e

Reproduced From
Best Available Copy

UNCLASSIFIED

ap _409 681

DEFENSE DOCUMENTATION CENTER

FOR

SCIENTIFIC AND TECHNICAL INFORMATION

CAMERON STATION. ALEXANDRIA. VIRGINIA

UNCLASSIFIED

Reproduced From
Best Available Copy



NOTICE: When govermment or otaer drawings, speci-
fications or other data are used for any purpose
other than in ccnnection with a detinitely related
government procurement operation, the U. S.
Government thereby incurs no responsidbility, nor any
obligation wvhatsoever; and the fact that the Govern-

ment may bave formulated, furnisbed, or in any way
supplied the said drawings, specifications, or other
data 10 not to be regarded by implication or othe.-
vise as in any manner licensing the holder or any
other person or corporation, or conveylng any rights
or permission to manufacture, use or sell any
patented invention that may in any way be relsted
thereto.




T
B4
4

'( i"..
(3. H
Py
e
’D USAELRDL Technical Report 2323
Lol P @
( : O NEUTRON AND GAMMA RADIATION EFFECTS ON DIELECTRICS
- Loy
_\....
o O‘ Erik G. Linden
le ‘-._-’_". Charles P. Lagcaro
(]
c.‘;j C:D
‘;'-f(.‘. <
Y,
(3 =

409 681

January 1963

UNITED STATES ARMY
- ELECTRONICS RESEARCH AND DEVELOPMENT LABORATORY

FORT MONMOUTH, N.J.




U, S, ARMY ELECITONICS RESEARCH AND DEVELOPMENT LABORATORY
FORT MONMOUTH, NEW JERSEY

January 1963

USAELRDL Technical Report 2323 has been prepared under the supervision
of the Director, Electronic Components Depertment, and is published for the
information and guldance of all concerned. Suggestions or criticisms
relative to the form, contents, purpose, or use of Lhis publication should
be referred to the Commanding Officer, U. S. Army Elesctronics Research and
Development Laboratory, Fort Mommouth, New Jersey, Atin: Chief, Reliability
and Elect:  ..lc Parts Branch, Electronic Parts and Materials Division.

J. M. KIMBROUGH, JR.
Colonel, Signal Corps
Conmanding

OFFICTAL:
HOWARD W. KILL.AM
MnJor, SigC
Adjutant

DISTRIBUTION:
Special

QUALIFIED REQUESTERS MAY OBTAIN
COPIES OF THIS REPORT FROM ASTIA.

THIS REPORT HAS EEEN RELFASED TO THE
OFFICE OF TECHNICAL SERVICES, U. S,

DEPARTMENT OF COMMERCE, WASHINGTON 25,
D. €., FOR SALE TO THE GENERAL PUBLIC.

N\




aw

NEUTRON AND GAMMA RADIATION EFFECTS ON DIELECTRICS

Erik G. Linden

Cuarles P. Lascaro

DA Task No. 3A99-15-001-01

ABSTRACT

Exposure of the following materials has no significant
permanent after effects on dielectric constant and dissipation
factor, measured at 60 cps, 1 mes, and 30 mcs, nor on d¢ volume
resistivity, nor on the dc and 60 cps surface resistivity of these
dielectrice: asbestos-febric phenolic, asbestos-filled phenolic,
asbestos-filled diallyl phthalate, mica-filled phenolic, alumina,
forsterite, paper-phenolic laminate, polystyrene, polytetrafluoro-
ethylene and polyethylepe dielectricizto pulsed fast neutrons,
ranging from 1.63 x 10°€ 40 2,0 x 10= Nvt, and to gamma tion
at the rate of 2.8 x 10* r/hr up to a total dose of 5.88 x 107 r,

U. S. ARMY ELECTRONICS RESEARCH AND DEVELOPMENT LABORATORY
FCRT MONMOUTH, NEW JERSEY
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NEUTRON AND GAMMA RADIATION EFFECTS ON DIELECTRICS

INTRODUCTION

This investigation is part of a study of the effects of radiation on laboratory samples of
diclectric materials used in electronic equipments. Considerable information is already available
on the physical effect of steady-state radiation on dielectric matarials. Because of lack of data,
however, it was necessary to study the dielectric behavior of these materials, when exposed to
a pulse type of radiation environment appreyimated by the Godiva-ctype reactor, and the effects of
exposure on the dieiectric properties, when exposed to a steady-state gamma radiation source.
The materials were solected on the basis of their importance to the performance of military
electronic cquipmenrts, The first phase of this program involving a determination of permanent
aftereffocts is *h: subject of this report. Transient effects during the actaal pulse burst, the
subject of the send vhase of this work, are not reported here. The study includes the effects
of such radiation on plastics, ceramics, and composites.

DISCUSSION
Materials

The materials studied include the following:

Code Material

MF1 Asbestos-fabric phenolic molding compound

MFG Asbestos-filled phenolic molding compound

MDAP Asbestos-filled diallyl phthalate molding
compound

MFE Mica-filled phenolic molding compound

AL-576 Alumine, Alg03
AL-243 Foraterite (2mg0-Si0g)

XXX Paper phenolic laminate
PS PolysLyrene

PF Polytetrafluoroethylene
PE Polyethylene

FProcedures

The above materinls were exposed to the following radiation environments: One set was
exposed in 2-mil thick polyethylene bags to pulscd neutrons at the Godiva Critical Assembly at
the Loy Alamos Scientific Laboratory, Los Alamos, New Mexico; the second set was subjected
to gnmma irradiation by a cobalt-80 source, located a: Radiation Applications, Inc., 4042
Crescent Avenue, Long Island City, New York, for 21 hours at an intensity of 2.8 x 104 roent-
gers por hour, giving a total dosage of 5.88 x 108 roentgens. Table 1 lists the total Nvt to which
cach material was exposed at the Godiva Critical Assembly. Figures 1 and 2 show the arrangement
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of the test specimens at the Godiva Critical Assembly. A group of control sumples was left
unexposed to radiation so as to determine natural aging effects. They were stored under stand-
ard conditions here at the USAELRDL until finai measurements could be made coincident with
the exposed samples,

Electrical measurements wore made on all samples, including unexposed controls, one
month before and one month after the time of the above irradiation exposures. The elapsed time
was due to shipment of material from the facilities involved to the Johns Hopkins University
Diclectrics Laboratory where all meusurements were made. Measurement techniques used are
described in a report. dated 31 December 1958, subject, ‘‘A Practical Intoirpeotation of Dielectric
\feasyrements up to 100 me,” by Dielectrics Laboratory, The Johns Hopkins University, Baltimore
Maryland, under Signal Corps Contract DA36-039-sc-73156.

Results

The results of these me.surements and irradiation exposures are listed in Tables 2 through
15. Comparison of the electrical changes of the irradiated specimens with the conirols, as listed
in Tabies 2 through 15, shows that there are no significant permanent aftereffects other than
those of naturel *ging on 80 cps, 1 mcs, and 30 mes dielectric constant and dissipation factor,
nor on d¢ volume resistivity, nor on dc and 80 eps surface resistivity, when the above materials
are exposad to the irradiation environments described above.

CONCLUSIONS

It is concluded that exposure of asbestos-fabric phenolic, asbestos-filled phenolic, ashes-
tos-filled diallyl phthalate, mica-filled phenolic, alumina, forsterite, paper-phenolic laminate,
poiystyrene, polytetrafluoroethylene and polyethylene dielectrics to pulsed fast neutrons, rang-
ing from 1,63 x 1012 to 2.0 x 1012 Nvt, and to gamma radiation at the rate of 2.8 x 104
roentgens per hour up to a total dose of 5.88 x 105 roentgens, has no significant permanent
offects on electrical properties.
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RADIATION NEUTRON DOSAGE
(Obtained at (iodivapriticul Assembly, Los Alamos Scientific
Laboratory, Los Alamos, New Mexico)

Material

MFI
MFG
MDAP
MFE
AL-576
AL-243
XXX
PS

PE

PF

TABLE 1

Nvt

1.88 x 101¥

1.88
1.63
1.63
1.97
1.97
1.86
1.86
2.0

2.0

TABLE 2

X

X

1012
1012
1012
1012
1012
1012
1012
1012
1012

DIELECTRIC CONSTANT

(Before & after exposure to neutrons)

PE

2,81

2.31

2.30

Material 60-cps_ _lme
initial irradiated initial irradiated

MFI 187 150 8.76 8.23
MFG 170 163 8.41 8.36
MDAP 6.82 8.19 3.87 3.88
MFE 5.30 5.17 4.28 4.27
AL-578 8.39 8.39 8.09 8.09
AL-243 6.74 6.74 8.65 €.65
XXX 5.95 5.83 4.93 4.82
PS 2,57 2.57 2.54 2,54
PF 2.10 2.10 2.10 2,10

2.30

30-mc

initial irradiated

5.88
6.11
3.50
4.20
7.87
8.55
4.70
2.54
2.09
2.20

5.84
5.76
3.42
4.20
7.687
8.55
4.62
2.54
2.09
2.29




TABLE 3

DIELECTRIC CONSTANT
(Contro! sampies unexposed to neutron irradiation)

Mulerial 60-cps 1-me _30-m¢
initial final initial final initial final
MFI 167 154 §.76 8.19 5.88 5890
MFG 170 161 8.41 7.94 6.11 5.92
MDAP 6.82 6.21 3.87 3.84 3.50 3.41
MFE 5.30 4.80 4.28 4.19 4.20 4.16
TABLE ¢

DISSIPATION FACTOR
(Before & after exposure to neutrons)

Material 6G-cps 1-mc -mc¢

initial irradiated

initial irradiated initial irradiated

495 419 .495 <104 .103
.494 .468 .339 .102 .104
.158 .151 067 .052 .042 042
.064 061 016 010 .010
002 .002 .002 .002
.002 .002 L L
.036 029
L
L
L

MFI
MFG
MDAP
MFE
AL-576
AL-243
XXX
PS
PF
PE

I. — Less than .001.
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TABLE 5
DISSIPATION FACTOR

(Control samples unexposed to neutron irradiation)

_Material 80-cps 1-mc 30-me
initial final initial final initial final
MFI 495 .465 495 472 .104 104
MFG .494 478 339 .322 .102  .104
MDAP 158 142 057 .052 .042  .040
MFE .0864 .061 .018 .015 .010 .010
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TABLLE 8

PERCENTAGE DECREASE

IN DIELECTRIC CONSTANT
FOUND AFTER EXPOSURE TO NEUTRONS,
AS COMPAKED TO UNEXPOSED CONTROLS

{atorinl 60-cps lmc ~ail-me

—atel

oxpused control oxposed control exposed control

ML 10.2 7.8 8.1 6.5 0.7 3.2
MFG 4.1 5.3 0.6 5.6 5.7 3.7
MDAP 9.2 8.9 0.3 0.8 2.3 2.8
MFE R 9.5 0.2 2.1 0 1.0

TABLE 9

DIELECTRIC CONSTANT
(Before & after exposure to gamma irradiation)

_Material _ 80-cps 1-mn 30-me

initial irradiated initial irradiated initial irradiated

167 162 8.76 8.563 5.88 5.18
170 170 8.41 8.09 6.11 8.07
6.82 8.75 3.87 3.83 3.50 3.48
5.30 5.14 4.28 4.08 4.20 3.88
8,308 8.39 8.09 8.09 7.67 7.66
6.74 6.74 6.65 6.56 8.55 8.5¢
5.95 5.90 4.93 4.89 4.70 4.63
2.07 2.59 2.54 2.54 2.54 2.54
2.10 2.10 2.10 2.10 2.09 2.09
2,31 2.31 2.30 2.30 2.29 2.20




TABLE 10

DIELECTRIC CONSTANT
(Control samplos unexposed to gainma irradiation)

Matorial _G0-cps l-mg 3Q-me

initinl final initial f{inal initial final

144 8.76 8.37 5.88 b5.68
161 8.41 8.02 6.11 5.88
3.7 8.72 3.50 8.4¢
1.28 4.17 4.20 3.08

TABLE 11

DISSIPATION FACTOR
(Before & after exposure to gamma irradiation)

Material 60-cps 1-me 30-mc

initial irradiated initial irradiated initial irradiated

MF1 447 .439 438 424 .004 .088
MFG .42y .434 .338 00 094 .087
MDAP .107 .091 .050 .048 .038 .038
MFE .040 .038 014 .014 .010 .009
AL-576 L .001 .001
AL-243 L L L
XXX

Ps

PF

PE

L - Leas than .001




TABLE 12

DISSIPATION FACTOR
(Control samples unexposed to gamma irradiation)

Material 80-c¢ps 1-mc 30-mc

initial (inal initial final initial finai

44T 429 438 .395 .004 084
420 .422 333 .804 .004 087
107 104 060 .045 038 041
040 .031 014 .013 010 .009
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TABLE 15
PERCENTAGE DECREASE
IN DIELECTRIC CONSTANT
FOUND AFTER EXPOSURE TO GAMMA IRRADIATION
AS COMPARFD TO UNEXPOSED CONTROLS

60-cps 1-mg _30-mc

cxposed control exposed control exposed control

3.0 13.8 2.6 1.5 1.7 3.4
0 5.3 3.8 4.8 0.6 1.6
1.0 7.9 1.0 3.9 0.6 1.1
3.0 3.6 5.1 2.6 8.1 5.7
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