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Abstract : Graphiteintercalation compounds (GIC)
and exfoliated graphite (EG) asraw materid swerepre-
pared with flake graphite, concentrated sulphuric acid
(H,SO,), potassium bichromate (K,Cr,0O.) and per-
aceticacid (CH,CO,H) and characterized. Then, high-
density polyethylene-exfoliated graphite (HDPE-EG)
compositeswerefabricaedwith HDPE and EG viain
dtu synthesistechniquein thedifferent massratio, and
thar resdivity values(ohms/sg) weremeesured. Based
onthereddtivity va ues, it wasdiscovered that HDPE-
EG compositewith theantistatic property could befab-
ricated while the mass ratio was 5.00 : 0.30. Last,
HDPE-EG-duminium hydroxide(HDPE-EG-AI(OH),)
compositeswere manufactured with HDPE, GIC and
Al(OH),viatheinstu synthesis-therma expansiontech-

INTRODUCTION
Polyethylene (PE) isan insulative and flammable

macromolecule. In order to modify itselectric prop-
erty, so far polyethyl ene/polyamide composite coated

nique, andthar resdtivity valuesand limiting oxygenin-
dex (LOI) vaueswere measured. Based ontheresis-
tivity values and LOI values, it was discovered that
HDPE-EG-AI(OH), compositewiththeantistatic and
fireproof property could be manufactured whileHDPE,
GICsand Al(OH), of massratiowas5.00: 0.30: 1.00.
Othawise, thethe peta -like morphol ogy and structure
of HDPE-EG-AI(OH), compositewere characterized,
which consisted of EG HDPE and Al (OH),.

K eywords: Graphiteintercaation compounds; Ex-
foliated graphite; High-density polyethylene-exfoliated
grephitecomposite; High-density polyethylene-exfoli-
aed graphite-a uminium hydroxide composite; Anti-
stetic property; Fireproof property.

with silverl¥, polyethyl ene/graphite compaosites?, car-
bon nanotubesfilled polyethylenefilms?, polyethylene/
graphite/carbon fiber composites and polyethylene
terephthal ate/graphene nanocomposites® have been
manufactured. In order to modify itsfireproof prop-
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erty, sofar EVA/LDPE composites®, polyethyleneffire
retardants composites”, LLDPE/EAA/MH compos-
ites®, the composite of LDPE and zinc chelate com-
plex contai ning both phosphorus and nitrogen®®, wood
flour—polyethylene composites™® and montmorillonite/
magnes um hydroxide/HDPE composites'! havebeen
manufactured. However, it isnot discovered that the
electric property and fireproof property on PE are
modified synchronoudly.

GlCsisafunctional carbon materia. Dueto GICs
can beexfoliatedinto EG, it isa so known asexpand-
able graphite21¢, EG isaloose porous carbonic ma-
teriall'"*8. Sofar it hasbeen discovered that both GICs
and EG may be used to modify theantistatic property™®
2 and thermd stability®! of macromol ecule. However,
it is not discovered that both GICs and EG are not
used to modify theedectric property and fireproof prop-
erty of HDPE synchronoudly.

Based onthe abovereports, it was cons dered that
the electric property and fireproof property on HDPE
modified synchronoudy should beanew invention. Re-
cently, theinvention wasfinished inour laboratory, which
included thefollowing three proceduresin Figure 1.
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Firstly GIC asraw materia was prepared with flake
graphite, amixed oxidant and intercal ation compounds,
which consisted of H,SO,, K,Cr,O, and CH,COH
and originated from the superfluous H,SO, and
CH,CO,H deoxidized by CH,CO_H. Secondly
HDPE-GIC-AI(OH),compositewas fabricated with
GIC, HDPE and Al(OH),intoluenesolvent viathein
situ synthesistechnique. Thirdly, HDPE-EG-AI(OH),
composite was manufactured with HDPE-GIC-
Al(OH),compositeviathetherma expansiontechnique.
Hereit should be pointed out that GIC inside HDPE-
GIC-Al(OH),composite could be exfoliated into EG
inside HDPE-EG-AI(OH), composite, which could
modify the electric property and decreasetheresistiv-
ity value. Based on the cogitation, HDPE-EG compos-
iteswerefirstly fabricated with HDPE and EG viathe
in Stu synthes stechnique beforemanufacturing HDPE-
EG-AI(OH),composite, and then theresistivity values
of HDPE-EG compositeswereinvestigated. Onthis
basis, GIC dosagein HDPE, GIC and Al(OH), of mass
ratio was determined in manufacturing HDPE-EG-
Al(OH),compositeviathein situ synthesis- thermal
expans ontechnique, which had the antistatic property.
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Figure1: Sketch map of HDPE-EG-AI(OH),composite

EXPERIMENTAL

Preparationsof GIC and EG

Inthelight of 1:0.13: 1.84: 0.50 of massratio,
flake graphite, K ,Cr,O., H,SO, and CH_,CO,H were
added in athree-neck round bottom flask, and thenthe
flask thermometer, muddl er and round condenser were
gpart fixed on three necks. Subsequently, the reactants
werecontinualy stirredin 45 °C of constant tempera-
ture bath. After 60 min of stirring, theresulting GIC
waswashed repestedly until theneutraity (pH=7). Ladt,
theresulting GIC wasdried at 50— 60 °C. After 30min

of drying, GIC could be obtained.

GIC wasadded in an evaporating dish. Then, the
evaporating dishwasplacedinto Muffle, which had 200
°C of furnacetemperature. After 0.5 min of heating, the
evaporating dish wastaken out and placed until room
temperature. Last, EG could be obtained.

Characterizationsof GIC and EG

Inthelight of the previousworks*>9, the charac-
terization of GIC generdly included morphology, struc-
tureand intercal ation compounds, and the character-
ization of EG generally came down to morphology and
structure. Inthecharacterizations, the morphology and
structure of GIC and EG were characterized with SEM
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micrographs of flake graphite, GIC and EG, which ob-
tained from ascanning el ectron microscope (S-570,
Japan); meanwhile, theintercal ation compoundsinsde
GIC werecharacterized with thechemica method, UV-
visblespectrometer (Beijing, China) and Aacidometer
(Beijing, China). The characterization process of the
intercal ation compounds camedown to thefollowing
procedures. Firstly, 1.00g of GIC wassoakedin 100.00
ml of ditilled water. After 24 h of soaking, theagueous
sol ution was separated into three shares. Secondly, one
sharewas used to detect SO,* in theagueous solution
(BaCl,, agueous sol ution was added i nto the agueous
solution, and the solution was vibrated, and whether a
preci pitateformation wasobserved.); another sharewas
used to detect CH_CO_H inthe aqueoussolution (The
agueous sol utionwasadded inacol orimetricware, and
the aqueous sol ution absorbances were determined
under the different wavel engths, and the correlation
curveof absorbance and wavel engthwasdrawn.); third
share was used to detect the acidity of the aqueous
solution (The agueous sol ution was put into 50 ml of
beaker, and the pH val ue of the aqueous sol ution was
determined.).

Fabrication of HDPE-EG compositeviain situ syn-
thesistechnique

5.0 g of HDPE and acertain amount of EG were
added in aflask filled with toluene solvent, and then the
flask wasfixed on an e ectromagnetic stirrer. After 60
min of stirring, HDPE and EG were dispersed com-
pletely inthetoluene solvent at 100 °C. Then, thetolu-
enesolvent was separated out viathedidtillation method,
and the resulting HDPE-EG composite was washed
with the hot water and dried in a desiccation box at
60°C. After 1 h of drying, HDPE-EG composite could
be obtained.

Manufactureof HDPE-EG-AI(OH), compositevia
in situ synthesis-thermal expansion technique

5.0gof HDPE, 0.3 g of GIC and acertain amount
of Al(OH), were added in aflask filled with toluene
solvent, and then the flask wasfixed on an €l ectromag-
netic stirrer. After 60 min of stirring, HDPE, GIC and
Al(OH),would bedispersed completely inthetoluene
solvent at 100 °C. Then, thetoluene solvent was sepa
rated out through theditillation method, and theresult-

ing HDPE-GIC-AI(OH), compositeintheflask was
washed with the hot water and dried in adesi ccation
box at 60°C. After 1 h of drying, HDPE-GIC-AI(OH),
composite could be synthesized.
HDPE-GIC-Al(OH), compositewasadded in an
evaporating dish. Then, theevaporating dishwasplaced
into Muffle, which had 200 °C of furnacetemperature.
After 1.00 min of heating, the evaporating dish was
taken out and placed until room temperature. Last,
HDPE-EG-AI(OH),, composite could be obtained.

Charcterizations of HDPE-EG composite and
HDPE-EG-AI(OH), composite

Thespecimendicesof HDPE, HDPE-EG compos-
iteand HDPE-EG-AI(OH), compositewere manufac-
turedwith PunchMachine TDP-5 (Madein Ching). The
thickness of specimen dicewas0.30 cm (1), and the
areaof specimen dicewas 100.00 cm?. Theresistance
values (ohms/sg) of HDPE, HDPE-EG compositeand
HDPE-EG-AI(OH), composite were measured under
thesameenvironmentd temperatureand rdativehumidity
conditionswith an ACL Staticide (model 800, madein
USA). LOI vauesof HDPE, HDPE-EG compositeand
HDPE-EG-AI(OH), compositewere measured with
Oxygen Index Tester (Madein China). FTIR spectraof
HDPE-EG compositeand HDPE-EG-AI(OH), com-
positewererecorded at room temperaturewith Perkin
Elmer Spectrum GX spectrophotometer. In the manu-
facture of FTIR specimens, HDPE-EG compositewas
firstly mixed with potassium bromide, and then HDPE-
EG compositeand potassium bromide wererubbed to-
gether to the powder. Last, the powder of HDPE-EG
compositeand potassium bromidewaspressuredtothin
dicesasthe specimen of HDPE-EG composite. Inthe
light of the same procedure, the specimen of HDPE-
EG-AI(OH), compositewas manufactured. SEM mi-
crographs of HDPE-EG composite and HDPE-EG-
Al(OH), compositewere obtained by ascanning el ec-
tron microscope (S-570, Japan).

RESULTSAND DISCUSSION

Affirmanceof GIC and EG asraw materials

Figure 2 shows SEM micrographs of flake graph-
ite (a), GIC (b) and EG (c). To compare Figure 2 a
with 2b, it isdiscovered that flake graphiteand GIC
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have theflake morphology, and thereisthemultiple
graphene structureins dethem, and thearrangement of
graphene sheetsinside GIC islooser thantheonein-
side flake graphite. These indicate that the multiple
graphene structureinsideflake graphiteisthesameas
the oneinside GIC, and the interlayer distances be-
tween the graphene sheet and the graphene sheet in-
sdeflakegraphitearesamller thantheonesinsde GIC.
Based on thefacts, it is considered that GIC should
possessethemultiple graphenestructure, andthereare
the spaces between the graphene sheet and the graphene
sheet, which canintercal ate some compounds. Other-
wise, the characterization resultsfor theagueous solu-
tion show that thewhite deposite (BaSO,) generatesin
the agueous sol ution, and the top absorption peak of
the agqueous sol ution appears at 204.0 nm of wave-
length, and thepH value of theagueoussolutionis1.12.
Inthelight of Ba* + SO, = BaSO, (white precipitate)
and the correl ation of the absorptivewavelengh and
thefunction group and the correlation of H* concentra-
tion and thepH valug, it iscons dered that there might
be CH,CO,H and H,SO, in the agueous solution,

which originatefrom GIC. To colligatethe above con-
clusions, itisconsidered that GIC has been prepared,
which possesses the flake morphol ogy, the multiple
graphene structure and CH,CO,H and H_,SO, asthe
intercal ation compoundsonsinside.

To compare Figure 2 b with 2c, it isdiscovered
that EG hasthewormlike morphology, and themultiple
graphene structure of GIC isthe same as the one of
EG but theinterlayer distances between the graphene
sheet and the graphene sheet inside GIC are samller
than theonesinside EG Based on thefacts, it iscon-
sidered that GIC has been exfoliated into EG at 200
°C. For the exfoliation reason, it is considered that it
may ascribed to the vaporization and combustion of
CH,CO,H and H,SO, inside GIC, and theinterlayer
di stances between the graphene sheet and the graphene
sheet arefurther extended under the expansion force
generated by the vaporization and combustion of
CH,CO,H and H_SO,. To colligate the above conclu-
sons, itiscons dered that EG hasbeen prepared, which
possessesthe wormlike morphology and the multiple
graphenestructure extended further.

F|gure2 SEM micrographsof fIakegraphlte(a) GIC(b) and EG (c)

M or phologiesof HDPE-EG compsoiteand HDPE-
EG-AI(OH), composite

Figure 3 shows SEM micrographsof HDPE-EG
compositeand HDPE-EG-AI(OH), composite. To ob-
servethem contrastively, it isdiscovered that HDPE-
EG composite hasthe planar morphol ogy, and HDPE-
EG-AIl(OH), composite possessesthe petd -like mor-
phology; meanwhile, it isalso discovered that there
are not any pores on the surface of HDPE-EG com-
posite, and there are many pores on the surface of
HDPE-EG-AI(OH), composite. Inview of HDPE-

EG composite and HDPE-EG-AI(OH), composite
fabricated apart viathein situ synthesi stechnoque and
thein situ synthesis-thermal expansiontechnique, itis
considered that the differences of morphology and
structure may ascribeto the differences of two tech-
niques. Inthein situ synthesistechnoque, HDPE-EG
compositeisfabricated by HDPE and EG in thetolu-
ene solvent, and the multiple graphene structure ex-
tended further inside EG may befilled by HDPE dis-
solved in thetoluene solvent, and HDPE may be so-
lidified inthe multiple graphene structure after there-
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moval of toluene solvent. Inthein situ synthesis-ther-
mal expansion technique, HDPE-EG-AI(OH), com-
positeis manufactured by HDPE-GIC-Al(OH),,com-
posite, and GIC covered by HDPE and Al(OH), may
beexfoliated into EG of which themultiple graphene
structureisextended further, and HDPE and Al (OH),
may be solidified in the multiple graphene structure

CORnRY

exfoliated after thethermal expansion. Thesenamely
causethat HDPE-EG composite hasthe planar mor-
phology, and HDPE-EG-AI(OH), composite pos-
sesses the petal-like morphol ogy, and there are not
any poreson the surface of HDPE-EG compositeand
many pores on the surface of HDPE-EG-AI(OH),
composite.

M

Figure3: SEM microgr aphsof HDPE-EG compositeand HDPE-EG-AI(OH), composite

Sructuresof HDPE-EG compsoiteand HDPE-EG-
Al(OH),composite

Figure 4 exhibits FTIR spectra of HDPE-EG
composite and HDPE-EG-AI(OH), composite. Ac-
cording to the previouswork??, it is concluded that
HDPE-EG compositeisstructured by HDPE and EG
Toanalyze FTIR spectracontrastively, it isdiscov-
ered that there are common absorption bandsin FTIR
spectra of HDPE-EG composite and HDPE-EG-
Al(OH), composite. Theseindicate that there also
are HDPE and EG inside HDPE-EG-AI(OH), com-
posite. Otherwise, it isalso discovered that thereare
two percent transmittancesin FTIR spectraof HDPE-
EG composite and HDPE-EG-AI(OH), composite,
which are apart 3.377 and 3.208 and 14.391 and
13.241. Theseindicatethat thereisaplurality of hy-
droxyl inside HDPE-EG-AI(OH), composite, which
can absorb 2918 and 2850 cm™ of infrared light.
Based on the analyses, it is concluded that HDPE-
EG-AI(OH), composite should be structured by
HDPE, EG andAl(OH),.
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Figure4: FTIR spectraof HDPE-EG compositeand HDPE-

EG-AI(OH),composite

Influence of massratio on antistatic property of
HDPE-EG composite

AsshowninTABLE 1, whentherdative humidity
and theenvironmental temperature arethe same, the
resistancevaueof HDPEis1.10 x 10" ohms/sg, and
theresistanceva uesof HDPE-EG compositeswill de-
crease from 1.05 x 10*2t0 1.95 x 10°0ohms/sq when



ChemXpress 2(2), 2013

109

ORIGINAL ARTICLE

themassratiosincreasefrom5.0:0.1t05.0: 0.5, and
thereisavaueof themutation (6.17 x 10° ohms/sq) at
5.0: 0.3 of massratio. Theseresultsmay beexplained
fromfollowing three aspects. Firstly, HDPE isagranu-
lar solidwith 1.10 x10% ohmsof resstancevaue. When
thegranular HDPE iscompressed into HDPE sample
slice, the conductive capacity of HDPE will not be
changed without doubt. Thisnamely causesthat the
resistance value of HDPE sampledlice should befor
1.10 x 10* ohms/sg. Secondly, EG isaloose and po-
roussolid with 1.00 <102 ohms/sq of resistancevalue.
When EG and HDPE mixed homogeneoudy are com-
pressedinto thesampledicesof HDPE-EG composites,
the network structurewill beformed beyond al doubt.
Inthelight of theresultsreported previoudy?*1, EG
may decreasethe resi stance va ues of EG-macromol-
ecule compoistesviaforming the conductive network
inside EG-macromolecule compoistes. Thus, it is
guessed that EG should be aconductive additive. In
the syntheses of HDPE-EG composites, all of HDPE
dosagesinthemassratiosare5.00g. Thisnamely im-
pliesthat theres stancevaue of HDPE-EG composite
will decrease along with the increase of EG dosage.
Therefore, thisnamely causesthat theresistanceval-
ues of HDPE-EG compositeswill decreasefrom 1.05
x 10%?to 1.95 x 10°ohms/sq when the mass ratios
increasefrom5.0: 0.1t05.0: 0.5. Thirdly, EG asthe
conductive additive may undoubtedly enhancethe con-
ductive capacity of HDPE-EG composite. Thisnamely
impliesthat the conductive value of HDPE-EG com-
positewill be also enhanced alongwith theincrease
of EG dosage. However, thereisavalue of the muta-
tion known asthe percol ation threshold in the con-
ductive values of HDPE-EG composites. Inview of
the conductive value of HDPE-EG compositevaries

TABLE 1: Influence of massratio on resistance value of
HDPE-EG composte

Massratio Resigtivity Relative Environmental

linearly with thereciprocal of theres stance value of
HDPE-EG composite, itisconsidered that 6.17 x 10°
ohms/sg of resistance val ue should bethe percolation
threshold. Thereby, thisnamely causesthat thereisa
value of the mutation (6.17 x 10° ohms/sq) at 5.0:
0.3 of massratio.

Inaddition, thedatain TABLE 1 d so show that the
resi stanceva uesof HDPE-EG compositeswill be6.17
x 108 ohms/sgwhile the massratio is5.0: 0.3. Ac-
cordingtotheantistatic principle, asolid substancewill
possessthe anti satic property whiletheres stancevaue
is between 1.00 x 10° and 1.00 x 108 ohmg/sq. Itis
judged that HDPE-EG composites should have the
antistatic property whenthemassratiois5.0: 0.3.

Influence of massratio on antistatic property
and fireproof property of HDPE-EG-AI(OH),
composite

Asshownin TABLE 2, whentherel ative humidity
and the environmental temperature arethe same, the
resistancevaueof HDPEis1.10 x 10Y ohmg/sg, and
theresistance value of HDPE-EG compositeis6.17 x
10° ohms/sq, and theresi stance val ues of HDPE-EG-
Al(OH), compositeswill increasefrom 1.77 x 10" to
1.95 x 10" ohms/sqwhilethemassratiosenhancefrom
5.0:0.3:1.0t05.0: 0.3: 4.0. Theseindicatethat EG
exfoliated by GICinside HDPE-EG-AI(OH), compos-
itecan play theroleof conductive additivelikeEG in-
side HDPE-EG composite, and the action of AI(OH),
isjust oppositetotheoneof EG for modifyingtheelec-
tric property of HDPE. Based onthe cogitation, itis
considered that the resistance values of HDPE-EG-
Al(OH), composites shouldincreasefrom 1.77 x 107
t0 1.95 x 10* ohms/sg whilethe mass ratios enhance
from5.0:0.3:1.0t05.0:0.3: 4.0.

TABLE 2: Influence of massratioon resistancevalueand
L Ol valueof HDPE-EG-AI(OH), composite

Massratio  Resistivity Relative Environmental
(MHppE : value humidity temperature (Myppe : Maic: value  humidity temperature LOI
Meg) (ohms?q) (%) (C) Mai(oH)3) (ohms/sg) (%) ()
5.00:0.00 1.10x10Y  44.40 25.80 5.00:0.00:0.00 1.10x10Y  44.40 25.80 17.40
500:010 1.05x10%  44.40 25.80 5.00:0.30:0.00 6.17x10°  44.40 25.80 21.00
500:020 177x10"  44.40 25.80 5.00:0.30:1.00 177x10"  44.40 25.80 28.10
500:030 6.17x10°  44.40 25.80 5.00:0.30:2.00 6.17x10° 44.40 25.80 29.30
500:040 2.11x10° 44.40 25.80 5.00:0.30:3.00 211 x €10 44.40 25.80 30.20
5.00:050 1.95x10° 44.40 25.80 5.00:0.30:4.00 1.95x10" 44.40 25.80 31.10
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Otherwise, TABLE 2 exhibitsthat LOI value of
HDPE is17.4, and LOI va ue of HDPE-EG compos-
iteis21.0, and LOI vauesof HDPE-EG-AI(OH), com-
positeswill increasefrom 28.1to 31.1 whilethemass
ratiosenhancefrom5.0: 0.3: 1.0t05.0: 0.3: 4.0. For
theseresults, itisconsidered that they should havere-
lationtothefireproof mechanisms of EG andAl(OH),.
Firstly, EGisakind of carbon materials, which origi-
natesfrom graphite and hasthefireproof capacity, and
the specific heat capacity of EG isbigger than theone
of HDPE. When HDPE-EG compositecombusts, EG
will storeand tranfersthe heat energy sothat HDPE is
not easy to attain the decomposabl etemperature; oth-
erwise, EG will also combust, and the carbonic layer
formed after EG combustion will intermit the combus-
tion of HDPE through blocking up the heat energy and
oxygen. Thesenamely causethat LOI value of HDPE-
EG composite (21.0) isbigger than the one of HDPE
(17.4). Secondly, Al(OH), can be decomposed into
Al,O, and H,O in the process of calcination. When
HDPE-EG-AI(OH), compositecombusts, Al (OH),, will
imbibe alot of heat energy to slower the calefactive
and intermit the decomposition of HDPE; otherwise,
Al(OH), will dsoreleasethe vapor to dilutethe flam-
mable gas. These namely cause that LOI values of
HDPE-EG-AI(OH), compositesshouldincreasefrom
28.1t0 31.1 whilethemassratiosenhancefrom 5.0
0.3:1.0t05.0:0.3:4.0.

To ca culatethe antistati ¢ property and thefireproof
property synthetically, it isconsidered that HDPE-EG-
Al(OH), compositeshould havetheresistance vaue
between 1.00 x 10° and 1.00 x 108 ohms/sq and the
bigger LOI vaue. Torefer to theresistance vauesand
LOI vauesinTABLE 2, it isdiscovered that theresis-
tancevaueand LOI vaueof HDPE-EGAI(OH), com-
positewill be 1.77 x 10 ohms/sq and 28.1 whilethe
massratiois5.0:0.3: 1.0. These namely imply that
HDPE-EGAI(OH), compositeshouldhavetheantisatic
property and thefireproof property synchronoudy while
themassratioisfor 5.0:0.3: 1.0.

CONCLUSION

HDPE-EG compositewith the antistatic property
could befabricated viathein situ synthesistechnique

while HDPE and EG of massratio was 5.00 : 0.30,
which possessed the planar morphol ogy and consisted
of HDPE and EG. Otherwise, HDPE-EG-AI(OH),
compositewith the antistatic property and thefireproof
property could be manufactured viathein situ synthe-
Ss-thermal expansion technique while HDPE, GIC and
Al(OH), of massratio was 5.00: 0.30: 1.00, which
possessed the petal -like morphol ogy and consisted of
HDPE, EG and Al(OH),,.
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