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Summary

The influence of processing temperature and the presence of the reactive modifier, m-
phenylene bismaleimide (BlM on the fomation of highly filled polyethylene/Mg(OH)
composites has been investigated using central composite desighodmetinfrared
spectroscopic and differential scanning calorimetric eviderpreduced suggests that
maleimide C=Cbonds are involved in a free inadlly induced process which leads to
extended and crosslinked polyethylene chains being produced, some of which lateapsu
the filler particles, resulting iformation of a crosslinked intghase. This effict resulted in
increased tensile strength and reduced composite melt flow rate (MFR).

Introduction

Presently, considerable interest is being shown in the use of magnesium hydroxide based
polyolefin compositesfor the prodeation of flame retardant mouldings which not only
meet the UL94 VO (verticalburn) mting, but also meet the various political and
environmental demands$or arteficts which display low smoke and toxic gas emissions
when in a fire (1). However, the large amount (aast 60% by weight) of the lame
retardant magnesium hydroxide required in the coitgosto achieve these desirable
features, creates major difficulties in relation to filler-matrix mixing and rpedtessing, as
well as potentially severely cagmomising final composite mechanicalpropeties,
particularly tensile and impact strengtli@d). To a some extent these diffites can be
overcome by treatment of the filler particles with special coatings that modify the filler's
surface characteristics such that its dispersibility in the matrix and/or filler-matrix adhesion
are significantly inproved (3-9).

In our laboratories, a wvemty of filler coating/oupling agents are currently being
investigated, as it is now widely recognised that thierfpolymer matrix intephase is a
critical region in relation to optimisation of composite mechanjp@lpeties. Certain vinyl
silanes, maleanised ptiutadiene and m-phenylene m@leimide (BMI) (10-12) are
proving to be padrcularly interesting agents, as they appear to facilitate the chemical or
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physcal bonding of fller particles to the polymer matrix anaffer scope for the
prodwction of composites with acceptable mechanigabpeties. Indeed, our studies of
vinyl silane or maleanised pdiutadiene treated Mg(OKubber modified polypropylene
(PP) composites indicate that when the materials are blended in the presence rokide pe
initiator, the individual iller particles are encapsulated by the dispensdiber phase which
is also chemicallybonded to the polyolefimmatrix (13,14). We Blieve that thisrubbery
interphase between thellér particle sirface and the thermoplastic matrix is anpartant
pre-requisite in achieving aood lalance between composite strength armighness.
Currently, we are investaying the use of BMI as an alternative to a vinyl silane or
maleanised pgbutadiene in the Mg(OHPP system.

The purpose of this paper, which is one of a number of closelgted papers we are
publishing in this topic area, is to report on studies that we have been undertaking on the
incorpoition of BMI in a Mg(OHYpolyethylene (PE) composite at the blending stage,
and the impact that this can have on compogitecessing and productmechanical
propeties. During the blending of the materials, we believed that thermo-mechanically
generated PE free radicals react with the BMI Cgups to produce extended or
crosslinked PE structures. Of particular interestour studies has been the nature of the
interphase between thelldr particle and the PE matrix, the type and level bafnding
between filler arface and the matrix, and the ammt of polymer physally or chemically

bound to filer particles.

Experimental

Materials Linear low density polyethylene (LLDPE) - Escorene LL 1004 YB was
supplied by Exon Cremicals, US; its Melt Flow Rate wak8 dg mirt (190 °C, 2.16 Kg).
Magnesium hydroxide was sumd by Duslo Sala, Slovakia. m-Phenylene bismaleimide
was a commercigiroduct supfed by VUAS, Padulice, Czech Rgublic.

Experiment design Factorial experimental design was used to assess the influence of BMI
concentration and blending temperature on composite Melt Flow Rate (MFR) and tensile
strength. Relevant datéor the two-hctorial rotatable central composite design with its
five levels for both BMI concerdtion and blending temperature are given in Table 1.
Thirteen trial formulations were investigated and the genei@m of the assoated second
order polynonial was as follows:

Y = by + biX; + byXo + biXiXs + byXs' + b Xy

Composite formatiorMg(OH), (60% w/w), LLDPE and BMI weremelt blended with
using a two roll mill the temperature region ©60-189°C (10 minutes mixingime) and
0.8 mm thick test plagues were formed by compression moulding. A cdenpmmntaining
the filler but no BMI, and annfilled matrix control was also prepared.
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Table 1 Coded and real values for experimental design

factor -1.414 -1 0 1 1.414 Li

X; |temperature | 160.86 | 165 | 175 185 | 189.14 | 10
C)
X, BMI 0286 | 0.7 1.7 27 | 3.114 1
(wt. %)

Mechanical testingASTM D 638M Type M-Il tende dumbbell test pieces were cut
from the compression mouldedestts and tensile strength was measured using a crosshead
speed of 50 mm min

Physico-chemical Analysed=iller-bound polymer level was deduced by egting a
sample of composite with xylene in a well laggeoxi8et apparatugor 72 hours, with the
thimble carrying the compide sample kept att30°C. After this period, &ices of xylene
were removed from the comptes residue by subjecting it to o$hlet extraction with
hexane for 24 hours. RaHly, the composite residue was dried overnight in an oven at
70°C. Diffuse reliectance Burier transform infrared sgtra (DRIFTS) of the residues
were obtained using a Nicol&10P FTIR benchitted with a Spectra-Tech DRIFTS cell.
Spectra were made up d50 scans with a resolution of 4 tmSpecimens were diluted
with finely ground KBr. The boundmatrix content was determined by mass loss on
ignition of the composite residuesit00°C.

Composite MFRs were measured &00°C using a 17.0 kg load, with a 5 minute
equilibration period prior to measurement. All other parameters were to AST288

Differential scanning calorimetry (DSC) studies were carried out using a Perkin-Elmer
DSC-7. Samples wereehted from 20°C to 150°C at 20°C niip held at 150°C for 5
minutes, cooled from 150°C to 20°C at 20°C Miand reheatedrom 20°C to 150°C at
20°C min'. Crydalline content was determineflom first heat melting adotherms, taking

the heat of fusion of perfectly crystalline PE2A3 J g.

Results and discussion

Figure 1 displays contour plotsieyded by the factorial experiment design analysis of the
blending of the Mg(OH) and PE in the presence of BMI. The influence of processing
temperature and BMI concentration on composite MFR and tensile strength are quite
clear. Composite tensile strength increases significantly with BMI concentration and
blending temperature. The data indicate that with the maximum BMI concentration of 3%
w/w and a maximum blending temperature 189°C, a compdte tensile strength 50%
higher than the unmodified composite can be obtained. Timéilled matrix and
unmodified composite achieved tensile strengt®iot and 19.4 MPa, resgtively.
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Figure 1 Contour plots showing the influence of BMI concentration and processing
temperature on the tensile strengths and MFR of Mg(OH),/LLDPE composites.

At high BMI levels and low blending temperatures the composite MFR is greater than that
of the unmodified composit¢4.6 dg mirf) and reflects aubrication effect Horded by the

BMI in the melt. However, as the BMI concentration and blending temperature increase
composite MFR falls significantly, as the likebiod of the development of extended or
crosslinked PE chains increases to a point where the composite MFR falls to such a low
level that the composite would be very difficultpiamcess.

The following studies focus on two composites, denoted A and B, which contain the
lowest (0.3% w/w) and highest levels (3.1% w/w) of BMI, exdjpvely. Blending
temperaturdor both was 175°C.
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Figure 2 DRIFTS spectra of dried composite residues; (a) composite B, (b) composite A,
and (c) BMI alone in KBr for comparison. (a) and (b) are normalised to the OH stretch of
Mg(OH), at 3697 cm'.

Following the removal of soluble materialsom Composes A and B, via hot xylene
Soxhlet extractions,bound polymer levels for these compes were determined to be
6.1% and 9.8%, resgtively. These values are in line withound polymer levels that we
have found with other siams we have investigat€s).

FTIR analyses of each of the dried composite residues left after hot xylene extraction of
Composites A and B (Gure 2 (a) and (b)), inchte the presence of an imiderimanyl
stretching abmrption centred at 1725 cm-1, with the absorption being strongest for the
residue from Compa® B, the composite containing the highest level of BMI. In both
these spectra, there is little evidenéar the presence of themaleimide alkene C-H
stretching bands aB110 cni. In addition, the C=C sttch at1600 cmi and C-H bending

at 1397 cril are also reduced in intensity relative pure BMI (Figure 2(c)). These
changes indicate that the maleimide alkene has reacted, presumably in the radical based
mechanism discussed below. Other changes associated with the BMI in the extracted
composites are also apparent and &rgher evidence for the foration of new bonds,

these are as follows: The imide ribanyl band shape in the eatted composites is
different to that of pure BMI and the band centred at 1240' @ppears to grow in
intensity at the expense of the pure BMI band at 1146. c@hemical interaction between

the Mg(OH) surface and the BMI could potentially occur via aboaylate salt thatforms

from base (Mg(OH) catalysed fission of the C(O)-Noond (15). However, infrared
evidence for famation of a ceboxylate salt is weak, hbugh a carboxgte salt cebonyl

may form a component of the reduced C=Cetstiing absrption at ca. 1600 cm
Further studies on these reactionsargoing and Wi be reported soon.

The crystallinity in theunfiled matrix and the composite based on untreated filler was
found to be 33% and 28%, respively (Fgure 3(a) and (b)). However, following
blending of the polymer and filler in the presence of BMI, the crystalline content and
maximum melting peak temperature had reducedl12e15% and ca. 75°C, resgively.
Figure 3(c) shows fusion behaviour iygl of all BMI based composites within the range
investigated.
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Figure 3 Matrix mass normalised DSC data (first heat) for; (a) unfilled matrix, (b)
composite based on untreated Mg(OH),, (c) composite containing BMI and Mg(OH),.

The polymer found bound to the Mg(QHjiller particles, however, was, as might be
expected, substantially lower in crystallinity; the two samples anal{Sedthpogstes A and
B) showed crystallinity values & 7% and 5.5%, resgtively.

We are interpreting the above evidence to suggest that frdealgdgenerated by the
thermo-mechanical degradation of the PE, consume the vast majority of maleimide alkene
groups in the fanation of branched/extended or crosslinked PE structures, some of which
become bound to theiller particles. The significant reduction in melting point and
crystalline content arisingrom BMI addtion shows that the chain branching/extension and
crosslinking effects are likely to pervadérdughout thematrix. If the crosslinking were
confined to the interphase region only, theeeffon matrix crystallisability would not be so
profound. This could be verified bgnelt blending of BMI and PE, followed by DSC and
xylene extraction of the hhel, however, our studies with other polyolefins (to be published
soon) have indated that reaction will not occur if Mg(OH)is absent. The latter
statement reflects an enhanced rate of thermo-mechanical degradation caused by the high
viscosity of the composite melt, relative to amfilled matrix'BMI blend. Given the
apparently high level of BMI associated PE crosshgki the bound matrix contents
obtainedfor the compases are unexpectedly low and may be an artefact associated with
crosslink degradation during the higlemperature xylene extracti. The nature of the
bonding of this polymer to theiller particles is farfrom clear. hgoing work, which will

be reported in the near future, has indicated the existence of &wme of intemaction.
However, our dta also sggests that theiller-matrix interaction within these composites
may not be entirely associated with chemical interactiongphgdcal/entrapmentprocess

may also be involved. Aimilar mechanism has been postulated by Demjén and co-
workers (16,17) for the ilane coated calcium daorate/PP composites they have
investigated, where they considered the filler particles to pbgscally linked to the
polypropylenematrix through an interphase of crosslinked polymer.
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Conclusions

Reactive meltprocessing of magnesium hydroxide and low density polyethylene with m-
phenylene bis-maleimide, particularly where the filler is the dominant phase, ftmd a
acceptable and useful composites, with higher tensile strengths thaanfiled polymer.
These results are in line with those achieved by us with similar basegrgmllene
systems, and once again reflect the effectiveness of the maleimidgoramoting
encapsulation of filler particles with an extended or crosslinked polyethylenephase
which, in the system being perted, is responsible for phgally binding the polyethylene
matrix to the filler particles and enhancing tenpilepeties.

Obituary During the course of wing this paper Dr Joe Hurst sadly died whilst on
University business in the Slovak Republic. This paper is dedicated to hisrynem
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