
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Wood Chemistry and Technology
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597282

The Distribution of Chlorine in Chlorinated Kraft Pulp Fibers from Spruce
Wood as Determined by Tem-Edxa
S. J. Kuanga; S. Sakaa; D. A. I. Goringa

a Pulp and Paper Research Institute of Canada and Department of Chemistry, McGill University,
Montreal, Quebec, Canada

To cite this Article Kuang, S. J. , Saka, S. and Goring, D. A. I.(1984) 'The Distribution of Chlorine in Chlorinated Kraft Pulp
Fibers from Spruce Wood as Determined by Tem-Edxa', Journal of Wood Chemistry and Technology, 4: 2, 163 — 169
To link to this Article: DOI: 10.1080/02773818408081150
URL: http://dx.doi.org/10.1080/02773818408081150

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597282
http://dx.doi.org/10.1080/02773818408081150
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAI, OF WOOD CHEMISTRY AND TECHNOLOGY, 4(2), 163-169 (1984) 

THE DISTRIBUTION OF CHLORINE I N  CHLORINATED KRAFT 

PULP FIBERS FROM SPRUCE WOOD AS DETERMINED BY TEM-EDXA 

S.-J. Kuang, S. Saka and D.A.I.  Goring 

Pulp and Paper Research I n s t i t u t e  of Canada and 
Department of Chemistry, McGill Univers i ty ,  

Montreal, quebec, Canada H3A 2A7 

ABSTRACT 

The ch lor ine  conten ts  i n  d i f f e r e n t  morphological regions of 
ch lor ina ted  spruce k r a f t  pulp f i b e r s  were determined by the  TEM-EDXA 
technique. Observations were made before  and a f t e r  e x t r a c t i o n  wi th  
aqueous NaOH. The h ighes t  ch lo r ine  content was found i n  a s p o t  i n  
the  c e l l  c o m e r  primary wa l l .  I n  the  primary w a l l  between t h e  c e l l  
c o m e r s  the  ch lor ine  content was lower than t h a t  a t  the  c e l l  c o m e r  
but  higher than t h a t  i n  the  secondary wa l l .  Af te r  t h e  e x t r a c t i o n  
s t a g e ,  t he re  was  a low and approximately equal  concent ra t ion  of 
ch lo r ine  i n  a l l  the morphological reg ions  s tud ied .  

INTRODUCTION 

We bleach our pulps wi th  ch lor ine .  It  is an expensive and widely 

used process. Also the ch lo ro l ign ins  r e l eased  i n  t h e  e x t r a c t i o n  process 

may pose d i f f i c u l t  problems environmentally. It  is t h e r e f o r e  important 

t h a t  w e  understand a s  far as poss ib l e  the way i n  which ch lo r ine  r e a c t s  

with the  l i g n i n  i n  the  pulp i n  o rde r  t o  modify and improve the  process .  

Although the  topochemistry of pulping has been s tud ied  f o r  many 
1-5 yea r s ,  t he re  is l i t t l e  known about t he  topochemistry of bleaching. 

Whereabouts i n  the f i b e r  does the  ch lo r ine  react wi th  the  l i g n i n ?  
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From what region of t he  f i b e r ’ i s  the chlorol ignin extracted? 

What is the d i s t r ibu t ion  of chlorolignin i n  the f i b e r  a f t e r  

chlorination and extract ion? 

The purpose of the present work was t o  seek answers t o  the ques- 

t ions above. 

Kraft pulp f i b e r s  were chlorinated and the d i s t r ibu t ion  of 

chlorine i n  the various morphological regions of the f i b e r  w a s  ob- 

served by transmission electron microscopy coupled with energy dis- 

persion X-ray analysis (TEM-EDXA). The d i s t r ibu t ion  of chlorine re- 

s idual  a f t e r  a lka l ine  ex t r ac t ion  w a s  a l s o  investigated.  The methods 

used have been discussed i n  a previous report .  6 

EXPERIMENTAL 

Smal l  s t i cks  (RxTxL - 0.1xO.lxl cm) of black spruce earlywood 

were cooked i n  a bomb heated i n  an o i l  bath. The cooking conditions 

and the propert ies  of t he  r e su l t i ng  pulp are l i s t e d  i n  Table 1. 

Some of the s t i c k s  were held i n  a small cage of s t a i n l e s s  steel  

wire-mesh during the cook. In t h i s  way the shape of the o r i g i n a l  wood 

w a s  retained. The s t i c k s  cooked i n  the wire-mesh cage were thoroughly 

washed and then chlorinated f o r  10 min according to  the method de- 

scribed previously.6 Some of the chlorinated pulp s t i c k s  were extracted 

with aqueous NaOH (5%) a t  60°C f o r  10 min. 

Table 1. 

Cooking Conditions and the Properties of Pulp Produced 

Effective a l k a l i  

Sulphidity 

Liquor/Wood r a t i o  

Temperature 

Time 

Pulp yield 

Kappa No. 
Lignin content (Klason l ignin)  

31.0 g.L-l (NapO) 

30% 

1 O : l  

15OoC 

3 h  

52% 

50.8 

7.7% 
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The chlor ina ted  and ex t r ac t ed  samples were dehydrated by f reeze-  

drying, embedded i n  Vestopal W r e s i n  and cured a t  7O0C f o r  1 2  hours. 

This r e s i n  w a s  found t o  be more s u i t a b l e  than methacrylate r e s i n  

because of i ts  s t a b i l i t y  i n  the  e l e c t r o n  beam. Like methacrylate,  

Vestopal W contains very l i t t l e  ch lor ine .  

Sections of 200 nm th ickness  were cut  wi th  a diamonc' k n i f e  wi th  

an ultramicrotome and picked up on a carbon-coated collodion f i l m  

over a 1.5 mm hole  i n  a spec t roscopica l ly  pure carbon grid.7 The 

sec t ions  were then coated wi th  carbon and analyzed by TEM-EDXA, 

according t o  the method described previously.6 The spo t  s i z e  of the 

e l ec t ron  beam used was 200 nm. This w a s  s l i g h t l y  l a r g e r  than t h e  

width of the primary w a l l .  Therefore some overlap occurred wi th  the  

S 1  l aye r  when primary wall measurements were made. 

Because of the  uncer ta in ty  i n  the  degree of swel l ing  of f i b e r s  

a f t e r  freeze-drying, the  absolu te  values of the  ch lor ine  content a r e  

not  given. Ins tead  the  ch lor ine  content relative t o  that i n  the un- 

ex t r ac t ed  f i b e r  w a l l  was  ca lcu la ted .  The mean devia t ion  over fou r  

experiments was 2 20%. 

For the  preparation of electronmicrographs, some of the  ch lo r i -  

nated f i b e r s ,  before  and a f t e r  ex t r ac t ion  w i t h  aqueous NaOH, were 

s t a ined  with 2% aqueous KMnO4, embedded, sectioned and photographed 

by TEM. 8 

RESULTS AND DISCUSSION 

The chlor ine  contents i n  the d i f f e r e n t  morphological regions of 

the k r a f t  pulp f i b e r s  a r e  shown i n  Table 2.  Data a r e  given f o r  t he  

pulp both before and a f t e r  ex t r ac t ion  wi th  aqueous NaOH. Before 

ex t r ac t ion  the  h ighes t  ch lor ine  content w a s  found i n  the  c e l l  corner 

primary w a l l  (CCP). I n  the  primary w a l l  between c e l l  corners ( P ) ,  

the  ch lor ine  content was lower than t h a t  i n  the CCP but  h igher  than 

t h a t  i n  the secondary w a l l  (S). I n t e r e s t i n g l y ,  the  ch lor ine  w a s  

found t o  be d i s t r i b u t e d  uniformly i n  the S l aye r .  

As we have seen here  f o r  ch lor ine ,  Wood and Goring' found t h e  

h ighes t  concentration of l i p i n  t o  be i n  a spot  i n  the  c e l l  corner  
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Table 2. 

Chlorine Di s t r ibu t ion  i n  the  Chlorinated Spruce 
Kraf t  Pulp F iber  Wall 

Relative Chlorine Content 

CCP 

Chlorinated pulp 1 1.4 4.1 

Chlorinated and ex t rac ted  pulp 0.3 0.4 0.3 

- P - S - Sample 

primary w a l l .  Also, these authors noted t h a t  t he  l i g n i n  i n  the  sec- 

ondary wall  was d i s t r i b u t e d  uniformly as is the case with t h e  

chlorine.  

Figure 1 shows the  transmission electronmicrographs of perman- 

ganate s t a ined  cross-sections of ch lor ina ted  spruce k r a f t  pulp f i b e r s  

before and a f t e r  the  ex t r ac t ion  with aqueous NaOH. Before the  ex- 

t r ac t ion ,  l i m i n - r i c h  a reas  are revealed as darker zones because per- 

manganate is an electron-dense s t a i n  which is s p e c i f i c  f o r  l i gn in .  

The CCP is darker than the  P which is, i n  t u rn ,  darker than the  S .  

Similar behavior i n  spruce k r a f t  pulp has been observed by Parham. 

However, a f t e r  t he  ex t r ac t ion ,  most of the  r e s idua l  l i g n i n  was  re- 
moved so t h a t  no dark a reas  were observed i n  the  l a y e r s  of t h e  f i b e r  

w a l l .  Thus the  l i g n i n  d i s t r i b u t i o n s  i l l u s t r a t e d  by the  e lec t ron-  

micrographs i n  Figure 1 p a r a l l e l  the  ch lor ine  d i s t r i b u t i o n  shown i n  

Table 2. 

t? 

4 

From Table 2 i t  is  apparent t h a t ,  a f t e r  e x t r a c t i o n ,  t he  ch lor ine  

contents of the th ree  morphological regions were low and e s s e n t i a l l y  

equal.  I f  w e  assume t h a t  i n  a l l  regions,  t h e  l i g n i n  contains the  same 

proportion of ch lor ine ,  the  r e s u l t  means t h a t  t he  l i g n i n  contents 

are equal i n  CCP, P and S a f t e r  ex t r ac t ion .  The highly concentrated 

spot  of l i g n i n  i n  the c e l l  corner primary w a l l  has disappeared. The 

ease with which the cii lorinated l i g n i n  i n  the  primary w a l l  a t  the  

t e l l  corner is ex t r ac t ed  p a r a l l e l s  the behavior of l i g n i n  i n  

wood where i t  w a s  observed t h a t  a f t e r  ch lor ina t ion  and during 

ex t r ac t ion  the r e l a t i v e  r a t e  of removal of c e l l  corner middle 

lamella l i g n i n  w a s  f a s t e r  than tha t  of secondary w a l l  l i gn in .  6 
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It should be noted t h a t  the kappa number of the pulp used 

(50.8) was somewhat higher than customary values f o r  bleachable 

grade pulps. The reason f o r  using the higher kappa number was 

t o  have enough l i g n i n  i n  the  f i b e r  f o r  accurate  measurement. 

Even under these conditions the reproducibi l i ty  was only f a i r .  

However i t  is  unlikely t h a t  the chemical and morphological pro- 

p e r t i e s  of the residual  l i g n i n  w i l l  change much between a kappa 

number of 50 and, say,  30, a typ ica l  industry value. Thus, t he  

conclusions drawn from t h e  r e s u l t s  obtained are probably va l id  

fo r  comerc ia l  unbleached pulps. 

CONCLUDING REMARKS 

The r e s u l t s  show t h a t  the topochemical d i s t r i b u t i o n  of t he  

chlorine i n  chlorinated k r a f t  pulp f i b e r s  is s imi l a r  t o  that  of 

the l ignin.  The highest  concentration is found i n  the cel l  corner 

primary w a l l  with lower concentrations i n  the primary wall  between 

c e l l  comers  and the secondary w a l l .  However, a f t e r  extract ion 

with aqueous NaOH, most of the chlor ine residual  i n  the  c e l l  corner 

i s  removed and the chlorine content is l o w  and approximately equal 

i n  a l l  the morphological regions. The f i r s t  chlor inat ion and ex- 

t r ac t ion  s tages ,  therefore,  seem t o  be a l e v e l l e r  i n  reducing the 

l i gn in  concentrations t o  a low value i n  a l l  regions of the f ibe r .  

I n  a 

t r a t i o n s  of l i gn in  i n  the primary w a l l  of unbleached f i b e r s  a t  
high kappa number could a f f e c t  f i b e r  f i b r i l l a t i o n  and f i b e r  s t i f f -  

ness and hence the propert ies  of the paper made from such f ibe r s .  

The present work shows t h a t  a f t e r  the f i r s t  s tages  of chlor inat ion 

and extract ion,  the "sheath" e f f e c t  would be negl igible .  It would 

then be expected t h a t  the small, evenly d i s t r ibu ted  concentration 

of l i gn in  would contribute mainly to  the color  of the f i b e r s  
and would not have much e f f e c t  on t h e i r  papermaking propert ies .  

previous paper' it was  speculated t h a t  the higher concen- 
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