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ABSTRACT

MY-720/DDS epoxy samples were treated with three selected chemical compounds
torender the active H-sites inactive for moisture absorption.” Treating the epoxy
castings with acetyl chloride and dichlorodimethyl silane leads only to surface
changes indicating that these molecules are too large to penetrate the epoxy castings.
Boron trifluoride, on the other hand, does penetrate the epoxy chain as is indicated
by the formation of green domains in the interior of the castings. However, the
process of saturating the specimens with moisture appears to leach out the chemical
additives--thereby nullifying their possible ameliorative effects.

‘ INTRODUCTION
Most epoxies are susceptible to moisture pickup because of the tendency of
Hon N or 0 atoms to interact with H in the Hp0 molecule. It can thus be argued

that it may be possible to reduce their moisture susceptibility if we can render
active H sites in the epoxy chain inactive. With this goal in mind, tetraglycidyl
methylene dianiline (TGMDA or MY-T720) cured with 4, L'-diamino diphenyl sulfone

(DDS) was selected as the candidate epoxy. It is widely used in aerospace and
electronic industries. The chemical addltlves selected for passivating the test
epoxy were: (1) Acetyl chloride (CH3COCl), (2) dimethyldichloro silane [ SiClp
(CH3)2] and (3) Boron Trifluoride %BF3) The saturation moisture characteristics
of treated and untreated MY-T20/DDS epoxy samples were measured. .It was also planned
to measure positron annihilation characteristics in the most promising toisture-
proofed varieties in order to elucidate the mechanisms responsible for their hydro-
phobicity. The results of these studies are discussed in the following sections.

EXPERIMENTAL PROCEDURE AND RESULTS

The purpose of this study was to develop a technique that could render fully
cured epoxy specimens less susceptible to moisture pickup. As indicated above,
a highly cross-linked thermosetting resin (TGMDA/DDS) was selected for this study.
Epoxy moldings in the form of 2" diameter x 0.1" discs were prepared. - Some of
these discs were chemically treated and their saturation moisture contents compared
with those of the control (untreated) specimens(*). The results are discussed in
the following sections. '

(*)The saturation moisture contents were determined by comparing the weights of
the specimens desiccated at 100°C with the weights of the specimens saturated with
water at 90°C. (Notice that the specimens were actually immersed in water at 90°C
for saturating them with water.)




Epoxy Preparation

Sixteen discs of MY-T720/DDS epoxy were prepared in two batches. The first
batch contained eight discs. The second batch, prepared 4 weeks later, also
contained eight discs. All discs were prepared from an epoxy solution containing
49% vy weight of tetraglycidyl- methylenedlanlllne (TGMDA or MY-T720), 14% by weight.
of 4, h'-diaminodiphenyl sulfone (DDS) and 37% by weight of methyl ethyl ketone *(MEK)
solvent The epoxy solution was poured into aluminum pans and degassed under
vacuum at 120°C for 1 hour to remove the volatiles. Vacuum was then released, and
the dlscs were cured by gradually heating from 120 - 150°C over a 3-hour period.
The témperature was held at 150°C for 1 hour and then increased to 177°C for a

2-hour final cure. Figure 1 shows a structural diagram of the MY-720/DDS epoxy
system

The sample discs were treated with three different types of chemlcals--acetyl
chloride, dichlorodimethyl silane and boron trifluoride. These chemicals are
expected to react with active hydrogens in the MY-720/DDS epoxy.

1. Acetylation Process: Four discs from the first batch were treated in the
following manner:

i. The discs were left in contact with acetyl chloride vapors at room
temperature for b days.

ii. They were then dried in a vacuum oven at 60-80°C for 24 hours.

iii. The discs were then scaked in liquid acetyl chloride at room tempera-
ture ‘for 6 hours.

iv. They were next placed in boiling acetyl ‘chloride at 40°C - for 30 minutes.
v. Finally, the discs were washed in distilled water and wiped dry.

The discs changed from a yellow to a green color after initial treatment with
acetyl chloride vapors. No further physical change was noted during the acetylation
process. Figure 2 shows a structural diagram for acetylation of MY-T20/DDS epoxy.

The remaining four discs were left untreated. The saturation moisture contents
of the two sets of discs were then measured using the standard procedure (see
page 1 footnote). It was noted that the treated discs had regained their original
color/appearance after the saturation-desiccation cycle. The results are summarized
in Table I. It is apparent from the data that acetylation makes no difference in
the saturation moisture content of MY-720/DDS samples.

2. Silanization Process. The four untreated discs from the previous batch
vere silanized as follows:

i

s i. The discs were immersed in a closed container of SiClp(CH3), at room
temperature for 5 days.

ii. The samples were then washed in heptane.

iii. The samples were finally washed in distilled water and wiped dry.



It was noted that the silanized samples had acquired a dark green color. Figure 3
shows a structural diagram of silanized MY-720/DDS samples.

Since the acetylated samples from the previous test had regained their original
state after -saturation-desiccation cycle, they were treated as control samples for
comparison with the silanized samples. :

- The saturation moisture contents of the silanized samples are summarized in
Table II. During the saturation process, it was observed that the treated samples
had recovered their original color after they had been in water for 65 hours.

+ Tt is apparent from the data shown in Table II that the silanized samples do
pick up slightly less moisture than the untreated samples. It may be due to the
fact that H in the original amine function of the epoxy has been replaced by a
dimethyl chlorosilyl group which can react with water to form a slightly more
hydrophobic dimethyl silanol group. However, the difference is rather small.

3. Boron Fluoridation Process. Four new discs from the second batch were
subjected to boron trifluoride by placing them in a vessel containing a mixture
of . hexanes., Boron trifluoride gas was bubbled into the liquid and then the vessel
was closed. This procedure was repeated. twice daily for 4 days. At the end of
this time, the samples were removed and examined. There was no appreciable weight
gain. However, the amber-colored sample discs had developed green spots in their
interiors. The samples were photographed and placed back into the BF3/hexane bath
over the weekend. Figure U shows a structural diagram of BF3-treated MY-T720/DDS
samples.

The saturation moisture contents of BF3-treated samples are summarized in
Table III. During the saturation process, it was again noted that the BF3-treated
samples had recovered their original color after they had been in the hot water
bath for about 3 days.

. It is apparent from the data shown in Table IIT that the BF3-treated samples
pick up the same amount of water as the reference samples. However, the BF3-treated
samples took longer to lose their moisture content than the reference samples.

* As seen in photographs 5 and 6, there were two different green spot patterns
in the BF3-treated discs before they were treated with water. In one case, the
spots were larger in size but fewer in numbers. In the other case, the spots were
finer but more numerous. Positron lifetime measurements were made in these BF3-
treat?g)samples in order to explain the reasons for different spot size/distribu-
tions'“’. Results are summarized in Table IV.

i

DISCUSSION

The three chemical additives selected for passivating the.epoxy samples are
expected to react with active hydrogen atoms on N or O gsites in the cross-linked
TGMDA/DDS chains. (See figures 1-4.) During these reactions, they will generate
acilds of the general form HX which can subsequently react with amines present
in tthe cured epoxy samples to form hydrochloride salts (see figure T).
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In the case of the acetyl chloride~treated epoxy moldings, a green color
formed on the surface. The same phenomenon occurred in dichlorodimethyl silane
treatment. This color change may be related to the formation of hydrochloride
salts on the surface.

When boron trifluoride was used, green areas formed in the center of epoxy
moldings. This again may be related to the formation of hydrochloride salts.
However, in this case, the HF molecule was evidently small enough and polar enough
to pentrate the molding. The green specks started out as small spots and grew
with time.

In all cases, the effects of the chemical additives were reversed after the
specimens had been in the hot-water bath for some time. This explains why the
saturation moisture contents of the treated and untreated samples are essentially
equal in all cases. ‘

As indicated earlier, the distribution of the green spots in the interior
of the samples subjected to BF3 treatment followed two distinct patterns: Half
of the samples had smaller but more numerous spots whereas the remaining samples
had larger but fewer numbers of spots. Positron annihilation characteristics in
these samples are different, as seen from the data in Table IV. The pickoff ortho-
positronium annihilation rate in samples with smaller spots is larger, accompanied
by a larger probability of Ps-atom formation. On the other hand, the pickoff
annihilation rate in samples with larger spots is slower, accompanied by a lower:
probability of Ps-atom formation. These results indicate the presence of uncured
regions in the samples where BF3 appears to concentrate, thereby affecting the
local free electron density and distribution.

CONCLUDING REMARKS

MY-720/DDS epoxy samples were treated with three selected chemical compounds
to render active H sites inactive. Treating the epoxy castings with acetyl
chloride and dichlorodimethyl silane leads only to surface changes indicating that
these molecules--as well as the hydrogen chloride that forms--are too large to
penetrate the epoxy castings. Boron trifluoride, on the other hand, does penetrate
the epoxy chain as is indicated by the formation of green domains in the interior
of the castings. However, the process of saturating the specimens with moisture
appears to leach out the additives, thereby nullifying their possible ameliorative
effects. Positron annihilation characteristics in the test epoxy samples indicate
rather large free volume, thus attesting the appropriateness of MY-720/DDS epoxy
as the test medium.
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Table I.

Summary of Saturation Moisture Contents of Untreated and Acetyluted
MY-720/0DS Epoxy Samples

tntreated GJamples

Treated Gamples

Sample Ne.

Saturation Moisture Content

Sample No.

Saturation Moisture Content

w/o

1
>
@

5.37 w/o
5.32 w/o

5.38 w/o

5.29 w/o
5.35 w/o
5032 W/()

5.32 w/o

{Average)

(5.35+40.03) w/o

(Average)

(5.3240.03) w/o

Table II.

Surmary of Saturation Moisture Contents of Silanized MY-720/DDS
Epcoxy Samples

Cntreated Samples

Treated Samples

t

Si:plé Ho. Saturaticn Moisture Content | Sample No. Saturation Moisture Content
2 5.16 w/o 1 L.9bh w/o
2 5.28 w/o 2 5.01 w/o
3 5.09 w/o 3 4.90 w/o
- 5.17 w/o b4 5.07 w/o

(5.18+40.08 w/o)

(Average)

(4.98+0.08 w/o)
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Table III.

Summary of Saturation Moisture
MY-T720/DDS Samples.

Contents of Untreated and BF3—Treated

Sample No. Saturation Moisture Content Sample No. Satufation Moisture Content
1 h.79 w/o 1 (larger 4.83 w/o
spots)
2 4.90 w/o 2 (smaller) 4.87 w/o
spots)
(Average) (4.85+0.05) w/o (Average) (4.85+0.02) w/o
* ,
Table IV. Summary of Positron Lifetimes( ) in BFy-Treated MY-T720/DDS Samples (Dry) .

Parameter Sample With Smaller Green Spots_ Sample With Larger Green Spots
B 366+17 ps 370+10 ps
T, 1521468 ps- 1596+43 ps
I, 32.0+1.7% 26.4+1.0%

1
2
I2

T

T, - Short Lifetime Component Lifetime
- Long Lifetime Component Lifetime

- Long Lifetime Component Intensity

(Pick-off orthopositron lifetime (to) is very sensitive to the atomic enf%r?nment
at the end of the range of the positrons injected into the target epoxies 3 .)
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Figure-1  Structure of MY-720/DDS:Epoxy.-
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Figure-2  Structure. of Acetylated MY -720/DDS: Epoxy.
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Figure-3. Structure of Silanized MY -720/DDS Epoxy.

Figure-4. Structure of BF3-treated MY -720/DDS Epoxy.
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Figure-7. Effect of HX Acid on
MY -720/DDS Epoxy.
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