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EXTENDED DELIGNIFICATION KRAFT PULPING OF .SOFTWOODS - 
EFFECT OF TREATMENTS ON CHIPS AND PULP 

WITH SULFIDE-CONTAIN ING LIQUORS * 

E. K .  Andrews and Hou-min Chang 
North Carol ina Sta te  Un ive rs i t y  

Raleigh, North Caro l ina  27695-8005 

R. C. Eckert 
Weyerhaeuser Company 

Tacoma, Washington 98477 

ABSTRACT 

Pretreatment of softwood chips w i t h  Na2S l i quo rs  a t  
moder ate1 y -e l  evated temperatures p r i o r  t o  a k r a f t  stage 
d e l i g n i f i c a t i o n  resu l ted  i n  higher pu lp  v i s c o s i t y  a t  a given kappa 
number as compared t o  t h a t  o f  a conventional ly-cooked reference 
k r a f t  pulp. F ina l  pu lp  y i e l d s  were equivalent to, o r  s l i g h t l y  
b e t t e r  than f o r  conventional k r a f t  pulps. The high v i s c o s i t y  i s  due 
t o  the  lower a l k a l i  requirement dur ing  the  k r a f t  stage as a r e s u l t  
o f  t he  pretreatment. The decreased a l k a l i  requirement i s  due t o  the  
ex t rac t i on  and removal o f  hemicel lu loses  dur ing pretreatment which 
normal ly produce sugar acids v i a  pee l ing  react ions.  The presence 
o f  s u l f i d e  i n  the  pretreatment promotes l i g n i n  degradation and a l so  
enhances polysaccharide s t a b i l i t y  dur ing the  subsequent k r a f t  
stage. When k r a f t  pulps, p re t rea ted  w i t h  sul f ide-containing 
l iquors ,  were f u r t h e r  d e l i g n i f i e d  i n  an oxygen stage, lower kappa 
numbers a t  equivalent v i s c o s i t y  were obtained versus conventional 
k r a f t - 0  treatment. This enhanced polysaccharide s t a b i l i t y  toward 
an oxy&n stage can a l so  be achieved by t r e a t i n g  a conventional 
k r a f t  pulp w i t h  su l f ide-conta in ing  l iquors ,  i nc lud ing  green l i q u o r  
and black l i q u o r ,  bu t  a lesser e f f e c t  i s  achieved compared w i t h  ch ip  
pretreatment. 

Paper presented a t  the 1983 I n te rna t i ona l  Symposium on Wood and 
Pulping Chemistry, Tsukuba City,  Japan. 

E. K. Andrews' present address i s :  Weyerhaeuser Company, Tacoma, 
MA 98477. 
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INTRODUCTION 

ANDREWS, CHANG, AND ECKERT 

Extending k r a f t  pu lp  d e l i g n i f i c a t i o n  by means o f  an oxygen 
prebleaching stage r e s u l t s  i n  decreasing bleach p l a n t  e f f l u e n t  and 

p o l l u t a n t  loads s ince  the  oxygen-stage e f f l u e n t  may be recyc led  t o  
t he  convent ional  k r a f t  recovery systems. However, on l y  about 505; 
o f  the  res idua l  k r a f t  pu lp  l i g n i n  may be removed i n  an oxygen stage 

before severe carbohydrate degradation occurs. The remaining 
l i g n i n  must s t i l l  be removed w i t h  expensive and co r ros i ve  ch lo r i ne -  
based chemicals. I f  the  e x i s t i n g  pu lp ing  process cou ld  be mod i f ied  
t o  improve d e l i g n i f i c a t i o n  s e l e c t i v i t y  beyond cu r ren t  p r a c t i c e  

(s30-35 kappa number for softwoods), then the  f e a s i b i l i t y  o f  

e l i m i n a t i n g  the  conventional ch lo r i ne  and e x t r a c t i o n  stages may be 
expected. This would a l low the  use o f  ma in ly  c h l o r i n e  d iox ide  i n  

subsequent bleaching stages and s i g n i f i c a n t l y  decrease bleach p l a n t  
e f f l u e n t  load  and t o x i c i t y .  The e f f l u e n t s  would then be t r e a t a b l e  

i n  e x i s t i n g  wastewater t reatment f a c i l i t i e s  and a l low the  m i l l  t o  

meet present o r  f u tu re  regu la t i ons  a t  g r e a t l y  reduced r i s k  o f  
having t o  purchase and i n s t a l  1 advanced treatment technology. 

C lear ly ,  oppor tun i t y  f o r  s i g n i f i c a n t  savings i n  c a p i t a l  and 

opera t iona l  costs would be poss ib le  if ei the r ,  or both, t he  k r a f t  

and oxygen d e l i g n i f i c a t i o n  stages were improved t o  a l low extended 
d e l i g n i f i c a t i o n  w i thout  severe losses o f  pu lp  y i e l d  and s t rength .  

For t h i s  reason, extended d e l i g n i f i c a t i o n  has been d e a l t  w i t h  i n  
recent  research by  several  groups. H a r t l e r  (1-2). Teder (3-4) and 

t h e i r  coworkers have demonstrated the  f e a s i b i  1 i t y  o f  extended 
d e l i g n i f i c a t i o n  a t  lab-scale by  opt imal con t ro l  o f  a l k a l i ,  
hyd rosu l f i de  i o n  and d isso lved l i g n i n  dur ing  the  var ious stages o f  

a k r a f t  cook. These approaches are r e l a t i v e l y  complicated and 

r e t r o f i t  t o  e x i s t i n g  digesters,  e s p e c i a l l y  batch, may be d i f f i c u l t .  
McDonough and Van Drunen (5-7) pulped southern p ine  t o  low l i g n i n  

contents by app ly ing  anthraauinone ( A Q )  a t  0.2-0.3% and a l so  by 

apply ing h igh  e f f e c t i v e  a l k a l i  (18-222) and l i q u o r  s u l f i d i t i e s  

(38-40%). The AQ dosage i s  c u r r e n t l y  ou ts ide  l e g a l  l i m i t s  and 
although t h e  h igh  chemical cos ts  may be o f f s e t  by  lower associated 
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EXTENDED DELLGNIFICATION 433 

bleaching and waste treatment costs,  the increased inorganic load 
t o  the chemical recovery system may be a c r i t i ca l  problem for  
r e t r o f i t  into an existing kraft  mill .  

Our approach (19) t o  extending delignification i s  to  search 
fo r  simple modifications tha t  are f u l l y  compatible w i t h  currently- 
existing technology. Our aim i s  t o  provide techniques that would 
allow re t ro f i t  a t  minimum disturbance into an existing mill. This 
paper reports the preliminary results of research effor ts  toward 
th i s  goal. Results of material balances and computer simulation 
based on these data have already been published (20). 

RESULTS AND DISCUSION 

Effect of Post-Kraft P u l p  Treatment with Sulf ide-Containing 
Liquors Prior t o  Oxygen Deliqnification 

Preliminary experiments were aimed a t  tes t ing a variety of 
post-kraft treatments prior t o  oxygen delignification. From these 
screening resul ts  we generally found that  various reducing agents 
gave significant improvements i n  subsequent oxygen stage 
se lec t iv i ty  ( i . e . ,  viscosity a t  a given kappa number). The two 
reagents o f  greatest  in te res t  were sodiun borohydride and sodiun 
sulfide.  

As a base case, k raf t  pulp (34.4 kappa number - 29.8 mPa-s 
viscosity) was treated w i t h  the proven reducing agent, sodium 
borohydride, under ambient conditions f o r  48 hours .  A modest 
decrease i n  kappa number was observed coupled w i t h  an increase i n  
viscosity from the i n i t i a l  value. The l a t t e r  i s  due t o  apparent 
stabi 1 ization o f  polysaccharides towards degradation i n  the cuene 
reagent used i n  the TAPPI T-230 viscosity measurement. Some 
degradation is  known to  occur dur ing  t h i s  analytical technique (8). 
However, when the borohydride-stabilized pulp was subjected t o  a 
conventional oxygen stage treatment, the viscosity of the resul tant  
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434 A N D R E W ,  CHANG, AND ECKERT 

pu lp  a t  any given kappa number was about 4 mPa*s higher than 
comparable k ra f t -02  w i thout  borohydride. Thus, reduc t ion  o f  the  

carbonyl group- i n  the  pulp apparent ly decreases polysaccharide 
degradation dur ing  both cuene v i s c o s i t y  measurement and oxygen 

bleaching. However, borohydride i s  too  expensive f o r  canmercial 

p rac t i ce  and a cheaper reagent was sought. 

The same k r a f t  pulp was t rea ted  w i t h  an aqueous Na2S So lu t ion  
a t  th ree  temperatures (105OC, 135OC and 165OC). Figure 1 
i l l u s t r a t e s  t h a t  t h i s  treatment r e s u l t s  i n  some considerable 
d e l i g n i f i c a t i o n  (24-45% o f  i n i t i a l  kappa), espec ia l l y  a t  h igh  
temperatures, w i th  minimal loss  o f  v i scos i t y .  The low temperature 
(105OC) s u l f i d e  treatment resu l ted  i n  a h ighe r - than - in i t i a l  
v i s c o s i t y  i n d i c a t i n g  a s t a b i l i z a t i o n  of carbohydrates toward the  
cuene reagent as was observed f o r  borohydride. When these pulps 

were subjected t o  oxygen d e l i g n i f i c a t i o n ,  the  r e s u l t i n g  pulps were 

about 5 rnPa*s higher i n  v i s c o s i t y  than t h e i r  conventional k ra f t -02  

counterparts a t  any given kappa nunber. This r e s u l t  was even b e t t e r  
than the  experience w i t h  the  borohydr ide-s tab i l i zed  pulps t rea ted  
s i m i l a r l y .  This su l f i de  treatment then permits pulps o f  
10-12 kappa number a f t e r  a conventional oxygen stage wh i le  
ma in ta in ing  t h e  same v i s c o s i t y  as f o r  conventional k ra f t -oxygen 
pulps a t  15-17 kappa number. Thus, t he  s u l f i d e  treatment p lus  
oxygen del i g n i f  i c a t i o n  removes 65-70% o f  t he  res idua l  k r a f t  pulp 

l i g n i n  as compared t o  50-55% removal w i t h  o n l y  oxygen treatment. 

The Na2S treatments, although cheaper than borohydride, were 
s t i l l  considered t o  be too  expensive f o r  comnercial p rac t i ce .  
However, s i m i l a r  r e s u l t s  were obtained when conventional green 

l i q u o r  (1.2% Na2S on O.D. I n  t h i s  
case, a combined green l iquor-oxygen d e l i g n i f i c a t i o n  treatment 
r e s u l t e d  i n  ob ta in ing  10-11 kappa number wh i l e  s t i l l  maintaining a 

4 mPa-s increase i n  v i s c o s i t y  versus conventional treatment. These 

r e s u l t s  are p a r t i c u l a r l y  i n t e r e s t i n g  since green l i q u o r  i s  a 

r e a d i l y  ava i l ab le  source o f  su l f ide-conta in ing  l i q u o r  i n  a k r a f t  
m i l l .  Such a treatment a t  c m e r c i a l  scale could be c a r r i e d  ou t  i n  

the  high-heat washing zone o f  a continuous d iges ter  o r  i n  t h e  

pu lp )  was appl ied a t  135OC. 
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recently-developed pressurized diffuser washer (9) .  
Although sulf ide ion has been proposed t o  act as a reducing 

agent in kraft  pulping, there i s  no reason t o  believe t h a t  i t  can 
reduce the carbonyl groups in polysaccharides as does borohydride. 
I t  therefore remains t o  be determined what ro le  the sulfide ion 
plays in s tabi l iz ing polysaccharides during cuene viscosity 
analysis and oxygen delignification. As encouraging as these 

SODIUM SULFIDE POST-TREATMENTS 
LOBLOLLY PINE KRAFT PULP 

1 1 1 1  1 1 1 1  1 1 1 1  1 1 1 1  1 1 1 1  1 1 1 1  

L 

35 - 

30 - 

25 - 

20 - 

15 - 

10 - 

5 -  

- 
~ - 
- - 

CONVENTIONAL KRAFT/OXYGEN I 
- - 

TREATMENTS 

135 0 42.7 - 

KAPPA NUMBER 

Figure 1: Effect of sodium sulfide treatments o f  k r a f t  p u l p  on 
the viscosity and kappa number of oxygen-del i gn i  f ied 
pulp.  Sulfide charges were 8.7 wt-5; as Na 0 based 
on O.D. pulp. Numbers are yields  based on grfginal 
pulp. Total yields  re fer  to the original wood c h i p  
basis. 
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436  ANDREWS, CHANC, AND ECKERT 

cu r ren t  r e s u l t s  are, t he  o v e r a l l  process and treatment cond i t ions  

have n o t  y e t  been optimized. These are  t h e  subjects o f  cu r ren t  

study. 

Pretreatment o f  Chips w i t h  Su l f ide-Conta in ing  Liquors 

Our discovery t h a t  pretreatment o f  pulp w i th  s u l f i d e -  

con ta in ing  l i q u o r s  improved carbohydrate s t a b i l i t y  prompted us t o  

examine the  p o s s i b i l i t y  t h a t  s i m i l a r  treatment, appl ied t o  wood 

chips p r i o r  t o  k r a f t  stage cooking, would have s i m i l a r  bene f i t s .  
Various ways o f  wood ch ip  pretreatment w i t h  su l f i de -con ta in ing  
l i q u o r s  t o  improve y i e l d  and k r a f t  pu lp  p roper t i es  have been 
examined (10-12). F igure  2 shows t h a t  pretreatment o f  l o b l o l l y  
pine chips w i t h  su l f i de -con ta in ing  l i q u o r s  p r i o r  t o  a k r a f t  stage 
d e l i g n i f i c a t i o n  r e s u l t s  i n  higher pu lp  v i s c o s i t y  than t h a t  o f  the  

conventional ly-cooked k r a f t  pulp a t  equ iva len t  kappa number. It i s  

the re fo re  poss ib le  t o  cook t o  lower kappa numbers wh i l e  ma in ta in ing  

the  same v i s c o s i t y  as convent ional  k r a f t .  Furthermore, these 
r e s u l t s  imply t h a t  incremental v i s c o s i t y  improvements are poss ib le  

by inc reas ing  t h e  Na2S concent ra t ion  o f  t h e  pretreatment l i q u o r .  
Those pulps i n  F igure  2 having bleachable-grade kappa numbers 

( 30-35) were de l  i g n i f  i ed i n a f o l  1 ow-up oxygen stage and compared 

against a re fe rence k ra f t -02  pu lp  under the same cond i t ions  
(F igure  3 ) .  Pretreatment o f  chips w i t h  convent ional  green i i q u o r  
(CGL) p r i o r  t o  k r a f t  stage d e l i g n i f i c a t i o n  resu l ted  i n  a pu lp  

having n e a r l y  i d e n t i c a l  kappa number and v i s c o s i t y  versus i t s  

conventional k r a f t  counterpart .  However, treatment through 
i d e n t i c a l  oxygen stages r e s u l t e d  i n  t h e  CGL-pulp having h igher  
f i n a l  v i s c o s i t y  than t h e  re fe rence k r a f t  pu lp  a t  any given l e v e l  o f  
d e l i g n i f i c a t i o n .  Therefore, CGL-pretreatment of wood chips,  l i k e  
CGL-pretreatment o f  k r a f t  pulp, leads t o  enhanced s t a b i l i t y  o f  

polysaccharides i n  an alkal ine-oxygen d e l i g n i f i c a t i o n  stage. 
Pretreatment w i t h  f o r t i f i e d  green l i q u o r  (HSGL) o r  pure sodium 

s u l f i d e  s o l u t i o n  (Na2S) r e s u l t e d  i n  k r a f t  pulps o f  h igher i n i t i a l  
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v i s c o s i t y  a t  s i m i l a r  kappa number t o  t h a t  of the  reference k r a f t  
pulp. I n  these cases, f u r t h e r  d e l i g n i f i c a t i o n  through an oxygen 

stage resu l ted  i n  bo th  pulps exper iencing v i s c o s i t y  decreases much 
f a s t e r  than t h e  CGL-pretreated pulp. Only f o r  f i n a l  kappa nunbers 
greater than 10 do these higher su l f ide-conta in ing  l i quo rs  o f f e r  
any advantages over CGL-pretreatment. However, a l l  three o f  the  
pre t rea ted  pulps gave higher f i n a l  v i s c o s i t y  than the  reference 
k r a f t  pulp when a l l  were t rea ted  by an i d e n t i c a l  oxygen stage t o  a 
given kappa number. 

- 
- 
- 

45 

40 - 
- .. 
- 
- 

@ =  CONVENTIONAL KRAFT 

= CCL-KRAFT 
20 

15 A = NoZS-KRAFT 

10 

HSGL-KRAFT 

I- 4 

KAPPA NUMBER 

F igure  2: E f f e c t  o f  su l f ide-conta in ing  l i q u o r  pretreatments 
o f  l o b l o l l y  pine chips on pulp v i scos i t y  as a 
func t i on  o f  t he  kappa number a f t e r  t he  k r a f t  stage. 

CGL = conventional green l i q u o r  
HSGL = h igh  s u l f i d i t y  ( f o r t i f i e d )  green l i q u o r  
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438 ANDREUS, CHANG, AND ECKERT 

t 
L 

When t h e  Na2S pre t rea ted  chips o f  Figure 3 were d e l i g n i f i e d  i n  
a k r a f t  cook t o  a v i s c o s i t y  s i m i l a r  t o  t h a t  o f  the  reference k r a f t  

pulp, a kappa number o f  20 was obtained represent ing a 33% res idua l  
l i g n i n  reduc t ion  canpared t o  the  30 kappa nunber reference k r a f t  

pu lp  (F igure  4 ) .  When t h i s  pulp was subjected t o  a subsequent 
oxygen stage, t he  f i n a l  pulp v i s c o s i t i e s  were s i g n i f i c a n t l y  b e t t e r  
than those obtained from a l l  o f  t he  higher kappa number pulps. I n  
t h i s  case, oxygen-stage d e l i g n i f i c a t i o n  t o  we l l  below 10 kappa 
number was obtained wh i l e  s t i l l  maintaining acceptable v i s c o s i t i e s .  

I t  i s  also pointed out t h a t  f i n a l  oxygen stage pulp y ie lds  f o r  t he  
s u l f i d e - l i q u o r  pretreatments i n  Figures 3 and 4 were a t  l e a s t  

25 L- t 

t 

t 

5 1 

-I / I -  , 
_/-- _ -  

/ 
/ 

/ 
0 

0 a=" p: / u * .  I' 
CONVENTIONAL KRAFT-OXYGEN 4 
HSCL-KRAFT-OXYCEK 

4 -. . . - _. . 

I- 4 

KAPPA NUMBER 

Figure  3: E f f e c t  o f  oxygen d e l i g n i f i c a t i o n  on v i s c o s i t y  for 
l o b l o l l y  pine chip-pretreated pulps. 
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EXTENDED DELIGNIFICATION 439 

> 

equivalent to, or slightly better than those of the reference 
kr af t -02. 

Effect o f  Chip Pretreatment on the Alkali Requirement 
During Kraft-Stage Delignification 

I n  addition to the benefits of extended delignification, chip 
pretreatment with sulfide-containing liquors results in a 
considerable decrease (25-50%) in the required effective alkali for 
the kraft stage as illustrated by the examples in Figures 5 and 6. 

CONV. 

0 =  CONVENTIONAL KRAFT-OXYGEN 

A =  NO 2 S-KRAFT-OXY CEN 

V= EXT'D Na2S-HRAFT-OXYGEN 

Figure 4: Effect of extended kraft-stage del ignification on 
the final oxygen stage pulp viscosity for sodium 
sulfide-pretreated chips from mature loblolly pine. 
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I l l 1  I l l 1  1 1 1 1  I I I I  

100 L 
90 L 
80 

70 

60 5 

- 
- JUVENILE LOBLOLLY PINE 

FURN I SH 

- 

~ ~ " ' r " ~ ' t t ' ~ ' t ' ' ~ ~ ~ ~  5 10 15 20 

The higher the sulf ide dosage on chips during pretreatment, the 
further the reduction i n  effect ive alkali  t o  reach bleachable-grade 
kappa numbers. Similar resu l t s  were observed by Briggs e t  a1 (11) 
on pretreatment of Eucalyptus chips with sodium hydrosulfide or 
black 1 iquor. 

-- 

25 

Figure 5: Effect of green liquor pretreatment on the effective 
alkal i  (EA)  requirements of the kraf t  stage - 
juvenile loblolly pine chip furnish. 
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- - - - - - 
i 

a < x 

a 

- 

- - - 

The Separate E f fec ts  o f  S u l f i d i t y  and A l k a l i n i t y  Dur ing 

the  Pretreatment Stage 

- - 
- 

The fac t  t h a t  pretreatment of chips w i t h  su l f ide-conta in ing  
l i quo rs  r e s u l t s  i n  decreased a l k a l i  requirement, equivalent o r  

be t te r  y i e l d  and improved pu lp  v i s c o s i t y  i n  the  subsequent k r a f t  
stage i s  very i n t r i g u i n g .  I t  i s  genera l l y  bel ieved tha t  w i th  the  
exception o f  po lysu l f ide ,  s u l f i d e  has l i t t l e  e f f e c t  on 
carbohydrates i n  a l k a l i n e  pu lp ing  (8,13-14). I n  order t o  gain a 
be t te r  understanding o f  t he  e f f e c t  o f  t h i s  approach t o  

pretreatment, the inf luences of s u l f i d i t y  and a l k a l i n i t y  were 
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F igure  6: E f f e c t  o f  sodium s u l f i d e  pretreatment on the 
e f f e c t i v e  a l k a l i  (EA) requirements o f  the  k r a f t  
stage - mature l o b l o l l y  p ine  ch ip  fu rn ish .  
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L 

i nves t iga ted  f o r  t h i s  stage us ing  e i t h e r  s o d i m  hydroxide o r  s o d i m  
s u l f i d e  as the  e f f e c t i v e  a l k a l i  (EA) source. A constant 
pretreatment stage t o t a l  t i t r a t a b l e  a l k a l i  (TTA = Na2S + NaOH + 
Na2C03) dosage was maintained a t  10.5 w t - X  (as Na20 on chips) using 
sodium carbonate as the  make-up a l k a l i .  Yield, kappa number and 
v i s c o s i t y  were measured f o l l o w i n g  a conventional k r a f t  stage i n  
which the  cond i t ions  o f  t reatment were he ld  constant. As shown i n  

Figure 7, wi thout ch ip  pretreatment, t he  m i l d  k r a f t  d e l i g n i f i c a t i o n  
condi t ions (9.6% EA, 30.8% l i q u o r  s u l f i d i t y  and 1600 H- fac tor )  gave 
a reference k r a f t  pu lp  o f  117 kappa number (58.9% t o t a l  y i e l d ) .  I f  

1 1 1 1  1 1 1 1  I I I I  I I I I  I I I I  

JUVENILE LOBLOLLY PINE CHIP FURNISH 

Wt-X  EA (Na20) ON CHIPS-PRETREAT STAGE 

F igure  7: E f f e c t  o f  e f f e c t i v e  a l k a l i  source and dosage dur ing 
pretreatment on del i g n i f i c a t i o n  c a r r i e d  through a 
k r a f t  stage a t  constant condi t ions - j u v e n i l e  
l o b l o l l y  pine ch ip  fu rn ish .  
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EXTENDED DELIGNIFZCATION 44 3 

pretreatment i s  c a r r i e d  ou t  us ing  o n l y  NaZCO3, a 65 kappa pu lp  i s  
obtained (47.71 t o t a l  y i e l d ) ,  i n d i c a t i n g  the  s i g n i f i c a n t  e f f e c t  o f  

a weak a l k a l i  e x t r a c t i o n  du r ing  pretreatment. Increasing the  
e f f e c t i v e  a l k a l i  f r a n  0 t o  5.3% (on ch ips)  by rep lac ing  h a l f  o f  the  

carbonate w i t h  hydroxide r e s u l t s  i n  a f u r t h e r  reduc t ion  t o  47 kappa 
number (44.4% t o t a l  y i e l d ) .  Thus, t he  effect o f  increased 

a l k a l i n i t y  (Na2C03 versus NaOH) i s  r e l a t i v e l y  small  compared t o  

t h a t  o f  Na2C03 only.  If hydroxide i s  replaced by Na2S a t  the same 
5.3% EA leve l ,  a pu lp  o f  about 20 kappa nlanber (43.6% t o t a l  y i e l d )  

i s  obtained. I d e n t i c a l  r e s u l t s  were also obtained on a d i f f e r e n t  
batch o f  chips under a s l i g h t l y  d i f f e r e n t  se t  o f  constant k r a f t  
cooking cond i t ions  as seen i n  F igure  8. The la rge  incremental 
e f f e c t  o f  carbonate i s  repeated as w e l l  as the  smaller hydroxide and 
s u l f i d e  e f f e c t s .  It i s  a lso  obvious t h a t  o n l y  a very small  amount 

o f  s u l f i d e  (1-24: as NaeO on ch ips )  i s  requ i red  t o  achieve maximum 
incremental bene f i t ;  the e f f e c t  o f  add i t i ona l  s u l f i d e  being 

p r i m a r i l y  an increase i n  a l k a l i n i t y .  

These r e s u l t s  imp ly  t h a t  t he  reduc t ion  i n  e f fec t i ve  a l k a l i  

requ i red  f o r  the k r a f t  stage as a consequence of pretreatment i s  due 
l a r g e l y  t o  the  m i l d  a l k a l i n e  e x t r a c t i o n  of hemicel luloses, among 
other substances, and the  subsequent removal o f  most o f  the  
d isso lved organics between stages. These so lub le  hemicel luloses 

would otherwise consume a l k a l i  as a consequence o f  t he  pee l ing  
reac t i on  du r ing  a normal k r a f t  cook. This conclusion i s  supported 
by the f o l l o w i n g  th ree  experimental r e s u l t s :  

1. 

2 .  

A t  a given t o t a l  e f f e c t i v e  a l k a l i  charge, i nc lud ing  t h a t  o f  
pretreatment, the  f i n a l  b lack l i q u o r  pH was higher f o r  the  
k r a f t  cook f o l l o w i n g  pretreatment than fo r  the reference k r a f t  

cook. 

Pretreatment w i t h  green l i q u o r  a t  10.5% TTA resu l ted  i n  about 

20% wood weight l oss  (80% y i e l d ) ,  of which on ly  8% was 
a t t r i b u t e d  t o  l i g n i n .  The remaining 12% was mainly 

hemicel lu loses, galactoglucomonnan being the  major component. 
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444 ANDREWS, CHANG, AND ECKERT 

- - 
120 3 - - - - - - 

This i s  consistent with the f ac t  tha t  during the early stage of 
kraf t  cooking, considerable amounts o f  hemicelluloses are  
dissolved (15,16). Since most o f  the alkal i  i s  consumed by 
the carbohydrate degradation products (17), removal of a part 
of these carbohydrates should resu l t  in a decreased alkali  
requirement. 

3.  In a typical procedure used in th i s  study ( l g ) ,  about 70% o f  
the pretreatment liquor i s  removed prior t o  addition of white 
1 iquor and subsequent kraf t  cooking. When the pretreatment 

W t - l .  EA (Na20) ON CHIPS-PRETREAT STAGE 

Figure 8: Effect of effect ive alkal i  source and dosage d u r i n g  
pretreatment on delignification carr ied through a 
kraf t  stage a t  constant condftions - mature loblolly 
pine chip furnish. 
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EXTENDED DELIGNIFICATION 445 

3 

> - 
a 
R 
< c 

liquor was not removed, and white liquor was added directly to 
the pretreatment liquor, the resulting kraft pulp kappa nunber 
(64.4) was much higher than in the typical procedure (34.5). 
Furthermore, the pH of the black liquor was lower for the 
modified procedure. 

While the effect of pretreatment on the subsequent kraft 
delignification is mainly due to the alkaline extraction of 
hemicelluloses, the significance o f  sulfidity during pretreatment 
on pulp viscosity has been established in Figure 2. This is further 
confirmed by the results in Figure 9. The absence of sulfide during 

Figure 9: Effect of the presence and absence of liquor 
sulfidity during the Pretreatment stage on pulp 
viscosity after a kraft cook on loblolly pine chips. 
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446 ANDREWS, CHANG, AND ECKERT 

- 
65 LOBLOLLY PINE CHIP FURNISHES 

- 

pretreatment leads t o  a f i n a l  o v e r a l l  pulp v i s c o s i t y  which i s  very 
i n f e r i o r ,  even when compared t o  conventional k r a f t .  The e f f e c t  of 
pretreatment s u l f i d i t y  i s  understandable f o r  d e l i g n i f i c a t i o n  s ince 

s u l f i d e  i s  known t o  reac t  w i t h  l i g n i n  a t  t he  pretreatment 
temperature (135OC). On the  o ther  hand, the  i n f e r i o r  v i s c o s i t y  

r e s u l t i n g  from pretreatment w i thout  s u l f i d e  was unexpected since 
the e f f e c t i v e  a l k a l i  dosage i n  the  subsequent k r a f t  stage was much 

lower than i n  comparable reference k r a f t  cooks. 

A recent study (18) suggested t h a t  add i t i ves  such as s u l f i d e  

and anthraquinone have l i t t l e  e f f e c t  on pu lp  v i scos i t y .  Instead, 
v i scos i t y  was shown t o  be a func t i on  o f  e f fec t i ve  a l k a l i  dosage. I n  

55 - 
50 

45 

Figure  10: E f f e c t  o f  t o t a l  app l ied  e f f e c t i v e  a l k a l i  on 
brownstock pulp v i scos i t y  a f t e r  the  k r a f t  stage f o r  
conventional and pre t rea ted  1 obl  o l  l y  p i  ne chips . 

k 
: - - 40 - - - - - 
- 

- 
- 

35 F 
30 F 
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D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
3
0
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



EXTENDED D E L I G N I F I C A T I O N  44 7 

such a case, t he  r o l e  o f  an a d d i t i v e  i s  t o  promote d e l i g n i f i c a t i o n  

a t  any given a l k a l i  dosage. I n  F igure  10, pu lp  v i s c o s i t y  values are  

p l o t t e d  against  t o t a l  e f f e c t i v e  a l k a l i  charge inc lud ing  the  
pretreatment stage. While s u l f i d e  l i q u o r  pretreatments and 
conventional k r a f t  p u l p  v i s c o s i t i e s  genera l l y  f o l l ow  a s i m i l a r  
curve, t he  v i s c o s i t i e s  o f  carbonate/hydroxide-pretreated pulps are  
lower a t  a given e f f e c t i v e  a l k a l i  l eve l .  These resu l t s ,  and the  
f a c t  t h a t  pretreatment o f  chips and post-treatment of pulp w i t h  

Na2S s o l u t i o n  enhances polysaccharide s t a b i l i t y  dur ing  oxygen 
d e l i g n i f i c a t i o n ,  c l e a r l y  demonstrates the need t o  pursue an 
i nves t i ga t i on  o f  the  reac t ions  between sodium s u l f i d e  and 

carbohydrates. 

EXPERIMENTAL 

Two batches o f  l o b l o l l y  p ine  ch ips  were used i n  t h i s  
i nves t i ga t i on .  One was obtained from the ch ip  p i l e  a t  the 
Weyerhaeuser m i l l  i n  New Bern, Nor th  Carol ina, and the o ther  from a 
s ing le  t ree,  17 years o ld ,  from the H i l l  f o r e s t  i n  North Carol ina - 
c u t  i n t o  b o l t s  and chipped by a labora tory  chipper. Both batches 
were a i r - d r i e d  and screened t o  ob ta in  the 10 t o  22 mn mesh s i ze  f o r  
cooking studies.  

Pretreatments and k r a f t  cooks were c a r r i e d  o u t  i n  2.8 l i t e r  
s ta in less  s tee l  p ipe bombs s u i t a b l y  valved and instrumented f o r  
1 iquor  i n t r o d u c t i o n  and removal and temperature mon i to r ing  w i t h  

thermocouples. Bombs conta in ing  l i q u o r  a t  a 4 : l  1iquor:wood 
(v01:wt) r a t i o  (usua l l y  450 g O.D. bas is )  were charged t o  a 
previously-heated, r o t a t i n g  fo rced-a i r  convection oven f o r  the  
desired treatment time. I n  the case o f  pretreatment (135OC1, 
l i q u o r  was discharged from the ch ips  a t  temperature, evacuated, and 
white l i q u o r  drawn i n t o  the  bomb conta in ing  h o t  chips. A t  the end 
o f  k r a f t  cooking, bombs were submerged i n t o  a co ld  water bath, 
vented and the cooked ch ips  removed. Cooked chips were passed tw ice  
through a l abo ra to ry  r e f i n e r  s e t  t o  a clearance o f  0.50-0.80 mn, 
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448 A N D R E W ,  CHANG, AND ECKERT 

c o l l e c t e d  on a f i n e  mesh screen box and t rans fer red  to a l abo ra to ry  

f l a t  screen (0.30 mn) to e f f e c t  separa t ion  of rejects and accepts. 

Rejects were oven-dried d i r e c t l y .  Accepts were f u r t h e r  cen t r i f uged  

t o  $337, consistency, f l u f f e d  t o  e f fec t  separat ion o f  the  pu lp  mat 
i n t o  f i b e r s  and s to red  i n  polyethylene bags a t  34-36? u n t i l  needed 
f o r  ana lys i s  and/or f u r t h e r  processing. Y ie lds  were measured by 
oven-drying a l i q u o t s  ( 4 )  o f  the f l u f fed  pulp a t  105OC i n  an a i r -  
c i r c u l a t i o n  oven overn igh t  (>4 - hours). 

Oxygenation treatments were c a r r i e d  o u t  us ing  2-8 grams o f  

pu lp  (0.0. bas is )  i n  45 cc s t a i n l e s s  s tee l  reac to r  bombs (Par r  

Apparatus Co.). A l l  oxygen treatments were conducted a t  105OC, 20% 

Pulp consistency w i t h  1% MgSO4 on 0.0. pu lp  as s t a b i l i z e r ,  
40 minutes t o t a l  treatment t ime and 600-1400 kPa oxygen p a r t i a l  
pressure. W t - %  NaOH on O.D. pu lp  was var ied  (1-1oX) t o  e f f e c t  
var ious degrees o f  d e l i g n i f i c a t i o n .  

Pulp pretreatments w i th  borohydride and su l f i de -con ta in ing  
l i q u o r s  were also c a r r i e d  ou t  i n  the  4 5  cc bombs. Temperature 

(105-165OC) and l i q u o r  dosages on O.D. pu lp  were va r ied  t o  e f f e c t  
treatment. A l l  t reatments were c a r r i e d  out a t  12.5% consistency 

and a t o t a l  t reatment t ime of 60 minutes. 
A l l  wh i te  l i q u o r s  and su l f i de -con ta in ing  green l i q u o r s  were 

prepared i n  the  l abo ra to ry  from techn ica l -  o r  reagent-grade 
chemicals t o  s imulate t y p i c a l  m i l l  p rac t i ce .  These were r o u t i n e l y  
t i t r a t e d  f o r  composit ion dur ing  the  course of t h i s  i nves t i ga t i on .  

Kappa numbers and v i s c o s i t i e s  were measured using TAPPI UM-246 

(Micro Kappa Number) and T-230 os-76, respec t i ve l y .  Pooled 
standard dev ia t ions  f o r  the  mean observations ( a t  95% confidence 

l e v e l )  were as fo l l ows :  Y ie ld  a t  21.6%, Kappa Number a t  - +0.5 and 
V i s c o s i t y  a t  21.0 mPa=s. 

CONCLUSIONS 

Using Na2S and green l i q u o r s  as examples of su l f i de -con ta in ing  

l i q u o r s  t o  p o s t - t r e a t  a conventional k r a f t  pu lp  fo l lowed by 
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EXTENDED DELICNIFICATION 44 9 

conventional oxygen technology resulted in significantly improved 
delignification selectivity. Sulf i de-contai ni ng 1 i quor 
pretreatments of wood chips followed by conventional kraft pulping 
at reduced alkali dosage and oxygen delignification resulted in 
kappa numbers i n  the 8-10 range while preserving equivalent 
conventional viscosity (s18 mPa-s) at equivalent or slightly 
improved pulp yield. As a consequence of pretreatment, the kraft 
stage may be used to extend delignification from 35 down to 20 kappa 
number. The role o f  alkali during pretreatment is to act as a mild 
extractant of the peelable hemicelluloses and their subsequent 
removal from the system. On the other hand, the presence of small 
amounts of sulfide (1-2% as NaeO on chips) is necessary to enhance 
subsequent delignification and to provide carbohydrate 
stabilization to the pulp entering an oxygen delignification stage 
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