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Acrylonitrile-Butadiene-Styrene (ABS) polymers have a complex microstructure which is formed during the
grafting reaction of a polybutadiene seed latex. During the reaction, some styrene-acrylonitrile (SAN) chains are
grafted onto the polybutadiene (PB) backbone chains, and this grafting is critical to achieve effective dispersion
and compatibility of both phases. Therefore, accurate characterization of grafting properties helps understanding
the polymerization mechanism as well as the final properties of the ABS polymer and its applications properties.
In this work, the grafting properties of ABS latexes were determined by separation of the soluble and insoluble
phase of the polymer, followed by the characterization of these phases using analytical techniques. Phase sep-
aration was carried out dispersing the latex in acetone followed by ultracentrifugation. The soluble and insoluble
polymer phases were for the first time analysed by NMR spectroscopy to obtain the corresponding fractions of
SAN and PB in each phase. The soluble fraction was analysed by liquid-state 'H Nuclear Magnetic Resonance
(NMR) spectroscopy, whereas the insoluble fraction was analysed by solid-state '>C NMR spectroscopy. More-
over, both phases were analysed by Attenuated Total Reflectance-Fourier Transform Infrared Spectroscopy (ATR-
FTIR), and the results obtained are compared and discussed in this article. We found that the most accurate
grafting properties are achieved by analysing the composition of the soluble and insoluble fraction by NMR

spectroscopy.

1. Introduction

ABS polymers include a large family of resins with excellent tough-
ness, good dimensional stability, good chemical, mechanical and ther-
mal resistance. In addition, altering structural and compositional
parameters different properties can be achieved, such as, transparency
and flame retardant properties, which can be obtained adding co-
monomers or additives, respectively, to the final formulation of the
polymer. Therefore, the polymer can be customize to meet specific re-
quirements of the products [1].

For instance, in terms of physical properties, a wide range of me-
chanical and impact properties can be obtained varying different char-
acteristics, such as, comonomer composition, rubber content, degree of
crosslinking, grafting properties, particle size and particle size distri-
bution, molecular weight of grafted and rubber polymer and particle
morphology, among others [1]. These characteristics are defined during
the emulsion polymerization process, hence, the characterization of the
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microstructure is of high importance to meet the specific properties of
the material.

During the grafting reaction, which can be carried out by an emul-
sion polymerization process, SAN chains are grafted onto the PB back-
bone chains, but free SAN chains are also formed. In this way, ABS
polymer particles with internal particle morphology, as the one sche-
matically showed in Fig. 1, are obtained. The SAN chains can be grafted
forming occlusions or clusters (internal grafting), which are dispersed in
the PB matrix [2-4]. In addition, SAN chains can be grafted around the
PB matrix (external grafting), and the rest of the shell is formed by free
SAN chains [2-4]. Therefore, the ABS polymer is composed by a
multiphase structure that enables the compatibility between both SAN
and PB phases.

Grafting of the SAN onto the PB is critical to achieve effective
dispersion and compatibility of both phases, and its accurate determi-
nation is of paramount importance for understanding the grafting re-
action as well as for its impact in the final microstructure and properties
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PB backbone
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Fig. 1. Scheme of the internal particle morphology of an ABS polymer particle.

of the ABS material. Therefore, characterization of grafting properties
can help to determine and quantify the compatibility between these two
phases. The characterization of grafting properties involves determina-
tion of grafting degree (GD) and grafting efficiency (GE), which can be
defined with the following equations:

W (grafted SAN)

6b (%) =~y (total PB)

-100 (€)]

B W (grafted SAN)
GE (%)7W (grafted SAN) +W (free SAN) 100 2)

On the one hand, GD can be defined as the mass of grafted SAN
copolymer with respect to the total mass of PB present in the sample. On
the other hand, GE can be defined as the mass of grafted SAN copolymer
with respect to the total SAN polymerized, both grafted and free SAN
chains.

In the literature [2-19], the grafting properties of ABS polymer have
been determined by different methods that in most of the cases consists
of two main steps. The first step is based on the extraction of the soluble
phase of the polymer using a selective solvent. Once the separation of
the soluble and insoluble phase of the ABS polymer is done, which are
considered in the literature as free SAN chains and grafted SAN-g-PB
polymer, respectively, the fraction of each phase in the sample is
gravimetrically calculated. Then, two approaches are presented to
determine the GD and the GE. In one approach, the fraction of the sol-
uble or insoluble phase in the sample is combined with theoretical
values taken from the formulation to calculate the grafting properties.
The other alternative is to carry out the characterization of either the
soluble or insoluble phase by means of analytical techniques, to obtain
the fractions of SAN and PB. Then, combining these values with the
fraction of the soluble and insoluble phases, previously obtained from
the extraction, the grafting properties are calculated. Some authors have
performed the characterization of the insoluble phase of the polymer,
however, as far as we know, there are no reports were both phases have
been characterized. Although AcOH has been the most common solvent,
other organic solvents, such as Xylene, Cyclohexane or Methyl Ethyl
Ketone (MEK), have also been reported to carry out the extraction.

A detailed description of the different methods employed [2-19] in
the literature to compute the grafting degree (GD) and grafting effi-
ciency (GE) of ABS polymer is summarized in the supporting informa-
tion (SI).

Due to the complexity of the ABS microstructure, which consists of a
PB matrix internally and externally grafted with SAN copolymer chains
(insoluble phase), free SAN chains surrounding the particle, and
ungrafted and non-crosslinked PB chains (also soluble in AcOH), the
quantitative characterization of both fractions and consequently, the
determination of the grafting properties has been a challenge over

Polymer 253 (2022) 124997

decades. In this work, a solvent extraction method was applied to
separate the grafted and ungrafted polymer phases of ABS polymer la-
texes by using ultracentrifugation and AcOH as selective solvent. Sub-
sequently, both soluble and insoluble phases were for the first time
analysed by NMR spectroscopy to obtain the corresponding fractions of
SAN and PB in each phase. The soluble fraction was analysed by liquid-
state 'H NMR spectroscopy, whereas the insoluble fraction was analysed
by solid-state '>C NMR spectroscopy. Since the characterization method
was not only based on the separation method, but was also completed
with the composition characterization of the separated phases, the un-
certainties due to the differences between the targeted amounts in the
formulation and the actual amounts in the analysed sample were mini-
mized. In addition, the same characterization was performed by ATR-
FTIR spectroscopy, which has been commonly used in the literature,
and the results obtained by both techniques are compared and critically
discussed in this article.

2. Experimental
2.1. ABS latexes

Two ABS latexes, R1 and R2, were used in the present character-
ization study. The composition of the latexes (in terms of the weight
fractions of each comonomer; PB, styrene (S) and acrylonitrile (AN)),
final particle size and overall conversion are shown in Table 1. The Z-
average particle size was determined by Dynamic Light Scattering (DLS)
using a Malvern Zetasizer Nano ZS. The sample was prepared by diluting
a droplet of latex with deionized water in a disposable cuvette. The
measurement was performed at 20 °C and three size measurements per
sample were carried out. An average value of the three repeated mea-
surements has been reported in Table 1.

2.2. Ultracentrifugation

The soluble and insoluble phases of the ABS latexes were separated
by dispersing the latex in AcOH followed by ultracentrifugation. Free
SAN chains and soluble and non-grafted PB chains compose the soluble
phase, while insoluble and non-grafted PB chains and SAN grafted PB
chains the insoluble one (see Fig. 2 for a schematic drawing of the
composition of each phase). AcOH was used as selective solvent and
around 750 mg of latex were dispersed in 20 ml of AcOH during 24 h in
order to make the extraction. Then, ultracentrifugation at 4 °C and 40
000 rpm for 6 h was carried out to the polymer dispersion. The ultra-
centrifugation analyses were carried out in a Hitachi Ultracentrifuge
model CP-100NX.

Once the ultracentrifugation was performed, the soluble phase was
separated from the precipitated phase and it was dried at room tem-
perature during one week. In addition, it was dried at 100 °C in vacuum
during one day to ensure the complete evaporation of AcOH. On the
other hand, the precipitated phase was dried at room temperature until
constant weight was measured.

Table 1

PB, S, AN and non-polymerizable solids (NPS) mass percentage of R1 and R2 ABS
latexes used in the study. Conversion (Conv.), Z-average particle size (dp)
measured by DLS of the latexes.

PB (wt S (wt AN (wt NPS (wt Conv. dp
%) %) %) %)" (%) (nm)
R1 49.7 38.2 12.1 1.5 96 154
latex
R2 61.0 29.6 9.4 1.5 97 439
latex

2 Based on the total formulation. Includes the initiator, surfactant and buffer
used in the reaction.
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Fig. 2. Expected composition of the soluble and insoluble phase of the ABS polymer obtained by ultracentrifugation in AcOH.

2.3. ATR-FTIR spectroscopy

ATR-FTIR provides information related to the presence of specific
functional groups, chemical structures and composition of the polymer.
However, if the aim is a quantitative analysis about the composition of
the copolymer, a calibration is needed. Therefore, a calibration curve
was constructed for each monomer to relate the fraction of the com-
pound to the areas of the spectral bands through Lambert-Beer law,
which relates the absorption of the bands to the concentration of the
compounds [20]. For the calibration, six latexes of different PB and SAN
composition were synthetized by emulsion polymerization, see the de-
tails in the SI. Table 2 shows the different composition of these latexes.

For the ATR-FTIR analysis a Nicolet 6700-ATR instruments with
Golden gate Harrick accessory was used, and 16 Scans were performed
with 4 cm™! of resolution.

2.4. NMR spectroscopy

Soluble and insoluble phases obtained from the separation in the
ultracentrifuge were dried and then analysed by NMR spectroscopy. The
NMR spectroscopy directly observes the nuclear spins of the atoms or
molecules without the need of a calibration to make quantitative anal-
ysis. The soluble phase was analysed in the liquid-state NMR, and
deuterated DMSO was used as solvent instead of CDCl3 to avoid the
superposition of solvent and polymer signals. On the other hand, the
insoluble phase was analysed in the solid-state NMR, using few drops of
THF. THF was added to the dried samples and the polymer was allowed
to swell for 48 before performing the analysis, in order to obtain full
mobility of all polymer chains present in the system [21,22].

The liquid-state NMR spectra were recorded on a 500 MHz BRUKER
AVANCE-NEO equipped with a BBOF probe. Larmor frequency was
500.13 MHz for 'H nuclei. Relaxation delay was 5 s and the number of
scans were 15 160.

The solid-state NMR spectra were recorded on a 9.4T (400 MHz)
BRUKER system equipped with a 4 mm MASDVT TRIPLE Resonance
HYX MAS probe. Larmor frequency was 100.63 MHz for *3C nuclei.
Samples were packed inside 4 mm MAS rotors. Chemical shifts were

Table 2
PB, S and AN mass percentages of polymeric latexes used as calibration
standards.

PB (wt %) S (wt %) AN (wt %)
Standard 1 10 68 22
Standard 2 20 60 20
Standard 3 36 49 15
Standard 4 50 38 12
Standard 5 66 26 8
Standard 6 80 15 5

calibrated indirectly with glycine, carbonyl peak at 176 ppm. Sample
rotation frequency was 10 kHz and relaxation delay was 5 s. The number
of scans were 8192. High-power SPINAL 64 heteronuclear proton
decoupling was applied during acquisition.

3. Results and discussion
3.1. ABS latexes

Two ABS latexes, R1 and R2, presented in Table 1 were considered
for characterization. Latexes with high conversion (see Table 1) and no
coagulum were obtained for both R1 and R2 latexes.

The soluble and insoluble phases of the polymer latexes were sepa-
rated by ultracentrifugation using AcOH as solvent. Table 3 presents the
soluble and insoluble fractions obtained for both latexes. The insoluble
fraction represents the major part of the polymer in both ABS latexes.

3.2. ATR-FTIR spectroscopy

The ATR-FTIR spectra of the soluble and insoluble phases of the la-
texes R1 and R2 showed characteristic bands. Fig. 3 is a representative
ATR-FTIR spectrum of the soluble phase of the R1 latex with the as-
signments of the most important bands. The bands wavelength at >
3000 cm ™Y, 3000 cm ™}, 1500-1600 cm ™~ and 700-750 ecm ™! correspond
to styrene, the one at 2240 cm™! to acrylonitrile and the ones around
900 cm ! to the PB isomers. The remaining spectra for latexes R1 and R2
are presented in Fig. S1 and Fig. S2 of the SI.

One characteristic band corresponding to each polymer (PB, S and
AN), which are summarized in Table 4, was used to relate the areas of
the absorption bands with the mass percentage of each compound in the
sample. Note that the characteristic band of the isomer 1,4-cis-PB
overlaps with other styrene deformation band at 700 cm L. Therefore,
using only ATR-FTIR was not possible to determine the composition of
the ABS latex and NMR spectroscopy was used to determine the
composition of the isomers of the polybutadiene used in the synthesis of
the ABS latex.

The three '3C solid-state NMR spectra of polybutadiene seeds S1, S2
and S3 used to produce R1 and R2 latexes can be found in Fig. S3 (SI).
The peaks corresponding to each isomer were identified to determine
the relation between the 1,4-cis, 1,4-trans and 1,2 PB isomers. This
relation was used in the analysis of ATR-FTIR in order to determine the

Table 3
Soluble and insoluble fractions (@, and @;,s) of R1 and R2 ABS latexes.
Dsol Dins
R1 latex 21 79
R2 latex 14 86
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Fig. 3. ATR-FTIR spectrum corresponding to the soluble phase of R1 latex. The spectrum for R2 latex is in the SI.

Table 4
Absorption bands of PB isomers, S and AN in ATR-FTIR spectrum.

Polymer Bond Absorption band (cm™?)
1,4-trans PB -C-H- 970

1,2 PB -C - H- 910 and 990

S aromatic —C = C- 1500-1600

AN -C=N- 2240

composition of each compound in the sample.

Table 5 presents the mass percentage of acrylonitrile, styrene and
polybutadiene in the soluble and insoluble fractions of latexes R1 and
R2. From these values the fractions of SAN and PB in each soluble and
insoluble fraction can be easily determined and they are listed in
Table 5.

The results indicated that the soluble fractions were rich in SAN (75
and 88% of the soluble fractions, for latex R1 and R2 respectively) and
the insoluble fractions were rich in PB (65 and 72% of the insoluble
fractions). Since the insoluble fractions of both latexes were around 70%
or higher, it can be concluded that most of the SAN copolymer produced
was grafted onto polybutadiene chains. It is worth to note that in some of
the previous works the soluble phase has been considered exclusively
formed by SAN [7-11,18,19], but for the ABS latexes in this work this
assumption would introduce a substantial error in the calculation of
grafting properties when considering the results obtained by ATR-FTIR
technique.

3.3. NMR spectroscopy

To obtain trustworthy and quantitative results in NMR spectroscopy,
the spectrum should present both good resolution and sensitivity. It is
known that the resolution depends on the mobility of the polymer
chains, while the sensitivity is related to the concentration of the sample
[22]. As mentioned above, the soluble phase of the polymer was

Table 5

analysed by NMR liquid-state, which presents high resolution due to the
solubility of the sample and hence, high mobility of the polymer chains
[22,23]. However, the insoluble phase cannot be dissolved in any good
solvent (such as, chloroform (CDCl3), DMSO or THF) due to the cross-
linking and grafting nature of this polymer fraction; therefore mobility
of the chains is limited. In order to characterize the insoluble phase of
the polymer, solid-state NMR was used, in which 13C NMR spectra were
recorded for quantitative analysis since the 'H spectrum was not suitable
for its quantification.

First, the **C NMR analysis were performed at room temperature and
the spectra obtained did not show any peak corresponding to the SAN
copolymer. This was attributed to the fact that, ABS polymers have
several Tgs, one corresponding to the PB below 0 °C, so at room tem-
perature PB chains have mobility, however, the Tg corresponding to the
SAN copolymer is around 100 °C, as a results of which SAN chains have
little or no mobility. To overcome the lack of mobility of SAN copolymer
chains at room temperature, few drops of THF were added to the ABS
samples and allowed to swell for 48 h. The THF allowed swelling and
plasticization of the SAN polymer grafted to PB and increase the
mobility of the chains making possible to detect the shifts corresponding
to SAN, which were elusive at room temperature. This strategy of adding
small amount of THF to a sample to be analysed by solid-state NMR was
successfully applied to other crosslinked polymer systems previously
[21,22].

Fig. 4 shows the 'H NMR spectrum of the soluble fraction of R1 latex.
The signal corresponding to the vinylic protons of PB were identified
around 5.25 ppm and the signal corresponding to the aromatic protons
of S were identified around 6.6-7.5 ppm. The contribution of AN was
obtained from the azeotropic relation between the S and AN in the SAN
copolymer, which was the composition of the S and AN monomers
employed in the feed (S/AN: 76/24 w/w) of the grafting semibatch
emulsion polymerizations used to synthesize the analysed ABS latexes.
The spectrum of the soluble phase of the latex R2 has the same peaks and
it is shown in Fig. 54 in the SI.

Mass percentages of each monomer in the soluble and insoluble fractions and weight fractions of SAN and PB in each fraction of R1 and R2 latexes determined by ATR-

FTIR spectroscopy.

Fraction AN (%) S (%) PB 1,4 (%) PB 1,2 (%) Xsan Xpp
R1 latex Soluble 18.9 + 1.7 56.4 + 1.5 14.6 + 0.2 10.1 +0.2 0.75 0.25

Insoluble 93+1.3 25.9 + 3.1 50.8 + 1.1 13.8 + 0.6 0.35 0.65
R2 latex Soluble 16.7 + 0.4 71.6 + 1.2 71403 4.6+0.2 0.88 0.12

Insoluble 5.6+ 0.5 22.0 £ 2.6 56.5 + 1.1 15.6 £ 1.2 0.28 0.72
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Fig. 4. Liquid-state 'H NMR spectrum of the soluble phase of R1 latex.

Fig. 5 displays the 13C NMR spectrum of the insoluble fraction of
latex R1. The signals corresponding to the vinylic carbon of 1,2-PB, the
nitrile group of AN and the tertiary carbon of S were identified at 114
ppm, 121 ppm and 144.7 ppm, respectively. The contribution of 1,4-cis-
PB and 1,4-trans-PB was obtained from the isomers ratio measured in
the PB seeds and it was assumed that this was maintained in the grafting
reactions (see Fig. S3 and Table S2 in the SI). The spectrum of the
insoluble fraction of R2 latex was similar and it is presented in the SI
(Fig. S5).

From the integrals of the characteristic peaks of the 'H and >C NMR
spectra, the fractions of SAN and PB for each phase were calculated and
the values are listed in Table 6.

Table 6 agrees well with the trends measured by ATR-FTIR (see
Table 5). In other words, both techniques agrees that the soluble frac-
tions were rich in SAN copolymer, but whereas for NMR this fraction is
almost pure SAN for ATR-FTIR the amount of PB is substantial (25 and
12 % for R1 and R2 latexes, respectively). For the insoluble fractions,
however, the agreement is far better.

The discrepancy in the determination of the SAN and PB fractions of
the soluble fraction is likely related with the calibration used for the

Ay
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Table 6
Fractions of SAN and PB in the soluble and insoluble fractions of ABS latexes R1

and R2 calculated by NMR spectroscopy.

Fraction XsaN Xpp
R1 latex Soluble 0.99 0.01

Insoluble 0.38 0.62
R2 latex Soluble 0.99 0.01

Insoluble 0.31 0.69

J J \
APV WD U W ) W

ATR-FTIR analysis. All the ABS standards used for calibration contained
PB amounts higher than 10%, and hence, the region at lower concen-
trations might not be well covered and consequently, the ATR-FTIR
overestimated the amount of PB. Another source for the discrepancy
comes from the fact the ATR-FTIR analyses the polymer close to the
surface (typical penetration depth of several microns), which in this case
might be richer in PB because of the lower energy of this polymer.

|
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90 80 70 60 50 40 30 20 10 0
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Fig. 5. Solid-state 1*C NMR spectrum of the insoluble phase of R1 latex.
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3.4. Determination of grafting properties

As it has been explained so far, the SAN and PB fractions, Xsan and
Xpg, of the soluble and insoluble phase of the polymer were determined
by ATR-FTIR and NMR spectroscopies and they are summarized in Ta-
bles 5 and 6.

In order to asses if the discrepancy found in the compositions of the
soluble fractions was coming from the ATR-FTIR analysis, the total
fractions (soluble plus insoluble) of SAN and PB were determined from
the data of Tables 5 and 6, and they were compared with the fractions of
SAN and PB used in the formulation and the conversion achieved in each
polymerization. Table 7 presents the results.

The total SAN and PB fractions obtained by ATR-FTIR method
showed a significant difference compared to the composition of the
formulation. However, total SAN and PB fractions obtained by the NMR
method, were in very good agreement with the formulation employed in
both experiments. Therefore, it can be concluded that the error associ-
ated with the determination of the composition of the soluble fraction by
ATR-FTIR, associated as discussed before with the inaccuracies of the
calibration at low PB contents or preferential presence of PB in the
surface, makes the analysis by NMR more accurate and robust.

Moreover, using the SAN and PB fractions of the soluble and insol-
uble phase obtained by ATR-FTIR and NMR spectroscopies, and the
masses of the soluble and insoluble phase obtained by ultracentrifuga-
tion, the weights needed to determine the GD and GE were calculated
using the following equations:

W (grafted SAN) = m - @ insol - X (SAN, insol) 3)
W (free SAN) = m - @ sol - X (SAN, sol) (€))
W (insoluble PB) = m - @ insol - X (PB, insol) 5)
W (soluble PB) = m - @ sol - X(PB, sol) 6)

where m is the total mass of the sample, @ sol and @ insol are the soluble
and insoluble fractions of the ABS polymer in the sample and X (SAN,
sol), X (SAN, insol) and X (PB, sol) and X (PB, insol) are the free SAN
fraction in the soluble phase, grafted SAN fraction in the insoluble phase
and polybutadiene fraction in the soluble and insoluble phase of the
sample, respectively.

With this information and the GD and GE equations presented in the
Introduction (Eq (1) and Eq (2)), the grafting properties were calculated
and the results for both ABS polymer latexes, R1 and R2, are shown in
Table 8.

In an attempt to rationalize the different methods proposed in the
literature to calculate GD and GE in ABS latexes, we have compared the
results obtained with the more reliable method obtained in this work
(which consisted on the separation of the soluble and insoluble phases
by ultracentrifugation in AcOH plus the characterization of each fraction
by NMR spectroscopy) with the methods used by different authors,
discussed in the introduction; namely, we used the equations proposed
by the authors and we input the data gathered in this work as indicated
below (see Table 9).

In method a) and b), the fraction of the soluble [7-10] or insoluble
[2-4,11-16] phase combined with the values taken from the formula-
tion were used to calculate the GD and GE. In the method c) developed
by Kuhn et al. [17], the fraction of the insoluble phase of the polymer

Table 7
SAN and PB fractions of each latex sample calculated from ATR.FTIR, NMR and
from the formulation used to synthesize R1 and R2 latexes.

ATR-FTIR Formulation NMR
SAN (%) PB (%) SAN (%) PB (%) SAN (%) PB (%)
R1 latex 43.8 56.2 50.3 49.7 50.1 49.9

R2 latex 36.7 63.3 39.0 61.0 40.0 60.0
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Table 8
GD and GE values obtained by ATR-FTIR and NMR methods.
ATR-FTIR NMR
GD (%) GE (%) GD (%) GE (%)
R1 latex 49.4 63.5 60.1 59.9
R2 latex 37.2 64.2 44.8 67.4

and the SAN and PB fractions obtained from the characterization of this
insoluble phase (by ATR-FTIR spectroscopy) were used to determine the
grafting properties. Method d) is the preferred analysis obtained in this
work using NMR analysis. The values of GD and GE calculated by the
four methods for the two ABS latexes are shown in Table 9.

Table 9 presents interesting information regarding the different
methods. Method a) and b) are the easiest ones because they only need
information of the soluble and insoluble fractions; the rest is taken from
the formulation. GD are equal for both methods (note that since @ sol
and @ insol are obtained from the same experiment & sol =1- g insol, and
hence both equations are the same (see legend in Table 9). The calcu-
lation of GE differs because method b) accounts for the SAN conversion
and the total SAN in the denominator is smaller, leading to higher GE in
method b). Method c) [17], does not rely on the formulation to calculate
the grafted amount of SAN, but it analyses the composition of the
insoluble fraction obtaining a more accurate amount of the SAN grafted
to PB (in the literature FTIR was used to determine such composition
and hence, here we also used the ATR-FTIR composition). As it can be
seen in Table 9, the GE and GD values calculated by method c) are
smaller than those calculated my methods a) and b) because the latter,
using only information of the formulation, overestimate the amount of
grafted SAN, in other words, the fraction of PB in the formulation is
smaller than the actual fraction on the insoluble polymer. Method d)
differs from method c) in that NMR is used to calculate the composition
of the insoluble fraction and to calculate the total amount of poly-
butadiene in the sample (denominator of GD) and total SAN in the
sample (denominator of GE), the values calculated from the composi-
tional analysis of the soluble and insoluble fractions measured by NMR
are considered. The GD and GE values obtained by method c), although
closer to those of method d), they still present some differences that
should be attributed to the lower accuracy on the measurement of the
composition of SAN by ATR-FTIR and the use of the formulation to
determine the total amounts of PB and SAN in the ABS latexes.

4. Conclusions

The characterization of grafting properties of ABS latexes using NMR
spectroscopy has been for the first time performed in this work. In order
to obtain the contributions of all the polymer fractions that form the ABS
polymer, suitable conditions have been found for both solid-state and
liquid-state NMR experiments. The results showed that NMR spectros-
copy is more accurate than ATR-FTIR spectroscopy when it comes to
quantifying the soluble and insoluble phase of the ABS polymer. NMR
technique was able to determine the contributions of the two phases that
formed the ABS polymer without the need of a calibration.

In addition, we assessed the methods presented in the literature by
comparing the GD and GE calculated in this work for latexes R1 and R2
with the values obtained for the simpler methods that only used the
soluble and insoluble fraction plus information from the formulation
(methods a and b), and with method c that in addition to the insoluble
fraction of the ABS polymer, it measures the composition of this fraction
by ATR-FTIR. We found that the simpler methods (a and b) largely
overestimate the GE and GD values and preferably should not be used.
Method c) provides values that do deviate from the more accurate values
obtained with method d) (deviations in the range 0.5-9.5%), but are still
reasonable. Due to the fact that method d) is more time consuming that
method c) (both the soluble and insoluble phases are analysed by NMR)
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Table 9

GD and GE values calculated with the a), b) and ¢) characterization methods discussed in the literature, and the GD and GE values calculated with the method
developed in this work d).

Method a) Method b) Method c) d) This work
GD (%) GE (%) GD (%) GE (%) GD (%) GE (%) GD (%) GE (%)
R1 latex 70.4 66.6 70.4 68.2 59.8 57.9 60.1 59.9
R2 latex 47.9 73.0 47.9 74.2 40.6 62.8 44.8 67.4
a)GD — m:[1 — Jsol — Y(PB)] GE — m-[1 — sol — Y(PB)]
m-Y(PB) m-[1 — Y(PB) — Y(NPS)]
m-[@insol — Y(PB)| m:[@insol — Y (PB)]
b)GD = GE =
)G mYBD) m-Y(SAN)-C
_ m:Zinsol- X(SAN, insol) . m-@insol-X(SAN, insol)
€)GD = m-Y (BD) GE = m-Y(SAN)-C
dGD — m-@insol-X(SAN, insol) m-@insol-X(SAN, insol)

G —
[m-@insol-X(PB, insol)] + [m- Osol-X(PB, sol)]qE ~ [m-@insol-X(SAN, insol)] + [m- Osol-X(SAN, sol)]

where m is the total mass of the sample and C is the overall conversion of the SAN copolymer, @ sol and @ insol are the soluble and insoluble fractions of the polymer in
the sample, Y (PB), Y (SAN) and Y (NPS) are the fractions of polybutadiene, styrene-acrylonitrile and non-polymerizable solids in the sample and X (SAN, sol), X (SAN,
insol) and X (PB, insol) are the fractions of free SAN in the soluble fraction, grafted SAN in the insoluble fractions and polybutadiene in the insoluble fraction of the

polymer. Method c) uses X (SAN, insol) from ATR-FTIR and in method d) all fractions are from NMR.

a good compromise can be to use method c) analyzing the insoluble
fraction by NMR that does not need a calibration.
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