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1. Scope prepared and scanned in an identical manner and preferably on

1.1 This analytical technique provides a simple, rapid practhe same infrared spectrophotometer.
tice to prove the identity of a rubber chemical before inc:orpo—5

S ) i O . Significance and Use
ration into a rubber mix by comparison of its infrared absorp- ) ) o
tion spectrum with that of a reference specimen. 5.1 This procedure can be used for a variety of applications

1.2 This technique can also be used to detect gross contamficluding identifying unlabeled material, process control, raw

nation or large differences in rubber chemicals. Thus, it cafnaterial acceptance, product evaluation, and compositional

provide a basis for producer-consumer agreement. change during environmental testing. _ _

1.3 This standard does not purport to address all of the ©-2 Rubber chemicals vary widely in their chemical and
safety concerns, if any, associated with its use. It is thePhysical properties. Infrared spectrophotometers vary in the
responsibility of the user of this standard to establish appro-Presentation of a spectrum (some are linear with absorbance,

priate safety and health practices and determine the applica®thers with transmittance, some use grating for energy disper-

bility of regulatory limitations prior to use. sion, others_ use a sodium chloride pris_m, etc.). For_these
reasons a single universal method of specimen preparation and
2. Referenced Documents set of instrument parameters is not possible.
2.1 ASTM Standards: 5.3 By using a specific sampling procedure and operating

E 131 Terminology Relating to Molecular Spectroscbpy ~conditions, a given double-beam spectrophotometer will give

E 168 Practices for General Techniques of Infrared Quantian absorption curve that is characteristic of the rubber chemical
tative Analysig or mixture under investigation.

E 275 Practice for Describing and Measuring Performance -4 The ability to superimpose the infrared spectrum of the
of Ultraviolet, Visible, and Near Infrared Spectrophotom- €St specimen upon that of a reference specimen, obtained

eterg under the same conditions, is evidence that the two are
identical.
3. Terminology 5.5 The presence of additional absorption bands in either the
3.1 Definitions:For definitions of terms used in this practice t€st specimen or the reference specimen indicates the presence
refer to Terminology E 131. of one or more additional components.
4. Summary of Practice 6. Apparatus

4.1 A method of specimen preparation is selected that is 6-1 Initial Specimen Preparatioa-The diverse physical

compatible with the physical and chemical properties of thehature of rubber chemicals may require the use of one or more

rubber chemical that will provide the desired spectral informa0f the following:
tion. 6.1.1 Agate Mortar and Pestlesmall.

4.2 The specimen is placed in the specimen beam of the 6.1.2 Wig-L-Bug Amalgamete? o _
spectrophotometer and scanned to obtain a spectrum over the6.1.3 Mold and Press for KBr PelletsThe die size will
region of interest under specified instrument parameters. ~ depend on the disk holder available with the user’s infrared

4.3 The spectrum is compared with that of a referencépectrophotometer. The hydraulic press should be capable of
specimen. It is understood that the reference specimen w#erting 140-MPa (20 000-psi) pressure.

6.1.4 Vacuum Pumpoperating at 250 Pa or less.
6.2 Infrared Spectrophotometer
6.2.1 The spectral region from 2.5 to 15 pm (4000 to 667

1 This practice is under the jurisdiction of ASTM Committee D-11 on Rubber and
is the direct responsibility of Subcommittee D11.11 on Chemical Analysis.
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cmY) is the region most often used for rubber chemicalthe usual practice is to spread a film of viscous liquid over one
identification. An automatic recording double-beam infraredsalt plate, overlay a second plate, and squeeze out the excess
spectrophotometer with a sodium chloride prism or gratingsuntil the desired film thickness has been reached. Initially, the
covering this region is required. Single-beam instruments magesired thickness may be obtained by trial and error. A
possibly be used, at some sacrifice in speed and convenienapecimen thickness of 0.02 to 0.1 mm usually gives a good

6.2.2 If the performance of the spectrophotometer must bepectrum. The experienced spectroscopist can usually judge an
evaluated, refer to Practice E 275. adequate film thickness with minimum effort.

6.3 Demountable Celis-Liquid cells ranging from 0.025 to 8.3 Solids—Specimens that are solid (amorphous, poly-
1.0 mm in specimen path length, and KBr pellet holder shouldneric, or crystalline) may be handled by one or more of several

be available. On occasion, a variable-path cell is useful. techniques:
6.4 KBr or NaCl Plates of suitable size for spectrophotom-  8.3.1 Mulling Techniques

eter. 8.3.1.1 Perhaps the most common method for infrared study
6.5 Reference Beamattenuator. of solid powders is to grind a few milligrams of powder in an

agate mortar and add a suspending agent to make a mull (see
7. Reagents Practices E 168). Scan the resultant paste in a demountable
7.1 Purity of Reagents-Reagent grade chemicals shall be cell.

used in all tests. Unless otherwise indicated, it is intended that 8.3.1.2 Mineral Oil ® is a mulling agent, which in the
all reagents shall conform to the specifications of the Committhickness used, is quite transparent in the infrared, except for
tee on Analytical Reagents of the American Chemical Societyhe CH absorption frequencies at 3.3, 6.9, 7.3, and 13.9 pm
where such specifications are availab@ther grades may be Ogooo, 1450, 1375, and 720 ¢i). If information is desired in

used, provided it is first ascertained that the reagent is dhese regions, alternative mulling materials are hexachlorob-
sufficiently high purity to permit its use without lessening the ytadiene or perfluorocarbon oil.

accuracy of the determination. _ 8.3.1.3 Itis desirable to grind the specimen thoroughly with
7.2 Observe all health and safety recommendations fofyortar and pestle before adding the mulling agent to minimize

handling the chemicals in this practice. _ light scattering and reduce window scratching. A minimum of

) 7.3 Any Of the fO”OW|ng reagentS may be reqUII’ed dependmu”ing agent Shou|d be used to wet the powder_

ing on the method chosen for sample preparation: 8.3.1.4 Polymeric specimens are usually better handled by
7.3.1 Carbon Disulfide spectro quality. other techniques because of the grinding difficulty. Freezing
7.3.2 Carbon Tetrachloridespectro quality. this type of specimen with dry ice or the use of a freezer mill
7.3.3 1,2-Dichlorobenzene may help but it can also introduce water condensate contami-
7.3.4 Ether, anhydrous. nation.
7.3.5 Hexachlorobutadiene 8.3.2 Melted Film Technique

7.3.6 Refined Mineral Oil®

7.3.7 Perfluorocarbon Oll

7.3.8 Potassium Bromid€KBr), infrared quality.
7.3.9 Tetrahydrofuran (without inhibitor).

7.3.10 Acetonginfrared quality.

8.3.2.1 This method can be used for polymeric or highly
viscous materials. It consists of melting the specimen and
spreading a thin film across the face of a salt plate.

8.3.2.2 Advantages are that no solvent or mulling agent
interference bands are introduced. Possible disadvantages are
8. Sampling and Sample Preparation thermal or oxidation breakdown, loss of volatile components,

. . ..or spurious bands due to crystal orientation in the case of
8.1 Generally, the physical nature of the specimen W'”cgystalline materials.

determine the specimen preparation procedure. In some case 8.3.3 Solution Technique

where alternative procedures could be used, agreement be-8 3.3.1 Dissolving the specimen in a suitable solvent and
tween the chemical producer and consumer would be reQUiredCaﬁﬁiﬁ the solutic?n ina fliaxed ath cell is a technique that is
In choosing a specimen preparation procedure, certain poteﬁ— 9 P a

X . : frequently used.
tial sources of error should be considered. These are listed i . . . . .
8.3.3.2 The solution technique is used in resolving OH and

the preparation procedures, 8.2-8.4. The techniques are alf\ﬂ_| bands in the 3.3 to 2.5-um (3000 to 4000-&jregion

described in Practices E 168. Hvd bondi & L thi X duced b
8.2 Liquids—Fixed-thickness absorption cells of 0.025 to ydrogen bonding € ects n t. IS region are reduced by
dissolving the rubber chemical in a solvent such as carbon

0.5 mm are used for the analysis of low-viscosity liquids. hlorid
Demountable cells are used with more viscous liquid specizetrac orde.

mens. Spacers can be used to adjust specimen thickness, buf-3-3-3 One problem with this technique is that no single
solvent is completely transparent in the infrared region. Two or

more solvents are thus necessary to provide “windows” across
“Reagent Chemicals, American Chemical Society Specificatismerican the infrared region so that solvent interference peaks do not
Chemical Society, Washington, DC. For suggestions on the testing of reagents nCCUT.
listed by the American Chemical Society, s@aalar Standards for Laboratory 8.3.3.4 Minor solvent interference bands can often be can-
Chemicals BDH Ltd., Poole, Dorset, U.K., and thenited States Pharmacopeia : _ Py
and National FormularyU.S. Pharmaceutical Convention, Inc. (USPC), Rockville, celled by use of a \./a”able path reference cell Contammg p“re
MD. solvent. However, if major solvent bonds are compensated in

5 Nujol has been found satisfactory for this purpose. this manner, there is little or no available energy left in the
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spectrophotometer. Therefore, little or no useful informationspectrum of the two can be superimposed over each other, the
can be obtained in these wavelength regions. materials are identical.

8.3.3.5 Another problem is that solubility of polar rubber 11.2 If the spectra are not superimposable, compare the
chemicals is very limited in the better nonpolar solvents suctiocation, shape, and relative absorbance of every absorption
as carbon tetrachloride and carbon disulfide. Some rubbdryand in each of the spectra. If the materials are identical, these
chemicals will also react with carbon disulfide. factors should agree. Furthermore, there should be no extrane-

8.3.4 Film Cast from Solution ous bands in either spectrum. However, crystallinity, sample

8.3.4.1 In this technique, the specimen is dissolved in axidation, specimen path length, or solution concentration
suitable volatile solvent. The solution is poured on a salt platalifferences may cause the absorbance of the absorption bands
leaving a film, or, on a glass plate, where the dried film may bén one spectrum to be different from those in the other. If the
lifted from the surface and placed in a specimen holder fomaterials are identical, these differences will be proportional
subsequent infrared analysis. throughout the spectra.

8.3.4.2 Difficulties with this method may be incomplete 11.3 If discrepancies exist between the spectrum of the test
solvent removal or spurious bands due to crystal orientationspecimen and that of the reference specimen, one of the

8.3.5 KBr Pellet Technique following conclusions may be drawn:

8.3.5.1 The specimen is intimately mixed with KBr powder 11.3.1 If one or more major bands in the spectrum of the
and pressed into a pellet for measurement of the infraredeference specimen is missing from the spectrum of the test
spectrum. specimen the probability is that the two are not the same
material.

11.3.2 If extra absorption bands appear in the spectrum of

with KBr using a vial and pestle and a vibrating motion. ither th ; tost ’ th ¢
. . . . . . elther the reference or test specimen, the presence or one or
8.3.5.2 This technique is described in Practices E 168. [more extra components in that specimen is indicated.

8.3.5.3 This technique should be used only when there iS 11 4 it the reference and test specimens are found to be

agreement between the producer and the consumer because g hiia|ly the same, but one or the other has been found to
spectrum obtalneq by this means may contain extra CrySta.”'nSontain extra components, one or more of the following factors
bands or the specimen may react with KBr to produce spunoua]ay be the cause:

bands. 11.4.1 The components were added to improve the product.

8.4 Special Handl_ing . Examples: dedusting oils, stabilizers, coloring agents, anticak-
8.4.1 Some specimens require pretreatment before exan]hg agents, etc

nation by the infrared technique. For example:

8.4.1.1 Specimens containing water, carbon, or other highl
active infrared absorbers must be treated to remove th
interference.

8.4.1.2 Some rubber chemicals are impregnated on ine
materials such as diatomaceous earth or clay. In this cas
solvent extraction and subsequent evaporation of the solve
may separate the rubber chemical from the inert material.

Note 1—The Wig-L-Bug is useful in intimately mixing the specimen

11.4.2 These components may be the result of the decom-

osition due to aging, thermal breakdown, etc.

11.4.3 These components may be the result of improper or
incomplete processing.
M11.4.4 Specimens of the same technical grade material from
fifferent manufacturers may contain different impurities be-
use of differences in raw materials and processing.

11.4.5 These components may be present because of gross
contamination of the specimen with foreign materials.
i ) ) . 11.5 If the test specimen is not identical to the reference

9.1 The specimen thickness normally chosen is one iRpecimen, there must be agreement between the producer and
which two or three of the stronger bands fall within about 10 %c5nsumer on the type and amount of extra material which must

transmittance range. _ _ be added (or removed) as criterion for acceptance or rejection
9.2 For FTIR spectrometers the spectrum is obtained from g¢ the |ot of rubber chemical. This may require quantitative

minimum of 32 scans (interferograms). , _ determinations as described in Practices E 168.
9.3 Sometimes this does not provide complete information

on the very weak or very strong bands, and a second spectruh?. Report
at 5 to 10 times o¥s to ¥1othe original thickness is run through 121 The report shall include the following:

portions of the spectrum. 12.1.1 Description of the material tested: that is, the name,

manufacturer, lot number and other pertinent data,

10. Procedure 12.1.2 Description of method of specimen preparation,
10.1 Scan the spectrum over a 10 to 20-min period at 12.1.3 Description of spectrophotometer used and operating

median values of the operating range, resolution, and signal tearameters, such as time of scan, slit program, amplifier gain,

9. Test Specimen

noise ratio of the particular instrument employed. attenuator speed, or, in the case of newer instrumentation, the
10.2 For detailed instrument operation, refer to the instruuse of computer assisted techniques.
ment manual of the spectrophotometer used. 12.1.4 A statement on whether the test specimen was
] identical with the reference specimen or whether it fell within
11. Interpretation of Results the specifications agreed to by the producer and consumer,

11.1 The objective of this practice is to determine whether 12.1.5 Notation on any differences that had not been previ-
the test specimen is the same as a reference specimen. If thasly agreed upon,

3
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12.1.6 Indication of possible interferences, such as crystal4. Keywords
orientation, moisture, or solvent contamination, and

12.1.7 Date of test. 14.1 FTIR; infrared (IR) analysis; rubber chemicals

13. Precision and Bias

13.1 No statement is made about either the precision or the
bias for Practice D 2702 since this practice is intended as a
qualitative procedure.

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.



