M. B. JAUHARI

G. L. BISANI

N. S. JASPAL and
ROSHAN L. BHARGAVA

INTRODUCTION

The West Coast  Paper  Mills Ltd.,
which is located al Dandeli in North
Kanara District of Mysore Stale con-
sumes annually  about 70,000 tons of
Bamboo. The two chief varnieties used
arc Bambusa Arundinacca and Dendro.
calamus strictus, of which the former
makes up about 65%. Right at the
start up of the mill there was a gre-
garious flowering of Bambusa Arundin-
acea and cven loday the bulk of the
fibrous material used is dead bamboo.
For this reason. very litlle is known
about the operational  problems, the
advantages and disadvanlages in using
green bamboos, the  supply of which
may be available in the next two to
three vears. As the supply of bamboo
to the mill, from the forests is not
maintained  throughout the year open
storage in slacks of  suilable size is
practiced near the Pulp Mill. Stored
bamboos are normally used during the
rainy season, when the supply from
forests almost come to standstill. In
other words. storage is almost unavoid-
able thcugh it is not without opera-
tional and economic problems.

Storage of fibrous raw materials is in-
variably accompanied by deterioration
in terms of quantity and quality and
is thus cf considerable value for pulp
and paper mills. To avoid deteriora-
tion considerable information is being
collected in other countries, in order to
arrive at best stacking praclices for
pulp woods and the safer periods of
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E ffect of Storage of Bamboo
on Chemical Analysis,
Pulp Yield and Pulp Quality

Open yard storage of bamboo (Dendrocalamus strictus) was carried out for on?
year to study the changes in chemical analysis, pniping behaviour and pulp qua-
tity. The mnst distinct change in chemical analysis that took place during the
lirst 3 month; of storage was that, the exlractive viz. cold water, hol
water, and alcohol benzene solubles were reduced by about 50 per cent. This
contributed to the increase in percentages of lignin and cellulose on restdurl
bamboo.

The lotal yield was improved by about 1.6% during the first month of storage,
ofter which it suflered, probably because nf adverse cooking. There was a ten-
dency towards the increase in percentage of rejecls and Kappa number of pulps
with the progress of storage. This behaviour continued till the rain fail, when
the moisture content in bamboos wenl up to 30% from 10%. The yield of pulps
improved again, and the Kappa number started c3ming down.

Pulp strength suffered during the first month of storage, when all the properties
such as breaking length, burst [actor and tear [actor were reduced. Aflerwards
with prolonged storage the breaking length was practically unaffected and the
burst factor was reduced slightly. The tear factor and folds were found lo suffer
badly after nine moalhs of storcge, when there was also apparent decay of somz
of the bamboos.

storage. Improvemenls in the method  about 4 x 10" x 4/. The first sample was
of storage have also been reported. drawn on 8th February 1966 and then
Storing wood under water or constant the samples were withdrawn monthly
spraying the wood with waler have for moisture determination. and pulp
been reported for mainlaining the fre- evalualion. A record of the rainfall
and lemperature during storage is given
in Fig. 1 and 2.

shness of the wood.

Literature survey revealed that the in-

formafion: about the .clTecl of sloru.gc The bamboos were chipped in mill
of bamboo on pulp yield, p'ulp.quullt} chipper and hand sorling of the chips
and loss of cell wall malerial is lack- was done lo remove oversize pieces.
ing. With prolonged storage loss of g inierg and dust. Only chips of fair-
cell wall material due lo decay is quite Iv uniform size were used for pulping

common. Morcover as the decay pro- experiments, A portion of the chips
gresses losses due lo breakage in chip- (o o i for moisture  determination
pers, bulking problems in digeslers, in- 0.0 \Which charge equivalent to 1 kg.

creased slkali consumplion and reduced (0.D.) chips was wegihed out and this
pulp strength, influences economic con-
siderationy to a high degree. The pre-
sent study wasg initiated to collect some
relevant information about such changes material passed through 60 mesh and
which may be taking place on storage the [raction retained on 80 mesh was
under the climatic conditions prevalent o3 for analysis. The proximate ana-
in Dandeli

was used in pulping. Another portion
of the chips was powdered Lill all the

lysis was carried oul according to Tappi

EXPERIMENTAL Standards except for Holocellulose,

Green bamboos afler being oblained Wwhich was isolated by the chlorite
from forest were stored in a stack of procedure. Alpha cellulose was deter-
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mined from this holocellulose, The
analysis data is recorded in Table I,

The Pulping was carried out in an elec-
trically  heated rolary digester of 18-
litre capacity driven at a speed of about
2 r.pm. For making up the liquor to
chips ratio water was used as a diluent.
At the end of each cook the digester
was emplied, the cooked pulp defilired
and then thoroughly washed. The cook-
data is recorded in Table IT.

The cooking conditions were maintain-
ed constant, except during the dry
months of storage, when some changes
in alkali charges and cooking lime were
made, to bring down the percentage of
rejects and Kappa Number of pulps.
All the pulps were subjected to valley
beater evalualion. The strength dala
of the pulps is recorded in Table IT1

Discussion of Results ; [t could be seen
from Table [ that there is considera-
able difference in the proximate analy-
sis of zreen bamboos and stored bam-
boo. The differences have become appa-
rent even during the first month of sto-
rage, when there was a loss of aboul
50% in extractive conlent (cold waler,
Lot waler and alcohol-benzene solubles)
Thiu loss has led to increaments in the
percentages of lignin and Holocellulose
on weight basis. After-wards with pro-
longed storage, except for cold water.
hot water and alcohol-benzene solubles.
other things remain unalTecled.

A loss of aboul 50% in alcohol ben-
zene solubility during the earliest period
of storage is quite significant. This
may be ascribed to the loss of volalile
and/or oxidation of resin constituents.
This is important from the point of
view of reducing pitch troubles, if any,
with green bomboos.

Seasoning of wood in many cases
have been done to reduce pitch trou-
bles. However, the advantage of sea-
soning in reducing pitch  deposition
have to be weighed against the loss of
pulp quality which might be taking
place due lo storage. With bamboo
the problem is still more complicated
as the chipping of green bamboos, is
much more diflicult than of stored
bamboos. Provided the problem of
chipping of green bamboos is solved, it
would be advanlageous to use green
bamboos. as the pulping is easier and
polentially a stronger and light colour-
ed pulp would be obtained.
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Further, it could be seen from Table
1 that the ratio of Holocellulose to
lignin has remained practically cons-
tant and an average value of 26 :1 can
be found this is true for bamboos
which were sound and did not show
ony signs of decay.

The cooking data, which is recorded in
Table 11 and shown in Figure 2. re-
veals  that the pulping behaviour of
bamboo could be divided into two dis-
tinct phases.  One is, when the storage
was just initiated and continued ill the
rain fall. During this period the mois-
ture content dropped from aboul 28%
to 11-15%. During this period, there
was discolouration of the bamboos also.
The moisture  conlent  of 28% in
green bamboo indicates that they had
been subjected to some drying as the
moisture conlent in freshly felled green
bamboos averages between 40-50%.

The first phase of study i.e., up lo the
8th of July, indicales that with storage
the cooking reaclion was adversely af-
fected. Except for the first two mon-
ths. i.e. March and April, the total pulp
vield, wus reduced for the months from
May to July and the rejects percenlage
and the Kappa Number of pulps slarted
going up, right early from the initiation
of the storage. This necessilaled some
modifications in the cooking conditions,
and in the first instance the cooking
time was increased from 60 to 90 minu.
tes and then the amount of chemicals
was increased from 185 to 19.5%.
However, even these changes did not
revert the bamboo chips to the same
pulping behaviour as wasg observed in
February 1966. This emphasizes the
importance of drying of bamboo on the
course of cooking reaciion. Il is quite
possible that during this period the sap
and other colloidal constiluents are gel-
ling dried up and may be blocking the
capillary passages to the cooking che-
micals. This would appear to be an
over simplification and no experimental
evidence has been obtained lo explain
this different behaviour.

The other phase of the study starls
after the bomboss had been subjecled
to constant wetling by rains. This led
to increment in the moisture percen-
tage (31.5%). This increase in mois-
ture content did not brought oul imme-
diately the changes in the pulping cha-
racleristics as could been seen from
the high Kappa No. and high percen-
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Fig. 3 : Effect of storage In months on breaking length, burst factior and tear
factor of pulps.

tage of rejects for the sample collected
on 8th August. It is only afterwards
that the pulping characteristics has
changed and almost become stable.
How does this wetting of bamboo helps
in improving the cooking reaction ?

The decrease in the percentage of re-
jects and lower Kappa Number of
pulps from the 8th September and on-
wards are sufficient indication that
once the bamboos are allowed lo wel
continuously and sufficient time 1s giv-
en for the percolalion of water through
the capillary passaged under high hu-
midity conditions and at ambient lem-
perature, the bamboo chips may again
become highly receptive for the pene-
tration and diffusion of chemicals du-
ring pulping.

In the present study no atlempt was
made to delermine the loss in total bam-
boo weight or its specific gravily du-
ring the enlire period of storage. How-
ever, it was observed in the last 2.3
months  of storage that some of the
bamboos were showing signs of decay.
For this reason during the end of sto-
rage period, one sample of bamboo
chips was prepared and pulped from ap-
parently decaying bamboo. The cook-
ing dala indicated that the alkali de-
mand probably will be more with this

type of bamboo, as the percentage of
rejects is quite high. This could be as-
cribed to the production of acid groups
or short chain carbohydrates due to de-
terioration. The density of the chips
from this type of bamboo was found to
be 0.41 g/cc whereas the other sample
(normal) gave the density of 0.62 g/cc.
Strength data of the pulp (Fig. 3) indi-
cates that with green bamboos, all pro-
perties are much higher, when compar-
ed to those obtained from stored and
dried bamboos. For this reason the
pulp obtained from green bamboos
was considered an exceptional pulp.
With continued storage the breaking
length was practically unaffected. Same
can be said for the burst factor. The
tear factor showed very high reading
for the pulp made from green bamboos.
However, pulp made from bamboos
collected during the end of storage gave
prelty low tear factor. During the end
of storage, apparently some of the bam-
boos also showed signs of decay and
the lear factor for the pulp made from
these bamboos was slill lower. There
was also considerable reduction in doub-
le folds. This indicates thal deteriora-
tion has a more adverse effect on the
strength characteristics of pulps rather
than the storage, though the former is
the oulcome of the lalter.
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