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Th. molecular m i g h t s  of both the l fgnomlphoaate  and carbo- 
hydrate f r ac t ions  leached from s u l p h i t e  chanimechmical pulpr 
increased an the  leaching proeeedd.  t ignomlphotmte ro l ecu la r  
weights rore from llO00 t o  61000. Values f o r  the  carbohydrate 
f r a c t i o n s  -re foumr, mnging from 6OOO to  17000. ?or the l ign in ,  
t he  diameter of the equfvalent where correrpondfn8 t o  the ulwle 
ouple h d n d  was c o n s i d ~ r a b l y  bigher than the rdium-pore 
diameter of the f ibe r .  This discrepancy fndicated tha t  the ligno- 
solphonate r c r a o l e c u l e  tn t he  f i b e r  rll adopted a f l a t  confor- 
mation. 

INTRODUCTION 

When high y i e ld  su lphi te  ch.rl~chanical  pulp is supended in 

water, l i g n i n  and carbohydrate are leached from the  f i b e r s  . The 
leaching process appears to  ba di f fuoion  con t ro l l ed  . The rate of 

leaching also depends on the degree of ovalling of the f i b e r ,  

be ing  f a s t e r  h e n  the f i b e r  is more N o l l e n  . Thus the mctunia  
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2 60 WILLIS, YLAN, AND CORING 

seems to be one of r e s t r i c t e d  diffusion of lignosulphoaate and 

c8rbohydrate r c r a o l e c u l e s  through the pores ia the f i b e r  wall. 

I f  the above picture  is correct  it would be expected that  

g rea t e r  quan t i t i e s  of tin l o w  mlecokr w i g h t  mterial would be 

released f i r s t  with more of the l a rge r  molecules being removed i n  

the later stases of leaching. -re should also be wme cotrela- 

t i o n  between the r i t e  of the molecules and the dimensions of the 

pores in the f i b e r  wll. Such trends have been noted i n  the 

leaching of l i p i n  from the f i b e r r  of unbleached h a f t  pulp . 3 

The purpose of the present work ws to  a a s u r e  the molecular 

weight of f r ac t ions  of l i g n o d p h o a a t e  and carbohydrate removed 

from the f i b e r s  at d i f f e ren t  s tages  of leaching and to  empare the 

s i te  of the leached rcraolecules with the s i z e  of the pores in 

t he  w a l l .  Slplas u r e  belated at various i n t e r v a l s  in  the 

leaching process md the  l ignomlpboarte  and carbohydrate fr8c- 

t i ons  separated hy rlrctrophoresis-conrrctia . Wolecular weights 

w e r e  determined by mdiocntat ion equilibrium . For the l i g n i n ,  a 

comparison was m d e  batwaan the  e f f e c t i v e  hydrodyuanic diameter of 

the dissolved m c r a o l a c u l e r  and the pore si te of the water- 

mmllen f i b e r  w a l l .  

4 

5 

The pulp UIPple used f o r  the present invest igat ion was an 

u l t r a  high yield m l p h i t e  chemfmch.nica1 pulp (CUP) of 92% yield 

obtained from a  usp print dll. Tha chip stock consisted of 452 
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HOLECULAR WEIGHTS OF LICNOSUCPHONATE AND CARBOHYDRATE 261 

PICUBB 1 Preparation of leachate f r ac t ions  at various washing 

i n t e r v a l s  a t  20.C. 

spruce,  45% hlmaa and 1OX pine. Chip8 were pres tcamd and then 

cooked a t  155-160*C for 40 d n .  i n  a m l p h i t e  l i quor  of pH 7.8. 

"he procems by uhich the wmple was produced as well aa various 

p rope r t i e s  of the pulp are given i n  mre data11 i n  an earlier 

papar * 
1 

The procedure w e d  t o  i s o l a t e  f r ac t ions  of leacha te  a t  d i f -  

f e r e n t  intervals of u s h i n g  in dnmn in Figure 1. An accura te ly  

weighed 10 g oven-dry sample of (w was blended i n  500 d. of 

c h i l l e d  d i s t i l l e d  # t a r  fo r  15 seconds to  remove axtraneoui cook- 

ing l iquor.  The suspension of pulp f i b e r s  -s rap id ly  f i l t e r e d  

through a coat.. r in t e red  glass f i l t e r ,  m d  the mmhd prd of pulp 

reblended with SO0 rt of d i s t i l l e d  water equ i l ib ra t ed  at 20.C. 
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262 UILLIS, YEAN, AND CORING 

The pulp mspension uas then quickly d d e d  to a fu r the r  500 It of 

20-C  v a t e r  con ta ined  in t h e  washing v e s s e l  p r e v i o u s l y  

d e s c r i b e d l B 6 ,  and t h e  s t i r r i n g  rate i n e d i a t e l y  a d j u s t e d  t o  

140 RP?!. After  20 d n u t e s  of leaching, the mtire suspension YIS 

removed fram the washing tmssel a d  rapidly f i l t e r e d  through a 

coarse eintered-glass f i l t e r .  A f r e sh  l i ter  of water vas allowed 

t o  e q u i l i b r a t e  at 20'C, the pad of f i b e r  reblendad, and the vash- 

ing resumed at la0 gPn. Similarly,  a f r e sh  l l ter  of leachate was 

0bt.i-d a t  50. 90, 180 d 360 r i a t e a  Of w s h i n t .  

This procedure w u  repeated f ive  times. Thus, 5 L of leach- 

a t e  uare col lected a t  each t i n  in t e rva l .  Each f r ac t ion  was evap- 

or8ted down to 20 d. aad theo f i l t e r e d  through 8 0.2 lm po lyur -  

bouate a b r a n e  to raove the accumulated fines.  Raa samples were 

kept frozen u n t i l  they uere analyzed. The aanples i so l a t ed  at  

d i f f e r e n t  i n t a m l a  of leaching -re d i lu t ed  to 25 rL, and a 

a l iquo t  t8ken for  the 8n8lysis of the to t81  l l g o i n  8ad carbohy- 

d r a t e  content. The m i n f n g  solution vas m u t r d i z e d  v i t h  0.1 N 

sodium hydroxide, d i l u t u l  t o  30-50 mL v l t h  distilled vater, uui 

eubjected t o  three cycles of electrophoreeis-convection. In t h i s  

method the eolution i. bald in a aylon d i d y s i a  tuba about 5 a in 

diameter m d  40 cm in l o q t h ,  ampended v e r t i c a l l y  in a mter 

bath. A borirootal  electrical f i e l d  is applied r a d i a l l y  ln the 

tuba. Tha llgnorulphonate -1eCdeS P ig la t e  deCtrOpboretiC8lly 

t o  the funer surface of tlm tube, producizq a kyer of incrused 

de-ity. This k7.r f d l s  COnV~CffOIU11y, thru u u s i n g  the USUW 

SUlphoMte to  concentrate a t  the bottom of the tube. The 
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HOLICULAR WEIGHTS OF LIGNOSULPHONATE AND CARBOHYDRATE 263 

uncharged carbohydrate m l e c u l e s  do not migrate in the f i e l d  and 

therefore are mt  concentrated v l t h  the lignin. After several  

hours, the lowr layers  in the tube yield a f r a c t i o n  r i c h  in Ug- 

nosulpholutes, & f l u  the supernateat l iquid is r i ch  in carbo- 

hydrate. The mthod is described in greater d e t a i l  in a previous 

p u b l i c a t i o n  . The ligDin and carbohydrate f r ac t ions  (Are recov- 

e r d  by freeze-drying. 

4 

7 An described previously , the l i g n i n  and carbohydrate content 

of each f r ac t ion  -8 &tarmined b mans of u l t r a v i o l e t  qmctro- 

photometry and orcinol  colourimetry, respectively.  Tba caposi- 

t i ons  of the whole and fractionated w p l e e  are given in Table 1. 

Molecular might.  i n r e  d o t e d n e d  with a Spinco M e 1  E 

ult racentr i fuge,  w i n g  the short  colunn aedincntation equilibrium 

technique previously developed in th i s  laboratory . Tln  molecular 

v e Q h t  ruults are given in Table I. In t eg ra l  rrlws ar. m i g h t  

averages of all f ract ions.  Insuff ic ient  w p l e  r a r l m d  after the 

electrophoret ic  separation of the second f r ac t ion  (20-50 minute 

i n t e r r a 1  of l u c h i n g )  t o  perform sedimentation equilibrium. 

Consequently, the -1ecular w i g h t s  of f r ac t ions  L-2 8nd C-2 could 

not k determined. 

5 

In a separate  experiment, a vhole #ample #a prepared by 

co l l ec t ing  a s ing le  w p l e  a f t e r  six hours of leaching. The COT 

posi t ion and -1ecular m i g h t  of t h i s  u r p l e  are also reported in 

Table 1. The w i g h t  of the l fgnin  and c8rbohydrate leached were, 

respectively,  1.46 m@ and 0.70 m@ per oven dry  w i g h t  of pulp. 
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UILLIS, YEAN, AND CORING 264 

IABU I 

C a p o a i t i o n  d W g h t  Aver- mlacul8r Y.ight8 of the 
Lipnin 8nd Carbohydrate Fractions Iso1at.d at Different 

f n t 8 m l s  of laaching at  20.C 

0-20 
20-50 
50-90 
90-180 
180-360 

In t eg ra l  

Whole 
-1. 

- 
42 
20 
10 
16 
12 

100 

- 

25 
30 
13 
19 
13 

100 

- 

- 
83 
70 
76 
72 
78 

77 

81 

llOOo** 
16000 
29000 
26000 
61000 

22000 

17000 

4 

'g- 
(-1 - 
3.b 
3.8 
4.7 
4.5 
6.0 

4.2 

3.9 

Clrbohydrate 

6000 

9000 
loodo 
17000 

9000 

10000 

7000- 

4 

&arbohydrate equals 100. 
I n  each f r ac t ion  the percentage of l i gn in  plus the percentage of 

Values from d d - i n t e r v a l  Unes (Figure 2). 

DISCDSSION 

As 8hom Cn Table I, the w l e c u l r r  w i g h t s  of both lignosul- 

phoo8ta and u rbohydra t e  increased with tip. of leaching. The 

trend is shovn c l ea r ly  in Figure 2, In uhich the m l e c u l a r  weight 

is p lo t t ed  a g a h 8 t  the d d - i n t e r v a l  t i m e .  A. expected. the l8rg.r 

molecule8 d i f f u s e  -re slovly through the f i b e r  vall and are 

removed i n  the later s tages  of leaching. 
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Figure 2 The var ia t ion of the vcfght average molecular weight 

of loached lfgnosulphonate and carbohydrate f ract ious 

with mid-intern81 t i m e  of leaching. 

Integral  values of the m i g h t  average m l e c u h r  w i g h t  m d  the 

c a p o s i t o n  of the l i g n i n  and carbohydrate auples e r e  calculated.  

I n  Table I these data are given, together with the expe r iwn td1y  

deterriaad values for  the *ole mmplc. In view of the uncertain- 

tie. involved in tho preparation of tho f ract ions,  the agreement 

i S  f a i r l y  good. 

In UI earlier paper i t  u s  shorn that the n t e  of i n t r a f i b e r  

diffusion of 1ignosulphonate ~ c r o r o l e c u l e 8  in CXP -8 about m i x  

orde r8  of u g n i t u d e  less than t h e i r  f r e e  d i f f u i o n  r8t.l. The 

most important cause of tha e f fec t  lo probably the entrapment of 

the u c r a o l e c u l o 8  in tho p r o s  of the f ibe r ,  thereby r e s t r i c t i n g  

diffusion through the f i b e r  -11. A sirilar pheaawnon vas 
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266 YILLIS, YEAH, AlQD CORING 

6 observed in t h e  l e a c h i n g  of lignin from unbleached h a f t  p l p  , 
and a theory tms developed in which the slowing &vn of the dif- 

fusion t a m  re la ted to  the difference fa dimensions of the pore6 

and the r c r o r o l e c u l e s  . 8 

The size of the l ignosulpholute macromolecules can aov be 

corprrmd v l t h  the size of the pores irr the f i b e r  w a l l .  From the 

molecular might of the l i g n i n  f r ac t ions ,  the diameter. d, of the 

equivalent sphere was calculated by the la thod described previous- 

1y . Values of d u e  given in Table I. For dl f ract ions and fo r  

the whole sample, they a c d  tha median pore v ld th  of 2.3 nm aa 

measured by so lu t e  exc~wioa . Note that these calculat ions aast 

be coaoldered only a p p r o r i u t e  since, o average, about 20% of the 

lignfa f r ac t ion  -8 carbohydrate. 

3 

9 

Using the equation derived previously by Favia and Goring 

(aqUrtion 8 in Plferoace 8 )  it can be .hom tbat. fo r  th. whole 

f ract ion,  the v l e c u h r  vldth should exceed the pore diameter by 

18% in order to reduce tho f r e e  d i f fus ion  coe f f i c i en t  by sfx 

orders of u M t u & .  This corXe8poodm t o  a molecular wldth of 

2.7 m. As shorn in Table I, the diaater of the equivalent sphore 

fo r  th ligno8ulpbolute of the whole f r ac t ion  is 3.9 om. This 

suggests tha t  the l i@n r c r o r o l e c u l e s  d i f f u d n g  through the 

f i b e r  W l  adopted a f l a t  rather than a rpherical  w n f o r u t i o n .  

The concept of a f l a t .  or d i s k - l i b  confozmatioa f o r  l l gn in  has 

been proposed previoruly8s10. Note, bowaver, that in contrast  t o  

tln above rmsdti, l ignin  w l e c u l e s  ramom during pulping appoar 

t o  escape from pore8 that are a p p r o x i u t e l y  the sire of the e q u i r  

d e n t  sphere . 11 
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MLECULAR WEIGHTS OF LIGNOSUCPHONATE AND CARBOHYDRATE 261 

An d y r b  such aa the me gimn above fo r  the Ugnorulpho- 

nate y. wt a t t a p t d  fo r  the a r b h y d r a t e  f ract ion.  M a t  of the 

vood polymaccharides are m a e n t i a l l y  linear chain mleculem’* and 

probably exis t  i n  an e r t a n d a d  c o n f o r r a t i o n  in the cell -11 - 
The aommptioa of an equivalent ephere or a f l a t  disk-like confor- 

mation v w l d  be unwarranted fo r  such mleculem. Furthemore, the 

carbohydrate f r ac t ions  wntalued,  QO average, about 40% l i ga in .  

Therefore, mpeculntion an to t h e i r  sire In c a p a r i s o n  with the 

porour s t ruc tu re  of the u11 m a  not j w t i f i e d .  

13 

The author. thank Dr. A.M. Scallan md l4r. C. Suranyi for  the 
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