
 

 

PLEASE SCROLL DOWN FOR ARTICLE

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

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

Residual Lignin in Unbleached Kraft Pulp. Part 2. -Analysis of Unbleached
Kraft Pulp by New Permethylation Method-
Akira Isogaia; Atsushi Ishizua; Junzo Nakanoa

a Faculty of Agriculture, The University of Tokyo, Tokyo, Japan

To cite this Article Isogai, Akira , Ishizu, Atsushi and Nakano, Junzo(1987) 'Residual Lignin in Unbleached Kraft Pulp. Part
2. -Analysis of Unbleached Kraft Pulp by New Permethylation Method-', Journal of Wood Chemistry and Technology, 7:
4, 463 — 483
To link to this Article: DOI: 10.1080/02773818708085280
URL: http://dx.doi.org/10.1080/02773818708085280

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

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

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

http://www.informaworld.com/smpp/title~content=t713597282
http://dx.doi.org/10.1080/02773818708085280
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF UOOD CHEMISTRY AND TECHNOLOGY, 7 ( 4 ) ,  463-484 ( 1 9 8 7 )  

F1EsIDULy. LIONIN IN W W. Par t  2 

+halysir of Lhb l r rhcd  Kraft  FLlp 
by Nrw Rrmathy la t im  Pkthcd- 

&ire Ipogai, Atsushi Ishim ;nd Jmzo Nakano 

Faculty of Aqriculture, T h  Vl iv r r r i t y  of Tdtyo 
Rnkya-ku, T W ,  Japm 113 

Lhbleachrd k r a f t  p d p  (W), its r w s i h r  a f t e r  extrxtim 
with caxmtrated a l k a l i  (crt)B), b1prI-d k r a f t  pulp pmpred 
f r a  W (86) rd its residr aftar rxtrxt im with ccrrmtratad 
alkali  (-1 w e r e  p r m t h y l a t e d  w i t h  po&l’.d d o+JI in 
thir S+dicthylamine ( ~ ) - d i m ~ l s u f o x i d ~  (DP80) 10lutFOm. 

T h  prrrrtrylrM rurples WCR ?rrpuated i n t o  thc 
f r r t i c m  by -1 f i l t r a t i m  chrcrrutoqrw, ucardhc~ to 
ml.culu w i g h t s .  Lignin c m t e n t s  d aqu capooiticns in thc 
thme f r w t i c a n  inidcatad that: 1) t h  midst1 Iignin in W 
hal a l k a l i ~ t a b l r  elmmica1 link- with both h m k r l l u l -  
md ce l lu lose ,  rd c e r t i l n l y  thxe link- with c e l l u l o u  cause 
th r r r i s t r r e  of th raichal l ignin to fu+mr d s l i g n i f i c a t i m  
rractiam, d 2) th ms-1 mcellul-, a t  least in thr 
f r r t i m  hvinq th h i p h n t  mlecular w i g h t ,  is m m t  l i ke ly  
linkrd c h m i c r l l y  to c e l l u 1 0 ~  with d i r e c t  r d / o r  i nd i r ec t  
link-. 

I t  is very inpatrrt to rluidate th charvtwirtico ad 
th stnxtures of t h m  residwl lignin in W f o r  modif icat iam of 
pr lpi tq  ad bl-hing pmc-w. 

1 In t h  pracading paper, w rrpocM a s t d y  of thr 

ex t r ac t ab i l i t y  of th midual lignin w i t h  variaa rolvmts fmn 

C o p m t  0 1987 by Marcel Dekker. Inc. 
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464 LSOCAI, ISHIZU, AND N U 0  

hemogr#us W/SOT.OUMPsOsolutims. e y u r r i m J ~ S  NaM, 

1*50% of the midual lignin CYI ex t rxM bagethr w i t h  alkali- 

extractable polysiuchvides a r h  as xylpn, glucomma ad 1- 

mlcular wigh t  cellulase, WherOK by ming so lmts  for kraft 

limin, cnly -a1 percmt of th msidurl lignin was 

extrocted. 

These rpsults m t r d  that th ms-1 liqtin extracted 

by the alkali treatments hd SOIW chmical linkages to the 

extrxted polmcharides. I t  alm m.qgnt.d that th m i s t r r e  

of th r e s i b 1  lignin to furt)pr dslignificaticn rrwtims is 
cased not mly by chslical link- b m  th midual lignin 

and polysaccharides, but also by trapping th extractable l iqin- 

polysuxhrik caplexes in cell wall matrices. 

[h the o t h r  had, appmximately cne-half of t h  residual 

lignin s t i l l  remained in the alkali-insoluble parts of W 

solutims, toprvrr w i t h  large m ~ t s  of 9lucow mainly 

originating frcm al lulow a d  w i t h  small r a ~ t s  of 

originating fm ‘crllulpw. fh raaan *hy sam ns-1 

licpin ad hemicellulose s t i l l  rrrvin in th alkali-insoluble 

put of W is not kncnm. 

We ntm report a m ,  facile prrmthylatim mthcd for 

cellulosic sanples, in which t h  7, FI.M, rd 

C+t$ a m  usad as t h ~ o l v s n t ,  base, rd rrthylatim rcrgrnt, 

mspctivrly. This mthod is mp.riar to othr mthadr pmposed 

previaaly for cellulosic -1- fran th vicrcpoints of yield, 

caplete mtbylatim, l i t t le  dmpolymrizatim, %lability of 

rerqmts, simple hrdling, etc. 
2 

V M i M  W s a p l a  tam prrmthylated by t h  new mttud, 

ad th parmthylatrd m l a s  WCI frwticrutrd into Uvee parts 

by pel filtratim chrmutography. Each f r r t i c n  w a s  -1- by 

UI ad W to charactrrite th resicha1 lignin ad hmicellulosm. 

*a1 rulm: Infrared (IR) qastra tern masurd w i t h  
chloroform aShrrnzu IR400  -trcmptrr cn films drporited frcm 

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



UNBLEACHED KRAFT PULP. XI 46 5 

oolutims. &l m t i m  ctnxutogrmo W.C. ObtrLWd c a i q  a 

~ t p r ~  PLC/GPC 249 r y s t a  w i t h  stwagel colcmn lo5, lo4, lo3, 

500 rd 100 A in wria a d  chlomfom as n elmt.  
-1- rlnd m: A -irl kraf t  pulp p”0dUc.d frwn 

mixed s o f t  mods by Tokai h l p  Co. Ltd. uas UIOd as a W -1e 

a f t e r  dmfibratim by a m i x e r .  B 1 - W  kraf t  p11p (86) 

prppared from u6 by single stage tnmtmmnt  with MI- 
in uater at  75OC f o r  1 h.3. - d O-BB W.R prrprrrd fron 

w rd wp, r C ? r p e c t i M l Y ,  by ths u u l  pmcmAre for  caplctr 

r x t r r t i m  of lumicellulosr. Nmwly. th raplr ry. s t i r red  in 

24% IW3-l ro lu t im cmtaininq S/. d 1Y. at rpon 

tapcratum f a  12 h W a-. m, th a lkr l i -  

soluble par t im wa) renuvmd f i l t r a t u n  with a glass  f i l t u  

(la), ad trp residu ry) wnhpd n r c r s s i w l y  uith d i l u t r  luloH, 

a large volunt! of water, d i lu t e  w, a lvpr -1- of water, 

ad acetme, rd driad a t  a0”C VWSLQ. 

Ruc grade rrS0 w a s  dried ovac m l e c u l u  siM 3cI. O-l$ - 
used a f t e r  d i r t i l l a t i m .  

worp propuod as cisscrim in th prrviaa Prprr.’ othrr 
reagents rd solvmnts vare used w i t h a r t  hvthr pr i f iu t i rns .  

Th %/US0 so lu t im  md pad.rad 

Dissolu tim of -1- in I3-e sotnn: av 
-1s (1 g) w a s  d i m  in 87.7 ml PlgD, md th -im 
was mted a t  60% f a  0.3 h. Aftw cml ing  to mtn t.mpWatWe, 

n accurate n r r n t o f  t t r ~ / c p B 3 s o l u t i d n  containing 1.19 g 

soj!, rd t h m  1.91 m l  DEFI bms d d e d  to th mixture .  A clew 

so lu t im  MIS obtainrd within 3 h. 

t h l a t  ion of : W m p l a r d  frrticm wmrm 
pnnethylatsd pmdLlcts of Was desc r ibd  in t t u  F i c u s  

Tk extent of rrathylrt im bus c k k e d  by hydmxyl 

absorpticn i n  thir IR spoctra. 

Fractimab .m of Dwllwthv l a w  -1- : A - C L - ~ B  

colm (37 X 2.5 an) u s  prrplrd nith 0-U- (9~1, -1) n 

n e l m t  in a SR 25/43 colurn (Rwnncia Fine olmicals). 
Permethylated m l e  (a. 12 mg) nas d i m l w d  in a feu m l  of th 
solvmt, ad injected into t k  c o l m  at  r a m  trrp.rrbur ui th  a 
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466 ISOCAI, ISHIZU, AND WAKANO 

flow rate 1.2 ml/min. E l w t n  - checkad b y  W &norbeme at 
ae0 nm. Frrtims of 5.6 m l  CI.R collmctmd. 

by th mthod of d.4 ~h mmcsaccharim wR 

y k l l y s d  as alditol r e t a t a  by U, using a c a l m  (2 m X 3 mn) 

of Gas tha P coatmd with a c a i ~ h u r  of 0.2% PEGFI, 0.Z. RD6 rd 

0.4% s i l i c w  XF-11%. 

: a l p  -1- mc hydmlyzed . .  halmi=i of suaw c-itrcn 

halvsis of m!th lam Yknat-s : The pwmethylated q l e s  

*(OR suzessivrly hydmlyzed w i t h  W L  CCOM d w i t h  0.m -4. 

The m l y z a t e s  - mutralizcd w i t h  w, ad the 

precipitatsd -4 aul excess WR reAlDMd by 

cmntrifugatim md filtratim. LibKaM partially mthylatad 

sugars wcd m c d  w i t h  a d  conwwted into th 
covespmding mthylated alditol acetates. Thy w w e  separaM 

by 6u= using a c a p i l l ~ c o l w m  ( % m  X 0.27 mn) coated w i t h  

s i l icon ~ 1 0 1  tmm l d ~  to Pooc a t  zoC/min with a hliun flcw 

rate 1 m l / m i n .  For w a t i m  of 2,3,-, 2,3,6-Ga1 nd the 

pmak F in Fig. 4, m o m  capillary colurn (40 m X 0.2E 

mn) coated w i t h  -loo0 was used. Peak areas - masumcl w i t h  

a Hpwlett-Prkrrd 358) CI intrgrator. GLc-t6 was perf- w i t h  a 

H i t r h i  H-80 m a s s  -trarrtrr (20 rV) using a colwm of IN-101. 

Each peak uas i d a n t i f i d  by fr;rglr?ntation ad retatirn tim0. 
1mm contents: uqlin contents of thc p l l p  sanples wora . .  

4 th Kl- mtlui. L i t p i n  cmtents in pmrmettylatad 

sanglei uere drtrrminad frpa W abrorbwcr of thir  ( ? H c l ~  

solutions a t  280 nm. Ths grrn atsorption coefficient of thr 

iiqnin a t  280 nm (€280) was calculated as described in a later 

secticn. 
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UNBLEACHED KRAPT PULP. I1 16 7 

Srrple suw c-Lt icm (731 K l r v n  l ignin 

Rh Ara Xvl plan Gal G l c  coltalt (%I 

UB 0.3 0.6 6.9 4.8 + 85.4 4.7 

CrCKp 0.3 0.9 2.3 4.1 + 91.9 3.3 

eKP 0.4 0 . S  5.0 5.8 + 08.3 t r u e  

a-5P 0.5  0.7 2.1 3.1 + 93.6 trace 
8 T o t a l  adjustad to 100%. 

The amMt of hmnicelluloric aqm in WP decreasad 

s u b s t a t i a l l y  w i t h  a l k a l i n e  cxtractim, and approxiinably 3Oii of 

the the residual l i g i i n  ws rem~ved. ~larcn l i qn in  c m t e n t s  i n  

BP ad a-WP wre negl igible  as a remJlt of ttw NKl- 
treatmnt. Fk thse f a r  ramples w e r e  conplctely so lub le  in the 

2 

XR spctra of the fcur mfhylated -1- (M,  Mr-cru(p, 

W ,  mc~ stmmc~ no V t i m  arctrwj 3400 cm-l d ~ e  

to hydroxyl (Figure 1). 

sptem. ur/ mc m t h y l a t d  e a s i l y  nd c a p l e t e l y .  

T b s e  pronethylaM s a p l a  wrc separated i n t o  throe 

f r r t i u n  by gel f i l t r a t i m  chrPnutngrm. Fig. 2 trp gel 

f i l t r a t i m  chrarvtoqrns of t h ~  fau nrthylated ? r a m p l e ~  

(detecticn by W atsorbence at ;gO m). Dividing l i n r  for the 

f r a r r t i c n a t i m  a m  also s t u m  in tho f i g w .  T h  f r w t i m a t i m  

s l n d d  drprd cnly en the m ~ l e c u l u  kaiqht of th c m t  to bc 

separated, since assaiatim h e w  the polyrrchrides rd the 

residwl li@n scdu t i rns  m l d  be essen t i a l ly  eliminated try the 
eth!?rificrtim of th hydmxl grcups. 

Each f r r t i m  b a s  rraly%H b y W a d  U C  i n  ordw to 
e l m i d a t e  thc characteristics of th residual l i pn in  nd thc 

residual hmice l lu lose  in thc omples. 
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468 ISOCAI, ISHIZU, AND NAKANO 

m l m i s  of p(clKp 

Fig .  3 the W rpcctra of W, its thrac frrtirns, 
pormthylated cellulosm pcwder m d  pnmthylrted starch. T h  

grrn abscrptim coefficient of l imb at 280 nn ( E m )  *YI 

calculated by t h  use of th tollcwing equaticns. 
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UNBLEACHED KRAFT PULP. I1 469 
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470 LSOCAL, ISHLZU, AND N U 0  

Fi- 3 W spectra of p(e-IKp, its three fractianr, 
pKmethylated cellulose podrr rd prcmthylated 
starch. 

C’ = c# (3) 

w b r e  C’ = litpin cmtslt in t t w  solutim, * 
-c at a80 nm, 1 = cell thickness, C = cancantratim (g/l) 
of mthylrtedlunpleinthcsoluticn, L -  lLpnin% in tho 
mthy1at.d w l r ,  X = c-ratm X in th q l e  (!3e Table 
I), Y = lignin % in VQ Jvnplr (Table 11, 162 = mol.culu wight 
of m rrhydrqlucou m i t ,  190 - ml.cular wight of a 
phanyl- wit in lignin, 14 9 w i g h t  incrrarp of a 
grarp mthylatian, rd 1.4 = total M/phaylpmpanr wit . 9-w’ 
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3 

Figure 4 Gas chrcmtcqran of partially mthylatnd alditol 
acetates obtained f r a  W ,  M m a colum of W 
101. 1:2,3,S+ra, 2:2,3,4-Xyl, 3:2,*a ad 3,*a, 
4:2,3--Xyl rd 3,4-Xyl, 3:2,3,4,6-G1c, 6:2,3,4,-1, 
7:2-&-a, 8:4Xyl, 9:%, 10:2,3,&Mm, 2 , 3 , f f i l  md 
u-~kncwm F, 11:2,3,&Glc, 12:2,6-G1c, 13.3,&Glc, 
14:2,3-?lm, 15:2,3-Glc, A-F:mknmm. 

All of t h  carbchydrates in thr mrthylatd onples ~ c a  

calculated as cellulose. E m  of pw)6 uas calculated as 20.0 

(1 W 9 ) .  

Fi9. 4 sham agar chrcmubgram f r a  mthyl rM augu 

malwis. Since peak F o~rrlrpclcd 2,3,* rd 2,3,kGal, this 

-atim wn prfanrd using capillary colum ( S e l O O O )  as 

drwrib.d i n  t h ~  E x p w i m m t a l  sacticn. 

Table  2 shme  thn canpaiticm of nrthylrted s.qars obtained 

fron plru6 rd its thme f r r t i m s .  NDticlgbly, tho mrrnt of 

2,3431~ is mrm thm twicr as m r h  as that of 2,bGlc nd 3 , 6 6 1 ~  

i n  a l l  of th fracticns. 

9 . q ~  conpositims calculrtd fmm th data in Table 2 ,  and 
lignin cmtmts c i lcu l rM fran W -ia rd vrlur of 
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472 ISOCAI, ISHIZU,  AND NAKANO 

TCIBLE 2 

Cornpaition of mthylrtmd sup-s of W 
rd its tWae frztitns 

R t m t i c n  PIriXp Fr.1 Fr.2 Fr.3 
toctficinta 

3-mmb 
2.3,S-Ara 

293 +a 
3.s 

2.3.4-Xyl 
2.3 

C X V l  
3.4 ' . 
3-Xyl 
2,3,6-cla 
2,- 
2.3.4,ffil 
2,3,4-cjrl 
2,3,4,6-Glc 
2 ,J ,Mlc  

3.6-Glc 
2,b-Glc 

2,3-Glc 

1 .a 
0.74 

0 . a  

1.02 
0.79 

0.92 

1-04 
1.11 
1.31 
1-00 
1.Z 
0.97 
1.13 
1 .P 
1.Z 
1.33 

0 
0.5 

0.  

0.3 
0 

4.3 

1.3 
s.9 
0.7 
0.3 
0 
0.3 

82.7 
1.1 
0.4 
2.2 

0 
0.2 

0.1 

0 
0.1 

2.9 

0.4 
s.1 
0.3 
0.1 
0 
0.4 

m.5 
0.6 
1.0 
2.3 

0 0.8 
0.3 0.4 

0 0.1 

0 0.1 
0.2 0.2 

5.0 6.3 

0.6 0.9 
s.7 3.7 
0.3 0.4 
0 0.2 
0 0.1 
0.6 0.3 
g3.6 eO.0 
0.7 0.6 
0.4 0.9 
2.6 3.0 

E m  are a n m r i z e d  in Tables. Thr h i g h s t  of 

mi-1 lignin md lmnicmllulow a- in Fr. 3, th 1-t 
mol.ollu w i g h t  f r r t i m .  -, msidwl lignin rd 

hmic+llulov also ccw i n  Fr. 1. t h  hi9-t mlaulu might  

fractim. 

Crulvsir of PtCl-uB 

Fi9. 5 rd Table 4 s k n  th W spctra rd coppaitiam of 

mtJvlaM argarr, -tivhly, of f r r t i m r  separaM f ran  p(r 

a-ua. 
Th ahsorption cwfficient ( E m )  of th rrridurl l ignin 

in m-a-uP wrr20.4 (1 d g ) ,  wry similar to that of PIriXp 

(20.0). 
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UNBLEACHED KRAFP PULP. I1 673 

T M E  3 

!kgar c-tims rd litpin centmts of P&-U@ 
rd its t hee  fraction 

+ 0.8 5.6 6.6 0.3 86.7 w 4.2 

Fr.1 9.0 3.5= + 0.3 3.4 5.4 0.1 90.8 
Fr.2 23.9 4.2' + 0.3 5.8 6.0 0 87.9 
Fr.3 22.1 7 . f  0.0 0.6 7.4 6.1 0.3 84.9 

Fr.1-3 100.0 4.5 0.2 0.4 4.9 5.7 0.1 88-7 

b 

260 300  3 40 
nm 

38 0 

F i V  5 W spectra of - and its frrtiom. 

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



474 ISOGAI, ISHIZU, AND NAKANO 

Carpaiticn of m t h y l a t d  of t kee  fracticns 
=para- f n n l W  

Fr.1 Fr.2 Fr.3 

3,- 
3-aha 
2,3,5dra 
2,5 

*a 
395 
2,s-Ara 

293 

394 
3-Xyl 

4,- 
2,- 
2,3,4,6-Ga1 
2,3,4-Cal 
2,3,661c 

3,Mlc 

2,3,4-Xyl 

-Xyl 

2.3.- 

2,&GlC 

2 , W l c  

0 0.8 
0 0.5 
0 0 

0 0.4 

0 0.1 
0.5 0.2 

2.1 0.6 

0.8 0.4 
2.2 1.3 
0 0.1 
0.4 0.6 
0.3 0.4 
0 0.6 

90.3 89.0 
0.7 1.1 
0.7 1.3 
2.0 2.2 

0.6 
0 
1.2 

0.4 

0.4 
0.8 

1.6 

0.6 
4.0 
0.4 
1.1 
0.9 
0 
84.4 
0.9 
1.2 
1.7 

T h e  lignin ccntmts ad a~gar capositiem of th - 
f r r t icm are sumwired in Table S. ccnparpd with thc valws 
shar, in T a b l e  3, th lignin cmtsnts in Fr.2 nd Fr.3 arm 
o ign i f i ca t ly  dm-. Howrvor, Fr.1, th hiqhslt mleculu 
weight fractitn, still hro a high lignin ccntmt. In d d i t i c n ,  

xylorp ad - still rarmin i n  Fr.1. The percan- of 2,3- 
Glc in all  fracticns YI highrr thm tknm of 2,b-Glc md 3.6- 

Glc, h i c h  is similar to the case of W .  

tbalmir of ps?-EKp 

Fig. 6 rd Table 6 stnn the W m t r a  nd c a p a i t i m s  of 

rrrp.ctiwly, of each fracticn separated frun mefihylrtrd sqars,  

PtPfKp. 
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UNBLEACHED KRAlT PULP. I1 475 

Fr.1 5.6 4.5 0 0 3.4 2.6 0.3 93.7 
Fr.2 55.0 2.2 1.3 0.5 1.2 2.4 1.0 93.6 
Fr.3 39.4 3.4 1.6 2.0 2.8 5.5 0.9 m.2 

Fr.1-3 100.0 2.0 0.9 1.1 2 .O 3.6 0.9 91.5 
8 S.r thr fmtnota in Table 3. 

260 300 34 0 
nm 

380 

Figurr 6 L N  spectra of p(rfKp ad its three frrtims. 
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476 ISOCAI, ISHIZU, AND NAKANO 

T M E  6 

CompaitiPrK of mthylated aqur of fracticns 
w a t e d  f r a  

Fr.1 Fr.2 Fr.3 
2,3,5+ra 0.1 0.2 0.3 
2 , s  

2.3 

-&-a 
395 
2.3.4-Xyl 

-Xyl 
394 
3-Xyl 
2.3,- 
2,- 
2,3,4,&-Glc 
2.3.6-Glc 
2 , M l c  
3,&Glc 
Z,S-Glc 

0 

0.1 

1.5 

0.2 
2.2 
0.1 
0.1 

93.4 
0.5 
0.6 
1.2 

0.1 

0.1 

3.5 

0.3 
2.5 
0.1 
0.3 

90.0 
0.5 
0.5 
1.1 

0.1 

0.2 

6.1 

0.4 
1.9 
0 
0.4 

88.4 
0.5 
0.5 
1.2 

ck thc result of tk single stage treatmnt of W nith 

Wl-, the W &sorbmce of Pk-EW at 280 run aW to thc 

residul lignin dscrrared rpnukably, whsl w i t h  that of 

I?alKp rd U m t  of PtrcrCKp. Fr.3 still h d  a rclatiwly high 

aharkncc at 280 MI. Since this 86 v l r  had little Kl- 
ligrin, E m  cmld not be calculaM using -ti- (11-13). 

Furthrnrrw, since the chanical stnxture of th msidurl l w i n  

in E W  duJld br diff-t  f r a n  that in W P  60 to th oxidation 

with Wl-, t h  livin ccntmts in th frrticns cmot  
br calculated f r a  W -es by using th v a l u  of E m  

ObtLirWd t r a n M  rd -. Hydrll rd sausa6 rrparted 

that E m  of lignin in 86 bleached w i t h  C12 is 3-14. T t u s ,  

lignin ctntslts in fraction sqmrated fron P b - 6 - P  are r a q h l y  

calculated by using 14 far E m ,  ad are n m n v i z e d  in Table 7 
t o p h b  with aqar c m i t i c m s .  compupd w i t h  the nqv 

conpsititn of 86 (Table 11, clearly som a q ~  wiginating 
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Supv c-itims rd l iq in  ccnim-ks of fraction 
wpurM frcm Me-WP 

Fr.1 b2.3 0.3 - o 0.1 1.8 2.3 o 95.8 
Fr.2 24.2 0.4 0 0.3 3.9 2.6 0 93.2 
Fr.3 13.3 1.1 0 0.4 6.7 1.9 0 91.0 

Fr.1-3 100.0 0.4 0 0.2 3.0 2. 3 0 94.5 
8 - CalculaM f r a  assminq that E m  = 14. 

f run  lmnicillulou in 86 are fenmad wing t h  mthylrtim 

rd/or isolatim pocrduro. 

of- 
Fig. 7 rrd Tablr 8 * thr W m t r a  ad compaiticn of 

mthylrtd sqars, -tivsly for- f r r t i m s .  These 

msults UI m i z e d  i n  Table 9. coap.rod w i t h  th lignin 

cmtants of th cormpcrdinq frrticm of Pb-BOJ, that of Fr. 3 

of b u s  n u h  lorrr, hrt thou of Fr.1 rd Fr.2 WR 

similar. k glucose ccntmts incrrrscd a l i t t l e  in a11 frr t ims 

as Uw result of alkali lxtrutim. Fr.1 r c ~ t i n g  tor 10.77. of 

s t i l l  cmtaimd xylose rd (IYIIQU msidms. 

cb di leurvd  in th introductim, th p.rmthylatim mthod 

w a s  rppliad to th f a r r  -1- related to W in order to 
rl&drtm t b  chvrtxristics of ttu mi-1 lipnin md th 

rmsidwl hniallulose in  UP. Fig. 3 indicates that wcy l i t t le  

rb+arptian in th w is eraad by thr prrmathylrtrd 

liqpin in th f o u  nrthylrted Smplas w1I detrmrinrd 

palyrcchuid.., as 3Ewn f a r  cr l lulow pader rd starch. 

ttr -1 

Tha, 
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473 ISOCAI, ISHIZU, AND NAKANO 

o-2! 

260 300 3 40 
nm 

I0 

F i g w  7 W m t r a  of a d  its thre fraction 

by W sp.ctsrscopy. A null loss of hemicellul- w a s  drkM 

by canpvirq t h e a r g u ~ i t i m s o f  the mthylaM - la  
(Fr. 1-3 in Table 3,9,7 ad 9 )  w i t h  the comrpondit'q data in 
Table 1. 

Tk mthylatd ~1esrc.crsubjmct.d to grl filtratim 

chrmtography and separated into thr fracticm. cls &scribcd 

in th mias section, a rrlatiwly hiqh pmpartim Of th 

residual liQnin and thCmsi-1 hmicrllulan in W WR 

contained in Fr.3. Ch t)r o t h r  hmd, as skwm in Tablr 3, 
appmximatmly 44/. of th rerib1 hrnirrllulow misM in Fr. 1, 

which cmlximd thl hip- mlrular wight aPlecula in 1su6 

d c e m t i t u t d  54% of plru6. kw rrarlts c n  hm rnp1ai-d by 
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TCIBLE 8 

Conpsi t i -  of nrthylated sqars  of fractrcns 
w a t d  fran ptcr-B<p 

Fr. 1 Fr.2 Fr .3 
3-ma 0 0.1 0.2 
295 

*a 0 0.2 0.5 
395 
2+ra 0 0 0.2 
2,-a 0 0.1 0.2 
2,3,4-Xyl 0 0.1 0.3 
2.3 

-Xyl 1.2 0.5 1.9 
394 
3-Xyl 0.6 0.3 0.6 
293.- 1.4 1.4 3.6 
2,- 0.3 0.4 0.6 
2,3,4,6-Gal 0 0.2 0.5 
2.3,Hlc 92.8 93.2 88.6 
2,bGlC 0.6 0.8 0.7 
3,Mlc 1.1 1 .o 0.9 
2,s-Glc 2.0 1.7 1 .e 

TCIBLE 9 

S q a r  coqzasiticm ad lignln cmtents of frrticm 
sepuatud fron P+u-BP 

Smple Yield Lignin colpol itim ( %) 
( X I  culm t(%)* R t u  *a Xvl M.n 6.1 G l c  - 0.4 

Fr.1 10.7 0.4 0 0  1.8 1.7 0 94.3 
Fr.2 JB.5 0.3 0 0.3 0.9 1.E 0.2 W.7 
Fr.3 30.8 0.6 0 0.9 2.7 4.2 0.5 92.0 

Fr.1-3 100. 0 0.4 0 0.5 1.4 2, 5 0.3 95.3 
*:Calculatd fran % vdrr r, asmmptian of E-14. 
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480 ISOCAI, LSHIZU,  AND NAKANQ 

the follouinq t w o  hypothsses: I) a part of t k  residual ligrin 
rd t h  residual haicellulaw in u6 are present us hiqh 
pol- cmtparablc to cellulose, or 2 )  the residrwl ligrin ad 
t h ~  raidual hemicellulose are linked chemically to hiqh 

molecular eight cellulose. In the latter case, three mcdels of 

chsnical linkages amq ths residvl lipnin may be as-. 

First, t h  resihl hmicellultme is directly linked to 
cellulose, ad the midual ligrin is linked to the 
bnicellulose. In  this cdse, TW direct chmical linkages m l d  

exist bo- cellulcne rd the residwl lipnin (Fig. 8 ,  A ) .  

Secmd, th residual liwin is diratly linked to cellulOJp, rd 
the hemicellulac is linked to the lignin (Fiq. 8,  B). Third, 

chemical link- exist b?twe@n celluloso, W residual ligrin 
and the residual hemicellulose (Fig. B, C). T k s e  possibilities 
will bp discussad again later. 

Fk CriKP e a s  the residuo fron extraction of U P  with 24% 

NaM ccntaining Nam 2md -, its ligrin and hemicellulose 
cmtmts w w m  1- thn those of UP. bk~~~theless, Fr.1 of 
RE-u-WP still cmtained 4.5% lipnin nd m ~ c c  thn 6.SL aqrr, 

wig-ting fron tvmicellulose. Ymtaki a d.’ rapated that 
the midual lignin isolafad pnzynutically fron W is soluble 
in both 0.W F4dJ-I soluticn d 0.W solutim, and that 
after alkali-cadting a mixture of tha rbwe lignin rd th 
holocellulcse, thc holacallulcse uas irrily obtained by washing 

without m y  drrorpt icn of th lignin. Tha, if th rrridvl 
lignin in Fr.1 of pt-cru<p hd no chsaical link- with th 
polysaxhrides, it 3rxrld have b.n w i l y  separated f r a  th 
bnicellulosrs by alkali-mxtrxtim. -, since Fr.1 still 
h d  4-57. liqin, t h ~  exirtsri of chomicrl linkages -tween thc 

residwl lipnin rd polmchrides seam ta bo probable. 
Fbst of th~ msidwl lignin MAS ramwrd by bl-hing W 

with Wl-, as shmm in Table 7.  Fr.3 still cmtairyd, 
hzwxww, 1 . rL  lipnin, hich is m o m  thm twice that of Fr.1 OT 

Fr.2. This rrsult indicates that the m i b l  lignin, which 
c m o t  b easily blhaEh& is present mainly in the lo, molecular 
part, Fr.3. 
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UNBLEACHED KRAFT PULP. XI 481 

- :Cellulose - : Hamicellulose 
: L i p i n  

Fipurr 8 R n s i b l r  -1s of chmical link- be- cel lulose,  
th rnidwl hmic r l lu lose ,  d thr mithin1 l i q i n .  

&p-oxirntely 4% of o t h r  t k m  glucose still ravimd 
in Fr.1 of Pb-BU', ukreas m l y  0.X lignin exis ted in the samz 

fractim. This r e s u l t  5uggc5ts the e x i s t a w e  of d i r e c t  l i n k a g e s  

l?etraPn ce l lu lose  and hpmiccllulcse, &/or the eXiS-R of high 

molecular weight hemicellul- mixed with cellul- in Fr.1 of 
HIPEP. 

The l ignin cmtent of Fr.3 u s  renurkably by 

a l k a l i i w t r r t i m  of 86. T k  l ignin cmtmt of Fr.1 of P+a- 

86, which cmtaim hiqhrr mlrculu w i g h t  m l e c u l r r  rd is 

10.7% of -, w a s  also mll (0.4%). Harvrr, th cmtent of 

s q w s  ot- thn g l c r o v  still 3 . 5 i  m t  -1- 

indicates that th molrcular w i g h t s  of hrrnicelluloses a m  m r h  

lawrr thrr thou of cel lulase.  noreWrr, Wing k r a f t  cookirq 

t h  tmmicelluloscr M mm r c e s s i b l e  to drploymari t r t im 

-ti- -h as a l k a l i n e  hydrolyris ad oxidatim toll& by 

B - l i m i n a t i m  rawtion. T h r e f c r e ,  it sewms m pmbble that 

t h m  rsridwl t m n i c e l l u l a r r  haw lowcr molcculu w i g h t s  thrr 
ce l lu lose  rd rcllyin in Fr.1 by d i r e c t  -/or indiract chanical 

link- w i t h  cel lulose.  m, indirect ch.nical link- rrmn 

that th hEaRicelluloslr is chamically l i n k d  to th l i g r i n  which 

in turn is linked to cel lulose.  

Fur-, in  a11 frrticm, 2 , H l c  was drtccM in 

ra l a t ivc ly  hishr p ~ ~ e n t a g e s  thn ttuse of 2,6431~ rd 3,Mlc. 
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48 2 ISOGAI, ISHIZU, AND NAKANO 

This result suggests the existence of a m a l l  amarnt of 6-0- 
linked glucose residues in samples. 

In sumnary, the residual lignin in W is most likely linked 
chemically not only to hemicellulose but also to cellulose. 

These chemical linkages cause the resistance of the residual 
lignin to further delignificatim reactions, because the linkages 
are stable under alkaline conditions. TI- frequency of chemical 

linkages between the residual lignin and plysaccharides alu, has 

an effect on the difficulty in bleaching of the residual lignin. 
On the other hand, by alkali-extraction, sune of the residual 
hemicellulose in UB can be removed together with sane of the 
residual lignin to which it is linked chemically. HOwwer, the 

residual hemicellulose remaining after alkali-extraction has 

probably direct and/or indirect chemical linkages to cellulose. 
Thus, Type f+C in Fig. 8 seems to be probable as the model 
shcwing the relation amcng the three main components of wood. 

Lhbleached kraft pulp (W) and its related three samples 
(cru<p, W and a-88) w e r e  canpletely soluble in the 
Mlso system, and were permethylated with powdered Nd3H and WI 
in their solutions. 

The residual lignin and the residual hicellulose in W 

were characterized by analyses of lignin ccntents and sugar 

compitions in fractions separated from permethylated samples by 

gel filtraticns. 
Chemical linkages between the residual lignin and 

plysaccharides (hemicellulose and cellulose) exist in W, and 
xme of these linkages seem to case the resistance of the lignin 
to further delignificaticn reactims. 

Sane of the residual hemicellulose in W also has chemical 
linkages directly and/or indirectly to cellulose. 
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