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Introductloo

There has been an lncreasing lnterest recently in
the possiblllty of using intercalated glaphLte Ln
practical spplfcatlons due to lts enhanced elec-
trical conductl.vlty and lubricity when compared
to the unintercalated naterlal. Receot reportsl,2
have examined some of the opportuolties and prob-
lens for varLoue applicatlons of lntercalated

traphlte flbers as conductors and sithin co¡rpo-
s l t es .

To date, no one has reported on the opportunltles
and problens presented by lntercalated graphité

in che ponder or flake forn. Intercalated powders
offer opportunLtles in such areas aa conductlve
coatllgs, screenable and prlntable ioks, conduc-
tlng f1ller for plastlcs, and lubrlc"t¡¡s3,4, among
oEhers.

Consequently, we have examlned CuC12 lntercalatdd
graphite powders by x-ray powder dlffraction, ther-
nal gravimetry (TCA), and dlfferentlal scannf-ng
calorluetry (DSC) wlth an eye to thelr sultablllcy
as englneering nateriale ln a come¡cial eovlron-
nent.

Experüpental

Natural, hlgh purity (>992 carbon), graghlte flake
(100-300 nlcrons), of Indian origln lraa lnterca-
lated nith comerclal grade CuC12 l-n ao overpres-
sure of C12 to obtain unifonúy staged compounds.
lhe CuCl2 intercalated coupounds ¡rere character-
ized as stages I, II, III, or IV ln a powderodif-
f ractometer using CuKq radiat ion ( l  -  1.54f  A).

Thernal stablllty r¡as measured for each stage com-
pound (fig L) uslng a TGA scanned from room tem-
perature to ¡,1050oC at l0oC/uin in a dry Ar or N2
stream 1n platlnuo pans.

A DSC scaa nes ruo on stage II naterlal as a check
agalnst the less sengltfve rherúal response of the
TGA aod to. uoultor the themodyoa¡1cs. To ellnl
nate lnterference froo reactfo¡u¡ bet¡¡een any chlo-
rine released and the DSC cell, gold pans ¡ere used.

Resul!s

fhe x-ray characteriza-tion of che CuCl Lnterca-
lated powders shows then to be uoifornly staged
r.lth a small aoount of graphlte 002 showlng at
^,26.6" in the stages I I ,  I I I ,  and IV.

Stolchlonetry was calculated frou the subsequent
welght loss data (Table l) and compared to pre-
v lous reports5,6,7,8 and that  of  a unl t  cel l  ana-
lysis (our thanks to R. Wachnik for thls calculatlon).

Il¡e TGA de-lnterealatlon behavlor of all sarnples
nas qualitatlvely slnilar, dlffering prlnarily
ln tbe total quantlty of CuC12 lost. Fig I shows
both lreight losa as a functlon of teuperature nlth
the derivative curve showlng the raEe of welght
loes as a functfon of teuperature, both for the
stage II compound. The five distinct weight loss
regloes desfgnated l-5 are observed ln all stages.
Reglne I fs due to abgorbed water and ls variable.
Ttle total relght loss recorded up to 1000"C (ex-
cludlng reglme l) ln stages I through IV are 602,
5OZ, 422, and 337 respectlvely. De-iqtercalatlon
of CuC12 appears qualltatively slnllar to evapora-
tlon of pure CuC12. All scages appeared stable
to temperatures fn excess of 200"C. This conpares
favorably^ ltich prevlous TGA ¡rork ulth tbe Detal
chlor idesr.

DSC results r¡ere ln good agreenent sith the llA
reeul ts ( f1g 2)  for  a sample of  stage I I  nater ia l .
Endothenic peaks can be obse¡ved for regines 1-
5 wlth heat absorptlon maxlma occurring at 60oC,
280oC, 450"C, 510"C, and 680oC respect iv ley.  lhese
valuea are belleved Dore accurate than those de-
rived fron tbe TGA, 1n r¡hich greater thernal lage
are erperienced due to sloner heat transfer.

In addltlon to regiúes 1-5, a sharp endothernLc
transltion 1s observed at 400cC for nhlch there
ls no corregponding rreight loss. ThLs lnplfes
a phase transition ¡,lth1n lhe incercalate layer.
A snall endothern at this tenperatule can be ob-
served ln pure CuC12 but ln the lntercalate it
1s nr¡ch larger and lncreases in value on going
frou stage IV to stage I. In the TGA the behavior
of che high tenperature regime at 700oC ls aleo
signLflcant ln that the absolute nagnltude of this
weight loss (Z) decreases on golng frou stage IV
to  s t age  T ,  52 ,  3 .52 ,  3 .52 ,  1 .22 ,  r especE i ve l y ,
and appears to be inversely related to the pt¡ase
tranEi t ion at  400oC.

Dl.scusslon

The fact that a sna1l graphite peak remalns ln
the x-ray patterns of stages LI through IV sup-
ports the atolchiometric calculatl"ons from the
TGA weight loss data (Table l) 1n that lt shows
that the compounds are generally dflute shen com-
pared to soue prevlously reported values.

Based on a unit ceIl analysis, stage I has a for-
nula of  C4.5CuC12. I f  th ls ls  lndeed the correcE
stoichioDeEry then the fractional flll1ng of the
gallerles obtained fróin total weight loss are 0.6,
0 .81 ,  0 .94 ,  and  0 .80  f o r  s t ages  I  t h rough  IV .
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Prel.Lninary powder density deternlnatlon agrees
with Ehis stoichiometry. Ir lE posslble thet the
regime at 700"C 1s associated rltb the fraction
of  the lntercalated layer which ls  ionlzed,  i .e.
CuC13-. If so, Ehe fraccional Íonlzatlon 1n each
stage w111 be proportioanl to thls ereight loss
a n d  i s  0 . 0 2 , 0 . 0 7 , 0 . 0 8 ,  a n d  0 . 1 5  i n  s c a c e s  I
through IV. Accordlng to l{ertheÍnl0'fl !n¿ Fland-
drolsré, transitlon metal chlorldes foru lslands
bounded by Lonized states. Our results lnply that
as a stage nuuber lncreages the island dianeter
decreases. If this fs true, theo the varlatlon
1n nagnltude of the phase transltioo at 400"C nay
be ioversely proportlonal to the extent of frac-
Eional l-onization. The snaller the 1sland, the
lower the probablllty of the phese transitlon
Eaklng place ln the neutral CuCl2 phase wfthin
the lsland.

lhe fractional lonizatio¡ ss¡{m¡f,¿d fron the hfgh
temperature welght loss data are in quaLltative
agreer¡ent I'ith conductl.vlty neasurements. Stage
I conductivity is several tines lower than atage
II or III which are of similar nagnltude. The
apparent low levels of lonlzatlon fn stages II
and I I I ,  0.07-0.08,  are also cooslstent  r r i th the
fact that CuCl2 interealated graphlte has a con-
ductivlty approxinately three Cines lower than
in AsF5 lntercalated graph1tel3.

Our eonductlvity valuee for CuCl2 lntercalated
graphlte cornpare favorably rrith prevlouely repor-
ted valueq for other lntercalated net¿l chlo-
ti¿""14,15. In addLtion, these fractlotral lonlz¿-
tlon values are Conslstetrt n-lth conductlvitles
one nlght expect based on the lrork by l{oran, et
a l . , ro.  Further exper iments are in progress to
verlfy these proposals.

Conclusions

DSC and TGA coupLed nith x-ray dfffraction appears
Eo be a powerful combinatlon of techniques whlch,
in conJunctlon ¡¡ith other physfcal measurenents,
nay lead to a better understanding of the proces-
ses occurring lD transftlon metal chlorlde lnter-
calated graphJ.tes. Further, the stability exhi-
b1¡ed by these compounde appears to nake them good
candldatea for comerclal, use.

STAGE I Cu Cl2

too 200 300 400 300 500
TEMPERATURE ( 'C)

Flgure 2

DSC curve for etage II CuC12 intercalated
graphlre at a heatlng rate of l0cC/nfn un-
der argon.
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Weight loss and rate of welghc loss (derivatlve)
as a function of temperaEure for stage II CuC12
intercal-ated graphi te aE a heaEÍng rage of  lo"C/
nin under argon.
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