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ATR-FTIR is a simple and rapid tool for coating fingerprint-
ing. Reference FTIR spectra for resin and hardener can be eas-
ily generated. The degree of similarity, which is termed as
correlation (r), of a spectrum can be easily generated by com-
paring the spectra of the samples to that of the reference spec-
trum. Correlation (r) = 1 denotes perfect match between the
sample and reference spectra. The greater deviation of correla-
tion (r) value from unity suggests a more significant difference
between the sample and reference spectra. FTIR results
showed homogeneity of resin and hardener at top, middle and
bottom of the mixing tank and good batch-to-batch reproduci-
bility. By referring to the FTIR results, different types of resin
and hardener could be deduced.

In the oil and gas industry, industry players have invested bil-
lions in polymeric coatings in order to protect the steel materi-
al used for offshore petroleum transportation. However, the
companies in Malaysia are facing a quality issue with poly-
meric coatings. It was observed that the quality of certified
material eroded more rapidly although the certificate of analy-
sis which emphasized only in physical tests complies with the
customer required parameters. This can be due to potential
problems of reformulated polymeric coatings or adulterations
being practiced. The polymeric coatings quality problems have
led to enormous monetary losses, which have hit the investors
severely. In addition, it has caused serious environmental im-

pact [1].

For paint manufacturers in their quality control processes, it
encompasses physical assays for their raw materials (resin &
hardener) and finished goods. The test parameters cover solid
content, viscosity, specific gravity, adhesive test, pH, color and
so on and are practiced routinely. Unique test such as salt-
fogging test, chemical resistance test were done upon client
request. Until to-date, there is no relevant scientific approach
such as FTIR spectroscopic technique being applied. It is be-
cause local paint suppliers have concerns of its paint formula-
tion secrets being review [3]. In addition to huge investment
and maintenance costs, professionals with strong technical
competence in analytical instruments are essential to better
quality assurance.

Infrared (IR) spectroscopy is a useful scientific tool in charac-
terizing organic functional groups based on the compound
molecular vibrational patterns. Radiation in the IR region re-
sulted in both stretching and bending vibrations of the covalent
bonds of the organic compounds. In principle, IR technique
can be used to characterize specific polymers by either trans-
mission or reflectance measurements. The resulting spectrum
shows the molecular absorption and transmission, creating a
molecular fingerprint of the compound especially at the wave-
numbers of 1500-400cm™. In short, each sample has its own
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distinctive IR spectrum.

ASTM D7588-11 requires the use of attenuated total reflec-
tance (ATR) accessory, coupling with FTIR to rapidly analyse
the paint samples without any sample preparation. The FTIR
analysis requires minimal operation time and operator skill.
The possibility of using the ATR accessory approach appears
to be very promising [2].

The objectives of this work are 1) to generate reference FTIR
spectra for resin and hardener samples, 2) to check the homo-
geneity of resins and hardeners at the Top (T), Middle (M) and
Bottom (B) of the mixing tanks and batch-to-batch reproduci-
bility by estimation of correlation (r) using COMPARE algo-
rithm featured by Perkin Elmer at fingerprinting regions, 3) to
discriminate different types of resin and hardener.

FTIR sample collection

The resins and hardeners were supplied by a local paint manu-
facturer. 2 batches of resin and hardener collected at interval
of 1 day were received for FTIR analysis within a week after
sample collection. Each batch consists of 4 types of resin and
hardener. Sampling of samples was done from the Top (T),
Middle (M) and Bottom (B) of the mixing tanks as shown in
Figure 1. Sample coding Resin x-yz and Hardener x-yz de-
note resin or hardener of x type for y batch at the location z (T,
M or B).

Top (T)

Middle (M)
Bottom (B)

Figure 1 Sampling of samples was done from the Top
(T), Middle (M) and Bottom (B) of the mixing tanks

Attenuated total reflection (ATR)-FTIR spectroscopic studies
were carried out using a diamond coated ZnSe crystal on a
PerkinElmer Frontier FTIR spectrophotometer (USA) FTIR
spectra were recorded in the transmlttance mode in the fre-
quency range from 600 to 4000 cm™ by averaging 32 scans at
a resolution of 4 cm™. The obtained FTIR spectra were then
analyzed by COMPARE algorithm featured by Perkin Elmer
at fingerprinting reg1ons The fingerprinting reglons selected
are 1000 — 1300 cm™ (C- O -C) and 700 — 900 ¢cm™ (C-O-C) for
resin and 1000 — 1400 cm™ (C-N) for hardener.
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Figure 2 Reference FTIR spectra for resin
(Resin_A95-1M) and hardener (Hardener A96-
I M) in the region between 600 and 4000 cm™

The FTIR spectrum of resin type A95, from batch 1 and
obtained from the middle of the mixing tank (sample coding
Resin_A95-1M) was selected as the reference spectrum. The
reference spectrum for hardener was Hardener A96-1M (i.e
hardener type A96, from batch 1 and middle of the mixing
tank) (see Objective 1). Figure 2 presents the reference FTIR
spectra for resin and hardener. The degree of similarity, which
is termed as correlation (r), of a spectrum was generated by
comparing the spectra of the samples to that of the reference
spectrum in the defined fingerprinting regions. Correlation (r)
= 1 denotes perfect match between the sample and reference
spectra. The greater deviation of correlation (r) value from
unity suggests a more significant difference between the
sample and reference spectra.

Figure 3 presents the FTIR spectra of Resin A95-1T, Res-
in_A95-1M and Resin A95-1B in the region between 600 and
1800 cm™. The 1000 — 1300 cm™ (C-O-C) and 700 — 900 cm
(C-0-C) are the fingerprinting regions for resin. Table 1 pre-
sents the correlation (r) for reference Resin A95-1M to Res-
in_A95-1T (or B). Correlation (r) > 0.90 suggests homogenei-
ty of resins at top, middle and bottom of the mixing tank.
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Figure 3 FTIR spectra of Resin A95-1T,
Resin A95-1M and Resin A95-1B in the
region between 600 and 1800 cm™.
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Figure 4 presents the FTIR spectra of Hardener A96-1T,
Hardener A96-1M and Hardener A96-1B in the region
between 800 and 1700 cm™. The fingerprinting region for
hardener is 1000 — 1400 cm™ (C-N). Table 2 presents the
correlation (r) for reference Hardener A96-1M to
Hardener A96-1T (or B). Correlation (r) > 0.90 suggests
homogeneity of hardener at top, middle and bottom of the
mixing tank.

Table 3 presents the correlation (r) for reference Resin A95-
IM to Resin A95-2M (T or B) while Table 4 presents the
correlation (r) for reference Hardener A96-1M to
Hardener A96-2M (T or B). Results from Tables 3 and 4
show correlation (r) > 0.90 suggests batch-to-batch
reproducibility.

Table 1 Correlation (r) for reference Resin_A95-1M to Res-
in_A95-1T (or B)

Sample r r r Reference
Code 600 — 1000 — 700 — Spectrum
4000 cm™ | 1300 cm™ | 900 cm™
(C-0-0) (C-0-0)
Resin_ A95- 0.9992 0.9992 0.9992 Resin A9 -
1T IM
Resin_A95- 0.9998 0.9998 0.9999
1B

%T

L
§

y
i L] o m 10 oo
o

Figure 4 FTIR spectra of Hardener A96-1T,
Hardener A96-1M and Hardener A96-1B in

Table 2 Correlation (r) for reference Hardener A96-1M to
Hardener A96-1T (or B)

Sample Code r r Reference
600 — 1000 — Spectrum
4000 cm™ | 1400 cm™
! (C-N)
Hardener A96-1T 0.9999 0.9999 Hardener A96-
M
Hardener A96-1B 0.9999 0.9999

Table 3 Correlation (r) for reference Resin_ A95-1M to Res-
in A95-2M (T or B)

Sample r r r Reference
Code 600 — 1000 — 700 — Spectrum
4000 cm™ | 1300 cm™ | 900 cm™
(C-0-C) | (C-0-0O)
Resin_A95 0.9974 0.9967 0.9967 Resin_A95
2T -1M
Resin_A95 0.9995 0.9995 0.9995
-2M
Resin_A95 0.9996 0.9996 0.9996
-2B
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Table 4 Correlation (r) for reference Hardener A96-1M to
Hardener A96-2M (T or B)

Sample Code r r Reference
600 — 1000 — Spectrum
4000 cm™ | 1400 cm™
(C-N)
Hardener A96-2T 0.9997 0.9997 Hardener A96-
IM
Hardener A96-2M 0.9996 0.9998
Hardener A96-2B 0.9996 0.9997

Figure 5 Physical appearances of A) Resin_A95, B)
Resin_A23, C) Resin_Z00 and D) Resin_ A85

Figures 5 and 6 present the physical appearance of different
types of resins and hardeners, respectively. Resins and
hardeners may smell and appear physical alike. ATR-FTIR
can be used to differentiate different types of resins and
hardeners. Table 5 presents the correlation (r) for reference
Resin A95-1M to Resin A23-1M, Resin Z00-1M and
Resin A85-1M. Based on the extremely low value of
correlation (r), Resin_Z00 reviewed its significant variation
of chemical composition compared to the other 3 types of
resin. An online IR library search showed that sample
labeled, as Resin_Z00 was polyurethane resin. On the other
hand, library search results showed that Resin A9S,
Resin_ A23 and  Resin_A85 were epoxy-type resin.
Different types of hardener could also be detected using
ATR-FTIR tool (see Table 6).

Figure 6 Physical appearances of A) Hardener A96, B)
Hardener A04, C) Hardener AS85 and D) Hardener A24
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Table 5 Correlation (r) for reference Resin_A95 to
Resin_A23, Resin_Z00 and Resin_AS85

Sample r r r Reference
Code 600 — 1000 — 700 - 900 Spectrum
4000 | 1300 cm™ em’!
cm’ (C-0-0) (C-0-C)
Resin A23 [ 0.9770 | 0.9850 0.8927 Resin_A95
-1M -1IM
Resin_Z00 | 0.1573 0.1817 0.0630
-1M
Resin A85 [ 0.8599 [ 0.9557 0.9090
-1IM

Table 6 Correlation (r) for reference Hardener A96 to
Hardener A04, Hardener AS85 and Hardener A24

Sample Code r r Reference
600 — 1000 — Spectrum
4000 cm™ | 1400 cm™
(C-N)
Hardener A04- 0.1237 0.0349 Harden-
IM er_A96-
Hardener A85- 0.5006 0.3875 IM
IM
Hardener A24- 0.5145 0.1669
IM

Reference FTIR spectra for resin and hardener can be easily
generated. FTIR results showed homogeneity of resin and
hardener at top, middle and bottom of the mixing tank and
good batch-to-batch reproducibility. Different types of resin
and hardener could be detected by FTIR.
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