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refluxing bensene-creaol mixture or in acetic anhydride.   The most 
promi.ing oligomer» from the standpoint of melting point,   solubility    flow 
properties and adhesive strength were those from I,   BTDA,  and 1   S-di- 
(aminophenoxy)benaene(Ill).  designated HR 600 DP-2 (HR 600 olioömer)    and 
from II    BTDA.   and III,  designated HR 650.   The present manufacturing cost 
(labor + materials) of HR 600 oligomer ia considerably less than that of 
HR 650.   Measured ambient temperature titanium lap shear strengths have 
been in excess of 4200 psi for HR 650 and 3600 psi for HR 600 oligomer    and 
lap shear strengths as high as 2600 psi at 500»F have been measured foijboth 
materials.   Elevated temperature air aging tests (90 percent RH at l6n*F) 
are very encouraging.   Weld-bond fatigue data.   Pi-tension titanium honey- 
comb data and T-peel data are presented and discussed.«^ 
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I.    INTRODUCTION 

I 

Titanium is finding increasing use for aerospace applications, 

especially with the advent of supersonic aircraft.   However,   the adhesives 

which have been used for conventional aircraft such as the epoxies are 

unsuitable for bonding titanium where temperature ranges of 45n-6n0oF are 

expected.   Those polymers which do have the required thermal stability at 

these temperatures are difficult to use as adhesives.   mainly because they 

cure by condensation processes which produce volatile byproducts.   The 

gases produced during the cure result in the formation of voids in the matrix 

with the serious consequence of impairing the strength and reliability of the 

bond.   Also,   the high cure temperature required for processing these adhe- 

s.ves further compounds the problem in that the volatiles produced have 

large volumes so that a relatively small amount of volatile by-products can 
have very serious consequences. 

With these inherent difficulties of condensation type polymers in 

mind.   Hughes Aircraft Company has.   for several years,   directed its efforts 

toward adhesive systems which cure by addition rather than condensation 

reactions.   The investigation of addition curing oligomers was started early 

in 1971 after receipt of an AFML contract to develop thermally stable adhe- 

sives and laminating  resins.   Early in the investigation the addition reaction 

of terephthalonitrile N. N'-dioxide with cyano-substituted ethers and polyi- 

mides as well as acetylene-substituted polyimides were studied.   Although 

they yielded thermally stable resins there were side reactions which pro- 

duced some gaseous products.   Also,  they had to be employed as a slurry in 

a solvent to be effective as an adhesive.   During this investigation it was dis- 

covered that the acetylene-substituted polyimides underwent homopolymeri- 
zation when heated to yield exceptionally thermally stable resins. 

*^^ 



Furthermore,   the homopolymerization of these oligomerB did no. produce 

any volatile by-products and as a consequence gave extremely low void con- 

tent composites.   Titanium lap-shear specimens bonded with an adhesive of 

tins general type exhibited high strength,   both at ambient temperature and at 

temperatures as high as 50üoF.   In the current program,   titanium lap shear 

strengths as high as 4^00 psi at ambient temperature and 2600 psi at 500oF 

have been found for these acetylene terminated polyimide oligomers. 

During the present program,  acetylene-substituted polyimide oligo- 

mers were investigated with the general formula shown below. 

HHCH-R-N 
/ c^ 

N-R'-N 
/ 

\i 

J 
xfot 

I 
N-R-C 5 CH 

R and R- were chosen so as to optimize solubility,   melting point, 

now properties and other parameter, leading to good ambient and elevated 

temperature adhesive strengths.   The oligomer. studied in this  program had 
the following structures for R and R'. 

R' 

O'OXr <K> 

The two most successful oligomers studied in the current program 

were modifications of HR 600 (R   =  I and R-   =   III.   „  =   !,.   The8e were 

HR 600 DP.2 (R   .  i.  R.   =  „j,  n  ._   2) and HR 650 (R   a R(   . 

•» —■—— 
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mam 



MM» HM 

Other oligomers were investißated with the objective of reducing the cost of 

the adhesive oligomer.   These materials had R       I and R-   -  IV and R-I and 
R'   ■ V. 

Development work has included preparation of glass cloth adhesive 

prepregs,   lap-shear tensile tests,   air aging tests,   humidity aging tests, 

weldbonding tests.   Pi-tension titanium honeycomb tensile tests and T-peel 
tests. 
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As predicted,   both HH 650 and HR 600 DP-Z were indeed superior to 

HH 600 DP-1 as adhesives at both ambient and elevated temperatures.   The 

best values for ambient temperature titanium lap shear strengths were 

4200 psi and 3600 psi,   respectively,   for HR 650 and HR 600 DP-2.   At 

500   F,   strengths up to 2600 psi were measured for both materials.   As pre- 

viously observed,   the presence of acetic anhydride imidized oligomer is 
necessary for good adhesive strength. 

One of these oligomers,   HR 600 DP-2,  was selected for further 

evaluation including elevated temperature air aging,  humidity aging.   Pi- 

tension tensile strengths on titanium honeycomb specimens,   and weldbonding 

tests.   Economic considerations were given considerable weight in this 

selection,   since the HR.600 DP-2 oligomer can be presently prepared at 

considerably less expense than the HR 650 oligomer. 

Elevated temperature air aging tests to 450OF and humidity aging 

tests were very encouraging,   but indicated that additional work was neces- 

sary to optimize adhesive properties at temperatures of 500oF and higher. 

In the previous program (AFML-TR-74-88.  May 1974).   the feasibil- 

ity of polyimide weldbonding of titanium,   for service temperatures in excess 

of those attainable with epoxy adhesives,   was demonstrated with the DP-1 

oligomer.   During this program,  encouraging results have been obtained with 

the  use of the DP-2 oligomer for titanium weldbonding. 



III.   TECHNICAL DISCUSSION 

A.    ACETYLENE-TERMINATED POLYIMIDE OLIGOMERS 

The successful use of homopolymerizable acetylene-terminated 

polyimide oligomers as laminating resins in the preparation of glass cloth and 

graphite reinforced laminates led to the belief that this type of resin would 

function as a one-cumponent adhesive for 6A14V titanium.    These oligomers 

can be depicted by the general formula 

HC==C-R-N R« 

Ä 

N- R" -N R' 

II II 
0 0 

II 

N-R-C = CH 

Depending on the structure of R,   R' and R" and the values of n,   a variety of 

physical properties can be realized.   For this study we have limited ourselves 

to aromatic structures for R,   R' and R" since aromaticity is considered 

necessary to achieve the high thermal stability required for the objectives of 

this study.    We have studied oligomers in which n,  the degree of polymeriza- 

tion (DP) was as high as ^.   This allowed us to vary the crosslink density of 

the cured polymer and consequently the modulus and toughness of the cured 

resin.   The results have been very promising in that lap shear strengths in 

excess of 4000 psi at ambient and 2600 psi at 500oF have been achieved with 

some of these  resins. 

■r-    ' i- 
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The synthesis of these polyimide oligomers entails (1) the preparation 

of the polyamic acid and (2) imidization of the polyamic acid by either reflux- 

ing in a mixture of meta-cresol and benzene or in acetic anhydride. 

The resins studied in this program are shown by the following 

structures. 

, „ ./T I 0001 .-/ Xfm 

III    HR600 Type Oligomers 

•^o^crvonoc h—ff -trxr 
««-1 

IV    HR650 Type Oligomers 

'xy-^'ot'Xjkr^^i'XJ'- CH 

'OXr<xr;tr; "0°o<:xrxi: 
1 xxxy CM 

VI 

■ in   ^1 -^«       mu ,W|| 



HC = c. 

OXKXrrr fXrrx CsQH 

V"    HR700 Tvoe Oli 1 ype Oligomers 
A" the resins depicted above u8e b 
(BTDA) (VlinaE.u en20Phenonetetracarh^     u MVili,astheacidd 

CarboxW>c dianhydride 

"-"- • *—~ -■ .■-: rr;: ;;-•;:"- - H^epoiymers.   The 

Vin (BTDA) 

BTDA is readily availaki    ^ »iy available from Gulf ru 

•4-b,,(am'noP'>"yl)elher(X) 

trxr-icr -o^ NM, M,N 

IX rr:cr NH. 

XI 
n<". ' -bi-Cminoph,,,^ 

—e,ci.lly. n.meIy x ™ •   TWO 0, the dUminei ^^ 

«-"pound. „ „.. „„„        ;h"'"»«taiMM depicted by Ix    ;; 

"■•■.    'ne two «cetvl««- 
•ceiyiene compounds, 



i-aminophenylacrtylenc  (XII) and 3-(3-aimnophenoxy)phenylacetylene  (XIII) 

,no new compounds and are prepared in this laboratory on a routine basis. 

HC = C xrNH: HC = C O'Xt 
HHr 

XII XIII 

Two of the resins described,   VI and VII,   were not used to prepare 

titanium lap shear specimens.   In the case of   VI,    the  olißomer  before 

cure proved to be too viscous and it does not appear to have the necessary 

fluidity to give good adhesive bonds.   The oligomer VII was not used 

because it was felt that the potentially high crosslinking density of such a 

structure would yield a bond with too high a modulus and therefore a brittle 

matrix. 

1,   HR600  Type Oligomer,   DP of  I 

This oligomer is depicted by structure III where n is equal to one. 

The outstanding properties observed in the glass-reinforced laminates from 

the homopolymer derived from III had earlier created considerable interest 

in the use of III at. the base of a one-component adhesive for bonding 

titanium to titanium.   At that time it was discovered that the method of imi- 

dization of the oligomer strongly influenced the strength of the bonded tita- 

nium.   It was found that it was necessary to formulate the acetic anhydride 

imidized oligomer with the meta-cresol imidized oligomer to achieve good 

bond strength.   In our earlier work the titanium lap shear specimens were 

prepared by sprinkling the oligomer onto the substrates,  heating to melt the 

oligomer,   and subsequently bonding pairs of tape-wrapped substrates 

together under a pressure of 15 psi.   It was found that the use of a prepreg 

with 112 heat cleaned carrier cloth improved the strength and processing 

over the powder lay-up. 
The work summarized here is a continuation of our earlier work with 

this resin.   Aging and humidity tests were performed on adhesive bonded 

specimens using this oligomer. 



a.   Humidity Tests 

A series of tests was performed to learn the effect of humidity on 

the lap shear strength of HR600 adhesive-bonded titanium test specimens 

Twelve specimens were fabricated using a 50:50 mixture of HR600A (acetic 

anhydride imidized) and HR600C (meta-cresol imidized) impregnated Clark- 

Schwebel  1,2 heat-cleaned glass fabric.   Dimethylformamide was used as the 

lacquer solvent for the resin.   The titanium lap shear coupons were cleaned 

per Hughes Process Specification HP 9-30 described in the experimental 

sect.on and the specimens made with l/Z-inch overlap,   using spring clips to 

ach.eve  15 p.i pressure.    The specimen, were cured at 600oF in air for 

H hours and separated into three groups of four each.   The first group was 

Placed m a desiccator,   the second in the lab atmosphere,   and the third in a 

100 percent relative humidity chamber at  160OF.   for 30 days,  each     Table I 

g.ves the results.   The humidity exposure decreased the ambient temperature 

lap shear strength about 20 percent and the 450oF lap shear strength 
10 percent. 

b.   Aging Tests 

A series of tests was performed to learn the effect of aging on the 

lap shear strength of HR600 adhesive bonded titanium test strips.   Both 

Mied (325 mesh aluminum) and unfilled prepreg. were used.   Thus,   in pre- 

panng fu, filled prepreg..   a resin mixture of acetic anhydride imidized 

HReno designated HR600A.   and meta-cresol/benzene imidized HR600 

designated HR600C were blended in a 50:50 mixture with aluminum powder 
such that the mixture contained, 

HR600A/c 80pbw 

325 Mesh Aluminum Powder 20 pbw 

A small amount of dimethylformamide was mixed with the filled ro.in mix- 
ture and applied to both B.dea o( the gtarch_oll ^^^^    ^^ ^^^ 

112 glass fabric.   The .olvent was removed by oven drying at  350oF for 

15 mmutes.   This proce.. wa. repeated until a 92 percent pickup of .olid. 

10 
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was achieved.    Titanium lap-shear coupons were cleaned per Hughes Process 

Specification HPf'- )0 and 60 lap shear specimens with 1/2-inch overlap were 

made using spring clips to achieve a   15 psi pressure.    The specimens were 

then cured at 600  F for H hours. 

Concurrently,   sixty lap shear specimens were prepared using the 

same resin composition without the aluminum filler.    The same 600   F 

cure at H hours was used. 

The specimens made from both the filled and unfilled  resins were 

divided into three batches and aged at room temperature,   450  F and 500  F. 

Aliquot portions were removed at specific time intervals until the last por- 

tion had been aged a total  1000 hours.   Table II shows the values obtained for 

the filled,   and Table III for the unfilled,   specimens.   The lap shear strength 

measurements were made at the temperature of aging.   In both cases no 

changes were observed when the specimens were aged at room temperature. 

Aging at 450  F about 50 percent of the lap-shear strength was retained after 

1000 hours,   for both the filled and unfilled specimens.    At 500  F,   the 

unfilled specimens showed a much greater drop than the filled specimens. 

A possible explanation is that the aluminum acts as an antitoxidant at the 

higher temperature.   Figures  1 and 2 show these trends. 

2.    HR600 Type OUgomer,   Degree of Polymerization of 2 

Our earlier work reported for the HR600 oligomer having a degree of 

polymerization (DP) of 1 indicated room temperature lap shear strengths of 

2800 psi,   2600 psi at 450oF and 2000 psi at 500oF.   It was felt that an 

increase in lap shear strength could be achieved if the resin were less brit- 

tle and tougher.   This could be accomplished by increasing the degree of 

polymerization of the acetylene-terminated oligomer since this would effec- 

tively decrease the crosslink density.   HR600 type of oligomers with a 

degree of polymerization of 2,   i.e. ,  where n =  2 in the formula depicted by 

III were prepared.   This was accomplished by copolymerizing benzopheno- 

netetracarboxylic dianhydride,   1, }-di(3-aminophenoxy)benzene and 

3-aminophenylacetylene in a  4:2:2 molar ratio.   The polyamic acid was then 

12 
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imidizpd by two methods.    The first method involved hralinR al   reflux in a 

solvent mixture containinK meta-cresol and benzene.   The second involved 

.midizat.on by refluxing in acetic  anhydride.   The products prepared by both 

methods were analyzed using nuclear magneUc resonance (NMR) spectro- 

scopy.   Several batches of the meta-cresol imidized product (H 1224-7 IA and 

H1224-8«5B) analyzed by NMR showed within the accuracy of the determination 

2 acetylenic protons to 61 aromatic protons.   However,   in the case where the 

imidization was carried out using acetic anhydride,   the NMR spectra showed 

the presence of acetyl groups.   Two of the batches (H 1224-7 IB and H1224-HSA) 

showed this structural feature.    Thus the NMR spectrum of batch H 1224-7 IB 

was consistent with about  1. ! acetyl groups per molecule whereas 

batch II1224-MSA showed   1. S acetyl groups.   The difference between these 

two values may be w.thin the experimental error of the determination but the 

NMR nevertheless indicated the order of magnitude of the acetyl group 

content.   Evidently,   the acetic anhydride serves not only to imidize the olig- 

omer.   but  also  to form mixed anhydrides.   Such a reaction can be visualized 
as follows. 

XC—N 

CO» 

0    H 

AcjO 

C-OH 
I 
Ü 

X 
0 0 Ac 
II II   I 

U-****   AND     j 

I 
0 

One would expect the oligomer prepared by the acetic anhydride imi- 

dizatio.. to have a lower melting point.   This is borne out in that the meta- 

cresol imidized oligomer has a softening point of 175-180oC whereas the 

acetic anhydride imidized oligomer softens at  150oC.   The variation in acetyl 

contents from batch to batch may very well account for some of the inconsist- 

encies observed in lap shear strengths when different batches are used. 

These oligdmers imidized by the two methods possessed some very 

interesting properties.   They were more soluble than the corresponding 

oligomers having a DP of one.   They were even somewhat soluble in chloro- 

form,  a solvent in which HR600 with DP of one is only very slightly soluble. 
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a.   Adht-sivt' Bond Strengths 

The first group of pxpcriments were carried out on a single batch of 

resin (the meta-c resol/benzene imidized resin H 1224-7 1A and the acetic 

anhydride imidized oligomer H1224-7 1B) in order to avoid introducing a 

variable due to differences in composition of the resin.    A detailed study was 

undertaken to optimize the strength of the bond by varying prepreg advance- 

ment time,   postcure time and postcure temperatures.    Lap shear tests were 

performed on titanium specimens (cleaned as per Hughes HPf*-30) bonded 

with HR6nn.DP2 impregnated Clark-Schwebel   112 heat-cleaned glass fabric. 

These specimens were prepared from prepregs which had been advam ed at 

HS  F for various times before being fabricated into lap shear specimens. 

1 he specimens were cured at both 560oF and 600oF in air at  IS psi for vari- 

ous lengths of time.   In most cases single specimens were used rather than 

multiple specimens in order to conserve material and time.   This type of 

experimental study was undertaken to indicate trends in adhesive strengths. 

The specimens were fabricated from different blends of meta-cresol/ 

benzene and acetic anhydride imidized resins.   N-methylpyrrolidinone was 

uted as the lacquer solvent to prepare the prepregs.   The results of this 

study are shown in Table IV.   From examination of the data certain trends 
can be discerned.   These are as follows: 

1. Acetic anhydride imidized resin is required to prevent adhesive 
type failure.   The best results appear to be with the S0:S0 blends 
of oligon ers. 

2. Excellent ambient and S00oF lap shear strengths are possible 
with this type of resin. 

It is noteworthy that the presence of acetic anhydride imidized 

oligomer with the meta-cresol/benzene imidized oligomer is required to 

give a cohesive failure mode.   Evidently the acetic anhydride imidized olig- 

omer  increases the wettability of the titanium by the resin.   The mechanism 

of this is not understood at this time.   It may be due to the presence of reac- 

tive acid anhydride sites which interact with the titanium. 

Using a different batch of resin (H1224-8SA and 111224-855) gave dif- 

ferent values for the lap shear strength of a 50:50 mixture.   The latter batch 
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TABLE IV.   EFFSCT OF CURK BCHBDULE ON LAP BHSAB 
STRENGTH,   HRbOO-Dp.» TITANIUM SPECIMENS* 
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appear to contain a  k    u 
«-"mam a higher concentration , r     ■ 
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Titanium honeycomb 
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TABLE VII.    PI-TENSION TENSILE STRENGTHS 
OF TITANIUM HONEYCOMB SPECIMENS 

(NOTES  1 AND 2) 

Honeycomb Specimen 

■1 (Note  3) 
2 (Note 4) 

Ambient 
Temperature 

Tensile Sirength 
psi 

ISO 
99 

Remarks 

Filleting (moderate) 
Low to moderate filleting 

Notes:      (1)    Honeycomb specimens were prepared and tested in 
accordance with General Dynamics Corp.  Specification 
FMS-IOH.   Give details of this Spec in an Appendix. 

(2) Heat cleaned glass cloth 112E was employed as a rein- 
forcement using a 50:50 mixture of resin H1224-7 1B 
(acetic anhydride imidized oligomer) and H1224-85B 
(meta-cresol imidiied oligomer).   Both specimens cured 
at 600OF for 3 hours. 

(3) Preoared using  15 psi pressure on titanium faces in a 
600oF oven. 

(4) Prepared using only very moderate pressure (0. 55 psi) 
on titanium faces in a 600oF oven. 

Undoubtedly much higher tensile strengths can be obtained for this 

resin.   Examination of the failed surfaces showed that only moderate to low 

filleting was present.   In one of the specimens (specimen 2) a very low pres 

sure (0. 55 psi) was used and was probably responsible for the lower tensile 

strength (99 psi) compared to the 15 psi molding pressure (150 psi tensile 
strength). 
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c.   The rmal Aging Tests 

Thermal aging tests have been completed on the HR 600 resin having 

a degree of polymerization of 2.   Titanium lap shear specimens were fabri- 

cated from 6A14V titanium etched with the TURCO alkaline cleaner.   The 

prepreg was made using  1 12E heated cleaned glass cloth impregnated with an 

equal weight mixture of meta-cresol imidized HR 600 DP-2 (H1224-70B) and 

acetic anhydride imidized HR 600 DP-2 (H1224-85A).   No preconditioning 

was performed on the prepreg.    The specimens were cured at 6nn0F for 

3 hours in air.    The tests were conducted at ambient,   500oF,  450oF and 

500  F.   The results are shown in Table VIII.   This table depicts the lap 

shear strengths as a function of time.   At 300   F,   almost all of the lap shear 

strengths are retained over the 1000 hour interval.   At 450   F,   the lap shear 

strengths gradually decrease to about 80 percent of their value before aging. 

At 500  F,   the strengths decrease to about 30-40 percent.   Because of the 

scatter of the data it is difficult to obtain a more accurate interpretation of 

the retention of lap shear strengths as a function of aging time. 

Table IX depicts the effect of long term agin;, in 90 percent relative 

humidity at 160  F.   The results show that there is excellent retention of 

strengths.   The results obtained at 450oF and 251 hours appear to be anoma- 

lous and could only be explained in that the specimens may have been poorly 

prepared.   One would not expect the strengths to undergo a decrease and then 

an increase in values for this type of resin. 

T-Peel Tests 

T-peel specimens have been prepared by bonding one-inch strips of 

5 mil 6A14V titanium alloy with the prepreg fabric made using a 50:50 mix- 

ture of resin batches H2350-6A and -6B using a 3 hour cure at 600oF. 

T-peel strengths were determined according to ASTM T-Peel Method D1876. 

The peel distance in each case was five inches. Two specimens were 

measured. One gave 2.0 lbs/in. and the other 1.8 lbs/in. average strength. 

Testing was done at ambient temperature. 
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TABLE VIII.   EFFECTS OF LONG TERM AIK 
AGING ON LAPSHEAB STRENGTHS,  50:50 

' HR 600A AND HR 6oor,  DP-2* MIX TORE OF 

Time,   hours 
at Temperature 

Lap Shear Strength, 
psi at Aging Temperature Failure Mode 

Room 

-1—1 ''   '        ■'■■             ——— ■.  _ 

Temperature 3600 CO 

300° F 

0 
0 

3200 
2500 

CO 
CO 

113 
113 

3000 
2500 

CO 
CO 

274 
274 

2400 
3100 

CO 
CO 

510 
510 

2900 
2900 

CO 
CO 

714 
714 

3300 
3200 

CO 
CO 

1000 
1000 

2900 
3100 

CO 
CO 

450oF • 

0 
0 

2800 
2100 

CO 
CO 

113 
113 

2400 
2700 

CO 
CO f 

«                                                                                                          ■—'  
Titanium cleaned with Turco Alkaline Cleaner 5578; Preprec     112 
heat cleaned glass cloth impregnated with 50:50 mixture of resin 
?! Xtat'?0*™* H1"4-85-A.   No preconditioning of prepreg. 
Cure at 600«F for 3 hours in air at 15 psi pressure.       K       p    p    *• 

(Continued next page) 
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(TabU VIII,   concluded) 

. 

Time, hours 
at Temperature 

450 F (cont) 

274 
274 

510 
510 

714 
714 

1000 
1000 

500OF 

113 
113 

274 
274 

490 
490 

750 
750 

995 

Lap Shear Strength, 
psi at Aging Temperature 

2800 
2800 

2600 
2500 

2600 
2200 

1900 
1900 

1300 
1600 

2300 
2100 

1700 
2600 

1300 
1300 

1000 
600 

1600 
800 

Failure Mode 

CO 
CO 

CO 
CO 

CO 
CO 

CO 
CO 

CO/AD 
CO/AD 

CO 
CO 

AD/CO 
CO 

AD 
AD 

AD 
AD 

AD 
AD 
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TABLE IX.   EFFECT OF LONG TERM AGING IN 90 PERCENT 
RELATIVE HUMIDITY.   I60OF ON LAP SHEAR STRENGTH^ 

50:50 MIXTURE OF HR 600A AND HR 600C,   DP-2* 

Time,   hours 

Lap Shear Strength, 
psi 

R.T. 

113 

2S1 

2100 
24 on 
2600 

2^00 
2600 

1900 

450oF 

2100 
2200 

Failure Mode 

R.T. 

CO 
CO 
CO 

450OF 

1800 

500 

929 

2100 

1900 
2100 
2100 

1500 
1000 

2200 
1800 

CO 
CO 

CO/AD 

CO 

CO 

CO/AD 

CO 

1400 
1900 
1900 

CO 
CO 
CO 

CO/AD 
CO/AD 

CO/AD 
CO/AD 

CO/AD 
CO/AD 
CO/AD 

Titanium cleaned with Turco Alkaline Cleaner 5578; Preprea    112 
heat cleaned ^lass cloth impreKnated with 50.50 mature of reisin 

cCe at S^F iLe'lt? «""-•»^   "° Preconditioning of pVepreg. 1 ure at 600  F for 3 hours in air at 15 psi pressure.       *•'''*• 

It is recognized that bonded aluminum will have comparatively more 

peel strength than bonded titanium due to the lower modulus of the aluminum 

wh.ch permits it to bend more a. it peels.   It is felt that even lower thicknesl 

of titanium than the 5 mil used here should be used to obtain useful T-peel 
data. 

■ 
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J.   HR600   Type OHgomer,   Degree of Polymerization of ^ 

The acetylene terminated polyamic acid having a degree of polymeri- 

zation (DP) of  ^ was prepared BO as to learn if a further decrease in cross- 

link density would improve the lap shear strength of bonded titanium speci- 

mens.   The oligomer having a DP of 1 is depicted by structure II when n  ^   3. 

The acetylene terminated polyamic acid having a DP of 3 (n  ■   i) was 

prepared (H 1224-86) by the reaction of benzophenonetetracarboxylic dianhy- 

dride,   1, 3-di(3-aminophenoxy)benzene and  3-aminophenylacetylene in molar 

ratios of 4:3:2.   The oligomer was imidized in two ways,   the first with 

meta-cresol/benzene mixture and the second by acetic anhydride. 

For the 50:50 mixture of the imidized oligomer ambient temperature 

lap shear strengths up to 3500 psi were obtained.   However,   at 500oF the lap 

shear strength dropped to 600 psi or less.   It appears that some flow had 

taken place at the higher temperature which contributed to the failure mode 

of the bonded joint.   The use of the meta-cresol imidized oligomer by itself 

does not give good lap shear strengths.   Only nominal values were obtained 

(H00 psi or less).   Upon examination of the failed bond,   poor flow of the 

adhesive was apparent which resulted in poor contact of the adhesive with the 

titanium substrate.   A series of titanium lap shear specimens was fabricated 

using acetic anhydride imidized HR600 oligomer with a DP of 2 as a primer. 

The meta-cresol imidized oligomer was used as the bonding resin in the 

form of a  112 glass cloth prepreg.   Somewhat better strengths were obtained 

(up to  1700 psi) mainly because of better wetting of the adhesive.   Again,   the 

poor flow of the adhesive was responsible for only spot contact of the adher- 

ing substrates. 

Further work with the DP-3 resin is not recommended at this time. 

It appears to be too viscous at cure temperatures to give a good bond.   Also, 

the acetic anhydride imidized oligomer may possibly have too much flow at 

the higher temperatures (500 F) to Impart good high temperature adhesive 

properties. 
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4.   KR6S0 lype Olt|omgri 

The  relat.vHy hiKh modulus of the IIHMH) oli«omcr8 having a degree 

of polymerization of one made the cured  resm somewhat brittle and therefore 

I.nuted the lap shear strength.    In order to decrease the modulus and thereby 

the br.ttlenes» of these types of oligomers.   two extra ether linkages were 

mtroduced  into the polymer backbone.    This was accomplished by substituting 

3-(3-aminophenoxy)benZene (XIII) for the 3-aminophenylacetylene  (XII).   The 

structure of such an oligomer is shown by formula IV.   The extra ether 

linkages increased the solubility and fluidity compared to the HR  600.   The 
melting point (140oC) was about 50oC lower. 

As in the case of the HR6Ü0 type oligomer the best ambient tempera- 

ture strengths were obtained using mixtures of acetic anhydride and meta- 

cresol/benzene imidized oligomers rather than the meta-cresol/benzene 

imidized oligomer alone.   It appears that the role of the acetic anhydride 

imidized oligomer is to promote wetting of .he titanium substrate by the 

adhesive.   Even though the titanium had been cleaned by a fluoride-phosphate 

method the meta-cresol/benzene imidized oligomer lacks sufficient residual 

functionality to make as good an adhesive bond.   The acetic anhydride imi- 

d.zed oligomer was found to contain mixed anhydrides.   The amount of mixed 

anhydride varied from batch to batch and was found to affect the strength of 
the adhesive bond. 

Lap shear strengths of titanium specimens bonded only with the 

meta-cresol imidized HR650 gave poor results,  mainly due to the fact that 

the failure mode was adhesive.   However,   with the same cure cycle,   the use 

of a 50:50 mixture of meta-cresol/benzene and acetic anhydride imidized 

oligomers gave higher lap shear strengths and the failure mode changed to 

cohesive/adhesive.   These are shown in Table X. 

A study was undertaken to optimize the lap shear strength of the 

50:50 mixture using the same resins.   These are shown in Table XI. 
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TABLE  X.      LAP   SHEAR   STRENGTHS  OF  TITANIUM 
SPECIMENS BONDED WITH HR650A/C 

(50:50 MIXTURE) AND HR65ÜC 

Test   1 emperature 
HR650C Lapa) 

Shear Strengths, 
psi 

50:50 Mixture1^ 
HR650A/C Lap 

Shear Strengths,   psi 

Ambient 1520 
157 0 
17 30 
2 190 

17 50 ave 

2600 
27 50 
27 30 

2693 ave 

450 2080 
1750 
2290 
2230 

2080 ave 

500 1390 
1410 
1350 
1340 

137 0 ave 

2 M0 
2400 
2400 

2 380 ave 

All specimens cured at 600oF/8 hours,   O.OOi glue line. 
a'Clark-Schwebel  112 glass cloth — heat cleaned.   75 percent resin 

pickup from chloroform.   Resin H 1224-26. 

'Clark-Schwebel 112 glass cloth — heat cleaned.    50 percent resin 
pickup from chloroform.   Resins H1224-35A and -35B. 

mmmmmtfm 
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be.U-r .„an ,h,)5e made ,„,•,.„,   '""'' mad- "^ "MP ■„„„,.„ much 

••* no void..    „ WiB found p;p,,o
8
n;" ''"•'«•-< and ,.„ inipreKnat(.d 

k- <<"<■ po.8,bly to |he comb J 'h    lap rt«, .trengths     ^^ 
increa«. th, vi.coi> of adv.„c,ng lhe ,.„.„    ^.^ 

~~. -—lr.„e of ao:::;:;rh::;;;r::
,he bün"d joint'Md 

^ran„,Porlanl trend8 appejr i     ;;;p-8. 

'•     P-ond^oni^ improve8 lhe .       ;   ■""•   1 he'' "e " '■>"— 
specimens possiblv K» p shcar streneth of m« k    ^   . 

u, .H. „.s .o't";^-r^o-.r- —• - wbo.r„c. 
•      <-ur,' '«n.peraturos of 600oF i„ 

probably by incr„.ing ,h"c
c
r

u
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n
kr;a,ur"(5"0 •- ^ 

• -. Äjsr« - - -o°F 8ive- belter imbient temper_ 
A "* ba'ch of r<,.in ,„,224.6,, wa8 M        j 

.olven, and cur. cyCe „„ ft, ,ap '' "" ^»"^ '<> «K-T 'he effect, of 
bonded „„„ thi. re.in    Cüre      P "h"' •"-g.h. of ti.a„ium .pecimens 

h.xa„o„e.  cMorofo,.. ^ NZe,hZZ7' ^ ^ "'^ ""^ W. 
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WMI ■■■■■ 1 

h,rac,..r,zoH by nuclo,,- .„a^Hic  r,.9„n.„cP (NMR|  i,, „,.„       , 
.. ." th. „a,„,.o c,f .he .nnoroncea fou,,,, , u ai"n in"Sh, 
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n...roaOI/b.:ene 
h

r .i:"8;^f^ihaiurur,'8-" -^»«*• 
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'■eine ^T^ Tt.^ T n0"d "" '" mP,a—" 
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: IZTjr' miXed anhydride "—' - *• •— anhydHde" "d.ed 

n^ixed aldH e '. r™^ "'^ 0f —""^ "" —«« - nixeo anhydride present in this fraction. 

The Lp .hear strength, for the new batch of re.in (H1224.72A and 
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vertheless.  fairiy respectaWe value, for room temperature iap shear 
strengths were seen,  with vsiues up to 2600 psi.   The Z*T va.u 
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Poorer,   .he be*, value being   MOO p.i    which . 
*«* P.i for „.,„ fllZU.UA    and    L CO"8id-"b'V I... tUn ,h,. 
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^««-doMgo^ercan reau^in h   h """"" ^ the  "^ ^"^ 

- .He preaen. batch of ^^^T ^ b0nd"   "^ ~ 
concentration of mix,d anhy'ride8 Wh,Ch «^ P°°'" '•«*. had a greater 

-eng.hTh;':.::,:r
1:: 'ug8"t ■""" ■*—■'-—.HO .P ^ 

bonding resin. a  cre801 benzene oligomer for the 

4.      FormuIate the oli „ ^ «roups present, 
•n^prove adhesive qualitir« ler8 8Uch a8 Cab-O-Sil to 

■ ■■•■.':--:;rj':-;rr;.r:r ■ - - r -■■ ,abriCated U81"g HR 650 as an 
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„R„0" havng . DP of i-   TaMe hu{nei.   However,   the Up 

.„bien. .emperature Up .hear '^^ Thc riUure5 were 

shrar ..renglh a. »oT aroppe. *«. ^'^.   Evidently «. 
a.he.ive and >. .oo.ed >*. .he pr-er co ■ h ^^^^  ^ 

bitch o, .he primer had .00 high an «^"^ ^ meta.cregol imidUed 
»o i» verv promising since n« 

approach u.ing pr.mer.   . "«» ' „,„ gave poorer room 

im6„0 oUgomer by U.e« and «^ ^ ^ the primer u.ed U .hi. 

temp,r..ur. UP .hear '"""^^       ^ «„..OO^F.   So.ution. .0 .hi. are 

»K    and further work is justified. 
Kood Up shear strengths and furtner 

^ Reaction ofDenzofih^ioneletra 

r^^j^ny [acetylene 
^^^^^ . in the p„para.ion oi HR600 and 
T.„ of .he .hree in.ernnedia.e. u.ed .n '"^ " A. , 

«n» vet available from commercial s 
HR6.0 prepowmer. are ""^J ternlinated „,,«»«.. change, have 

mean. o, reducing .he "»'^'J ' ^^ .ryl(Jiamine. are .ub.U.u.ed 
been con.idered where commer  .ally made .„ thi. ..b. 

oratory.  The u.e o." "---";;;»  süb.,Uuli<)n ary.diamine yie.ded an 

„.«, .ype r..in --,!•;; .7.1 the „R600C.   . wa. aUo .... .o.ubU in 

'""re::   d m.^wLm.mid..   « tKu. appear, that par. or.ent.d 

1^:::.. ma... ...«.--• p-"^- 
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IM 

1ABLF XII.     ! M   SHEAR 5TREHGTHS OF A MIXTÜRE OF 
HR600C AND IIR05UC ULICOMERS IN 

90jl0 WEICHT RATIOS 

PrepreR Preconditioning 
Time (Mm) at   MW 

Lap Shear Strength, 
psi Failurt- Mode 

RT 450oF 500oF RT 4 50oF 5()()0F 

0 3200 
3500 

1800 
2200 

1100 
700 

AD/CO 
AD 

AD 
AD 

AD 
AD 

IS 3 100 
3300 

1000 
2000 

SHU 

800 
CO/AD 
CO/AD 

AD 
AD 

AD 
AD 

25 3300 
3200 

2100 
2100 

900 
100 

AD 
AD            ! 

AD 
AD 

AD 
AD 

42 3200 1900 300 
500 

AD AD AD 
AD 

Specimens prepared using 6A14V titanium.   112 heat cleaned glass cloth 
prepreg containing 75 percent resin (H1224.08.   HR600C-DP-1 qOnts   and 

^nnot'/6 HA650C'   10pt8)'   Primer HR600A-DP.2 (H1224-85A) - Cu^ed at 
600  F for 3 hours.   Titanium etched with TURCO 5578 alkaline etchant 

A meta orientation of the functional groups was then considered.   A 

search for a cornmercially available diamino aryl intermediate yielded the 

compound bis-(3.aminophenyl)8ulfone (Aldrich Chemical Company,   Inc.   Cat. 

No.   A7,  460-2).   An HR600 type resin was prepared using this intermediate. 

A polyamic acid made by the reaction of 3-aminophenylacetylene.   bis- 

Q-aminophenylsulfone and benzophenonetetracarboxylic dianhydride 

(Experiment H1224-54) was imidized two ways; the first with acetic anhy- 

dride and the second with meta-cresol/benzene.   The imidized product had a 

lower melting point than HR600 and was more soluble.   It was even soluble in 

chlorinated solvents such as chloroform,  although not adequately soluble to 

make a useful lacquer. 
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section.   The fatigue tests were run at 30 cycles per second.   The S/N tests 

on the adhesive bonded,   spotwelded and weldbonded specimens are shown in 

Figures 3.   4 and 5.   The weldbonded specimens (Figure 5) clearly show 

increased fatigue resistance over the spotwelded specimens.   No carrier 

cloth was used in any of the specimens used for the fatigue tests. 

Figure 6 shows the four observed types of failure modes and 

Tables XIII.   XIV and XV contain the applied loads,   cycles to failure,   and 

failure mode for adhesive bonded,   spotwelded and weldbonded specimens. 

CYCUS TO fMWIf 

Figure 3.    Fatigue (S/N) tests on adhesive bonded titaniu m specimens. 
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CYCUS TO FAIIU» 

Figure 4.   Fatigue (S/N) te,tn 
on welded specimen«. 

CYClft TO f AllUir 

Hgure 5.   Fatigue (S/N) test. 
on weld bonded .pecimen.. 
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Specification 
No.  H1224-93 

0.8 F 
TU 

0. 6 F 
TU 

0.4 F 
TU 

0.2 F 
TU 

3 
4 
5 
6 
7 

8 
y 

10 
u 
12 

13 
14 
15 
16 
17 
29 

18 
19 
20 
21 
22 

TABLE XIII.   FATIGUE TEST AHUFSIVF 
BONDCD TITANIUM SPECIMENS 

^   1675 LBS.   R        o TU 

Load 
Ob) 

0-1340 
0-1340 
0-1340 
0-1340 
0-1340 

0-1005 
0-1005 
0-1005 
0-1005 
0-1005 

0-670 
0-670 
0-670 
0-670 
0-670 
0-670 

0-335 
f-335 
0-336 
0-335 
0-335 

N Cycles 

0 
120 
240 
170 
285 

1.960 
690 
630 

2, 030 
1, 200 

13. 260 
20. 310 
12, 300 
9,600 

46, 000 
36,oon 

2, 504, 000 
2, 542, 000 
2, 504, 000 

10. 185, 000 
8. 498, 000 

AD 
AD 
AD 
AD 
AD 

AD 
AD 
AD 
AD 
AD 

AD 
AD 
AD 
AD 
AD 
AD 

No Failure 
No Failure 
No Failure 
No Failure 
No Failure 

49 



I 
TABLE XIV.   FATIGUE TEST SPOTWELDED TITANIUM 

SPECIMENS.   FTU  -   2937.5 LBS.  R   =   0 

Specification 
No.  H2350-04A Load (lb) N Cycles Failure Mode 

3 

0.8 FTU                5 

7 

0-2350 
0-2350 
0-2350 
0-2350 
0-2350 

840 
375 
360 

1.095 
1.485 

II 
II 
IV 
III 
II 

8 
9 

0.6F                    10 

12 

0-1762.5 
0-1762.5 
0-1762.5 
0-1762.5 
0-1762.5 

4,920 
3.210 
4. 500 
2.070 
3.000 

I 
II 

II 
II 

13 

o.4 rTÜ         It 
17 

0-1175 
0-1175 
0-1175 
0-1175 
0-1175 

20, 000 
10.000 
17.000 
17.000 
16. 000 

I 
I 
I 
I 
I 

18 
19 

0.2 F                   20 
21 
22 

0-587.5 
0-587.5 
0-587.5 
0-587.5 
0-587.5 

137.000 
141.000 
116.500 
78. 000 

127. 000 

I 
1 
I 
I 
I 
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rA,"ÄcS^OT^.^-oK»f»t«^,„ 

Specification 
No.  H2350-04B 

0. 8 F 
TU 

0. 6 F 
TU 

0.4 F 
TU 

0. 2 F 
TU 

3 
4 
5 
6 
7 

8 
9 

10 
11 
12 

14 
15 
16 
17 
23 

16 
19 
20 
21 
22 

0-2692 
0-2692 
0-2692 
0-2692 
0-2692 

0-2019 
0-2019 
0-2019 
0-2019 
0-2019 

0-1346 
0-1346 
0-1346 
0-1346 
0-1346 

0-673 
0-673 
0-673 
0-673 
0-673 

270 
390 

1,710 
1, 500 
360 

1.200 
3, 120 
1.320 
1.620 
1,770 

 1 

14, 280 
12,660 
15,750 
13,860 
12, 000 

327, 000 
164, 000 
248, 000 
187, 000 
250, 000 

II 
II 

II 

I 
I 
I 
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EXPERIMENTAL 

Monomer Proparation 

Propdi%.tion of 3-(3-nitroph«-noxy),icctophfnom- - Kxpt-riment 111057-69 

TO a slurry of sodium sand (46. 0 grams,   2. 00 g-atoms) in dry 

tetrahydrofuran (1 liter),   a solution of methanol (73. 8 grams,   2. 30 moles) 

in tetrahydrofuran (200 ml) was added dropwise with vigorous stirring.     After 

all of the sodium had reacted,  as evidenced by the absence of a grey color the 

slurry was added under argon to a solution of 3.hydroxyacetophenone 

(272. 4 grams,  2. 00 moles) in tetrahydrofuran.    The  reaction mixture was 

concentrated to dryness by distilling off the tetrahydrofuran using an oil bath 

as the heat source to prevent scorching.     The last traces of solvent were 

removed by applying vacuum.    Then,  to the cooled product was added finely 

ground cuprous chloride (46 grams) and a solution of 3-bromo-l-nitrobenzene 

(505 grams,   2. 50 moles) in deaerated pyridine (2 liters).     The mixture was 

heated at reflux overnight under argon.     The crude product was isolated by 

distilling off the pyridine and extracting the residue with benzene.    The fil- 

tered benzene extract was washed successively with 1:1 hydrochloric acid. 

10 percent aqueous sodium hydroxide and finally water.    After drying the 

benzene extract with anhydrous potassium carbonate,  the benzene was dis- 

tilled off on the rotary film evaporator.     The residue was triturated with 

absolute ethanol to remove unreacted 3-bromo-I-nitrobenzene to yield 

192. 9 grams (39 percent of theory) of product having a melting point of 720C. 

Experiment 111057-73 

To a rapidly stirred slurry of sodium sand (46. 0 grams,   2. 00 g-atoms) 

in ether (I liter) was added dropwise a solution of methanol (73. 8 grams. 
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,sml,nB o« ,he Che. U8.nB » .U b^ M the ^ «o»«^ ^^ ,„ 

Tfc. „ixture wa. h.a.ed at    etlu, f ^  ^ ^^ cuprou8 

.in .U bath as ih. heat 8ource     T. the    J ^ (505 ,„„„. 

2. 50 mo.eS, .n . Ute» o   de     ra.    PV ^ ^^ ^ ^ ^ ^ 

heate. at ^ ove.,.    ■    *** ^ ^^ ^ ^„„^ a„d lhe ,„„. 

mm evaporator.    Then ule ldroch,oric.   10 percent aqueo,,. 

Sod,um hydroxide and water.    The extract. evapora,or.    The 

pota88iunt carhona... Wa8 concentrated on "- J°l    ^ ^ 1.bromo. 

r.8idUe wae triturated with co.d ^J^^^Z^ had a meU- 
,.nitrob.n»n..    The de8ired product, after "'V'"   " 

ing point o. 75
0C and repre8.nted a 46 percent y.e.d .2».     , 

p.^para^^Ml-Z^^ 

 „ent was prepared by the dropwise addition of phos- 
ViU.e.er re     en   w r  P     ^     ^ dimethylforrnamlde (Z.O ^1 

phorus oxychlonde (175 gram  . ^ ^^.^ o{ 3_(3_ 

whlle maintaining tHe ^^ ^   , „ mole) in dimetHyUorman.de 
nitrophenoxy)acetophenone (192. 9 gram maintaining the 

(500 ml) was added dropwise to the V   ^ ^ =    ^ ^^ ^^ 
reaction -Pe--    - w - ^ ^ ^ ^^^ 

Was heated gently to 60 C and a v.igorously A
"" :ii":::::r rrrr:;-:: :^-. - ^ 

stirred cold saturatea aq extract was dried with 

"-«7:t:::::i::i\rc:::.n.r;: drvneea »„.. ^ 
anhydrou. »^•^™^       the produc. with i.opropano!. U »a. 
Bte evaporator.    After ';•"""""        ^      J of theory) m.U.d at 
vacuum-dried.    The product (174. 4 gram  . 

650C. 
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A -olu.ion of 3-(3-ni,ropho„oxyl...chlorocinnam 

h....df„r.nadditio„altwoh(>urii 
A"«'->h«add1„„„, .he mixlure w.s 

ture extracted with benzene      TJ,- K l lce Water and the mix- 

-H^.. p„u..,um c:rnat::::::,::::::, rbein8 dried with 
film .vaporalor to vi.1,1 n ••""»»•M4 >o dryne.. „„ the r0, 

c« or ZZ.        V ye"OW WaXy ,0<'k"" -''"• ""• » i««..  «0 p.r. 

0 -      * '0'U,i°" '" 5-,3-"',r<">h'"°«y'Ph«nvUc.ty,.„. „,«.4 grams 
04» mole) in e.hanol (1200 ml) «,., .rfH.H ,. gr«ma. 
-r... h.puhyd„le (1396 gr JJ" fl ro^■" - • ■°,u'i°" -'"-. 

a- roflux ,or a .ddltio„., ,wo hou'r. a dlhtn con   '    rh'■"■""• — *>"* 

hvdr„xid. (66o ml)... ,de<l ind .H.*" :;;:.;:y:;^-— —-" 
Aft.r .hi. .in,. ,„ .^i.i^., „„,.,.        ' '""'* " ""u» »voroigh.. 

r- .„d .h, „i.^. coo.::::::.:::.:::: ^r::200 m,, z 
»y m.r..io„ .„„ th. m,ral, ,xtricted -■    Th; «•« mov.d 

a-hy^ou. pou.-ion, c.rbon.1. J ,„. ^~ J"     -«' •"   »U* ov.r 

Ilickm.n molecuUr ..ill     Th. H..     a    "       di.miinj .h. r..id„. |. , 
30 «o » * "d ,"'0<iuc, ,'" »oll.c,.d ., 650C „.o.. 

PHo.pho::: ^:::z::z:r:pz r r d
d
ro,wi" *ddi"0"" ."oo mi) .hi,. mai„t.inin8. .u.;..u:. oT "'^'rr'""""id* 

J.ni.ro.c.1„ph.„o„. ,660 gram.   4 00 m„l..,      I       J       ' "'l"ll°n "' 
»a. MM dropwi.. .o ,h. v7 0mO1"1 ,n """'"-ylformamid. (2000 ml, 

P*...      .h. V.l.m,„r „.,.„, wM1. maintai„in|I |he „^^^ 

M 
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temperature at 20-2Soc.     The mixture was kept at ambient temperature 

overniRhf.    It was then poured into a vigorously stirred cold saturated 

aqueous  solution of sodium bicarbonate takinß care that the soh.tion did not 

become acid.     The product was immediately recovered by filtration and dis- 

solved in benzene.     The extract was dried over anhydrous potassium carbonate 

and the solid product  recovered by distilling off the benzene on the  rotary film 

evaporator.     After triturating the solid  residue with cold isopropanol it was 

dried under vacuum.     The product (50H. 2 grams.  60 percent of theory) melted 

at 75-H0oC and was converted to the acetylene derivative without further 
recrystallization. 

Preparation of 3-nitrophenylacetylcne (Experiment H1057-H0) 

A solution of 3-nitro-o-chlorocinnamaldehyde (417. 7 grams, 

2. 00 moles) in dioxane (1600 ml) was added to an aqueous solution of sodium 

hydroxide (210 grams.   5. 20 moles) in water (2000 ml) while maintaining the 

reaction mixture at a gentle reflux rate.    After the addition,  the mixture was 

heated for an additional 1. 5 hours.     The reaction mixture was concentrated to 

about one-half of its volume by distilling off the dioxane on the rotary film 

evaporator.     The concentrate was poured into 4 liters of ice water and the 

mixture extracted with ether.     The ether extract after be.ng dried with 

anhydrous potassium carbonate,  was concentrated on the steam bath.     The 

concentrate was then vacuum distilled at 85.950C/3 torr to yield IK4. 4 grams 

(63 percent of theory) having a refractive index of N.'9   -   I. 5HH2. 

Preparation of 3.aminophenylacetylene (Experiment 111057-81) 

A solution of 3.nitrophenylacetylene (184. 4 grams,   I. 25 moles) in 

ethanol (2000 ml) was added dropwise under argon to a solution of ferrous 

sulfate heptahydrate (3150 grams.   113 moles) in water (5000 ml) while 

maintaining the reaction mixture at a gentle reflux.    The mixture was stirred 

at reflux for an additional 2 hours and then concentrated aqueous ammonium 

hydroxide (1050 ml) was added and the mixture stirred at reflux overnight. 

After this time an additional portion of ammonium hydroxide (650 ml) was 

added and the stirring continued for another one-half hour.    After cooling to 

room temperature the reaction mixture was extracted with ether.     The ether 
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Ml-..mmophenoxy)phenylacetylene (Is. 0 ßrams     0   flx^ ^   i     u ' l K ranis,   u, US^^J mole based on 
ex,..-,-„.,..„„ ,lv „„.„„„„.H „ ,iz„lion o v ^^ ^ ,|im „__ 

,      'I  "e ' " 0nCe-      ,he •■"•■li"" "' '—*<> """or „„ „rson a,mospl,ere .. rrtk» ovo.„,ßl„.    ,„,. .so,vcnl ,„ „i911,1<!d off on 

- * vieM 54. , BMms of ^1,.mic „„,      , „^ was ^^^ i Jo mo ^~- 

■ ml mmlizcl in ll.o following manner. 

M',|"-cro«ol/Ben?.ene Imidizalion - imA^flr- 

A porlion ,30. 0 .„„,,„, lhe p,.,^^ aci<f was hca|eH ^ 
..our.  ,„ a m„„lre „f n,0,„.cr„„, (IM „„, ^ ^^^ (i 

Dcn-MarK „., ,„ „„„e,, ,„,. wa,ei.      „„ ^.^ wa8 ^^ ^        _ 

ro,..ry a,       a„d ,„, „.^ ^^^^^ ^^^^   

an. „^ a,   ,00°c in vacoon, hr 3 „„urs.     A y,eM „ 26. , gram3 of ^ 
product,  m. p.    1450C was obtained. nratzed 

Acetic Anhydride Imidizalion - HR650A 

A port.on (24. 3 grams, of the polyamic acid was heated at  renux in 

acetic anhydride (100 ml) for ■ u„ **. 
^(«00 ml) for 8 hours.     Ihe acetic anhydride was distilled 

off on the rotary film evaporator and the .m.dized product thoroughly washed 
w.th absolute ethano! and dried at HO^C overnight under vacuum.    A ^ 
l6.6gramsofapinki8h.yeIlow.m.dizedproduct>mp    I42.146oCw

y 

obtained. 

Experiment  II12Z4-44 

A „olution ot I. 5-di(3.aminophenoxy)b.„.,„. ,«. 76 grams    „ „3,, _.... 

0. moie, ,n d.mchylfonnamld. ,70 «I».    Aft.r «, M«^, wa. c " 
• .0 u„„n wa. Hea^e« a, re„üx ,„r „ aHdiUonaI 0. , hour      ^ ^ ^-. 

3-,3.am,n„pheno«y)ph.„ylac.lyl,n<! (1,.0Bram..  0.0617m„,e baa.d on 

00 ml) wa. addnd aM a. one..    Th. ..,„„„„ w.. heated „„„„ ,„ 
a.r„„.pK,r. for ,. 5 hour. ..,, ,„.,. .^^ m ^ ^^^^^ ov    « 

Ik. .oWen, wa. «Ml« of, on ft. ro,ary W. .vap<lralor „ yield „   8ramF 
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of resin.     Thi, was Hivided into two parts and imidized in the follow. 
m.inners. HR 

Meta-Cresol/Denzene Imidization - nR650C 

A portion (25. 0 grams) of the polyamic acid was heated at reflux for 
hours in a mixture of meta-cresol (100 ml, and benzene (50 ml) using a 

Dean  Stark trap to collect the water.     The solvent was distilled off and the 

res.due thoroughly washed with absolute alcohol and dried up to 160oC in 
vacuum overnight. 

Acetic Anhydride Imidization - HR650A 

A portion (20^ 7 „ram.l of ,h. poly.mic acid wa, h.a.od a, „flu, in 

ac..io anhydrid. „00 ml, ov.r„ight.    The acic anhydride „a. dia.iU.d off 

on   ha ro,ary flta avapora.or and .h, imidia.d product thoroughly .„ah.d 

w.th ahs„,ute cthy! alcohol and dried up to 160°c in vacuum overniBht. 

Experiment 111224-72 

A .olution of 1, 3.di(3.aminophe„o,y,benae„e ,9. 63 Br.ma. 0. 033 Ml., 
■ n d,„,ethy,f„rmamide ,100 ml, wa. added dropwi.e to a hot .olution (heated at 

reflu. temperature, of ben.ophenon.tetracarhoxylic dianhydride ,21. , gram,. 

0^ Mi Ml., ,n d.methylformamid. ,200 m,,     After the addition wa. comp.eted 
e .o ut,o„ .„ heated at reflux for an addition., two hour..     ,hen a .1^ 

3.,3.am,„ophcnoxy,phenvlac.tylcne ,1,. 62 gram.. 0.0777 mole ba.ed on 

exp.r.ment„ly determined neutraliaat.on cuival.nt, in dim.thy.formamid. 

(50 ml, wa. added al, a. once.    The .olution wa. heated at reflux under .r8on em   h       Then .„,„„. waj ^^ ^ ^ the ^^ ^^ J. - 

■m d      H KT" 0' PO,yamiC "*■    " W" diVlded '•"" 1"0 •*••" P°"-. and im.diaed by the two way. de.cribed below. 

Mela-creaol/Benaene Imidiiation - HB6'inr 

A portion ,25. 7 gram., of the polyamic acid wa. heated at reflux for 

4 hour, in a mixture of meta-cre.ol ,200 ml, and bena.n. ,100 ml, u.ing a 

nean-Stark trap to collect the water.    The .o.ven. wa. di.till.d off on the 

rotary film evaporator and the re.idue thoroughly wa.hed with ab.olute ethanol 
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Md flried at  I 15°^ ;„ 

—c «^ToM^rr.^ ?***•'* - I— a. „fl„x ta 

••• ..b-Cu,. .,ha„ol and dried ^ ~.^'*to- *•*" .horou8h,v ^.M 

,,:J L,  was obtained. 

A solution of 1   3-diM 

-3-'3—"'.ph.n„.y)pll.nyIa„,yIeii;";',d-"•' - hoUr.. T1,.n. .olu,ioo 

men,.,,,, dMertnlMd n,turaliia ;;; 
4

ai';r"--; «M -,. „,..., „„ experi. 

:,-" add«d a" ■ -*    Th. .oIulion la    h..   ' "■ d"n-h"'° —id. (50 Z 

50  ' «"n" <" P»'ym:c MM.    „ „., dl„.   '* m '"I»"'»' 'O V,.ld 

"-««* by .„. ,wo way. toj^ll^" ""' - •.-. porMon. and 

-■ ^ -:::.'" i':r.:; '^r': r r h"••■, -—— 
mm ,vap„ra,„r .„„ Ih, „.,„„. VV^T "" "'•""•■' - »n .h. rol,rv 

—- moc „ v.cuum ,„/.::->;-;- •«• —. .lha„OI :nd 

c",on "umb —- - «Jr^rr^r- •"•"""■ 
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Acetic  Anhylrulf Imiiii.'.ation - HR^SOA 

A portion (25   6 grams) of the polyamic acid was healed at  reflux in 

acetic  anhydride (200 ml) overnight.     I he acetic anhydride Was distilled off 

on the rotary film evaporator and the imidized product thoroughly w.«shed 

with absolut«« ethane! and dried at   110  C  in vacuum for several hours.     A 

yield of 14 grams (Identification number 111224-6113) of the imidized product 

was obtained. 

Kxpenmcnt 111224-96 

A solution of 1, 3.di(3-aminophenoxylbenzene (10.0 grams,  0.0341 mole) 

in dimcthylformamide (200 ml) was added dropwise to a hot solution (heated at 

reflux temperature) of benzophenonetet racarboxylii   dianhydnde (21.9 grama, 

0. 06H3 mole) in dimcthylformamide (200 ml)      After the addition was completed 

the solution was heated at  reflux for an additional hour.     Then a solution of 

3-(3-aminophenoxy )phenylacetylene (IS. 0 grama,   0. 0717 mole) in dimethyl- 

formamide (40 ml) was added all at once.    The solution was heated under an 

argon atmosphere at  reflux overnight.    The aolvent was dtatilled off on the 

rotary film evaporator to yield the polyamic acid.      The polyamic acid waa 

imidized by heating at  reflux overnight in a mixture of meta-cresol (300 ml) 

and benzene (ISO ml) using a Dean-Stark trap to collect the water.    About 

0.4 ml of water waa present ir the trip.     I he aolvent waa distilled off on the 

rotary film evaporator and the residue thoroughly washed with abaolute alcohol 

and dried at  I20OC for 3 houra in a vacuum oven.     The product (35. 4 grams) 

started to melt 

the melt cured 

started to melt at   1 5K0C and waa fairly flu'.d by 165 C      I'pon further heating 

b       HR600 Prepolymer-Oligomer from the Reaction of 
3-Aminophenylacetylene,   Benzophenonetet racarboxylic 
Dianhydride and  I, 3-l)i(3-aminophenoxy Iben/.ene 

Kxperiment 111224-9H 

A aolution of I, 3-di(3-aminophenoxy)benzene (77.4 grams.  0.265 mole) 

in dimelhylformamide (600 ml) was added to a aolution of benzophenonetet ra- 

carboxylic dianhydride (170. 8 grama,  0. 530 mole) in dimelhylformamide (K00 ml) 

while maintaining the solution at  reflux temperature.     The addition took 
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90 minutes.    Then a solution of 3-aminophenyl.icetylene (64 grams,  0. 547 mole) 

in 50 ml of dimethylformamide was aHHed all at once.     The mixture was stirn-H 

at reflux lempi-rature for 72 hours.    The solvent was distilled off on the rotary 

film evaporator.     The residue was then imidized by heating at  reflux in a mix- 

ture of 7?.5 ml of meta-cresol and 375 ml of benzene under an argon atmosphere 

using a Dean-Stark trap to collect the water.     The mixture w..s heated for 

16 hours during which time 3.2 ml of water was collected in the trap.     The sol- 

vent was distilled off on the  rotary film evaporator and the residue thoroughly 

washed with absolute ethanol using the high speed blender to insure intimate 

mixing.    The residue was filtered and dried at  1000C for 16 hour* in a vacuum 

oven.    A yield of 261. 4 grams of product was obtained. 

Kxpenmeni IIJ350-OH 

A solution of I, 3-di{3-aminophenoxy(benzene (31.0 grams,  0. 106 mole) 

in dimethylformamide (250 ml) was added to a solution of bcnzophenonetet ra- 

carboxylic dianhydride (6K  4 grams,  0.212 mole) in dimethylformamide (500 ml) 

while maintaining the solution at  reflux temperature.     The addition took 45 min- 

utes.    After the addition the solution was heated for an additional 30 mmuies and 

then a solution of 3.aminophenylacetyIene (26   I grams,   0. 212 mole) in dimethyl- 

formamide (50 ml) was added all at once.    After the addition the mixture was 

heated at  reflux for 4. 0 hours,   the heat turned off and the solution allowed to 

stand over argon overnight.     1 he solvent was distilled off on the rotary film 

evaporator.    The residue was imidized in a mixture of 600 ml of meta-cresol 

and 300 ml of benzene under an argon atmosphere using a Dean-Stark trap-to 

collect the water.    The mixture was heated for 2 hours during which time 

0. 3 ml of water was collected in the trap.    The benzene was distilled off from 

the solution until the pot temperature reached 1350C.    The  rest of the benzene 

was distilled off on the rotary film evaporator.    A total of 325 ml of meta- 

cresol was then distilled off using a hot <.ater bath of 90-95oC.     The heavy 

viscous solution was added to 1200 ml of cold absolute ethanol which immediately 

precipitated the oligomer.     The oligomer was filtered and thoroughly washed 

using the high »peed blender to insure intimate mixing.     Ihr residue was 

filtered and driedjjverjaight at K0oC in a vacuum oven      1 he product (H4 gram») 

was a bright yellow powder which began to melt at  1950C      It was appreciably 
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le«B viBcoiiB than the previou« batch (III224-9HI and did not cu 

on a heated aluminum block. 
re up as  rapidly 

C-       inO.OO Pr.'polymor.|).t{,ne nf l>nlym.-riy...t mn of   I wo -  QliBOmcr 
from f.e He.rnonof j   Am.nnphenyl .cetylcne.   Hen/.ophenone.el ra- 
c.rt^xyl.c  r)...nhydrl(|e and  i/?-h/H-an/inophencT^lT^^THF  

Kxpenment  111224-70 

A solution of I. 3-d.(3-aminophenoxy»benzene (25.0 «rams,  0. 0856 mole) 

!■ d.methylformamide (200 ml) was added dropw.se to a hot solution (heated ..t 

reflux temperature) of benzophenonetetracarboxylic dianhydride (41.7 grams. 

0. 0856 mole) m d.methylformamide (400 ml).    After the addition was completed, 

the «olution was heated at  reflux for an additional one-half hour.    Then a .olu- 

t.on of 3.aminophenylacetylene (11.0 «rams.   0. 0942 mole) in dimethylformamide 

(50 ml) added all at once.     The solution was heated at  reflux under argon o/er- 

night and then the .olvent was distilled off on the rotary film evaporator.    The 

residue weighed 93. 6 grams,  ind.cating some occluded solvent.    It was then 

divided into two equal portions and imidized by the two methods shown below 

Meta-Cresol/Benzene Imidization - HR600C  -21)P 

A portion (46  | grams) of the polyamic acid was heated for 4 hours in a 

m.xture of mela-cresol (200 ml) and benzene (100 ml) using A Dean-Stark trap 

to collect the water      Only a few drops of water were observed in the trap after 

this time, which indicated that the major port.on of imidi.ation took place while 

preparing the polyamic acid.    The solvent was distilled off on the rotary evapor- 

ator and the residue thoroughly washed w.th absolute ethanol and dried at  ll0OC 

in vacuum for several hours.    A y.eld of 33 grams (Identification number 

H1224.7JA) of .midized product was obtained.     1 he resin started to soften at 

175-180 C. about at the same temperature range as HR600 hav.ng a DP of one. 

Acetic Anhydride Imidization - HR60gA -2DP 

A portion (46. 8 grams) of the polyamic acid was heated at reflux in 

acetic anhydride (400 ml) overnight       1 he imidized product had completely 

dissolved after this time.    Then the acetic anhydride was distilled off on the 

rotary film evaporator and the imidized product thoroughly washed with 
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abHolu.e e.hanol and Hr.cl a.   110-1 |S0C for several hours.      ,hc yield was 

29. H gram» (Identification number 111^24-71 B). 

Kxperimen! HI2J4.85 

A Holut.on of l.S-din.ammophanoxylbenzene (2M   5 grams.   0, 0975 mole) 

m dimetMformam.de (250 ml, ... added dropwi.e to a „ot solution (heated at 

reflux temperature) of benzophenonetetracarboxyl.c dianhydride (47   1 prams 

0. 14« mole, in d.methylformamide (500 ml,.    After the addit.on was competed 

«be «option wa- heated a. reflux for an additional 45 minutes.     , hen a solution 

of 3.aminophenylaCetylene (12. 0 «rams.   0. 103 mole, in dimethylformam.de 

(50 ml, wa. added all at once.     The aolut.on was heated at  reflux under argon 

'.vernight and then the .olvent wa. distilled off on the rotary film evaporator 

■ be residue weighed 106 grams,   indicating some occluded solvent      I, » « 

«ben d.vided into two equal portions and imidi^ed by the two methods shown 
below. 

M.-ta-Cresol/Heny.ene Imidlzation - 11R600C -2nP 

A portion (53 grams, of the polyamic acid was heated for 4 hours in a 

m.xtur. of met..cr..ol (400 ml, and benzene (200 ml, using a Dean-Stark trap 

to collect th. water.    Only a 0. 3 ml of water was observed in the trap after 

tb.. t.me. which indicated that the major portion of imidi^ation took place 

•hil- prepar.n« the polyamic ac.d.      , he solvent was distilled off on the rotary 

evaporator and the residue thoroughly washed with absolute e.banol and dried 

..  MO C for 16 hour..    A yield of 34 gram» (Identification number HIIU-tSB) 
wa» obtained. 

Acehc Anhydride Imidization - HR600A -2I)P 

I be second portion (53 grams, of the polyamic acid was heated for 

4 hour» with -cet.c anhydr.de (400 ml,.     Then the ac.t.c anhydr.de wa» di». 

nlled off on the rotary film evaporator and the imidized product thoroughly 

wa»h.d with ab.oI«,e ethanol and dried at  140oC for 16 hour».     1 he yield was 
34 gram» (Identifical.on number m224.H5A,. 
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Kxperiment 1U350-06 

A solutMmof l,3-fU(3-aminophenoxy)benzene (60.0 Kr,.ms,   0  2054 mole) 

la (limethylfnrmamide (600 ml) was added dropwise to a hot solution (heated at 

reflux temperature) of benzophenonetet racarboxylic dianhydride (98.2 grams. 

0. 3082 mole) in dimethylformamide (900 ml).     After the add.tion was completed 

the solution was heated at  reflux for an additional hour.     Then a solution of 

3-aminophenylacetylene (25. 3 grams.   0. 2162 mole) in d.methylformamide (50 ml) 

was added all at once.     The solution was heated at reflux under argon overnight 

and then the solvent was distilled off on the rotary film evaporator.    The residue 

weighed 212. 5 grams,   indicating some occluded solvent.    It was then divided 

mto two equal portions and imidized by the two methods shown below. 

Meta-Cresol/Benzene Imidization- HR600C -2DP 

A portion of the polyamic acid was heated for 16 hours in a mixture of 

meta-cresol (600 ml) and benzene (300 ml) using a Oean-Stark trap to collect 

the water.     A total of 0. 4 ml of water was collected in the trap which indicated 

that the major portion of imidization took place while preparing the polyamic 

acid.    The solvent was distilled off on the rotary film evaporator and thoroughly 

washed with absolute ethanol and dried at  l40OC for several hours in vacuum. 

A yield of 86 ^rams (Identification number H2350-06A) of imidized product was 

obtained. 

Acetic Anhydride Imidization- nR600A -2I)P 

The second portion of the polyamic acid was heated at reflux in acetic 

anhydride (500 ml) for 4. 0 hours.    Then the acetic anhydride was distilled off 

on the rotary film evaporator and the imidized product thoroughly washed with 

absolute ethanol and dried at  140OC for several hours.    The yield was 62 grams 

(Identification number H2350-06B). 
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d.      HR600 Prepolymer - Degree of Polymerization of  Three - Qtigomer 
TFom the Reaction of 3-An-iinoplienylaccryTeiic,   Ben/.ophenonclnt ra- 
tarhoxylic  Dianhydride and  1, "^ - Dip-aminophenoxy )benzene 

A solution of 1, 3-di(3-aminophenoxy Ibenzene (42.7 grams,   0. 146 mole) 

in dimcthylformamide (400 ml) was added dropwise to a hot solution (heated at 

reflux temperature) of benzophenonetet racarboxylic dianhydride (62.8 grams, 

0. 195 mole) in dimcthylformamide (600 ml).     After the addition was completed, 

the solution was heated at  reflux for an additional 45 minutes.    Then a solution 

of 3-aminophenylacetylene (12. 0 grams,   0. 103 mole) in dimcthylformamide 

(50 ml) was added all at once.    The solution was heated at reflux under argon 

overnight and the solvent was distilled off on the rotary film evaporator.      1 he 

residue weight   12H grams.    It was then imidized by the two methods shown 

below. 

Meta-Cresol/Benzene Imidization - nR600C  -3DP 

A portion (62.0 grams) of the polyamic acid was heated for 24 hours  in 

a mixture of meta-cresol (400 ml) and benzene (200 ml) using a Dean-Stark 

trap to collect the water.    About 0. 4 ml of water was observed in the trap at 

this time,   which indicated that the major portion of imidization took place while 

preparing the polyamic acid.     The solvent was distilled off on the rotary film 

evaporator and the residue thoroughly washed with absolute ethanol and dried 

overnight at  120  C in vacuum.    A yield of 47. 7 grams (Identification number 

in224-K6A) of the imidized product was obtained.    This product started to melt 

at ca 190 C almost the same temperature range as HR600 having a DP of one. 

Acetic Anhydride Imidization - HR600A -3DP 

The second portion (64 grams) of the polyamic acid was heated at reflux 

in acetic anhydride (400 ml) for 4. 0 hours.     Then the acetic anhydride was dis- 

tilled off on the rotary film evaporator and the imidized product thoroughly 

washed with absolute ethanol and dried at  120 C overnight.    The yield was 

4H. I grams.    It started to soften at  1460C. 
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«•.      Aceiyli'iip- 1 e rminated Polyimidc Oligomcr from 

.ind 
uninoplienyl.icetyrene,   Bcngophenonetcl raca rboxlic  Dianhydride 

Bit»n-Arninophenyl) Sulfone 

IQxperiment 111224-54 

A solution of bisO-aminophcnyl) §ulfone (6. 05 grama,   0. 0243 mole) in 

dimethylformamide (50 ml) was added dropwlse to a hot solution (heated at 

reflux) of benzophenonetet racarboxylic dianhydride (15. 68 grams,   0. 04H7 mole) 

in dimethylformamide (50 ml).     After the addition was completed,  the solution 

was heated at reflux for an additional 20 minutes.     Then a solution of 

3-aminophenylacetylene (6. 0 grams,  0. 0521 mole) in dimethylformamide (25 ml) 

was added all at once and the mixture was heated at reflux for two hours.    The 

solvent was distilled off on the rotary film evaporator to yield 33 grams of 

polyamic acid. 

Meta-Cresol/Benzene Imidization 

A portion (20. 0 grams) of the polyamic acid wa« heated at reflux over- 

night in a mixture of meta-creaot (100 ml) and benzene (50 ml) using a Dean- 

Stark trap to collect the water.     The solvent was distilled off on the rotary film 

evaporator ano the residue thoroughly washed with absolute ethanol and dried at 

90 C for several hours under vacuum.'    I h« imidized product  (13.6 grams) 

melted around 175.lK0oC (Identification number H1224-54A). 

Acetic Anhydride Imidization 

A portion (12. 5 grams) of the polyamic acid was heated at reflux in 

acetic anhydride (150 ml) overnight.    The acetic anhydride was distilled off on 

the rotary film evaporator and the imidized product washed with absolute 

ethanol.    It was dried in vacuum at  100 C for several hours to yield 9 grams of 

imidized product. 
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d       101600 resin Witt I d< gt— of polymerisation of fc nieta-cresül/ 
benzene inudizcd oU|em«ri identif.ed by lot nurnh-rs HU24-71A, 
H1224.BSB H2S50-06AJ acetic anliydride innd.zcd ohfiomer .den- 
üifed by lot' number« H 1224-71 n.  Iil224-H.A.   n2350-06B. 

e        Acetylene-terminated polyimule oliKomer made by 8ubstitutinR 
^s(^aminnphenyl)sulfone monomer for  1. 3-d. 3-ammophenoxy - 
benzene in IIR^OO type ol.^omer; meta.cre.ol/lKM.zene im.d.zed 
oURomer .dent.fied by lot number ,n224.54A:acetlc anhydr.de 
imidized ol.Romer identified by lot number H1224-54B. 

f.       N-Methyl-pyrrolidinone,  practical grade (NMP). 

K.      N,N-Dimethylformamide.   reagent grade (DMF). 

h.      Chloroform,  reagent grade. 

2.    Process 

a.      Infilled Resin 

A typical prepreg was made by dissolving the res.n in either NMP. 

OMF or other solvent such that the resin content of the solvent was sufficient 

to give the lacquer a syrupy viBcosity (12-25 percent).     An impregnation tank 

su.table for submerging glass fabric in strip form under the surface of the 

lacquer was heated to about 350OF.    A hot solution of the lacquer was added 

to the preheated tank U* the fabric passed through the solution in a continuous 

•taflt impregnation mode.     The prepreg was then dried in an air circulating 

oven for 15 minutes at 350OF.    The resin content was checked by weighing 

before and after prepregging.    It was redipped.   redried .n the same manner 

until the resin content was 70 percent.    In the case where chloroform was used 

a. a solvent the prepreg was placed through the lacquer at ambient tempera- 

ture.    The prepreg was then air dried at ambient temperature and finally 

oven dried at l«50F for 15 minute», 
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b.      Filled Resin 

A mixture was made of the 50:50 mixture of acetic  anhydride (HR600A) 

and the meta-c resol/benzene (URMOC) imidized polyimide resin with aluminum 

powder using the following proportions 

HR600 resin mixture HO pbw 

325 mesh aluminum powder 20 pbw 

To this mixture,   approximately an equal weight of dimethylformamide was 

added and the paste thoroughly mixed.     Both sides of a heat cleaned Clark- 

Schwebel 112 glass cloth were coated and oven dried at 350  F for 15 minutes 

until 92 pbw of resin mix was present on the cloth. 

3.     Lap Shear Specimen Preparation 

a.      The titanium specimens were cleaned either per Hughes Process 
Specification HP9-30 or by the TURCO alkaline etch process. 
Both are described below. 

HP9-30 

1) Remove organic soils by wiping surface clean with cellulose 
tissues soaked in toluene or methyl ethyl ketone; or by scrub- 
bing with Ajax (Institutional Grade) or an equivalent abrasive 
cleane- followed by a rinse with tap,  deionized,  or distilled 
water to a water-break-free condition. 

2) Pickle with the following tap water solution at room tempera- 
ture for 30 seconds ±2 seconds. 

•» Components 

Nitric acid,   70 percent 

Hydrofluoric acid,   50 percent 

Water,  deionized or tap 

3)     Rinse in tap water at room temperature for 2 minutes 
minimum. 

P. jrts by Volurr 
ilO Percent 

>e 

15.0 

3.0 

82.0 
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