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ABSTRACT

This document contains photographs showing the results of laboratory testing of the
combinations of epoxy resins, hatdeners, and cures undertaken as part of the Compact
Ignition Tokamak Insulation Screening Program. Cryogenic shock and soak to equilibriunu
proved to be the most demanding condition for these materials. The degree of damage
to the bzsic materials when a poor candidate is selected is shown to be quite dramatic.



INTRODUCTION

This document contains photographs generated during the course of laboratory
testing reported in ORNL/ATD-28, Vol. 1, An Interim Report on the Materials und
Selection Criteria Analysis for the Compact Ignition Tok imak Toroidal Field Coil Turn-to-
Turn Insulation System. Represcatative photographs were included in the first volume to
iilustrate specific points; however, the degree of difference in behavior of the various
resinfhardener/cure combinations under cryogenic exposure was quite dramatic and
warrants a more complete documentation of the sample condition.

Also included in this volume are representative photographs of the wet-out and
compatibility samples. These tests did not disqualify any of the candidates directly but
served to confirm flow problems with one system (Combination 7 - TGMDA analog).
The photograph of this sample is included as the opposite of the typical sample.

LABORATORY SAMPLE SET

As stated in Vol. 1, the resin and hardener samples were prepared in several forms
to provide test articles for several purposes. Resin and hardener were mixed at 45°C to
produce the specimens for a given combination. The mix was dcaerated and then used
to produce the following samples.

NEAT RESIN AND EMBEDMENT SAMPLES

These blocks, ~2 1/2 in. in diam and ~0.50 in. thick, were poured in disposable
aluminum pans. The ncat-resin samples contain only resin. The cmbedment samples were
produced by lightly scoring the bottom of the aluminum pan to hold a copper cylinder
(1 in. in diam and 0.125 in. thick) slightly above the bottom of the pan. Figure 1 shows
a set of samples for onc combination of resin and hardencer subjected to two different cure
cycles.

WET-OUT AND COMPATIBILITY SAMPLES

Wet-out and compatibility samples were formed by placing the resin/hardener mix at
45°C on the matcrials of construction for the Compact Ignition Tokamak (CIT). The
matcrials were glass cloth, Spaulrad S™ sheet matcerial, copper sheet, and Inconel 718.
Figurc 2 shows fiberglass cloth tape and Spaulrad™ sheet samples covered by the small
drop of resin/hardener mix applicd.  Note that the drop outline has been lost on the
fibcrglass tape. The drop has covered the Spaulrad™ sheet and run over the edge in
some arcas.  Figurce 3 shows droplct behavior on copper sheet, and Fig. 4 shows the
droplet on Inconel. In both cases, the drop has wet the surface and is adherent. No
incompatibilities (failure to cure. corrosive attack, or solvent attack) were observed.
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COEFFICIENT-OF-THERMAL-EXPANSION SAMPLE

A small quantity of the resinhardener mix was placed in a glass tube mold to
produce a 0.25-in.-diam cylindrical samplc for cocfficient-of-thermal-cxpansion (CTE)
measurement. Figure 5 shows the tube ur2d as a mold. along with a samplc that cracked
itself duc to thermal contraction during cool-down from curc. The sample was
subsequently trimmed to length and the ends were finished o fit the test apparatus.

COMPRESSION TEST SAMPLES

Sheets of the resin/hardener combinations were cast and cut to produce 1-in. nominal
square specimens (in thicknesses of 0.0125 and 0.625 in.) for testing.

PHOTOGRAPHS OF SIGNIFICANT RESULTS

The photographs that follow represent the signifi.ant results from the first series of
laboratory evaluations. The majority of the photographs are backlit views of the neat
resin and embedment resin blocks. Other items that warrant special notice are as follows.

1. These are photographs taken after ONE cryogenic shock/soak senuence.

2. All of the blocks that show a failurc were prompt failurcs. Snapping and
crackling indicative of failurc began immediately on immersion. None of the
samples cracked while returning to ambient or later at room temperature.

3. The photographs arc marked with the two-number coding that designates the
resin/hardener combination and the cure cycle. For more detailed descriptions,
sce Vol. 1 of this report.

Combinations 1-1 and 1--2 (Figs. 6 through 9) - Bascline sysiem
bisphenol A resin with nadic methyl anhydride (NMA).

Combinations 2-1 znd ?-2 (Figs. 10 through 13) - Bascline system
bisphenol A resin with flexibilized amine curing agent. This combination
is onc that did not fail.

Combination 3-2 (Figs. 14 and 15) - Represents the system used for the
ATF/STX insulation system. It is a hisphenol A with NMA and
flexibilized anhydride hardener. Only once cure cycle, the constrained
cycle, is defined for this system.

Combinations 41 and 4-2 (Figs. 16 through 19) - Bisphcenol F oresin
system.  Lower viscosity and  potential better eryogenic tolerance
warranted inclusion of this system.



3ff

Combinations 5-1 and 5-2 (Figs. 20 through 25) - This combination used
a bisphenol A resin flexibilized with a reactive ether and NMA as the
hardener.  Figure 20 shows the cffects of a very aggressive hardener
combined with a high-temperature cure. Portions of the ncat resin block
spalled off after cure (without cryogenic exposure). Cryogenic
shock/soak did no further damage. Reduced volume copper embedment
compared with the volume of the resin was not a significant driver in
performance.

Combination 6 — was intended to be a bisphenol A/NMA system using an
inert filler to help tailor CTE for a closer match wiinh -netals. The fillers
could not be obtained in time to test the combination for this report.

Combinations 7-1 and 7-2 (Figs. 26 through 30) - A mixture of
bisphenol A resin with methylene dianiline was used to produce a
system that was the analog of tetraglycidylmethylene dianilinc (TGMDA;
also known as TGDDM). This is a known highly radiation resistant
resin system. While the system did not shatter, it did show a stress crack
(in the form of a conical shear surface) at the higher property cure
(Fig. 27). The wct-out samples that arc shown in Fig. 30 highlight the
high viscosity of thc system. Even after several hours at temperatures
above 400°F, the outiine of the drop on the cloth was still very evident.
Flow at 45°C was very slight.

Combinations 8-1 and 8-2 (Figs. 31 through 34) - This system is a mixture
of bisphenol A resin with cycloaliphatic aminc hardener. This system
has very desirable flow propertics. The system survived the cryogenic
test in good condition for one cure despitc not having any flexibilizers
added. This mcans that further tailoring of handling and performance
can be undertaken, if needed.

INTERIM CONCLUSION

From the laboratory cryogenic testing, only three combinations of resin, hardener, and
cure cycle survived. Of these, onc (thc TGMDA 2nalog) was not amenable to use
because of high viscosity and very rapid risc in viscosity. The surviving two candidates arc
(1) the heavily flexibilized bisphcnol A resinfflexibilized amine .ystem and (2) the
bisphenol A resin with cycloaliphatic aminc hardener.
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PHOTO NO. K/PH-89-1891
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Fig. 3. Wet-out sample on copper substrate
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PHOTO NO. K/PH-89-1893
v)

Fig. 5. CTE sample mold and sample cracked trom thermal stress.



PHOTO NO. H/PH-89-2240
V)

Fig. 6. Combination 1-1 neat-resin sample after cryogenic shock/soak
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PHOTO NO. K/PH-80-2347
(v+)

Fig. 7. Combination 1-1 embedment samg e after cryogenic shock/soak
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Fig. 8.

PHOTO NO, K/PH-39-2284
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PHOTO NO. K/PH-39-2163
)

Fig. 9. Combination 1-2 embedment sample after cryogeric *~ock/soak
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PHOTO NO. K/PH-68-226¢
(v)

Fig. 10. Combination 2-1 neat-resin sample after cryogenic shock/soak
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PHOTO NO. K/PH-80-2147
()

Fig. 11. Combhination 2-1 embedme 1t sample after cryogenic shock/soak
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PHOTO NO. K/PH-09-2288
(V)

Fig. 12. Combination 2-2 neat-resin sample after cryogenic shock/soak
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PHOTO NO. K/PH-09:2280
V)

Fig. 13. Combination 2-2 embedment sample after cryogenic shock/soak
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PHOTO NO. K/PH-08-2260
v)

Fig. 14. Combination 3-2 neat-resin sample after cryogenic shock/soak
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Fig. 15.

Combination 3-2 embedment sample after cryogenic shock/soak
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PHOTO NO. K/I1-90-0170
tu)

Fig. 16. Combination 4-1 neatresin sample after cryogenic shock/soak
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Fig. 17. Combination 4-1 embedment sample after cryogenic shock/soak
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PHOTO NO. K/PH-90-0184
(v}

Fig. 18. Combination 4-2 neat-resin sample after cryogenic shock/soak
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PHOTO NO. K/PH-80-0169
v}

Fig. 19. Combination 4-2 embedment sample after cryogenic shock/soak



PHOTO NO. K/FH-90-0161
(v)

Fig. 20. Combination 5-1 neat-resin sample after cryogenic shock/soak
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PHOTO NO. K/PH-90-0163
w)

Fig. 21. Combination 5-1 embedmc At sample after cryogenic shock/soak



PHOTO NO. K/PH-90-0162
w)

Fig. 22. Combination 5-1 reduced-volume embedment after cryogenic shock/soak



PHOTO NO. K/PH-00-0186
(v}

Fig. 23. Combination 5-2 neat-resin sample after cryogenic shock/soak
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PHOYO NO, K/PH-20-0188
V)

Fig. 24. Combination 5-2 embedment sample after cryogenic shock/soak



PHOTO NO. K/PH-00-0180
v)

Fig. 25. Combination 5-2 reduced-volume embedment after cryogenic shock/soak



PHOTO NO. K/PH-00:0180
tv)

Fig. 26. Combination 7-1 neat-resin sample after cryogenic shock/soak
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Fig. 27. Combination 7-1 embedment sample after cryogenic shock/soak;
sample has been tilted to ‘‘shear crown'’ and embedment
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PHOYO NO. K/PH-90:0164
()

Fig. 28. Combination 7-2 neat-resin sample after cryogenic shock/soak
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Fig. 29. Combination 7-2 embedment sample after cryogenic shock/soak
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PHUTO No, K/PH-89-224)
tv)

Fig. 30. Com,

Note that drop outline is still evident on glass
fabric, and Spauirad™ sheet edge hag not been reached by flow,

bination 7.1 wet-out samples,



PHOTO NO, K/PH-90-0186
L)

Fig. 31. Combination 8-1 neat-resin sample after cryogenic shock/soak
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Fig. 32. Combination 8-1 embedment sample after cryogenic shock/soak
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PHOTO NO. K/PH-90-0187
(v}

Fig. 33. Combination 8-2 neat-resin sample after cryogenic shock/soak



PHOTO NO. K/PH-90-01684
V)

Fig. 34. Combination 8-2 embedment sample after cryogenic shock/soak
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