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THE EFFECT OF RADIATION ON THE MECHANICAL PROPERTIES
~ OF POLYMERS,
A Bibliography of the Unclassified Literature,

1955 to September 1962

INTRODUCTION

The following bibliography reviews the unclassified literature of
radiation effects on the mechanical properties of polymers. Neutron,
gamma-ray, X-ray, electron, ulgraviélet, aﬁd mixed (pile) ;adiation beamé
are considered. The bibliography is divided according to the various poly-

mer types. Therefore one reference may be listed in several places. Sources
—

which give data for many systems are put under one separate heading. Books

containing data of radiation effects on mechanical properties of polymers

- are listed, A final division is made of radiation effects on the dynamic

mechanical properties; an area of special interest to the author. Approx-
imately 294 different sources are listed.
\___

The majority of the bibliography was obtained from Chemical Abstracts

(1955 to June, 1960), Nuclear Science Abstracts (1957 through August, 1962),

and the Engineering Index (1955 through 1961). The Physics Abstracts,

Chemical Titles, and U. S. Government Research Reports were examined for

the period of 1960 to September, 1962. Chemical Contents and the Inter-

national Aerospace Abstracts of 1961 to September, 1962 were also checked,




No attempt was made to analyze the data of the many articles because of the
time and expense that would be involved to obtain this literature. The
reader is referred to the work by R. W, King at Battelle (see 21, General

Reviews and*Compilations). Also, Harrington has summarized many results of

his extensive work in Nucleonics (see 21. General Reviews and Compilations).
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1. POLYACRYLATES

AL

a. General

Born, J. W.; "Nuclear Radiation-Resistant Polymers and Polymericé”\
~

Compounds"; B. F. Goodrich Co., Research Center, Quarterly Pro- \

.

gress Report 4; AF33(616)-7491(Sept. 15, 1961).-
: l
Harrington, R.;"Elastomers .for Use in Radiation Fields III. f

Effects of Gamma Radiation"; Rubber Age; 82; 1003-1015(1958).

Kuz'minskiy, A. S., Ye. V. Zhuravskaya;'"The Resistance of

" Rubbers to the Action of Ionizing Radiation"; Khemecheskaya

Wauka i Prom(USSR):;4(1): 69-73(1959).

AN

Shiltz, A. R.;"High Energy Radiation Effects on Polyacrylates
and Polymethacrylates"; J. Polymer Sci.; 35; 369-380(1959).

Stephenson, C. V., others:"Ultraviolet Irradiation of Plastics

I. "Degredation of Physical Properties"; J. Polymer Sci. 55; (1961)

b. Poly(methylmelhacrylate)

Baccaredda, M., others;"Elastic and Inelastic. Behavior of Some
Irradiated Polymers"; Chim.e Industr.; 28; 561(1956).

Chamberlain, D. L.;"Effect of Radiation on Mechanical Properties
of Plastics"; Stanford Research Inst.; AD-209574, DA-0Q4-200-

‘ORD-698; 37 pp-(Dec. 1, 1958).

Chapero, A.; J. Chim. Phys.; 53;: 295-(1956).

Matlack, J. D., S. Strel;a;"Nondestructive Test. for Radiation
Effects"; Nucleonics; 16 (6); 103-105(1958).

Mokul'skii, M. A., others; "Investigation into Mechanical Pro-
perties of Polymers Undergoing Irradiation I. The Strength and
Ultimate Elasticity of Solid Polymers in the Process of
Irradiation in a Nuclear Reactor"; Vysokomolekulyarnye
Soldeneneya; 2; 103-109(1960).




Mok ul' skie, M. A., others;"Reversiblé‘Radiatioanechanical
Effects in Polymers”; Dokladay Akad. Nauk. S.S.S.R.; 125;
1007-1010(1959).

Newell, D. M.;'"Radiatd on Damage to Plastics";.Soc. Plastics

Engineers J.; 14 (7); -17-21(1958) . ‘

Smith, D. M.;"Effect of Radiation on thc Mechanical Pro-
perties of Plastics"; Stanford Research Inst.; NP-7628,

DA-OL-200-0ORD 698; 3 pp (May 23, '19583).
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2. POLYAMIDES

Atlung, %¢;“Changes in Properties of Textile Fibers Owing to
Radioactive Radiation"; Tidsskr. Texteileteknik; 16; 175-6(1958).

Born, J. W.;"A Study of the Effects of Nuclear Radiations on
Elastomeric Compounds and Compounding Materials"; B. F. Goodrich
Co., Research Center; Fourth Quarterly Progfess Report on Con-

tract AF33(616)-2308 (Jan. 15, 1958).

Broadway, N. J., S. Palinchak;"Effect of Nuclear Radiation on
Seals, Gaskets, ahd Sealants, Tech. Mem.8": Battelle Memorial
Inst.; NP7096, AF33(616)-5171; 11 pp (Nov: 30, 1958).

Deeley, C. W., others;"Effect of Irradiation on Dynamic
Mechanical Properties of 6-6 Nylon"; J. Appl. Phy.; 28;
1124-1130 (1957).

Harmon, D. J.;"A Study of the Effects of Nuclear Radiation bn
Elastomeric Compodnds and Compounding Materials"; DB. F. Guudrich
Co., Research Center; WADC TR 55-58 Part 5, AF 33(616)-5646

(apr. 30, 1959). |

Harmon, D. J.;"Effects of Cobalt-60 Gamma Radiation on the
Physical Properties of Textile Cords"; Textile Res.J.; 27(4);
318-24(1957).

Haskimotor, M., H. Amemiya;"The Practical Properties and
Viscosity-Average Molecular Weight of Undrawn Fibers Irradiated
in various Atmospheres”; Sen-i Gakkaiski; 17; 447-450(1961).

Hsiao, C. C.; others;"On Strength and Fracture of Irradiated
Drawn?and Undrawn Nylon'; Univ. of Minneéota, Dept. of Aero-
nautical Eng.; Tech. Rept. No. 2, AT(11-1)532(June, 1959).

Javitz, A. E.;"Research Progress inr Dielectrics-1959"; Electrical
Mfg.; 65(1); 60-70(1960).




Koshimo, A;"Heat Setting of Nylon-6 Fiber, VII Viscoelastic
and Thermal Behaviors of Heat Set or Gamma -Irradiated Nylon-6
Fiber"; Kobunski Kagaku; 17; 552-557(1960).

Lawton, E. J., N. M. Bueche;"Electron Irradiation of Poly-
amides"; Ger. 944,891 (June 28, 1956).

Little, K.;"Effect of Irradiation on Nylon and Polyethylene
Terephthalate"; Nature; 173; 680(1954).

McGrath, .J. -C.:;"Ultraviolel Radiation Recistant Materials
Ffor Decelerators"; Wright Air Development Div., Wright-
Patterson Air Force Base; Proj. 7320, AD-258 585, WADD-
N 60-253%; 25 pp (1960).

- Newell, -D. M.;"Radiation Damage to Piastics";ASoc.uPlastics

10

J.; 14(7): 17-21(1958).

Ryan, .J. W.;"Effect of Gamma Radiation on-.Certain Rubbers and
Plastics"; Nucleonics; 11(8); 13 (1953). ' '

Sakaguchi, I., others;"Effects of Gamma-Radiation.on the

Properties of Silk Fibroin and Nylon”; Skinshu Daigaku Sen

Igakubu Kenkyu Hokoku; 7; 141-146 (1957).

Stephenson, C. V., others;"Ultraviolet Irradiation of Plastics
I. Degredation of,PhysicalAProperties"; J;Polymer"Sci{; 55
451-464(1961).

Toid; II. Crosslinking and .Scission; 465-475.

Tsetlin, B. L., S. R. Rafikov;"Action of X-Radiation on
Polyamides"; Izvest. Akad. Nauk S.S.S.R.; 1411-1413(1957).-
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5. POLYBUTADIENES AND COPOLYMERS

a. Poly (butadiene)

Charlesby, A., D. Groves; Proceedings of the Third Inter-
nationdl Rubber Technology Conference, .London; 317(1954).

Dubrovin, G. I., others;"Action of Ionizing Radiations on
Cable Rubbers"; Soviet Rubber Technology; 18(7): 6-10(1959).

b. Acrylonitrile - Butadiene Copolymers (Nitriles)

Barnett, D. E., W. G. Baxter;"The Effects.-of Intense Gamma
Radiation on Turbojet.Accessory System . Seals and Hoses";

General ‘Electric Co., Atomic Products Div.; XDC-59-12-76(Nov.18,°59)

Bauman, R., J. Glantz;"Effect of Copolymer Compoesition on
Radiation Crosslinking"; J. Polymer Sci.; 26; 397-399(1957).

Breese, J. C., others;"Damaging Effect of Radiation on Chemical
Materials”; Nucleonics; 14(9): 75-81 (1956).

Broadway, J. J., S. Palenchck;"Effect of Nuclear Radiation on
Seals, Gasketé, and Sealants, Tech. Mem.8"; Battelle Memorial
Inst.; AF 33(616)-5171, NP 7096; 11 pp (Nov. 30, 1958).

Collins, C. G.;'"Combined Radiation‘-~Temperature Effects on

_Hose and Seal Elastomers (Milestone Rept.)"; General Electric

Co., Aircraft Nuclear Propulsion Dept; DC-60+12-95; 40pp(Nov .30, '60).

Harrington, R.;"Elastomers for Use in Radiation Fields, V.

Effiect of Gamma Radiation on Nitrile Elastomers”; Rubber Age;

85; 963-973(1959).

Harrington, R.;"Elastomers for Use in Radiation Fields III.

‘Effects of Gamma Radiation"; Rubber Age; 82; 1003-1015(1958).
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Harrington, R., G. E. Richland;"Elastomers for Use in -Radi=-
ation Fields, VIII: Effect of Carbon Black and Other Fillers
on the Radiation Resistance of the Nitrile Elastomer"; Rubber

Age; 90 (2); 265-270(1961).

Kerlin, E. E.;"0O-Ring Testing in Mixed Field Irradiation”;
Fourth Radiation Effects Symposium, Paper 5 of General
Session Papers; .11 pp (Sept. 15, 1959).

Kuz'minskiy, A. 8., Ye¢. V. Zhuravskaya;"The Resistance of
Rubbers to the Action of Ionizing Radiation'"; Khimicheskaya
Nauka i .Prom (USSR); 4 (1); 69-73 (1959).

Mac Cullen, A.;"Gamma Irradiation of an E]ectro—Hydraulic
Servo Loop Using Oronite 8515 Hydraulic Fluid"; Loékheed Air-
craft Corp.; WADC-TR-59-592 (Jan, 1960).

McGarvey, J. W.:"Antirads for Nitrile Rubber"; Rock Island
Arsenal Lab.; RIA 60-2856, NP-9615; (Sept 22, 1960).

Miller, R. N.;"The Effect of Gamma Radiation Upon the Operating
Characteristics of a Flight_Control»System“; Lockheed Aircraft,
ER-2999, NP-7833 (Fcb. 4, 1958).

. Mokulskii, M. A., others;"Mechanical DProupecrticn of Polymers

Undergoing Irradiation II. Creéep of Suvlid Polymers and Rubbers
During Irradiation in a Nuclear Reactor"; Vysokomoleéekulyarnye
Soedineniya; 2; 110-118 (1960). '

Morris, R. E.;:"Choice of Rubbers for Gaskets in Nuclear Radia-

tion Fields"; Symposium, Materials Research in the Navy;

ONR-5, Vol. 1; 233-252 (Mar. 19, 1959).

-parker, J. A., D. J. Hale;"Evaluation of Buna-N (NBR) Gaskets

1in'Pfototype Applications Under Gamma Flux"; Wright-Patterson

%FB,AProj. 7360; AD-267 111, WADD TR 59-661; 31 pp (Feb., 1961).
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_Parker, J. A., others;"The Effects_of Gamma  Irradiation on

Acrylonitrile-Butadiene Copolymers'; PB Rept 151. 261, U. S.

Government Research Repts; 31; 158(1959).

Pafker, J. A., other;"The Effects of Gamma Irradiation on
Acrylonitrile-Butadiene Copolymers"; Wright Air Div. Center;
WADC-TR-58-78; 109 pp. (Feb. 24, 1958). '

Peterson, D. L.;"Preliminary Rubber Irradiation Tests";
Hanford Works; W-31-109-Eng-52; 7 pp (Aug. 25,-1950),

"Radiation Resistant rolymers"; B..F. Goodrich Co., Research
Center; Ninth Monthly Summary Rept, -AF33(616)-7491; 12 pp
(June, 1961).

~Ryan, J. W,;"Effect,of'Gamma Radiation on Certain Rubbers and

Plastics"; Nucleonics; 11(8); 13 (1953).

Schroeder, M. C.;"Effect of Nuclear Radiation on Hoses .and
Couplings"; Battelle Memorial .Inst.; REIC-Memo-15; 5 pp (Mar.31°'59)

Sofue, H.:;"Degredation and Crosslinking of Chain Polymers by
Gamma-Irradiation"; Hoshasen Kobunski; 1(2);. 3-7(1959).:

Tipton, F. W., others;"Design Data for :0-Rings-and Similar .
Elastic Seals"; Boeing Aircraft Co.; WADC 56-272 Part III
(Apri, 1958).

c. .Styrene-Butadiene Copolymers

Bauman, R., J. Glantz;"Effect of Copolymer Composition on
Radiation Crosslinking"; J. Polymer Sci.; 26; 397-399(1957).

Christensen, D. F.,"Evaluating the Thermal Stability and Radi-

.ation Resistance of Silicone :Dielectrics"; IRE Transactions on

Compohent Parts; CP-5(2); 108-115 (1958). —_—
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Collins, C. G.;"Combined Time, Temperature, and Radiation
.Effects on Organic Materials. Vol.III-Aircraft Systems and

-Matérials"; Sec. 23 of Proceedings of Third Semi-Annual Radi-

ation Effects Symposium {Oct 30, 1958).

Harmon., D. J.;"A Study of the Eiffects of Nuclear Radiation on
Elastomeric Compounds andACompounding Materials"; B. F. Good-
rich co., Research Center; WADC TR 55-58 Part 5, AF33(616)-
5646 (apr. 30, 1959).

Harrington, R.;"Elastomers for Use ir Radiation Fields III.
Effects of Gamma Radiation"; Rubber Age;82; 1003-1015{1958).

Morris, R. K.;"Chuice of Rubbers for Gaskets in Nuclear Radi-
ation Fields"; Symposium, Materials Research in the Navy;
ONR-5, Vol 1; 233%-252{Mar. 19, 1959). '

Nakang, T., T. Korde;"Effect of Gamma Ray Irradiation on
Rubbers"; Hashasen Kobunshi; 1(1), 3-7(1959).

4, POLYCARBONATES

Harrington,R.; R. Giberson;"Chemical and Physical Changes in

Gamma Irradiated Plastics"; Modern Plastics: 36(3);199-221(1958).
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5. - CELLULOSICS

a. Pure -

Arthur, J. C., others'”The Effects of Gamma-~Radiation on Cotton

Cellulose"; am. Dyestuff Reptr.; 49(11); 21-6(1960).

Atlung, E.;"Changes in Properties of Textile Fibers Owing to
Radioactive Radiation"; Tidsskr. Téxtileteknik; 16; 175-6(1958).

Gilfillan, E. S., L. Linden; Textile Res. J.: 25(9): 773(1955).

Glegg, R. E.; "The Influence of Oxygen and Water on the After-
Effect in Cellulose Degeneraﬁion by Gamma-Rays"; Radiation

Res.; 6; 469-473(1957).

———

Glegg, R. E., 2., I. Kertesz;"Aftereffectiin:the'Degredation.of
Cellulose and Pectin by Gamma Rays"; ‘Science; 124; 893(1956).

Glegg, R. E., Z. I. Kertesz;"Effect of Gamma-Radiation on Cel-
lulose"; J. Polymer Sci.; 26; 289-296(1957).

Lawton, E. J., others; TAPPI; 34; 113A(1951)

Leavitt, F. C.;"Crosslinking of Cellulosics by High Energy
Radiation"; J. Polymer Sci.; 45; 536-538(1960).

"Saeman, J..F., others;"Effect of High-Energy Cathode Rays on

Cellulose"; Ind. Eng. Chem.; 44; 2848-2852(1952).

b. Regenerated Cellulose

Atlung, E.;"Changes in Properties of Textile Fibers Owing to
Radioactive Radiation"; Tidsskr. Textileteknik;16;175-6(1958).

Harmon, D. J.;"Effects of Cobalt-60 Gamma Radiation on the Physical
Properties of Textile Cords"; Textile Res.J.;27(4):318-324(1957).

i
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_ LeClair, H. G., W. H. Cobbs;"Effects of Radiation on :Plastic_ .

16

Packaging Films"; Ind. Eng. Chem.; 50; 323-326(1958).

c. Cellulose Esters

Chaperb, A.; J. Chem. Phys; 53; 295_' (1956).

Klein, D. H., C. Mannal;"Effects of High-Energy Gamma Radi-
ation on Dielectric Solids, Part II; Insulation;2; 9-13(1956).

LeClair, H. G., W. .H. Cobbs;"Effects of Irradiation on Plastic
packaging Films"; Ind. Eng. Chem.; 50;. 323-326(1958).

. 8ofue, H.;'"Degredation andVCrosslinking,of Chain .Polymers by

Gamma-Irradiation”; Hoshasen Kobunski ; 1(2): 3-7(1959).

Winogradoff, N. N., others;"X-Ray Irradiation of Cellulose
Acetate"; Nature (London); 165; 72(1950).
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vol. 3, AF 33(616)-6214; (Nov. 15, 1959).
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Tamashot, R. C.;'"Nuclear Radiation of Reinforced Plastic
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Charlesby, A., E. Fukada;"Dynamic¢ Viscoelasticity of Polyester
Cured by Irradiation", Rheol ‘Elastoners, Proc¢. Conf. Welwyn
Garden .City; 150-163(1958).
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Little, K.:"Effect of Irradiation on Nylon and Polyethylene
Terephthalate"; Nature; 173; 680(1954).
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