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InE roduct  ion

T h e  y i e l d  o f  c a r b o n  c h a r  f r o m  c e l l u l o s i c  p r e -

cursors may be augmented by t reatment of  the

ce l l u l ose  w i t h  i no rgan i c  add i t i ves  p r i o r  t o  ca rbon -

i sa t i on .  The  e f f ec t  on  t he  t he rma l  decompos i t i on
and  on  t he  cha r  y i e l d  o f  imp regna t i ng  v i scose  rayon

w i t h  i no rgan i c  ch l o r i des  has  been  s tud ied  us i ng  DTA

and  TGA techn iques .

Exper imental

Rayon c loth samples were impregnated by
immers i on  i n  sa l t  so l u t i ons  by  a  r ep roduc ib l e
techn ique .  Ana l ys i s  showed  t ha t  t he  up take  o f  sa l t

du r i ng  p repa ra t i on  cou ld  be  ca l cu l a ted  f r om the
equa t i on ,  we igh t  o f  sa l t  (mg /g )  =  so luE ion  s t r eng th
(mg /m l )  x  vo l ume  occ luded  (m l / g ) .  (By  t he
techn ique . . used  1 .4  +  0 .1  m l / g  o f  so l u t i on  we re
occ luded ) .  Samp les  we re  ca rbon i sed  i n  f l ow ing
n i t r ogen  (5  m l /m in )  a t  5oC /m in  us i ng  S tan ton
Redc ro f t  TGA and  DTA  appa ra tus .  Cha r  y i e l ds  we re
reco rded  a t  45ooC  and  on  occas ions  a t  85OoC.
Samp les  r ^ re re  no t  d r i ed  p r i o r  t o  use ,

Cha r  Y ie l d

The  cha r  y i e l d  o f  un imp regna ted  v i scose  was
222  a r  45o "C  and  137  a t  85O"C  (d r y  bas i s ) .  I n  a l l

cases  exam ined  p r i o r  t r eaEmen t  w i t h  a  52  w /w  so lu -
t i on  augmen ted  t he  cha r  y i e l d .  Y i e l ds  ob ta i ned

w i t h  d i f f e ren t  me ta l  ch l o r i des  a t  45o "C  va r i ed  as
fo  I  l ows  .
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Fo r  s i x  sa l t s  t he  e f f ecL  o f  s t r eng th  o f  t he
imp regna t i on  so lu t i on  on  cha r  y i e l d  a t  85OoC ras
exam ined .  The  resu l t s  ( f i g . f )  show  tha t  sma l l
amounts ( f0 -  20 mg/g) of  impregnant have a marked
e f f ecE  on  y i e l d  and  t ha t  t he  ra te  o f  y i e l d  i nc rease
d im in i shes  w i t h  i nc reas ing  imp regna t i on .

The rma l  Deco o s  i E i o n

The DTA and TGA curves obtained exhibi ted a
w ide  va r i e t y  o f  behav iou r .  A l l  sa l t s  w i t h  t he
except ion of  Na and K caused a lower ing of  the
decompos i t i on  t empe ra tu re ,  and  i n  gene ra l  ch l o r i des
w i rh j - n  each  pe r i od i c  g roup ing  gave  r i se  t o  r eacE-
ion in the same temperature zone. (L i  was an
excepE ion ,  caus ing  a  subs tan t i a l  l owe r i ng  o f  Ehe
decompos i l i on  t empe ra tu re ) .  The  resu l t s  may  be
supe r f i c i a l l y  g rouped  acco rd i ng  t o  Ehe  number  o f
r e a c E i o n  z o n e s  o b s e r v e d  ( c f .  F i g . 2 ) .  I n  o n e  g r o u p
a  s i ng le  cempera tu re  zone  o f  r eac t i on  ( zone  B ,
t u  2OO -  33O"C)  a t  o r  nea r  t he  zone  shown  by
un t reaEed  v i scose ,  was  obse rved .  OEhe r  imp regnan ts
g a v e  r i s e ^ t o  t w o  z o n e s  o f  r e a c E i o n ,  o n e  i n  t h e
loo  -  2OO"C  reg ion  ( zone  A ) ,  t he  second  i n  zone  B .
I n  a  f ew  cases  (e .g .  HgC12 )  mo re  comp lex  behav iou r
was  obse rved .  I n  a l l  cases  a  max imum i n  t he  ra te  o f
we igh r  l oss  co inc i ded  w i ch  a  peak  i n  che  DTA  cu rve .
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Var i a t i on  o f  Cha r  y i e l d  w i t h
i u rp regna t i on  so lu t i on  s t r eng th .

x-x AlClg6Hz0hll
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F i g u r e  1 .

F i g u r e  2 . DTA and TGA curves for  (a)  Untreated
v i s c o s e  a n d  t r e a t e d  w i t h  5 2  w / w  s o l n s .
o f  ( b )  K C I ,  ( c )  Z o C I 2 ;  ( d )  c d C 1 2 ,
( e )  N H q c 1 ,  ( f )  A l C 1 3 ,  ( g )  C u C 1 2 .
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Fur the r  d i s t i nc t i ons  r47e re  d i sc l osed  by  va ry_
: : g  t he  guan t i t y  o f  imp regnan t  ( l ) .  Fo r
a:--1 the zone B temperature remained unchanged, but
: . - .e extent  of  che energy changes diminished wi th
: : c reas ing  imp regna t i on .

For ZnCL2 and CdC12 the zone B temperature
;as  r educed ,  t he  t empe racu re  o f  decompos i t i on
:a i ng  l owe r  Ehe  g reaEe r  Ehe  amoun t  o f  imp regna t i on .
: , - r  NHaC l ,  CuC l2  and  A1C l3 ,  i nc reas ing  t he  ex ten t
- - í  imp regna t i on  i nc reased  t he  ex tenE  o f  t he  zone  A
:¿ac t i on  and  reduced  t he  ex ten t  o f  t he  zone  B
:eac t i on ,  Ehe  reac t i on  t empe ra tu re  o f  bo th  zones
: e i n g  e s s e n t i a l l y  u n a l t e r e d .

Seve ra l  r eac t i on  mechan i sms  have  so  f a r  been
: : s t i ngu i shed :  ( i )  Reac t i on  o f  imp regnan r  i n
: - . n e  B  w i l h  r h e r m a l l y  u n s t a b l e  v i s c o s e  ( e . g .  K C l ,
' ; aC l ) i  ( i i )  Ca ta l y r i c  enhancemenr  o f  r he  i n i r i a l
: ehyd ra t i on  reac t i on  a t  t he  expense  o f  a
:epo l ymer i sa t i on  p rocess  i n  zone  B  (e .g .  Z r rC i l 2 ,
- c C l 2 ) ;  ( i i i )  D e c o m p o s i r i o n  o f  r h e  s a l r  t o  y i e l d
i C 1 ,  p a r t i a l  r e a c t i o n  o f  t h e  v i s c o s e  i n  t h e
:e l eased  HC l ,  f o l l owed  by  comp le t í on  o f  t he  decom-
: o s i t i o n  a E  h i g h e r  t e m p e r a E u r e s  ( e . g .  N H 4 C 1 ,
" : . LC l ¡ ) ;  ( i v )  Fo rmaE ion  o f  a  v i s cose / sa l t  comp lex
:¡ l lowed by breakdown of  the complex and fur ther
: e c o m p o s i t i o n  a t  h i g h e r  t e m p e r a t u r e s  ( e . g .  C u C l 2 ) .

Yixed Impregnants

Expe r imen ts  have  a l so  been  ca r r i ed  ou t  w i t h- - i xed  sa l t  imp regna t i ons .  I n  gene ra l  t he  DTA  and
: cA  resu l t s  showed  peaks  a t t r i bu tab le  t o  Ehe
: rd i v i dua l  componen ts  o f  t he  reac t i on  m ixcu re .
-n i s  i s  i l l u s t r a ted  i n  F i gu re  3  whe re  t he  reac t -
: ons  o f  ZnCL2  and ,  CuC12  a re  c l ea r l y  v i s i b l e  i n  t he
ITA and TGA rraces of  the mixed impregnant sample.
) ecompos i t i ons  a t  h i ghe r  Eempera tu res  t end  t o  be
: i n i n i shed rhoweve r ,  i n  t he  p resence  o f  sa l t s
: eac t i ng  aE  l owe r  t empe ra tu res .

DTA and TGA curves for viscose rayon
impregnated  w i th  52  w/w so1ns.  o f
(A) znCI2, (B) CuC12 and (C) 2.52 vt lw
each o f  Z ICI2  and CuC12.
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i l )  Capon A.  and Maggs F .A.p .  ,  pz ,oc .  Ls t .  ESTA,
SaLfo td ,  UK,  Sep L926"  p . I76 .  D.  Do l l imore
(Ed i to r ) ,  Heyden ( t976) .
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