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ABSTRACT

The nature of the species produced after sorption and thermal
polymerization of acrylic acid, methyl methacrylate and 4-vinylpyridine in
low density polyethylene-iron (IIT) oxide composite was investigated by
Mbssbaver and IR spectroscopies. The values of the Missbaver parameters
indicate no change in the oxidation state of irvon (III) in the LDPE-Fe O3
composite before and after sorption and thermal polymerization of \Z.he
monomers. Acrylic acid interacts with iron (III) oxide particles yielding
acrylates, hydroacrylates, polyacrylates and polyhydroacrylates. The
iron (ITI) oxide particles remained unchanged after sorption and thermal
polymerization of methyl methacrylate although some thermal polymerization
is observed in the presence of FeZO -doped IDPE. Tron (III) oxide acts as
catalyst for the radical polymeriza%ion of methyl methacrylate on LDPE—-Fe203.
The interaction of iron (III) oxide and 4-vinylpyridine after its sorptioh
and thermal polymerization in LDPE—Fe20 is mainly by coordination bonding
of the pyridine ring of the polymer & %he iron of Fe203.

INTRODUCTION

Missbauver spectroscopy has been widely used in polymer research
(1,2,3). Tt was shown to be a powerful method for analysis of the chemical

environment of polymers containing a suitable Mssbaver nucleus (4,5).
From the M3ssbauer parameters (isomer shift and quadrupole splitting)
significant information concerning the geometrical arrangement of the

coordination sphere and the symmetry of the charge distribution can be
extracted (6,7).

Iron {IIT) oxide doped polytetraflucorcethylene (PTFE) <cbtained by
sorption and in situ oxidation of iron pentacarbonyl Fe(Q0) has been
investigated by M3ssbauer spectroscopy (8). The iron (ITI) mscide in PTFE
matrix showed to be ultrafine, spherical superparamagnetic particles of
o Fe 03. Also the effect of X-rays on preirradiated P’I‘EE—FeZO followed by
acryiic acid (AA) sorption was investigated by Mssbauer spec%roscopy 9).

Iow density polyethylene (LDPE) can be modified by acrylic acid (2A)

sorption and in situ thermal polymerization (10). The extent of RA
polymerization is larger in iron (III) oxide doped IDPE. It has also been
cbserved that iron (III) oxide has a strong effect on the thermal

polymerizations of methyl methacrylate (MMR) and 4-vinylpyridine (4VP) in

LDPE—Fe203 composite matrix (11).

In this paper, we use Mdssbauer spectroscopy to obtain information
on the effect of iron (TIT) oxide on the thermal polymerization of vinyl

moncmers in LDPE-Fe203 camposite matrix.
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EXPERIMENTAL

Acrylic acid (AA) was supplied by Cia. Quimica Brasileira and
destilled under wacuum. Methyl methacrylate (MMA) and 4-vinylpyridine (4VP)
were purchased from Aldrich Chem. Co. Hydroquinone monomethyl ether (HMME)
was supplied by Cia. Rhodia Brasileira. It was purified by sUcessive
crystallization in acetone. Iron pentacarbonyl Fe(CO) . was supplied by
BASF (Germany) . Low density polyethylene (LDPE) sheet® (@=918g/10cm” ,
MI=1.15g/10 min.) were donated by Poliolefinas (S3o Paulo).

The sorption and in sity oxidation of Fe(CO)_. in IDPE films (3x4cm)
followed the procedure previously described (10). '1151e thermal polymerization
of vinyl monomers on LDPE—Fe203 compesite followed the procedure descri.ged
by Barros and CGalerbeck (10)T ~ The reaction was carried out at 90 ¢,
under N2 atmosphere.

Infrared spectra were recorded on a Perkin Elmer  spectrophotometer
mod. 283. The differential spectra were measured using a bare IDPE film in
the reference beam. Missbauer spectra were run before and after the monomer
sorption on LDPE-Fe. O, camposite. They were cbtained at room temperature,
using a CO(Rh) soure” in a conventional constant acceleration spectrometer
operating in a transmission geometry mode. Missbauer parameters were
determined by computer fitting using azleast—squaxe routine. The required
iron content in the sample was 5 mg/cn” which was achieved by folding wp
each film in several layers. The isomer shifts (IS) showed are relative to
metallic iron.

RESULTS

Filmg of IDPE-Fe 0, were immersed in AA (98%), MMA (99%) and 4vP
(98%) for specified perzoas of time at 90 OC. After reaction the films were
washed and dried. The mass increase for each sample were calculated by
gravimetry. The characteristics of the samples are specified in Table 1.

TABLE 1. Characteristics of sample after sorption and thermal polymerization
of vinyl monomers.

Sample Specification Fe, O

273 Mass Increment
(2) After Reaction (%)
S1 ]'.DPE—FeZO 3 0.3 ———
s2 I.DPE—Fe203 After AA Sorption 0.5 1.7
S3 LDPE-Fe 03 pfter MMA Sorption 0.4 49.8
S4 LDPE-Fe. O

273 After 4VP Sorption 0.6 1.5
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The IR spectra of the samples are shown in Fig. 1. Fig. la shows
the IR spectrum of I_DPE--Fe203 after AA sorption at 90 o ( sample S2). The
spectrum_showed strong sbsorption at 1770 em =1 ( v , C=0) and peaks ak
1630 el v, C=C)~ characteristic of AA monomer and at 1520-1570 om ~
(va , COO~) as discussed in previous work (10). LDPE-Fe O, after sorpticn
and thermal polymerization of MA (sample S3) showed an TR spectrum with
apesk at 1730 arrl (v, € =0) and absence of the pesk at 1630 cm ~1
(v, C=0C) Fig.1b.The spectrum of LDPE_Fe203 aftetr sorption and thermal
volymerization of 4VP (sample S4) showed peaks at 1610 em =1 ( v ,C =¢C
of %jyridine ring) and at 840 ecm ~1 ( § , CH of pyridine ring) and absence
of the peak at 940 am -1 ( &, CH vinyl) (Fig. 1c).

The M8ssbauer spectra of samples S2, S3, S4 and LDPE-Fe,0, composite
(S1), are shown in Fig. 2. The spectra showed similar pattermns of a dowblet

typical of superparamagnetic particles (12). However the MYssbauver parameters
showed different values (Table 2).

TABLE 2. M8ssbauver parameters of LDPE-Fe 0, after sorption and thermal
polymerization of vinyl moncmers.

Sample IS Qs r
(mm/s) (mm/s) (mm/s)
s1 0.36 0.79 0.31
52 0.36 0.82 0.26
S3 0.43 0.61 0.45
54 0.22 0.36 0.32

The sample S1 (LDPE—Fe2 03) exhibited IS=0.36 my/s characteristic
of Fe(III) with coordination “or” ionic bond (13). This value was similar
to that found to iron (TII) oxide doped PTFE matrix (IS-0.31-0.38 mm/s) (14).
The quadrupole splitting (QS) of 0.79 mm/s is characteristic of Fe(III) with
a highly asymmetric charge environment and it is in the range of the value
found to PTFE-Fe O3 (0S= 0.66-0.86 mm/s) (14) . According Klindig et al. (15)
the QS value found suggest an average of diameter particle size of 180-100AC
to the superparamagnetic Fe, 0., particles in IDPE matrix, previously

suggested to Fe203 doped 2P'13.FE (8).

LDPE-Fe O3 after AA sorption and thermal polymerization (S2) showed
Missbauer paranétexs values of IS 0.43mys and QS = 0.62 my's. They were
quite different of those found to LDPE—-Fe203 and PTFE after AA sorption
(9) but quite similar to the values found“td PTFE-Fe. O preirradiated or
after acetic acid sorption (Table 2). Theses values“afe similar to the
values found in the literature to ircn (IIT) acrylate (17). The IR spectrum

of the sample 52 also exhibited peak at 1520~1570 am "1  ( v a, CO0~) (10).
In this way iron (III) acrylate, hydroacrylate, poly (acrylate) and

poly (hydroacrylate) are found in LDPE—Fe203 after sorption
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and thermal polymerization of AA confirming our previous work (10).

LDPE-Fe 0., composite after sorption and thermal polymerization

of MA (S3) showed Tio sionificant changes of their Mdssbauer parameter
values (IS = 0.36 mm/s and QS = 0,82 my/s) as compared to that cbtained to
LDPE-Fe 0., (Table 2). This suggests the same environment for iron (ITI)

oxide p%rgicles before and after MMA sorption and thermal polymerization .
The Fe O3 particles in LDPE matrix do not interact with MMA during the
thermai rolymerization into the matrix.

The Missbauer spectrum of LDPE-Fe203 after sorption and thermal
polymerization of 4VP exhibited different par@méters compared to those
cbserved for IDPE—FeZO (Table 2). The IS value of 0.22 mm/s and QS =
0.36 m/s are lower ghan those doserved to LDPE-Fe O3 . The low values of
IS and QS indicate that Fe (III) is in a quite symmefric and in a high
electronic density environment. Also, the IR spectrum of LDPE—FeZO 4 after
sorption and thermal polymerization of 4VP showed a shift of gcm of the
peak at 1605 a1l (4 , C—C pyridine ring). The low IS value and the shift
coserved in the IR spectrum sUggest a coordination of iron (IIT) to poly

(avP) (1).
DISCUSSION

The M3ssbaver spectra recorded for several samples revealed the
nature of the species produced after the sorption and thermal polymerization
of the monomers AA, MMA and 4VP on the composite matrix IDPE-Fe, 0.. Several
proposals for the effect of iron(ITI) oxide on the radical polymerization
of vinyl monomers are discussed in the literature (17, 18).

Iron (IIT) oxide can act as (18, 19):

i) catalyst, in the polymerization of MMA in aqueous solution by lowéring
theactivation energy of the reaction: ii) reaction activator by electron
transfer mechanism,

M + Fe (IIT) M* + Fe(II) + H'
1ii) inhibitor,

R* + Fe (III) — . RT + Fe (II) or,

R + Fe(III) — . R + Fe(II) H

However, Missbauver spectroscopy studies showed no chandges in the oxidation
state of iron (IITI) on LDPE—Fe203 composite before and after sorption and

thermal polvmerization of AA, and 4vP.
The iron (III) oxide remained unaltered after sorption and
thermal polymerization of MMA in LDPE—FeZO althoudh, the thermal

polymerization of MMA can be increased by Fe O3 doped in IDPE (11). Such
behavior was previously cbserved using AA (13) T It is probable that iron(IIT)
is acting as catalyst on the radical polymerization reaction lowering the
activation energy reaction of MA (17). These results also confirmed that

the AA interaction with iron (III) oxide after it sorption and thermal
polymerization on IDPE-Fe 0., matrix is on surface of oxide particles which
can sbsorb the AA monarer” (Producing acrylates, hydroacrylates, etc)

-increasing its local concentration and therefore the polymer formation as
suggested previougly (10). In this case, no change of the
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oxidation state of iron (III) oxide was detected by M8ssbauer
spectroscopy possibly due to the low concentration of the oxidized
species. '

Finally, the results obtained using LDPE~Fe,O after
sorption and thermal polymerization of 4VP suggest & Toordination
bonding between the iron (III) oxide and poly 4VP produced into
the matrix. The following squemes are proposed for the interaction:
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