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-1eackmd kaft pilp amtainixq 4.7% 1ign.i.n has beei 
famd to dissolve completely in several nonaqueaus cellulose 
solvents. Extraction of the residual lignin in the unbleached 
kraft pirp f m  these soluticms waa atteaQted using several kinds 
of soltrsnto for kraft lignin a d  banicdlllllce2l. 

when the solvents for only kraft  lignin were used, a small 
anumt of tbe residual lignin ((1% of the original residual lignin) 
was extracted. h the other hand, 24% sodium hydzwcide solution 
extracted approximately me-half of the reeimdl lignin wther 
with polysaccharides. Tbese results indicate that the residual 
lignin haa sam chemical linkages w i t h  SCIW ~lysacchariaes. 

Unbleached kraft pulp W) haa dark color derived mainly 
from the lignin in pulp. The residual 1igni.n in UKP cannot be 
ranwed OXQletely by firrtber Qligdficaticm pmedums W i t h D u t  
severe losses in pulp yields and quality. This difficulty of 
renuvhg tha final part of li& frcm Dlcp rteCeseitate6 the use of 
multistage bleaching including chlorination. Such bleaching 
systemsr hOweverr are not favorable from the viewpoints of 
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3 12 ISOCAI, I S H I Z U ,  AND " C A N 0  

b l a  COst ad ewirocrmeptdj pollutioa Therefore. it is vexy 
iapartant to clarify the structure ad grq'rerties of the resilfiul 
lignin in tKP far tbe pilping ad b1eachi.q processes. 

Yamazaki et al.1 reported a comprehensive study on the 
residual lignin, namely its isolatku by the pmedure misting 
of enzyme treatments of pulp and extraction of the 1igni.n with 
organic solvents, apd also its characterization by various 
analytical methods. They suggested that the stability of the 
lignin-~cellulcme linkage u x h r  kaft pilpips ocaditiam might 
be a main reason for its resist-e to further delignification 
reactions. 

the residual lignin in UKP by an acidolysis-gas chromatography 
technique. Their results supported the idea that the chemical 
structure of the residual l i e  causes its resistance to further 
delignificatitm leacticns. 

Recmtly, Gierer ard W a m s ~ m  f d  the fonaatica of alkali- 
stable ca&on-caxbm4 and ether5 linkages between lignin ard 
polysaccharides during alkali am3 kraft cooks. Their results 
indicated that the fannation of these linkages provides one 
explanation for the gradual inhibitation of the residual lignin 
dissolutiai during kraft p i l p i l X &  

Other investigations have been reported6*', but little 
prcgrese bas been achieved in ixcreasbg OUT lmwleapc about the 
residual lignin in LKP. . 

In the last two decades, many kirds of PDoaqllgXls cellulose 
sol-ts have been f a d .  'Ihese bava made it W i b l e  to develw 

xx-qazaticn matlxds for regeDerated Celluloee films ar fibers 

systans. We bave utilized namqwam cellulose solvents as media 
for tbe modificatims of cell~losa&ll. 

In the present work, the solubility of UKP in rumaqueous 
cellulose solvents was examined a d  extraction of the residual 
1i.gui.n f- xxaawcu slouticna of UKP was thep at-- with 
several kaft lignin solvents or aqueous sodium hydroxide 
aolutiaas. The extracts w e m  ardysed for sugat caapositica aad 
1igtli.n -tent. al the basis of these analytical rewilts a d  tbe 
response of the residual lignin to these extractions, the 
-tics of the residual lignin were discussed. 

Gellerstedt ad LidfarS2'3 rqmrted the characterizatia of 

and CdlUlOee deriMltives and 
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UNBLEACHED KRAFT erne. I 313 

Materialsdreaoea ts: Crmmercial ZPB (a mixture of soft uroods, 
Tokai Pulp Co. Ltd.) w a s  used. Dimethylsulfoxide OHSO) of pure 
Qrade ws dried by US- molecular sieve 3k othar -ts and 
solvents of plre gr~& were used witbout further pr i f ica t icm.  
Preparatica of llRp soluticms: 

SO -diethylamine (DEN-DMSO system - S p 4 S O  soluticn 
wasixemred by~lingS02gasintoDMSOinavolumetricflask, 
am3 the carentratim of was determined by the weight iDcrease 
(ca. 0.3 g/mL). One g of URP dried a t  10SoC for 3 h was dispersed 
in 43 mL DH90 a d  heated at 60% far 0 5  h A f t e r  c o o l i x ~  to - 
temperature, appropriate amounts of the S 0 2 / D M S 0  solution 
containing 1.19 g SO2 and 1.91 mL DEA were added to the st i r red 

the moles of hydroxyl groups in 1 g of UKP, calculated as  (wt.  X 

3)/162 (xmles), althargh xylan a d  1ign.k are also preecnt in UKP. 
After s t i r r ing for 3 h. a clear solution of UKP w a s  abtained 
(usually 2%, art.). 

2) Other nonaqueous Solvent Systems - Dhethylfannarmd ' e  
(D-) -chloral-pyridine and DMOS-chloral-pyridine systems were -- * 

In DMF-N20, and DMSO-NZ04 systems, the amounts of 3 0 4  added to 
the IKP arspensioas were &just& to equal the n ~ ~ l e ~  of -1 

-ti- fIon W solutioas: 
1) Kraft 1ign.h - Tb tbe WP m l u t h  ( ~ a .  50 mL) m w  

1 g of UKP, 300 mL of haft lim solvent w a s  paued under 
vigorous Stirring, Di--, m e ~ e l l ,  g&idL 
acetic acid, and dichl-1 w e ~ e  used as solwmts for 
kraft lignin. Crmpositions of these solvents are sknm in Table 
1. After s t i r r ing for 2 days a t  m o m  temperature, precipitates 
were cmtrifuped a d  several t- with the ~ L L ~ B  sal-t 
used for Bctracticn. Ibe centrifuged aolutiaas w e r e  an&- a d  
-rated to remove volati le solvents. The extracts w e r e  
isolated by dialysis followed by l r n l i z a t i a l a  

2) Sodium hydroxide solut ions - A typical axtraction 
pmc&,ue is shmn in Fig. 1. Sodium solutim (300 mL) 

1) 4- 

mtcture. Theamxln tao f~adDFAaddedwere&us ted toecpa l  

to the Brocedures described in BlDthef p3GeP.  

in m. 
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314 ISOGAX, ISHIZU, AND N U 0  

Urn( l g )  

1 
2 9  UKP/SO -DEA-DUSO s o l u t i o n ,  stirred for 1 day 

Aqueous NaOH (300  IPL) 
under N2. and s t i r r e d  
for 2 days 

c 1 
I 

S o l u t i o n  

C e n t r i f u g a t i o n  . t  
P r e c i p i t a t s  

C D i l u t a  NaOH / L A C O H  f o r  < 1 ;z;;ralization 

Prep. Soln.  
I 

4 
(Frac t ion  A1 

w a s ~ i n ~ t h e D l R P s o l u t i c n C a l ~ l g o f ~ 1 2 9 ,  wt. 0 )  

u r d e ~  st irr ing in an % a- After stFrripg for 2 
days, t h e  p r e c i p i t a t e s  ( F r a c t i o n  A) w e r e  s e p a r a t e d  by 
centrifugation; waahed with successively d i l u t e  alkalir w a t e r r  
d i l u t e  acetic acid ard w a t e r ;  and dried by lyophilization. The 
supematant apd tbc lmshuqs - were aanbined apd mtralized with 
acetic acid. The solut ion w a s  poured into a large volume of 
-, and the ethaElol-imoluble prt  Fractiaa B) wes separated 

from the ethml-eol&le part P n x t x m  * cl bycentrifugatica 

Aaalyses: 2he mlgarrrmyurtiml3 of earh f r a e t i a l  was deeermrned # b y  
the usual metbodl3.  he l i g n i n  ccmrtent of f rac t iau  B c was 
&tendnd by w alxuzpticu at 280 pm 03$3)=22&5 l/gUId of their 
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UNBLEACHED KRAFT PULP. I 315 

aquexs solutians. 'Lbese were  prqnred by neutralizing their 
W i n e  solutiam with sulfuric acid. 

1. sol&ility of UcP in xnawexs cellulose solvents 
a d  Bctracti.cn of residual l i d n  in URP w i t h  
s o l ~ t s  for kraft 1ign.il.l 

Solubi l i t ies  of various cellulosic samples and pulps in  
nanaqueous cellulose solvents were thought to depend on the 
ccmtents and prcperties of the resida lignln a d  hemicellulose 
in  the mles. Ple LKP sample used in this work had 4.7% Klamx~ 
l ignin and approximately 14% neutral sugars other than glucose. 
As shown in  Table 1, the UKP sample dissolved in  a l l  but two of 
the mmiqmas celluloee solvent systems under the ~ t i o c l s  used 
for dissolutica of cellulose. 

Extraction of the residual l ignin from the nonaqueoys UKP 
solutiarns was atteaQtea by additi.cn of solvents for kraft lignin 
to the llCP mluticns. -ts less than 125-8 of the original UKP 
w e r e  cbtained, and their lignin contents w e r e  less than 20%, 
indicating that a t  most only 6.4% of the residual lignin i n  UKP 
w a s  extracted in the four cases examined (Table 1). There w a s  
l i t t l e  difference i n  the attractability amcag the 1igni.n solvents 
used. 
2. -ti= w i t h  sodirnn hykaude * aolutial 

It is  known that aqueous NaOA so lu t ion  can e x t r a c t  
polysaccharides from delignified plant cells, apd the k i d s  and 
yields of polysaccharides depend on the concentration. The UKP 
used in th i s  work ccmtains approximately 14% of neutral  sugars 
other than glucose. W e  examined the behavior of the residual 
1igni.n ard h i c e l l u l o s e  in the S02-DEA-DMS0 s y s t e m  t o w a r d s  
aqueous NaOH solutions of various concentrations. I n  ehis 
experiment, the solvent systems containing DMF w e r e  omitted, 
because DMF is hykcilm to PrOQce diethylamine a d  fa rwte  in 
basic media. 
also omitted, bgause they cause sate sidereactim uder basic 
ronditicns 

?ae sol-t system antdning chloral or 30, were 
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316 ISOGAI, ISHIZU, AND WAKAWO 

Solubility of W in 
of Lignin frcm rpcp solut ia l  w i t h  solvents far KLaft Lignin 

Cellulose Solmts anl Extractian 

Npaquecus cellulcse m i l i t y  Solubili 
solvent system of UKP, F of thepi"" 

lisllin 

*1: 0; ccmpletely saluble, A: partly soluble. 
*2: Based CLI tfre a m m t  of the residual lignin. Dkwme-wafer 

(9:1, 8:2 a d  l:l), meti&cdlosol\rwater (l:O, 7 3  d la), 
gbcidl acetic acid, a d  d i c h l ~ ~ ~ l  (2:ll were 
used as eolveats for kaft l4ni.n. 

The dissolution mechanism and the dissolution state of 
cellulose in  the S02-DEA-DMS0 system have been clarified a d  no 
react* other than ocp91~x farmatim between a hyimxyl grarp, a 
SO2 molecule and a DEA molecule w e r e  farud to occur in this 
solvent% BY addition of apueaua ~ O H  to the UKP/SO.~EA-DMSO 
solutial, tbe axi DEA rmolecules in the ample% w2re detached 
from the hydraxyl group to produce free DEA and Na2S03. The 
Na2903 produced is thought to have l i t t le  influence on the 
chemifal structure of polysaccbariaes and lignin in URP uukr  tbe 
conditions used in this work, because I R  spectra and sulfur 
contents of alkali-treated UKP isolated from the --US 

S0lutia.m - equal to tbDee of the origindl ORP. 
The influence of various dissolutim and/or extraction 

coditions on yields of extracts w a s  examined, and based on the 
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UNBLEACHED KRAFT PULP. I 317 

Concentration 
of aq. NaOH 

0 %  

1% 

5% 

11% 

17.5% 

3% Na3eO3 
17.5% + 

24 % I A B C 

t ' I 1 1 ' 1 '  I 1  1 
0 2 0  4 0  60 80 100 

Figure 2 Yield of each fraction separated totheschane 
in Fig. 1. 

Of thoee tbe c c P d i t m  S h U X i  in 
Fig. 1 vere aelglted for -ti- of IXP SolutiOaS a d  alkali- 
Bctractions of the residual l i g n h  

Fig. 2 shows the  yield of each f r ac t ion  obtained by 
extraction with various alkal i  concentrations. In  this figure. 
B i C  means total yields of fractions B and C. A s  expected, the 
yield of alkali-actracts increased with increasing a l k a l i  
concentration. Extraction with 17.5% NaOH contahing 3% Na3BO3 
gave the maximum yield. This liquor is known to effectively 
extract glucomannan. By addition of w a t e r  instead of an alkali 
solution to an UKP solution, 1.2% of URP w a s  extracted. This 
fraction, actually extracted by water-DMSO (6:1), consists of 
appradmtely l5% 1ign.i.n a d  85% pdlysaocbarides. 

Fig. 3 indfcates tbe sugar a a p o 6 i t i a m  of fracticms shown in  
Fig. 2. The UKP sample consisted of 85% glucose, 7 %  mannose, 7 %  
xylose, and small amounts of arabinose and rhamnose. Galactose 
w a s  also detected, but only a trace amount. AS shown i n  the 
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G l c  I G a l  M X Y l  I ,  
G l c  1 1  Uan 1 X Y l  1 

Sample I i a i i i i 1 1 

UKPfl Ara+Rha 
A-0 

A-1*2 

A-5 

A-11 

A-17.5 

A-17 .5b'3 
A-24 

~ ~ - 1 ~ 4  

BC-5 
8-11 

C-17.5 

BC- 17  - 5b 
8-24 

C-24 

G l c  I Gal [ M I  X Y l  1 

G l c  I I Man 1 X Y l  1 

G l c  [ I  M a l l  1 X Y l  

I I  Man X Y l  G l c  I .  
~ 

0 2 0  40  60 80 100 

( 0 )  

Figure 3 -itia Of fract- in Fig. 2. 

A cbtaimd a f t e r  extxact- w i t h  1% EMH. 
*l: tkbledxd kraft pi~p.  *2: For -1e. fracticP 

*3: 
*4: 

Fracth A e#trrrted w i t h  17.5% NdXi + 3% Nil3B4. 
2be same as F r a c t i o n  B+C in Fig. 2. 
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UNBLEACHED KRAFT PULP. I 319 

figure, xyloee was exeraCted preferentially by alkali solutions 
with cucentratiam lower  thau 115%, a d  marmxe w a s  ~ ~ r a c t e d  by 
alkali solutiax6 w i t h  ccnc€ntratians higher than 175%. Hovlever, 
ammcimately 3 5 9  of sugars other tban glrrose still raMlned ‘ i n  
the fracticn A even after Bctractim with 24% NaocI s d l u t i a  lhat 
is, h t  20% of sugars other tban gluam in them 8amples3 were 
mt actnrted. It ia mteuorthy that salactosc present in trace 
amounts in the original UKP is cancentrated in fraction C. 

Q~xxxe pnsent in f r a c t b  B and C Bdracted with 1759 a d  24% 
alkali  is derived from low molecular weight cellulose and 
gl-. 

Table 2 skws the lignin canteat of the extracted fractions 
a d  the yield of lignin e t e d  Every fractica in Table 2 has 
a higher l i e  a m t e n t  than the original W (4.7%). As afrwn i n  
the second column. the yield of extracted lignin increased with 
the alkali arrentraticn used f a r  extxactim. ‘ Ih is relaticn was 
similar to that between the dLkdli carentraticn and the yield of 
po1YS- * extracted. 

By alkali extraction of UKP solutions, a t  most one-half of 
the residual lignin was extracted together with polysaccharides 
derived frool kmicellulose and low molecular cellulose In other 
womb, mdxtlf  of tbe residual l i b  still remained in fracticn 
A, even af ter  the most concentrated NaOH solution w a s  used for 
BRracticn. 

A t  most, only  6.49 of the residual lignin i n  UKP was 
erRraEt%d fnmt its s o l u t i a  with kraft 1- salvent. 
lhis l a w  -ility of thc residual lignin QQild poeslbly be 
e@aimd in two wa;ys. Ihe r e s U  liguin may have a different 
chemcial structure ard/or molecular weight from tha t  of h a f t  
l i b .  Namely, the residual lignin him a higher degree of 
condensation and/or higher molecular weight than kraf t  lignin. 
Alte.rnatively, al- the chemical structure and/or molecular 
weight of the midual 1- is mt much differeat fran tbat of 
kraft l i d  it is mt soluble in the solvents for  kraf t  lignin, 
because of the existence of s o m e  chemical linkages between the 
reeidml lignin and palysaccbaridee. 
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320 ISOCAI, ISHIZU,  AND NAKANO 

C-O*2 14.6 3-7 

Bc-1 ZJ .6 10.0 

Bc-5 18.2 18.2 

B-11 18.1 22.1 

c-11 

(Bc-11) *3 

10.4 2.7 

(24.8) 

B-17.5 14.3 43 .8 

C-17 -5 7.7 2.8 

(B+C-17 .S) (46.61 

Bc-17 Sb 13.1 47.7 

B-24 17 .O 47.7 

C-24 6 .O 4.3 

(B+C-24) (52.0) 

*1: Baaed- tbe weight of theoriginal resimvll1igni.u in them 
m l e  . 

*2: practkn c gctracted w i t h  oa Nai. 
*3: srm of B-11 a d  c-ll. 
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UNBLEACHED KRAFT PULP. I 321 

As to the solubi l i ty  of the residual l iqnin in solvents for 
kraf t  lignin, Y a m a d  et a1.l reported that enzymatically 
isolated residual lignin is soluble in the usual solvents for  
kraf t  l ignin such as a diaxane-water, DMF, DMSO, apd others. 
Also, in the present work the USEP sample with 4.7% Kl- l ignin 
was soluble -1etdly in the qm- system, wh ich  h s  DEISO 
as t h  mill amcumlt (Ca. 9%). 

lhls, the mlubility of the residual lignin must be similar 
to that of kaft liqnin. M o r e ,  the -i1ity of the 
residudl 1- from h m g m e a w  tlKp aolutiaae with eolvents for 
kmft  l i g n i n a b u l d k  BsplaFneaby the existara  of aaoe cbnica l  
linkages between the residual l ignin a& polysaccharides, as 
Yamazalu * -- et al.1 pointed out. 

In  order to prwe the presence of lignin-polysaccharides 
linkages, alkali extractian of UIIP/%-DEA-DMSO solutions w a s  

fnvestigated Yaamzakl * -- et d.1 reported d~so that alzvwti~dlly 
isolated residual lignin in UCP is soluble in 0 3  solutim. 
Nevertheless, cnly 10% of t h  residual lignin was extracted w t i h  
1% NaOH soluticm (0.25M) from the homogeneous URP solutiQ 
Howeuu, yields of BREscted lbnin a d  gal- * i m x e m U d  
rundrably with ipcreasing a l k a l i  m t r a t i c n  us- a 24% 
NaOH mlutioa,  approximately oPt-half of the residual lignin in 
uI(P w a s  extracted together with polysaccharides from the UKP 
s a l u t k  lbese rewilts idicate that tbe actracred p r t i a m  of 
the residual lignin in UKP have s o m e  chemcial linkages with 
alkali-extractable p lysacchar ides  since extractions w e r e  
perfmrd frmP m e a l y  JlraKgmE- t#p eoluticne, in which auy 
physical abmzptiam 8ua3g the re6idual ligniIL hemicelluloees ard 
CiLlUlart lere -1- 

00L1C- the kinds ab G0.l- linked cbemicdlly to 
thc residual lignb 
r e s w  in gdlactogl- might poesibly be cluncidlly linked 
to the residual lignin. On the otbet hand, as shown i n  Pig. 3, 
fractiana c ccntain Balactoec in ralativaly bigh ratio& - 
the origiual uKP sample contains it in trace. As sbwn in Table 
2, yields of l ignin extracted i n  f r ac t i am C w e r e  less than 43% 
of the residual lignin in UKP. By using 5-11% aqueous NaocI, 18- 
25% O f  the midual l i d  was ectraCtd b the f-e- B d B C  

Y a m a p w  et al.1 pointed out tbat galactose 

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



322 ISOCAI, ISHIZU, AND NAKANO 

togetbar w i t h  polysaccharides, 80% of w h i c h  consist of wlose 
reaiduea. Thus, some parts of the residual lignin extracted is 
-lY 1- - - ly to IwlaKL By using PeOB anlutims vith 
higher Careatmtirns (17.5-24?1), yields of ths extracts f r a u  mCP 
increased remarkably ax3 the extracts consisted of comparable 
axnmts of glucO68. - and xyloae residue6, which are derived 
fran low molecular Celluloee, gl- a d  %ylaxl# respsctiay. 
lae yield of the resimul lignin -ted from I#p aolutiaas also 
increased to approximately 501. The portion of residual lignin 
extracted additionally by the increma& of alkal i  -entraticm 
from 5-119 to 17.5-24% abould be linked to gilpcomamnan &/or 
a l k a l i u t r a c t a b l e  cellulose molecules, and thus they are 
aRracted together. 

As discussed in the previaus paragraphs, almost a l l  the 
extracted residual lignin is m o s t  likely linked chemically to 
polysaccbarides. Since polylaccharides remaining after kraft 

are insoluble in such dilute alkalipe solutiam as used in 
k r a f t  a (ca. a), it may be rebecoable that l i e  linked to 
polysaccharides resists delignif icatiaa during kraft @ping. 
Baraver, l88 of the residual l i e  m attracted with 59 BMH at 
r o a n ~ t r r r e f r p m t b e ~ u ( p m a a l ~  lhioeuclpeets 

that a part of the lignin-polysacclulrides complexes in UKP are 
aaluble in dilute alkelip. soluticns h t  uo retaFped in cell w a l l  
nutrices by aam physical factars such as adsoapticn. 

&ma after -a w i t h  a 2M. mX adlutiap frcm the tRP 
mlutioP, agpxwcimataly onehalf of the remidual lignin still 
remained in fraction A together vi th  a small amamt of sugar 
re8idues originated from hemicelluloses. Possibly these 
-ts link each other au%r link to CtllulOsG Ba*errer, tbe 
following two *ical factor8 - also possible fox e x p m n h g  
the presence of these components in fraction A; (1) these 
e-~ts v e ~ e  bluded in thh cellul- m&dx when fractian A 

was -ipitated by &ling lWH aaluticp into tlm UCp solutiap or 
(2) the residual 1i-1- ocIIpIeKaa# vere i&eozbd fo 

celltlose whem a fraction A w a a  precipitated. The fact  that 
gl- a d w h  are apt to be stzagly d € K & d  to celuloae 
uplder alkaline ccndftiolls Ewqprta thia possibili@. 
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If the final part of the residual lignin and hemicelluloses 
are retained in fraction A by physical factors, they should be 
extracted completely. However, fraction A, a regenerated 
cellulase, a ~ 8  ID lapper sal&le in the ~ - D A - D ~  systeml4.  he 
relatiamhips aucrq t& three aapxxziix in frrrtiaa A, tbaefore, 
could not be clarified by the agproach used in this work. This 
problem will be answared in tbe fdlla*irg peger. 

A commercial unbleached kraft pulp containing 4.7% Klason 
lignin and 15% neutral sugars other than glucose w a s  f d  to 
dissolve in four r m - m  cellulose solvents (Table 1). 

Frrm aw of t)lese solutions, T X P / ~ - D E A ~ ,  B<tractiaa of 
the residual l i e  by adding organic solvents for haft lignin 
yielded, at most, 6.4% of the residual lignin. 

By using 5 and 11% aqueous NaOH instead of the organic 
solvents, 18 a d  25% of the residual lignin respectively w a s  
extracted together with polysaccharides ccmsisting mainly of 
WlaIl. 

By using 24% aqueous NaOH, about onehalf of the residual 
l i d  was extRuAd tosether with golysaccbar?des ' ansistipsof 
celldose, gluamaman and xylan. Tbe extracted resjhal lignin 
is most likely linked chemically to xylan, glucomannan and 
celluloee. 

-after- ' with 24% tWX soluti~ abaut -half of 
tbe resif3lmlligLlin and 201 of bmice l lu lcxe  reQah?d- 
This unextractable lignin and hemicellulose are prchbly linked 
ChemCially to sach other ard also to Cellulcaa FIlysia3l factors 
were also suggested for the presence of these uPaxtractable 
-ts. tb*rever, t k s e  possibilities could not be -abed 
because of the insolubility of fractiam i% a kipd of -ted 
cdluloee, in the sopn- 8ystgn. 
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