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ABSTRACf. Role of ethoxide ion in alkaline-ethanol pulping was studied by 
the application of mild soda pulping conditions to prehydrolysed bagasse and 
monitoring the changes in pulp properties as a function of the concentration of 
ethanol. 

Low concentration levels of ethoxide resulted in the cellulose supramolec
ular structure to become more amorphous and enhanced dissolution of short
chain carbohydrates by increasing the susceptibility of the pulp towards alkali. 
Thus. high-alpha pulp with improved accessibility and chemical reactivity to 
xanthation were obtained. Higher ethoxide concentration levels decreased the 
degree of pulping (de lignification). low~red the alpha-cellulose content and 
decreased the accessibility of the pulp. These effects are attributed to a combi
nation of: a) degradation of long-chain alpha-cellulose. b) the inability of 
ethoxide ion. compared to hydroxide ion to penetrate into the original native 
structure of the fibres thus leading to insufficient degree of pulping and. c) the 
self-condensation of lignin. catalysed by ethoxide ion. The addition of 
anthraquinone (AQ) to the alkaline ethanol pulping liquors' permitted the 
retention of different amounts of hemicellulose and lignin. 

introduction 

The chemistry of the soda-methanol process has only been incompletely characterised. 
The reactions probably follow a course similar to that of soda pUlping, but with 
methanol promoting lignin dissolution and decreasing condensation processesll1 . In the 
soda pulping of spruce chips at high impregnation temperatures. the addition of ethanol 
to the cooking liquor greatly increased the selectivity of delignification and gave pulps 
having higher brightness and yield at a given kappa number, than the corresponding 
soda and kraft pulps[21. Aqueous ethanolic soda cooking of southern yellow pine mix
tures gave pulps at yields and lignin contents similar and lower than ethanolic 'soda 
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Analysis of Pulps 

American Tappi Standards Methods[5) were employed as specified in our previo! 
studyl6). 

Results and Discussion 

Production of High-Alpha Pulps by Soda-ethanol· Process 

Soda pulping in the presence of ethanol (Table J) 

In experiment I, pUlping was carried .out by the action of aqueous sodium hydroxide, 
while in experiments 2-5 the pulping was conducted using alcoholic sodium hydroxide 
solutions. 

Different amounts (9. 1, 16.6,25.0 and 50% based on pulping liquor) of ethanol 
(97%) were used in experiments 2-5, respectively. 

The chemical, physical and supramolecular structure characteristics of the resulted 
pulps are listed in Table I. It is clear that increasing the ethanol level increased the 
yield from 33.5 to 36.5% and decreased the rate of delignification as measured by the 
permanganate number values. Thus, under the pUlping conditions applied in this work, 
the higher ethoxide ion levels during the alkaline pulping seem to slow the delignifica
tion rate. This may be attributed to more than one factor. The increase in the ethoxide 
ion concentration implies a stronger degradative effect on the carbohydrate chains 
while the steric effect of the 'ethoxide ion hinders its penetration into the original native 
structure of the fibre. This is less reactive in nature and resists swelling and consequent
ly leads to insufficient degree of pulping. There is another role which may be played by 
the ethoxide ion in lowering the degree of pulping, thus, the ethoxide ion may act to 
create carbanions at the active methylene groups in some of the lignin units. These car
banions may condense with carbonyl groups of other molecules and lead to self-con
densation of lignin which will delay its dissolution in the pulping liquor. It was found 
that the effects of the above factors during pUlping become more pronounced at higher 
ethanol levels. Moreover, it was noticed that pulp 5 still retained uncooked fragment. It 
is clear from Table I that, compared with soda pulpirig (pulp I), at the lower concentra
tion levels of alcohol (pulps 2 and 3), the presence of the ethoxide ion helped in disso
lution of the short chain hemicelluloses; The presence of the ethoxide ion together with 
the aqueous alkali seems to penetrate into the cellulose and hemicellulose chains lead
ing to a tendency of the latter to dissolution. The pentosan content of the pulp decreased 
from 7.6 to 6.2% and consequently the a-cellulose increased from 89.3 to 91.3%. This 
change caused the D.P. of the long-chain cellulose macromolecules to increase from 
980 to WIS. 

The most important effect of the alkali-ethanol pulping liquors took place in the 
supramolecular structure of the produced pulp. The presence of the alcohol helped to 
increase the swelling effect of the hydroxide on the cellulose chains and the disorder of 
their arrangement. Consequently the crystallinity decreased while the free accessible 
hydroxyl groups increased.This was manifested by the increase in the water retention 
value (W.R.V.), liquor retention value (L.R.V.) and sodium hydroxide retention value 
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(NaOH R.V.) of the pulp. Also, the tendency of the pulp to xanthate formation 
increased. However, the presence of alcohol at these concentrations have only minor 
effects on the degree of pulping. 

At higher levels of ethanols (pulps 4 and 5) the ethoxide ion increased degradation 
of the long chains of the cellulose. This caused a decrease in the a-cellulose content, 
being 91.3, 89.5 and 88.6% in case of pulps 3-5, respectively. At the same time the D.P. 
decreased to "" 900. The increased pentosan contents of pulps 4 and 5 of 7.9 and 9.3%, 
respectively, may be attributed to a strong connection of the lignin skeleton. The insuf
ficient degree of pulping achieved resulted in being retained part of the original native 
structure of the fibres . This structure resists swelling in water and alkali is less reactive 
and also possesses a low degree of accessibility. Thus, the W.R.V., L.R.V., NaOH 
R.V. and tendency towards xanthation of pulps 4 and 5 were lower than those of pulps 
2 and 3. 

High alpha grade pulps from the ethanol-soda process (Table 2). 

This section describes an attempt to produce high-alpha grade pulps. From the previ
ous section, the optimum pulp characteristics were obtained in experiment 3. However, 
the extensive increase in the D.P. value is objectionable specially if the pulp will be 
used for the production of viscose or acetate rayons. High D.P. values afford highly vis
cous solutions which are unsuitable for spinning into fibres. Moreover, the increased 
hemicellulose contents above certain levels retard the filtration of the cellulose solution, 
the step prior to spinning. This is due to the higher instability and the decomposition of 
hemicellulose xanthate. 

For these reasons, in the following experiments attempts were made to reach the 
proper D.P. and hemicellulose value in addition to the other pulp properties. This could 
be attained by increasing the concentration of sodium hydroxide in the second step of 
bleaching. 

It is clear from Table 2 that increasing the alkali concentration from 8 to 16% (based 
on pulp) increased the a-cellulose content (from 91.3 to 93.2%), decreased the pen
tosan content (from 6.2 to 4.5%) and reduce the D.P. value (from 1015 to 965). The 
digestion and removal of short-chain hemicelluloses arid appropriate degradation of 
long-chain cellulose improve the reactivity towards xanthation. Further increase in the 
alkali concentration to 20% (pulp 7) resulted in a further decrease in the yield and the 
D.P. The accessibility of the pulp towards water and alkali decreased which is due to 
the preferential digestion of the more hydrophilic (amorphous) fractions in the higher 
alkali concentration. However, further improvements to the reactivity were achieved 
because the proper D.P. enhances the penetration of the reagents through cellulose reac
tion. Thus, in addition to the accessibility, the degree of cellulose purification and suit
able D.P. are necessary to produce high alpha p~lp at high level of process ability. 

2. Production of Low-alpha Pulps by Soda-ethanol Process 

Low-alpha pulps have a wide utilization in the manufacture of different paper 
grades. It is well known that the hemicellulose fraction is of considerable importance in 
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