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MASAYA MATOBA

PRODUCTION OF BAGASSE

The pulp and paper industry in the
world depends on wood fibres for 85-
90% of its raw materials.

Among various wood fibres that of
needle leaf trees is regarded as of espe-
cially good quality.

This kind of tree, however, is hardly to
be found either in the tropical or sub-
tropical zone.

On the other hand these zones have

good fibres as substitutes for wood, such
as bagasse, the subject of this paper,
cereal straw, bamboo, reed, abaca, sisal,
hemp, flax, jute, kenaf etc.

It will benefit the nation in industria-
lizing her and preventing the outflow of
foreign currency from her to decrease
the import of paper and pulp by
utilizing the national resources.
Among the above-mentioned fibres
bagasse exists in the broader region:
India, Southeast Asia, the islands in
the Pacific Ocean to Hawaiian Islands,
Central and South America and so on.
Meanwhile bagasse is the strained
draff of sugar cane. Bagasse which
is left behind by extracting sugar out
of sugar cane is mostly dumped as
it is or used as fuel. Needless to say,
it would be much more profitable ito
replace the fuel in the sugar mill by
fuel oil and to utilise bagasse with some
process, that is, to pulp it.

FIBRES OF BAGASSE

Sugar cane, as well as straw and bam-
boo, is made of grass fibres, and belongs
to grasses (Graminaceae).

Now let us compare bagasse fibres with
other vegetable fibres so that you may
see how excellent bagasse is as raw
materials for pulp.

Bagasee is actually used in many

Masaya Matoba, The Japan Plant Asso-
ciation.

Pulping of Bagasse

countries as raw materials for various
kinds of paper.

The figures concerning bagasse on the
next table are those of depithed one
{to be mentioned later).

In Japan that is poor in wood resources
the use of broad-leaved trees for pulp
material has been increasing and has
come to replace that of conifers; some
kinds of paper are made up of 100%
broad-leaved trees.

Now let us compare bagasse with broad-
leaved trees.

Fibre length and width, especially their
ratio have great influence on the
strength. There is little difference bet-
ween bagasse and broad-leaved trees
on these points,

‘As for pentosan bagasse has fairly more

of it,

The fact ithat it contains such pentosan
has such advantage as: it gives more
strength to paper (breaking = length,
bursting ratio, and folding number); it
makes breaking easy and decrease the
consumption of electricity, while the
disadvantage is that it makes paper
hard and less opaque. Therefore, some
counter-measures should be taken if

- recessary.

Ingredient of Bagasse

Sugar cane water 62-63%
sugar 11-12%
bagasse 26 %

What is shown here as 26Y% is called
green bagasse. The sugar is mostly
poly saccharides, and contains a little
mono saccharides.

Green bagasse waler 50%
(accordingly 13% of sugar cane)

fibre & pith 509
(accordingly 13% of sugar cane)

That which is left behind after this
50% water is removed is called bone-
dried bagasse, and this consists of fibre
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and pith (and some admixture) as is
shown by the above figure.

Bone-dry bagasse Fibre 65%
(8.5% of sugar cane).

pith 250/0
(3.2% of sugar cane).

wa'ter-soluble sub-
stance 109%
(1.3% of sugar cane).

If we consider pulp yield to be mention-
ed later (different according to the pulp-
ing process) on the basis of the above
ﬂgures; we could estimate the amount of
pulp (kg) to be obtained from one ton
of green bagasse.

COLLECTION OF BAGASSE

It is most important that pulp material
should be obtainable intensively and
cheaply. As for wood, for example,
it is more convenient to choose such
woods as with only one kind of trees.

Another great advantage of bagasse is
that sugar cane grows fast. In the case
of wood it takes at least forty years
to have grown . up trees, and conse-
quently long-term plantation is essen-
tial to secure raw materials for the
pulp mill, whereas bagasse grows up
in a year or a year and a half.

However, consideration should be given
to the distance between the sugar mill
and the pulp mill. The shorter the
distance is, the less is the expenditure
for transporting bagasse.

But the conditions of location for the
sugar mill do not always correspond
with those for the pulp mill.

The paper mill requires 200-500 tons
of good water to produce 1 ton of
paper, though the figures vary accord-
ing to the kind of paper, and also it
has to drain and discharge almost as
much water. Some methods of pulping
could give rise to the problem of public
hazard.

-t
-y



Another question lies in labour manage
men.. Generally speaking the sugar mili
operates only half a year (the harvesi
season), and in the other half of a year
is consolidates itself.

On the other hand the pulp mill runs
24 hours a day (3 shifts) and keeps
running all the year round except a few
holidays.

Therefore, it is made necessary to store
bagasse in the half year of the harves!
season for the use of the other half
of the year.

STORAGE OF BAGASSE

Besides the stock for half a year, run-
ning stock for every day should also be
secured near the pulp mill. In case the
pulp is at a long distance from the sugar
mill, transportation becomes nece-
ssary. The problem. is, however, that
bagasse is so bulky that it takes 3-5
m3. of capacity per 1 metric ton when
loaded in bulk.

If bagasse is made compact as explain-
ed in the following, it takes less capa-
city to our convenience.

Bagasse has remaining sugar and water
in it, which are apt to ferment and de-
generate; and it may do well to take
off as much water as possible.

In pulping compactness is also necessary
to fill the digester with it.

The process of storage may be divided
into three general groups :

(i) bulky process

(i) baling

(iii) briquetting
The specific volume becomes smaller
in that order, though the expense
becomes the greater.

BULKY SYSTEM

Generally after depithed bagasse is
treated with antiseptic agent, it is piled
up to a height of 15 — 20 meters oul
of doors without any roof over it. It
is inevitable that a part of it should
change in quality and be lost, but the
cost of equipment is low. Dump-trucks
are needed for transportation and con-
veyors for loading.  This bulky system
is not suitable for transporting bagasse
to a distant pulp mill.

BALING

Bagasse is compressed by the baling
machine (to extrude with piston for
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shaping), fastened by wire and made
into a proper siz>; for example, 0.3m.
X 0.3m. X0.5m. is an ordinary_size. It
still contains 50% of water (little de-
creased by this process), and should be
stored in a well-ventilated place. The
specific volumt? per ton is in the region
of 2—2.5 m3:

To cite an instance of the machine
capacity 1.9 tons/24 hr., motor 30 hp,
and 1 person per 3 tons (including
water) from receiving to loading of
bales.

In Baling, both equipment and hand-
ling are easy, but as water is still
contained, bagasse is yet liable to
ferment and degenerate.

BRIQUETTING

Usually after bagasse is  depithed, il
is dried and formed into sticks with a
diameter of 75-110 mm. (about 30 cm.
long). Water is decreased to 7-9% and
the specific volume also lessens to 1.1 —
1.2 m3 per ton.

An example of this equipmeni: after
depithing bagasse is dried by the sus-

pension dryer (flow-drying by oil; the,

rate of contained water could be con-
trollable between 5 and 20% and made
uniform by cyclone) and put to the
briquetting machine,

In addition to the fuel for drying, the
expense for equipment is great. How-
ever, as the water contained in bagasse
is little, the bagasse gets less bulky and
hardly changes in quality.

PITH

As mentioned above, bagasse consisls
of fibres and pith; fibre cells propex are
contained in the epidermis and vascular
bundles, and most of the pith makes up
parenchyma cells.

In depithing most of the vessels in
vascular bundles are taken off at the
same time.

Pith is the non-fibre part; its cells are
wide and less than 0.4 mm long, and
therefore the ratio of fibre length to
width is small, namely, not larger than
6.5. Compared with that of the fibre
part (85-100), this is extremely small
and of no use for giving strength to
paper.

To compare the fibre with the pith in
point of the chemical composition, the
pith has a little more of ash and sub-

stance seluble in hot water than the
fibre, and little — cellulose. Both have
about the same amount of lignin and
pentosan.

One of the physical properties of pith
as seen in its form, is, great -absor-
bency. Consequently it contains much
remaining sugar and water-soluble
substance, which help te consume che-
micals in the pulping process.

In caustic cooking it gets wet and swol-
len by strong alkali and turns gela-
tinous, which in machining process
causes the wire and felt to get clogged
and clinging to the press roll makes
drainage poor and paper less strong.
Moreover, since pith has dirty colloid
soil absorbed in it, a great care musl
be taken in bleaching so that paper
may not have dust in it.

As we have seen, depithing is an essen-

tial condition in producing pulp,
especially chemical pulp (cooking
needed).

Concerning depithing for machine pulp
there arise the questions of yield to
quality and facility of operation. These
matters are to be commented on later;
but to say briefly depithing might as
well be graded according to the qua-
lity of paper; fine quality, medium and
lcw grade.

DEPITHING

Depithing may be divided broadly inlo
two groups; dry process and wet pro-
cess. Either process takes place after
beating.

In the dry process broken bagasse is
heaten hy hammer mill or something
like that and the pith is sifted by the
screen. In this process the sticking
dust is also weeded out and can be
used as fuel.

In the wet process bagasse is agitated
and broken together with water (con-
sistency ; 5 — 10%) by the hydra-
pulper or something like that. Then
pith is screened out.

Though a great deal of water is used
in this process, the fibres are not
damaged during the process and show
a high rate of depithing.

The influence that the rate of depi-
thing has on chemical pulp is shown
on Table I
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TABLE 1
Bagasse Broad-leaved Rice straw Bamboo
tree

Fibre length mm:. 0.8-2.8 0.7-1.6 1.1-15 3-4
Fibre width, u 10-34 20-40 9-13 "14
— Cellulose % 40-43 38-49 33-38 50
Pentosan % 30-32 20-25 27-32 16-21
Lignin % 19-21 18-25 17-19 22-30
Ash % 2 1 ’ 6-8 1-3

Note : Different growing districts may give a little different figures.

FILLING

In making chemical pulp cooking in
digester is  necessary. However,
bagasse is so bulky in its- form thal
the amount for filling is much smaller
compared with wood chips.

The rate of liquid is 4—5 : 1 in the case
of wood, whereas in bagasse it is 10—
12 : 1.

It means that surplus liquid is heated
and the expense for ‘steam becomes
greater. And the material massing
through digester is apt to channel. To
prevent it, the rotary digester or the
Pandia horizontal continuous digester
by screw conveyor is advisable for use.

PULPING :
CHEMICAL PULP (See Table 2 & 3)

In the case of wood, each of alkali, acid
and neutral cooking is in use, but as
for bagasse alkali cooking is over-
whelmingly used, and the other two
are seldom seen in use.

Let us see some of the typical processes
of alkali cooking (a) — (d) and then
the other cooking processes.

LIME PROCESS

Cooking takes place with CaO of 8 —
12% of bagasse bone-dry weight and
with the low pressure of 1 — 3.5 kg/
cm?2,

The pulp produced by this process is
hard bleachable one and yellowish, and
is not suited to bleach. Accordingly
it can be used only for wrapping board,
corrugating material and so on. This
process is inferior to the next soda
process.

SODA PROCESS

In this process NaOH is used and as
bleaching is possible, materials for
various kinds of paper are produced.
This process is in actual use not only
for bagasse but also for cereal straw,
bamboo etc.

The amount of NaOH is: 7 — 9% of
bagasse bone-dry weight to make pulp
with yield of 70% and 12 — 20 9% of
the same for the yield of 44-489Y,.

KRAFT PROCESS

This process might be regarded as a
variation of the soda process, as a
part of NaOH in the soda process is
replaced by NayS here.

The cooking conditions are also
similar to those of the soda process;
the pulp by this process is good in
yield, strength and bleachabilily.
The following is an example of cook-
ing conditions ;
NaOH + Na,$ 14 — 16%
(of bagasse bone-dry wt.)
Temperature
176°C X 2 hours
Yield unbleached 53 — 55%

bleached 48 — 50%
Rate of bleaching chlorine
8 — 9%

The trouble is that the kraft process
costs a great deal for constructing the
mill. If recovery equipment is sel up,
the expense becomes greater. On the
other hand as chemicals and fuel are
economised the direct expense for
production becomes smaller.

Generally speaking the kraft process
is suitable for a large scale plant.
Whether recovery equipment should be
installed or not depends on the pay-
ability of the plant, that is, chemicals,
fuel, electricity, labour cost, repayment
to the expense for equipment, interest
rates etc.

As things stand today in Japan it is
said that plants with more than 60
tons of daily output alone can find the
recovery equipment pay.
ALKALI—CHLORINE PROCESS

Celdecor-Pomilio process is a typieal

example of this process. It was develo- .
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ped in Italy for cereal straw and is
suitable for bagasse, straw and grass as
well.

In the region where NaOH cannot be
obtained at a low cost, what is generated
by the electrolyzing sea water is used
instead. But as Cl, is also generated ip
this case, it goes well to use both of
them in proper balance of the rate of
generation of NaOH and Cl,.

That is characteristic of this process.

After light alkaline treatment in the con-
tinuous cooking digester, washing, pres-
sing and breaking take place, and then
with Cl, blown into chlorination tower
lignin the pulp is changed into chlo-
rinated lignin.

That which comes out is washed in acid
and as the third process with caustic
treatment lignin is melted away and
it is pulped. Then after alkali wash-
ing, screening and the decker it is sent
to the continuous bleacher.

As for bleaching agent, hypochlorite
obtained from Cl, generated by electro-
lysis and lime is used.

From the view point of equipment, since
the digester needs no pressure, the
digester itself is not expensive, but if
electrolizer is annexed, it costs much.
The rate of chemicals used being high,
the direct expense is great. The above
mentioned are all concerned with
alkali liquid, and ta follow :

NEUTRAL SULFITE PROCESS

In this process NayS0; is the main
chemical and as buffer solution
Nay,COy is used.

Since this process cannot fully attack
the wax covering the epidermix of
sugar cane, hemicellulose remains un-
attacked in the pulp, and therefore,
the yield of unbleached pulp is great,
though shives and dust show much. It
is good in whiteness, but poor in
strength and consumes much chemical.

It has not been reported that this pro-
cess was ever put in practice.

The above are chemical pulp, whereas
from the point of producing equip-
ment it is divided into batch process
and continuous process.

BATCH PROCESS

The typical example of Batch process
is the spherical digester and the follow-
ing is an instance of the flow sheet by
this process.
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process

| Alkali“ chlorine | Mechano-chemical

Bleached

process

Process |

Neutral Sulfite

l

Kraft process (recovered)

(Cooking chemicals not to be recovered except in kraft process)

TABLE 3 — COMPARISON OF BAGASSE PULP MANUFACTURE — PHYSICAL UNITS.
Soda Proeess

Pulping process

payouald
paypPBIIqu)
pivog
sis&[o0)o3; g

paseyaand
1eudy)

papeag

payoBaqu)

pieogd

sis£joa3odq

poseidand
s[eajuIayd
payaedld

payoediqu)
pieog
poyoedig
payPBIqu()

pieog

50
200
22
45
350
20

350

166
18
30

300

300
7.5

75
134
25
250
250
75

48
208
40
100
300
300
44

48
208
22.5
16.5
40
210
210
44

50
8.5
35
300
20

24.5
7.5

200

60
166
20.5
20
140
140
20

70
142
3.5
20
120
120
75

50
200
22
15 .
600
430
120
25

50
200
125

20

13

50
600

430
170
25

55
182
16
40
450
400
50
10

70
142
40
420
300
130
10

50
200
27
35
300
300
20

55
25
20
140
140
7.5

182

70
142
10
20
120
120
75

Formation on alkali recovery

Net consumption

Steam consumption
Water (m3)

Sodium sulphite
Sulphate of soda
Sodium hydroxide
Sulfur

Electricity (KWH)

Limestone
Stacked lime

Chlorine
Salt

Soda ash

bagasse AD kg.)

Chemicals (kg.)

Yield (% to depithed) bagasse
Material bagasse (depithed

Compared with the continuous process
to be mentioned next, the yield is
smaller. The diameter of the digester
is usually 12 or 14 feet, with pressure

~of 2 — 4 kg’cm2 2-4 hr/batch. The

rate of liquid is 10 — 12; the volume-
tric efficiency of the digester, being
90 kg/m3, is much lower than 160 kg/
m3 of wood.

CONTINUOUS PROCESS

There are Pandia Process, American

Defibrator Process, the above-mention-

ed Celdecor-Pomilio Process and so on.

As mentioned above, Pandia Process is

a good cooking process suitable for

bagasse, as it has no fear of chan-

nelling.

However, there are some problems as

follows :

1. Maintenance expense should be
taken into account for the worn-
out rotary part of digester.

2. The amount of power used for
digester is large (for turning
screws etc.)

3. Since the shape of digester is tube-
like, cooking time is limited.

Defibrator Process
The outline of this process is as
follows :

1. head box 2. clear water 3. baled
bagasse 4. conveyor 5. continuous
hydrapulper 6. tank 7. white water 8.
filter 9. white water tank 10. pith 11.
depithing & dehydrater 12. return chute
13. wetting tube 14. liquor injection 15.
permeating tube 16. screw feeder 17.
digester 18. Defibrator and 19. unblea-
ched pulp.

This process is suitable for high yield
of medium and low grade paper.

The problem is that it requires much
power for the screw and feeder and
that it costs much owing to the wear
of the rotary part of digester.

MECHANO-CHEMICAL PULP

As the above-mentioned chemical pulp is
cooked with alkali liquor under pres-
sure in digester, parts of cellulose and
hemicellulose are attacked.

This process is to make the chemical
reaction slower with the help of mecha-
nical action.

In the specially-planned hydrapulper the
materials go through the eddies by
rotary runner, while in this equipment
steam and liquor (NaOH or NaOH -+
Na,SO;) are added and the materials
are cooked slowly at atmospheric pres-
sure.
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clear
(unwashed pulp).

The pulp thus produced excels chemi-
cal pulp both in yield and sirength.

MECHANICAL PULP

In the case of wood ‘mechanical pulp’
reminds us of what is called groun.t
wood pulp, which is made by grinding
peeled round timbers.

Recently RGP (Refiner-ground-pulp)
Process in which wood chips are ground
by the refiner has made a remarkable
progress. The pulp that is lightly trea-
ted with chemicals before hand is also
classified into this category.

In the case of bagasse it is relevant to
do this light treatment with chemicals
and the refining in combination.

In Japan deep researches have been
made concerning the matter.

Since mechanical pulp is used as mate-
rials for medium and low grade paper.

low price and high yield are to be re-
quired.

Consequently such compleie depithing
as in chemical pulp is not necessary.

In Japan they have succeeded in mak-
ing materials for newsprint paper from
undepithed bagasse.

This process aims at economy of powe:
for the refiner and improvement of qu-
ality by soaking bagasse in cold alkali
liquor in order to make it a litile sofi-
er before refining.

Bagasse fibres are indeed harder than
wood and the above process covers this
defect.

To make it materials for newsprint pa-
per it is bleached to brightness 50 G.E.
and about 20% of conifer bleached pulp
is added to it to give it strength.

Needless to say, depithing makes it of
better quality.
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Only when high yield is aimed at the
cost of its quality this process should
be adopted.

CONCLUSION

The above mentioned various pulping
processes are shown on Table 2 with
their merits and demerits, and the phy-
sical units of producing the pulp on
Table 3.

From bagasse almost any kind of paper
can be made. In Japan experiments
have shown the possibility of excellent
quality paper and production of cemenl
bag paper is now on researches and
quiie promising.

Besides, various kinds of paper — me-
dium and low grade paper and general
wrapp.ng paper are made from bagasse.
The question lies in how to make a
choice of the process and equipinent
suitable for the situation.
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