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ABSTRACT

Expandabl e polyamide-6/graphite composite (P-6/GC) isanew composite.
Expandable P-6/GC isprovided with the exfoliated property whileisheated
at 300°C. Owing to using an expandable reagent containing graphite car-
bon, electron transfers property of P-6/GC exfoliated has been strength-
ened. Infrared spectrumis applied to attest polyamide-6 on graphite worm.
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Images of scanning electron microscope show worm-like morphology of
P-6/GC exfoliated. Comparing the volumeresistivity of expandable P-6/GC
to P/-6GC exfoliated, theresult isthat P-6/GC exfoliated has stronger el ec-

tron transfers than expandable P-6/GC.
© 2007 Trade Sciencelnc. - INDIA

INTRODUCTION

Ployamide-6 (Nylon-6) isavery important engi-
neering material and has been applied widely!™. For
devel oping polyamide-6 application further, lots of
polyamide-6 nanocomposites have been prepared or
synthesized as well as. For instance, Fe,O,/PA-6
nanocompositefiber?, nano-Al, O, reinforced polya-
mide-6 composites®, polyamide-6/attapul gite nanocom
posite, titanate-modified boehmite-polyamide-6
nanocomposites®, polyamide-6-boehmite nanocom
posites®, expandabl e graphite/polyamide-6 nanocom
posites”, polyamide-6/clay nanocomposites®, nylon
6-montmorillonite nanocomposite membranes?, polya
mide-6/md eated styrene-butylene-co-ethylene-styrene
nanocomposites'® and so on have been prepared.

Recently we also prepare a new polyamide-6/
graphite composite, and the compositeisalso by way
of amiddle substance and hasavery especid physica
property. When it is heated at 300°C, it can be ex-
panded. Therefore, thecompositeis caled asexpand-
abl e polyamide-6/graphite composite (expandable P-
6/GC). Anexpandablereagent playsanimportant role
in expandable process. The composite expanded is
called aswell as polyamide-6/graphite composite ex-
foliated (P-6/GC exfoliated). P-6/GC exfoliated pos-
sessesagpecific morphol ogy like graphitewormi*Y and
be covered evenly by polyamide-6. Meanwhile, P-6/
GC exfoliated isprovided with stronger el ectron trans-
fersproperty. If P-6/GC exfoliated wasapplied to pro-
duce some materials, wewould believeit should bea
very potentia polyamide-6 composite.
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EXPERIMENTAL

Materials

Nature graphite(NG) which carbon content was
99% and an average of flake sizewas 320um. Potas-
sium dichromatewith purity of 99.8wt.%. Glacia ace-
ticacid, perchloricacid, caprolactam and 6-amino-ca-
proic acid with percentages were 97.0wt. %,
72.0wt.%, 99.5wt.% and 99.5wt.% respectively.

Fabrication of expendablereagent

According to the previouswork!*? 5.0g(0.417mol)
of flake graphite, 7.0g(0.070mol) of perchloric acid,
4.09(0.067moal) of glacial acetic acid and 2.0g
(0.007mal) of potassium dichromatewere placedinto
adry three-neck flask equipped with athermometer, a
stirrer and acondenser. Continually stir themixturefor
60min at 45°C, and then wash to neutrality in water,
dehydrate and dry at the temperature of 50~60°C. Fi-
nally obtainthe expandabl ereagent.

Prepar ation of expandable polyamide-6/ graphite
composites

Under adry nitrogen gas stream, expendablere-
agent, caprolactam and 6-amino-caproic acid were
mixed, continually gtir at 70~80°C, then ditilled water
and catalyzer were put into the mixture, raisethetem-
peratureto 260°C and react for 12h, filtrateand dry in
vacuum at thetemperature of 50~60°C, findly expand-
able P-6/GC was obtained. Putting 1g of expandable
P-6/GC into atubular furnace at 300°C for 1 min, and
get P-6/GC exfoliated.

RESULTSAND DISCUSSION

SEM and FTIR analysis of expandable P-6/GC
and P-6/GC exfoliated

SEM(S-570, Japan.) images of expandable P-6/
GCand P-6/GC exfoliated areshowninfigure 1. Fig-
ure laisanimage of expandable P-6/GC, and figure
1b-disimages of P-6/GC exfoliated. Figure ladis-
playsthe expandable P-6/GC isaheap of flakes, but
theflakesaredifferent from graphiteflakes, because
theflakeshave been covered by white materias. Fig-
ure 1bisanimagewhich expandable P-6/GC isheated
to produce P-6/GC exfoliated, and comesfrom apiece
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of expandable P-6/GC flake. Comparing theimageto
oneof exfoliated graphite®¥, itisnot difficulttodis-
cover that their morphology isvery smilar. Thereby the
morphology iscaled asgraphiteworm. In addition, we
a s0 seethereare some clustersof petalson thegraph-
iteworm, and it isvery apparent that thepetalsarea so
covered by whitematerials.

Inorder to determinethe structure of white materi-
as, weapplied Fourier transforminfrared(FTIR-8900
Shimadzu Corporation, Japan) set up spectraof ex-
pandable 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 wereat
1570cm*(N-H wag), 1630cm(C=0 stretch),
2880cm*(-CH-stretch), 2940cm™*(-CH,-stretch) and
3420cm™(N-H stretch), respectively. Wheresas, the
characteristic absorption peaksof polyamode-6 existed
inthe spectra, wecould confer thewhitematerial smight
be polyamide-6, and the covering wasalso quite even.

XRD analysisof graphite, expandablereagent and
expandableP-6/GC

Figure2isXRD patterns of graphite (a), expand-
ablereagent (b) and expandable P-6/GC (c). Wecan
seetherearetwo characteristic diffraction angles, they
areat 26=26.82°C and 260=55.21°C, respectively. If it
istakenfor characteristic diffraction pesksthat the char-
acteristic diffraction angles correspond to peaks, well
then flake graphite hastwo characteristic diffraction
peaks. Analyzing the pattern of expandablereagent, the
characteristic diffraction peak which 26=55.21°Cis
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Figurel: SEM imagesof expandable P-6/GC and P-6/GC
exfoliated

—r—,  \l@CTOMoOlecules

Au Jndian Journal



148

Preparation and characteristic of expandable polyamide 6/graphite

MMAIJ, 3(4) December 2007

Full Poper ===

5000 a. Graphite

Intensity

000
5000
4000 4 b. Expandable Reagent
20004

20004

Intensty

1000

1800 ]
te00
1400 ] c. Expandable Polyanude/Graphite Composite
1200
1000

800

Intensty

600
400 +

\_,,..N\L o

o

200 I

] 2tdheta
Figure2: XRD patternsof graphite, expandablereagent
and P-6/GC

TABLE 1: Thevolumeresistivity valuesof expandable P-6/
GC and P-6/GC exfoliated

Composite p (Q-cm) Composite p (Q-cm)
10" 2.3x10°
3.6x10° 9.8x10°
Expandable 1 4x10P P-6/GC 1 6x10°
P-6/GC e exfoliated e
9.5x10° 385
380 55

homol ogousin graphiteisdivided into two. Thisex-
plainsexpandablereagent isvery likeakind of graphite
intercalation compounds (GIC)12, 260=26.82° of the
characteristic diffraction peak isreserved illuminates
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graphitelayersstructurestill existinexpandabl ereagent.
Both of differenceismerely onlayersdistance. The
characteristic diffraction peaksat 20=26.82°C in ex-
pandable P-6/GC is also retained. It shows that ex-
pandable P-6/GC isaflak graphitestructure. But the
structureisdifferent from flake graphiteor GIC, the
surface and endothecium of flake graphitehave been
covered andfilled by polyamide-6. Thiscondition has
been proved that characteristic diffraction pesksare at
about 26=1.16° 20.13° and 23.91° in expandable
P-6/GC. Becausethree characterigtic diffraction peaks
represent coexistence crystal of o andy polyamide-6
sructure.

Analysisof electron transfer property on expand-
able P-6/GC and P-6/GC exfoliated

Hereisvolumeresstivity vauesde egated aselec-
trontransfer ability,thebigger volumeresistivity values
are, thesmaler thedectrontransfer abilityis. Theval-
uesareca culated according to thefollowing equation:

p=RA/l. Where pisavalue (€2/cm) of volumere-
gdtivity; Risavaue(QQ) of sampleresigivity, and| the
length of sample(cm), and A the areaof sample(cn®?).

For reviewing the electron transfer ability of ex-
pandable P-6/GC and P-6/GC exfaliated, fivekinds of
expandable P-6/GC and P-6/GC exfoliated were pre-
pared apart, and the expandable reagent of mass
ratiog(wt. %) were 1,2,4,6 and 8%, respectively. Their
volumeresistivity valueswere ca culated and shownin
TABLE 1.

Whenthemassratiois 1%, thevolumeresistivity
value of expandable P-6/GC isalmost equal to pure
polyamide-6(p=10"Q-cm). Thevauesof expandable
P-6/GC decreasesfast from 3.6x108 to 380Q2-cm, while
expandabl e reagent massisadded from 2%to 8%. It
impliesthat the el ectrontransfer ability of expandable
P-6/GC isreinforced surely inthe process. Comparing
P-6/GC exfoliated to expandable P-6/GC, theva ue of
P-6/GC exfoliatedis2.3x10°Q2-cm, moreover, thevadue
of expandable P-6/GC is10*“Q-cmwhilethemassra
tiois1%. It isapparent that the value of thefront isout
and away smaller than thelatter. It al so suggeststhat
thedectrontrandsfer ability of P-6/GC exfoliatedismuch
stronger than expandable P-6/GC.
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CONCLUSION

Expandable P-6/GCisnot only anew composite;
itisbut aso avery important middlecomposite. When
heated to produce P-6/GC, the el ectron transfer ability
isstrengthened, and P-6/GC exfoliated hasan especia
morphology of graphiteworm. In addition, expandable
P-6/GC isprepared very industrially. We can expect
P-6/GC exfoliated will have more physica and chemi-
cal properties to be discovered in the future, dueto
having the morphol ogy of graphiteworm. Of course,
thisarticlereportsmerdy away to modify the physica
or chemicd propertiesof polyamide-6 composites. But
wethink that the way possesses adirective sensefor
preparing other expandable composites, therefore, we
recommend theway isapplied to modify polymersand
reinforcedectrontransfer ability of polymers.
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