
Summary

The  ra tes  o f  ac t i va l i on  by  ca rbon  d i ox i de  o f
cha rs  p repa red  f r om v i scose  rayon  p recu rso rs
t r ea ted  w i t h  i no rgan i c  ch l o r i des  have  been  s tud ied .
The  ra tes  o f  r eac t . i on ,  ac t i va t i on  ene rg ies  and
Ar rhen ius  f ac to r s  a re  d i scussed  i n  l e rms  o f  a
Compensa t i on  E f f ecE .

Exper imental  and Resul t .s

S t r i ps  o f  v i s cose  rayon  c l o th  \ ^ re re  t r ea ted
rep roduc ib l y  by  d i pp ing  i n  so l u t i ons  con ta i n íng  52
w lw  o f  a  me ta l  ch l o r i de  p l us  2 .52  NH '+C I ,  and  d r y -
i . g ,  t hey  we re  t hen  ca rbon i sed  (6 "C /m in ,

4  l / r n i n  N2 )  t o  t he  des i r ed  ac t i va t i on  t empe ra tu re
(7OO -  9OO"C) .  The  resu l t i ng  cha rs  we re  ac t i va ted
by  f l ow ing  CO2  G  l /m in )  f o r  va r y i ng  pe r i ods  o f
t ime .  I ^ l e i gh t s  we re  reco rded .  I n  one  se r i es ,  C02
fo rmed  bo th  t he  ca rbon i s i ng  and  ac t i va t i ng  gas ;
i n  two  se r i es  t he  N2  f l ow  was  rep laced  by  CO2  a t
6OO"C .  The  ob jec t  o f  t he  va r i a t i ons  r4 ras  t o  p re -
pa re  cha rs  o f  va r y i ng  reac t i v i t y  Eowards  CO2 .

Ra tes  o f  r eac t i on  (D )  we re  ca l cu l a ted  f r om
the  l i nea r  l oss  o f  we igh t  w i t h  t ime  o f  ac t i va t i on
i n  t e rms  o f  t he  i n i c i a l  we igh t  o f  cha r  (w^ ) ;  r hus
¡  =  d ¡ ¡ / d t .w  T rue  ra tes  o f  r eac t i on  (¿w /d r .w )
t hus  rose  w? th  i nc reas ing  reac t i on .  D  t he re fo re
rep resen t s  t he  i n i t i a l  r a t e  o f  r eac t i on  (a t  ze ro
ac t i va t i on ) .  The  resu l t s  a re  p resen ted  i n
Tab Ie  I .  The  A r rhen ius  p l o t . s  showed  1 i tE l e  dev ia -
! i on  f r om l i nea r i t y :  ac t i va t i on  ene rg ies  (AE)  and
Ar rhen ius  f ac to r s  (A )  have  been  de r i ved  f r om these
p l o  t s  .

D i scuss ion

A  cons ide rab le  r ange  o f  cha r  r eac t i v i t y  has
been achieved by the var iat ions in the method of
char preparat ion.  In the Eemperature range
s tud ied  t . he  o rde r  o f  i n c reas ing  ra tes  o f  r eac t i on
of  the chars is  z ZnCL2/N2, AlCl3/C02 ,  ZnCl2lCO2,
BaCL2 /N2 ,  un t rea ted  rayon /N2 ,  CaC I2 /N2  ( che  gases
ind i ca t i ng  t . he  ca rbon i saE ion  a tmosphe re .  AE  and
A  a l so  i nc rease  i n  t he  same  o rde r .

^ The presenb.e of  CO2 at  temperacures above
6OO"C  l eads  t . o  an  i nc rease  i n  ac t i vaE ion  raEe  i n
compar i son  w i t h  samp les  p repa red  i n  N2 .  Assess -
men t  o f  Ehe  access ib l e  su r f ace  a rea  by  heaE  o f
we t t i ng  measu remen ts  us i ng  benzene  and  s i l i cone -
f lu id showed that  the presenc e of  CO2 above 6OOoC
preven t s  t he  po re  c l osu re  wh i ch  oEhe r$ i se  occu rs
in an inert  atmosphere.  The more open char s l ruc-
t u re  t hen  shows  a  h i ghe r  r eac t i v i t y .  The
l i nea r i t y  o f  t he  A r rhen ius  p l o t s  imp l i es  t haE  a
s ing le  r eac t i on  -  con t ro l l i ng  mechan i sm pe rs i s t s
ove r  t he  EemperaEu re  range  s tud ied ,  p robab l y
chem ica l  r a the r  t han  d i f f us i ona l .

I nspec t i on  o f  t he  A r rhen ius  p1o t . s  sugges t s
the  ex i sgence  o f  an  i sok i ne t i c  t empe ra tu re  (T ' )

nea r  6oOoC,  a !  wh i ch  t he  ra te  o f  r eacc ion  D /  i s
Ehe  same  fo r  a l l  t he  so l i ds .

Thus ,  f o r  a  g i ven  cha r  ( ac t i vaE ion  ene rgy  AE1 )

L n  D l f  =  A E I / R  E : l / T '  -  l l T  J .  A l t e r n a t i v e l y ,

ACTIVATION OF FIBROUS C}IARS

Capon ,  and  M .E .  Sm i th
Po r ton  Donn ,  Sa l i sbu ry ,  i ^ i i l t sh i r e ,  UK

fo r  a  g i ven  se r i es  o f  r e l a ted  cha rs ,  a t  a  g i ven
Eempera tu re  T1 ,  l n  D  w i l l  va r y  l i nea r l y  w i t h  AE
accord ing  to  the  equat ion
ln  D/D/  =  ¡ ¡ /n  E . t i r '  -  L /T1J .  r f  now rhe  equat ion
is  recas t  in  the  usua l  Ar rhen ius  fo rm
ln D = -AE/RT + E LE/RT'+ tn fJ, lhen
ln A = AE/RT' + In D'.  I^Ie may thus expect that for
a  ser ies  o f  re la ted  so l id /gas  reac t ions  ln  A  w i l l
vary  l inear ly  w i th  AE.  Th is  re la t ion ,  the  Compensa-
t ion  Ef fec t  (1 ) ,  thus  s tems d i rec t l y  f rom the
occur rence o f  an  isok ine t ic  tempera ture .

The present  da ta  have been tes t .ed  fo r  th is
phenomena by plott ing ln D versus AE for the six
so l ids  a t  each o f  the  tempera tures  1023,  1073,
1123oK (F igure  1) ,  rhe  in le rcept  a t  AE =  O g iv ing
ln  D- .  The-p loE o f  ln  A  versus  AE (F igure  2)  a lso
a l lows ln  D-  to  be  found.  In  bo th  cases ,  l inear
graphs  are  obra ined;  va lues  f  .  6 .10-5  g /g /min
and T '  =  89O"K have been ca lcu la ted .

The compensaEion  e f fec t  can  on ly  occur  when
Ehe reac tan ts  a re  c lose ly  re la ted ;  in  the  present
case the chars were al l  prepared frorn a cormnon
source ,  v iscose rayon.  The l im i ta t ion  on  the  range
of rayon chars forming a co¡n¡non system is a maEEer
fo r  fu r ther  work .
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TABLE 1 .  Rates  o f  Ac t iva t ion  by  COz

Impregnat ion/
Ca rbon i sac ion  A tmosphe re

Ac t  ivat  ion
Temperature

Act ivat ion
Rate  (D)
rng/g/min

Act  i va t  ion
Energy  (AE)
KJou 1elmo1

Arrhenius
Factor  (A)

c /e ln in

ZnCL2 /N2

Z ICL2 /  CO2

znCL2/N2:Co2 > 6oooc

e , l c l 3 /N2 : co2  >  60ooc

BaCl  2  /N2

CaCI2/N2

No impregnat ion/N2

800
ó)u
900

7 5 0
800
8 7 5

750
800
850

800
850
900

750
850
900

725
750
7 7  5
800
ó z )

750
800
850

4 . 4
8 . o

2 . O

')')

2 . 7
6 . 6

15

1 7

2 . O
20
48

5 . 2
27
3 1
8 1

160

3 . 6
9 . 2

29

I25

160

1 7 0

1 6 5

220

310

1 0 3

l os

106

10s

1 0 9

l o I  +

l o 9
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il
li
:
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U V ' IEN
, ,  ^ ^ o , .
I I ¿ J  K ,

AE l(J mol - l
200

TOG D
D.min - l

F i g u r e  2 .  V a r i a t i o n  o f  L o g  A  w i t h  A E .AE,  cons tan t

\ ¡ r , ,  r u / J  K ,

F i g u r e  1 .  V a r i a t i o n  o f  L o g
tempe racu re  (A )
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