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Application of Infrared Spectroscopy
in Rubber Identification Analysis

Abstract:

Infrared spectroscopy (IR) is commonly regarded as the optimal technique for analyzing various
polymeric materials. With the continuous improvement and development of infrared instruments,
particularly advancements in computer technology, Fourier Transform Infrared (FTIR) spectroscopy
has become a favorable and commonly used tool for rubber analysis. This paper illustrates the
method of testing nitrile rubber using the FTIR-7600 Fourier Infrared Spectrometer with practical
sample tests.

In the Fourier Transform Infrared (FTIR) spectroscopy analysis of rubber, there are two methods. One
is the conventional method for identifying and analyzing rubberThe other method involves the
analysis and identification of rubber using infrared diffuse reflection and Attenuated Total Reflection
(ATR).

1. Conventional Method

This method is applicable to the identification of natural rubber, polybutadiene rubber, styrene-
butadiene rubber, nitrile rubber, chloroprene rubber, butyl rubber, polyisoprene rubber, ethylene-
propylene rubber, chlorosulfonated polyethylene rubber, polyurethane rubber, chlorinated polyether
rubber, nitrile ester rubber, silicone rubber, fluororubber, in the form of raw rubber, compounded
rubber, and vulcanized rubber, either singly or in combination (the mass ratio of the minor polymer
in the combined rubber generally should not be less than 20%). However, this method is not suitable

for quantitative analysis.

1.1 Method Summary

This method involves the identification of rubber polymers through infrared spectroscopy analysis of
the pyrolysis product and thin films made from rubber solutions.

(1) Identification of Pyrolysis Product

A small amount of prepared rubber sample is placed in a test tube under a nitrogen flow, and the
tube is positioned in a small adjustable-temperature electric furnace. The temperature is controlled
at 550°C + 25°C for pyrolysis or rapid pyrolysis in a flame. A few drops of the pyrolysis product are
applied to a salt plate or a single crystal silicon plate. Subsequently, infrared spectra are recorded in
the range of 2.5 um to 15 um (4000 cm™ to 667 cm™).
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(2) Identification of Thin Films Identification of Vulcanized Rubber Films 1,2-Dichlorobenzene
Thermal Dissolution Method: Take a small amount of prepared rubber sample, dissolve it in 1,2-
dichlorobenzene, filter the solution, apply the filtrate to a salt plate, allowing the solvent to evaporate
to form a thin film. Record the infrared spectrum in the range of 2.5 um to 15 um (4000 cm™ to 667
cm™).

200°C Degradation Method: Take a small amount of prepared rubber sample, heat it at 200°C + 5°C
for a short period, dissolve the degraded rubber sample in 1,1,1-trichloroethane, and then dissolve
it in dichloromethane. Apply the solution to a salt plate, let the solvent evaporate to form a thin film,
and record the infrared spectrum in the range of 2.5 um to 15 um (4000 cm™ to 667 cm™).
Identification of Raw Rubber Films Take a small amount of prepared rubber sample, dissolve it in a
suitable solvent, and filter. Apply the filtrate to a salt plate, let the solvent evaporate to form a thin
film, and record the infrared spectrum in the range of 2.5 um to 15 um (4000 cm™" to 667 cm™).

1.2 Application Example:

Sample: Rubber

Sample Treatment Method: Pyrolysis Method
Instrument Used: FTIR-7600 (Lambda scientific)
Test Results:
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Figure 1: Infrared Spectrum of Nitrile Rubber (Natural Rubber Pyrolysis)
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Figure 2: Infrared Spectrum of Rubber Sample (Natural Rubber Pyrolysis)

In the pyrolysis method, when the following absorption peaks appear on the spectrum, they cannot
be used for rubber identification. These absorption peaks include 3330 cm™, 2860 cm™, 1700 cm™, and
1450 cm™. The infrared characteristic absorption that distinguishes nitrile rubber from other rubbers
is mainly reflected in the strong absorption between 2000 cm™ and 2300 cm™. As seen in Figure 2,

there is a strong absorption at 2240 cm™, indicating that the tested rubber sample belongs to nitrile
rubber.

2. Attenuated Total Reflectance method (ATR)

Due to the high-energy output capability of Fourier Transform Infrared Spectroscopy (FTIR) coupled
with high-sensitivity detectors, attenuated total reflectance (ATR) has been widely used in the
analysis of rubber and its additives in recent years. ATR can test samples that cannot be tested by
conventional transmission methods, allowing for direct analysis of surface coatings and materials
that are difficult to prepare. Examples include rubber, plastics, fibers, elastomers, etc., requiring only
simple sample preparation for analysis. The ATR accessory is abbreviated as ATR accessory, and the
ATR accessories provided by current infrared accessory manufacturers are divided into four types:
horizontal ATR accessory, variable angle ATR, circular pool ATR, and single reflection ATR. The first
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three belong to multiple internal reflection ATR, and the last one belongs to single internal reflection

ATR. The working principles of these four ATR accessories are the same.

ATR is more convenient and faster than traditional testing methods, as it does not require extensive
sample preparation. Its principle differs slightly from traditional methods, utilizing the signal changes
during the attenuation of light through total reflection for measurement.
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