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ABSTRACT
Expandable polyamide-6/graphite composite (P-6/GC) is a new composite.
Expandable P-6/GC is provided with the exfoliated property while is heated
at 300oC. Owing to using an expandable reagent containing graphite carbon, electron transfers property of P-6/GC exfoliated has been strengthened. Infrared spectrum is applied to attest polyamide-6 on graphite worm.
Images of scanning electron microscope show worm-like morphology of
P-6/GC exfoliated. Comparing the volume resistivity of expandable P-6/GC
to P/-6GC exfoliated, the result is that P-6/GC exfoliated has stronger electron transfers than expandable P-6/GC.
 2007 Trade Science Inc. - INDIA

INTRODUCTION
Ployamide-6 (Nylon-6) is a very important engineering material and has been applied widely[1]. For
developing polyamide-6 application further, lots of
polyamide-6 nanocomposites have been prepared or
synthesized as well as. For instance, Fe2O3/PA-6
nanocomposite fiber[2], nano-Al2O3 reinforced polyamide-6 composites[3], polyamide-6/attapulgite nanocom
posite[4], titanate-modified boehmite-polyamide-6
nanocomposites[5], polyamide-6-boehmite nanocom
posites[6], expandable graphite/polyamide-6 nanocom
posites[7], polyamide-6/clay nanocomposites[8], nylon
6-montmorillonite nanocomposite membranes[9], polyamide-6/maleated styrene-butylene-co-ethylene–styrene
nanocomposites[10] and so on have been prepared.

Composite;
Covering;
Nylon-6;
Expanded graphite;
Volume resistivity.

Recently we also prepare a new polyamide-6/
graphite composite, and the composite is also by way
of a middle substance and has a very especial physical
property. When it is heated at 3000C, it can be expanded. Therefore, the composite is called as expandable polyamide-6/graphite composite (expandable P6/GC). An expandable reagent plays an important role
in expandable process. The composite expanded is
called as well as polyamide-6/graphite composite exfoliated (P-6/GC exfoliated). P-6/GC exfoliated possesses a specific morphology like graphite worm[11] and
be covered evenly by polyamide-6. Meanwhile, P-6/
GC exfoliated is provided with stronger electron transfers property. If P-6/GC exfoliated was applied to produce some materials, we would believe it should be a
very potential polyamide-6 composite.
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EXPERIMENTAL

According to the previous work[12] 5.0g(0.417mol)
of flake graphite, 7.0g(0.070mol) of perchloric acid,
4.0g(0.067mol) of glacial acetic acid and 2.0g
(0.007mol) of potassium dichromate were placed into
a dry three-neck flask equipped with a thermometer, a
stirrer and a condenser. Continually stir the mixture for
60min at 450C, and then wash to neutrality in water,
dehydrate and dry at the temperature of 50600C. Finally obtain the expandable reagent.

of expandable P-6/GC flake. Comparing the image to
one of exfoliated graphite[13], it is not difficult to discover that their morphology is very similar. Thereby the
morphology is called as graphite worm. In addition, we
also see there are some clusters of petals on the graphite worm, and it is very apparent that the petals are also
covered by white materials.
In order to determine the structure of white materials, we applied Fourier transform infrared(FTIR-8900
Shimadzu Corporation, Japan) set up spectra of expandable P-6/GC and P-6/GC exfoliated, the result
showed that both of the FTIR spectra had the same
absorptive peaks formation, and all of them had the
same place of absorption wavenumbers. They were at
1570cm -1(N-H wag), 1630cm -1(C=O stretch),
2880cm-1(-CH-stretch), 2940cm-1(-CH2-stretch) and
3420cm-1(N-H stretch), respectively. Whereas, the
characteristic absorption peaks of polyamode-6 existed
in the spectra, we could confer the white materials might
be polyamide-6, and the covering was also quite even.

Preparation of expandable polyamide-6/ graphite
composites

XRD analysis of graphite, expandable reagent and
expandable P-6/GC

Under a dry nitrogen gas stream, expendable reagent, caprolactam and 6-amino-caproic acid were
mixed, continually stir at 70800C, then distilled water
and catalyzer were put into the mixture, raise the temperature to 2600C and react for 12h, filtrate and dry in
vacuum at the temperature of 50600C, finally expandable P-6/GC was obtained. Putting 1g of expandable
P-6/GC into a tubular furnace at 3000C for 1 min, and
get P-6/GC exfoliated.

Figure 2 is XRD patterns of graphite (a), expandable reagent (b) and expandable P-6/GC (c). We can
see there are two characteristic diffraction angles, they
are at 2è=26.820C and 2=55.210C, respectively. If it
is taken for characteristic diffraction peaks that the characteristic diffraction angles correspond to peaks, well
then flake graphite has two characteristic diffraction
peaks. Analyzing the pattern of expandable reagent, the
characteristic diffraction peak which 2=55.210C is

Materials
Nature graphite(NG) which carbon content was
99% and an average of flake size was 320ìm. Potassium dichromate with purity of 99.8wt.%. Glacial acetic acid, perchloric acid, caprolactam and 6-amino-caproic acid with percentages were 97.0wt. %,
72.0wt.%, 99.5wt.% and 99.5wt.% respectively.
Fabrication of expendable reagent

RESULTS AND DISCUSSION
SEM and FTIR analysis of expandable P-6/GC
and P-6/GC exfoliated
SEM(S-570, Japan.) images of expandable P-6/
GC and P-6/GC exfoliated are shown in figure 1. Figure 1a is an image of expandable P-6/GC, and figure
1b-d is images of P-6/GC exfoliated. Figure 1a displays the expandable P-6/GC is a heap of flakes, but
the flakes are different from graphite flakes, because
the flakes have been covered by white materials. Figure 1b is an image which expandable P-6/GC is heated
to produce P-6/GC exfoliated, and comes from a piece

Figure 1 : SEM images of expandable P-6/GC and P-6/GC
exfoliated
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graphite layers structure still exist in expandable reagent.
Both of difference is merely on layers distance. The
characteristic diffraction peaks at 2=26.820C in expandable P-6/GC is also retained. It shows that expandable P-6/GC is a flak graphite structure. But the
structure is different from flake graphite or GIC, the
surface and endothecium of flake graphite have been
covered and filled by polyamide-6. This condition has
been proved that characteristic diffraction peaks are at
about 2=1.160, 20.130 and 23.910 in expandable
P-6/GC. Because three characteristic diffraction peaks
represent coexistence crystal of  and  polyamide-6
structure.
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Analysis of electron transfer property on expandable P-6/GC and P-6/GC exfoliated

Intensity
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Figure 2 : XRD patterns of graphite, expandable reagent
and P-6/GC
TABLE 1 : The volume resistivity values of expandable P-6/
GC and P-6/GC exfoliated
Composite

ñ (cm)

Composite

10 14
Expandable
P-6/GC

3.6108
1.4106
9.5103
380

ñ (cm)
2.3106

P-6/GC
exfoliated

9.8103
1.6103
385
55

homologous in graphite is divided into two. This explains expandable reagent is very like a kind of graphite
intercalation compounds (GIC)[12]. 2=26.82 of the
characteristic diffraction peak is reserved illuminates
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Here is volume resistivity values delegated as electron transfer ability,the bigger volume resistivity values
are, the smaller the electron transfer ability is. The values are calculated according to the following equation:
=RA/l. Where is a value (/cm) of volume resistivity; R is a value() of sample resistivity, and l the
length of sample(cm), and A the area of sample(cm2).
For reviewing the electron transfer ability of expandable P-6/GC and P-6/GC exfoliated, five kinds of
expandable P-6/GC and P-6/GC exfoliated were prepared apart, and the expandable reagent of mass
ratios(wt. %) were 1,2,4,6 and 8%, respectively. Their
volume resistivity values were calculated and shown in
TABLE 1.
When the mass ratio is 1%, the volume resistivity
value of expandable P-6/GC is almost equal to pure
polyamide-6(=1014 cm). The values of expandable
P-6/GC decreases fast from 3.6108 to 380cm, while
expandable reagent mass is added from 2% to 8%. It
implies that the electron transfer ability of expandable
P-6/GC is reinforced surely in the process. Comparing
P-6/GC exfoliated to expandable P-6/GC, the value of
P-6/GC exfoliated is 2.3106cm, moreover, the value
of expandable P-6/GC is 1014cm while the mass ratio is 1%. It is apparent that the value of the front is out
and away smaller than the latter. It also suggests that
the electron transfer ability of P-6/GC exfoliated is much
stronger than expandable P-6/GC.
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Expandable P-6/GC is not only a new composite;
it is but also a very important middle composite. When
heated to produce P-6/GC, the electron transfer ability
is strengthened, and P-6/GC exfoliated has an especial
morphology of graphite worm. In addition, expandable
P-6/GC is prepared very industrially. We can expect
P-6/GC exfoliated will have more physical and chemical properties to be discovered in the future, due to
having the morphology of graphite worm. Of course,
this article reports merely a way to modify the physical
or chemical properties of polyamide-6 composites. But
we think that the way possesses a directive sense for
preparing other expandable composites, therefore, we
recommend the way is applied to modify polymers and
reinforce electron transfer ability of polymers.
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