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ABSTRACT 

Residual l i gn ins  i n  an unbleached and a semibleached softwood 
(Pinus taeda L.) k r a f t  pulp were i s o l a t e d  by enzymatic hydro lys is  
of polysaucb.ridas Fn tbe pulps. After p u r i f l u t i o a ,  t he  r e s idua l  
1igni.m mre characterized. A disso lved  li- was also i s o l a t e d  
from t h e  alkalino e x t r a c t i o n  spen t  liquor by a c i d i f i c a t i o n  and 
charaatorimd. 

Iesults of the characterization i n d i c a t e  that u k a s i v s  
degradatioa of r e s idua l  l i m n  i n  kraft pulp occurred during the  
first two stages of bleaching. 
t he  previous W i n g  that. s t a b l e  covalent linkages between 
r e s idua l  lignins and carbohydrates i n  pulp may be the most 
probable oause for t h e  r e s idua l  lignins to resist d e l i g n i f i c a t i o n  
during k r a f t  pulping and prableaching. 

The r e s u l t s  a l s o  s t rong ly  support  
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82 JIANC El' AL. 

INTRODUCTION 

A major drawback of a k r a f t  pulp- process is the r e l a t i v e l y  
high residual  lignin content of the r e su l t i ng  pulp. This 
considerable aaount of r e s idua l  1- cannot be . fu r the r  removed 

by extendad aooking without caus- severe degradatioa of the  

pulp. 
de l ign i f i ca t ion  is not w e l l  known i n  s p i t e  of appreciable research 
work done in t h i s  f i e l d .  

The cause(s)  for the r e s i s t ance  of the re s idua l  l i g n i n  t o  

One p laus ib l e  explanation for the encountered m s i s t e n c e  is 
that re s idua l  lignlns am covalently linked to carbohydratas i n  
pulp. 
s t a b i l i t y  of 1ign.i.n-oarbOhydrate covalent bonds seea to support  

the exis tence of such covalent bondings in k r a f t  pulps. 
character izat ion of residual  1ign.b preparat ions i so l a t ed  from a 

bleachable grade k r a f t  pulp by s e l e c t i v e  enzymatic hydrolysis of 
the polysaccharides, Yamasaki e t  al.' found that the residual  
l i g n i n  contained subs t an t i a l  amounts of carbohydrates and was 

degraded t o  a less extent  than the k r a i t  l ignin.  
that the muse for its lower ex ta t  of r eac t ion  and its resistance 
t o  d e l i g n i f i c a t i o n  during k r a f t  pulping might be a t t r i b u t a b l e  t o  

s t a b l e  l i @ n - h d o e L l u l o s e  linkages. 
be twen  l i g n i n  and carbohydrates am w e l l  knoun t o  fom during 
l i g n i n  biosynthesis,  2, and the exis tence of lignin carbohydrate 

ctmplex (LCC) Fn uaad and isolated Ugub has been invest igated 
a x t e a a i ~ e l y ~ ' ~ .  -1 e t  81.' suggested tbt non-phenolic a- 
e the r  type LCC may be s t a b l e  under alkali pulp- conditions.  
Using model compound, Tan& et a1.8 r ecen t ly  not only aonfiraed 
the s t a b i l i t y  of non-phenolic LCC under alkali pulping conditions,  
but also f a d  that the s t a b l e  a-ether  bonds retard the  hydrolysis 
of the adjacent bather linkagas. 
carbohydrate boads in unbleached l o b l o l l y  pin8 kmft pulp was 

recent ly  conf imad  by Uinorg i n  his methylaticxi analysis of t he  
carbohydrates in the residual  lignin i s o l a t e d  by the enzymatic 
procedure similar to t h a t  used by Tamasaki, et al.' 

Results of recent  i nves t iga t ions  on t he  formation and 

Upon 

They suggested 

Benzyl ether linkages 

The existence of U n -  

Lignin carbohydrate linkages may a l s o  be formed during 

pulping. Fonaation of a lka l i - s t ab le  carbon-carbon bonds between 
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CHARACT'LRIWTION OF RESIDUAL LIGNINS 83 

l i gn in  and carbohydrate fragments via a ldo l  condensation during 

alkaline pulping has recent ly  bean demonstrated10. 
s t a b l e  lignin-carbohydrate e the r  bonds under a l k l i n e  pulping 
conditions has also been observed in m d e l  experiments1 9 12. 

Bowaver, based on h i s  finding that mzym lignins i so l a t ed  fror 
vood and k r a f t  pulp gave slmUar r e s u l t s  on methylation, )4inOr9 
ruled cut the probabi l i ty  of the formation of lignin-carbohydrate 
ether bonds during k r a i t  pulping. 

Pomation of 

Factors o the r  than lignin-carbohydmte linkages may also be 
responsible Sor the  resis tance o? the residual  ligaln t o  
da l imiS ica t ion .  
or iginat ing froa 6-aryl ether substructures in the  residual l i gn in  

in 8 kraft pulp, Gellerstedt e t  a l . l3  suggested that t h e  rather 
low content oS 6-aryl e the r  substructures in the residual  l ignin 

mlght be a t  least i n  part responsible Sor the observed resis tance 
o? the residual  l i g n l n  to del ignif lcat ion.  

By analyzing acidolysis  monomeric products 

I n  the work presentad in this paper, residual lignins -re 
isolated frop unbleached and s d - b l e a c h e d  k n i t  pulps Urd were 
churcterized for a better understanding of the  chanlcal changes 
i n  residual l i g r l n  during the f i rs t  two stages of bleaching and 
Sor (pining a m a  i n s igh t s  i n t o  the c a w  for its resis tance to 
del ignif icat ion.  For c o a p a r i m ,  a l ignin preparation 
i so l a t ed  from the alkaline-extraction stage e f f luen t .  

uas a l s o  

RESULTS AND DISCUSSIOtl 
I so l a t ion  and Pur i f i ca t ion  of Residual Ligniw 

Residual limns w e r e  Isolated frop unbleached an- 
sedbleached (after chlor inat ion and ex t r ac t ion )  southern pine 
k r a f t  pulps by se l ec t ive ly  hydrolyzing polysaccharides with 
c e l l u l o l y t i c  enzymes w described i n  t h e  previous study1. 

res idua1, l ignin fm the unbleached pulp (hereafter referred to  as 
RL-W) yas recovered as an insoluble residue after enzymatic 

treatment. On the other  hand, a part  of tha residual  l i gn ln  from 
semibleached pulp (RL-SE) becare w l u b i l i z e d  during the  enzymatic 
treatment and ua3 recovered by ac id i f i ca t ion  to pH 2.5. Thus RL- 
SB waa obtained in two fract ions.  one which became solubl l lzed 

The 

. 

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



a4 

Table 1. Lign.b y ie ld  and nitrogen content. 

J'LANC ET AL. 

RL-UB 2.50 0.58 80.7 

RL-SB-I 7.30 2.26 34.9 
RL-SB-11 7.20 3.11 27.3 

a -- before pu r i f i ca t ion  
b - after pu r i f i ca t ion  
c - after pu r i f i ca t ion ,  based on Klason l i g n i n  contents 

(calculated as 0.15 tinas h p p a  number) of starting pulps.  

during the enzyme treatment (RL-SB-I) and one which remained a s  an 
insoluble  res idue during e n z y ~ ~  treatment (RL-SB-11). For 
comparison, chlor inated l i g n i n  in the alkali u t r a c t i o n  f i l t r a t e  
(AEL) uas also i s o l a t e d  by a c i d i f i c a t i o n  and prec ip i t a t ion .  

1J1 three re s idua l  1-n samples, RL-UB, RL-SB-I and RLSB- 
I1 contained s u b s t a n t i a l  amounts of nitrogan, i nd ica t ing  enzyme 
contamination. Thus, these three samples w e n  pur i f i ed  and the  
results are given in Table 1. As can be seen, the  pu r i f i ca t ion  
nw only p a r t i a l l y  succ~ssful,  espec ia l ly  f o r  t he  two RLSB 
f ract ions.  The overa l l  l i g n i n  recovered, based on l ign in  in the 

original pulps, uiu r e l a t i v e l y  hi&, being over 802 f o r  RL-UB and 
60% f o r  the two BL-SB f r a c t i o n s  combined. 

Kluason Lignin and Sugar W p o s i t i o n  
Klason l i g n i n  contents  and carbohydrate compositions of the 

four lignin preparations are listed i n  Table 2. 

t o  that of a r e s idua l  l i g n i n  preparation1 Purif ied by l iquid-  
l i qu id  extract ion.  

The r e s idua l  l i g n i n s  RL-UB, RL-SB-I and RLSB-I1 are 
contaminated t o  various ex ten t s  with the enzymes which in a crude 
f o m  contain roughly 402 carbohydrates. Therefore, there is a 
p o s s i b i l i t y  that the carbohydrates associated with t h e  r e s idua l  

The sugar contents  of these l i g n i n s  are similar i n  magnitude 
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CHARACTERIZATION OF RESIDUAL LIGNINS as 

Table 2. Illason l i g n i n  content and sugar composition. 

Cel lu lase  
Campound RL-w AEL RL-SB-I RL-SB-I1 Enzyme 

glason lignin 94.9 85.1 79.3 85.6 - 
~ o t a i  sugar. 5.4 8.7 4.6 2.6 39 

Arabinose" 1.3 0.7 3.7 3.5 13.3 

Xylose'. 10.0 2.5 21.8 21.2 9.2 
m o s e * *  5.7 0.7 8.1 7.3 17.7 

Galac toss** 71.7 58.3 50.1 37.4 45.5 

~lucosa**  11.3 37.8 16.3 30.1 13.9 

:*- based on oven-dried samples - based on tot81 sugars 

ligulna are introduced by o n z p e  treatments. Bwever,  the 

canposit loas of the carbohydrates in the r e s idua l  lignins are 
q u i t e  sinilar to tbat of those found in the  alkali l iguin .  
alkali  ex t rac t ion  l i gn in  (AEL) has not been subjected to any 

enzymatic hydrolysis and contains even a larger amount of 

carbohydrates. Thorefom, i t  is unl ike ly  that the  carbohydrates 
are introduced by the  enzymatic treatments and thus  must be of 
vood origin. 

The 

There is another p o s s i b i l i t y  that the carbohydrates a m  bound 

to  tho residual lignlns by strong physical adsorp t ioa  due to t h e i r  

polymeric nature. 
adsorption is unlikely to cmcur betwoen c e l l u l o s i c  f i b e r s  and 
l ignins.  Furthermore, non-selective physical adsorption cannot 

explain tlm enrichment of &Ilactosa which exista e i t h e r  as s ingle-  
sugar-unit s i d e  chpins in &alactoglucooMnuls or as 1,4-1inked 
galactam In pectin. The latter is alkali so luble  and is not 
expected to survive under a l k a l i n e  pulping conditions.  

Another p o s s i b i l i t y  is t h a t  the re s idua l  limns are 
covalently l inked to the Carbohydrates in pulp as proposed by 

Exporhental r e s u l t o l  show, boyaver, t h a t  such 

Y a m a a  & a. end Mnor9. Fornation of a lka l i - s t ab le  carbon- 
carbon bonds between l i g n i n  and carbohydrates v i a  a l d o l  
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86 JIAK ET AL. 

condensation10, formation of s t a b l e  l ignin-carbohydrate e the r  
bondsll ,  and 
and carbohydrates8 have been observed under a l k a l i n e  pulping 
conditions or in model e x p e r a n t s .  Therefore, it is most 
probable that the carbohydrates are covalently l inked t o  the 
r e s idua l  lignins. Such bonds can w e l l  explain the d i f f i c u l t y  In 
complete de l ign i f i ca t ion  of k r a f t  pulps. 

s t a b i l i t y  of bcnzyl e the r  bonds between l ign in  

It is i n t e r e s t i n g  to note that galaatose i n  a l l  l i a  

preparations is the pradoainsnt const i tuent  of the  

carbohydrates. While linkages between galactose and l i g n i n  were 
postulated t o  be dominant in the  lignin-carbohydrate c ~ l p l e x ~ - ~ ,  
Minor9 has recent ly  shown that oligomers of 1,4-1inked galactan 
w e r e  covalently bonded t o  r e s i d u a l  lignin in pulp. A par t i cu la r ly  
high content of galactose was also found in spent liquors from 
both chlor inat ion and alkaline ex t r ac t ion t4 .  

It should be noted that tln enrichment of g a l a c t o w  In enzyme 
treated l-in may be due p a r t l y  t o  t h e  f a c t  that the crude 
c e l l u l a s e s  do not e f f i c i e n t l y  hydrolyze the 1,4-1inked galactan 
s t r u c t u r e  . 

The r e l a t i v o l y  large amounts of glucose present  i n  a l l  

samples suggest that 1) p u c o s e  exlsta i n  oligomers of 
henicelluloses l inked to lignin v i a  o the r  sugar u n i t s  rather than 
glucose, and/or 2) glucose is l inked d i r e c t l y  to l ignin.  Although 
d i r e c t  evidenoa confirming chemical linka&m between l ign in  and 

ce l lu lose  in uood has not been found, they cannot be ruled out '- 
Addition of ionized hydroxyl groups in carbohydrate fragments t o  
eporide intermediates f o m d  by alkali-assisted cleavage of 6-awl 
ether bonds in non-phenolia llgnin units1 r l 2  QM bring about 
formation of l ignin-cel lulose l w e s  during alkaline pulping. 
The en r i chwnt  of glucose and the  decrease of galactose In l i gn in  
samples isolated f r a  the  semibleached pulp even give more weight 
t o  the second -haat ion.  

It is a l s o  i n t e r e s t i n g  to note that the r a t i o s  of the  amount 
of arabinose to that of -10- i n  a l l  th ree  r e s idua l  l l gn ln  
samples ,  ranging fro0 0.13 t o  0.17, are c lose  to the r a t l o  i n  
arabinoglucuromxylam (0.13). In  addi t ion,  both sugars am 
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CHARACTERIZATION OF RESIDUAL LICNINS a7 

Tab le  3. Elaaental  composition, methoxyl and carboxylic contents 

Peraantage m a  Am RL-SB-I RL-SB-I1 

C' 

8' 

0' 

C1' 

S 

N 
Hathoxyl 
czrboxylic 

62.48 
5.66 

30.78 
0.96 

m 
0.58 

14.88 
2.40 

49.98 
3.77 

32 83 
0.53 

12.84 
0.22 

2 -59 
11.92 

48.34 
4.17 

39.31 
1.66 
6.11 
2.26 

2.47 

11.62 

53.56 

34.99 
1.22 

5.01 
3.11 

3.71 

10.92 

4.86 

- corrected for protein,  sugar, and ash contents  4 

ND - not detemlned 

enriched in the preparations i so l a t ed  from the semibleached 

pulp. This implies t h a t  both arabinose and xylose night a l s o  be 

covalently l inked to the residual  l ignin.  

chemical Analysas 
The elemental c a p o s i t i o n s ,  meth0-l and carboxylic acid 

contents of the four liw preparations are a v e n  in Table 3. 

RL-W are similar to tho- of typ ica l  softvood k r a f t  l i g n i w  15- 

The extremely low methowl contents and the high aarboxylic 
conteots of IEL, RL-SB-I and RL-SE-11 provide evidence t h a t  during 
prubleaching (chlor inat ion and extract ion stage), residual  l i g n i n  
i n  pulp underwent extensive oxidation and demethylation. 
conclusion is a l s o  supported by IR and Nf4R speatral data. 

Elemental composition and wthoxy l  content of residual  1ignl.n 

This 

Elemental analysis showed that a l l  ligpLn preparations 
contain sulfur .  Sulfur  contents of l i gn in  samples BL-UB, RL-SB-I 
and IIL-SB-I1 are in the neighborhood of that of typical softwood 
k n i t  l-inSl5. 

average of 1.01, sulfur16. 
P r o t e i n s  generally contain 0.3-2.01, with an 

The r a t i o  of nitrogen to s u l f u r  of the  
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88 JUNC ET AL. 

enzymes used was found to be 11.3. Thus, amounts of s u l f u r  
contributed by the p r o t e i n s  present  in the samples are only small 
f r a c t i o n s  of t he  total sulfur. Therefore, t he  presence of s u l f u r  
is a good i nd ica t ion  that the o w k l n g  l i quor  bas already been i n  
contact  and reacted with the residual 1igu.b in the unbleached 
k r a f t  pulp during kraft pulping. 

Considerable amounts of chlorine exist in a l l  i so l a t ed  l i g n i n  
preparat ions except RL-UB, i nd ica t ing  that re s idua l  l i g n i n  has 
been subjected to chlor ine subs t i t u t ion ,  in add i t ion  t o  oxidation, 
t o  a noticeable  degrea. 
saaplea are c lose  to previously reported talues14,i7. 

The 8mount.s of d i l o r i n e  found i n  the 

C P W  1% Analysis 

CP/EuLs l3C #IR smtn tmm obtained for samples RL-UB and 
RL-SB-I1 i n  the s o l i d  state. The spectmm of  RL-W is typical Of 

k r a f t  l i g n i n  w i t h  prominent resonances f o r  phenolic (147 ppn), 
-tic (106-140 ppm) and a l i p h a t i c  carbons (60-85 ppn). I n  
addi t ion,  them is a tangible  presence of a l i p h a t i c  carbons i n  30- 
50 ppm range. 
shows that in the residual  lignin after CE sfages (RL-SB-111, the 

nethoxyl and phenolic contents am s i g n i f i c a n t l y  mduced. In the 
spectrum of RL-SB-11, the  carboryl resonance (170-180 p p d  is 
evident and the  a l i p h a t i c  carboo resonancea (20-50 ppa) become 
r e l a t i v e l y  d a i n l n t ;  these could be p a r t l y  due t o  contamination by 
degraded p ro te ins  from the cellulases. 
methoxyl and carboxyl groups present  in RL-W and RL-SB-I1 as 
i n d i a t d  by the w)IR data agree with chamlaal analysis data In 
Table 3. 

A cooparison of the  spec t r a  of RL-UB and RL-SB-11 

The d i f f e rences  in 

Molecular Weight Distr ibut ion 
Holecular wight d i s t r i b u t i o n s  of li-n preparat ions RL-UB, 

As a reference,  AEL, RL-SB-I and RL-SB-I1 are shown i n  F i g u r e  1. 

the molecular w a i a t  d i s t r ibu t ion  of a l i g n i n  preparat ion i so l a t ed  
froa a k r a i t  black l i quor  is a l s o  given in the  sama figure. 

It can be observed that the average molecular weights of the 

r e s idua l  l i m n  I&-SB-I and RL-SB-I1 are very s i m i l a r  to  that of 
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CHARACTERIZATION OF RESIDUAL LIGNINS a9 

ii ! \ 
d .  

! I  /-( ! ; \  '\ 

I!\ L \ 

R i v e  
A E  
RL-SB-I 
RL-S8-I 
K r a f t  

----- 
........... 
-.-.-.- 
-.. -.--- 

. .  
I I I I I I 1 

5 6 7 8 9 10 11 12 

ELnion ml 

Figure 1. Molecular W e i g h t  D i s t r ibu t ion  Curves 

the alkali  l i a i n  AEL, but considerably lower than that of the 

kraft l ignin. This i nd ica t e s  t h a t  l ignins AEL+, RL-SB-I and R L - 3 -  
11 were all extensively degraded to a similar degree during 

pmbleaching. 

higher than that of t he  k r a f t  l i m n ,  confirming that t h e  residual 
l i g n i n  i n  the unbleached k r a f t  pulp is degraded t o  a less exten t  
than the  k r a f t  1 igd .n  as proposed by YamasaLi  e t  rl. '. 
probably due t o  t he  presence of s table  l ignin-carbohydrate 
linkages a t  the  a-posit ion,  which retards the hydro lys is  of the 

adjacent Bathers w shown by Tanadit a t  al.8. 

The average molecular weight of r e s idua l  l i m n  RL-UB is 

This is 
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90 JIANG ET AL.  

It is i n t e r e s t i n g  to note that although a l l  four l i m n  
preparations are soluble  i n  aqueous a l k a l i n e  so lu t ions  and the 

average molecular weights of RL-SB-I and R L - 3 - 1 1  are very similar 
t o  that of A R ,  RL-SB-I and RLSB-I1 could not be extracted out of 
t he  pulp during al lra l i  extract ion.  Slnce physical adsorption is 
unlikely as discussed previously, the most masonable explanation 
for the non-extractabi l i ty  of RL-SB-I and RL-SB-I1 might be that 
they are chemically bonded t o  the carbohydrates. It is these 
chemical l inkages t h a t  prevent tha residual lignins from being 
removed during pulping and prebleaching. The fact that some 
carbohydrates survived the enzymatic hydrolysis a l s o  supports t h i s  
explanation. 

SUMURT AND CONCLUSIONS 

A l l  four U@.n preparations are r ead i ly  so lub le  in aqueous 
a lka l ine  solut ions.  A 1 1  the residual  lignins contain s u l f u r  i n  an 
amount smlar t o  that of t yp ica l  technical kraft l i gn in .  

appears t o  have characteristics similar to that of typ ica l  

softmod k n i t  l ignlns.  In con t r a s t ,  much higher carboxylic acid 

contents and much lower methoxyl oontents ware found in the other  
three l ignin preparations.  

and RL-SB-I1 isolated fro0 t he  sanibleached k r a f t  pulp uere found 

t o  be sfmilar t o  that of the alkali ex t r ac t ion  l i g n i n  (AEL) 
isolated fm the ex t t ac t ion  spent l i quor  and lower than that of 
the  k n f ' t  lignFn. On the other  band, the  average molecular might 

of the residual l i m b  (Em) isolatod fro0 the unbleached k r a f t  

pu lp  was found to ba higher than that of the  kraft l ignin.  

The res idua l  l i g n l n  i so l a t ed  frco the  unbleached k r a f t  pulp 

The average molecular weights of the residual  l i g n i n s  RL-SB-I 

Appreciable amounts of aarbohydrates wan found i n  a l l  l i g n i n  
preparations. Galaotosa ms the most abundant ccmponcnt, w i t h  

gluaose and xylose be- the other  two major const i tuents .  Lignin 
preparation AEL has a higher carbohydrate content than the others .  

It is therefore  concluded that the  carbohydrates are most 
l i k e l y  l inked to t h e  residual  Lignins by covalent bonds as 
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CHARACTERIZATION OF RESIDUAL LIGNINS 91 

Proposed by X a m s a k i  a t  8l.’, and t h i s  chanical bonding is the 
-st probable -use f o r  the resistance of the residual  l i gn ln  t o  
fur ther  de l igu i f i ca t ion  during h i t  pulping and pmblaaching. 

The residual  Ugnins are probably linked t o  the carbohydrates 
n i n l y  v ia  heaicel luloses ,  In prrticular, galactose units. 
However, direc t  11- betueen residual  l i gn ins  and the  
cel lulose cannot be ruled out. 

EXPERIMENTAL 

P r e w a t i o n  of Pulps 
C-rcially-available chips (3000 g OD) of l ob lo l ly  pine 

(Pinus taeda L.) uere treated i n  a one-cubic-foot d iges t e r  
equipped with 8 c i r cu la t ion  pump and a three-pass heat 

exchanger. 
cooking l iquor  ras sucked i n t o  the digester.  h e  cooking 

conditions w e r e :  19.55 ac t ive  alkali (as Na20 On OD wood), 25% 
su l f id i ty ,  4:l liqwr t o  wood r a t i o ,  cooking tcaperature  170oC, 

t h  to tampanture 90 ninutes, and tLw at  temperature 110 

alnutes. 

blown i n t o  8 blow tank. 
screened in 8 labomtory flat screen with an eight-cut  plate .  

Three cooks of pulp ware produced and mlxed a f t e r  screening. 
average screen y ie ld  ras 46.9%. and the average rejects 0.9%. 

Kappa number of the a a b i n e d  k r a f t  pulp uas 30.1. 

The chips  were ev8cuated f o r  30 minutes and then t h e  

A t  the  end of a cook, the content of the d iges t e r  i n s  

The pulp was washed thoroughly and 

The 

The 

The chlorinated pulp uns obtained by treatment of t he  k r a f t  

p u l p  u i th  an 8queous chlorine solution. 

conditions wn aa follows: avai lable  chlor ine (on OD pulp) 6.05, 
pu lp  consistency 3.5%, reaction temperature 2s0C, and reaction 

time 60 ninutes. Tbe ChlOriMted pulp was washed with water u n t i l  

the f i l t r a t e  color less  and noutral. The a v o w  Kappa 
number or the chlorinated pulp was 13.4. 

The chlor inat ion 

Alkalias extract ion of the  chlOriMted pulp was conducted 
under the rollawing conditions: alk8li charge (on OD pulp) 3.0$, 
pulp consistmay 10.05, reaction temperature 7OoC, and extract ion 
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JIANG ET AL. 92 

t h e  120 minutes. The e x t r a c t s  uere co l l ec t ed  by centr i fugat ion,  

cambined, and filtered through a sintered glass crucible of medium 
porosity.  
centrifuged. 
(pH 2.5) and f inal ly  freeze-dried from a water suspension to y ie ld  
the  alkali  ex t r ac t ion  Ugnin (AEL). The  pulp uaa washed with 
water thoroughly. 
pulp was 5.0. 

The f i l t ra te  yw a c i d i f i e d  to pB 2.5 with HC1 and 
The p r e c i p i t a t e s  were wwhed tdce with d i l u t e  HC1 

The average Kappa number of the seaibleached 

Ce l lu lo ly t i c  Hydrolysis of Pulps and I s o l a t i o n  of Residual Li&nlm 
The experimental approach for isolation o? the  r e s idua l  

lignins is shorn in Figure 2. 

The pulps w e r e  beaten to 260 ?I 300 Canadian Standard Freeness 
i n  a laboratory Hollander beater, acording t o  TAPPI Method T 200 

0s-'100, p r i o r  to enzymatic hydrolysis. 
In each of four 500-ml flasks, 20 g pulp (OD), at  a 

consistency of about 252, was t r ea t ed  u i t h  320 ml enzyme buffer  

solut ion,  which yw prepared by dissolving 1.2 g Cellulases TV 
ooncentrate (crude powder fror niles Labs., Inc.) i n t o  320 m l  

buffer solut ion at  pB 4.2 (6.56 g sodium acetate and 4.64 al 
a c e t i c  acid dissolved i n  4 1 d i s t i l l e d  water).  After incubation 
in a shaking water bath at  U5OC for t h r e e  days, the hydrolysates 
uere removed by aentr i fugat ion.  The residues from two flasks uere 
ccabined and placed into one flask, and then subjected to a second 
enzymatic treatment under the same conditions as t he  first 
treatment. After the second t r e a t a e n t ,  the residues fpop two 
f lasks  uere coobinad a&aln and placed i n t o  one flask, and t r ea t ed  
w i t h  the enzyme buffer so lu t ion  under tho same conditions. The 
fourth treatneat was carried out by the same procedure as was the  

t h i r d ,  except that only 0.6 g instead of 1.2 g of cellulases uas 

used. The residues from the fourth treatment were wished tvice 
with d i l u t e  HCL (pH 2.5) and freeze-dried from a uater suspension 
t o  give t h e  water-insoluble residual lignins. 

During the  suaoessive enzymatic hydrolysea same r e s idua l  
l i g n i n  i n  the semibleached pulp became so lub le  in t he  buffer  

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



CHARACTERIZATION OF RESIDUAL LIGNINS 93 

A l k a l i  no Ex t r a c  tlon 

CfflUOnC 8 C l d l f l O d  t o  Dn 2 .5  ~ 

Alka 11-01 t rac  t d  
(sO.lblO8ChOd) Ell Z T  t 1 C 

Pulp H y d r o l y a l a  

Figure 2. Experimental Approach 

Ilosldual L l g n l n  fro8 
So~ibloachod ?ulp 

EL-SB-I 
UL-SB- 11 

so lu t ion .  This water-soluble r e s i d u a l  l i g n i n  was i so l a t ed  by 
combining t h e  hydro lysa tes  from four  t rea tments  then ac id i fy ing  t o  

pH 2.5 with HCl. The p r e c i p i t a t a  YBS cen t r i fuged ,  washed twice 
with d i l u t e  HC1 (pH 2.51, and f i n a l l y  freeze-dried.  Thus, two 

l i m n  prepara t ions  were i s o l a t e d  frca t h e  semibleached pulp: 

f r a c t i o n  I frao t h e  hydro lysa tas  by a c i d i f i c a t i o n  and f r a c t i o n  11, 
from the inso lub le  res idues .  

E’urification of t h e  Residual L i g u i n s  
All crude r e s i d u a l  lispins were contaminated with enzymes t o  

varying ex ten ts .  
i n v e s t i p t a d .  Among g e l  f i l t r a t i o n ,  s e l e c t i v e  p r e c i p i t a t i o n  of 
t h e  enzymes, p r o t e o l y t i c  hydro lys is  us ing  var ious  pro te inases ,  and 

a l h l i - c a t a l y z e d  hydro lys is  under d i f f e r e n t  condi t ions ,  t h e  

procedure described below vw found to be t h e  most e f f e c t i v e  one 
and mployed. 

A s u i t a b l e  p u r i f i c a t i o n  method was thus  
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94 J U N C  ET AL. 

The crude r e s idua l  lignins were dissolved i n  1 N  NaOH in a 
l i e  concentration of 1.02, and stirred m c b u r l c a l l y  a t  room 
temperature f o r  two hours. After cen t r i fuga t ion ,  the p r e c i p i t a t e s  
were washed with IN NaOH and then discarded. The washing and the 

supernatants were combined and acidfied t o  pH 2.5 with BC1. 

p r e c i p i t a t e s  worn centr i fuged,  washed with d i l u t e  HCl (pH 2.51, 
and then freeze-dried. 

The 

After the  ex t r ac t ion ,  the re s idua l  l i m n s  were treated w i t h  

2N NaOH, i n  a l i g n i n  concentration of 1.02, at 10°C i n  a vater 
bath under a nitrogen ateospheru. 
- a l l y  under them conditions f o r  48 hours, the so lu t ion  was 
neutral ized with acetic acid, and then transferred i n t o  a d i a l y s i s  
tubing w i t h  a molecular w e i g h t  cutoff  of 1000. 
t he  tubing were dialyzed against d i s t i l l e d  water f o r  48 hours, 
d i l u t e  acetic acid (pH 3.0) for 24 hours, and then again d i s t i l l e d  
water f o r  another 24 hours. During the d i a l y s i s ,  the  d i s t i l l e d  

water o r  the d i l u t e  acetic acid was changed regularly. The 
purif ied residual l ignina were recovered by freeze-drying t h e  

dialyzed solut ion.  

After being s t i r r e d  

The contents  of 

Chemkal Analms 
Eloaental  analyses, carboxyl, and methowl content  

determinations were carried out  by E+R t¶.lcroanalytical Laboratory, 
Corona, NY 10189. 

El-tal c m s i t i o n s  vere corrected f o r  ash,  p ro te in  and 
sugar contents.  The elemental c a p o s i t i o n  of profain YIW assumed 
as follows: 48.02 C, 6.52 H ,  16.02 I, 29.5% 0l8. 
conposit ion o f  pentosans YBS calculated as: 45.451 C, 6.062 H, 
48.492 0, and hexosans w: 44.492 C,  61.72 8 ,  49.382 0. 

Elaaental  

Klason Lignin and Carbohydrate Contents 
The IUwm l i t p i n  oontent and carbohydrate content of the 

purif ied l l ~ i n  samples were measured according to  the a l d i t o l  

acetate pmaedum19. 
s lopes of the c a l i b r a t i o n  curves used are given i n  Table 4. 

The hydrolysis  sunlval f a c t o r s  and the  
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CHARACTERIZATION OF RESIDUAL LIGNINS 95 

Table 4. Hydroiysis survival facton and slopes of the 
calibration curves 

H K 

Arabinase 
Xylasc 
MaMO6e 
GalRCtosc 

Glucose 

0.6398 

0.9097 

1.2462 

0.4486 

03035 

1.2813 

1.1236 

1.0891 

0.8526 

0.8896 

Uolecular Weight Distribution 

Size exclusion chr-tography was usad t o  examine the 
molecular weight d is tr ibut ion of residual l ignins under the 
following conditions: 
C O l u I m S  : silica SiZa d.ixFng c0 l .m (SE-60, 100, 500, 1000, 

4000; u-Porasil (&A);  u-Bondage1 (E-125) 
Dimethyl Sulfoxide a t  Mac Mobile P h w e :  

Plow Rate: 0.2 d /min 
D e  tac t ion  : w (260 m) 
sample: 0.1s in rJm0 

--S 
Pituncial support from International Paper Company is greatly 

appreciated, Thanks are a h  expressed to D. J. Cietek of Intmational Paper 
Company for conducting the gel permeation chromatography analysis. 
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