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ABSTRACT

A method far corpositiael aslysis of acrylic aoetings by pyralysis-gps draretogradsy
(Py-&C) is described. 2-Hydraxyethyl methacrylate (HEMA) -lbutyl acrylate (BA)-ethyl
nethecrylate (BVR) terpolymers cross-lirked with butoxy nelamine resin, axtaining either
TiO,, B 0, ar Carbm black pigrertt were used as model coating aonpourds. Pyrolysis was
perfamed at 590°C using a Aurde-point pyrolyzer .Wen the ratio of acrylic resin / melanine
resin in the coating sanple varied, the HAVB/EMA ratio in the pyrolytic products varied .
This ratio was also af fected by the kind ard the amont of the pigrent. Therefare, tile
HEMA /EMA ratio in the sanple cauld ot ke determined divectly . n the other hard, the
BA aotent cauld ke directly determined from the BA noarer/diner ratio in the pyrolytic
prodts. The aoposition of the acrylic resins in the coating sanples cauld ke caladlated
fran the BA cottent ard the BA/EVA ratio, directly by By-GC.

Coatings; gas chromatography; polymers; pyrolysis; resins.
INTRODUCTION

Acrylic resins are widely used as coating materials. Most of the coatings
are cross-linked with, for example, melamine resins by thermosetting and
contain various pigments [1]. Such coatings have been characterized using
IR or NMR after removal of the pigments. However, there is a need to
establish a direct and simple method of characterization for very small
samples of material, e.g. sub-milligram quantities.

Pyrolysis-gas chromatography (Py-GC) has been used for the characteri-
zation of very small samples of polymers regardless of their form [2-5] and
has been successfully applied to the compositional analysis of acrylic poly-
mer by using the characteristic peak area ratios on the pyrogram [6-8].

In this paper, the 2-hydroxyethyl methacrylate (HEMA)-butyl acrylate
(BA)-ethyl methacrylate (EMA) terpolymers cross-linked with a butoxy



malamine resin, containing TiO_, Fe O, or carbon black pigment were

2I
prepared as model compounds for acrylic coating polymers, and their

compositional analysis was studied.

EXPERIM ENTAL

Samples

The HEMA-BA-EMA terpolymers listed in Table 1 were synthesized as
described in a previous paper [6], These acrylic resins were mixed with a
butoxy melamine (Melane 22, Hitachi Chemical Co.) in dif ferent ratios,
coated on a glass plate with or without pigments such as Ti0O2 (JR-602,
Teikoku KaKo Co.), Fe203 (Bayferrox Iron Oxide Red 160M, Bayer) or
carbon black (Neospectramark II, Columbian Chemical Co.) and were then
thermoset at 170°C for 30 min. As summarized in Table 2, the prepared

coating samples were classified into three series: A, B and C.

Pyrolysis -gas chromatographic conditions

An induction heating Curie-point pyrolyzer (Japan Analytical Industry,
Model JHP-2) was used. A sample by less than 0.1 mg wrapped with a piece
of foil, whose Curie temperature was 590°C, was subjected to pyrolysis
under a flow of nitrogen carrier gas. A glass column (2 m x 3 mm LD.)
packed with 10% Thermon 3000 on Chromosorb W (60-80 mesh) was used
for the gas chromatographic separation. The column temperature was pro-
grammed from 50°C to 220°C at a rate of 5 °C /min.

TABLE1
Corpositian of terpolymer sanples
sanple carposition (mole%)
No.

HEMA BA EMA
1 10.0 20.0 70.0
2 10.0 45.0 45.0
3 20.0 70.0 20.0
4 20.0 20.0 60.0
5 20.0 40.0 40.0
6 40.0 60.0 20.0
7 40.0 20.0 40.0
8 40.0 30.0 30.0
9 40.0 40.0 20.0




TABLE 2

Prepared coatjng samples

Sample Acrylic resin Acrylic resin/ Pigment/resin

No melamine resin TiO2, Fe203 Carbon
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Idatification of the pesks was carried aut by a pyrolysis-gas dramiocg-
raphy-mBss gpectrareter system (JEOL, JMS-DX 303, electron impact, 70
ev) .

RESULIS AND DISCUSSION
Effet of aross-linked nelamine resin
The pyrograms of HEMA - BA-EMA terpolymer with or without cross-

linking with the butaxy melamine resin and that of butoxy melamine resin
are shown in Fig. 1 .The main pyrolytic products of the butoxy melamine
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Fig 1 Typical pyrogram of acrylic resin cross inked with butoxy melamne resin (a)
HEMA-BA-EMA terpolymer (b) butoxy melamine resin (c) cross hnked acryhic resin
(sample A 3 1n Table 2) Peaks 1=EMA 2 =isobutanol 3 = n butanol 4 = BA 5= HEMA
6 = BA dimer (1) CH,-CH,-CH, 7=BA dimer (2) CH,=C-CH,—CH,
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resin are isdoutanol and n-butanol, and those of the cross-linked polymer
consist of the products of HEMA-BA-EMA terpolymer in addition to the
characteristic anes of the melamine resin.

Fig. 2 shows the HEMA/EMA and BA/EMA peak area ratios on the
pyrogram for the A-series sanples in Table 2 as a function of the mixed
melamine content. The dashed line in Fig.2 indicates the values for the
HEMA -BA-EMA terpolymer without butoxy melamine resin. These data
show that as the melamine resin content increases the HEMA/EMA ratio
decreases but the BA/EMA ratio is almost constant regardless of the
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Fig 2 Vanation of HEMA/EMA and BA /EMA ratios 1n the pyrolytic products with the
melamine resin/acryhc resin ratio in the cross hnked polymer (a) A 1-A 4 samples in Table
2 (b) A 5-A 8 samples 1n Table 2 The dashed Line indicates the values without butoxy
melamine resin

coexisting melamire resin. The variation of the HEMA/EMA rabo in Fig. 2
isawsequemeoitkefactthattl'e - OH functional group of HEMA
mononer reacts with the N-CH (R functiaal gragp of melamine resin
by thermesetting.

Ef fect of piget

Tre ef fect of typicel pigrents sxhas TiR, Fe O, and carbmn Hack is
ghonn far the B-series sanples in Tadle 2.

Table 3 shows the variations of HEMA/EMA ad BA EMA mHes in
the pyralytic products with the pigrent carert in the saples. It is roted
that the HEMA/EMA ratio changes depending an the kind and the amount

TABLE 3

Vanation of HEMA/EMA and BA/EMA mole ratios n the pyrolytic products with the
kinds and the amounts of the pigments

Pigment Sample HEMA,/ BA/ Sample HEMA,/ BA/
Kind P/R* EMA EMA EMA EMA
Ti0, 10 B1 007 045 B7 057 047
Ti0, 20 B2 004 045 B3 041 047
Fe,0, 05 B3 010 044 B9 075 048
Fe,0, 10 B4 010 044 B10 071 049
Carbonblack 01 BS 014 046 B11 091 049
Carbon black 02 B6 013 045 B12 094 050
- - No2 015 044 No8 09 049

* P/R = pigment /resin (w/w)



of the pigments. In the case of carbon black pigment, this ratio is almost
constant, but in the case of the TiO, and Fe O, pigments, this ratio
decreases as the pigment content increases. The rate of decrease in TiO, is
lar ger than that in Fe O ..

The BA/EMA ratio is constant regardless of the kind and the amount of
the pigments. These data suggest that the ef fect of the pigments is more
significant for the degradation of the HEMA unit than for that of the BA
and EMA units.

Compositional analysis of acrylic resin

The results from Fig. 2 and Table 4 indicate that the HEMA/EMA ratio
among the pyrolytic products is af fected by the ratio of acrylic resin/mela-
mine resin, and the kinds and the amount of the pigments. Therefore, the
sample composition could not be directly obtained using the associated peak
ratios in the pyrolytic products. On the other hand, the BA/EMA ratio in
the sample might be determined directly from the corresponding pyrolytic
products, because the associated peak ratios are almost constant regardless
of the coexisting reagents. The BA/EMA ratio of the acrylic resin in the
coating is determined by the method reported in a previous paper for the
HEMA-acrylate-methacrylate terpolymers [6]. Fig. 3 shows the analytical
results for the C-series coating samples. The results are in good agreement
with those of the original terpolymer samples.

Then, the determination of BA content in the coating samples was
studied. In the usual radical reaction, the distribution is controlled by the
ratio of monomer feed in the reaction system. Furthermore, the acrylic
monomer/dimer ratio in the pyrolytic products changes depending on the
distribution of acrylate monomer units in the acrylate-metacrylate copoly-
mer [8]. Fig. 4 shows the relationship between the BA content in the
terpolymer in Table 1 and the observed BA monomer/dimer ratio in the
pyrolytic products. As the observed monomer/dimer ratio changes as a
TABLE 4

Results from the Py-GC analysis

Sample Composition (mole %) Result (mole %)

HEMA BA EMA HEMA BA EMA
C2 100 450 450 156 420 424
C3 100 700 200 73 700 227
C5S 200 400 400 265 350 385
Cé6 200 600 200 162 620 218
C8 400 300 300 366 320 314

(O 400 400 200 301 470 229
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Fig. 3. Correlation of the BA/EMA ratio in the sample and that obtained by pyrolytic
analysis. Samples: C-series samples in Table 2 containing 10 mole % (O), 20 mole % (®) and
40 mole % (a) of HEMA unit. Dotted line indicates 1:1 relationship between the two ratios.

function of the BA content, the composition of a given sample can be
determined using these relationships directly . Fig. 5 shows the relationships
between the BA content in the coating samples and the observed results

using the BA monomer/dimer ratio. These show good agreement.
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Fig 4 Relationships between the ratio of BA monomer/dimer 1n pyrolytic products and BA
content in HEMA-BA-EMA terpolymers Samples terpolymer samples in Table 1 contan
ing 10 mole % (O) 20 mole % (®) and 40 mole % (a) of HEMA unit In the case of samples
No 1 4 and 7 the BA monomer/dimer ratio can not be obtained owing to the small amount
of BA dimer product
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Fig. 5. Correlation of the BA content in the sample and that obtained by pyrolytic analysis.
Samples: C-series samples in Table 2 containing 10 mole % (O), 20 mole % (®) and 40 mole
% (&) of HEMA unit. In the case of samples C-1, C-4 and C-7, the BA content can not be
obtained owing to the small amount of BA dimer product.

Finally by combining the observed data for the BA/EMA ratio and the
BA content in the coating samples, the whole composition of the
HEMA-BA-EMA terpolymers can be calculated. As shown in Table 5,
there is good agreement between them. The relative error was within 9.1% by
the method described.

Reproducibility of data was studied for sample No. C-5. In six repeated
measurements of the monomer area ratio in the pyrogram, the standard
deviation and the coef ficients of variation of BA/EMA were 0.02 and 3.7%,
those of HEMA/EMA were 0.01 and 6.9%, and those of BA monomer/di-

mer were 1.58 and 9.3%, respectively.
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