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Abstract

When using Fourier transform infrared spectroscopy (FT-IR) under the qualitative aspect for characterization of polymer
blends, often a simple identification of each one of the existing polymers in the blend does not justify the material
failure since different amounts of each component may result in different mechanical properties, which should be a
possible cause for of material failure when applied to an automotive part. Thus, seeking for a better justification in the
understanding of material failure analysis, a new quantitative FT-IR methodology was developed in the mid-infrared
region (MIR), using the transmission techniques and universal attenuated reflectance for the determination of Acrylonitrile
Butadiene Styrene (ABS) and polycarbonate (PC). Transmission mode was more suitable. The relative band (A, /A,,..)
was chosen for the preparation of the calibration curve that showed a 0.99% error methodology, which is within the

FT-IR spectrometer accuracy limit (< 2%); therefore, it is accurate for the analysis of the system.

Keywords: automotive systems, MIR, polymer blends, quantification, transmission.

1. Introduction

As known, the polymers exhibit thermal stability,
resistance to chemical action, mechanical properties, among
others, and are currently one of the most used materials,
as external and internal components, in the automotive
industry. Plastics have high reliability index and many
advantages over traditional materials such as steel, aluminum
and glass. About 100 kg of plastics are used inside and/or
outside the vehiclet!l.

In the European automotive industry, the plastics or
thermoplastics materials contribute to 10% of the total weight
of the vehicle, and about 41% of this material are made
up of polypropylene (PP), 20% polyamide or nylon (PA),
14% ABS, 6% PC, 6% polyacetal (POM), 5% poly (butylene
terephthalate) (PBT), 2% poly (methyl methacrylate) (PMMA),
and other materials. In the American vehicle industry, 38% of
plastic materials are inside the car, 29% in the body, 10% in
the hood and 23% in the powertrain system and chassis.
The choice of polymer materials is at 47% PVC, 20% PP,
5% polyurethane, and other materials; the non-plastic ones
correspond to 28%!?.

The advantages obtained from the use of plastics are
related to the economy of fuel and production investments.
Furthermore, the possibility of design sophistication, the use
of ways of less traditional solutions and increased safety
drive the application of polymeric materials in automotive
solutions. The disadvantages are: flammability, low impact
resistance, deterioration by thermal and environmental
action, etc. However, in accordance with the required
specification of the material to be used, there may be a type
of polymer specially produced to meet the requirements of
use, overcoming a disadvantage found in a common plastic!!.

There are several types of polymers applied to the
component parts of vehicles, such as the instrument panel,

the bumpers, the upholstery, the carpets, the head and tail
lamps, as well as in the door trim panels and in the roof.
Probably, in the future, polymers will be used in other places
of such automotive systems!!.

In the automotive industry, some polymers are “enriched”
by incorporation of loads and changes in mechanical and
thermal properties by the “healing” process, making them
engineering plastics!*.

Engineering plastics are stable materials for certain periods.
Therefore, they are used in applications where they can suffer
mechanical, thermal, electrical, chemical or environmental
stress. In general, these are more expensive than plastic
“commodities”, due to a more elaborate manufacturing.
They are preferably chosen for their easy processability and
flexibility in providing more complex designs with good
dimensional stability and excellent resistance to chemical
corrosion in hostile environments. The most commonly used
polymers are: high molar mass polyethylene (UHMWPE),
poly (methylene oxide) (POM), poly (ethylene terephthalate)
(PET), PBT, PC, PA, and others!¥..

The increasing use of polymeric materials by industries,
aiming to replace several traditional materials, has attracted
the attention of researchers in the discovery of new materials
achieved through blends or polymer blends, in order to
obtain better performance of the mechanical properties,
lower cost/benefit and environmental impact. An alternative
that meets these requirements is the preparation of blends,
consisting of compatibilization of polymers with different
characteristics. The major advantages of these materials are
the range and versatility of their applications coupled with
the ease of processing, enabling the production of diverse
devices and making them incomparable with other materials®.
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One of the most important is the blend PC/ABS.
This importance is due not only to the acquired characteristics,
such as impact resistance and temperature, but also to good
dimensional stability. It is widely used in the automotive
industry as items of the panel, steering columns covers,
chrome logos, internal housings etc..

The virgin ABS, with an amorphous thermoplastic origin,
is composed of acrylonitrile (AN) (20 to 30%), styrene
(20 to 60%), the elastomeric phase consists of butadiene
(20 to 30%). As described by Carvalho!, it consists of
two phases in which the SAN copolymer, composed of
acrylonitrile and styrene, is the continuous phase (matrix),
wherein the dispersed elastomeric phase is butadiene.
The butadiene rubber phase has grafted SAN (grafting) on
its surface, which ensures compatibility between the two
phases. The acrylonitrile provides thermal and chemical
resistance, fatigue resistance, strength and stiffness; styrene
provides ease of processing, gloss, hardness and rigidity;
and butadiene provides ductility at low temperature, impact
resistance, thermal stability and good surface finish.

The PC, a thermoplastic of amorphous origin, consists of
long linear chains of polyesters of carbonic acid and phenols
(phenyl) such as bisphenol A. The presence of phenyl group
in the molecular chain and two methyl groups contributes
to the rigidity of molecular PC. This rigidity has a large
effect on the properties of PC, which contributes to the lack
of mobility of the individual molecules, thus resulting in a
good heat resistance and excellent impact resistance. For
blends of PC/ABS, it is expected that the impact resistance
is higher than that of the matrix component!”..

Typically the blend PC/ABS for vehicle applications
has about 60 to 70% PC, since it is from this content that it
is possible to perceive the earned properties in the blend.
Due to economic and technical reasons, the blend used is
the one that has intermediate cost and properties. There are
specific applications where the properties of the PC/ABS
blends are enough to achieve the necessary features for a
specific piece.

The properties of different PC/ABS blends are determined
mainly by the type of PC content as well as the proportion
of the acrylonitrile butadiene and styrene monomers present
in the ABS, as shown in Figure 1.

acrylonitrile

Chemical and
heat resistance

impact strength Brightness
retention Hardness
properties at low | processability
temperatures
butadiene styrene

Figure 1. Influence of co-monomers in ABS properties!®).
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The impact resistance of PC/ABS is one of its main
properties, and the type used ABS and PC content exerts a
strong influence on this property!®.

Blends produced with high value materials, such as
ABS and PC, allow to obtain products with a wide range
of physical, chemical and mechanical properties. Thus ABS
contributes to a better processability and lower cost of the
blend basically due to its cost per kilogram being less than
the cost of PC. However, PC provides good mechanical
and thermal properties to the blend, which justifies its use.
These two materials have a strong chemical interaction,
and are dependent on the percentage of the mixture of each
component!”.

With the development of various polymers, there is
also the need for the advancement of instrumental analysis
techniques in order to determine the chemical structure of
new materials and/or quantify them. As known, the FT-IR
spectroscopy is one of the techniques that has merit for
this purpose and has been successfully applied to various
polymer systems in the group’s laboratories of the Divisdo
de Quimica (AQI) of the Instituto de Aeronautica e Espaco
(IAE), including the use of last-edge techniques with surface
analysis (universal attenuated total reflectance - UATR)
in wide spectral range (mid-infrared, MIR, near-infrared,
NIR, and others)®*!!,

The opportunity to develop a methodology applied to
polymer blends, used in the automotive sector, is still not
very explored; therefore, in the literature, FT-IR studies
could be found for other types of materials for this sector,
but not for the proposition of the present research.

Ruschel et al. reported it was possible to confirm the
usefulness of this conventional technique, in combination
with the chemometric tools HCA and PCA for diesel and
biodiesel oil blends classification differentiating them from
their infrared spectra even though these mixtures are composed
of various types of biodiesel from three different raw materials
soybean oil, residual oil and hydrogenated vegetable fat for
frying and two alcoholic routes: methyl and ethyl!'?. In the
study of Tahmassebi et al., it was analyzed the performance
of automotive coatings, using different techniques, among
which the infrared spectroscopy for monitoring the oxidation,
applying the characteristic functional groups, when the ink
is exposed to weathering test!!*.,

Therefore, given the presented scenario, the interest
of the automobile company in the development of
methodologies to assist in solving problems occurring in
the field to manufactured using blends and the fact that
studies including quantitative analysis by means of FT-IR
technique transmission and reflection are mentioned in smaller
numbers in the literature, there has been a great interest in
the development of a quantitative method for blends of the
type PC/ABS, which should lead to troubleshooting in the
field, when the blend is applied to the workpiece, but not
in the appropriate proportions of each material.

To achieve this purpose, the present study evaluates the
applicability of FT-IR transmission and reflection (latest
generation, as UATR) absorption spectroscopy, with existing
laboratory facilities in AQI-IAE, for the identification
and quantification of the polymer base, used in different
automotive industrial formulations.
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2. Materials and Methods

2.1 Samples

Different polymer blends PC/ABS were kindly prepared
and provided by SABIC company. The donated samples were
named: 100% PC resin LEXAN™ 123R-112, 100% ABS
resin CYCOLAC™MG37 EPX NA100, 30% PC/70% ABS,
50% PC/50% ABS, 70% PC/30% ABS. In addition, using
the pure samples, 100% PC resin LEXAN™, 100% ABS
resin CYCOLAC™ MG37 EPX NA 100, Mackenzie gently
prepared the blends 40% PC /60% ABS, 80% PC /20% ABS.

For the preparation of the blends 40% PC/60% ABS and
80% PC/20% ABS, the previously weighed pure materials
in their concentrations were mixed using the equipment
Mix - MH Equipamentos Ltda., with subsequent extrusion
of the material.

2.2 Methodology

The samples were analyzed in PERKINELMER
SPECTRUM ONE FT-IR spectrometer (resolution 4 cm',
gain 1, range 4000 to 550 cm™, 20 scans) by means of
reflection techniques, using accessory UATR and transmission
(resolution 4 cm™, gain 1, range 4000 to 400 cm!, 20 scans).

Using previously prepared mixtures in the following
concentrations: 30% PC/70% ABS, 40% PC/ 60% ABS,
50% PC/50% ABS, 70% PC/30% ABS, 80% PC/20% ABS,
the calibration or analytical curve was built.

The films were prepared by dissolving in chloroform
(five aliquots) being called cast films in accordance with
the sample preparation techniques for IR analysis.

The preparation procedure of cast films of concentrations
0f30% PC/70% ABS, 40% PC/60% ABS, 50% PC/50% ABS,
70% PC/30% ABS, and 80% PC/20% ABS was as follows:
each of the above blends was weighed in an amount equal
to the total weight 0.05g. We dissolved each of the blends
in 15 mL of chloroform under stirring and heating. After the
total dissolution of the material, samples were placed in Petri
dishes, and 5 mL of chloroform were used to the beaker
wash to ensure all the material was transferred to the Petri
dishes and these were placed on a flat surface, waiting to
complete evaporation of the chloroform in order to obtain a

cast film. For each sample, five aliquots were analyzed at the
locations marked as 1, 2, 3, 4 and 5, as shown in Figure 2.

Analysis by UATR, the samples were analyzed by
placing them in contact with the surface of the ZnSe diamond
crystal, with application of torque (120 N). For analysis by
transmission, the cast film was placed in the beam path, in
marked areas.

The data were calculated according to Horak and
Vitek!" form adopted in earlier work of the group and
it was successfully carried out involving quantitative IR
analysis!!*!8], For each sample, five aliquots were analyzed
and, from the absorbance values, the median was calculated
(w). The standard deviation (6;;) of the median absorbance
is calculated according to Equation 1:

5%

Where 6 is the standard deviation and » is the number of
measures. & is given by Equation 2:

&=KzxR ©)

Where K, is the coefficient for the calculation of the average
standard deviation from the variation range of values
(for 5 experiments, K, = 0.430); and R is the difference
between the largest and the lowest value of absorbance
X, —X).

The relative error for each sample analyzed was
determined using Equation 3:

G.
Relativeerror(%)=[ %]XIOO 3)

For the methodology of the calculation of error, it was
adopted the median value!'¥ of the errors, as performed in
previous studies!'>!%,

The choice of the baseline, analytical and reference
peak was made according to the lowest relative error and the
largest correlation coefficient (R) in the calibration curves,
as in previous work!!'*\,

Figure 2. Cast films obtained after solvent evaporation (marked locations were analyzed by IR transmission and UATR).
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3. Results and Discussion

3.1 FT-IR characterization by transmission of the main
bands observed in the blend of ABS and PC

As the transmission method has a higher intensity of
each characteristic band of each polymer, it was decided
to place each of these for subsequent choice of analytical
bands for the study. The absorption characteristics of the ABS
polymer are (cm™): 3010-3110: axial deformation or aromatic
C-H stretch, 2237: axial deformation C=N, 1602: axial strain
C=N and angular deflection of C—C of the aromatic ring,
1506: angular deformation ArCH, 1453: asymmetric angular
deformation CH,, 1365: symmetrical angular deformation
CH,, 966: angular deformation C = C, 735-765: angular
deformation, ArCH (mono-substituted) and 697: aromatic
C-H out of plane angular deformation!'?).

The PC characteristics are absorptions at (cm™):
3010-3110: axial deformation aromatic C-H, 1775: axial
deformation C=0, 1230, 1164, 1081 and 1015: axial
deformation in C-O-C, 831: angular deformation aromatic
C-H (para replacement)!'?). Figure 3 includes the FT-IR
spectra in the MIR region of the pure polymers studied.

It can be observed through the bands indicated in
Figure 4 that as there are increasing PC concentrations,
the intensities of the bands at 1775 and 831 cm™! increase
and the absorption found at 2237cm™! decreases associated
with the corresponding decrease in acrylonitrile content,
suggesting that it is possible to perform the determination
of the levels of the blend by FT-IR because the analyzed
system obeys the Lambert-Beer law!"®), namely:

A=axbxc 4)

where A = absorbance, or absorption; a =molar absorptivity
or molar extinction coefficient (characteristic band), the
capacity of one mole of substance for absorbing light at a

Transmission (%)

given wavelength or wavenumber or, in other words, how
strongly a substance absorbs radiation at a specific frequency;
b = thickness; ¢ = concentration!'*!.

Therefore, for this study, based on the intensities and
different positions of wave number for each polymer, the
mentioned bands are chosen for the determination of contents
of PC and ABS in the blend.

One of the causes of errors in IR quantitative analysis is
the variation of intensity of the same concentration samples,
due to thickness variations of these materials analyzed, and
amathematical artifice used in IR spectroscopy is to divide
the values of the intensities of absorptions constituting the
band on (A1/A2) as:

Al alxbxcl

a4 _LnTre 5
A2 a2xbxc2 )
ABS
S
=
S
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g
=
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Figure 3. Spectra FT-IR (MIR - Transmission) of pure polymers.
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Figure 4. Spectra FT-IR (MIR - Transmission) of the polymer blend film.
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Therefore, to eliminate the effect of the thickness
in the calculation of the intensity of absorption of this
determination, the analytical bands were used (A1 and A2) of
each polymer as reference bands from one another, thereby
composing a relative band PC/ABS. For the application of
the Lambert-Beer law, the absorbance data obtained were
placed on a function of the relative concentration®”.

3.2 Choice of analytical bands of ABS and PC,
UATR method

Just as was done in the transmission method, we studied
the determination by the reflection method, with UATR
accessory. Remember that a slight difference may occur in
the position of each of the analytical bands in these different
methods for collecting the infrared spectra.

The absorption at 697 cm™! was chosen as the analytical
band for determining the content of ABS, and those found
at 1770 and 829 cm™ for determining the content of PC
in the blend, all indicated in Figure 5. These bands were
chosen as analytical, therefore, it can be seen that the
increase in the intensity of the band at 697 cm™! is related
to the increase in the ABS content, as well as at the bands
of 1770 and 829 cm’!, with the increase in PC content in
the blend. The band 0of 2237 cm™, referring to the ABS, did
not show good response to this method, because of its low
intensity, so it was not chosen as analytical band.

3.3 Choice of the reference band, UATR method

Table 1 shows the analytical bands adopted and their
respective baselines. The absorption at 697 cm’! was at baseline
718-660 cm™', 1840-1694 cm! for the band 1770 cm™, and

864-793 cm’! for the band at 829 cm, with similar methodology
for baseline evaluation used by Rodrigues et al.l'”). As for
eliminating the effect of the thickness, the reference band
used in this case was the analytical band of ABS, the band
at 697 cm!. The use of reference band, to compose a relative
band, improves accuracy of the methodology!'”.

Table 2 shows the analytical bands, the chosen baselines
and results as relative error in the methodology and correlation
coefficients R.

Evaluating Table 2, the bands at 829 and 697 cm’,
respectively, for PC and ABS, show the set of lower data
error (3.20%) and the correlation coefficient (0.99).

3.4 Choice of analytical bands of ABS and PC,
transmission method

As previously mentioned, for this study, based on the
intensities and different positions of wave number for each
polymer, the absorption at 2237 cm! was chosen as the analytical
band to determine the ABS content, and two possibilities
of analytical bands, 1775 and 831 cm’, to determine the
content of PC in the blend, all already mentioned in Figure 4.
The baselines adopted for the measurements are shown
in Table 3. Likewise, as has been previously reported for

Table 1. Baselines for analytical band ABS and PC.

Polymer type Analytical band (baseline) cm™!
ABS 697 (718-660)
PC 1770 (1840-1694)

829 (864-793)

100%ABS

30%PC/70%ABS

MVW

40%PC/60%ABS

W’*W”‘WW

50%PC/50%ABS

W“\MW

T0%PC/30%ABS

Transmission (%)

W”\MW

80%PC/20%ABS

WLW

AN

T T T
4000 3500 3000 2500

T T T
2000 1500 1000

1,
Wavenumber (cm ™)

Figure 5. Spectra FT-IR (MIR - Reflection - UATR) of the polymer blend film.

Table 2. FT-IR data errors in the methodology and correlation coefficient of different analytical bands analyzed for the blend PC/ABS.

Analytical band

. . 1
Analytical band (baseline) cm (baseline) cm”

Relative error in the

methodology Correlation coefficients R

1770 (1840-1694) C=0
829 (864-795) ArCH (para replacement)

697 (718-660) ArCH
697 (718-660) ArCH

7.10 0.99
3.20 0.99

10
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the UATR method, these bands were chosen as analytical,
therefore, it can be seen that the increase in the intensity of
the band at 2237 cm’! is related to the increase in the ABS
content, as well as in the bands 1775 and 831 cm™, with
the increase in PC content in the blend.

3.5 Choice of the reference band transmission method

Table 3 refers to the adopted analytical bands and their
respective baselines. The choice of the best set of analytical
bands occurred after evaluating the accuracy in measuring
the intensity of the band.

Table 4 shows the analytical bands analyzed, chosen
baselines and results as relative error in the methodology
and correlation coefficient R. Bands at 831 and 2237 cm!,
respectively, for PC and ABS, showed the lowest error (0.99%)),
the and highest correlation coefficient (0.96). Considered a
best result compared to other pairs of bands of the analytical
methods previously assessed, these absorptions were adopted

as relative band (A, /A,,..) to study transmission.

Table 5 shows the results obtained by applying Equations
1,2 and 3 for the relative band (A, /A, ) taking into account
the relative concentration, in an attempt to achieve higher
precision. The error methodology, which is the median of
the relative error, is 0.99, within the limits of measurement
accuracy (<2%).

3.6 Calibration curve obtained by transmission

Figure 6 shows the analytical transmission curve (A, /A,,..)
versus relative concentration (PC concentration/ABS
concentration). From the analytical curve, Equation 6, the
following correlation (R = 0.96) is proposed:

y=2451x+1.260 (6)

Table 3. Baselines for analytical bands of ABS and PC.
Polymer type Analytical band (baseline) cm™!
ABS 2237 (2280-2184)
PC 1775 (1840-1690)
831 (864-791)

Where y is the median value of A, /A,,,, example, the
relative concentration (PC concentration/ABS concentration)

in the polymer blend.

3.7 Choice of analytical band ABS and PC, transmission
method, evaluation of polycarbonate concentration

Until then, it was considered the correlation coefficient
R with respect to the relative concentration, aiming to find a
more precise methodology according to the analyzed system.
In the next paragraph, the concentration of polycarbonate
will be taken into account and not the relative concentration.

The idea is based on the fact that there are several
types of ABS polymers with different concentrations of
each of the monomers present in the blend, and the content
of each monomer will vary according to the application.
It is important to note that the polymer ABS, which was
kindly supplied by SABIC, presents 100% of ABS resin
of the type CYCOLAC™ MG37 EPX NA 100, wherein
the amount of each monomer is considered confidential
information for supplier.

Therefore, for this method to be applied in any type

of ABS, it was decided to develop the construction of a
calibration curve taking into account the concentration

S
10.00 4 / °
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8.00 3
e
)
#
<« 6.00 /
~ 7
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e
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P
T T T T T T T T 1
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[PC]/ [ABS]

Figure 6. Relative absorbance values (A, /A
transmission versus relative concentration.

) obtained by

2237

Table 4. FT-IR data relative errors in the methodology and correlation coefficient of different analytical bands analyzed for the blend PC/

ABS by evaluating the relative concentration.

Analytical band
(baseline) cm™!

Analytical band
(baseline) cm

Relative error in the

methodology % Correlation coefficient R
0

1775 (1840-1690) C=0
831 (864-791) ArCH (para replacement)

2237 (2280-2184) C=N
2237 (2280-2184) C=N

1.57
0.99

0.94
0.96

Table 5. FT-IR data of the median, standard deviations average, relative errors and error in the chosen relative band A, /A, ..

[ ] Relative

Standard deviation

Relative error Error in the

[1pc [PC]/[ABS] Median p (&ﬂ ) % methodology %
30 0.43 1.739 0.017 0.99
40 0.67 2.204 0.022 0.92
50 1.00 3.921 0.061 1.55 0.99
70 233 8.808 0.141 1.60
80 4.00 10.089 0.099 0.98

Polimeros, 28(1), 6-14, 2018
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of the PC, and not the relative concentration (PC/ABS).
As the best results were already cited in Table 4, these are
the values used for the development of this methodology.

Table 6 shows the analyzed analytical bands, chosen
baselines, results of relative errors in the methodology and
correlation coefficients R. Bands at 831 and 2237 cm™,
respectively, for PC and ABS are also those with the
lowest error (0.99%) and the highest correlation coefficient
(0.99). Considered a best result compared to other pairs of
bands of the analytical methods previously assessed, these
absorptions were adopted as relative band (A, /A,,.)) to
study transmission.

2237

Table 7 contains the results obtained by applying
Equations 1, 2 and 3 for the relative band (A831/A2237),
taking into account the PC concentration. Remember that
the values of the median, average standard deviation and
relative error are the same as already calculated and shown
in Table 5. The error methodology, which is the median
of the relative error, is 0.99, within the limits of precision
instrument (<2%).

3.8 Calibration curve obtained by transmission,
evaluation of polycarbonate concentration

Figure 7 shows the analytical transmission curve
(Ag, /A, versus PC concentration. From the analytical
curve, Equation 7, the following correlation (R = 0.99) is
proposed:

y =18.149x +4.408 (7

Where y is the median value of A, /A . and x is the PC

e 831' 112237
concentration in the polymer blend.

3.9 Calibration curve test for transmission technique

According to what has been stated above, the bands at
831 and 2237 cm’!, respectively, for PC and ABS, present the
lowest error and showed the highest correlation coefficient,
using the relative concentration and PC concentration.
Therefore, the two showed methods will be used to assess
the test sample. This is a verification procedure of the
methodology, where two samples were analyzed with the
following concentrations: 70% PC/30% ABS for sample

A and 50% PC/50% ABS for sample B. These samples
were prepared using the same materials applied to construct
the calibration curve. Another test sample, sample C, was
prepared with the following concentration: 50% PC/50% ABS,
this ABS is of the type Novodur™ P2MC, material kindly
donated by Styrolution company and the PC is of the same
type used above (Resin LEXAN™). With Equations 6 and 7,
the amount of PC concentrations was calculated using the
methodology of relative concentration and PC concentration.

Using Equation 6, it was calculated the value of the PC
concentration, being y the median relative analytical band
(A4, /A,,;,) obtained in the analysis, and x is the value (%) of
relative concentration (PC concentration/ABS concentration).

For the calculation of ABS and PC concentrations, it
was used Equation 8:
_ [rc]

X_m:»[Pc]zX[ABs] ®)

Substituting Equation 8 into Equation 9, it is calculated
the value of the ABS concentration. The percentage (%) of PC

was calculated by difference for a total of 100%. The values
found are shown in Table 8.

10.00 o '/

[ ]
8.00 4

| 6.00 - /

AK?]/AZZﬂ

4.00 °

2.00

T
02 04 0.6 08 10
[PC]

Figure 7. Relative absorbance values (A, /A
transmission versus PC concentration.

) obtained by

2237

Table 6. FT-IR data errors in the methodology and correlation coefficient of different analytical bands analyzed for the blend PC/ABS,

evaluation of polycarbonate concentration.

Relative error in the

i Correlation coefficient
Analyt}cal baITd Analytical band (baseline) cm! methodology
(baseline) cm™! % R
(U
1775 (1840-1690) C=0 2237 (2280-2184) C=N 1.57 0.98
831 (864-791) ArCH (para replacement) 2237 (2280-2184) C=N 0.99 0.99

Table 7. FT-IR data of the average deviations and errors in the chosen relative band A, /A

2237

[PC] Standard deviation (&)

Relative error Error in the methodology

% %
30 0.017 0.99
40 0.022 0.92
50 0.061 1.55 0.99
70 0.141 1.60
80 0.099 0.98

12
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Table 8. Calculation of the concentrations of PC/ABS of the samples from tests A, B and C by using a relative concentration.

Sample Concentration PC concentration ABS concentration
A 70% PC/30% ABS 75.5 24.5
B 50% PC/50% ABS 523 47.1
C 50% PC/50% ABS 51.1 48.9

Table 9. Calculation of the concentrations of the PC/ABS of the samples from tests A, B and C by using the PC concentration.

Sample Concentration PC concentration ABS concentration
A 70% PC/30% ABS 72.8 27.2
B 50% PC/50% ABS 46.0 54.0
C 50% PC/50% ABS 453 54.7
[PC] + [ABS] —100% ) 3. Neto, N.J. R. (2012). 4 evolugdo dos polimeros na industria

Using Equation 7, it was calculated the value of the
PC concentration, being y the median relative analytical
band (A, /A,,,,) obtained in the analysis, and x is the value
(%) of PC concentration. The percentage (%) of ABS was
calculated by difference for a total of 100%. The values
found are shown in Table 9.

Although both methods have shown good accuracy,
the one which takes into account the relative concentration
showed better results in comparison with PC concentration
when applied to the calibration curve of the test, even with
a different type of ABS used.

4. Conclusion

This study demonstrated the application of FT-IR
spectroscopy in the MIR region for the characterization
and quantification of automotive blends of PC/ABS using
two methodologies: UATR and transmission. Some relative
bands were evaluated using both methods, while the
Ay, /A, showed better results, that is, the lowest relative
error and the highest correlation coefficient, when applied
to the transmission method. As there are many types of
ABS polymers with different concentrations of each of the
monomers present in the blend, two calibration curves were
constructed using the relative concentration and also the PC
concentration. Both curves proved useful to characterize and
quantify the content of each polymer present in the polymer
blend PC/ABS, with a better accuracy for the observed
found in the relative concentration.

The methodological error found in MIR methodology
- Transmission (0.99%) for the two calibration curves used
is within the accuracy limit of FT-IR spectrometer (<2%),
so the methodology is accurate.
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