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I 'troductmn

Nanocomposites result from the combination of materials with
stly different properties at the nanometer scale. Some examples of
¢ include: polymers combined with layered-silicate', polymers
mbmcd with nano-silica®™, hybnd materials prepared by sol-gel
wthods*, and POSS nanocompasites®. All these materials. exhibit many
Eifique properties, such as improved thermal- stability, . reduced
; ammablhty, improved mechanical properties, etc. However, for
Fopocessful preparation .of nanocomposites, and for their subsequent
Bincorporation into end-products, nanocomposites must maintain their
iqueé chemical and physical properties during processing. We report
e’re on our recent results, which show improved thermal stability (140 °C
? igher) for new organic cationic treatments used to compatibilize layeréd-
Ehxlxcatcs with polymers and monomers. This work was motivated by
%:oncem about processing degradation, which we
gholymer/montmorilionite (MMT) nanocomposites.

observed - in

;Expenmental : ‘
r;s, The polystyrene used here was Dow - Styron 663
(M 290,000)*. The preparation of polystyrene /montmorillonite (MMT)

Siamples, was done via extrusion in a twin-screw extruder (25 mm) at
%‘?1205 °C. Polyamide-6/MMT nanocomposites were obtained from Ube
%—“b'Amenca New York, NY; and Southern Clay Products Inc., Gonzales,
,éf_l.IX Ethyl methyl imidazolium BF; salt (EMIM"™ BFy) was prepared
; 'accordmg 1o a literature proccdurc EMIM-MMT was prepared using
standard ion exchange methods®. EMIM® BE, (1.7 mi, 1.1 mmol,
1.2 equivalent was added to a suspension of sodium MMT
(NaMMT, 10 g, cation exchange capacity(CEC) 0.90 mmol/g, Cloisite
5 Na', Southern Clay Products) in water (100 mL) at room temperature.
#The . resulting precipitate was collected and washed in_a - Soxhlet
extractor, using ethanol, overnight to remove excess EMIM salts. EMIM-
MMT was dried at 90 °C for 1 h and at 150 °C for 2 h, X-ray diffraction
(XRD) data were collected on a Phillips diffractometer using Cu Ko
radiation, (A=0.1505945 nm) at ambient temperatures with a 0.02 2q step
size and a 2 s count time. Thermal gravimetric analysis (TGA) data were
# collected from 30 °C to 700 °C at 10 °C/min under N, using a TA
L{é Instruments SDT 2960.. Each sample was run in triplicate. M., data from

% ge! permeation chromatography (GPC) was calibrated with PS M,
msxzxndards

Resuls and Discussion :

The onset of thermal dccomposmon (Toe) of (he organic
‘modification associated thh a laycred silicate sets the upper limit on the
¥ processing  lemperature preparing  polymer layered-silicate
‘Emanocomposues and for addmonal processing {injection or compression
dlmolding, etc.) of the nanocomposite. We have observed degradation
: durmg processing of both PS/MMT’ and PA-6/MMT nanocomposites ™.
The extrusion of PS with a1 quaternary ammonium modified
,,ﬂM\AT (AMMT), -in 2 twin-screw extruder at 205 °C, results in a
i nanocomposite  with both exfoliated individual MMT layers and
intercalated MMT tactoids'’. However, as the GPC data in Figure 1
shows, the molecular weight (My) of the PS is degraded under these
¥ processing conditions. Furthermore. as the amount of AMMT is
mcreascd from 2 % to 5 % the extent of M, degradation increases. The

effect levels off between 5 % and 10 % loading of AMMT. A previous
TGA-FTIR study also shows evidence for aliphatic dccomposmon
products, in addition to styrene, from the PS/AMMT samples'?,

Finally, since the M. degradation does not occur when pure
polymer is extruded, or if the PS is extruded with NaMMT, it appears that
the presence of the quaternary ammonium in the MMT is responsible for
this phenomenon. This degradation is of particular concern in our efforts
to reduce the flammability of PS, since this effect must work in
opposition to the flame retardant effect of nano-dispersed MMT'Z In
addition, this could also limit the improvements in other physical
properties abserved for PS/MMT nanocomposites.
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Flgure 1. GPC data for PS/AMMT nanocomposites. Significant loss of
M.,* is evident at all concentrations of AMMT. Standard uncertainty in
the M, data is shown as an error bar in the plot.

Although, it has been suggested that processing stabilizers
might be used here to minimize the processing degradation,
Krishnamoorti and co-workers have found that this is not very effective'>.
Processing at lower temperature can avoid this problem, but may not be
feasible for rapid manufacturing.

We have also observed processing degradation in PA-6/MMT
nanocompasites'. In a PA-6/MMT nanocomposite prepared by in situ
polymerization of caprolactam in the presence of alkyl-ammonium
modified MMT, we found (by NMR) the stability of the y-crystal phase
of PA-6 in the nanocomposite is severely lowered when the PA-6/MMT
was injection molded at 295 °C. In a PA-6/MMT nanocompaosite,
prepared by melt blending PA-6 with quaternary alkyl-ammonium
modified MMT (AMMT) at 225 °C in a twin screw extruder, we found
evidence (by NMR} of the thermal degradation products from quaternary
alkyl-ammonium. To facilitate rapid manufacturing, industrial processing
temperatures of PA-6 are in excess of 300 °C'*. Therefare, processing
stability at these temperatures is imperative if PA-6/MMT
nanocomposites are going to find real world use.

The elimination of a-olefins, following the Hofmann rule, is
the prlmary mechanism of thermal degradation of alkyl ammonium
compounds'®. A typical Ty reported for alkyl ammonium weated MMT
is 200 °C'. The processing conditions discussed abave are over 200 °C,
and so it is reasonable to expect that degradation of the AMMT will occur
while processing the nanocomposites as described abave.

To improve the thermal stability of cationic treatments usad to
compatibilize layered-silicates (and other anionic nano-materials) we
have prepared and evaluated alkyl imidazolium exchanged MMT. Ethyl
methyl imidazolium BF, salt (1 in Figure 2, (EMIM” BE,) contains a
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delocatized cation; it is a room temperature quuzd and is soluble in water
and polar organic sotveats'”. R

; @N/‘, , BF‘

N
&
Figure 2. Ethyl methyl imidazolium tétrafluoro borate, 1, R= ethyl.

Ton exchange of the EMIM"* for Na* in MMT yielded EMIM-
MMT. XRD analysis of EMIM-MMT (Figure 3) shows a d-spacing of
1.24 nm. This is a 0.14 nm increase in layer spacing, and corresponds to
the thickness of the plainer EMIM cation intercalated in the gallery in the
horizontal geometry. Figure 4 shows the comparison of the thermal
stabilities (in Nz) of AMMT and EMIM-MMT. The Ty of EMIM-MMT
is 140 °C higher than the Ty for AMMT, and the peak T (dTGA) is
175 °C higher for EMIM-MMT than that for AMMT. This significantly

improves the processing window for polymer/layered-silicate
nanocomposites. -
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Figure 3. XRD plots for Na-MMT and EMIM-MMT.
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Figure 4. TGA (in.N2) and derivative TGA (dTGA) of AMMT and
EMIM-MMT. Standard deviation for AMMT peak dmvdt is 0.43 "C, and
for EMIM MMT peak dm/dt is 0.98 °C

(17) Carlin, R. T. and Wilkes, J. S.
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Conclusions

The EMIM modified MMT is stable at high tempera
should allow standard processing of PS (>200 °C), PA-6 (> 30t
other polymers with high Tmew with organic-medified MMT
nanocomposites without processing degradation. Standard N-:
synthetic methods can be used to readily prepare long-chr
substituted imidazolium salts, and this will allow tuning
imidazolium treatment to compatibize it with monomers and pol;
the preparation of polymer layered- smcates with improved p
stability and potentially better properues
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