-91-3 500 55 2340 Cohesive
44914 500 55 2080 Cohesive
44-~91-5 500 55 1980 Cohesive
44-91-% 500 70 2320 Cohesive
44-91-7 500 70 1940 Cohesive
44-91-8 500 70 ) 1750 Cohesive
44-91-9 500 70 1920 Cohesive

44-931-10 500 70 2300 Cohesive

Composition - 60.0g. epoxy -+ 25.8g. hardener + 17.4g. asbestos 1 30.0g. aluminum

B-stage, for specimens 1-5 hear at 290-311°F for 55 min with continuous stiiring under vacuum
for specimens 6-10 * * " " 70 min " 1 tt n "

Outgassed - No
Cure Assembly - 307-351°F, 60 psi, 2& hrs, Carver Press
Post Cure - 1 ht af 435—4650F, gravity convection oven
Carrier - 112 heat~cleaned glass cloth, pretreated ot 750°F for one hour
Cleaning -~ Procedure {1
Individual Specimens
* Glue line ranged from 0,005-0.020 inches
Substrate: 17/7 PH Siainiess Steel
Application - Tape
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Series 44-92

Corposition - 100g. epoxy +43.0g. hardener + 50g. aluminum + 29g. ashestos

B~stcte - Blend epoxy, aluminum and asbestos for 10 minuies of 293-31 1°F with vacuum,
add herdener, heat at 293-311°F with vacuum for 55 minutes additional

QOutgassed - No

Cure Assembly, 307-351°F, 60 psi 25 hours, (Carver Press)

Post Cure, 435-465°F, cne hour, gravity convection oven

Corrier - 112 heat cleaned glass cloth, pretreated at 750°F for one hour
Cleoning ~ Procedure 1l

Completely machined panels

Substrote: 17/7 PH Stainless Steel

Application -~ Tape

A-86



Specimen No.

49
24
18

7
36

12
55
43
30

RESEARCIH CENTER » SINGER-GENEDAL PRECISION. ING

Series 44-92 (continued)

Lap Shear Strength ar - 320°F

Failure Sirength

psi

v

\
Post -Cured

Type of
Failure

4040
3980
2940
2880
2300

2940
2900
2700
2500
1300

[ ————

10% cohesive

Day of

Assembly

fa e PO I ON

o Ln G N -
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_ Series 44-92 (continued)

Lap Shear Strengih atr - 65°F

Post - Cured

Failure Strength Type of Day of
Specimen No, psi Faiture Assembly
25 2480 25% cohesive 3
19 3300 " 2
8 3220 . 1
50 304¢C . 5
37 Broke during assembly

Non Post—Cured

13 2840 25% cohesive 2
44 27580 " 5

2 2700 " 1
56 2080 " é
31 2040 " 4

A-88




Specimen No.

x

51
20
19
26
38

14
57
32
45

/

RESIEARCH CENTISR e SIN(}IiEH-(-ENl‘)lh‘\h PRIECISION, iNC

/

Series 44~92 (continued)

Lap Shear Strength at 75°F

_Rt_)s’r ~Curgc_i__
Failure Strength Type of
psi Failure
A
3060 85% cohesive
2920 "
2860 "

2740 "
Broke during assembly

Non Post -Cured

i

29460 l 85% cohesive
2940 "
2800 "
2600 [}
2500 i

Day of
Assembly

I PO O

e O BN

A-B
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Specimen Mo,

Serfes 44-92 (continued)

Lap Shear Strength ar 350°F

Post ~Cured

10
21
39
27
52

4-}:
15
58
33
46

Failure Strength Type of
psi Failure
3100 55% cohesive
2940 7546 #
2860 55% - "
2830 75¢ "
2800 754
Non Post -Cured
3300 80% cohesive
2460 “
2040 o
1920 "
980 "

* 12 minutes fo equilibrate as compored to 5 for others,

HESHARCH CENTIOHR ¢ SINGER-GENERAD PHISCISION, INC,

Day of
Assembly

O W I ) —

LS =N e R S P e



Specimen No.

11
22
53
40
28

5'):
59
34
16
47

RIEESEARCH CISNTIZR o SINGER-GISNIST AL PRIECISEON, INC.

Series 44-92 (continued)

Lap Shear Strength at 450°F

Post -Cured

Failure Strength Type of

psi

Fatlure

2960
2800
2630
2600
2380

2860
850
820
820
680

80% cohesive

Non Post ~Cured

80% cohesive

Day of

Assembly_

Wb v

th N O

* Longer equilibration time (12 minutes versus 8 minutes for others) before 10 minute hold
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Series 44-92 {continued)

Lap Shear Strength at 500°F

Post-Cured
Fatlure Strength Type of Day of
Specimen No. psi : _Failure Assembly

6 2460 (60 hold) 80% cohesive 1
17 2230 8% ¢ 2
41 2010 504 5
48 1860 504 * 5
35 1810 50%¢ 4
54 1740 504 b
29 1660 (6G° hold) 254 3
23 1570 504 2
42 1380 i 50% 5
40 1320 506 6
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Lap~Shear Sirength (Series 44-93)

Bis(epoxybutyl)carborane - 43 phr G -50 Hardener
. 50 phr Aluminum
29 phr Asbesros

Specimen Test Aging Time Failure Strength™  Type of
Number Temperature °F Hours (500°F) psi Failure

44-93 -1 500 2 1500 50% Cohesive
44-93-2 500 4 1300 504 Cohesive
44-93-3 500 8 760 25% Cohesive .
44934 . 500 16 600 104 Cohesive:
44-93-5 | 500 30 560 104 Cohesive

Composition and B-stage - Impregnated cloth as for Series 44-92
Quigassed ~ No

Cure Assembly, 307-351°F, 60 psi, 2% hours (Carver Press)
post Cure, 435—«4650F, one hour, gravity convection oven

Carrier -~ 112 heat cleaned glass cloth, pretreated at 750°F for one hour
Cleaning ~ Procedure |

Completely machined panels

* Glue line thickness ranged from 0.008 to 0.010 inches

Substrate: 17/7 PH Stainless Steel

*Application - Tape

A-93
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Lap ~Shear Strength (Series 44-94)

Bis(epoxybutyl)carborane - 43 phr G -50 Hardener
50 phr Aluminum

Specimen Test Aging Time Failure Strength*  Type of

Number Temperature OF Hours (500°F) psi Failure

44941 500 14 . 2460 10% Cohesive
44-94-2 " 500 30 850" 10% Cohesive
4494 -3 500 2 1780 80% Cohesive
44-94 -4 500 4 1500 50% Cohesive
44-94 -5 500 , 8 . 1230 50% Cohesive

Composition - 10.0g. epoxy + 4.3049. hardener + 5.00g. aluminum

B-stage, Blend epoxy and aluminum for 10 minutes of 293-31 1°F with vacuum, add hardener,
heat at 293-311°F with vacuum for 55 minutes addirional

Outgassed -~ No

Cure Assembly, 307-3510F, 60 psi, 28 hours (Carver Press)

Post Cure, 435-4650F, one hour, gravity convection oven

Carrier - 112 heat cleaned glass cloth, pretreated at 750° for one hour
Completely machined paneis

* Glue line thickness ranged from 0.008 io 0.010 inches

Substrate: 17/7 PH Stainless Steel

Application - Tape

Cleaning - Procedure ||
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APPENDIX B
LAP SHEAR TEST RESULTS
OTHER BIS(EFOXYALKYL)CARBORANES



RESEARCIE CENTER ¢ SINGIE-GENERAL PRECISTON, INC

Lap-Shear Strength (Series 46-1)
Epoxybuiylepoxyhexylcarborane — 39.6 phr G-50 Hardener

Specimen Test Glue Lins Failure Strength  Type of
Number Temperature OF Thickness (in) psi Failure
46-1 - 75 ~,006 3500 cohesive
46-1 -2 75% ’ 006 2100 adhesive
46-1 =3 5004 005 1o achesive
461 -4 500+ 005 {20 adhesive
46+ -5 ' 75% .006 1880 achesive
46| =6 75 005 3280 cohesive
46}4 =7 75% 006 1960 ‘adhesive
46- -8 5004 .007 290 adhesive
46~ % 75 ‘ .005 . ’ 3080 adh~coh
46-1 ~i0 500« 006 “1' 350 adhesive

Composition ~  3.i3 g, epoxy and .25 g. hardener

B-stage | 293 - 302°F for 110 minutes and &0 minutes edditional at 312 - 338%F under vacuum

Qutgassed ~ 60 minutes at 248
Cure Assembly, 305 ~ 345%, 40 psi, 2 1/2 hours, Carver Press

# Post Cure - 4 hours ot 500°F
Casrier ~ 112 heat cleaned glass cloth

Subsirate ~ 17-7 PH stoinless steel
Cleaning ~ Procedure }
Application - Hot melt

Individual specimens
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Lap-Shear Strength (Series  55+1)
Bis(epoxypentyl)carborane = 39.8 phr G- Hardener

Specimen Test Glue Line Failure Strength  Type of
Number Temperature OF Thickness (in) psi Failure
55-f -l 75 .004 3650 cohesive
55-{-2 75% 006 2080 adhesive
55~]-3 500« 006 380 adhesive
55-1-4 ) 500% .006 350 adhesive
55-1-5 75% 007 2020 . adhesive
55-i-6 75 004 3640 coh(ac%ra)
5517 75% - .007 1800 adhesive
55 -lt-8 500 .007 730 adhesive
5519 75 004 3800 coh(adh)

+551-{0 5004 .006 1360 adh(coh)

Composition = 3,02 g. epoxy and 1.20 g. hardener

B-stage , 278 - 298%F far 75 minutes followed by 70 minutes additional at 3i{-320%F
under vacuum,

Qutgassed -~ 60 Minutes at 248%F

Cure Assembly, 305 - 345%F, 60 psi, 2 1/2 hours, Carver Press
#Post Cure - 64 hours at 4000F

Carrier ~ 112 heat cleaned glass cloth

Substrate - 17-7 PH stainless steel

Cleaning - Procedure !

Applicotion = Hot melt

Individual specimens
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