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NOTICES

When Government drawings, specifications, or other data are use
for any purpose other than in connection with a definitely related Gove nt
procurement operation, the United States Government thereby incurs no respon-
gibility nor any obligation whatsoever; and the fact that the Government
have formulated, furnished, or in any way supplied the said drawings, speci-
fications, or other data, is not to be regarded by implication or otherwige
es in any menner licensing the holder or any other person or corporation,
or conveying any rights or permission to manufacture, use, or sell any
patented invention that may in any way be related thereto.

j The information furnished herewith is made available for study upon
] the understanding that the Government's proprietary interests in and relating
' thereto shall not be impaired. It is desired that the Judge Advocate (WCJ),

Wright Air Development Center, Wright-Patterson Air Force Base, Ohio, be
) promptly notified of any apparent conflict between the Government's propri
etary interests and those of others.

This document may not be reproduced or published in any form in
whole or in part without prior approval of the government. Since this is
progress report the information herein is tentative and subject to changes),
corrections, aend modifications. -
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FOREWORD

This report was prepared by Shell Development Company under USAF
Contract No. AF 33(616)-3347. This contract was initiated under Project
No. 7340, "Rubber, Plastics, and Composite Materials", Task No. 13401,
"Structural Adhesives'. The work was administered under the direction of
the Materials Laboratory, Directorate of Research, Wright Air Development
Center, with Mr. T. Martin acting as project engineer,

This report covers work conducted from December 1, 1955 through
November 30, 1956. |
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HIGH TEMPERATURE METAL TO METAL ADHESIVES

Introduction

This report summarizes the preparation and evaluation of heat

resistant adhesives based on Experimental Resin X-131 and other experimental

resins.

The principal task of this project was the development of a
resinous adhesive which is useful for bonding corrosion resistant metals

for service at S500°F.

Elevated temperature adhesives based on Experimental Resin X-131
(previously designated EPON X-15100) were investigated briefly under

contract AF 33(616)-2430 and described in WADC Technical Report 53-126, Part 3
(September, 1955). The adhesives showed promising performance at temperatures

up to 500°F for bonding stainless steel. Further development work was
underteken under the current WADC Contract AF 33(616)-3347. The studies
directed primarily to techniques for improving the adhesion to metal
surfaces, the extensibility and toughness of the resin, the thermal stabilit
on long time aging, and the reproducibility of adhesive performance.

Exploratory investigations were also made of the utility of five
new solid experimental resins and five new liquid experimental resins for
the formulation of heat resistant adhesives for stainless steel. These:
resins are characterized, in general, by greater functionality compared
with that of X-131 and commercial EPON resins. :

Adhesives Based on Experimental Resin X-131 With No Modifying Resins

Dicyandiamide Cure

Experimental Resin X-131 cured with dicyandiamide and containing
aluminum dust filler appeared to be the most promising heat resistant
adhesive developed under Contract AF 33(616)-2430 [see WADC Technical
Report 53-126, Part 3 (September, 1955)}. The adhesive was used in the form
of a supported tape with glass fabric 112-Volan A as the carrier. An
acetone solution of X-131 resin (60% solids) was blended with the curing
agent dissolved in boiling solvent at a 1/2/3 weight ratio of
d@cyandiamide/water/acetone. The homogeneous solution was then stirred
with finely divided aluminum dust (MD105). After concentration to about
85% solids by stirring and mild heating, the solvent dispersion was applied
to.the glass fabric with simple doctor knives. The impregnated fabric wus
dried for 15 minutes at 200°F to remove solvents.

Manuscript released by author April, 1957 for publication as a
WADC Technical Report.
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i adhesive bond strength and heat resis?ance gccgrred with
a loading g?xiggmphra) aluminum dust filler.and 6.phr dicyandiamide
(Formulation No. 1145). The adhesive wes quite brittle, however, ang‘t?e
reproducibility of bond performance was poor. Adhesive shear strengoht or
bonds to stainless steel was about 2000 psi at room tsmperature, T5 31
1000 psi at 500°F, and 600 psi after 200 hours at 500.F. The test res t
for fourteen batches of supported adhesive tape.(prEVlOUS and current work)

follow:

.

Tensile Shear Strengjg)a) pii ST

a ° r
at T7°F at 500°F 2 °

Surface 200 bhr at SOO°F

Treatmentd)  Range Avg  Renge  Avg  Range  Avg
Method AP)  1605-2205 2010 420-1050 T45 330-1035 590

Method BS) 1650-2595 2195 T10-1460 1080 300-905 62p

a) Bonds to type 301 steel cured ome-half hour at 330°F.

b) Used for 12 batches of adhesive tape in 14 tests.

¢) Used for 6 batches of adhesive tape in 7 tests.

d) Refer to the section on metal-treatment for a description
of the methods used.

The effect of test temperature on the shear strength of x-1}1/
dicyandiamide bonds to half-hard type 301 steel is shown in Figure 1 and
Table 1., Illustrative data follow:

Test Temperature Tensile Shear Strength, psi

-T0°F 2525

T7°F 2200
500°F 420
600°F 60

. Deterioration in adhesive strength upon aging at S00°F was quite
rapid. Loss in bond strength occurred on relatively short exposure periods
of 3 to 48 hours. After longer periods of 168 to 224 hours, the adhesive
strength- increased to values about 70% of the original strength at S500°F.
The effect of exposure time at 500°F upon the shear strength of bonds from
Formulation No. 1145 is shown graphically in Figure 2. The experimental
data are summarized in Table 2. Typical data follow:

8) In conformance with the practice used in all previous reports on heat
resistant adhesive formulations, the abbreviation "phr' is used to

designate the concentration of all types of ingredients as parts by
weight per hundred parts of total polyepoxide resin. j
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Exposure Time at 500°F, hr Tensile Shear Strength, psi '

0 790
8 350
L8 260
168 " 370
200 525

Further development work and formulation studies of the X-131/
dicyandiamide/aluminum dust adhesive were undertaken with the hope of
improving 1) initial shear strength values at room temperature and 500°F,
2) heat resistance to aging at 500°F, and 3) reproducibility of bond
performance. No significant improvement in shear strength or reproduci-
bility was observed in the following experiments: 1

1. Posteuring X-131/dicyandiamide adhesive bonds for one to
three hours at 4OO°F improved adhesive shear strength slightly at room
temperature, 500°F and at 500°F after 200 hours' aging at 500°F (Table 3).

2. Posteuring X-131/dicyandiamide adhesive bonds for one to
three hours at 500°F reduced adhesive shear strength at the three test
conditions (Table 3).

3. Increasing the drying period of the supported adhesive tape
from 15 minutes to two hours at 200°F increased the initial strength at
room temperature slightly and the S00°F strength about 30%. Bond strength
?fter 200 hours' exposure at 500°F was not altered appreciably, however

Table 4). ' j

‘ k. No significant change in adhesive shear strength was observe
as the dicyandiamide concentration was increased from 6 to 14 phr (Table 5

A * N

5. No significant change in adhesive shear strength was obéervei
as the aluminum dust filler loading was increased from 75 to 200 phr with
6 phr dicyandiamide as the curing agent (Table 6).

: 6. Copper 8-quinoclinclate (0.5 to 2.0 phr) had no apparent}
effect on the shear strength or on the heat resistance of X-131/dicyandiamide
adhesives (Table 7).

Evaluation of Various Curing Agents

Four new compounds, benzimidazolyl guanidine, 2,6-diaminopyridi
(Curing Agent E), 4,4',4"-trisminotriphenylmethane and mixed isomers of
qiaminodiphenylsulfone, were evaluated as curing agents for X-131 adhesive
in comparison with the performance of dicyandiamide. All of these compoun
are more soluble than dicyandiamide and can be handled more readily in
acetone solutions of X-131 resin. The shelf life of the adhesive solutions
and tapes with each of these compounds except diaminodiphenylsulfone was
very limited, however. The adhesive bonds and shear strength test results

WADC TR 53-126 Pt 4 5
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100/100 X-131/aluminum dust tapes are summarized in Tables 8 and §
fgﬁring/Agent E), Table 10 (benzimidazolyl guenidine), Table 11 (diamino-

diphenylsulfone) and Table 12 (4,4',4"~triaminotriphenylmethane).

Mediocre bond strength was obtained with all of the curing asgents
except diaminodiphenylsulfane. This compound was s%ightly superior to )
dicyandiamide in the development of strength at S500°F and markedly superior
in strength retention on 500°F exposure. Figure 3 shows the effegt of
aging at 500°F on the 500°F shear strength of X-131 ?onds cured with - J
dicyandiamide and diaminodiphenylsulfone. Illustrative test data are given
below for X-131 adhesive bonds cured one-half hour at 310 to 330°F with

the new curing agents.

Tensile Shear Strength, psi

o a8t S00°F After
at T7°F at 500°F 200 hr at 500°F

Curing Agent, phr

6E 1875 1200 1000

13E 1665 425 285§

10 benzimidazolyl guanidine 1175 530 595
20 " " 1425 . 110 4515
23.5 4,4' hv_trisminotriphenylmethane 865 525 375
30 diaminodiphenylsulfone 2300 1090 885

6 dicyandiamide 2100 850 600

Adhesives Based on Experimental Resin X-131
With EPON 1009 and EPON 834

X-131/EPON 1009 Adhesive Tapes

EPON 1009 (molecular weight 4000) was used in combination with
Experimental Resin X-131 with the hope of reducing the brittleness of X-131
adhesives. Supporied adhesive tapes with glass fabric 112-Volan A were
prepared with 90/10, 80/20 and 70/30 X-131/EPON 1009 resin ratios as follows:

1. Prepare a solution of X-131 in acetone (60% solids).

2. Dissolve the curing agent, dicyandiamide or diaminodiphenyl-
sulfone, in the resin solution to form a homogeneous blend.

a) Dicyandiamide must be added in boiling solvent at a
1/2/3 dicyandiamide/water/acetone weight ratio to
achieve compatability.

- e S T e TR

b) Diaminodiphenylsulfone dissolves in the X-131 resin

solution. Heating must be avoided to prevent premature
| reaction. -

WADC TR 53-126 Pt 4 6
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Add EPON 1009 solution (50% solids in acetone or methyiiethyl
ketone). i

Disperse finely divided aluminum dust (MD105) in the resin-
curing agent solution.

5. Concentrate the solvent dispersion to about 80% solids ﬁ
stirring at room temperature.

6. Apply the concentrated adhesive dispersion to glass fabric,
112-Volen A. |

7. Dry the impregnated fabric about cne hour at room temperaturﬁ
and 15 minutes at 200°F. Thickness of tape is 12-14 mils.

The effect of X-131/EPON 1009 resin ratio, in the range of 100/0
to 70/30, on the shear strength of adhesive bonds to type 301 steel is give
in Teble 13 for dicyandiamide cures and in Tsble 1k for diaminodiphenyl-
sulfone cures. These data are also plotted in Figure 4, The limited |
test data, though somewhat erratic, indicated the following for adhesives
cured with dicyandiamide or diaminodiphenylsulfone: |

1. The brittleness of the X-131/EPON 1009 adhesives decreased
with increasing EPON 1009 content. This behavior was reflected in the |

increased (20 to 30%) room temperature shear strength.

i 2. The shear strength at 500°F was reduced 20 to 30% by the
i replacement of 10 to 30 per cent of the X-1351 resin with EPON 1009.

. 3. There was no appreciable difference in the thermal stability

: of adhesives with 100/0, 50/10, 80/20 and 70/30 X-131/EPON 1009 resin ratio%

1 (as judged by the 500°F shear strength data for specimens aged 200 hours

? at 500°F).

f Typical test results for bonds to full hard type 301 steel cured

; ?iig 6 phr dicyandiamide at contact pressure for one-half hour at 330°F
ollow: a

Tensile Shear Strength, psi
g o o at 500°F After
X-131/EPON 1009, by wt ¥ TT°F &t 500°F 500"} ay 500°F |

100/0 1930 170 680 |
90/10 2225 755 635 |
80/20 2205 585 1235
70/30 2335 655 7680

WADC TR 53-126 Pt 4 8
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I1lustrative data follow for bonds to half-hard type 301 steel
cured at 100 psi with 30 to 21.5 phr diaminodiphenylsulfone for one-half
hour at 240°F plus one-half hour at 330°F and postcured for two hours at

300°F.

Tensile Shear Strength, psi
at 500°F After

X-131/EPON 1009, by wt  S¥ TI'F 8% 500°F  500"hr 4 500°F

100/0 2255 1075 780
90/10 2315 750 $00
80/20 2255 (P 700
70/30 2640 785 885

The effect of the drying time at 200°F applied to X-ljl/EPDN 1009/
dicyandiamide adhesive tapes on adhesive bond performance was also studijd

briefly (see Table 15). The initial strength at room temperature incre
25% (to 2700 psi) and the 500°F shear strength increased 80% (to 1025 psi
as the drying period was increased from 15 minutes to 120 minutes at 200
Shear strength at 500°F for bonds aged 200 hours at 500°F decreased .
(to 415 psi) progressively as the drying time at 200°F was increased.

Hot Melt Blends of X-131 and EPON 834

EPON 834, a viscous liquid epoxide resin, was used in combinat%on

with Experimental Resin X-131 (softening point 170°F) to improve the flo
and wettability of the solid resin. Hot melt adhesives were prepared wi

h
X-131/EPON 834 resin ratiocs of 50/50, 60/40 and 70/30. Diaminodiphehylsuhfon4

at a concentration of one amine hydrogen atom per epoxide group was the
curing agent. The reinforecing filler, aluminum dust, was used at a loadi
of 100 parts by weight per hundred parts of total resin. Bonds to type
steel were assembled with glass cloth reinforcement and cured for one-hal
hour at 240°F plus one-half hour at 330°F at 100 psi. The test results
are given in Table 16.

The X-131/EPON 834 edhesives were characterized by brittleness
end mediocre heat resistance. The data follow: ]

Tensile Shear Strength, psi ‘
o o at S00°F After’
X-131/EPON 834, by wt  2¢ TUF 83 500°F  505"1r at 500°F

50/50 1560 375 550
60/L0 1945 375 525
70/30 3215 110 Lhs
100/0 2815 1140 830
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Adhesives Based on Experimental Resin X-131 and Vinyl Resins

Experimental Resin X-131 was modified with high molecular weight
vinyl resins of high softening point with the hope of increasing the
extensibility of the adhesive bonds. The resins included 1) Formvar 15/95
polyvinyl formal, and 2) Gelva C-3-V-30, carboxylic-modified polyvinyl
acetate.

X-131/Formvar 15/95 E Adhesive Tapes

Formvar 15/95 E (softening point 387°F) was dissolved in tetra-
hydrofuran and combined with acetone solutions of X-131 resin. Supported
adhesive tapes with good bond performance were prepared with glass fabric
(112-Volan A) as the carrier in the following manner:

1. Prepare & solution of X-131 resin in acetone (60% solids).

2. Dissolve the curing agent in the X-131 resin solution to
form a homogeneous blend.

a) Dicyandiemide must be added in boiling solvent at a
1/2/3 dicyendiamide/water/acetone weight ratio.

b) Diaminodiﬁhenylsulfone and acid-type curing agents
evaluated in this work dissolve directly in the resin
solutions at room temperature. Heating should be
avoided to preclude premature cure.

3. Add Formvar 15/95 E solution (10% solids in tetrahydrofuran).

4, Disperse the filler (aluminum dust or asbestos fibers) in
the resin-curing agent solution.

5. Concentrate the adhesive dispersion to a solids content of
58-60% by stirring at room temperature.

6. Apply the concentrated solvent dispersion of the adhesive to
glass fabric (112-Volan A).

~T. Dry the impregnated fabric about one hour at room temperature
and 15 minutes at 200°F. Thickness of tape, 12-1% mils.

Formvar 15/95 E Concentration

The effect of the concentration of Formvar 15/95 E on the
performance of X-131 adhesives was investigated with two curing agents,
1) dicyandiamide and 2) diaminodiphenylsulfone. X-131 edhesive tapes were
prepared with 10, 15, 20, and 30 phr Formvar 15/95 E, 100 phr aluminum

improved the toughness and adhesive strength at room temperature with litt

dust filler and 4 phr dicyandiamide. The addition of 10 phr Formvar 15/95’%

WADC TR 53-126 Pt 4 11
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or no sacrifice in bond strength after 200 hours' aging at 500°F. Fur%her
increases in room temperature shear strength were obtained with higher

emounts (15 to 30 phr) of the vinyl resin, but the hot strength of the
unaged bonds decreased rapidly. The test results are given in Table 17 and
ghown graphically in Figure 5. The data for bonds to full hard type 501
gteel cured at contact pressure for cne-half hour at 330°F and postcured
three hours at 400°F follow:

Tensile Shear Strength, psi

Formvar 15/95 E, phr at 77°F  at 500°F 230522 ZtAgzng
0 2305 1190 825
10 3085 975 805
15 3095 595 195
20 3710 500 1125
% 4200 375 665

The effect of X-131/Formvar 15/95 E resin ratio on adhesive bond
performance was investigated for formulations cured with dieminodiphenyl-
sulfone. This curing agent was used at the theoretical concentration
(one amine hydrogen atom per epoxide group) based on the polyepoxide cantent
of the resin blend. In two parallel series of experiments with 5/1, 57?,
1/1 and 1/3 X-131/Formvar 15/95 E resin ratios the aluminum dust filler
content was used at concentrations 1) equivalent to the polyepoxide resin
content and 2) equivalent to the total resin content (polyepoxide plus
vinyl resins). The complete test results are given in Table 18.

: Poor elevated temperature strength at 500°F was obtained for
formulations with 1/1 or 1/3 X-131/Formvar 15/95 E resin ratios. A ratio
of 5/1 appeared to be about maximum for the development of any reasonable
strength (640 psi) at 500°F. Formulations with 5/1 and 3/1 resin ratios
also had good resistance to thermal degradation upon aging at 500°F. Poor
reproducibility, which is characteristic of current X-131 adhesives, was,
unfortunately, also observed for the X-131/Formvar 15/95 E blends.

Figure 6 shows the effect of X-131/Formvar 15/95 E ratio (with 100 phr
aluminum dust filler) on the shear strength of adhesive bonds at 1) room
temperature, 2) 500°F, 3) 500°F after 8 hours at 500°F, and 4) S500°F after
200 hours at 500°F. The test results for bonds to half-hard type 301 steel
cured at 100 psi with dieminodiphenylsulfone for one-half hour at 2LO°F
Plus one-half hour at 330°F follow:

WADC TR 53-126 Pt 4 12
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Tensile Shear Strength, psi ;;
X-131/Formvar 15/95 E, at TT°F &t 500°F at S00°F After

by wt 200 hr at 500°F
100/0 2420 1100 900
83.3/16.7 3555 - 640 1030
75/25 2895 345 850
50/50 4045 0 560
25/75 4210 0 0 |

An attempt to accelerate the cure of X-131/Formvar 15/95 E/ |
diaminodiphenylsulfone adhesives with a boron trifluoride complex (Curing
Agent BF3-400) was unsuccessful. A reduction, rather than the desire
increase in initial strength at SO00°F was observed for an asbestos filled
5/1 X-131/Formvar 15/95 E adhesive which contained 1 phr BFa-400 and the
pormal amount (30 phr) of diaminodiphenylsulfone (see Table 19). The
adhesive shear strength at each test condition was 20 to 50% lower for
asbestos-filled adhesives cured in the presence of BF3-U400.

Neutral asbeastos fibers at a loading of 30 phr was equivalent
to 100 phr aluminum dust in a single test of a 100/20 X-131/Formvar 15/95 ¥
adhesive cured with diaminodiphenylsulfone (Table 20).

Bisphenol-A at a concentration of 2 to 10 phr was evaluated gs
a cure promoter for a 100/20 X-131/Formvar 15/95 E adhesive with curing
agent diaminodiphenylsulfone. The test results are given in Table 21.
Small amounts of Bisphenol-A (2 to 5 phr) appeared to have no significant
effect on the initial 500°F shear strength. At higher concentrations
(10 phr) a 60% reduction in hot strength was observed. Strength at S00°F
after 200 hours' aging at 500°F appeared to be decreased about 30%.
Pertinent data are given below for 100/20 X-131/Formvar 15/95 E bonds to
half-hard type 301 steel cured at 100 psi for one-half hour at 2LO°F plus
one-half hour at 330°F with diaminodiphenylsulfone in the presence of
Bisphenol-A.

Tensile Shear Strength, psi
. . at S500°F After
. Original 500°F Aging for
Bisphenol-A, phr at 77°F at 500°F 8 hr 200 hr

0 3605 1020 1505 950
5 4235 880 1285 690
10 4135 355 1080 675

WADC TR 53-126 Pt 4 15




Evaluation of Various Curing Agents

Diaminodiphenylsulfone appears to be the most promising curing
agent for heat resistant 100/20 X-131/Formvar 15/95 E adhesive formulations
An exploratory study of other curing agent systems was undertaken in view
of the slow rate of cure with the sulfone. The curing agents included,
u,h',h"-triaminotriphenylmethane, melamine, boron trifluoride complexes of
urea and ammonia,and BF3-400, acid salts (magnesium perchlorate and zinc
fluoborate) and hexahydrophthalic anhydride. The adhesive formulations
are described in Table 12 (triaminotriphenylmethane), Table 22 (melamine),
Table 23 (BF3-400) and Table 24 (remaining compounds). Supported adhesive
tapes were prepared with solvent solutions of 100/20 X-131/Formvar 15/95 E
with neutral asbestos or aluminum dust fillers and 30 phr diaminodiphenyl-

sulfone. Melamine and the acid salts were dispersed in the resin solutionsj;

boron trifluoride complexes and hexahydrophthalic anhydride were dissolved.
None of the compounds appeared to be as effective as diaminodiphenylsulfone

(or dicyandiamide) for the production of heat resistant bonds. In addition|.

the thermal stability on long time aging at 500°F was mediocre or poor in
the limited number of tests. Illustrative data for 100/20 X-131/Formvar
15/95 E adhesive bonds (cured one-half hour at 330°F) to half-hard type 301
steel follow:

Tensile Shear Strength, psi

o o @&t S500°F After
st TT°F &t 500°F 200'hr at 500°F

Curing Agent, phr

23.5 b,4' W-trieminotriphenylmethane 1430 455 330
10 melamine 3830 245 645
3 BF3-400 2405 515 420
3 BFs-urea 2735 440 0o
3 BFs-ammonia 1635 50 o
3 Mg(C104)2 2125 420 o
9 Zn(BF4)2-TH20 0 0 o
75 hexahydrophthalic anhydride 975 0 0

100/20/30 X-131/Formvar 15/95 E/Diaminodiphenylsulfone
Adhesive (Formulation No. 1219)

One of the most promising heat resistant adhesive formulations v
8 glass fabric supported adhesive tape of the following composition
(parts by wt): 100 X-131 + 20 Formvar 15/95 E + 100 aluminum dust + 30
diaminodiphenylsulfone. Bond performance was fairly reproducible in 16
tests of nine different batches of resin. Table 25 summarizes the shear
strength values for bonds to type 301 steel cured at 100 psi for one-half
hour at 240°F plus one-half hour at 330°F (with and without a postcure of
two hours at 300-400°F). Typical data follow:

WADC TR 53-126 Pt 4 16
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Postcured 2 hr
No Postcure at 300-400°F
I

Tensile Shear Strength, psi

At -TO°F - 3355
At room temperature 3750 2710
‘At S500°F, original 840 800

, after S500°F aging, 200 hr T45 850

At 600°F - 235
Bend Strength, 1lb 156 110

The effect of test temperature on adhesive shear stfength of Formulation
No. 1219 in the range of -70 to 600°F is shown graphically in Figure 1.

Formulation No. 1219 showed good thermal stability on type 301
steel upon aging at 500°F. Figure T shows the effect of exposure time
at 500°F on the 500°F adhesive shear strength of Formulation No. 1219
(average of four batches of adhesive tape) in comparison with the correspond-
ing adhesive cured with dicyandiamide. Illustrative data taken from the
tests results in Table 26 follow:

Exposure Time Tensile Shear Strength at 500°F, psi

at 500°F, hr =~ Range Avg of U4 Batches
0 640-1020 820
8 895-1690 1340
T2 1155-1495 1335
200 630-10%0 905

The effect of postcuring of Formulation No. 1219 bonds on the
initial 500°F shear strength was studied in view of the improved strength
(60% increase) of specimens tested after eight hours' aging at S00°F.

Table 27 summarizes two series of experiments with oven postcures of

1) 2 to 8 hours at 300 to SOO°F and 2) 2 to 32 hours at 270 to 4LOO°F. The
test results were unfortunately too erratic for interpretation. 1In general,
however, postcures at moderate temperatures of 270 to 40O°F had no consistent
effect on the initial hot strength of the adhesive bonds. In all cases,
however, embrittlement of the bond occurred as reflected in the decreased
room temperature shear strength values. Data for bonds fraom adhesive batch
No. 9 cured at 100 psi for one-half hour at 2LO°F and one-half hour at 330°F

follow:
Postcure Tensile Shear Strength, psi
hr °F at 7T7°F at 500°F
None 3630 T15
16 270 3400 155
8 330 5225 835
2 40O 2700 895
16 L4oo , 1860 1090
WADC TR 53-126 Pt 4 17
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The embrittlement of the 100/20 X-131/Formvar 15/95 E adh981Ve
on elevated temperature postcuring at 300 to 4OO°F was also reflected in
the bend strength of the bonds. A limited number of test results !
(Table 28) showed a 35% decrease in bend strength for bonds postcured |
eight hours at 4OO°F. The data for bonds to type 301 steel cured at 100
p81 for one-half hour at 24O°F plus cne-half hour at 330°F are plotted in

S’ln‘_e and are also given below:

Posteure
hr  °F Bend Strength, 1b
None 156
8 3% 138
L Loo 11k
8 L4oo 112 |

Adhesive test specimens described in this report were cut frdn
type 301 steel panels with circular slit saws mounted on a milling
machine. Several panels, however, were cut with a Do-All band saw in the
investigation of postcured bonds from Formulation No. 1219. A compariscm
of the adhesive shear strength test results for the mill-sawed and band-
gawed specimens (Table 29) indicated that the method of cutting had no
appreciable effect on the initial strength at room temperature and at 500°F.
The resistance of the specimens to prolonged aging at 500°F was reduced.
markedly, however, for bonds cut with the band saw. Thermal degradation
of the adhesive was probably initiated at the edges of the specimens :
which were badly discolored on sawing. Shear strength at 500°F after
200 hours' exposure was 830 psi for the band-sawed bonds compared with a
value of 1355 psi for corresponding mill-sawed bonds.

Gelva C-3-V-30

Gelva C-3-V-30, a high molecular weight, carboxylic modified |
polyvinyl acetate resin (softening point 356°F), was evaluated briefly as
a flexibilizer for X-131 adhesives. It was hoped that no sacrifice in heat
resistance would occur because of the possible coreaction of the resins
through the carboxyl group. Supported adhesive tapes from acetone soluﬂions
of 90/10 to 70/30 X-131/Gelva C-3-V-30 containing 100 phr aluminum dust |
filler were cured with 1) diaminodiphenylsulfone (Table 30), 2) diamino-
diphenylsulfone with a tertiary amine promoter (Table 31) and 3) dicyan-‘

diamide (Table 32).
The preliminary experiments indicated that Gelva C-3-V-30 was |

inferior to Formvar 15/95 E (polyvinyl formal) for the formation of i
thermally stable X-131 adhesives. The toughness and extensibility of
adhesive bonds with 16.7 to 25 phr Gelva C-3-V-30 was improved, but strength
at 500°F and resistance to aging at 500°F were reduced regardless of the
curing agent used. Illustrative test results follow for bonds to 301 steel
cured at 100 psi with diamincdiphenylsulfone for one-half hour at 21|-0°F
plus one-half hour at 330°F.

WADC TR 53-126 Pt 4 19
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Tensile Shear Stre si |
° ° at 500°F T
Resin, Parts by wt a8t TT°F &t 500°F  260"hr at §§§°F

100 X-131 2420 1060 1115
83.3/16.7 X-131/Gelva C-3-V-30 3340 785 320
83.3/16.7 X-131/Formvar 15/95 E L4015 1285 1095

Adhesives Based on 80/20/20 X-131/EPON 1009/Formvar 15/95 E

Good thermal stability on aging at S00°F was obtained in the |
initial tests of a combination of 80/20/20 X-131/EPON 1009/Formvar 15/95 E
cured with 24.5 phr diaminodiphenylsulfone and containing 100 phr aluminum
dust filler. The curing agent content was calculated on the basis of one

amine hydrogen atom per epoxide group in the combined polyepoxide resinb.
An extensive evaluation was made with this formulation (No. 1236) in view

of the excellent 500°F shear strength (1200 psi) of bonds to type 301 steel
aged 200 hours at 500°F. Supported adhesive tapes with good bond performance
were prepared with solvent dispersions of the adhesive according to thﬂ
following procedure:

1. Prepare a solutlon of X-131 resin in acetone (60% solids
content).

» 2. Dissolve diaminodiphenylsulfone in the X-131 solution at
room temperature.

3. Add EPON 1009 solution (50% solids in acetone).
L. Add Formvar 15/95 E solution (10% solids in tetrahydrofunhn).

5. Disperse aluminum dust (MD105) in the resin-curing agent
solution.

6. Concentrate the adhesive dispersion to 58-60% by stirring
at room temperature.

7. Apply the concentrated solvent dispersion of the adhesiveito
glass fabric (112-Volan A).

8. Dry the impregnated fabric about one hour at rocm temperahure
and 15 min at 200°F. Thickness of tape is 12-14 mils.

Bonds to Type 301 Steel

Adhesive bonds with Formulation No. 1236 were cured in a press at
100 psi for one-half hour at 240°F plus one-half hour at 330°F or only for
one-half hour at 330°F. Socme of the bonds were also postcured (oven) for
periods of 2 to 4 hours at 300 to 4OO°F. The test results for 27 batches
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of adhesive tape are given in Tables 33 and 34,

decreased shear strength at room temperature (4000 to 2700 psi) and
increased the hot strength from a relatively low value of about 530 psi

to 900 psi at 500°F.

The strength retention of adhesive bonds from Formulation No. 1236
in a temperature range of -70 to 600°F is shown graphically in Figure 1. A
sharp decrease in shear strength occurred as the test temperature was
The data are summarized in Tables 33 and 3k
Typical data for bonds cured at 100 psi for
one-half hour at 24LO°F plus one-half hour at 330°F follow:

increased from 77 to 500°F.
and in Table 35 (600°F tests).

Tensile Shear Stre , psi

No Postcure Postcure 2—E hr at 400°F

Test Temperature

In general, postcuring .

-70°F 3680
T7°F 3300-4000
500°F 200-645

600°F 330

The effect of elevated temperature aging of the unstressed
adhesive bonds at 500°F and 600°F on tensile shear strength is given in

3480
2400-3400
625-870
200

Table 36. Some of these tests results are also plotted in Fi 8 9 and 10
{500°F exposure) and Figure 11 (600°F exposure). Illustrative data follow:
Tensile Shear Strength, psi
Aging Condition at 500°F at 600°F
8 hr at 500°F 1280 635
200 hr at 500°F 1360 545
400 hr at 500°F 520-1090 -
8 hr at 600°F - 455
120 hr at 600°F - T40

In a very limited study of long time load resistance at S00°F,
adhesive bond failure occurred after 485 and 155 hours' aging at stresses
No evidence of creep was observed.

of 400 and 500 psi, respectively.
time load test data are given in Table 37.

Reproducibility of the bond performance of adhesive Formulation
Differences in various lots of X-131 resin
appeared to be one of the factors which affected the hot strength and

No correlation between resin properties

No. 1236 was disappointing.

thermal stability of bonds at 500°F.

and bond performance could be made from the available data, however.
properties of various batches of X-131 resin are given in Table 38. A :
comparison of the performance of three batches of X-131 resin is given in
Figure 12 (bonds without postcure) and Figure 13 (bonds postcured 2 to 4
The complete test results for Formulation No. 1236

hours at 40O°F).
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Figure 12. COMPARISON OF THE SHEAR STRENGTH OF BONDS TO
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prepared with various X-131 resin lots are summarized in Table 39. The

average shear strength values for bonds prepared with 5 and 6 batches of
adhesive tape cured at 100 psi for one-half hour at 240°F plus cne-half

hour at 330°F are the following:

X-131 Resin Lot
Tensile Shear Strength, psi LR1991-113  LR3525-1k7-1

At TT°F 3950 3940
At S00°F 530 460
At SO0°F after 8 hr at S00°F 1295 910
At 500°F after 200 hr at 500°F 1165 635

Corresponding test data for bonds posteured 2 to 4 hours at
400°F follow:

X-131 Resin Lot
Tensile Shear Strength, psi LR1991-113 LR3523-147~-1

At TT°F 2420 3110
At S00°F o 870 _ 45
At S00°F after 8 hr at 500°F 1265 45
At 500°F after 200 hr at S500°F 1040 ' 640

As shown in the above examples, postcuring Formulation No. 1236
bonds for 2 to 4 hours at LOO°F decreased room temperature strength 25 to 4LO%
and increased the 500°F strength 60 to T0%. Attempts to find postcuring
conditions which would develop greater initial strength at 500°F were
unsuccessful. The experimental results are given in Table 4O. Illustrative
data for bonds cured at 100 psi for one-half hour at 24O°F plus one-half hour
at 330°F follow:

Tensile Shear Strength, psi
at 500°F After
200 hr at 500°F

Postcure ° °
hr °F at T7°F at 500°F

None 3900 495 680
16 270 4025 610 535
b 330 3700 135 715
8 400 3015 1065 805
16 L4oo 2935 875 445

The embrittlement of adhesive bonds from Formulation No. 1236 upon
posteuring at elevated temperature is also reflected in the decrease in the
bend strength of the bonds. The effect of postcuring on bend strength is
shown in Figure 8 and Table 28. Pertinent data follow:
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Postcure

hr °F Bend Strength, 1b
None 186

8 330 149

L koo _ 133

8 koo 115

8 500 48

There was no significant difference in the joint strength of
Formulation No. 1236 to type 301 steel which was prepared for bonding with
four different surface treatments. These treatments included 1) sulfuric
acid followed by hydrofluoric/nitric acid, 2) formalin-peroxide solution,

3) formalin-peroxide solution followed by passivation with chromic acid

and 4) chromic/sulfuric acid. Shear strength was k00O psi at room
temperature, about 600 psi at 500°F, and 1200 psi at 500°F for bonds aged

200 hours at 500°F for each of the treatments. The test results are given

in Table 41. Figure 14 shows the effect of aging time at 500°F on the 500°F
shear strength of bonds to 301 steel prepared with various surface treatments.

No appreciable différence in joint strength was observed in a
single experiment in which glass fabric carrier was replaced with stainless
steel woven wire (see Table 42).

Erratic bond performance precluded a valid evaluation of the salt
spray resistance of Formulation No. 1236 baonds to type 301 steel. Shear
strength retention was 50 to 87% of the unexposed "control" specimens after
30 days' salt spray exposure in a limited number of tests. The data are

given in Table k3.

Exploratory studies were made of the effect of process varisbles
in adhesive tape and adhesive bond preparation in order to increase
adhesive strength and to reduce the wide scatter of strength values of
Formulation No. 1236. These experiments included 1) use of methylal in the
adhesive resin solution in place of a portion of the ketone solvent,
2) changes in the cure cycle, 3) postcuring in the press directly after
cure, and 4) use of X-131 resinous primers. No appreciable improvement in
shear strength or in the repeatability of adhesive performance was observed
in a limited study of these factors. The test results are given in Table uli
(tepe prepared with methylal), Table 45 (cure conditions) and Table 46 :
(X-131 primers).

The storage stability of adhesive Formulation No. 1236 at room
temperature was not determined. A few spot checks of aged tape indicated
that the performance of the adhesive may be altered appreciably by room
temperature storage. Low strength values, especially for the 500°F tests,
were obtained with stored tape (see Table 47). The results of a single
experiment with Formulation No. 1236 bonds to 301 steel cured at 100 psi
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for one-half hour at 240°F and ocne-helf hour at 330°F follow:
Age of Adhesive Tape

at _Room Temperature
Tensile Shear Strength, psi Fresh .2 Months

At T7°F 4095 3380
At 500°F 675 305
At S500°F after 8 hr at 500°F 1390 1105
At 500°F after 200 hr at 500°F 1410 200

Bonds to Type 17-7 PH Steel and Titanium

A preliminary evaluation of the strength of Formulation No. 1236
bonds to type 17-7 PH steel showed that the joint strength to this metal
is equivalent to the strength to type 301 steel. No significant difference
in behavior was noted in a single test of the bond strength for 17-7 PH
which was heat treated in air or in helium. The test data for experiments
with 17-7 FPH steel are summarized in Table 4L8. The effect of aging at
500°F on the 500°F shear strength of bonds to type 17-7 PH steel is showmn
graphically in Figure 15. Illustrative data for bonds cured at 100 psi for
one-half hour at 240°F plus cne-half hour at 330°F and postcured two hours
at LOO°F follow: S : )

Tensile Shear Stre si ‘
at T7°F at 500°F at 500°F Afte

Type of Steel 200 hr at 5°°LF
17-7 PH (heat treated in air) 3500 915 885
17-7 PH (heat treated in helium) 3200 810 955
301 2205 585 705

The adhesive bond strength of Formulation No. 1236 to C-110 M
titanium alloy treated with chromic-sulfuric acid was mediocre (see Table 49).
Shear strength values for bonds cured at 100 psi for one-half hour at
330°F were as follows: at room temperature 2275 psi; at 500°F, about 200 psi;
at 500° after 200 hours' aging at 500°F, about 400 psi.

Formulation Studies of Adhesives Based on a Blend of
20/20 X-131/EPON 1009/Formvar 15/95 E

The effect of diaminodiphenylsulfone concentration on the bond |
strength of the 80/20/20 X-131/EPON 1009/Formvar 15/95 E was studied briefly
for formulations containing 100 and 120 phr aluminum dust as the reinforcing
filler. Supported adhesive tapes were prepared with 12 to 29 phr of
diaminodiphenylsulfone. Bonds to type 301 steel were cured at 100 psi for
one-half hour at 24O°F plus one-half hour at 330°F. Some of the bonds were
also postcured for two and four hours at 400°F. Shear strength test
results at room temperature, at 500°F, and at 500°F after 200 hours'exposure
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Pl

at 500°F are summarized in Table 50 (100 phr filler) and Table 51
(120 phr filler).

© el g,

The limited test data indicated that meximum joint strength and y
strength retention on 500°F aging was obtained with 24 to 29 phr diamino- v
diphenylsulfone. The application of a postcure- increased the initial :
strength of the bonds with 12 to 20 phr diaminodiphenylsulfone; the values
were less than with the higher concentrations of the sulfone, however.
The shear strength test results are plotted in Figure 16 and are also -
summarized below:

o b

Adhesive Bonds Without Postcure

Tensile Shear Stirength, psi

° ° at 500°F After
ab TT°F &t 500°F 500 hr at 500°F

Diaminodiphenylsulfone, phr

12 1195 0 325
16 1030 0 325 :
20 2010 335 1045 '
2.5 ' 4095 675 1410
29 ' 4310 1010 1325

Adhesive Bonds Postcured 4 Hours at 4OO°F

Tensile Shear Strength, psi

Diaminodiphenylsulfone, phr at 77°F at 500°F
12 1605 340
16 1980 295
20 2610 1025
24,5 2370 9ko

Bisphenol-A (2 to 10 phr) was added to Formulation No. 1236 with
the hope of increasing the rate of cure of the resins and consequently of
increasing the hot strength of the unaged bonds. The limited data
(Table 52) indicated that small amounts of this additive (2 to 5 phr)
increased 500°F shear strength slightly; higher concentrations of Bisphenol-A
(8 to 10 phr) decreased the hot strength. The erratic test results
precluded a valid evaluation of the effect of the additive on the thermal
stability of the adhesive, although it appeared that resistance to aging at
500°F was reduced with 8 to 10 phr Bisphenol-A. Shear strength data
follow for bonds to 301 steel cured at 100 psi far one-half hour at R
2LO°F plus one-half hour at 3%30°F: : A

iay o L
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.

Tensile Shear Stre i

Bisphenol-A, phr at 77°F at 500°F
0 k155 645
2 k205 T15
5 41ko 785
8 4215 420
10 4065 375

The utility of several other curing agents for a blend of 80/20/20
Xx-131/EPON 1009/Formver 15/95 E was studied briefly. The compounds included
1) poorly soluble, latent curing agents, dicyandiamide and melamine, :
2) L,4' ,4"-trieminotriphenylmethane, and 3) phthalic acid. Solvent spread
supported adhegive tapes were prepared in the usual manner except for
dicyandiamide end melamine which were dispersed in the resin solutions.
The formulations are described in Table 12 (triaminotriphenylmethane),

Table 24 (phthalic acid), Table 55 (dicyandiamide) end Table 5% (melamine).
The hot strength of bonds cured with each of these compounds was :
very poor (O to 385 psi gt S00°F). Bonds with dicyandicmide

and melamine developed further strength on exposure to 500°F, indicating

a very slow rate of cure. The heat resistance of bonds cured with 4,k' 4r.
triaminotriphenylmethane and phthalic acid was mediocre. Illustrative

date for bonds to 301 steel cured at 100 psi for ane-half hour at 240°F
plus one-half hour at 330°F follow:

Tensile Shear Strength, psi

at 500°F After ﬁ
at 77°F at 500°F 200 hr at 500°F I
Curing Agent, phr hr 200 hr E
6 dicyandiamide 2590 0 910 930
10 melamine®) 2660 135 465 1055
19 4,4t hv-triaminotriphenylmethane 3035 385 835 475
47.5 phthalic acid?) 3925 130 - 305 ;
24.5 diaminodiphenylsulfone 3950 530 1265 1160

v

a) Bonds postcured 3 hours at 330°F.

Adhesives Based on New Experimental Resins

An exploratory study was made of adhesive formulations based on
ten new experimental resins. These resins are characterized, in general,
by greater functionality when compared with commercial EPON resins and
Experimental Resin X-131. In addition, four of the new resins are liquids of
very low vigscosity. It was expected that the high degree of functionality
and flow of the resins would result in high adhesion and good thermal
resistance in metal bonding.
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The new experimental resins included the following: 1) solids
gimilar in physical properties to X-131 (modified X-131 resin, X-141,
LR204T-T6, LR204T-98, and LR20LT-126) and 2) low viscosity liquids
(x-401-3, X-701, X-801-3 and LR2047-83 and LR204LT-199). The solid resins
were used in tape form; the liquid resins were used in paste adhesives or
as reactive diluents for X-131 resin.

Experimental, modified X-131 resin was evaluated in solvent
spread supported adhesive tapes with and without Formvar 15/95 E resin and
EPON 1009. The molecular weight, softening point and hydroxyl content of
the modified X-131 resin are greater than the corresponding values for the
unmodified resin. The properties of various batches of modified X-131

! resin are given in Table 55. Adhesive bonds cured with dicyandiamide and
diaminodiphenylsulfone are described in Table 56 and Table 57, respectively.
The adhesives were characterized by poor wettability and very poor flow.

The improvement in adhesion which was anticipated with the higher hydroxyl
content resin was therefore not realized. Test data are cited below for
adhesives formulated with 20 phr Formvar 15/95 E and cured at 100 psi with
diaminodiphenylsulfone for one-half hour at 24O°F plus cne-half hour at
330°F and postcured two hours at 300°F.

A X-131 Resin
Iensile Shear Strength, psi Modified Unmodified
At room temperature 3520 3615
At 500°F 465 770
At 500°F after aging 8 hr at S00°F 1225 1260 i
At SOO°F after aging 72 hr at 500°F 655 1290 | &
At 500°F after aging 200 hr at SO00°F 1000 630 ¢

Adhesive formulations based on the other solid experimental
resins cured with diaminodiphenylsulfone are given in Table 58 (X-14l1),
Table 59 (LR2047-76), Table 60 (LR204T-98) and Table 61 (LR20L7-126). The
adhesive shear strengths of bonds to type 301 steel were similar to
corresponding X-131 resin bonds in brittleness (mediocre room temperature
strength) and in heat resistance. Modification with 20 phr Formvar 15/95 E ]
improved the toughness of the bonds with little or no sacrifice in thermal !
stability on aging, but decreased initial strength at 500°F. Adhesive shear
strength at 600°F (see Table 62) was about double that for the X-131 resin.
A comparison of the bond performance of aluminum dust filled adhesives
containing no flexibilizing agent follows. These adhesives were
cured with diaminodiphenylsulfone at 100 psi for one-half hour at 2LO°F
plus one-half hour at 330°F. '
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Tensile Shear Strength, psi
at 77°F at 5000F at 6w°F at 500 F After

Resin 200 hr at S00°F
X-131 2200 1100 200 900
X-141 2435 750 460 700
LR204T-T6 1705 1045 .- 540
LR2OLT-98 2040 1225 195 985
LR204T-126 1940 1330 465 315

Paste adhesives containing aluminum dust or glass fibers were
formulated with the new liquid experimental resins as follows: 1) X-401-3
and X-801-3 with a blend of pyromellitic dianhydride and maleic anhydride
(Tables 63 and 64), 2) X-801-3 with dieminodiphenylsulfone (Table 65) end
3) LR204T7-83 with diaminodiphenylsulfone (Table 59). The preliminary
evaluation of these adhesives for steel bonding indicated that the
experimental resins are characterized by brittleness and a slow rate of cure.
The shear strength values at 500°F and at 600°F (Table 62) were inferior
to those of corresponding bonds from X-131 resin. Illustrative data for
adhesives cured with diaminodiphenylsulfone follow: .

Tensile Shear Strength, psi

Resin at 71°F at S00°F at 600°F
LR2047-83 2045 245 -
x-801-3 2080 200 135
X-131 2200 1100 200

No promising formulations were found in an exploratory study of
paste adhesives cured with a combination of pyromellitic dianhydride and
maleic anhydride. Shear strength at 500°F was poor (200 to 600 psi). Some
of the adhesive bonds increased in hot strength to about 1000 psi after
200 hours' exposure at 500°F,

B o e e

Exploratory studies were also made of the utility of the liquid ; i
experimental resins as reactive diluents for X-131 resin. Hot melt ¥
adhesives formulated with 90/10 to 50/50 X-131/diluent ratios and cured with %
diaminodiphenylsulfone or dicyandiamide are given in Table 65 (X-801-3), |-
Table 66 (X-401-3), Table 67 (X-701-3) and Table 68 (LR20LT-199). The best
adhesive bond strength was obtained with experimental resins X-801-3 and
LR2047-199. Blends containing 50% of these diluents had shear strength
values of 2000 to 3000 psi at room temperature and 950 psi at S00°F after
200 hours aging at 500°F.
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procedures for Metal Treatment and Adhesive Bond Preparation

Surface Treatments for Metals

Stainless Steel. Type 301 stainless steel (thickness 0.050 in.)
was used in most of the evaluation work described in this report. Metal
with full hard temper was used in the form of strips 1.0 in. x 4.0 in.;
metal with half-hard temper was used in the form of panels 4.0 in. x 10.5 in.

The entire panel or strip was degreased with trichlorocethylene
pefore the application of any chemical treatment. The metal was warmed to
150°F before chemical treatment to maintain good temperature control of
the bath. Eighteen panels (or an equivalent area of strips) were immersed
to a depth of one inch in ebout one liter of the treatment bath. The
pickling solutions were not re-used; the alkaline detergent solution was
used for three or four applications.

Heat treated type 17-7 PH steel (thickness 0.062 in. and 0.050 in.)
with vapor blast finish and C-110 M titanium alloy (thickness 0.050 in.)
were uged for adhesive bonding in a limited number of experiments. These

metals were treated in the same manner employed for the preparation of
stainless steel. _

The metals were‘prepared for etching, as follows:
1. Vapor degreased with trichloroethylene.

2. Cleaned with alkaline detergent solution for 10 minutes at

160-180°F. Composition of solution: 3 oz sodium metasilicate,

1.5 oz tetrasodium pyrophosphate, 1.5 o0z sodium hydroxide and
0.5 oz Nacconol NR in cne gallon water.

3. Rinsed thoroughly in tap water and dried for about 5 minutes
8t 160—200°F .

The cleaned metal was treated according to the following methods.
The treated metal was then rinsed thoroughly in tap water and dried for
5 to 10 min in a 200°F oven.

Method A (sulfuric acid followed by a hydrofluoric/nitric acid
"bright dip").

Solution 1.

Sulfuric acid (sp grav 1.84) 190 grams

Water (distilled) 895

Nacconol NR T 0"

Operating conditions 10 min at 150-160°F
WADC TR 53-126 Pt 4 38
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Solution 2.

Nitric acid (sp grav 1.42) 200 grams
Hydrofluoric acid (48%) 50

Water (distilled) 81s »
Operating conditions 10 min at room temp

' The metal was rinsed thoroughly in tap water before
immersion in Solution 2. N

Various modifications of Solution 1, Method A were tried in order
to obtain greater uniformity in the appearance of the etched metal. The
treatments are as follows:

Method Operating Temperature, °F Surfactant
A 150-160 0.5% Nacconol NR
A-M; 190-195 0.5% Nacconol NR
A-Mo 195-200 None
A-Ms 160-170 0.5% Pluronic L62
A-M, 160-170 0.25% Pluronic L62
A-Ms 160-170 None

Method B, formalin-peroxide solution (FPL etch).

Hydrochloric acid (sp grav 1.18) 500 grams
Hydrogen peroxide (30%) 20 v
Formalin (aqueous 37%) 100 v

Water (distilled) ks n
Operating conditions 10 min at 140-150°F

Method C (formalin-peroxide solution followed by pagsivation
with chromic/sulfuric acid).

Solution 1. Method B followed by rinsing in tap water.
Solution 2.
Sodium dichromate dihydrate 33 grams
Sulfuric acid (sp grav 1.84) 65
Water (distilled) 1122 o
Operating conditions 10 min at 160-170°F
Method D (Franklin Institute WS-L).

Saturated NasCro0Oy solution 35 ml
Sulfuric acid (sp grav 1.84) 1000 ml
Operating conditions 15 min at 130-150°F
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Aluminum. (Clad 2024-73 aluminum alloy (thickness 0.064 in.)
conformed to federal specification QQA-362. The metal was vapor degreased
with trichloroethylene and etched with chromic/sulfuric acid, Solution 2,
Method C. The panels (4.0 in. x 13.0 in.) were rinsed thoroughly in tap
water and dried for about 5 minutes at 160-200°F.

Adhesive Bond Preparation

Adhesive bonds described in this report were single one-half inch
lap joints 1.0 in. x 7.5 in. Type 301 stainless steel (0.050 in. thickness,
2B finish) which conformed to specification MIL-S-5059A (ASG) or MIL-S-5059
was used in all of the work. Bonds from full hard metal were assembled
with 1.0 x 4.0 strips end cured at contact pressure for one-half hour at
330°F. Panels 4.0 in. x 10.5 in. of half-hard metal were bonded in a
hydraulic press at a pressure of 100 psi for one-half hour at 330°F or
with a two-stage cure cycle of one-half hour at 24L0°F plus one-half hour at
330°F. The glue lines were heated to 240°F in 2 to 3 minutes, maintained
at this temperature for 30 minutes and then heated rapidly to 330°F and
held for 30 minutes. The bonds were cooled repidly in the press bl
(2 to 3 minutes).  Postcuring was done in a forced-draft oven except for
a few experiments in which the bonds were postcured in the press directly
after the cure cycle. Seven or eight test specimens one inch in width were
cut from a panel with a circular staggered-tooth slit saw mounted on a
milling machine. - )
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Table 1. EFFECT OF TEST TEMPERATURE ON THE SHEAR STRENGTH OF

X-131/DICYANDIAMIDE BONDS TO TYPE 301 STEEL

Formulation No. 1145 (parts by wt): 100 X-131 + 6 dicyendiamide

+ 100 aluminum dust.

Cure at 100 psi: one-half hour at 24O°F plus one-half hour at

330°F.

Panel No.8)

1145FMe-18 1145FM,-18

Tensile Shear Strength,b) psi

At -TO°F 2525 -
At room temperature 2205¢) 2180
At 500°F, original 420 600
, after 200 hours at SO00°F 680 -
At 600°F - 60
Bend strength at room temp,b) 1b 110 -

a) Bonds from solvent spread supported adhesive tapes with glass
fabric (112-Volan A) dried 15 minutes at 200°F,

b) Average of three values for one-helf inch lap joints to half-
hard type 301 steel (thickness 0.050 in.). Surface treatment:

Method A-Mg and A-M,.
c) Average of six values.
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Table 2. EFFECT OF EXPOSURE TIME AT 500°F ON THE SHEAR STRENGTH OF
X-131/DICYANDIAMIDE BONDS TO TYPE 301 STEEL

Cure (contact pressure): one-half hour at 330°F.

Panel No.®) 1145JM-16 1145JM-15 1145FC-15 1145JFs-10 1145IM-17
Surface Preparation A A c B A
Adhesive Batch No. 16 15 15 10 17
Tensile Shear
Strength,b)
At room temperature 1825 1730 1650 2105 2055
At S00°F 685 665 710 1025 855
At 500°F after . ) .
500°F aging, 3 hr - - - 380 -
8 305 315 365 - 365
2l - - - 255 -
48 255 260 345 325 115
T2 - - - 300 285
120 405 335 305 k15 115
168 375 345 - - 385
200 - - 300 670 Lo
231 475 330 - - -
500 115 215 - - -

a) Solvent spread supporied adhesive tapes (glass fabric 112-Volan A) dried
15 min at 200°F. Formulation (by wt): 100 X-131 (lot No. 1991-113) + 100
aluminum dust + 6 dicyandiamide.

b) Average of three values for one-half inch lap joints to full hard type
301 steel (‘thickness 0.050 in.).
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Table 3. EFFECT OF POSTCURING ON THE SHEAR STRENGTH OF
—éx—i-l 1/DICYANDIAMIDE BONDS TO TYPE 301 STEEL

Cure (contact pressure): one-half hour at 330°F.

D c_ - Tensile Shear Strength,0) psi

Specimen No.2) diamide, Postoure Original Aﬁ:d gg?rhr
phr F hr TT°F  500°F 500°F
1085JF-3 L 400 0 2310 755 7350
-PC1 h Loo 1 2510 1065 825
-PC3 4 - 400 3 2305 1190 825
1085JFp-4 L 500 O 2320 545 620
-PC1 i 500 1 1715 660 530
-PC3 b 500 3 1815 215 560
1145JF5-8 6 500 o} 2505 1050 905
-PC1 6 500 1 2135 6%0 770
-PC3 6 500 3 1665 605 655

a; Bonds from solvent spread supported adhesive tapes 2glass fabric

112-Volan A) dried 15 minutes at 200°F., Formulation (by wt):
100 X-131 (lot No, LR1991-113) + 100 aluminum dust.

b) Average of three values for bonds to full hard type 301 steel
(thickness 0.050 in.). Surface treatment: Method B.
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Table 4, EFFECT OF DRYING TIME AT 200°F OF
X-131 /DICYANDIAMIDE TAPES ON THE SHEAR
STRENGTH OF BONDS TO TYPE 301 STEEL

Cure (contact pressure): one-half hour at 330°F,

) Tensile Shear Streggth,sj psi
Specimen No.2 Drying Time, Aged 200 hr
12450Ma- Min at 200°F Original at 500°F
TI°F____S00°F “500°F
12 15 1940 815 ¥25
12-30 30 1875 920 445
12-60 60 2115 1015 545 !
12-120 120 2350 1130 465 :
13 15 1935 595 k10 .i
13-50 30 1940 575 350 5
13-60 60 2270 695 375
13-120 120 2595 835 k15 g p

_ ———— — ___  _———
a) Bonds from solvent spread supported adhesive tapes with
glass fabric 112-Volan A. Formulation (by wt): 100 X-131
(1ot No. LR1991-113) + 100 aluminum dust + 6 dicyandieamide, ,
b) Average of three values for bonds to full hard type 301 ;o
steel (thickness 0.050 in.). Surface treatment: Method Ll
CAMo, | .

R Ll
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Table 5. EFFECT OF DICYANDIAMIDE CONCENTRATION ON THE o
SHEAR STRENGTH OF X-131 BONDS TO TYPE 301 STEEL

Cure (contact pressure): one-half hour at 330°F,

Specimen No.®8) 1150M-17  11460M-2  12050M  120kIM  12050M i
Dicysndiamide, phr 6 8 10 12 14 ‘ ﬁ%
i

Tensile Shear %F
Strength,b psi | 4
At room temperature 2055 1935 1815 1915 1665 i
At 500°F 8u5 - 585 - 525 535 60 %
At 500°F after ; i
500°F aging, 8 hr 365 385 W60 W5 595 b
18 115 95 195 505 595 i
72 285 2k5 525 555 S0 ;‘

120 115 380 620 1025 535 | 1HT

168 385 320 320 795 630 i

200 160 350 455 790 295 | i

m——

a) Aqueous-acetone spread supported adhesive tapes (glass fabric 112-
Volan A) dried 15 min at 200°F. Constant ingredients (by wt): 100
X-131 (lot No. LR1991-113) + 100 aluminum dust.

b) Average of three values for bonds to full hard type 301 steel
(thickness 0.050 in.). Surface treatment: Method A.

PRI

R4

R e Ty e ey

WADC TR 53-126 Pt 4 45

A%S-04377i




* 3N~y POUIIN

'V POUIeN

$3Usm}BaI] 208BJING
889WIOTYL ) 19938 [o¢ 2df3 pasy 1IN 03 sjujof dey youp Jrey-ouo JOJ BS3NTBA 33aY} JO 8deaaay (o
*(CTT-166TUT °ON 301) UFsax [CT-X

JO uol3IN[OB 8u0}a08-8NOINbs UB UT PIATOSSIP Sea juade Surano sTY]

OA.

‘jusm}ear} sveviIng (p

ut 060°0

*opyustpuedotp ST ,£01d, (a

gajnutm GT PITJIP (Y UsTOA-ZTIT 911q8) 85813) sadey aarsaype pajgoddns peaads qusatos Eommomwcwm
¢89 44 | ogy 4t cle  oge Gl G261 9 002 (pNr602T
019 08% ogn 09¢ co¢ ey oLS Geot 9 CLT (pACgoeST
con o2 oLy 0g2 coe €6 s gLt 9 ST, (p¥irLo2T
oRe g2 092 o2 091 0gt 066 o€Lt 9 444 (pr9ozt
0g6 - - - - - L gGate 9 1A ZRrH6TT
088 - - - - - c8% GGe2 i 621 ANre61t
o9% 421 441 cge STt ¢9¢ chg  6coe 9 00T (pLT-NCSHTT
9% - - - - - 0L9 0go2 9 001 TT-SReGHTT
oL9 - - - - - ol9  ¢lze ] 001 C-3rsgot
Ges - - - - - Gh9 G602 9 6L S-ACTLIT
0s2 - - - - - Gee 0991 ] Gl Ac261T
U002 JU@t JYogl Juel Juygh Jqg J,006 d.LlL xyd xqd
I0J JUTIY 4,00G 1943V d,00G 3 T8UTITI0 ‘9snq  (e°ON uewroads

o T8d (o UIDUSILS J89US O116UA], (afo1a U TOHTY

*d,0¢¢ 18 anoy Jrsy-auo :(axnssaxd woupzoov aIng

TIALS T0¢ IdXL OL SANOE IAINVIANVAOIA/TIST-X
40 HIDNIUIS UVAHS FHI NO NOIIVUINIONOOD ¥TITIJ4 WANINNIV J0 IOHJdJdd °9 9198l

L6

WADC TR 53-126 Pt 4




Table 7. EFFECT OF COPPER 8-QUINOLINOLATE ON THE SHEAR STRENGTH

OF X-131/DICYANDIAMIDE BONDS TO TYPE 301 STEEL
3
Cure (contact pressure): one-half hour at 330°F, §
3
Specimen No.8&) 1145IM-17  1210JM 1211JM 1212JM
Copper 8-Quinolinolate, phr 0 0.5 1.0 2.0
Tensile Shear Strength,b) psi 3
At room temperature ~ 2055 1455 1260 1675 §
At 500°F - 85 - 510 485 k15
At 500°F after
500°F aging, 8 hr 365 260 335 220
48 115 270 305 280
72 285 310 240 315
120 115 345 305 Lo :
168 385 400 305 210 B
200 460 425 505 505 i
. e o — = i
a) Solvent spread supported adhesive tapes (glass fabric 112-Volan A)
dried 15 min at 200°F. Constant ingredients (by wt): 100 X-131
(lot No. LR1991-113) + 100 aluminum dust + 6 dicyandiamide.
b) Average of three values for bonds to full hard type 301 steel
(thicknegs 0.050 in.). Surface treatment: Method A, g’
1
Al
L
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Table 8, SHEAR STRENGTH OF BONDS TO TYPE 301 STEEL FROM
X-131 ADHESIVES WITH 4-6 PHR CURING AGENT E

Cure: one-half hour at 310°F at contact pressure.

Tensile Shear Strength,b) psi
Curi tE, P t d 2
Specimen No.&) nghﬁgen 3882;feh: Original ~ A§:45ogthr
T7°F 500°F 500°F
11861F5 4 0 525 ‘ 0 -
-PC1 k 1 T 2335 305 810
-PC3 I 3 1845 700 685
1187;F3 6 0 2195 485 ‘1145
) -PC1 6 1 1930 930 1025
-PC3 6 3 1875 1200 1000

a) Bonds from solvent spreed supported adhesive tapes (glass fabric 112- |
Volan A) dried 15 minutes at 200°F. Formulation (by wt): 100 X-131 (lot
No. 1991-113) + 100 aluminum dust.

b) Average of three values for bonds to full hard, type 301 steel (thickness
0,050 in.). Surface treatment: Method B.
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Table 9. SHEAR STRENGTH OF BONDS TO TYPE 301 STEEL FROM
X-131 ADHESIVES WITH 13 PHR CURING AGENT E
Cure at 100 psi: one-half hour at 2LO°F plus

one~half hour at 310-330°F.
Postcure (oven): three hours at 300°F,

= e = === ===
Penel No.®) 1232EMg-P33 1229EM,-P330) 1231FM,-P33¢)
Surface Treatment Method A-Mg A-M, A-M, ; ‘
Cure, min/°F 30/310 30/330 30/330 |
Type of Adhesived) Hot Melt Tape . Tape ‘
Formvar 15/95E, phr | None None 20 ;
Tengile Shear Strength,®) psi , |
At room temperature 1670 1285 1905
At 500°F, original 565 485 215
At 500°F, after S00°F aging, 24 hr 210 200 370
48 515 210 515
T2 of) 250f) o0f) |
120 145 215 455 é
200 370 315 165 :
i

a) Conatant ingredients, phr: 100 sluminum dust + 13 Curing Agent E
(2,6-diaminopyridine).

b) Teat results for panel No. 1229EMs-P33 cured one-half hour at 310°F:
Shear strength at room temperature, 1660 psi (avg of eight values).

c) Test results for panel No. 1231EMg-P33 cured one-half hour at 310°F:
Shear strength at room temperature, 1900 psi (avg of eight values).

d) Adhesive bonds prepared with glass fabric 112-Volan A. Adhesive tapes
were prepared from golvent dispersions of the adhesive and then dried
15 minutes at 200°F.

e) Average of two or three values for one-half inch lap-joints to half-
hard type 301 steel (thickness 0.050 in.).

f) One value.
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Table 10. -SHEAR STRENGTH OF BONDS TO TYPE 301 STEEL FROM
X-131 ADHESTIVES CURED WITH BENZIMIDAZOLYL GUANIDINE

Cure (contact pressure): ome-half hour at 330°F

Formulation No.8&) 1200JM 1202FMP)  11451M-16
Curing Agent, phr 10 BIGS) 20 BIG®) 6 dicy®)
Tensile Shear Strength,d) psi
At room temperature 1175 1425 1825
At 500°F, original 530 110 685
At S500°F, after S00°F aging, 8 hr 300 135 305
48 540 . 95 255
T2 510 240 -
120 610 340 ko5
168 715 420 375
200 595 415 k75

a) Bonds from solvent spread supported adhesive tape zglass fabric

I12-Volan A) dried 15 minutes at 200°F. Formulation (parts by
wt): 100 X-131 (lot No. LR1991-113) + 100 aluminum dust.

b) Cure: One-half hour at 24O°F plus one-half hour at 330°F,

c) "Diey" is dicyandiamide. "BIG" is benzimidazolyl guandine,

d) Aversge of three values for one-half inch lap joints to full

hard type 301 steel (thickness 0.050 in.). Surface treatment:
Method A.
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Table 11. SHEAR STRENGTH OF X-131/DIAMINODIPHENYLSULFONE

BONDS TO TYPE 301 STEEL

‘Formulation (parts by wt): 100 X-131 + 100 aluminum dust
+ 30 diaminodiphenylsulfone.
Cure at 1CO psi: one-half hour at 240°F plus one-half -
hour at 330°F.

o —— ——— e
Panel No.®) gty 25l 101rE-k 12007E-5 1201°E-6 :
X-131 Resin lot No. LR- 1991-113 1991-113 3523-147-1 3523-115 1991-11% §
Tensile Shear Strength,d) psi ﬁ
At room temperature 2255  1840€) 2815¢e) 21%08) 2420 B
At 500°F, original 1075 905 1140 1280 1060 g
At SO0°F, after S00°F aging, ‘ F
8 nr 1095 - - - 1165¢) g
48 710 - - - 11508)
72 785 - - - 1220€)
120 690 - - - 1075¢)
168 670 - - - -
200 780 870 830 835 1115¢) §
At 600°F, original - - 195 - - :

a) Bonds from solvent spread supported adhesive tapes with glass fabric
(112-Volan A) dried 15 minutes at 200°F.

b) Bonds to full-hard type 301 steel cured at contact pressure for one-
half hour at 330°F and postcured two hours at 300°F. Surface treatment:
Method A. .

c) Adhesive tape stored for two months at room temperature before testing.

d) Average of three values for one-half inch lap joints to half-hard type
301 steel (thickness 0.050 in.). Surface treatment: Method C.

e) Average of two values.

|

|

§
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Table 12, SHEAR STRENGTH OF BONDS TO TYPE 301 STEEL FROM X-131
ADHESIVES CURED WITH &,4', 4"-TRIAMINOTRIPHENYLMETHANE

Cure: one-half hour at 330°F and 100 psi

Panel No.2) : 1326JE  1327JE  1328JE 4
X-131/EPON 1009 Ratio,b) by wt 100/0 100/0 80/20 ;a
Formvar 15/95 E, phr - 20 20 y
Triaminotriphenylmethane, phr 23.5 23.5 19 | %‘
?
Tensile Shear Strength,®) psi i
At room temperature 865 1430 3035 o
At 500°F, original : 525  u55 385 | A
At 500°F, after 500°F aging, 8 hr 605 420 835 | K
120 730 510 795
200 375 330 475

a) Bonds from solvent spread supported adhesive tape (gless fabff:= \
112-Volen A) dried 15 minutes at 200°F. Constant ingredient, by ¥
wt: 100 aluminum dust. 5

b) X-131 lot No. LR3523-64,

c) Average of three values for one-half inch lap joints to half-
hard type 301 steel (thickness 0.050 in.). Surface treatment:
Method C. L

d) Average of two values. e

e i maa e VR
photrar S et s
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Table 13, EFFECT OF X-131/EPON 1009 RESIN RATIO
ON THE SHEAR STRENGTH OF BONDS TO TYPE 301
STEEL CURED WITH DICYANDIAMIDE

Cure (contact pressure): me-~half hour at 330°F
with 6 phr dicyandismide.

Tensile Shear ﬁ

) X-1310) / Surface Strength,c) psi i

Specimen No.& ~ Treatment Aged 200 hr N

EPON 1009 ethod Original et 500°F i

TT°F___500°F 500°F i

i

1145J5F4) 100/0 B 2290 1145 675 4

1195JF -2 90/10 B 2865 1045 830 5

1196JF -2 80/20 B 2785 1020 1075 ;s

1197JF,-2 70/30 B 2455 855 880 “

11450Me) 100/0 A 1930 770 680

11950Me-2 90/10 A-Mg 2225 755 635 ;

1196JMz~2 80/20 A-Me 2205 585 1235 i

1197Me-2 70/30 A-Mo 2335 655 780 | h

a; Bonds from solvent spread supported adhesive tapes 2glass fabric 112~ f

Volan A) dried 15 min at 200°F. Constant ingredients, phr: 100 ;.
aluminum dust + 6 dicyandiamide. N

b) X-131 resin lot No. LR1991-113.

c) Average of three values for bonds to full hard type 301 steel o
(thickness 0.050 in.). P

d) Test results given are the averages for six adhesive batches. | .

e) Test results given are the averages for eight adhesive batches. 1 Fi
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SHEAR STRENGTH OF BONDS TO TYPE 301 STEEL
CURED WITH DIAMINODIPHENYLSULFONE

Cure at 100 pei: one-half hour at 240°F plus
one-half hour at 330°F
Posteure (oven): two hours at 300°F

Teble 14. EFFECT OF X-131/EPON 1009 RESIN RATIO ON THE | l
i

1201 1235FMg-  123LFMg-  1235FMo-

Panel No.a)

p23C P23 P23 P23
X-131/EPON 1009 Ratio, by wt 100/0 90/10 80/20 70/30 j
Disminodiphenylsulfone, phr 30 27 24,5 21.5 4
Tensile Shear Strength,b) péi 7 : i
At room temperature 2255 2315 2255 2640 ';
At S500°F 1075 750 TS 785 :
At 500°F after
500°F aging,d) 8 hr 1095 - 855 550 590
48 710 420 500 580
T2 785 760 760 610 |
120 690 720 760 590 o
200 780 900 700 885 ‘

a) Bonds from solvent spread supported adhesive tapes (glass fabric 3y
112-Volan A) dried 15 min at 200°F. Constant ingredient: 100 phr
aluminum dust. X-131 lot No. 1991-113.
b) Average of three values for 0.5 in lap joints to half-hard type 301
steel (thickness 0.050 in.). Surface treatment: Method A-Ms. g
c) Bonds to full hard type 301 steel (thickness 0.050 in.) cured at il
contact pressure. Average of three values for all tests. Surface t
treatment: Method A.
d) Average of two values.

1 ;
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Table 15. EFFECT OF DRYING TIME AT 200°F OF X-131/
EPON 100§ZDICYANDIAMIDE TAPES ON THE SHEAR

STRENGTH OF BONDS TO TYPE 301 STEEL

Cure (contact pressure): omne-half hour at 330°F

Tensile Shear
X-151/EPON [ oo Time, Strength,¢) pei

Specimen No.&8) 1009 Resin Min at 200°F Original Aged 200 hr

Ratiob) at_S00°F

T7°F  500°F 500°F
1195IM,-2 90/10 15 2225 755 635
-30 " " 30 2u35 895 605
-60 " - 60 2730 865 395
-120 " 120 2745 935 415
1196JMp-2 80/20 15 2205 585 1235
-30 " 30 2235 635 960
-60 " 60 2690 745 435
- -120 " 120 2700 1025 515
11970Me-2 70/30 15 2335 655 780
-30 " 30 2575 585 370
-60 " 60 2500 35 260
-120 " 120 205 770 460

as Bonds from solvent spread supported adhesive tapes with glass

fabric 112-Volen A. Constant ingredients, phr: 100 aluminum dust
+ 6 dicysndiamide.

b) X-131 resin lot No. LR1991-113.

¢) Average of three values for bonds to full hard type 301 steel
(thickness 0.050 in.). Surface treatment: Method A-Mo.
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Table 16. SHEAR STRENGTH OF BONDS TO TYPE 301 STEEL FRCM X-131/
EPON 834 HOT MELT ADHESIVES CURED WITH DIAMINODIPHENYLSULFONE

Press cure at 100 psi for one-half hour
at 240°F plus cne-half hour at 330°F

o L~ - .

Panel No.8) 1296FE 1299FE 1300FE 1201FE-4b) ]
X-131/EPON 834 Ratio,C) by wt 50/50 60/40 T70/30  100/0 {
Diaminodiphenylsulfone, phr 25 26 27 30

Tensile Shear Strength,d) psi

e o e r—— —————_ - S AT PRI U
R -
— T g —— s — - e

At room temperature ‘ 1560 1945 3215 2815°)
At 500°F, original ' 315 3715 110 1140
, after 500°F aging, 8 hr 0. 120 55¢) -
, 120 555%)  s570f) 625e) -
» 200 550 525 445 830

a) Bonds prepared with hot melt adhesives and glass cloth 112-Volan A

reinforcement. Constant ingredient: 100 phr aluminum dust (MD20l). ; ;
b) Solvent spread tape dried 15 min at 200°F. ‘ .V;
c) Experimental resin X-131, lot No. LR3523-147-1. ! 1.
d) Averasge of three values for one-half inch lap joints to half-hard ‘ it

type 301 steel (thickness 0.050 in.). Surface treatment: Method C. ‘ '
e) Average of two values.
£f) One value.
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Table 17. EFFECT OF FORMVAR 1 E CONCENTRATION
ON THE SHEAR STRENGTH OF X-131/DICYANDIAMIDE

BONDS TO TYPE 301 STEEL

Cure (contact pressure): one-half hour at 330°F
Postcure: three hours at LOO°F

Tensile Shear Strength,D) psi

Specimen No.2) F ormva;h?/ 9 E, Original Aﬁzd;oogg. Fhr
TI°F___ 500°F 500°F
1085JF-3PC3 0 2305 1190 825
1182JF,-PC3 0 3085 975 805
1183JF5-PC3 15 3095 595 795
1184JF5-PC3 20 3710 500 1125
1185JF-PC3 30 4200 375 665

——

a) Bonds from solvent spread supported adhesive tapes (glass fabric
112-Volan A) dried 15 min at 200°F. Constant ingredients
(by wt): 100 X-131 + 100 aluminum dust + 4 dicyandiemide.

b) Average of three values for bonds to full hard type 301 steel
(thickness 0.050 in.). Surface treatment: Method B.
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Table 18. EFFECT OF X-131/FORMVAR 1 E RESIN RATIO ON THE
SHEAR STRENGTH OF BONDS TO TYPE 301 STEEL
CURED WITH DIAMINGDIPHENYLSULFONE

Press cure at 100 psi for cne-half hour
at 240°F plus one-half hour at 330°F

Panel No.8) 1210FF-5 124OFF 124WOFF 1250FF
X-131/Formvar 15/95 E Ratio, by wt 83.3/16.7 175/25 50/50 25/75
Al Dust/Total Resin Ratio, by wt __5/6 3/l 1/2 - 1/u
Tensile Shear Strength,b) psi

At room temperature 3555 2895 Lo45 4210
At 500°F, original 640 345 0 0

, after 500°F aging,®) 8 hr 1690 1385 1010 160

48 1545 1500 1100 95

T2 1390 1ko5 790 60

120 1490 1200 855 110

200 1030 ~ 850 50 - 0
Panel No.8) 1251FF  1252FF 1253FF 1254FF
X-131/Formvar 15/95 E Ratio, by wt 83.3/16.7 T15/25 50/50 25/715
Al Dust/Total Resin Ratio, by wt 1/1 1/1 1/1 1/1

Tensile Shear Strength,b) psi

At room temperature 4015 3725 3665 2070
At 500°F, original 1285 1265 0 0

, after 500°F aging,®) 8 hr 1530 1490 620 465

48 1490 1605 460 120

T2 1405 1215 400 0

120 1230 1265 500 0

200 1095 925 100 0

a) Bonds from solvent spread supported adhesive tape (glass fabric 112-
Volan A) dried 15 min at 200°F. Constant ingredient: 30 phr diamino-
diphenylsulfone. X-131 resin lot No. LR1991-113. !

b) Average of three values for one-half inch lap joints to half-hard type
301 steel (thickness 0.050 in.). Surface treatment: Method B.

¢) Average of two values for all aged bonds.
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Table 19. EFFECT OF BFa-400 ON THE SHEAR STRENGTH OF BONDS TO
TYPE 301 STEEL FROM 100/20 X-131/Formvar 15/95 E ADHESIVES
CURED WITH DIAMINODIPHENYLSULFONE
Cure at 100 psi: one-half hour at 240°F

plus one-half hour at 330°F.
Postcure (oven): +two hours at 300°F.

Panel No.8) . 1o51M,-p23  1230ML-po>

Curing Promoter,b) phr 1 BF,-400 None
Tensile Shear Strength,c) psi

At room temperature 2285 2655
At S500°F, original : 430 680
, after S0Q°F aging, &8 hr 695 . 1165
;w8 4) - 125 1010
, 12 4 855 1315
, 120 d) 460 1010
, 200 285 830

—— e —

a) Bonds from solvent spread supported adhesive tape (glass fabric
112-Volan A) dried 15 min at 200°F.

b) Constant ingredients (parts by wt): 100 X-131 (lot No.
LR1991-113) + 20 Formvar 15/95 + 30 neutral TC asbestos +
30 diaminodiphenylsulfone.

c) Average of three values for one-half inch lap joints to half-
hard type 30l steel; specimens cut with Do-All band saw.
Surface treatment: Method A-M,.

d) Average of two values.
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Table 20. COMPARISON OF THE SHEAR STHRENGTH OF BONDS TO TYPE 301 STEEL
FROM 100/20 X-131/FORMVAR 15/95 E ADHESIVES WITH

ASBESTOS AND ALUMINUM FILLERS

Cure at 100 psi: me-half hour at 240°F
plus one-half hour at 330°F,
Postcure (oven): two hours at 300°F.

Panel No,8) 1230MM, -P23 1219FM, -4P23
Filler,b) phr 30 TC Asbestos 100 Al Dust
Tensile Shear Strength,®) psi
At room temperature 2655 27404)
At 500°F, original 680 6702)
, after 500°F aging, 8 hr 1165 .- -
, u8 1010f) -
, T2 1315¢) -
, 120 1010f) -
, 200 830 830

— e
— ————

a) Bonds from solvent spread supported adhesive tape (glass fabric
112-Volan A) dried 15 min at 200°F.

b) Constant ingredients (parts by wt): 2100 X-131 (lot No. LR1991-113)
+ 20 Formvar 15/95 E + 30 diaminodiphenylsulfone.

c) Average of three values for one-half inch lap joints to half-hard
type 301 steel; specimens cut with Do-All band saw. Surface
treatment: Method A-M,.

d) Average of nine values.

e) Average of six values.

£) Average of two values.
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Table 21. EFFECT OF BISPHENOL-A ON THE SHEAR STRENGTH
OF 100/20 X-131/FORMVAR 15/95 E BONDS

TO TYPE 301 STEEL

Press cure at 100 psi for one-half hour
at 240°F plus one-half hour at 330°F

Tensile Shear Stre b) pei _
Original At F After S500°F i Forc)
T7°F  500°F hr hr 72 hr 120 hr 200 hr

a) Bisphenol A,
Panel No. phr

1219FE-6 0 3605 1020 1505 1415 1495 1115 950
1260FE 2 5785 545 1520 1025 760 660 625
1220FE-2 5 4235 » éao 1285 1270 920 1050 690
1261FE 8 4010 5% 1520 1320 1155 1275 610

1262FE 10 4135 355 1080 1010 880 425 675

a) Bonds from solvent spread supported adhesive tape (glass fabrie 112-
Volan A) dried 15 min at 200°F. Constant ingredients (parts by wt):
100 X-131 (lot No. LR1991-113) + 20 Formvar 15/95 E + 100 aluminum
dust + 30 diaminodiphenylsulfone.

b) Average of three values for one-half inch lap joints to half-hard
type 301 steel (thickness 0.050 in.). Surface treatment: Method C.

¢) Average of two values for all aged bonds.

WADC TR 53-126 Pt 4 61




*18d 019 03 0 @8uex {sanTeA GT IO 4T JO 88eIsAY (D
*0 POUIS  :quU3m}BaAX} 30BIIMS (U OGO°O SSADOTYY )
o938 To¢ 9dAq paey-Jrey o3 sjurofl dBT YOUT JTOU-SUO JOJ SSNTBA 92IY] 01 OM] JO 998IaAY (o
‘utm OT UT J3,00% 03 00¢ ‘UPw CT UF J,00¢ ©% 0g :o79K2 amnjsaadmey-emrl (q
*3snp unumunye Jyd QOT :3USTPIIBUT JueISUO) °*J,002 I8 UTW ST
POTIP (V UWBTOA-STT) OTIqe) 85%13 yjia sade} aaysaype pejroddns peaxds JusaTos woxy spuod (®

B e ]

cn9 (pS8E clot clot 002 ‘

- (P08 - - g ‘Burde 4,006 I%Je ¢

He - <9) (/4 TeUT3TI0 ‘3,006 IV

0¢ge - oh62 Ghge axmiexedme} wmoox 1Y

18d Ac.npwcm.npm JBayg STTISus]

oo/ oot/< oot/e + 0¢c/¢ - ogg/¢ A,/ ¢

ssaxd uanQ uaAQ uan) pPOUaN ‘aanolsod
(qOOT08/0¢  0g/og 0¢¢/0¢ + otizfoc 0€E/oC + oxz/o¢ d,/uta ‘sanjesedmel amy
T-LyT-¢eS¢  T-LHT-€26¢ €TT-T661 CTT-T66T ~¥71 °ON 207 urssH TCT1-X
hCde-Ed9L2T Hede-Ar9LeT  HECEd-RIgRT €eed-3999T (8°ON ToUed

———

sutmetew pasgadstp ayd ot w3t 18d OOT 38 8ano ssaxd

INDWTIN HLIM qaun) STAISTHAV I G6/CT UVANHOI/TLT-X
02/00T WOHd THILS T0¢ IdXI OL SANOE 30 HIDNTUIS YVIHS ‘22 91qsl

ABS-043790

62

WADC TR 53-126 Pt 4



Table 23. SHEAR STRENGTH OF BONDS TO TYPE 301 STEEL FROM
X-131 ADHESIVES CURED WITH CURING AGENT BFo-400

Cure: one-half hour at 330°F

Panel No.2) 11990M  1221MMgD)
Hardness of Steel Full Hard Half-Hard ‘
Cure Pressure Contact 25 psi b
X-131/EPON 1009 Ratio, by wt 80/20 100/0 |
Formvar 15/95 E, phr 0 20
Tensile Shear Strength,c) psi
At room temperature 1165 2405
At 500°F, original 545d) 515
, after 500°F eging, 8 hr . 355 3952)
, 48 - 160 3708)
, T2 390 3208)
, 120 305 650€)
, 168 555 -
, 200 k50 420e)

a) Bonds from solvent spread supported adhesive tape (glass fabric
112-Volan A) dried 15 min at 200°F. Constant ingredients, phr:
3 BF3-400 + 30 TC neutral asbestos. X-131 resin lot No. 1k
LR1991-113. ;

b) Bonds precured one-half hour at 240°F at 25 psi. Surface '
treatment: Method A-Mg.

c) Average of three values for one-half inch lap joints to type
301 steel (thickness 0.050 in.). Surface treatment: Method A.

d) Shear strength for bonds precured one-half hour at 24LO°F:
395 psi at 500°F.

e) Average of two values.

WADC TR 53-126 Pt 4 63 gl




Table 24. SHEAR STRENGTH OF BONDS TO TYPE 301 STEEL FROM
100/20 X-131/FORMVAR 15/95 E ADHESIVES CURED

WITH ACID-TYPE CURING AGENTS

Press cure at 100 psi for one-half hour
at 240°F plus one-half hour at 330°F

——
—— —

Tensile Shesr Strength, ggiﬁi

EPON Resins, Filler, Aged 200 hr
8
Panel No.®) Parts by wt Curing Agent, phr phr Original At S00°F
77°F__SO00°F__ S00°FC) _
1242FF 100 X-131 3 agnesius perchlorste 100 Al 2125 420 ob)
8 Zinc fluoborate PO
1245FF . hept shydrate broke on handling
12445uy9) @ 3 BF3 - sanonia Yo' s 50 0
1243FF . 3 BF3 - ures e 85 0 5
. . e R
1247FF-P333°) ibestos | 23 W0 0
15 Hexahydrophthalic
8 [ ] [ ]
1240F ¥ -P3338) oy et 95 0 0
1239FU4-P333¢) ") . o f) ' 9 0 0
1246FF-P3338)  80/20 X-131/1009  47.5 Phthalic acid ’ 3925¢) 130 305D !
1267FF-P333¢) . . . s ) . 195 S5 285

3) Bonds from solvent spread supported adhesive tape (glass fabric 112-Volan A) dried IS min at
200°F, Constant ingredient, phr: 20 Formvar 15/95 E. Experimental resin X-131, lot No,
LR199i-113,

b) Average of three values for bonds to half-hard type 301 steel (thickness 0.050 in,).

Surface trestsent: Method 8,

¢) Average of two values.

d) Surface preparation: Method A-Ny.

8) Bonds postcured for 3 hours st 330°F.

f) Forsulation contained 2 phe dimethyl ethanoleaine as a cure promoter,

g) This foraulation without Forsver 15/95 E resin,

et e e b e

—— —t o
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Table 25. SHEAR STRENGTH OF 100/20 X-131/FORMVAR 1 E BONDS
70 TYPE 301 STEEL (FORMULATION NO. 1219

Formulation (parts by wt): 100 X-131 + 20 Formvar 15/95 E
+ 100 aluminum dust + 30 diaminodiphenylsulfone
Cure at 100 psi: ocne-half hour at 24O°F plus one-half

hour at 330°F
' . Tenstle Shesr Strength,®/ psi
Pane! No.2) Surface A:h:°;'e L:t’:: Postcure Originel Aged 200 hr
1219-  Trestoent ; ¢ R he/*F rigin at_S00°F
0. 11°F___S00°F 500°F
MR BT i 1991-113 27300 2120 850 1015
Fig-?23 Al 2 3523-64 2/300 3615 770 6309)
FUEP Ay 2 3523-64 200 3295 610 -
FU3-3P24 Al 3 i99i-113 2400 2480f) 900 975
FUGIP24  A-lig 3 1991-113 2400 18659 g0 12259)
Fu-#239) Al ‘ 1991-1i3 2300 2740f)  snof) 830
U029 aly ' 1991-113 230  2725f)  gasf) 1355
g2 Ay ‘ 1991-113  2/400 1655 695 1020
FF-4P23 B ‘ 1991-113  2/300 3205 835 820
-P24 8 ‘ 1991113 2/00 2380 935 900
FF-5 B 5 1991-113 .t 355 640 10309)
FE-6 ¢ 6 1991-113 -- 3605 1020 9509)
-7 c 7 BA-147-1 - 38709) 905 T
-8 ¢ 8 3523115 - w0809 930 555
-9 ¢ 9 W/A-141-1 - 36309 75 765
FE-9P233 ¢ 9 3/3-147-1 >3m0 3ieed) 780 675
-9p24 c 9 3523-147-1  2/400 27009) 895 700

3) Bonds from solvent spread supported tape with glass fabric (112-Volan A) dried
IS sin at 200°F.

b) Average of three values for one-half inch lap joints to half-hard typs 301 steel
(thickness 0.050 in.).

¢) Bonds to full hard type 301 steel cured at contact pressure for one-half hour
at 330°F, )

d) Average of two values,

e) Specimsns cut with Do-All band saw,

f) Average of five to nine values.
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Table 26. EFFECT OF 500°F EXPOSURE ON THE SHEAR STRENGTH OF
100/20 X-131/FORMVAR 15/95 E BONDS TO TYPE 301 STEEL
FORMJLATION NO, 1219

Cure at 100 psi: one-haelf hour at 240°F
plus one-half hour at 330°F -

Panel No.2) 1219- JM;-P23b)  FMg-2P23¢)  FF-5 FE-§
Surface Treatment ' A-M; A-Mg B C
Adhesive Batch No. 1 2 5 6
Postcure, hr/300°F 2 2 0 0

Tensile Shear Strength,d) psi )

At room temperature - 2720 3615 3555 3605

At 500°F, original 850 770 640 1020

At 500°F, after 500°F aging, &8 hr - 895 1260 1690 1505

- 48 920 1215 1545 1415

72 1155 12908) 1390 1495

120 1355 1380 90 1115

168 1035 - - -

200 1015 630 1030 950

a) Bonds from solvent spread supported adhesive tape with glass fabric
(112-Volan A) dried 15 min at 200°F. Formulation (by wt): 100 X-131
(lot No. LR1991-113) + 20 Formvar 15/95 E + 100 aluminum dust + 30
diaminodiphenylsulfone. .

b) Bonds to full hard type 301 steel cured at contact pressure for one-half
hour at 330°F.

¢) X-131 resin lot No., LR3523-6h4.

d) Aversge of two or three values for one-half inch lap joints to half-hard
type 301 steel (thickness 0.050 in.).

e) One value,

WADC TR 53-126 Pt 4 66

Fr—m——



Table 27. EFFECT OF POSTCURE ON THE SHEAR STRENGTH OF 100/20
X-131/FORMVAR 15/95 E BONDS TO TYPE 301 STEEL
FORMILATION NO. 1219

Press cure at 100 psi for one-half hour at 240°F
plus one-half hour at 330°F

Tensile Shear

Panel No.8) Surface Adhesive Pogtoure Streggjgjb) pei
1219 Treatment Batch No. (oven) Original Ag:dzggthr ‘
hr °F T1°F  500°F 500°F
FM,-LP23 A-M, xe) 2 300 2740 670 825
-4PY3 " " Lyt 235 395 890
-4p83 " " 8 " 2275 5L4o 800
-4p2h " " 2 400 1655 695 1020 -
-Lplk " " 4 " 1535 670 . 1025
-4p8Y " ye) 8 koo 1560 720 1035
-Lp35 " " 0.5 500 1705 685 585
-4P15 " " 1 " 1340 . TT5 715
-4P25 " " 2 " 1675  ThO 1035
-4Ph5 " " bt 915 M85 795
FF-4P23 B Le) 2 300 3205 835 820
-4P83 " " 8 " 2900 825 465
~4P2k " " 2 400 2380 935 900
_hpah " " 8 " 2280 1055 935
-4pa5 " " 0.5 500 2130 385 960
-4PLS5 " " " 35 8uoe) 765
FE-9 c 9d) 0 - 36308) 715 765
~9P427 " L L 270 3805e; 740 615
-9P1627 " " 16 " 3400t} 755 505
-9P3227 " u 32 " 3335¢) 6ho 180
-9P233 " " 2 330 3160¢) 780 675
-9P433 c gd) L 330 3h7oe; 845 685
—9P833 " " 8 " 32253 835 550
—op2h S " 2  Lhoo 2700%) 895 700
-9P8l " " 8 " 2u608) 1225 460
-9P16h " " 16 " 18608) 1090 410

— — _ ———_ _—— 4
'ai Bonds from solvent spread supported adhesive tepe with glass fabric

(112-Volen A) dried 15 min at 200°F. Formulation (by wt): 100 X-131
+ 20 Formvar 15/95 E + 100 aluminum dust + 30 disminodiphenylsulfone.

b) Average of three values for one-half inch lap joints to half-hard type
301 steel (thickness 0.050 in.).

¢) Experimental resin X-131, lot No. LR1991-113,

d) Experimental resin X-131, lot No. LR3523-147-1.

e) Average of two values.
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Table 28, BEND STRENGTH OF X-131 ADHESIVE BONDS TO TYPE 301 STEEL

Cure at 100 pgi: one-half hour st 330°F

— e ]

Shear
X-131/EPON Foravar Curin Bend Strangth,
Panel No.®) {009 Ratio, 15/95 E, Agent, Pos*cfr" ib Strs?gt2
by vt ohe o he/*F FovPra— o at 7‘7’81;'. )
H14SFu5-18 100/0 - 6 dicy None  106-116 110 22159)
1160F U3 4P24 . 20 ' 00 9e-107 102 22409
1219Fu3-3P24 " " 30 DADPS e 103-109 105 24809)
1219FE=9 a " " e None 145-163 156 36308)
-9P833 “ . L 8/330  103-156 138 32259)
1219FE-9P 44 100/0 20 30 DADPS  4/400 103-133 114 .
-9P84 . " e 8400 97-106 102 2460
1236F¥3-2P23 80/20 L 24.5 DADPS  2/300 H7-123 120 27809)
1236FU-2P85 " a 0 8500 - 42-57 M8 [245
1236FE-9 a a v None 181-198 186 3900¢)
1236FE-9P833 80/20 20 24.5 DAOPS  8/330 135-170 149 35608)
P44 a " R 4/ 400 126-139 133 .
-9P84 a . i 8/400 98-146 115 3015¢)
-10P 44 v n LI 4400 log-198 is0f) 2845
1236 JE= 19P P 44 a a v . 9i-101 94 870
1236 JE-20P 44 80/20 20 24.5 DADPS  4/400 68-81 75 2135
-20PbyP 44 " " . e ' 57-96 80 575
-20Pc P44 " . LI ' 81-94 88 1985
~20PcyPd4 s " n e ' 9I-i01 81 2015

a) Bonds from soivent spread supported adhesive tapes (glass fabric 112-Volan A) dried 15 ain at
200°F, Constant ingredient: 100 phr aluminua dust.

b) *Dicy® is dicyandiamide; "DADPS® is diaminodiphenylisulfone,

c) Average of three values for one-half inch lap joints to half-hard type 301 steel (thickness
0.050 in.).

d) Average of six values.

8) hverage of two values,

f) Average of four values.
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Teble 29. COMPARISON OF THE SHEAR STRENGTH OF TYPE 301 STEEL
ADHESIVE SPECIMENS CUT WITH A DO-ALL BAND SAW AND A MILL SAW

Formulation No. 1219 (100/20 X-131/Formvar 15/95 E) -
Cure at 100 psi: one-half hour at 240°F plus one-

half hour at 330°F,
Postcure (oven): two hours at 300°F.

s,
=

Panel No.®2) F1219FM -kP23  1219FM,-P23
Method of Cutting Specimens Do-All Band Saw Mill Saw
Tensile Shear Strength,P) psi
At room temp, average 2740 2725
, range - 2530-2960 2180-2940
, No. of specimens ) 8
At S00°F, average 670 635
, range 4L40-850 430-740
, No. of specimens 6 5
At 500°F after 200 hr
at 500°F, average 830 1355
, range 760-900 1260-1450
, No. of specimens 3 3

a) Bonds from solvent spread supported adhesive tape (glass fabric
112-Volan A) dried 15 min at 200°F. Formulation No. 1236, batch
4 (parts by wt): 100 X-131 (lot No. LR1991-113) + 20 Formvar
15/95 E + 100 aluminum dust + 30 diaminodiphenylsulfone.

b) Shear strength for one-half inch lap joints, one inch in width,
to half-hard, type 301 steel (thickness 0.050 in.). Surface
treatment: Method A-M,.
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Table 30, SHEAR STRENGTH OF BONDS TO TYPE 301 STEEL FROM X-131/

GELVA C-3-V-30 ADHESIVES CURED WITH DIAMINODIPHENYLSULFONE

Press cure at 100 psi for one-half hour at 240°F
plus one-half hour at 330°F

— /- — S

Penel No.®) 1201FE-6 1255FE 1256FE

X-131/Gelva C-3-V-30b) Resin Ratio, by wt 100/0 83.3/16.7 75/25

Diaminodiphenylsulfone, phr 30 25 22.5

Tensile Shear Strength,c) psi

At room temperature 2k20 . 3340 3715

At 500°F, original 1060 785 510

, after 500°F aging,d) 8 nr 1165 495 545

, b8 1150 460 640
, 72 1220 665 430
, 120 1075 580 380
’ 200 1115 320 0

a; Bonds from solvent apread supported tapes zglaee fabric 112-Volan A;

dried 15 min at 200°F. Constant ingredient, by wt: 100 aluminum dust
filler,

b) X-131 lot No.: LR-1991-113. Gelva C-3-V-30 is a carboxylic modified
polyvinyl- acetate resin.

c) Average of three values for one-half inch lap joints to half-hard type
301 steel (thickness 0.050 in.). Surface treatment: Method C.

d) Average of two values for all aged specimens.
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Table 31. SHEAR STRENGTH OF BONDS TO TYPE 301 STEEL FROM X-131/

GELVA C-3-V-30 ADHESIVES CURED WITH DIAMINODIPHENYLSULFONE
AND BENZYLDIMETHYLAMINE PROMOTER

Press cure at 100 psi for one-half hour at 24LO°F
plus one-half hour at 330°F

X-131/ Curd Benzyl- Tensile Shear

Gelva & Postcure Strength,d) pei
Penel No.8) (-3-v-30 Hgent® dimethyl- 0%\ qep Aged B br
Weight DADPS, amine, hr Original at 500°
Ratiob) PY W Dby wi TT°F  500°F 5oo°1?€; -
1301FE 90/10 26 0.45 0 3130 890 865
-P2k " " " 2 1890 920 935
1304FE 83.3/16.7 24 R 0 2320 420 240 A
-pal " "o " 2 3125 585 365 i
1255JE-2e) " " . 0 sau0f)  385f) 1035
1302FE 80/20 23 4o 0 1890 260 220
-P2L " " " 2 2030 525 270
le}FE 7b/50 20.5 .35 0 2290 160 185
-P2h L n " 2 2630 225 200 |
a) Bonds from solvent spread supported adhesive tapes (glass fabric 112- ;
Volan A) dried 15 min at 200°F. Solids content of adhesive dispersion !
used for coating: 75-80%w. Constant ingredient (by wt): 100 aluminum
dust filler. N
b) X-131 batech No. LR3523-147-1. Gelva C-3-V-30 i3 a carboxylic modified k.
polyvinyl acetate reszin. ’
c) DADPS is diaminodiphenylsulfone.
d) Average of two values for bonds to type 301 steel (1/2 H), thickness

0.050 in, "Surface treatment: Method C.

e) Cure: one-half hour at 330°F. Shear strength at 500°F after 500°F
aging: 120 hours, 1355 psi: 200 hours, 605 psi.

f) Average of three values.
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Table 32, SHEAR STRENGTH OF BONDS TO TYPE 301 STEEL FROM
X-131/GELVA C-3-V-30 ADHESIVES CURED WITH DICYANDIAMIDE

Press cure at 100 psi for one-half hour at 330°F

- —— ——  —  — ——— _ _— _ — —— " __ _——— — ——__ ____— _ —_______ — — —

Panel No.#) 1145IM-170)  1307JE 1308JE
X-131/Gelva C-3-V-30 Ratio, by wt 100/0 8%.3/16.7  70/30
Tensile Shear Strength,c) psi
At room temperature 2055 3005 3565
At 500°F, original : 8ks 615 545
, after 500°F aging, 8 hr 365 : 395 425
, 120 115 9654) 8954)
, 200 460 490 45

a) Bonds from solvent spread supported adhesive tape (glass fabric 112-
Volan A) dried 15 min at 200°F. Constant ingredients (by wt): 6
dicyandiamide + 100 eluminum dust.

b) Bonds to full hard type 301 steel (thickmess 0.050 in.). Surface
treatment: Method A.

¢) Average of three values for one-half inch lap joints to half-hard
type 301 steel (thickness 0.050 in.), Surface treatment: Method C.

d) Average of two values.
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Table 33. SUMMARY OF THE SHEAR STRENGTH OF BONDS TO TYPE 301 STEEL
FROM FORMULATION NO, 1236, BATCHES 1 THROUGH 13

Formulation No. 1236 (parts by wt): 80 X-131 + 20 EPON 1009 + 20
Formvar 15/95 E + 100 aluminum dust + 24.5 dieminodiphenylsulfone.
Press cure at 100 psi for one-~half hour at 330°F,

Tensite Shear Strenqthﬁ) s

Panel No.3) Sueface %1-131 Adhesive Precurs Postcurs . 1t SO0F After
1236- Treatment LotRNo. Batch 2t 200, at 400, Original 5004 hging
LR- No. he be 7% 500 8 hr 120 hr 200 hr
Filg-P24 A-lq {991-113 | 172 rd 2780':) 905 - - 1S
Fll4-P24 Aty . . . . 2440 865 - - 1350
-2 ' . 2 v 0 4200¢) 615 1260 1450 1360
-2P2¢ . a . . 2 2310 940 - - -
F0-3 0 " 3 ’ 0 3815 350 135 1425 1220
FE-3 ¢ 1991-143 3 172 0 4095 675 1390 1440 1410
FF-3 B ' . . . 4015 695 13710 1370 1190
FE-5 ¢ N 5 v . 4155 685 1330 835 645
-6 . 3523-147-1 6 » " . 4155 645 - - 535
-7 . s l§ . . ©00 150 - - 660
FE-8 C 3523-147-1 8 112 0 4215 630 735 - 670
-8P24 ' . ® ' 2 3335 825 970 - 840
-8P44 . " 1 . 4 3405 830 935 - 595
-9 R s 9 N 0 3900 495 - - 680
-9P24 ’ " : " 2 3435 835 - - 673
FE-10P44 ¢ 3523-147-1 10 112 4 2755°) 835 800 - 660d
FO-10P44 1 N e ¢ * 3410 - - - -
Fiy-10P44 A-ly " 2 " N 17, -
~11P34 . " I ' I s - - . - |
FD-11P34 0 9 . " ’ 3310 - - - - I
FE-11P34 ¢ /21 U 2 3 245 - - - - i
PE-11P34 " . " ¢ 8 2150 585 135 775 645 A b
FE-12 v " i2 " 0 3870 460 985 735 765 |
-13 . ° 13 " " 3870 390 - - 455
-13P34 * " " . 3 2850 425 - - 535
JE-13 ¢ 3523-147-4 K] 0 0 3310 - 235 1050 - 505
-13P44 " " . . 4 2620 710 7% - 745
a) Bonds froa selvent spread supported adhesive tapes (thickness 12-14 ails) vith glass fabric (112- -
Volan A) dried (5 ain at 200, :
b) Average of two to four values for one-half inch lap joints to type 301 steel (thickness 0,050 in.).
« c) Average of six values,
d) Exposure period 248 hr,
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Table 226. SUMMARY OF THE SHEAR STRENGTH OF BONDS TO TYPE 301 STEEL
FROM FORMULATION NO. 1236, BATCHES 1k THROUGH 27
Formulation No. 1236 (parts by wt): 80 X-131 + 20 EPON 1009 + 20

Formvar 15/95 E + 100 aluminum dust + 24.5 diaminodiphenylsulfone.
Press cure at 100 psi for one-half hour at 330°F,

Tensile Shear Stronqﬂ\,b) psi

Panel No.2) Surface X-131 Adhesive Precure Postcurs ) AL S00F After
1236- Trestaent I.o:RNo. B;tch at :404‘, at :OO'F, Orfginal 500 Aging
- o r T 77% S00% @hr 120 br 200 hr
JE-14 C 199-113 0 0 3635¢) 315¢) 1200 1530  j240€)
-14P2 . ' o . 2 2610 870%) 1290¢) 1460¢)  945€
-15 . 3523-64 15 ® 0 3955 340 1075 1325 975.
-15P24 . e o u 2 3465 685 910 835 135,
-16 . 3523-147-1 i6 3 0 4200 350 965 995 825
JE-16P24 c 3523-147-1 16 0 2 3635 840 125 595 620:
-18d) . 3523-64 18 . 0 2330 165 1070 1110 -
Js-189) A-ls . . , " 35 1710 80 885 -
JE-19P44d) ¢ 3523-30 19 . & 65 635 925 9% 900
JE-20 ' s 20 1 0 4030 170 940 960 1105
JE-20P44 ¢ 3523-31 20 0 4 2730¢)  590¢) 805¢) 1020 9g0¢)
FE-20 ' o ' 12 0  4i%0¢) 280c) 970 1190 980¢)
JE-21 v 3466-106 2! 0 0 3795 180 1035 1200 935
-21P24 # " * ° 2 3085 665 945 880 160
=22 . 3466-109 2 " 0 915 0 945 515 295
JE-22P24 ' ¢ 3466-109 22 0 2 2665 485 920 765 625
JMs-23P24 A 3523-31 23 . . 2205 585 1705 790 705
JE-24 ¢ . 24 b 0 1010 ¢ 1065 750 4950
FE-24 . . ’ 172 n 3885 245 - - 1310
~24P24 b 1 e " 2 2230 760 1100 1145 1090
FE-25 ¢ 1991-113 25 112 0 3325 345 1235 111S 975
-25P2 v " ' * 2 2265 170 1215 10 800 .
-26 » 3523-31 26 " 0 3785 335 1090 t120 895
~26P24 b . " N 2 2315 580 825 1055 805
-2 ' . 2 8 0 3370 615 1235 1220 1035
-27P24 b . 8 . 2 2195 625 1200 1120 865
a) Bonds prepared with sclvent spread supported adhesive tapes {thickness .12-14 mils) with glass fabric
(112-Yolan A) dried 15 sin at 200°F.
b) Average of two or three values for one-half inch lap joints to type 0| stee! (thickness 0.050 in.).
c) Average of five or six values.
d) Tape dried 30 min at 2009 ; thickness 26 mils.
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Table 35. SUMMARY OF THE 600°F SHEAR STRENGTH OF BONDS TO TYPES 301

Cure at 100 psi:

AND 17-7 PH STEEL AND TO TITANIUM FROM X-131 RESIN ADHESIVES

one-half hour at 3%0°F,

e

X-131/EPON  Forsvar Curl Tensile Shear Strength

Panel No.8) 1009 Retio, (S/95E, Aqent®  Wetat T °;:7‘,’;"°) at 600, psf .

by wt phe phr Range Avgd)
120IFE-4 100/0 . 30 DADPS 1] . 0-330 195
1219F4- P24 . 2 e . 2400 0-200 125
P8 o o LI . 4300 170-200 185
-2P23 . . * v u 2/300 310-380 335
1286FE » a % " v . 140-210 75
P34 " u LI . 37400 0-200 95
1236F -2 80/20° .l 24 DADPS 01 . 250-380 3%
" o o t 0 . 8/500 520-690 635
" . 0 v s . 200/500 520-580 s
-JE-14 . v s . - 270-350 320
n ' ' L " 8/600 420-490 455
1236J€- 14 80/20 20 24 DADPS 01 120/600 660-790 40
n ] ] -] ] ] ZNI500 0 0

FE-24P24 o a LI ’ 2/400 200-310 45
-JE-20P44 " a L o 4/400 140-270 185
1287FE " " 9 ° ' . 360-400 NS
123640-20 80/20 2 24 DADPS Titanive . 0 0
-20P44 " 0 a e ’ 47400 0-60 30
-JH5-23P24(H)  ° " . 11-7 P4 27400 410-520 0
1 145FUg-18 100 /0 - § Dicy 30! - 40-70 55
1 160Fly-2 . 20 "o . - 80-110 95
127SFE-P34 100/0 - 0 Welamine 30! 37400 0-140 ns
1276FE-P34 . 20 LI v . §0-120 %0
-PE-P34 s J 0 v o 0-200 140
1277PE-P34 80/20 o L ’ . 0-170 165
607FU,-834 (Adhesive 422) " - 1650-1900 1810

a) Bonds from solvent spread supported adhesive tapes (glass fabric 112-Yolan) dried 15 min at 200¢F.

Constant ingredient; Detaifs of cure conditions and metal treatments used

100 phr aluminum dust.

are given in tables which summarize X-131 formulations cured with 1) DADPS, 2) dicyandiamide or,

3) melamine,
b) ?DADPS" is diaminodiphenylisulfone. ®Dicy® is dicyandiamide.

c) The data inciude tests results for specimens aged for protonged periods at S00°F and 600°F. The

aging is designated as a postcure” to simplify construction of the table,

d) Average of three values for one-half inch lap joints. Thickness of metal adherends: 0,050 in,
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Table 36. EFFECT OF ELEVATED TEMPERATURE AGING ON THE SHEAR STRENGTH

OF FORMULATION NO. 1236 BONDS TO TYPE 301 STEEL

Formulation (by wt): 80 X-131 + 20 EPON 1009 + 20 Formvar 15/95 E
+ 100 aluminum dust + 24.5 diaminodiphenyl-
sulfone

Cure at 100 psi: ane-helf hour at 330°F

Panel No.®) 1236FM,-20) 1236JE-1% 1236JE-18
Adhegsive Batch No. 2 1S 18¢ ‘
X-=-131 Resin Lot No. LR- 1991-113% 1991-113  3523.-6L

Tensile Shear Strength,d) psi

At room temp, original 4215 3970 2330

, after 500°F aging, 8 hr 1245 - -

, 200 1800 - -

At -T0°F, original 3680 - -

, after 500°F aging, 8 hr 1480 - -
At 500°F, original 620 320 165
hr

, after 500°F aging, 8 1280 1335 1070
., 48 "1345 - -
» 12 1335 . - -

, 120 1450 1530 1110
, 168 1345 - -
, 200 1360 1350 -

» 300 890 - 815

, L0Oo 1090 - 520
) 500 905 - -
, 600 440 - -
, T00 145 - -
, 800 0 - -
At 600°F, original 330 320 -
, after S500°F aging, 8 hr 635 - -
A » 200 545 - -
, after 600°F aging, 8 - 455 -
, 120 - 740 -
. , 200 - (o] -

—t

a) Bonds prepared with solvent spread adhesive tapes (thickness 12 mils)

with glass fabric 112-Volan A dried 15 min at 200°F.

b) Bonds precured for one-half hour at 100 psi and 2LO°F.
Surface treatment: Method A-M,.

¢) Adhesive tape dried 30 min at 200°F; thickness 26 mils.

d) Average of three values for one-half inch lap joints to half-hard
type 301 steel (thickness 0.050 in.). Surface treatment: Method C.
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Table 37. LONG TIME LOAD STRENGTH AT 500° F
OF X-131 ADHESIVE BONDS TQ TYPE 301 STZEL

Press cure at 100 psi for one-half hour
at 240°F + cne-half hour at 330°F

| X-131/EPON 1009/ ;
Exp Specimen !, Postcure at Load, Time to Fgilure
Farmvar 15/95 £ 4O0°F, hr psi' hr°3 ’

No. No.® Ratio,b) by wt

11 1201FE-4 100/0/0 0 240 215.4 (no treak)
124)  1219FM, -4Phk 100/0/20 " 240 215.4 (no break)
ld) i it " 400 25.3

184) -4 P84 " 8 400 280.8 (no break)
264d) " " " 500 257.2 (no break)
274d) " " " 600 208.6 \
22 1236FE-10Pkk  80/20/20 L 40O L8k.2 (no treak)
16 " L " 500 9.6

23 " " " 500 155.

17 (1] 1n n 600 55.“

a) Bonds fram solvent spread supported adhesive tapes (glass fatric
112-Volan A) dried 15 min at 200°F. Constant ingredients: 100 phr
aluminum dust + 24.5 to 30 phr diaminodiphenyl sulfone. Bonds were
one-half inch lap joints to half-hard type 301 steel (thickness
0.050 in.). Surface treatment: Method C.

b) X-131 resin lot No. LR3523-147-1.

c¢) No evidence of creep wes observed.

d) Surface treatment used with Formulation No. 1219: Method A-M,
X-1%31 resin lot No. LR1991-113,
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Table 38. PROPERTIES OF EXPERIMENTAL RESIN X-131

sttt i smv—————

Resin Lot No. Epoxy, Hydroxyl, Chlorine, Mol Durran

LR- eq/100'g  eq/100 g w Wt ggi::fi?g
1991-113 0.485 0.113 0.57 667 170
3523-20 485 - .092 1T 677 160

-31 502 - ,086 .56 663 155
-64 489 102 .70 721 170
-115 466 43 1.23 823 17h
~147-1 L6k .130 1.29 © 696 160
3466-1062) 465 .092 1.31 640 156
-1098) 499 .0k8 47 732 176

i

a) Laboratory scale preparation.

C e

i ¥
! A
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‘Table 40. EFFECT OF POSTCURE ON THE SHEAR STRENGTH OF 80/20/20
X-131/EPON 1009/FGRMVAR 15/95 E ADHESIVE BONDS TO TYPE
0l STEEL (FORMULATION NO. 1236)8)

Press cure at 100 psi for one-half hour at 240°F
plus one-half hour at 330°F

Tensile Shear Strength, psib)
Postcure (oven) Aged 200 hr
Original at S00°F.
hr °F at T7°FC) at 500°F at 500°F
None - 3900 495 - 680
b4 270 4250 . 585 . ' 650
16 " 4025 610 535
32 " 3860 670 530
2 330 3670 675 875
L " 3700 35 715
8 " 3560 15 640
2 koo - 3435 835 675 -
8 " 3015 1065 805 )
16 " 2935 875 45 : "
e} f '

a) Formulation No. 1236, batch No. 9 (parts by wt): 80 X-131
(Lot No. IR 3523-147-1) + 20 EPON 1009 + 20 Farmvar
15/95 E + 100 aluminum dust + 24.5 diaminodiphenylsulfone.
Bonds prepared from solvent spread suoporied adhesive tape
(glass fabric 112-Volan A) dried 15.min at 200°F.

b) Average of three values for one-half inch lap joints to
half-hard type 301 steel. Surface treatment: Method C.

¢) Average of two values. )

e bt
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Table 41. EFFECT OF METAL SURFACE TREATMENT ON THE SHEAR STRENGTH OF
80/20/20 X-131/EPON 1009/FORMVAR 15255 E BONDS TO TYPE 301 STEEL

Formulation No. 1236
Cure at 100 psi: ane-half hour at
240°F plus one-half hour at 330°F

Panel No.a) 1236FMg-2¢) 12350FD-3  123GFE-3  1236FF-3
Surface Treatmentb) A-Mp D c B
Tensile Shear Strength,c) psi
At room temperature 4215 3875 4095 4015
At S00°F 620 350 675 695
At 500°F4) after
500°F aging, 8 hr 1280 1135 1390 1370 -
48 135 1330 1480 1240 b
72 1335 1570 © 1400 1420 ;
120 1450 1k25 1440 1370 |

200 1360 1320 1410 1190 ‘ |

a) Bonds from solvent spread supported adhesive tape (glass fabric 112-
"Volan A) dried 15 minutes at 200°F. Formulation No., 1236, Batch No. 3

(by wt): 80 X-131 (lot No. LR1991-113) + 20 EPON 1009 + 20 Formvar
15/95 E + 100 aluminum dust + 24.5 diaminodiphenylsulfone.

b) See the last section of this report for description of methods of
surface preparation. :

c) Average of three values for one-half inch lap joints to half-hard, ‘
type 301 steel (thickness 0.050 in.).

d) Average of two values except for Panel No. 1236FM -2 where three
specimens were tested for each test condition.

e) Formulation No. 1236, Batch No. 2 was used for bonding.
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Table 42. SHEAR STRENGTH OF BONDS TO TYPE 301 STEEL FROM
AN 80/20/20 X-131/EPON 1 FORMVAR 1 L _ADHESIVE

TAPE WITH STAINLESS STEEL CARRIER

Press cure at 100 psi for one-half hour
at 240°F plus one-half hour at 330°F

s————

Panel No.2) 1236FF-3 1236FF-4
Formulation No. 1236, Batch No. 3 . 4
. Glass Cloth Stainless
Iype of Carrier 112-Volan A Steelbd)
Tensile Shear Strength,®) psi |
At room temperatizredj 4015 3500
At 500°F, originaid) 695 205
, after 500°F aging, 8 hr 1370 1105
48 1240 1265
- 1420 1295
120 1370 905
200 1190 955

a) Bonds from solvent spread supported tape dried 15 min at
200°F. Formulation (by wt): 80 X-131 (lot No.
LR1991-113) + 20 EPON 1009 + 20 Formvar 15/95 E +
100 eluminum dust + 24,5 diaminodiphenylsulfone.

b) Woven wire, type 304, 30 mesh; wire diameter 0.0065 in.

¢) Average of two values for one-half inch lap joints to
half-hard type 301 steel (thickness 0.050 in.). Surface
treatment: Method B.

d) Average of three values.
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Table L3.

EFFECT OF SALT SPRAY EXPOSURE ON THE SHEAR STRENGTH

OF BONDS TO TYPE 301 STEEL FROM FORMULATION NO. 1236

Press cure at 100 psi for one-half hour
at 240°F plus one-half hour at 330°F

Tensile Shear Strength at

2 .o b Postcure Roos Temp, psi
Panﬁéago. ) ;g:::';:.) Surface Treatament at 400°F, Original After 30 Dayst
hr Salt Spray

Range  Avg®)  Range  Avqd)
1) FE-10P44 10 ¢ 2400-2560 2480  2540-2920 2715
) " " 2mﬁ{€2w " 2920-2930 2025 18002370 2110
1) FE-11P34 i f°?7 : g or1de " 3 1960-3150 2570  980-1560 1255
2 " m otfowec By passivation 2510-3120 2815  960-1850 1395
1) FO-10P44 10 (Mtth 4 2390-3490 2940  1610-2000 1850
) " J J i lstitute) " 3040-3850 3465 1420-1980 1670
1) FO-11P34 I l\ Hronicculfuric actds 3 3250-3400 3325  2140-2700 2430
v " chroatcmsutturic acy " 3240-3350 3295 2140-2640 2465
1) Fi4-10P44 10 ‘ 1480-1660 1570  760-1340 975
2) " " Hethod A-ify ? 1740-1960 1950  880-1390 1180
1) Fug-11P34 T sulfuric; HNO3=HF 3 1530-1740 1635  650-920 790
9) o n . 1410-1590 1500  840-1260 1060

a) Bonded panels (10.5 x 8.0 in.) with one-haif inch lap-joints; half-hard type 301 steel

{thickness 0.050 in.).

b) Bonds from solvent spread supported adhesive tape (glass fabric 112-Volan A) dried IS min at
200°F. Forsulation No. 1236 (parts by wt): 80 X-131 (lot No, LR-3523-147-1) + 20 EPON 1009 «
20 Formvar 15/95 E « 100 aluninun dust « 24 diaminodipheny! sulfone.

¢} Average of two values,
d) Average of five values,
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Table 44. COMPARISON OF THE SHEAR STRENGTH OF BONDS TO

TYPE 301 STEEL FROM FORMULATION NO. 1236 ADHESIVE
TAPES PREPARED WITH METHYIAL AND ACETONE

Press cure at 100 psi for one-half hour
at 240°F plus one-half hour at 330°F

Panel No.&) 1236FE-12 1236FE-8

Methylal, parts by wt 53 0
Acetone, parts by wt 25 53
1/9 MEK/THF,b) parts by wt 200 200
Tensile Shear Strength, psic)

At room temperature . 3870 4275
At 500°F, original 460 630

, after 500°F aging, 8hr °~ 935 735 !

, T2 920d) - !

, 120 11404) - ;
, 200 165 670

a) Bonds from solvent spread supported adhesive tapes (glass
fabric 112-Volan A) dried one hour at room temperature and
15 min at 200°F. Formulation, parts by wt: 80 X-131
(lot No. LR3523-147-1) + 20 EPON 1009 + 20 Formvar 15/95 E
+ 24 diaminodiphenylsulfone + 100 aluminum dust. Solvent
co7centratlon based on 80/20/20 X-131/EPON 1009/Formvar
15/95 E

b; MEK is methyl ethyl ketone; THF is tetrahydrofuran.

¢) Average of three values for bonds to half-hard type 301 steel
(thickness 0.050 in.). Surface treatment: Method C.

d) One value.
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Table 45. EFFECT OF METHOD OF BOND PREPARATION ON THE SHEAR
STRENGTH OF BONDS TO TYPE 301 STEEL

Panel No. 1236PE-11P34 1236PE-11P335 1236FE-10F4k

Adhesive batch no. 11 11 10
Cure at 100 psi 75 to 4OO°F 75 to 350°F 30 min at 240°F
in 30 min in 30 min 30 min at 330°F
Postcure, hr/°F Press - 3/400 Press - 3/350 Oven - L/400
Tensile shear strength,b) psi "Range Avg  Range Avg  Range Avg
At room temp 2230-3100 2750 3560-3880 3665 2110-3410 2845 |
At 500°F, original 500-660 585 580-T40 655 T00-1000 895

, aged at 500°F, 8 hr 650-850 T35 680-T90 45 T20-890 800
. 72 mr®) s500-7h0 615 730-1120 925 - -
, 120 hre) 660-890 775 360-670 515 - -
, 200 hr  610-680 645 550-700 605 - -
, 248 hr - - - 650-670 660

———

a) Bonds from solvent spread supparted adhesive tapes (112-Volan A glass fabric)
dried 15 min at 200°F. Formulation, parts by wt: 80 X-131 (lot no. 3523-
147-1) + 20 EPON 1009 + 20 Formvar 15/95 E + 2b diaminodiphenyl sulfcne +
100 aluminum dust.

b) Test results for three bonded specimens to half-hard type 301 steel (thick-
ness 0,050 in,). Surface ireatment: Method C.

c) Test results for two specimens.
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Table 48. SHEAR STRENGTH OF 80/20/20 X-131/EPON 1009/FORMVAR 1 E
ADHESIVE BONDS TO TYPE 17-7 PH STEEL (FORMULATION NO. 1236)

Press cure at 100 psi for one-half hour at 330°F

b Tensile Shear Strenqth,35 psi
Panel No.®) Steel ) Surface P:’:;g::C) Original At 500°F After
1236~ 1 Thickness, Etchant ° h ’ rigina 500°F _Aging_
ype in, r 71°F_S00°F_8 he 120 hr 200 hr
F-13%) 17-7 PN . 0.062  None 0 .80 M - - ss
-13p340) ' . ' 3 B0 5/ - - 0
J-13P34 . ' . 3 2520 610 1005 205 285
-14p34 . 0 ’ 3 - 8is 100 - 460
JE-18 301 050 c 0 2330 165 1070 1110 -
JE-18 17-7 PH .062 ¢ 0 W25 20 1095 130 -
-16P84 . . . 8 - s15 - - -
Ng-18 . . A-iig 0 3815 180 1105 1060
-18p84 . o ' 8 - 685 - - -
-18 301 .050 . 0 375 170 820 865 -
Ji5-23P24 17-7 PH .062 A-lg 2 3505 915 1250 (220 885
Heat
-23p24(H) ) 17-7 PH | treated  .050 . ) 3205 810 1280 1100 955
-23(H) ' fin . . 0 2505 255 - - 730
helius
P24 - 301 . . 2 2205 S8 700 7% 705

a) Bonds from solvent spread supported adhesive tapes (glass fabric [12-Yolan A) dried IS ain at
200°F. Foraulation No. 1236, batches 13, {4, 18 and 23 (parts by wt): 80 X-(31 « 20 EPON 1008
+ 20 Foravar 15/95 € « 100 alusinus dust « 24 disazinodiphenyisulfone,

b) Araco 17-7 PH steel, condition TH 1050, with vapor blast finish, Half-hard type 301 steel
with 28 finish, .

¢) Oven postcure at 400°F (no pressure),

d) Average of two or three values for single one-half inch lap joints,

e) Bonds “precured® at 100 psi for one-haif hour at 240°F.

f) Shear strength at 600°F: 470 psi,
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Table 49. SHEAR STRENGTH OF BONDS TO TITANIWM (C-110 M
ALLOY) FROM 80/20/20 X-131/EPON 1009/FORMVAR 15/95 E
ADHESIVE ( FORMULATION NO. |1#2_L-25

Press cure at 100 psi: one-half hour at 330°F

—_ ———— —  —_————— ——— e _—— ;
Penel No.8) 1236JD-20  1236JD-20Pk  1236JE20-Phk
Metal (thickness 0.050 in.) Titaniumb) Titaniumb) 301 Steelc)
Postcure, hr/°F - 4/400 k /400
Tensile Shear Strength,d) psi
At room temperature 2275 T708) 1830
At -TO°F , 1465 625 -
At 500°F, original 165 215 550
, after 500°F aging, 8 hr 695 335 715
, 48 525 355 -
, 120 565 265 -
, 168 365 295 -
| , 200 395 385 905¢)
Bend Strength, 1b 11k 35 -

a) Formulation No. 1236, batch No. 20 (parts by wt): 80 X-131 (lot No.
LR3523-31) + 20 EPON 1009 + 20 Formvar 15/95 E + 100 aluminum dust + 25
diaminodiphenylsulfone. Bonds prepared with solvent spread supported
tape (112-Volan A) dried 15 min at 200°F.

b) C-110 M titanium alloy. Surface treatment: Method D.

c) Conforms to MIL-S-5059; Micro Rold, half-hard, condition C,
compogition D. Surface treatment: Method C.

d) Average of three values for cne-half inch 1ap Jjoints.

e) Average of two values.
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Table 50. EFFECT OF DIAMINODIPHENYLSULFONE CONCENTRATION ON THE
SHEAR STRENGTH OF 80/20/20 X-131/EPON 1009/FOBMVAR 15/95 E
BONDS TO TYPE 301 STEEL

Press cure at 100 psi for one-half hour
at 2LO°F plus one-half hour at 330°F

Tensile Shear Streggth,cJ psi

Postcure

o DADPS, D - Aged 200 hr
Panel No.2) at ugg F, phr Original at 500°F
TT°F 500°F 500°F
1257FE ) 12 1195 0 325
-p2h 2 " 27804) 10 -
-Phl L " 1605 340 -
1258FE 0 16 1030 0 325 |
-pol 2 y 13704) 350 - | |
-Pik L " 1980 595 - I
1259FE 0 20 2010 335 1045 :
-p2h 2 " 3380d) 865 -
-Phl L " 2610 1025 -
1236FE-5 0 2k.5 k155 645 645
-3 0 " 4095 675 1410
-9¢) ) " 3900 495 680
-paye) 2 " 3435 835 675
1269FE 0 29 4310 1010 1325
1287FEe 0 " 4100 535 6358)

mr—

a) Bonds from solvent spread supported adhesive tapes (glass fabric
112-Volan A) dried 15 min at 200°F. Constant ingredient: 100
phr aluminum dust filler. X-131 resin lot No. LR1991-113.

b) DADPS is diaminodiphenylsulfone.

¢) Average of two or three values for one-half inch lap joints to
half-hard type 301 steel (thickness 0.050 in.).

Surface treatment: Method C.

d) One value.

e) X-131 resin lot No. LR3523-147-1.

f) Exposure period at 500°F was 248 hr.
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Table 52. EFFECT OF BISPHENOL-A ON THE SHEAR STRENGTH
OF 80/20/20 X-131/EPON 1009/FORMVAR 15/95 E

BONDS_TO TYPE 301 STEEL

Press cure at 100 psi for one-half howr
at 240°F plus one-half hour at 330°F

phr T1°F_500°F B hr br 72 hr 120 hr 200 hr |
1236FE-5 0 4155 645 1330 1120 950 835 €45 '
1263FE 2 4205 775 1485 1230 1155 850 845 I ‘
1264FE 5 Lo 785 1365 1115 890 1130 1025
1265FE 8 4215 420 900 780 535 540 300
1266FE 10 4065 375 1275 605 820 T35 460

oe——— e o—— Nttt ——— Y ———"te

—

a) Bonds from solvent spread supported adhesive tapes (glass fabric
112-Volan A) dried 15 minutes at 200°F. Constant ingredients
(parts by wt): 80 X-131 (lot No. LR1991-113) + 20 EPON 1009 + 20
Formvar 15/95 E + 100 aluminum dust + 24.5 diaminodiphenylsulfone.

b) Average of three values for one-half inch lap joints to half-hard
type 301 steel (thickness 0.050 in.). Surface treatment: Method C.

¢) Average of two values for all aged bonds.
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Table 53. SHEAR STRENGTH OF BONDS TO TYPE 301 STEEL FROM
80/20/20 X-131/EPON 1009/FORMVAR 15/95 E
ADHESIVES CURED WITH DICYANDIAMIDE
DISPERSED IN THE RESIN SOLUTION

Press cure at 100 psi for one-half hour
at 240°F plus one-half hour at 330°F

Panel No.®&) 1272FE 1272FE-P34
Postcure (oven), hr/°F None 3 /400

Tensile Shear Strength,b) psi

At room temperature 2590 3790¢)
At 500°F, original 0 200
, after 500°F éging)d) 8nr 910
, 48 690 -
’ 72 1175 N
, 120 885 -
y 200 930

a) Bonds from solvent spread supported adhesive tape (glass
cloth 112-Volan A) dried 15 min at 200°F. Formulation, phr:
100 aluminum dust + 6 dicyandiamide. Dicyandiamide not
dissolved but dispersed by trituration with the resin
solutions.

b) Average of three to four values for bonds to half-hard type
301 steel (thickness 0.050 in.). Surface treatment:
Method-C.

¢) Average of seven values.

d) Average of two values for all aged specimens.
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Table 58. SHEAR STRENGTH OF BONDS TO TYPE 301 STEEL FROM
EXPERIMENTAL RESIN X-14%1 CURED

WITH DIAMINODIPHENYLSULFONE

Press cure at 100 psi for one-half hour
at 240°F plus one-half hour at 330°F

- — Tensile Shear Strength,8) psi
Panel No.b) 1282FE  12835FE  120LFE
X-141/EPON 1009 Resin Ratio, by weight 100/0 100/0  80/20
Formvar 15/95 E, phr 0 20 20
Diaminodiphenylsulfone, phr 33 3% 7
At room temperature " 2L35 3270 3045
At S500°F, original ' 750 815 185
, after 500°F aging, 8 hr 845 865 895

, 139¢) 920 1180 880

, 2u8¢°) 515 770 585 :
At 600°F %0 475 125 | |
a) Average of three values for one-half inch lap joints to half-hard

type 301 steel (thickness 0.050 in.). Surface treatment:
Method C.
b) Bonds from solvent spread supported adhesive tapes (glass fabric
112-Volan A) dried 15 min at 200°F. Constant ingredient:
100 phr aluminum dust.
¢) Average of two values.
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Table 59. SHEAR STRENGTH OF BONDS TO TYPE 301 STEEL FROM EXPERIMENTAL- w

RESINS LR204T-T6 AND LR20LT-85 CURED WITH DIAMINODIPHENYLSULFONE

Cure at 100 psi: one-half hour at 240°F plus one-helf hour at 330°F

Panel No. ") - 1270FE lzolFEi 1271FE

Resin LR2OVT-T6 | MO . 1ReONT-83
Diaminodiphenylsulfone, phr 38 30 31
Adhesive Form Tapeb) Tapeb) Hot Melt
Tensile Shear Strength,®) psi
At room temperature . 1705 - 2420 2045
At S00°F, original 1045 1060 2u5e)
, after 500°F aging,4) 8 hr 1080 1165 495
, 48 1480 1150 200
» 12 1295 1220 355
, 120 890 1075 220
, 200 540 1115 0

a) Bonds with glass fabric, 112-Volan A. Constant: 100 phr aluminum
dust filler.,

b) Solvent spread tape dried 15 min at 200°F.

c) Average of three values for one-half inch lap joints to half-hard
type 301 steel (thickness 0.050 in.)., Surface treatment: Method C.

d) Average of two values for all aged specimens.
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Table 60. SHEAR STRENGTH OF BONDS TO TYPE 301 STEEL FROM EXPERIMENTAL RESIN
LR20L]-G8 CURED WITH DIAMINODIPHENYLSULFONE

Press cure at 100 psi for one-half hour at 24O°F plus one-half hour at 330°F

 Paeimo® - 1270FE 1270FE-P4L  1205FE 12§5FE-P21'I'§
LR204T-98/EPON 1009 Ratio, by wt 100/0  100/0 80/20  80/20
Formvar 15/95 E, phr o} o} 20 20 ‘
Diaminodiphenylsulfone, phr 30 30 24 2L
Postcure, hr/°F None 4 /400 None 2/400
Tensile Shear Strength,P) pei _
At room temperature ‘ 2040 1230 3800 2635
At 500°F, original 1225 890 9L5 905
, after 500°F aging, 8 hr 820 - 1155 1155
, 139¢) 955 - 350 730
, 2u8¢e) 985 480 8140 420
At 600°F 495 - 400 Lus

a) Bonds from solvent spread supported adhesive tapes (glass fabric 112-
Volan A) dried 15 min at 200°F. Constant ingredient: 100 phr aluminum
dust.

b) Average of three values for one-half inch lap joints to half-hard type
301 steel (thickness 0.050 in.). Surface treatment: Method C.

c) Average of two values.
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Table 61. SHEAR STRENGTH OF BONDS TO TYPE 301 STEEL FROM
EXPERIVENTAL FESIN LR2OBT-126 CURED
WITH DIAMINODIPHENYLSULFONE

Press cure at 100 psi: 30 min from 80°F to 400°F
plus 3 hours at LOO°F

L320E7-126F0rmvar b Tensile Shear StrengthEGJ psi

Panel No.a) /gggu 15/95 g, DADPS, Original At S00'F After

bywt P T7°F__500°F GOO°F g hr Ag‘lgg_aoo hr |

1295PE-P34  100/0 0 35 1950 1330 465 1460 315
1293PE-P3h " 200  n 3010 285 3208) 1280 395
-2P3h " " " 27125 265 - 1245 390
129LPE-P34 80/20 " 28 3180 295 510 040 935
-2P3) " " " 2420 210 - 1025 775

a) Bonds from solvent spread supported tape (glass fabric 112-Volan A)
dried 15 min at 200°F. Constant ingredient: 100 phr aluminum dust.

b) V“DADPS" is diaminodiphenylsulfone.

c) Average of two or three values for one-half inch lap joints to half-
hard type 301 steel (thickness 0.050 in.). Surface treatment:
Methed C.

d) Range of values: 1k0 to 660 psi.
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Table 62. SUMMARY OF THE 600°F SHEAR STRENGTH OF BONDS TO
TYPE 301 STEEL FROM NEW EXPERIMENTAL RESTNS

“Cure at 100 psi: a<ne-half hour at
330°F with diaminodiphenylsulfone.a)

Tengile Sheér
Resing, by wt Formvar
EPON 15/95E, Posteurs, Strength at

Experimental X-131 " hr/°F 600°F, psi
1009 phr Range Aﬁﬁa

Panel No.D)

1279JE-P333 100 X-801-3 0 0 - 3/330 90-170  1B5
1280JE-P333 " " " " 20 " 0-110 55
_PBBBEM (1] 1] " " " ”" 0_75 Eo
1281JE-P333 8o " " 20 " " 60-80 5
1290PE~-P34 10 " T2 18 - 3 /400 30-100 65
1291PE-P34 40 X-801-3 - 48 12 - 3/400  130-170 150
1292PE-P34 60 " .32 8 - " 0-80 o}
1282FE 100 X-141 0 0 - . - 370-540 460
1283FE " " " " 20 - Lu4L-540 hzs
1284FE go " " 20 v - 110-160 125
1278FE 100 LR2047-98 0 0 - - 430-580 &
1285FE go " " 20 20 340-430 40O
-p2k " " " “ " 2/&00 420-490  L45
1293PE-P3L 100 LR2047-126 " " 3/L00  140-660 320
1294 PE-P34 8o " " " " " 460-600 510
1295PE-P34 100 LR2047-126 0 0 - 3/L00  300-580 5
1329JE-2 10 LR2O4T-199 90 " - - 120-270 170
1330JE-2 % 70 " - - 50-90 5
1331JE-2 50 50 " - - 60-180 105
607IMs-1112 (Adhesive 422) - 1530-1670 1615

a; The curing agent was used at a concentration calculated on the basis of -

one amine hydrogen per epoxide group. Filler was 100 phr aluminum dust.
b) Bonds prepared with glass fabric (112-Volan A). Details of bond preper-
ation including adhesive form, cure and complete formulations are given
in the taebles which summarize the formulations containing the experimentql
regins,
¢) Average of three values for one-half inch 1lap joints to half-hard type 3d1
steel (thickness 0.050 in.). Surface treatment: Method C.
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Table 64. SHEAR STRENGTH OF BONDS TO ALUMINUM FROM RESINS CURED WITH

COMBINATIONS OF PYROMELLITIC DIANHYDRIDE AND MALEIC ANHYDRIDE

Tensile Sheard)

. Cab-0-5i15) Curing Agent, Type
Panel Mo.2) Resins, Parts by wt Filler, phr:? of Strength After .
by wt ———————— Adhesive 16_hr_at 350°F, psi
EPON_1009 d PUDA _ Y4A st 77°F _at S00°F

1310 100 X-131 - 0 20 I8 Tape 815 1S
13148) 100 X-131 - 0 20 18 Tape 1195 200
1315¢) 80 x-131 20 0 16.5 15  Tape 1235 215
1341 100 EPON 828 - 10 23 20 Paste 113S 340
1316 80 EPON 828 20 5 21 19 Paste 1435 %0
1312 100 X-401-3 - 10 36 32 Paste 1090 0
1317 80 X-40i-3 20 5 3l 28 Paste 1355 300
1313 100 X-801-3 - {0 39 35 Paste 885 365
1318 80 X-801-3 20 S 34 3l Paste 1335 345

a) Bonds to 0.064 in, ciad aluminus alioy 2024-T3 with glass cloth reinforcement (grade 112-
Volan A). Constant ingredient {parts by wt): 100 aluminun dust fiiler.

b} Colloidal sitica (Godfrey L. Cabot, Inc.).

¢) PMDA is pyromellitic dianhydride (du Pont Co.); MA is maleic anhydride. PUDA was dispersed

in a solution of tha resins and A,

d) Average of three values for one-half inch lap-joints. Surface treatment: chromic-
sulfuric acid etch,

e) Formulation also contained 20 phr Formvar 15/95 E.
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Table 66. SHEAR STRENGTH OF X-131/X-401-3 ADHESIVE
BONDS TO TYPE 301 STEEL

Press cure at 100 psi for one-half hour
at 24O°F plus one-half hour at 330°F

X-131/  (iping IeDsile Shear Strength,0) psi

. e e

X-131. X-h01-3 : Aged 200 hr

Panel No.8) Batend)  Resin Ageﬁﬁ,c) Original St 500°F

Ratio P TT°F__500°F 500°F
1222F M, A 85/15 6 dicy 2665 105 525
1202FMg -3 B n now 2690 85 k7se)
1222FMs -2 c n "o 2540 65 230
1160FMs -1 ¢ 100/0f) n 3635 385 610
1223MM; G 85/158) 4.5 dicy 2965 275 1702)
1226MMg “F  85/15 4.5 diey ° 3115 165 2zs5e)
1230FMg -P231) A " 30 DADPS 3410 330 350€)
1230FMg-2P23h) c " woou 2025 30 2302)
1219FMs-2P230) c 100/08) n w 3615 770 630€)

a) Bonded with hot melt cast unsupported adhesive tapes; constant
ingredients, phr: 20 Formvar 15/95 E + 60 aluminum dust.

b) See Table 55 for identification of resin batches.

c¢) "Dicy" is dicyandiamide; "DADPS" is diaminodiphenylsulfone.

d) Average of three values for 0.5 in. lap joints to half-hard
type 301 steel (thickness 0.050 in.). Surface treatment:

) Method A-Mg.

e¢) Average of two values.

f) Solvent spread supported tape (1l2-Volan A glass fabric) with 100
phr aluminum dust.

g) Adhesive contained 10 phr Formvar 15/95 E.

h) Bonds postcured two hours at 300°F.
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Table 67. SHEAR STRENGTH OF BONDS TO TYPE 301 STEEL FROM

X-151/X-701 ADHESIVES CURED WITH DICYANDIAMIDE

Cure (contact pressure): one-half hour at 330°F

= Tensile Shear Streggth,cj psi

i io®) ORI o R
’ TT°F____500°F 500°F
114s5ad) 100/0 1930 770 680
1172M; - 90/10 2055 565 305
11730M, ' 80/20 2285 560 570
1174JM, 70/30 2220 425 420

a) Bonds from hot melt impregnated supported adhesive tapes with
grade 1ll2-Volan A glass fabric. Constant ingredients: 100 phr
aluminum dust (MD20l) + 6 phr dicyandiamide. ‘

b) X-131 resin lot No. LR1991-113.

c) Average of three values for bonds to full hard type 301 steel

(thickness 0.050 in.). Surface treatment: Method A-M,. ‘

9 d) Solvent spread supported adhesive tape. The test results given |

are the averages for eight adhesive batches.
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Table 69. COMPARISON OF THE SHEAR STRENGTH OF X-131 ADHESIVE BONDS
TO CLAD ALUMINUM ALLOY AND TYPE 301 STEEL
Foravar Curing Tensile Shear Strengthd)
Panel No.a) 15795 €, Aqent,b) Variable, Mefalc) Original Aged 200 hr
: A phr At 500
phr phr 77% _ S00°F SO0
1145J-16 - 6 dicy - Alclad 1475 695 625
1145J4-16 - v e - 00, FH 1825 685 475
12054 - 14 dicy . Alclad 1565 460 790
120504 - “ ® " 300, FH 1665 60 295
1209 (j— 6 dicy 200 Al dust Alclad 1350 770 595
12091 - LI o e s 00, FR 1925 675 685
1160J-2 20 § dicy - AMclad 2025 620 865
1160J-2P236) . L - . 1755 570 895
116044 ;-2P23¢) » LI - 01, FH 2310 640 710
9354-2 5 10 dicy } 10 TAT-0-2129)  Alclad 1650 500 . 310
935 -2 e o u Hot melt 00, /20 1935 80 305
1218J ') - 4.5 dicy - Alclad 1525 555 545
1218J-p23¢/ f - LI - v . 1425 485 635
1218Ju;-P230) ) - o - 01, FH 1665 635 645
1223F -p238) 10 4.5 dicy AMclad 1845 225 120
1223F 9) ) o o o a 2530 410 2715
L] 2 a -
1223 59 50 Al dust 301, /24 2935 275 170
1222 -p23¢) 20 § dicy Hot melt AMclad 2745 400 625
1222h) 0 L ’ 245 380 590
1222157 e L 301, 1/24 2665 105 525
1219 20 30 DAOPS N Alclad 835 555 700
1219J-p23¢) a ° o - 0 2135 605 915
121904, -P23¢) ’ LI - 0i,FN 2120 850 1015
1220 20 30 DADPS S Bisphenol A Alclad 2615 545 830
1220J-p23¢) u v LI s 2455 685 950
1220FE-2 » s 0 LI 301, I/2H 4235 880 690
1236-131) 20 24 DADPS Alelad 2315 225 710
1236 JE-131) . L 00, I/ DI0 235 505
a onds from solvent spread supported tape {glass fabric -Yolan ried min at Z00°F, Con-
stant ingredients (parts by wt): 100 X-131 + 100 aluminua dust. Cure: One-half hour at 330¢F.

b) "Dicy" is dicyandiamide; "DADPS® is diaminodipheny!sulfone.
c) Aluminum alloy clad 2024-T3, thickness 0.064 inch; type 30! steel, thickness 0,050 inch.
d) Average of three values for one-half inch lap joints.
e) Bonds postcured two hours at 300°F . '
) Adhesive contained experimental modified X-131 (D).

g) TAT-0-212 is triethanolamine titanate N-oleate (cu Pont).

h) Adhesive based on a blend of 85/15 modified X-131 (6)/X-401-3.

i) Resin base:

WADC TR 53-126 Pt 4
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BEST [ s

AVAILABLE
e T
RLIUS HYMAS AND COMPANY ) nal
DENVER, COLORADO

Pile ¥o. B13

k1
LAPORATCRY NENORANDUM ~ “142-

(183) |

SUBJECT: PREPARATION OF LOW VIBCOSITY EFON ADHESIVE VI

SUGARY

EPON Adhesive VI is & pesto-like, proprietary compound used as a s
ageot, particularly in the ai-:raft industry. It is prepared by sisple mixing of
ZPOE B34 reein, Vinylite AYAP (polyvinyl acetate resin), asbestos, allyl glycidyl
 ether (AGR), 74Q,, snl Acetamine Orange (a dye). With the transfer of its pro-
duetion from Developmsut Co., Emeryville to Denver a marked incresse in the
viscosity of the fipal product has occurred. This in turn bhas caused customsr
complaints because of the incr~asced difficulty in handling the msterial. Comn-
sequntly, an investigation of the csuse for this change vas undertaken.

Laboratory piloting of Adhesive VI manufacture bas indicated that soms,
as yet unknomn, praperty of the EPON 834 resin ftself is the main variable affects
ing the viscosity of the final adhesive. Traces of alkalinity introduced vith
asbestos also incresse the viscosity significantly. Removal of this alkaly (with
resulting reduction in adhesive viscosity) was acocapliihed in the laboratory by
a vater vash but this 1s pot considered practical for plant operation.

Comparison of the Denver and Bmeryville methods for producing adhesives
shove thet the Rmsryville method employing shorter mixing tims definitely results
in a lower viscosity produst.

However, it is oconcluded that the combined usq ¢f the Reeryville pz
apd alkali-free asbestos will not alvays belepce the unkpovn, undesirable propert
of certain loAs of BICH 83h. ’

- It is recommsnded thet a sufficient gquantity of Denver EFON O34 stocks
: trunsferred Emeryville t0 perxit fhell Development to mbke

A
H

Adbesive VY

wuld amit the results
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Page 2

The initial manmufacture of EPON Adbesive VI vas carried out by Shell
They developed the formuia and supplied Market

Development Co., Emeryville.
Developnent guantities of this material until the Getails of its manufacture
vere finalised. Customsr acéeptance, and consequently specificatious, vers

based oo the material as produced by Emeryville. After transfer of its manu-
facti ve t0 Dsnver it vas found that the Denver product vas more viscous than

the Emeryville materisl and exceeded the specification for this property
(maximm of 1 MM centipoises st TT°P). mwmmmmm
from Nead Office, Dsnver, Shell Development Compeny (Dmeryville), and
Fresc Marbksting Office to discuss the problam. The meeting rasulted

pTagram st Denver. This report summarises the results of
to

&-u:nu.

EPIRIELL

All samples of EXCN 83M used in this wvork were obtained fron Houston
either o8 nonml production or special ladborstory camples. These included the
EFOE from normal Denver plant stocks.

All other axterials vere from Denver plant stocks: Allyl glycidyl
:tho;' (A0R), ssbestos, titanius dioxide, Vinylite: AYAP, and Acetemine Orange
aye ,

Hil
Ed
gi

gt
}
:
8

The original EBmeryvills procedure for preparing Adhesive VI huu been

modified in the plant t0 fit more closely the opeiuting situstion at Draver.
are descrided in tae Appendix. laborstory preparstion of adhesive

Both mothods
used & three-quart Read-Otandard sigm blads blender, closely &plicating the
Plant blepdar of the sams type and mamifacturer. Vhere pre-mixing vas suggestod

(Eneryville procedre), lahorstory glascvare vas used.

. Visocaity wvas measured on a Brookfield Viscomster, Model HEF. All
sagles verc placed in & TT°Y vater
™is tiswe igterwval wvas found edequate for attaining tempersture oguilidbrium.
Alkalinity ssesuremsnts oa mmnoum-hbyduutmsog
of the KRN with 150 al of soetons and pouring into 200 al of distilled water.
he Mmeultant weter-aoetone phese ves titruted vith 0.0R U m‘- it 7T and
the SeaON ty of the
_ al wvater, and fil
with aoother 100 al water 'ﬂncdimdm
T7-0vith O
PR (Lots

rete
‘a“u

:
;
E
5
it
Eg
.?

batd for @ xiaimm of 16 houres before testing.

»

4384(




BEST
AVAILABLE

coPY

Laboratory Memorandum ¥o. 183 Page 3

A method vas devised for deterxmining AGE content of the product since
it wvas felt that loss of this, its most volatile compooent, sould be respocnajible
for high viscosities. Using a pilot batch of Adbesive VI wvhich bhad been very
carsfully prepared to coatain the correst amount of AGE (10.8%w) a small amount
of the adhesive vas spread on a small gluss plate in & lazer about 1/6: ‘~ch
thick, veighed to determine the sample sise, and placed in a vacuus oven to
Beas e 1088 in vaight. After investigating variocus conditions it vas dstermined
that a loss in weight equivalent to the AGR content occurred after one hour at
120°C and 10 == Hg. this test to plaat batches of Adbhesive VI sith
high viscosities, abart 10. volatiles vare removed. It vas concluded that
no significant loss of AGE takes place duringc plant production of the adhesive.

Table I shows the results obtained vith the two different mixing pro-
codures and vith varisticos in the AGE contest. It is apparent the? the Ruvery-
ville process vith shorter uixing tims produces .. lower viscosity adhesive than
does the Degver process. Bowever, the Mweryvili. process (using our rav materials)
414 pot wake an adhesive vith a viscosity Le! - 1 MM CP 8 TT°F. Although in soms
caset adhesive viscosity shows ancomlous beh:.:or with Ligh AGE content 1t is
obvious that a minimm of 15w AGE would be needed (cospared to 10.8%w called for
in the formila) to reduce the viscosity belov 1 MM CP.

Tensile sbear of adhesive with high AGE couteat (Batch P-17)
was 3515 psi st TT7°F and 1725 poi at 100°F. These valuas Dass shear specifications
ond sars in line vith shear valuss of adhesive containing the normml axount of AGK.

‘ Table II deals with the effect of alkalinity intrcduced vith the ashestos|
Sosmal astestos vashed vith neutral water vill produce a vash wvater of pH 8-11. The
removal of these traces of alkali reduced the resultant adhesive viscosity from 1.8
to sbout 1.3 )M CP. The addition of 2.5%w vater t0 the formula vas even moTre

effective, reducing viscosity to 0.8 )2 (P. The effect of vater on product per-
formsnce is not kpovn. The addition of 0.1%w acetic acid (HAc) eppeared detrimental

t0 viseosity while lfv wster was ineffective.

7 III illustrates the varisiion of sdhesive viucosity vith the BPCN
resin used. data it is conclided that traces of alkali in the resin
and the epparent resin viscosity have no searing on the final aduesive viscoeity.

ignificant effect

Bowever seme unkrown property of the resin afpears to have 1 ¢
on sdhesive viseosi’y. BSamples of the EPCON resin (Lots 381, 48159, GE1%3) vere

scamed in the infrared Lut wae fuund to give iGectical spectrs. %o_ngno
the analytical duta odtained by icuston and forvarded vith their res b7,

It 1s to be pointed cut that Mam P-25 using EPON 834 1ed from
Beeryville stocks 414 mske a specificatioo viscosity sdbesive (0.96 Wi CP).

Table V shows hov viscosity msssuremsnts of Adhesive VI tend t0 in-
creass vith stotuge time. The prime exmaple s Doeryvillo Betch 260h-T wiich
incressed from 0.89 to 1.40 ) CP over e period of ten wveseks. The Rweryvills
laboratery bas bsen advised of this and will investigate Other samples of thelr
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Laboratory Mesorandum No. 183

APPRROTL
EPQN_ADHESIVE VI MANUFACTURE

IENVER OPERATING PROCEDURE (REVISED)

Atlmt2+msbd‘on.bltchofmuveuutobom,m
adrums of EPON 83h should be placed in the hot box to liquefy the resin. The
adbesive is prepared by mixing by veight in the blender as faollows:

1. Allyl glycidyl ethsr (AGE), 177 Ib.
2. Acetamine orange, 147 grams BEST
3. Vinylite AYAP, 9% Ib. AVAILABLE
M. Titanox, 8 1b 2 oz. Mix ten minutes, turn on stesm, and add copy

5. EPON 834, 500 1b (1 dnm). ‘
6. Asbestos floats, 353 1b. This should be added in 100 1b incremsuts,
mtmmmwum:num.wunu. :

1. Mubutammmbmmmmmux,mmm,
scrape down the walls to the. point vhere the blades reach, mix again for
a fev minutes to be sure all the asbestos has besn worked in, then add

O 8. EPON 834, 500 1b. Allow to mix overnight, reversing the direction of

top. If thove is such, vork it in vith the scraper by hsnd.

; 9. When batch 1s resdy, holt down the blender 1lid, set up the scale and pour

; the adhesive into cans as specified. Containsrs vill be l-gallon, hol
8 pounds, or S5-gallom, Lolding M0 pounds net. Ladel esch can vith Jle-

"VI® and datch omber. /About at the middle of the batch, take

sigmation
ml-mmmuw, shich are delivered

in the proper direction to push owt the bulk of the adhesive. The last of
the contents vill have to be screped out. If another batch of the seme
adhesive is t0 be made, the blender peed not be scraped clean. If
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= 5 minmtes
5 minutes

Nixing time - 10 minutes
Mixing Vvime - 10 mizmtes

Atditional sixing time

Ashertos and washed in lsd to reduce
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' Laborstory Mesorsohm No. 183 " Page 10 |

TARLE IV
FROPERITRS OF EPOK 834 USED FoR
MAKING AIRBSIVE VI ;
Lot Bo. v 13 e et ans®  gus®)
Visocosity, Oapdner Ay Al Ah *2 ‘g A2+
Color, Gardner 5 1 2 1 3 2-3
s en 207 2 2% 227 2h3
Vater, v c.10 0.00 0.0 0.0 0.01 0.03
Chloride, fw o.81 - 0.27 0.21 0.18 0.53 0.85

a) 5%y MOE used for secondary caustic eddition
b)) dified BrON 828 process | 1
o) Prepared via ewporetive cooling during reaction |

BOIE: These data supplied by Nouston Lodoratory; see their 1ltr. of July 19,
19%% to K.0., Mrg.-Oper.

BEST
AVAILABLE
CoPy |

ABS-04384




Laborstory Msmorendum No. 183
Pege 11

TABLE V

VARIATION OF VIBOOSITY MEASUREMENTS

Viscosity ()% CP @ ?), at Time After Mixi

Patch No. lday 2days 2 Jdays  Sdape  12dxys 10 weeks

P-S 1.22 1.22 1.22 1.60 --
| ¥ 1.15 1.01 1.17 1.28 -- :-

¥ N 1.79 -- 1.54 .- |

P-To 1.76 - - 1.76 .- : : | -j -

| 55T 1.0 1.65 - - 1.33 - - : -

P-16 1.27 - - -- 1.22 1.2h - :

M7 -- .- 1.04 .- 1.28 - :
P24 0.79 .- - - - - 0.91 - - ?
P18 1.9 1.2 - 1.89 2.02 .-

P-19 1.22 1.9 1.1 1.5 1.63 -- ]
P-20 1.1 1.27 1.4 1.30 1.47 - - |
ra 1.98 1.M -- 1.40 1.36 --

r-22 1.67 1.kh - - 1.03 1.91 - - i
P-23 0.96 -- 1.23 1.12 1.27 .- |

2608-7) 0.5 .-
&‘ “ - 1.09 - - 1.“

a) Plant adhes!ve prepared and msasured at Besryville

L,

BEST 4
AVAILABLE
COPY '
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