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Delignification of bagasse pulps using
oxygen and alkali
TRIVEDI, M. K. AND MURTHY, T. S.

SUMMARY

• .'Delignification of pulps involves treatment with costly chemicals and the effluentS from the
process streamsmay cause pollution of water streams. Newer processes are being designed
to solve these problems. Oxygen.alkali treatment of pulps is an approach of this kind. The data
presented here shows the feasibility of using this process Of! bagasse pulps which results in
higher yields, effective uti Hsationof chemicals and effluents with reduced pellution load. Some
studies on the bleaching of such Pulps have also been included.

,.
The global raw material shortage, growing demand
for pulp products, increasing concern with environ-
mental pollution and effective use of costly chemi-
cals are the major factors to have a fresh look at
the conventional pulping processes which leave a
large portion of the lignin in pulps to be removed
by chlorine based chemicals. The effluents of these
stages may cause pollution of water streams if not
treated. Many investigators have reported that if
oxygen and alkali are used to delignify wood. better
pulps with a scope to reduce the pollution load are
obtained'.". However, the factors such as the
difficulty in penetration of oxygen into wood chips,
reduced strength properties of pulps and low
calorific value of spent liquors had prevented its
wide spread use".

Knowledge of the fact that the' degradation of
cellulose is diminished in presence of small amounts
of alkali earth carbonates, phosphales, silicates and
oxides, brought 1\ big support to this process.
Magnesium carboall,e 1-5% based on pulp offers
maximum protecUo-' to cellulose but if Magnesium-
complexes are used, it is claimed that very low
addition (0.03-0.05%) as Magnesium ions based on
pulp can give sufficient protection to cellulose",
With pine and other wood enough work has
been done to make it a commercially feasible
process. Work on Indian hard woods and
bamboo has also been reported and need for
extensi ve work has been felt before adopting this
process to indigeneous raw matenalst"- Single
stage alkali oxygen pulping of bagasse has been
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reported in which yields were high but the strength
properties of pulps were poorer than soda pulps9.
The work presented here is on a process in which
the alkali cooked bagasse pulp can be further
delignified in presence of oxygen and alkali to get
pulps in high yield and low kappa number, and
thus facilitate further bleaching steps.

EXPERIMENTAL
BAGASSE PULP-Bagasse ground and sieved
(-12 +44 mesh) was pre-soaked in water and boiled
with 1% aqueous sodium hydroxide for 1 hour to
obtain pulps according to method established in
this laboratorylo.ll. The analysis of bagasse and
pulp is given in Table 4 (Column 1. 2).

OXYGEN TREATMENT OF PULPS
About 20 g of pulp exactly w~ighed w~s taken i~ a
stainless steel autoclave of 1 litre capacity to WhIch
predetermined quantities of alkali water and
Magnesium carbonate were added. The reactor
was equipped to measure inside temperature and
pressure. Oxygen was introduced to a certain
gauge pressure when the, temperature was lOoC
below the reaction temperature. The time to reach
the reaction temperature was 20 min. In all the runs,
Oxygen pressure was released after the specified
time and the contents were quantitatively transferred
to a beaker, the pulp was washed and analysed.
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The variables studied were oxygen pressure, time,
temperature, alkali charge and liquor to solid ratio.
The analyses were done according to Tappi
standards. All reported results are average of
three consistent observations.

The bleaching of pulps was done under the condi-
tions described in Table 3. Brightness was measured
on universal photometer Model 0 M-56.

DISCUSSIONS

Sugarcane bagac;~belongs to grass family and has
an open and less developed structure as' compared
to woods. It is expected that problems such as

'penetration of oxygen into chips and nonuniformity
arising due to that will be minimum with bagasse
and milder conditions for treatment than for woods
used.

The results in Table 1 indicate that an oxygen
gauge pressure of 2 kg/em" is sufficient to bring
down the kappa number(Knumber) by 3unitsusing
5% alkali and a temperature of 90°C for 30 minutes.
Application of highe-r pressures do reduce the K
number by as much as 6 units but the pulp yield
also decreases. Though the high oxygen pressure
is known to increase the rate of delignification, the
use of high .pressures may severely degrade the
pulp. Increasing the temperature of treatment
from 80 to 120°C results in a quickloss of yield and
K number. A temperature of IOOoe seems to have
advantage of minimum loss in yield, coupled with a
5 point decrease in K number.

The next set of experiments done at 100oefor varying
time from 20 to 90 min. show that increasing the
time of treatment reduces both the pulp yield and
K number, though the effect is less severe than that
observed with the increasing temperature. Increasing
the time by 10 minutes enhances the pulp loss by
about 1% and a corresponding fall in K number.
A time period of 50 min. was found most suitable
under these conditions. The fall in K number here
suggests that it is mainly lignin which is degraded
by increasing the severity of the treatment.

The amount of alkali and its concentration during
the oxygen treatment both have significant' effect as
seen from the results in Table 2. The increasing
amount of alkali causes increased loss in yield
without a proportionate decrease in Knumber. It
may be so due to the carbohydrate degradation. A
charge of 5% alkali on pulp appears to give the
maximum fall in K number. But if the concentra-
tion of alkali is more during the treatment, it
almost exclusively affects the extent of deiignifica-
tion because the fall in yield corresponds with the
fall in K number of the pulp. This fact has also'
been noticed, in studies on woods where a high
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consistency during the oxygen treatment results in
decreased requirement of alkali to obtain a selected
K numbers, However, a very high concentration of
alkali may adversely affect the pulp quality.

Whe~ resu1r~ of varying liquor to solid ratio were
examlDed, It was found that the fall in K number
was not adversely affected by decreasing this para-
met~r. The sol,uabJlltyof these pulps in 7.14%
sodium hy~roxIde was estimated. It has been
claimer] to gt ve the best indication of the undeg-
raded .ceUul.ose12

• The results indicate that a liquor
to sol~d ra~1O of 5:1 gives pulp with low K number
and high YIelds of pulp with minimum effect on the
cellulose.

The optimum conditions so established were success-
fully tried on ] 50 g batches. Pulp from these were
bleached under conditions shown in Table 3•. It was
found that considerably lesser quantitiesot:'chlorine
IS required to bleach an oxygen treated pulp as
compared to an untreated pulp to a desired bright-
ness values",

,!h~ analysis of the final pulp (Table 4, column 4)
indicates that pulp in about 52% yield is
obtained wi.th ~ high alpha cellulose ~~ntent, low
ash and lignin. A slight increase in the alpha
cellulose content of the pulp after the oxygen
treatment may be due to the dissolution of some
traPl?ed ~emicelluloses during the treatment. The
loss 10 YIeld after the oxygen treatment is about
11% whereas t~e K num ber is reduced by. 50
p.ercent The bnghtness of the pulp shows a sharp
rise only after bleaching.

It is known that the use of an alkali oxygen stage
reduces the pollution load of the effluents as the
effluents from this stage can be processed to' recover
heat and c~emic~ls. in a recovery system. This
leaves ,very little lignin to be removed in subsequent
bleaching stages thus reducing water pollution due
to discharge from them. Thetrea!ment also
results in o,:erall economy of chemicals and
Improyement 10 the quality of the pulp. However,
a detailed study of the process and spent liquors is
necessary to adopt the process on indigenous raw
materials like bagasse.

CONCLUSIONS

Baga~se pulps can be delignified by an oxygen-
alkali treatment under the following conditions :_

Oxygen pressure -2 kg/em"
% Alkali on pulp -5
Temperature -c -100
Time-minutes - 50
Liquor: solid ratio -5 : I
Inhibitor MgC03 on pulp - 1%

IPPTA Vol. 19 No.2, June 1982



TABLE-l OXYGEN TREATMENT OF BAGASSE PULP UNDER VARYING CONDITIONS

% Alkali on pulp -5
Liquor to solid ratio -8:1
MgCOs added; % on pulp -l

Oxygen , Temperature Time Yield Kappa
gauge: pressure °C min. %on number

kg/cril2 pulp
Nil 90 30 87.7 24.2}.O 90 30 86.8 22.8
2:0 90 30 85.2 21.2
2.5 SO 30 83.8 20.8
3.0 90 30 81.5 18.8
4.0 90 30 81.4 18.0
2.0 80 30 86.1 22.6
2.0 100 30 84.3 16.6
2.0 110 30 71.4 17.0
2.0 120 30 69.3 16.0
2.0 100 20 87.6 22.4-
2.0 100 40 84.0 "16.5
2.0 100 50 83.8 ·15.0
2.0 100 60 82.8 15.2
"20 100 70 81.0 14.9
2.0 100 90 79.5 14.8

• TABLE~2 EFFECT OF ALKALI CHARGE AND LIQUOR TO SOLID
RATIO ON OXYGEN TREATMENT

Oxygen pressure - kg/cmll

Time min.
Temperature
MgC03 % on pulp

-2
-50
-100 <'C
-1

_.;.;... ~_~_.....; ---.---------i-.---

•

Alkalic Liquor Yield Kappa
"c'barged to % on number
% on pulp solid pulp

ratio
1 8 95.0 18.0
2 8 93.8 17.1
3 8 90.2 16.1

"4 8 88.0 15.8
5 8 83..8 15.0
6 8 83.0 15.2
5 7 82.5 14.8
5 6 82.4 14.4
5 5 82.0 13.6
5 4 80.0 13.6
5 3 79.1 13.0

", ' >. •
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7.14%
NaOH
in solubles

81.0
80.4
82.5
80.0
79.5•
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TABLE-3 BLEACHING OF PULPS
Weight of pulp-20 g

Chlorination Alkali extraction Hypochloride

% Chlorine on pulp
% alkali on pulp
Time-min
Temperature °C
pH
Residual chlorine gpl

3.0
3

30
30
3.0
.01

5
(0
80

1.0
5

120
40

J 1.0
.01

TABLE-4 ANALYSIS OF BAGASSE AND PULPS

(% given on o.d- bagasse)

Oxygen treated
---Bleached

Bagasse Pulp
pulp pulp

Hot water solubles 3.8
Alcohol : benzene solubles 5.2
Ash 2.0 0.8 0.4 0.3

Lignin 21.0 4.8 2.2 16

Pentosans 22.0. 16.1 9.1 9.0

, ~ , cellulose 41.0 38.6 38.9 38.9

'{3'+'-y' cellulose 6.3 3.9 1.6 1.5

Yields JOO ( 4.3 52.7 5:·7

Kappa number 26.5 13.6 5.0

% Brightness 400 48.0 84.0

These pulps are easily bleached to a brightness
value of 84%. The final pulps in about 52 percent
yields are obtained with a high alpha cellulose, low
ash and lignin contents.
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