
' l n t r o d u c t i o n

The  ca rbon  11n1ng  o f  A1  reduc t i on  ce l l s  does
swe1 l  du r i ng  i t s  l i f e  as  a  ca thode .  Th i s  1s  be l i eved
to  be  caused  by  pene t ra t i on  o f  t he  ca rbon  l aye r
p l anes  by  t he  sod ium p roduced  by  t he  ac t i on  o f  A1  on
NaF .  The  na tu re  o f  t he  so l i d  so l u t i ons  o f  Na  i n

va r i ous  ca rbons  has  been  s tud ied  by  Dew ing (1 )  us i ng

an  e l ec t r o l y t i c  t echn ique .  He  f ound  an  ac t i v i t y
coe f f i c i en t  wh i ch  i nc reased  by  a  f ac to r  o f  10 '  ove r

t he  range  o f  1200 '  t o  1800 'C  f o r  t he  hea t  t r ea tmen t
o f  t he  ca rbon .  He  no ted  t ha t  t he  Fe rm i  l eve l  a l so
r i ses  w i t h  t empe ra tu re  o f  t r ea tmen t  and ,  because  Na
in te r ca la t i on  i nvo l ves  a  t r ans fe r  o f  e l ec t r on  cha rge
to the carbon layer p lanes,  he concluded that  inter-
calat ion would be favored by a low Fermi level  and

the re fo re  a  l ow  t empe ra tu re  o f  hea t  t r ea tmen t .
Indeed, he found maximum s\^/e l l ing in the presence of
Na  f o r  t he  ca rbon  t r ea ted  a t  1200 "C .  Th i s  i n f l uence
o f  t empe ra tu re  on  t he  ex ten t  o f  Na  i n t e r ca la t i on  has
been  con f i rmed  by  Me t ro t  and  He ro ld (2 )  and  by
Pf lugmacker and Boehrn(3).  The lat ter  found a sur-
pr is ingly smal l  increase in average inter layer
spacing -  only 0.045 nrn for  the maximum composi t ion
o f  C 'o  Na  and  l ess  f o r  ca rbon  b l acks  t r ea ted  above
1200óó .  They  conc luded  t ha t  t he  Na  v /as  i n t e r ca la ted
in an i r regular  fashion wi th preference for  those
pa r t s  o f  t he  s t r uc tu re  whe re  t he  d i s t ance  be tween
layers 1s wlder than lhe X ray average. This is
again in agreement wi th the work of  Dewing(1) who
found  no  s teps  and  t he re fo re  no  s tages  o f  compos i t i on
i n  h i s  sys tem.

I t  is  nore\{or thy that  the ear ly work of
Fredenhagen( )  showed that  K,  Rb and Cs a1l  gave Cg

M wiEh not  only natural  graphi te but  a lso wi th char-

coal  and lampblack.  Thls has recent ly  been conf i r -

med  by  Sa l zano (S )  f o r  Cs  i n  g raph i t i zed  and  non
g raph i r i zed  ca rbon  b l acks .  The  l ack  o f  an  e f f ec t  o f
graphl t izat ion and Eherefore of  Fermi leve1 on com-
posi t ion could be accounted for  by the fact  that  the
i on i za t i on  po ten t i a l  o f  t hese  t h ree  me ta l s  i s  l owe r
than  f o r  Na .

I t  occu r red  t o  us  t ha t  ca rbons  cou ld  a l so  be
cha rac te r i zed  by  no t i ng  t he  up take  o f  an  e l ecE ron

accep t i ng  i nEe rca la to r .  I n  t h i s  case ,  t he  con tenE

should be higher for  carbons r t i th the higher Fermi

1eve1 that  comes f rom a higher temperature of  t reat-

ment.  This has indeed been noted for  Br2.  However '

the amount of  Br2 intercalated by low Eemperature
carbons is  negl ig ib le.  t r^ Ie therefore chose an elec-

t r on  accep to r  wh i ch ,  i n  na tu ra l  g raph i t e ,  has  a  much

lower threshold pressure for  intercalat ion than has

Brz .  Th j - s  i s  A1C13  f o r  wh i ch  t he  t h resho ld  i s  . 10 -6

re l a t i ve  t o  sa tu ra t i on  as  compared  r ^ I i t h  0 .1  f o r  B r2 - .

I t  wi l l  indeed intercalate pot  l iner  carbon and has

the added advantage that  the amount intercalaEed can

be di f ferent iated f rom the amount adsorbed on a

su r f ace .  Th i s  i s  because ,  i n  t he  absence  o f  C12 ,  no

uptake occurs in natural  graphi te of  low surface

a rea  even  i n  sa tu ra ted  A1C13 (g )  a t  t he  BP  o f  180 'C (6 ) .
The  i nc l us i on ,  howeve r ,  o f  <2O Eo r r  C I2  a l l ows  rap id

i n t e r c a l a t i o n  t o  g i v e  C 9 . q  A l C 1 3  O . 2 5  C L 2 r c ) .  H e n c e ,

i n  ca rbons  o f  h i ghe r  su r f ace  a rea ,  one  run  í s  made
o n  e a c h  o f  3  s a m p l e s ,  a l l  a t  1 8 0 " C .  O n e  i n  A l c l r ( g )
j us t  be low  sa tu ra t i on ,  a  second  i n  pu re  C12  a t  500
to r r  and  a  t h i r d  i n  A1C13 (g )  j us t  be low  sa tu ra t i on  +

500  t o r r  o f  C l2 .  The  sum o f  t he  f i r s t  two  i s  assumed

to  be  adso rp t i on  and  i s  sub t rac ted  f r om the  t h i r d  one

to  g i ve  t he  amoun t  i n t e r ca la ted ,  Th i s  has  been
app l i ed  t o  ca rbon  b l acks  and  f i be r s (7 )  and  i s  he re
app l i ed  t o  ce11  l i n i ngs  and  assoc ia ted  ma te r i a l s .

lIPer-rle4e-l
The  o r i g i na l  l i ne r ,  t he  l i ne r  used  f o r  3000

days  and  t he  e l ec t r i ca l l y  ca l c i ned  an th rac i t e  (ECA)

we re  g round ,  s i eved  and  t r ea ted  r ^ / i t h  bo i l i ng  6M HC l
to  cons tan t  we igh t .  Th i s  r equ i r ed  30  h r .  f o r  t he
used  l i ne r ,  l e ss  f o r  t he  o the rs .  The  raw  an th rac i t e ,
p i tch and tar  hrere heated in a s low stream of  N2. to

500oC  fo r  a  f ew  h r s ,  t hen  t o  1000 "C  f o r  5  h r s .  They
were  t hen  g round  and  ac i d  t r ea ted  t o  cons tan t  we igh t .
The % weight  losses are shown in Table I  and appear
to  be  i ndependen t  o f  s i eve  s i ze  f o r  t he  o r i g i na l  and
used  l i ne r  ca rbons .  Duo l i ca te  samp les  we re  a l so
rep roduced .

The  p rocedu re  f o r  t he  i n t e r ca la t i on  runs  on
0 . 3  g m  s a m p l e s  h a s  b e e n  p u b l i s h e d ( 7 ) .  I n  e a c h  c a s e ,
any  we igh t  i nc rease  r r as  t r ea ted  as  i f  i t  we re  A lC1 j
i n  ca l cu l a t i ng  t he  mo la r  r a t i os  i n  Tab le  2 .  Aga in ,
r ep roduc ib i l i t y  and  i ndependancy  on  mesh  s i ze  we re
apparent .  The expansion that  should accompany inter-
ca l a t i on  was  obv ious .  Thus ,  bo th  t he  o r i g i na l  and
used  ce11  ma te r i a l  was ,  a f t e r  i n t e r ca la t i on ,  o f  much
g rea te r  bu l k  vo l u rne  -  abouE  a  f acEo r  o f  two  f o r  t he
used  ma te r l a l .  I t  \ r as  a l so  more  po rous  and  was
b lacke r  t han  be fo re  i n t e r ca la t í on .

D i s c u s s i o n

The  resu l t s  f o r  l i ne r  ca rbon  a re  i n  acco rd
w i t h  t hose  o f  Dew ing (1 ) .  Jus t  as  t he  e l ec t r on  dono r
Na was more intercalated by a carbon of  1ow tempera-
ture of  heat  EreatmenE and therefore of  1ow Fermi
1eve1 ,  so  t he  e l ec t r on  accep to r  A1C13  i s  l ess  i n t e r -
ca l a ted .  Thus ,  r aw  an th rac i t e  t r ea ted  f o r  5  h r .  a t
1000 'C  wou ld  no t  i n t e r ca la te  A1C l3  bu t  a f t e r  e l ec -
t r i ca l  ca l c í n i ng  (ECA)  a t  1700 -1900 'C  wou ld  i n t e r -
ca l aEe  19  un i t s  on  t he  sca le  o f  Tab Ie  2 .  S i r n i l a r l y ,
whe reas  t he  o r i g i na l  l i he r  ma te r i a l  i n t e r ca la ted  20
un i t s ,  " use "  f o r  3000  days  a t  an  ave rage  t empe ra tu re
o f  900 -950 'C  (max imum 1000 -1050 'C ,  m in imum 850 "C)  

¡

r a i sed  t h i s  t o  100  un i t s .  I n  f ac t  t he  amoun t  i n t e r -
calated by th is used l iner carbon \ ras about 807 of
the amounE intercalated by the highly ordered natural
g raph i t e .  Th i s  i s  su rp r i s i ng ,  1n  v i e r ¡  o f  t he  re l a -
t i ve l y  l ow  t empe ra tu re  o f  t he  l i ne r  du r i ng  i t s  l i f e
t ime .  S ince  t he  g raph i t i za t i on  has  been  f ound  t o
occu r  i n  t hese  l i n i ng  ma te r i a l s  i n  a  ve r y  sho r t  pe r -
i od  o f  t ime (8 ) ,  i t  i s  pos tu l a ted  l ha t  f r ee  Na  i s  a
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prerequls i te to such rapid structural  changes.  Hol-

d ing anthraci te at  1000"C for  a short  per iod of  t ime
(5 hr)  díd not  produce any evidence of  graphi t izat ion,

and indeed there is  no reason to bel ieve that  very
long per iods of  t ime at  th is temperature would pro-

duce any graphi t izat ion.

The pí tch and tar  are interest ing in that  con-
s iderable intercalat ion of  AlC13 does occur in samples
heated for  only a few hours at  1000oc.  This is
presumably because they in i t ia l ly  contain a var iety
of  large,  f lat ,  aromat ic molecules which are able to
al ign themselves in para11el  sheets dur ing the l iquid
phase of  the heat  t reatment,  Anthraci tes also contai ¡
large f lat  aromat ic molecules but  do not  pass through
a l iquid phase on t reatment of  1000"C. In the abserre
of  rhe high mobi l i ty  of  a l iquid phase,  one must
ei ther extend the per lod of  heat  t reatment,  as wi th
used l iner carbon, or  go to a h igher temperature than
1000 'C  as  w i t h  ECA,

I t  i s  o f  i n t e res t  t ha t  bo th  t he  o r i g i na l  l i ne r
and the ECA intercalated 20 uni ts of  A1C13. The
l iner contalns 15% pi tch and tar  and 85% ECA and on a
simple composl t ion basis would be expected to inter-
calate 24 uni ts of  A1C13. The di f ference however,
could be caused by the fact  that  the heat ing cycle
for  the pi tch and tar  1n the l iner carbon was not  the
5 hr  at  500'C + 5 hrs at  1000"C used in thís labora-
t o r v .

Table 1

500 ' c 1000"c

Conclusion

Tn te r ca laE ion  o f  d i so rde red  ca rbons  by  A lC1 j  i s

favoured by higher calc inat ion temperatures.  I t  is

also enhanced by the pr ior  reorder ing of  the structure

by intercalat ing sodium which occurs in a l l  a luminum

reduc t i on  ce11s  du r i ng  e l ec t r o l ys i s .  I t  i s  a l so  f a -

vored by a l iquid phase dur ing the heat  t reatment of  a
p i t ch  o r  t a r .  These  a re  a l l  f ac to r s  Eha t  í nc rease

both the degree of  graphi t izat io¡  and the Fermi level

so that  intercalat ion by an electron acceptor is  fa-

vored,  Dewing( l )  has shown that  such factors would
decrease the intercalat ion of  an electron donor such
as Na. He therefore f inds that  a mel t  of  Na3A1F6 and
and A1 causes less swel l ing and hence less Na inter-
calat ion,  in a carbon that  had been heated to a h igter
temperature.  Hence the measurement of  A1C13 interca-

lat ion descr ibed in th is paper might  be of  value in
character iz ing carbons for  use as l in ing mater ia ls in
A1  reduc t i on  ce1 l s .
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Table 2

L ine r ,  o r í g i na1
20-40 mesh

100 -170  mesh

L ine r ,  used
20-40 mesh

100-170 nesh

ECA

Anthraci te

P i t ch

Percent  weight  decrease
a c i d .

1

7

5

in  N2 stream or

6MHC1

0 . 8
1 . 9

40
4 I

0 . 5

0 . 6

0 . 1

0 . 3

i n  bo i l í ng

1
Acid treated "Carbon" A1C13

2 3 3-2- l
CIz AlC13+C12 Inter-

ca la ted

0.0 I20 I20Natural graphite

Liner, original
20-40 mesh
20-40 mesh

100-170 nesh

L iner ,  used
20-40 rnesh

3000 days
20-40 mesh

100-170 mesh

0 . 2  2 L . 2
0  2 0 . 8
0 . 2  2 L . 6

0 . 0

0 . 7
1 . 3
0 . 9

) 9 .

3 . 0

2 0
19
20

99TO20 . 14

4 9

7 2

ECA 1800C
20-40 nesh 1

Anthracite 1000C
20-40 mesh 0

Pitch 1000C
20-40 mesh 1

Tar 1000C
20-40 mesh 1

0.0 106 100
0 . 1  9 6  9 3

0  1 9 . 6  1 9

0  0 . 5  0 . 5

0 .  3  s 0 . 8  4 9

0 . 5  6 r . 2  6 0
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I^Jeight  increase as moles AlC13 per 1000 moles carbon.


