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ntroduction
©" Research in the area of condensed phase flame retardants for polymers

Euzllly builds upon existing technologies, such as metal hydroxides (aluming,
nagnesium hydroxide) or phosphorus based materials. However, these
naterials tend to weaken mechanical properties while improving flammability
tsistance.  No major new flame retardant (FR) technology has emerged in
his area for quite some time.

" Polymer-clay nanocomposites have generated a great deal of interest
stely duc to improved mechanical and thermal properties.'  Also, they have
mproved flammability resistance while maintaining good mechanical
yoperties, a key advantage over existing condensed phase flame retardants?
tecent work in our laboratory in this areca has shown that polymer-clay
anocomposites have greatly reduced heat release rates.’ Further, we have
bserved polyruers which normally do not char, or leave any carbonaceous
%sidue upon buming, produce char in the presence of clay. Previously, we
sad investigated the flammability properties of polystyrene copolymers with
shosphates and the ability to crosslink via Friedel-Crafts chemistry’. The
wscarch presented here combines Friedel-Crafts technology with clay to
sbtain an improved flame-resistant polystyrene.

Ex.perim.;:nmlI
o Polystyrene nanocomposites were made on a B&P twin screw extruder
i 190 °C and 300 RPM. Two types of polystyrene were used, Dow Styron
§12 (PS) and a modified polystyrene from Marquette University (PS-Mrqt).
These two polymers were combined to form a 50/50 by mass blend. 8 mass%
thy (dimethyl dihydrogenated tallow) ammonium treated montmoritionite,
PAMMT\ was added to this 50/50 blend. The Marquette modified polystyrene
was 2 copolymer of styrene and 10% 4-vinylbenzyl alcohol. 10 mass% 2-
Fthylhexyl diphenyl phosphate was added to this copolymer.  The
polystyrene-clay nanocomposites were analyzed by transmission electron
microscopy  (TEM), thermal gravimetric analysis (TGA), and X-ray
'fh;ﬁ_"_ractinn (XRD). Flammability was evaluated by the Cone Calorimeter.
fy. . XRD data was collécted at ambient temperatures using CuK radiation
with a 0.02 2q step size and a 2 5 count time. Bright field TEM images of
polystyrene-clay nanocomposites were obtained at 120 kV, under low-dose
gonditions, with a Philips 400T electron microscope.  Polystyrene-clay
hanocomposites were uitramicrotomed with a diamond knife at 23 °C 10 give
&.’70 nm thick sections. The sections were transferred from water to carbon-
Foated Cu grids of 200 mesh. TGA data was collected from 30 to 700 °C at
#0:°C/min under N, using a TA Instruments SDT 2960. Cone Calorimeter
CXperiments were performed at an incident heat flux of 50 kW/m® using the
tone heater*. Peak heat release rate (HRR), mass loss rate (MLR), specific
<3l of combustion (H.), specific extinction area (SEA, a measure of smoke
density), ignition time {tien), carbon monoxide yield, carbon dioxide yield, and
becific heat of combustion data are reproducible to within % a fraction of 10
*o when measured at 50 kW/m? flux. The Cone data reported here are the
"Verage of three replicated experiments. The standard uncertainties (one
''gma) are shown as error bars on the plots of the Cone data. '

T,

B“““S and Discussion

5 We sought 1o evaluate polystyrene-clay nanocomposites with several
Hame Tetardancy mechanisms available for possible synergistic effects. By
Sing the Marquette University modified polystyrene, poly(styrene-co-4-
_Ylgy'lbcnzylalcohol, PS-Mrgt), we obtained the benefits of the Friedel-Crafts
" #pproach (2-ethylhexyl diphenyl phosphate + PS-Mrqt) and the

l:h"“’ci)mm"sitc: FR approach. We believed that the Friedel-Crafts approach,

which increases char yield, would act with the nano-dispersed clay to lower
the heat release rate (HRR) further.

The copolymer group (4-vinylbenzy! alcohol), has the further advantage
of giving better clay dispersion than normal polystyrene. The alcohol group,
being polar, can betier wet the surface of the clay, and should allow better
dispersion of the clay. XRD analysis (Fig. 1) of the § mass% A-MMT in a
50/50 blend of PS/PS-Mrqt material showed that there was an increascd
distance between clay layers (d-spacing). This increased d-spacing was larger
than the d-spacing observed for PS + 8 mass% A-MMT sample (Fig. 1) The
XRD data, combined with TEM analysis showed the material to be a well-
dispersed intercalated nanocomposite. (Fig. 2, 3). This indicates that the PS-
Mrgl material, with its polar groups, helps to give a more intercalated
polymer-clay nanocomposite.
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Figure 1. XRD plots of PS/A-MMT Blends

Figure 2. Low magnification TEM image of 8§ mass% A-MMT in 50/50
PS/PS-Mrqt blend.
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Figure 3. High magnification TEM image of 8 mass% A-MMT in 50/50
PS/PS-Mrqt blend.

Data from the cone calorimeter (Fig. 4) showed that the Friedel-Crafts
approach (50/50 PS/PS-Mrqt + phosphate blend) had an approximately 50%
lower peak HRR when compared to pure PS. Addition of A-MMT to this
blend lowered the peak HRR by another 27%. Pure PS + A-MMT lowers the
peak HRR by 70%. This gives the impression that A-MMT alone gives more
of a reduction in HRR than the PS-Mrqt + A-MMT combination does.
However, since no pure PS-Mrqt + A-MMT blend was made, this is not a fair
comparison. The cone calorimeter data shows that the Friedel-Crafis effect
significantly lowers the peak HRR, and the addition of nanodispersed A-
MMT lowers the peak HRR further, indicating at least a cooperative flame
retardant effect. Specifically, the two flame retardant mechanisms (Friedel-
Crafts and nanodispersed clay) do not counteract each other, but the effect is
neither strictly additive or synergistic.
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Figure 4. HRR data for PS+A-MMT samples.

Counclusions

Upon blending A-MMT with a 50/50 blend of PS and PS-Mrgqi-
obtained an intercalated polymer-clay nanocomposite. The cone caloriy
data indicates that the clay did help lower the HRR for the final prog
Further, the addition of the clay increased the total burn time for the mate,
Based upon these ohservations, it appears that clay nanocomposites
compatible with the Friedel-Crafts flame retardant mechanism provided by
PS-Mrqt material, but the improvement is not a pure synergistic one, The
an improvement in flammability, specifically a reduction of the peak W
when the PS-Mrqt material is combined with nancdispersed A-Mp
However, the reduction provided by the Friedel-Crafts mechanism comb;
with the nanodispersed clay is not as impressive as the nanodispersed ;
alone in PS. The real advantage to the PS-Mrgt system comes from
mmproved dispersion of the clay in the polymer which may help mechan
properties.
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