QH”) Designation: D 1879 — 99

Standard Practice for

Exposure of Adhesive Specimens to High-Energy Radiation 1

This standard is issued under the fixed designation D 1879; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonej indicates an editorial change since the last revision or reapproval.

1. Scope 2. Referenced Documents

1.1 The purpose of this practice is to define conditions for 2.1 ASTM Standards:
the exposure of polymeric adhesives in bonded specimens to D 618 Practice for Conditioning Plastics and Electrical
high-energy radiation prior to determination of radiation- Insulating Materials for Testirfg
induced changes in physical or chemical properties. This D 907 Terminology of Adhesivés
recommended practice specifically covers the following kinds D 1671 Test Method for Absorbed Gamma Radiation Dose
of radiation: gamma or X-ray radiation, electron or beta in the Fricke Dosimetér
radiation, neutrons, and mixtures of these such as reactor D 1672 Practice for Exposure of Polymeric Materials to
radiation. High-Energy Radiatich
1.2 This practice specifies only the conditions of irradiation D 2953 Classification System for Polymeric Materials for
but does not cover the preparation of test specimens, testing Service in lonizing Radiatioh
conditions, or the evaluation of test. These are covered in the 2.2 ANSI Document:
various ASTM methods or specifications for specific materials. N1.1 Glossary of Terms in Nuclear Science and Technol-
1.3 This practice covers procedures for the following five ogy?

types of exposure: 2.3 |EEE Documents:
Procedure A—Exposure at ambient conditions. 278 Classifying Electrical Insulating Materials Exposed to
Procedure B—Exposure at controlled temperature. Neutron and Gamma Radiation
Procedure G—Exposure in a medium other than air. 323 Qualifying Class 1E Equipment for Nuclear Power
Procedure D—Exposure under load. Generating Stations

Procedure E-Exposure combining two or more of the _
variables listed in Procedures A to D. 3. Terminology

Note 1—The problems of measuring the properties of materials duringD 3.1 Many terms in this practice are defined in Terminology

irradiation involve shielding and remote control facilities and are, there- 907. .
fore, not considered in this practice. 3.2 gray, n—the unit of absorbed dose when the energy per

1.4 The values stated in Sl units are to be regarded as ti]%rllggg?nss imparted to matter by radiation is one joule per

standard. The values given in parentheses are provided for?)_3 rad, n—the unit of absorbed dose when the energy per

information purposes only. ; . oo
1.5 This standard does not purport to address all of theunlt mass imparted to matter by radiation is 100 ergs per gram.

safety concerns, if any, associated with its use. It is the Note 2—To convert from rad to gray (Gy), multiply by 1.00 1072
responsibility of the user of this standard to establish appro-

priate safety and health practices and determine the applicafl' Significance and Use
bility of regulatory limitations prior to use. 4.1 The procedures outlined in this practice are designed to

1.5.1 Electrical Hazard: Warning—The users of this prac- standardize the exposure of adhesive-bonded specimens for the

tice must be aware that there are inherent dangers associatedrpose of studying the effects of high-energy radiation, but
with the use of electrical instrumentation and that this practicdave been made flexible enough so that a large variety of

cannot and will not substitute for a practical knowledge of theconditions may be met within the scope of this one irradiation
instrument used for a particular procedure. method. Because of this flexibility in the procedures it is

1.5.2 Radio Frequency:Warning—Persons with pacemak-
ers may be affected by the radio frequency.
2 Annual Book of ASTM Standardgol 08.01.
3 Annual Book of ASTM Standardgl 15.06.
4 Discontinued; se@984 Annual Book of ASTM Standardékl 12.02.
1 This practice is under the jurisdiction of ASTM Committee D-14 on Adhesives  ® Discontinued; se&985 Annual Book of ASTM Standarde] 12.02.
and is the direct responsibility of Subcommittee D14.80 on Metal Bonding °© Available from American National Standards Institute, 11 W. 42nd St., 13th
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important that the experimenter have some idea of the kind afoethylene show changes in engineering properties at &hout
changes that will occur, and of the conditions that will affectthe exposure required for changes in polyethylene. An aromatic
these changes. ring attached to the main chain at frequent regular intervals has
. been found to confer marked stability toward radiation, while
5. Effects of Irradiation a quaternary carbon atom in the polymer chain leads to

5.1 Exposure to radiation results in extensive changes in th@leavage under radiation and a loss of strength at fairly low
nature of high polymers, which owe their unique properties taexposures. The exposure levels should therefore be those
chemical linking into giant molecules of chain or net structure.which will produce significant changes in a stipulated property
These chain or net structures may be cross-linked by radiatiofather than a specified fixed irradiation dose. Furthermore, the
into a rigid, three-dimensional network or in other cases, mayhange in property may progress at different rates, with some
be cleaved into smaller molecules to produce a weakematerials changing rapidly once a change has been initiated,
material. Both may occur at the same time. In all cases somghile others may change quite slowly. It is necessary therefore
low molecular weight fragments are produced and, if expo1o irradiate to several fixed levels of property change in order
sures are large enough, general decomposition results. to establish the rate of change (see 13.2).

5.2 The first result of the reaction of high-energy radiation 5.7 Materials that have been exposed to reactor radiation
with polymers is the formation of free radicals or excited will become radioactive. For pure hydrocarbons, the amount of
molecular fragments. The rate at which these molecular fraginduced radioactivity is not large, but metallic and other
ments are formed may be much greater than their annihilatiomorganic adherends and fillers and small amounts of impurities
rate, and this leads to the accumulation of reactive speciggay become highly radioactive and thus create a handling
within the irradiated material and to the possibility of continu- problem. The other common radiation sources to which poly-
ing reactions for days or weeks after the specimen has beeafieric materials will be exposed will not normally produce
removed from the radiation field. Because of these postsignificant amounts of induced radioactivity. The obvious
irradiation reactions it has been necessary to standardize tk@lution would be to expose adhesive-bonded metallic speci-
times and conditions of storage between irradiation and testinghens in non-neutron environments only. Unfortunately it is
of specimens. very difficult to calculate for a given reactor spectrum the

5.3 The resultant changes in the molecular structure ogquivalent dosage in a gamma source. For exact work, where
polymeric materials by exposure to radiation are dependent ofe reactor spectrum is being studied, exposure in a reactor
the respective rates of recombination, crosslinking, or cleavaggould give the only accurate results.
of the molecular fragments. These rates are affected by the 5.8 Metallic adherends such as cadmium will produce large
mobility of the molecular fragments (which is strongly influ- sources of secondary radiation, which will significantly add to
enced by temperature) and by the concentration of the reaghe absorbed dose of the adhesive.
tants.

5.4 The concentration of reactive species will vary with the6. Test Specimens
rate of absorption of radiation. Either radiation intensity or 6.1 Wherever possible, use the type of specimens in accor-
dose rate is therefore specified in reporting the results of testdance with the ASTM test methods for the specific properties
even though a dose rate effect is not often observed. The effer be measured.
of dose rate and specimen thickness is observed when irradia-6.2 Where it is not possible to utilize standard test speci-
tions are carried out in the presence of oxygen, where oxygemens, make irradiated and nonirradiated specimens of the same
reacts with radicals produced in the irradiated material. Thisize and shape.
oxygen reaction will be diffusion controlled. The reactivity of 6.3 Since organic adherends would be sensitive to radiation,
irradiated specimens toward oxygen makes it necessary they should be tested independently of the adhesive assembly
specify whether irradiations are carried out in air. The accesunder the same conditions, using irradiated and nonirradiated
sibility to an air supply undepleted in oxygen should be assureddherend specimens.
if possible. o

5.5 The localized concentration of reactive species during- Conditioning
irradiation will vary, depending on the type of radiation 7.1 Condition specimens to be exposed in air in accordance
employed. The proton and carbon recoils from neutron bomwith Procedure A of Practice D 618.
bardment produce densely ionized tracks in the specimen 7.2 Condition specimens to be exposed in a gas other than
compared to the diffuse ionization in the wake of protons orair at the temperature of exposure in an appropriate container
electrons. The effect of different types of radiation mayat a pressure of 10 Pa (fomm Hg) or less for at least 8 h
therefore be different. It is required that the type of radiation tafollowed by three flushes with the gas to be present during
which the specimen has been exposed be reported as well asposure. After flushing, fill the container with the exposure
the irradiation dose in energy absorbed units. gas and seal it.

5.6 Awide variation in the stability of the various chemical 7.3 Condition specimens to be exposed in a vacuum at the
structures on exposure to radiation makes it difficult to selectemperature of exposure in an appropriate container at a
specific exposure levels for testing. Polystyrene requires thpressure of 10 Pa (IG mm Hg) or less for at least 48 h. Then
absorption of about 50 times as much radiation energy for theeal the container from the vacuum system. Where increase in
formation of one crosslink as does polyethylene. At the othepressure due to outgassing may be undesirable or where the
end of the scale, poly(methylmethacrylate) and polytetrafluoeutgassing products themselves may be undesirable, the
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vacuum in the container may be maintained by pumpindlO. Procedure C—Exposure in Medium Other than Air
continuously during the irradiation. 10.1 After conditioning in accordance with 7.2, 7.3, or 7.4,
7.4 Condition specimens to be exposed in a liquid mediumrradiate the specimens as described in 8.3.
in accordance with 7.1 before placing in the liquid medium. 10.2 After removal from the medium, condition the speci-
Immerse the specimens completely in the liquid during themens according to the procedure outlined in 8.4.
entire period of irradiation. 10.3 The nonirradiated control specimens that have been
7.5 Inorganic adherends may have a shielding effect on theonditioned in accordance with 7.2, 7.3, or 7.4 shall remain in
adhesive bond. Because of this position the specimens so thigie selected medium for the same period of time as the
the shielding effect is uniform over all the adhesive layer.  irradiated specimens.
10.4 After treatment, condition the control specimens along
8. Procedure A—Exposure at Ambient Conditions with the irradiated specimens in accordance with 8.4 prior to

8.1 After conditioning in accordance with 7.1, expose thetest.
specimens on suitable racks or in containers such that fref; procedure D—Exposure Under Load
access to air is assured on all sides.

8.2 When the nature of the radiation source requires that th
specimens be enclosed in a container, package the specimen
the Standard Laboratory Atmosphere (7.1).

11.1 After conditioning in accordance with 7.1, arrange the
gpnecimens on a suitable fixture such that they may be subjected
0 a load during irradiation and have maximum access to air.

11.2 Follow the packaging and irradiating procedures out-

Note 3—It is likely that the composition of the atmosphere in the lined in 8.1 or 8.2 and 8.3.
container will be changed by radiation-induced reactions. Therefore, it 11.3 After removal from the radiation field release the load
should be clgarly stated in the report that the irradiation was made in and Condition the Specimens prior to test in the Standard
closed container. Laboratory Atmosphere in accordance with 8.4.

8.3 If irradiation is performed with a beam-emitting ma- 11.4 After conditioning in accordance with 7.1, load nonir-
chine, convey the specimens in some manner such that thegdiated control specimens in the same manner and for the
traverse the radiation beam; hold the ratio of exposure time tsame period of time and same temperature as the irradiated
nonexposure time constant throughout this procedure. In thgpecimens in accordance with 8.4 prior to test.
absence of a conveyor type system, place the specimen inﬁ. Procedure E—Exposure Modifications
fixed position in the beam where it is known that this o .
iradiation dose will be uniform throughout the area and_ 12-1 When any combination of two or more of the variables
thickness of the specimen. Expose the specimens to only ori§t€d in Procedures A to D is used, follow a combined
total dose. For each new total dose, expose additional properRfocedure designated as Procedure E. Incorporate all of the
conditioned specimens. Exposure in nuclear reactors or oth&¢atures of the separate procedures used in the combined
sources having uniform radiation fields will not require tra- Procedure.
versing the radiation flux. 13. Radiation Field and Irradiation Schedule

8.4 After the required period of time, remove the specimens 13 1 Three categories of high-energy radiation are specifi-
from the field and condition prior to test in the Standard gy included in this recommended practice. It should be
Laboratory Atmosphere (7.1), for no less than 16 and no morg,cognized that the radiation effect may be different for
than 32 h, unless it is necessary to store the specimens f@orent kinds of radiation or for large differences in irradia-
longer periods of time because of radioactivity or otherijqn gose rate. The dose rates listed show the range for a given
reasons. Report the time and condition of such storage.  yjng of radiation within which past experience indicates that

8.5 Condition nonirradiated control specimens in accorypproximately equal effects will result for equal total exposure:
dance with 7.1 prior to test In the Standard Laboratoryeamma radiation, X radiation 10° to 10° Gy/h (10° to 107 rads/h)

Atmosphere. Electrons, beta radiation:
Radioisotopes 10° to 10° Gy/h (10° to 107 rads/h)
Accelerators 10° to 108 Gy/h (108 to 10 rads/h)

9. Procedure B—Exposure at Controlled Temperatures Reactor radiation (neutrons and gamma  10° to 10° Gy/h (10° to 107 rads/h)

9.1 Follow the procedure outlined in 8.1 and 8.2. radiation)

9.2 Irradiate the specimens as described in 8.3 at the desiredThe energy of the photons of gamma radiation and
temperature. Place a dummy specimen containing a groundedradiation should be such that in passing through the speci-
thermocouple in the radiation field at the same conditions amen the dose to the adhesive layer should not vary over the
the test specimens to determine the temperature. If the tenvolume of the adhesive layer by more than 10 %. It may be
perature varies by more than5°C, this should be reported. desirable in the case of electron irradiation to inject the

9.3 Condition the specimens as outlined in 8.4. radiation beam from both sides of the specimen. If so, the

9.4 After conditioning in accordance with 7.1, expose non-thickness of the adhesive adherend assembly may be made
irradiated control specimens to the same temperature employegjual to but not to exceed the thickness required to absorb all
in 9.2 for the same period of time as the irradiated specimenshe electrons.

.9'5 Aft_er trgatment, C_O”d't'o_” the control spgmmens qlong Note 4—Experience is lacking for the heavy-charged particles (alphas,
with the irradiated specimens in accordance with 7.1 prior tQyotons, etc.) and, therefore, these kinds of radiation are not included in
test. this method.
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13.2 Make two or more exposures to the radiation. Selectletail: temperature medium, stress on specimen, post-
the dose to produce a significant change in a stipulatedradiation storage, etc.
property. To establish a significant trend a minimum of two 15.1.2 Irradiation conditions as follows:
changes in value is required for a particular property in a given 15.1.2.1 Type of radiation source and kind of radiation.
material. Additional exposures are recommended. Include energy spectrum, if pertinent.

Note 5—For the effect of irradiation on tensile strength, significant 15.1.2.2 lrr_adlatlon dosed rat.e’ n grays_fper hour_(:ads per
changes might be reduction to 80 and 20 % of initial value. Significant'OUr). (Specify grays (rads) in a specific material.) (For

change in density, however, might be 2 to 5 %. accelerators list pulse repetition rate, duty cycle, and pulse
o o peak radiation level; also list traverse cycle of specimen and
14. Determination of Irradiation Exposure “in-time” and “out-time.”)

14.1 For engineering purposes, the best correlation of radia- 15.1.2.3 Irradiation time.
tion effects in polymers is made on the basis of energy 15.1.2.4 Total dose grays (rads). (Specify grays (rads) in a
absorbed in the specimen. The preferred unit for this purpose Bpecific material.)
the gray (Section 3). The monitoring method is left to the 15.1.2.5 For reactors or other neutron sources report neutron
discretion of the experimenter. The determination of theexposure as neutrons per square centimeter for thermal, epith-
irradiation exposure may be made by the use of a chemica&rmal, and energy groups. The gamma component should also
dosimeter (see Test Method D 1671), by an ionization chambe reported.
ber, by change in physical property of a material, or by 15.1.2.6 Reference to or description of irradiation dose
calorimetry. measurement procedure.
14.2 Specify the kind of radiation and the energy spectrum 15.1.3 Description of the test specimen: size, shape, thick-
of the radiation to which the sample was exposed to the extertess, etc., of both adhesive and adherend.
known. The minimum acceptable definition of the radiation 15.1.4 Description of the material tested: As much of the
field may be satisfied by specifying the source of radiation andollowing information as is available:
the geometry of the source and sample. 15.1.4.1 Type and description of adhesive and adherend.
14.3 For reactor irradiations specify the neutron flux andUnirradiated properties: density, melting point, crystallinity,
energy spectrum as well as the neutron dose (energy absorbeafjentation, solubility, etc.
and dose rate. Also specify the gamma radiation dose and dosel5.1.4.2 Formulation and compounding data, fillers, plasti-
rate. The minimum acceptable description of the neutron fluxizers, catalysts, solvents, stabilizing agent, light absorbers, lot
will be the thermal neutron flux and the epithermal neutronnumber, etc., if available.
flux. It is desirable that the experimenter also specify the flux 15.1.4.3 Manufacturer, manufacturer's designation, trade
levels of neutron energy groups for which measurements haveame.
been made. Procedures for these measurements have not yet5.1.4.4 History of material at time of exposure: age,

been standardized. storage condition, etc.
15. Report 16. Keywords
15.1 Report the following information: 16.1 adhesion; adhesive; durability; exposure; radiation;

15.1.1 The exposure procedure used, including pertinenetention

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428.
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(phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website (http://www.astm.org).



