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1. Introduction 

Many discussions1 2) have been made on the 

state of pentosan in wood pulps. However, 

as our previous report3) showed, it is difficult 

to determine a small quantity of pentosan 

by the phloroglucin or bromate method. Ac-

cordingly, the conclusions reached do not 

seem to be correct. In this research, pentosan 

determinations by paper chromatography and 

by the colorimetric method with aniline were 

applied to the acid-hydrolyzed samples as 

well as to the alkali-extracted samples, and 

the state of pentosan in wood pulps was 

discussed.

2. Experimental Procedures and Results 

(1) The Pentosan Contents of Acid-hydro-
lyzed Pulps.-Five g. each of sulfite rayon pulps 
from red pine (Pinus densiflora S. et Z.) and beech 
(Fagus crenata Blume) were hydrolyzed with 300 
cc. of boiling 4N hydrochloric acid for 1, 3, 5 and 
7 hours. Since re crystallization of split chains 
was observed during acid-hydrolysis,4) the acid-
hydrolyzed samples were treated with a boiling 
1 % sodium hydroxide solution for half an hour to 
eliminate5) the recrystallized particles. The pen-
tosan contents of the acid- and acid-alkali-treated 
samples were determined by paper chromatogra-
phy.6) The result is tabulated in Table I. The 
degrees of polymerization were determined from

TABLE I 

THE PENTOSAN CONTENTS AND DEGREES OF POLYMERIZATION OF 

ACID-HYDROLYZED AND ACID-ALKALI TREATED PULPS

*　 %in　 the　 residue,　 determined　 by　 paper　 chromatography

**　 Cupri-ethylene　 diamine　 solution,　 Km=8 .0×10-4

the viscosities of cupri-ethylene diamine solutions7) 
of the samples. 

(2) The Pentosan Contents of Cold Alkali-
treated Pulps.-Two g. each of red pine and beech 

pulps were treated with 50 cc. of 4-17.5% sodium
hydroxide　 solutions　 for　 half　 an　 hour　 at　 20℃,

stirring every five minutes. The samples, pressed 

on a glass filter to make them free from the re-

sidual alkaline solution as far as possible, were 

treated again with 50 cc. of a sodium hydroxide 

solution of the same concentration and processed 

as before, washed successively with water, and

1 % acetic acid solution and water, and dried. In 
another series of experiments, the cold alkali-
treated samples whose cellulose micelles are more 
or less disordered were treated with 200 cc. of
2.5N　 sulfuric　 acid　 at　 95-100℃ 　for　 an　 hour　 to　 re-

move pentosan thoroughly. The pentosan con-

tents of the samples were determined by the 
colorimetric method3) and partly by paper chro-
matography. The results are tabulated in Table 

II and Table III.
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TABLE II

* By colorimetric method. except ( ) which was 
determined by paper chromatography

TABLE III

* By colorimetric method

3. Discussion 

The foremost interest would be the pro-
blem of whether or not the pentosan pene-
trates into the crystalline region. 

From Table I, it is seen that the pentosan 
contents of the acid-treated pulps and acid-
alkali-treated pulps decrease with the time 
of hydrolysis. The relationship between the 

yield of residue and the quantity of pentosan 
removed is shown in Fig. 1. Both the acid-
and acid-alkali-treated pulps show a similar 
tendency, and it* is seen that the pentosan 
content depends mainly on the yields of the 
residues. If the alkali-treatment helps to 
removes) the particles produced by recrystal-
lization of split molecules in the amorphous 
region containing most of the pentosan, it 
would be expected that almost all of the 

pentosan could be removed. This, however, 
is not the case as can be seen from Table I

Fig. 1.-Relationship between residue and 
pentosan removed. 

Pentosan removed is expressed as (1-r)x 
100%, where r is the ratio of pentosan content 
in the treated pulp to that of the original 
pulps.

and Fig. 1. In Fig. 1, the pentosan contents 
of the acid-alkali-treated pulps are somewhat 
higher than those of the acid-treated pulps, 
when the comparison is made between the 
samples whose yields of the residues are the 
same. 

It has been asserted that the crystalline 
region of wood cellulose is 65% by X-ray 
method8), and 60-70% by acid hydrolysis fol-
lowed by dilute alkaline treatment.5~ In Fig. 
1, even at 60-70% residue which is thought 
to consist almost entirely of the crystalline 
region, 0.5% of pentosan remains in the pulp. 

The degrees of polymerization of the acid-
alkali-treated pulps were expected to increase 
for the removal of the recrystallized particles 
(perhaps of very low D.P.). In Table I, the 
D.P.'s of the acid-alkali-treated pulps are not 
apparently different from those of the sam-
ples before alkaline treatment. This would 
be due to the degradation of the high molec-
ular portion. 

By using cold caustic solutions of concen-
trations over 10%, which are believed to be 
able to penetrate into the crystalline region 
of cellulose, the pentosan content was reduced 
to under 0.5%. The after-treatment by the 
acid of the residues thus treated gave a good 
effect for pentosan removal. Both pentosan 
and cellulose molecules in the crystalline 
region would have been disordered by the 
conc. alkalies to such an extent that they 
were readily attacked by the acid solution. 
Thus wood pulps containing 0.2% of pentosan

8) P. H. Hermans. "Physics and Chem;stry of Cellulose 
Fibers", (1949), p. 517.
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were obtained with 82-87% yield, although 
they are unsuitable for practical use. 

These results suggest that the resistant 

pentosan chains share in building the cry-
stalline region with cellulose chains, although 
larger portion of pentosan is found in the 
amorphous region. There remain as yet ques-
tions, whether or not the xylose units parti-
cipate in mixed chain formation. 

No great difference was observed between 
the behavior of pentosan in red pine and 
beech pulps. 

It seems reasonable to deduce the follow-
ing conclusion from the above discussion. 

By intermicellar reactions such as hot 
alkaline treatment, the pentosan content in 
the purified pulp would not be reduced to 
under 0.5%, whereas by intramicellar reac-
tions, such as cold alkaline refinement, the 
pentosan content could easily be reduced to 
under 0.5%. This will contribute to the 

purification processes of wood pulps, since 
the presence of pentosan is thought to be a 
cause of poorness in the reactivity of pulps 
to acetylation and xanthation.9) 

Summary 

1. The pulps from the red pine and beech 
were hydrolyzed with boiling 4N hydrochloric 
acid solution for 1-7 hours and a part of the 
hydrolyzed pulps was treated with boiling 1% 
.sodium hydroxide solution for half an hour 
to eliminate recrystallized particles. The 

pentosan content decreased as a function of

the pulp yield. The degrees of polymeriza-
tion of these samples were determined. 

2., The pulps from the red pine and beech 
were treated with 4-17.5% sodium hydroxide
solution for half an hour at 20° and this

procedure was repeated. A part of the sam-

pies treated with the alkali was hydrolyzed

with 2.5N sulfuric acid solution for one hour

at 95-100°. The pentosan contents of these

samples were determined. 
3. The results show that it is difficult to 

reduce the pentosan content of wood pulp to 
under 0.5% by intermicellar reactions such 
as acid-hydrolysis or dilute hot alkaline re-
finement, whereas by intramicellar reactions 
such as cold concentrated alkaline refinement, 
it is easy to reduce the pentosan content to 
under 0.5%. The resistant pentosan seemed 
to be built in the crystalline region of wood 
cellulose. 

4. It has no good effect for pentosan re-
moval to eliminate the recrystallized particles 

produced by acid hydrolysis with dilute alkali, 
while acid treatment after cold alkaline re-
finement gave good result for pentosan 
removal. 
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