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1. Scope

1.1 This test method covers the determination of the purity
of Class I, II, and III p-phenylenediamine (PPD) antidegradants
as described in Classification D4676 by gas chromatography
(GC) detection and area normalization for data reduction.

1.2 The values stated in SI units are to be regarded as the
standard. The values given in parentheses are for information
only.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety, health, and environmental practices and deter-
mine the applicability of regulatory limitations prior to use.

1.4 This international standard was developed in accor-
dance with internationally recognized principles on standard-
ization established in the Decision on Principles for the
Development of International Standards, Guides and Recom-
mendations issued by the World Trade Organization Technical
Barriers to Trade (TBT) Committee.

2. Referenced Documents

2.1 ASTM Standards:*

D3853 Terminology Relating to Rubber and Rubber
Latices—Abbreviations for Chemicals Used in Com-
pounding

D4483 Practice for Evaluating Precision for Test Method
Standards in the Rubber and Carbon Black Manufacturing
Industries

D4676 Classification for Rubber Compounding Materials—
Antidegradants

E260 Practice for Packed Column Gas Chromatography

! This test method is under the jurisdiction of ASTM Committee D11 on Rubber
and Rubber-like Materials and is the direct responsibility of Subcommittee D11.11
on Chemical Analysis.

Current edition approved Nov. 1, 2025. Published December 2025. Originally
approved in 1989. Last previous edition approved in 2021 as D4937 — 96 (2021).
DOI: 10.1520/D4937-96R25.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or

contact ASTM Customer Service at www.astm.org/contact. For Annual Book of

ASTM Standards volume information, refer to the standard’s Document Summary
page on the ASTM website.

2.2 ISO Standard:?
ISO 6472 Rubber
Abbreviations

Compounding  Ingredients—

3. Terminology

3.1 Definitions:

3.1.1 area normalization, n—a method of calculating the
percent composition by measuring the area of each observed
peak and dividing each peak area by the total area. This
assumes that all peaks are eluted and that each component has
the same detector response.

3.1.2 lot sample, n—a production sample representative of a
standard production unit, normally referred to as the sample.

3.1.3 specimen, n—the actual material used in the analysis.
It must be representative of the lot sample.

3.2 Abbreviations—The following abbreviations are in ac-
cordance with Terminology D3853 and ISO 6472:

3.2.1 77PD—N,N'bis-(1,4-dimethylpentyl)-p-phenylenedi-
amine.

3.2.2 DTPD—N,N'-ditolyl-p-phenylenediamine.

3.2.3 IPPD—N-isopropyl-N'-phenyl-p-phenylenediamine.

3.2.4 PPD—p-phenylenediamine.

3.2.5 6PPD—N-(1,3 dimethylbutyl)-N'-phenyl-p-
phenylenediamine.

4. Summary of Test Method

4.1 The analysis is performed by temperature programmed
GC utilizing either a packed column (Procedure A) or a
capillary column (Procedure B). Quantification is achieved by
area normalization using a peak integrator or laboratory data
system.

5. Significance and Use

5.1 This test method is designed to assess the relative purity
of production PPDs. These additives are primarily used as
antiozonants for tires and other rubber or polymeric products.

5.2 Since the results of this test method are based on area
normalization, it assumes that all components are eluted from

3 Available from the American National Standards Institute, 25 W. 43rd St., 4th
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the column and each component has the same detector re-
sponse. Although this is not strictly true, the errors introduced
are relatively small and much the same for all samples; thus,
they can be ignored since the intent of the test method is to
establish relative purity.

5.3 Although trace amounts of “low boilers” are present in
production samples, they are disguised by the solvent peak
when using packed columns (Procedure A).

6. Interferences

6.1 Utilizing the chromatographic conditions prescribed
there are no significant co-eluting peaks; however, degradation
of column performance could result in interference problems.
Thus, when using the packed column it is essential that the
total system be capable of 5000 theoretical plates before being
used for this analysis. The evaluation of system efficiency is
described in 7.4.

7. Apparatus

7.1 Gas Chromatograph:

7.1.1 Procedure A: Packed Column—Any high-quality tem-
perature programmed gas chromatograph equipped with a
thermal conductivity detector (see Note 1) is sufficient for this
analysis. Refer to Practice E260 for general gas chromatogra-
phy practices.

Note 1—Although a thermal conductivity detector is recommended, a
flame ionization detector can be used if appropriate adjustment is made for
flow rate and specimen size. Since this probably would involve using a
smaller diameter column, the adjustment in flow and injection volume
should be proportional to the cross-sectional area of the column. A
procedure for this calculation is included at the end of Section 9.

7.1.2 Procedure B: Capillary Column—A temperature pro-
grammable unit with flame ionization detector (FID) equipped
for capillary columns. When utilizing the full capillary col-
umns (0.25 mm), a split injection system is required; however
a “cold on-column” injector is preferred for the wide bore
(0.53 mm) capillaries. The FID should have sufficient sensitiv-
ity to give a minimum peak height response of 30 uV for 0.1
mass % of 6PPD when operated at the stated conditions.
Background noise at these conditions is not to exceed 3 pV.

7.2 Gas Chromatographic Columns:

7.2.1 Packed Column for Procedure A—1.828 m x 6.35 mm
(6 ftx ¥4 in.) outside diameter x4 mm (0.16 in.) inside
diameter glass columns packed with 10 % methyl silicone fluid
(100 %) on 80/100 mesh acid washed and silanized diatomite
support. The column should be conditioned with a helium flow
of approximately 20 cm®/min by programming from ambient
temperature to 350°C at the rate of 2 to 3°C/min and holding
at 350°C overnight with the detector disconnected.

7.2.2 Capillary Column for Procedure B—(1) 30 m x 0.25
mm ID fused silica capillary, internally coated to a film
thickness of 0.25 pum (bonded) with methyl silicone; (2) 15
m x 0.53 mm fused silica (megabore) capillary with 3.0 pm
bonded film of 5 % phenyl silicone, HP-5 or equivalent.

7.3 Integrator/Data System, capable of determining the
relative amount of each component by means of integration of
the detector output versus time. When using capillary columns

(Procedure B) the device must integrate at a sufficiently fast
rate so that narrow peaks (one second peak width) can be
accurately measured.

7.4 When using a packed column, a minimum of 5000
theoretical plates, as measured from the 6PPD peak, with the
chromatographic conditions stated in 9.1 is required for analy-
sis. Theoretical plates (7P) are determined by the following
formula:

TP =55[X(R)/Y(0/5)]2 (1)
where:

X(R) = retention time measured from the injection point to
the apex of the 6PPD peak (adjust the attenuation
to keep peak on scale), mm, and

Y(0.5) = 6PPD band width at half-height, mm.

8. Calibration and Standardization

8.1 When using the conditions described for Procedure A
(packed column), the detector response of 6PPD for injections
of 500 to 5000 pg was found to be somewhat nonlinear (see
X1.3). However, over the more limited range, 750 to 2500 pg,
the response was nearly linear (see X1.4). As a result, it is
suggested that the samples be prepared so that 1250 to 1500 ug
injections are made.

8.2 Chromatograms from typical specimens run on the
packed columns according to the prescribed procedure are
given in Appendix XI.

9. Procedure

9.1 Procedure A—Chromatographic Conditions:

Helium flow rate 50 cm®/min
Injection port temperature 300°C
Initial column temperature 100°C
Heating rate 8°C/min
Final Temperature 350°C
Detector temperature 350°C
Detector: TC attenuation 8

9.1.1 Integrator/data system parameters are presented in
X1.2.

9.1.2 Specimen Preparation—To ensure specimen
homogeneity, lot samples of 6PPD should be ground with a
mortar and pestle prior to weighing the test unit. In the case of
liquid 6PPD where partial crystallization may have occurred
resulting in fractionation, the lot sample should be melted in a
50° to 60°C oven with occasional stirring, prior to weighing the
test unit.

9.2 Procedure A—Analysis:

9.2.1 Weigh 2.5 to 3.0 g specimen (to the nearest milligram)
into a 10 cm® volumetric flask, dilute to volume with methyl-
ene chloride, and shake well to dissolve.

9.2.2 When the instrument has equilibrated at the initial
conditions described in 9.1, inject 5.0 mm® (uL) of sample
solution and initiate the temperature program and data collec-
tion.

9.2.3 When the run is complete, inspect the chromatogram
and output data for proper appearance and peak identification
(see X1.1).

9.2.4 Repeat the run described in 9.2.2 on the same speci-
men.



