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PREFACE

As a result of the considerable progress that has been made
lately in the utilization of bagasse as a raw material for pulp and

papermaking, a new and updated information package is offered by UNIDO
in this field.

Most of the worldwide technical literature published 1n the
period 1980-1988 from a varlety of information sources has been col-
lected. evaluated, selected. organized and compiled i1n this package.

As no annotated bibliography was found that covered this period,
a retrospective information search was carriled out. Over 120 abs-
tracts (part 11D and references (from more than 500) were considered
relevant to researchers and technicians involved in pulp and
papermaking from bagasse.

A detailed 1ist of sources including books, technical articles,
papers, reports and catalogues supporting the present work 1s given in
the bibliography.
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INTRODUCTION

According to existing literature, experts agree that there is a
promising future for non-wood plant fibres in pulp and papermaking.
It 1s expected that by 1990 worldwide non-wood plant pulp production
will have risen from 7% of total pulp oproduction to 10%.

Of the many non-wood agricultural fibres used for pulp and paper-
making, bagasse 1s the most tmportant. As for the last 25 years,
there 1s no doubt that 1t will continue to be in the forefront in the
near future. In addition, its production 1s increasing faster than
that of other non-wood plant fibres and may represent fcr this decade
as much as 2% or more of total world production by 1990, compared to
less than 1%, at present. Already, several large bleached bagasse
pulp and paper m1lls of 250-300 MT/day capacity are in operation:
others are under consiruction. Similarly, many expansion programmes
are also underway at existing bagasse pulp and papermaking aills all
over the world.

Bagasse has all the requisites tc replace traditional raw mate-
rials for the economic manufacture of paper. It i1s a fast renewable
natural fibre resource and has the distinct advantage over other
agricultural residues that it involves no problem of collection. It
is thus, not necessary to spend considerable amounts on 1its procure-
ment, transportation, etc. This and other advantages are cited by
M.Rao [2.7].

The relation between the amount of cane sugar produced and the
resulting bagasse variles widely from area to area and even from mi1ll
to m1ll. As a rough estimate, however, on a worldwide basis, 1.2-1.3
tons of bagasse (moisture-free basis) are produced per ton of cane
sugar produced. Using conservative estimates, 3.5 MT of whole fresh
“"bagassé (mofisture=free basis) or 7.0 MT of fresh bagasse at S0X mois-
ture content, after allowing for depithing, storing.and handling
: losses, are required to produce 1MT of high-quality bleached chemical
- pulp.

Developing countries usually 1mport pulp and different kinds of
papers from countries like Canada, U.S.A., Sweden, Finland and Norway,
which produce large quantities of pulp, newsprint and Kraft liners,
making use of their abundant forest resources, especially coniferous
wood. In this way, developing countries spend considerable amounts of
forelgn exchange for importing pulp and paper. Owing to the increa-
gsing cost of the resources (materials and labour) required to process
pulp and thre ecological 1limitations on the exploitation of forest
resources and other considerations, there is a need for every country
to become self-sufficient so far as the requirements fcor pulp and
paper are concerned. Therefore., most non-wood fibre mills in opera-
tion today or being planned for the future are located in trooical and
subtropical countries where sugar cane and similar crops are abundant,
itn fact, there 1s ten times more sugar produced in developing coun-
tries than 1n developed wood-rich countries. Unfortunately, in some
countrtes most of the bagasse produced at present is burnt in the
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sugar ml1ll as fuel to ge2nerate steam. Thus. 1n order to utillize the
abundance of agricultural residues and non—-conventional raw materials,
some countries lilke Indila have introduced various incentives for
established bagasse mills e.g. any m1ll using more than 75% bagasse 1n
the furnish 1s totally free from duties. This has encouraged many
mills to use a higher percentage of bagasse i1n the furnish.

However, according to J.E. Atchison {1.1], 1t must be taken into
consideration that although experts agree on the increasing role of
non-wood fibres in the pulp and paper industry, the mere fact that a
plant fibre can technically be converted into pulp and paper is not an
indication that 1t can be grown, collected, stored, and processed
economically enouah to make this operation viable. Very few 1in fact,
satisfy the following conditions, which must be fullfilled to ensure
the satisfactory operation of a paper m.ll based on plant fibre:

-An adequate supply of the raw matertial;

-Available to the pulp mi1ll for the whole year;

-1t should not deteriorate easily in storage;

-The raw material must be concentrated in a small area;
-Low-costs for collecting and transporting the raw material to
the m»1ll;

—-Adequate supply of labour avatlable 1n the area;

-Low-cost pulp processing giving a high ylield of a fibre and a
hiah quality;

-Sufficient demand for the product at a prlce that will 1insure
profitable operation.




Pulp and Paper Manufacture
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I. INTRODUCTION :

. The world paper production is expected to grow to
= 227.341 million tonnes in 1989 from 212 467 Million
tonnes in 1984. Tae average growth rate is likely to
be 1.4 per aanum while th:developing countrics will
register a8 growth rate between 2.3 to 3 0%, in this
period! In India the paper production capacity is
likely to grow to 4.25 Million tonnes by 2000 AD from
the current capacity of 26 million tonnes in 1986. Non
_ wood pulping capacity will grow at a faster rate than
- wood pulping capacity. The over all leaders in non-
wood plant fiber are PR Chiaa, India, Taiwan, Mexco.
b Cuba and Italy. Among many agricultural fibres used
for pulping making, sugarcane basasss staais out
more than any other. By 1990, it is expected that.
; bagasse may contribute about 2 /. of total paper
making capacity in the world. Th=-developinz wood °
poor - countries have ten. times more sugar cane

bagasse is produced annuaily in the sugar mills. It is
“xpected that 39.2 MT of bazasie will be available by
2000 A.D. A paper capacity of 0.75-1 MT likely to be
sustained by bagasse available in India.

" Bagasse is composed of three principal comgonénts :
(3 The rind fibres including epidermis, cortext and
pericycle (b) The fibre-vascular “bundles comprising of
the thin walled rather short fibres with narrow lumen
c) Ground tissues (Parenchyma tissues) or pith fibre
ndles distributed inequally. The portion of piih
fibre bundles and epidermis (Rind fibres) vary cansider-
bly with age of s’em, and the sugarcane variety. The
bre :ontent of whol: bagasse is around 65 /. piths
/0und 30 -/ and solubles around S -/, The cold water
Olubles, hot water solubles, Alcohol benzenc solubles
d 17 NaOH solubles in bagasse arc ncarly 5--8 /.,
A." and 41 /. respectively Bone dry bagassz has
I quantities (upto 5 /. sugar.
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than developed countries’. Nearly 15 MT af wet whole :

" Environment Aspects in Processing Bagasse for

Bagasse is a renewable fibre with large supplies, does
not need cutting into pieces like wood, requires less
refining power, has less lignin (19 -/.) requiring less
chemicals, has lesser quality of cei'ulos= content (54 -/.)
is short fibred (dia 20/am, leagth 1.7 mm) and is more
hydrated requiring more steam for drying. Pith nas no
fibre and is a major disadvantage requiring its removal
before cooking. Pith is highly absorbent and hence
impur...;s  are deeply absorbed and cannot
be ‘eisily removed. This requires drastic cooking
and " bleaching nesding more chemicals. If pith
is not removed the paper will have more
dark shining specs. Pith has a tendency to gel
and turn gelateneous with caustic cooking and hence
causss clozging of felt and wirc and reduces drying
rates. It resuits in the low strength. The pentosan
contents are highes* (30 ¢/.), ash content (4 °/.) is more
than wood, but comparable to non woody Ppiants.
Bagasse has no resin acids and a lower contents of extra-
ctives than wood which is fu:ther reduced during baga-
ss2 has no resin azids and a lower ccatents of extrac-
tives than wood which is further reduced during baga-
sse milling and wet bu'" storages. '

The environmeatal aspects on basasse utilization
for paper making can be s=en as under :

— The morphological characteristics and Chemical
composition suggest that bigasse cooking and bleas
ching are more easy than wood pulping.

— Kra't processes with lower sulphidity can be used
with reduced aggressiveness of atmospheric emis-
sions in larger mills.

— Soda pracess can be us=d with no aggressive gas
emisiions in small mills.

*©rolessor in Chemical Engg. and Director
Institute of Paper Technology,
Seharanpur-247001 {1 P ) 'ndia.
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— Absence of resin acids. removal of extractives in
storage, non-preserce of Sulphuric sod: cooking
liquid efluents. Lower sulphur in Kraft liquid
effluents, lower volume of bleach effiuents with
lower Chiorinated compounds. '

The above factors indicate the advantags of bagasss
as a befter material for paper making from environ-
mental aspects. The environmental aspects are in
various stages of processing are discussed.

2. Bapasse Handling and Storage :

Different combinations of depithing storage and
handling are practiced by mills loose and baled bagasse
arc transported. Bagasse is stored in pyramid shaped
piles with space between pills. The out side of the
stacks are treated with a preservative like boric a<id and
stack is covered on top with asphalt coated sheet metal.
In Ritter Biological treatment Process®, the bagasss is

mixed with biological fluid is conveyea to an clevated”

channel and then flushed down to a sp=cial storage slab.
The biological fluid cons'sts of lactic acid bacicria
cultured in a 2 5% molasses solution. The liquor is
drained and recycled. Biochemical action loosens ths
pith In bulk storage water or -micro-biologicai liquor
spray is used to control the dsgradation and temper-
ature rise. The effluents from water spray system are
rore contamined, than from microbiological spray
system as shown in table—1.

TABLE—I

Effuent Characteristics from Water Spray and
Microbiological spray water system in bagasse storage

pH COD BOD TS S3 DS
kg/t bagasse

Water Spray 48 518 32 27 17 26.6
Microbiological ‘
399 21 38

sys:em 50 54 28

DR
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raise compactacss, avoiding temperature rise beyond
40°C, good water distribution and recycling can im.
prove fibre quality and reduce pollution load. ) -

PR

3. Depithing of bazasse :

Tre depithing methods are dry. moist or wet. In
dry depithing human shredders or other disintegrators
remove pith from bagasse with 15—205, moisture.
The fiber losses are high, dust probiem is severe causing
basasses is an cccupational hazard. The processis
almost obsolete.

In moist depithing, wet bagaste with about 50%
moisture is disintegrated.  Nearly 60-70% pilh is
removed. In wet depithing, bagasse of 2-2 3% comsis-
tency is defibrated with 80-84%, pith r'moval .The
derithed bagasse is delivered at 20% consistency Wwhile
pith is thickened to 40-50%, by dewatering. This
method eliminates other impurities like sand, colloidal

pacticles and organic solubles. Wet depnhmg can use
open or closzd system. Dissolved organics from depith-

ing is high if bagasse comes from storage with ' .ologi-
cal liquor recirculation since tiae bazasse is washed less
intensively than with open water control.

'-V‘._ PR
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The discharges from bagasse' preparation section
are shown in table-Z. The releasc of BOD;from a ,
well conu'olled bulk storage is of the order of 20-25 .
Kg/tonne 90./- pulp. In an ordinary pile storage system §
the relcass may be upt> 50-60 Kg/t bagasse. The 3
discharges range 10-60 m? water/t pulp.

TABLE-2
Approximate dischargcs from bagasse preparauon
operation®

b’ v»gg.-.-p;.-"@.\ 4’-'41.% R TU R
v R

' Operation

BOD, COoD SS
" ———kg/t bagasse Pulp— ——

The colour of the efluents is between 405 mg/l for
mizrobiological systen while the figure is around
625 mg/l in water spray system., The BOD,COD ratio
is high indicaling easy biodegrable nature of efluents.
In well manage system using microbiological system,
the amount of water required can be reduced 1o about
Im3/t moist bagasse from the normal ‘alues of d4ma'pd.
Periodic spraving during farmation of bagasie piles 1o

130

Storage dewatering

and depithing 20-40 60-240  200-300

Since the dissolved organic solids mainly consist of
low molccular weight carbohydrates and acids; and ’
BOD/COD ratios are high, bivlogical treatment aerobic
or anaerobic is expected to yield good rerult.  Sus-
pended solids are small and relatively fizht,  Mech-
anical trestment like sedimentation basia and dewater-

IPPTA Vol. 23, Ny 4, Dec. 1936
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ing filter can reduce S.S. The biological siudges have
good scdimentability. The high organic contents with-
out the presence of incompatible substance make th:m
potentially apt for irrigation.

4. Pulping of Bagasse.

. Bagasse can be cooked by many m=thdds to give a
variety of finished products. The most common chemical
cooking is using soda a Kraft process in batch or con-

tinuous digesters. The yields are of same magnitude *

as.lurdwoods. The cook is very short with low alkali
dmd and puip yield is fairiy low. Various modi-
fication to these processes are available like Cusi, Peadco

the bleached yields are around 45%. Mechano-Chemical

Processes using soda or lime produce corrugatmg
medium wich high yicld.- -

Mechanical and thermomechanical processes pro-
duce high yield pulps for use as newsprint furnish. In
these processes the refined pulps are bleached to desired
brightness. There are several variations to this. The
TNPL mill uses SPB-Beloit process with 85-100%
ble'ldmg of bagasse for newsprint producuon with
mechanical pulp from T™P and CTMP lines and
dv'mlcal pulp (7.8.9 lO)

_" Ti mechanical pulping 2.5-10% substance, (low
mo!cular carbohydrates, lignin and extractives) is dissol-
ved. The yield loss in Chemi-Mechanical processes in
5-15%. The higiicr is the chemicals charged and the
treatment temperature and the longer the time, the

more substance is dissolved, a main Ppart of the dissol--

ved material is discharged as effluent. - A decreass is
yield results in an increase in pollution parameters.
BOD and COD follows a straight line refation with

- pipe yield with minor deviations.

Spent liquors from Chemical/semi-Chemical pulp-
ing contain largest amount of dis;olved organics. A
portion of the organ.c component in spent liquors vola-
tile ard is released during blow. For normal washing
effiziencies (85-78 ./) the BOD; following thz pulp
may range from 90 kgt (Sulphite-Viszose) to below
5 Kg/t pulp (high yicld sulpiate). For mlls with no
1ecovery the BOD load ranges from 200-600 Kgt.
The total amount of BOD; in digester and evaporator
condensates range from 10-70 Kg/t. The liquor carry
overs, foaming drasticully increase the BOD values,
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in the sulphatc and soda puips lignin, hemi<ellu-
los=s and some celiulose are degraded and dissolved.
About 20 Kg/t of Carbohydrate is presant as hizh mole-
cular matesial in B.L.and the restis dezraded. All
substances contributed to COD value. The colour of
of the spent liquor is high due to high molezular lignin
fractions. The main source of BOD is the dezraded
low molecular degradation producis of lignin (phenols,
phenolic carboxylic acids, vaniliac and derivauves,
methagol, ecthansl). Organic sulphides, terpenss,
methanol and ethanol are present in the volatile com-
pounents of BL and condensates of digester and evapo-
rators. Almost similar material is present from soda
procsss with less organic sulphides.

The BOD, COD and colour ,ﬁlues of organic sub-
stances dissilved in chemical sulphnte and soda pulping
of bagasse is given in table-3,

Table-3 :—The BOD,, COD-and Colour of the Organic
substances disso'ved in Soda and Sulphate
pulping of Bagam‘ '

Pulp Kappa BOD, COD Colour

yield  No. Kg/t 90
R
Soda Pulping 80 - 265 750 —
Sulphate Pulping 48 15 350 130 950

The main part of water pollution originates from
spent black liquors, an3 this depends on yield. Some
typical figures for total black liquor content expressed as
BOD, for bagasse pulps is given in table—4. '

N TABLE—4
Black lijuor BOD Vs. Yield"

Prccess Cold Soda Kraft NSSC
Yield, ./ 80 43 R )
BOD/t Pulp 150 50 200

Better washing, retention of spills aid oth:r inplant
Measurcs cin reduce Pollution load.

5. Wasnini. Screening and Blzachin? :

Bagasse has higher hydration as compared 1o wood
and bamboo and hence h1s slow drainage. Tuc loading

131
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factors are low(0.5-4 t m* dav) requiring larger surfaces
for filteration.  The washing is normally performed in
24 drum filters in series (counter current operation).
The slow drainage results in a practice of rather high
dilution factors for non wood pulps ¢.g. 3-6 m3/t pulp
compared to 1.5 — 3.0 for wood pulps resulting in
weak black liquors with low solids contents (11-13-/.
or even lower). Washing losses decreases (efficiency
increases) with increased ditution. The pollution load
washing comes foaming and spills. The BOD values
from this section range from 25-80 Kg/t pulp depending
on washing efficiency.

Centrifugal screens are used to remove extraneous
matters like sand, dirt etc. Traditiona!ly 3 stage-CEH
sequence is used for bleaching non wood pulps. Chio-
rine consumption is between 3.5 =5°/. based on mois-
ture free unbleached pulp. Chlorine (Chlorine dioxide,
Hypochlorite) and alkali removes the dark coloured
lignin residues. In peroxides and dithionite bleaching
low molecular compounds (acstic acid) gets dissolved
Wwith BOD discharges around 10-30 Kg/t. In case of
TMP/RMP pulps, the dissolved solids increase with
increase in the charge of peroxide and alkali. The
colour of the effluent is linearly related to the 2mount
of lignin dissolved which is directly proportional to the
amount of lignin, in original pulp.

Chlorine charge, alkali charge, pH and temperature
influence the pollution load. In bleached soda’sulphate
pulps, there is little variation in BOD (14-16 Kg/t) and
COD (60-30 Kg/t) for different species, but colour
variations are significant (70-100). The chlorine bound
1o organic molecules in bleach plant effluents are signi-
ficant as they show a slow degradation biochemical
oxidation and tend to aszcamulate in organic tissues.
The substitution of chlorine by chlorine dioxide and’
oxygen, organic chlorine reduced from 13 Kg/t to
below 5 Kg/t besides reducing BOD (upto 35 /.) and
colour (upto 75 -/.). Tiiese process modifications req-
uire changes in processing equipm:nt and will increase
investment and operating coss.

The characteristics of individual waste waters fron
typical Indian small mills using bagasse and straw
without chiemical recovery is shown in table—S.

132

TABLE—3
Characteristics of Individual Waste waters from a
23 TPD mill using bagassz and straw Soda process
without chemical recovery (12)

Section PH Alkali- TS SS BOD COD
nity -
CaCO,
me/l )
BL 9.5 1570 68630 2340 10200 33600.
Pulp Wash 9.2 940 14440 1850 2450 8800
Bleach 68 210 3640 440 290 1020
Paper m/c 6.9 130 1200 480 180 580
Combined )
effluents 1.5 510 3230 850 330 1100

From towers and fillers residual chlorine and chlo-
rine dioxide are vented ranging from 1-3kgt (as
chiorine).

6. Stock Preparation and Paper Making®®

Bagasse stock is well hydrated with slow drzinage
characteristics. It normaily requires less rosin size and
more alum than conventional wood fib-es. Modifica-
tions in machine design are required to improve
drainage. Due to low wet web s:rength closed draws
like suction pick up are necessary to transfer the web.
from the wire to the press part. The wire part should .
be loager with modern drainage elemsants like multip:~
blade foils systems, more suction boxes. The felts.
should have high porosity. Felts tend to clog due to
higher amount of fines. The drying curve for bagasse .
furnish is greatly flattensd compared to conve: “nal .
fibres requiring more drying surface, '

The white water systcm from paper machine needs
closure. The pollutants consist of SS (fibres, inorganic
fillers), DS (non-wood plant components, additives).
Closing white water system reduces fibre loss and
water consumption. With complete open system fibre
loss is as high as 50-150 Kg/t with partial recirculation
this can be brought down to 25-50Kg/t paper  Further
white water sysiem closure is possible’?  The white
water discharges in such acase are [0-30m?t. with
fibre losscs in the range of 5-25 kg't. This requircs
acvanced intcrnal measures.  Whilte water  system
closure is limited due to deterioration in quality (build
up of DS) i.ading to reduced r:tention, siower dewater-
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ing foaming. bad sizing, picking, linting, deposits
on machine components and even deterictation of paper
strength and printability.

Ia the paper mill the dissotution of fibre mat=rial
occars at refining stage (2-4% in high yield pulps and
neghigible in chemical pulps) with 2 BOD; load of
1-5 kgft. The discharge of BOD load is not effected by
systems closure. The external treatments like sedimen-
tation basin or biological treatment or chemical floccu-
lation should be used in addition to system closure to
reduced BOD loads.

* The cyliader mould machines and fourdrinier
maichines requiveé 1-4m3/t pulp shower water The
efflusnts from this section can be reused. The chanac-
teristics of waste water from paper mjc. of a bagasse
chemical pulping unit are shown in table—6.

TABLE—6

Characteristies of Waste Waters from Paper Machine
Draini*'4

pH  Alkali- COD TS DS SS
nity mg/l
45 4 3435 2352 116.4 1182

7. Chamical Recovery®? :

The chemical recovery system is similar to the ones
used for wood pulping. They consists of counter
current brown stock washers, MEE, recovery boilers
and recausticization. The major draw backs relate to
high silica content (1-3% of dry solids), high viscosity
due to higher pentosans aad lower heat value due to
lower lignin content aud higher carbol 'drate content
resulting in lower carbon content. Bagasse B.L. is not
as foamy as wood B. L. Due to difficulties in washing
bagasse pulp, larger amou.t of water 15 1sed giving
higher sodium losses, decreased recovery efficiency and
reduced total solids in weiak Black Liquor. High
silica is transferred to lime mud as calcium silicate
during recausticization. This reduces the efficiency of
lime mud recovery and decreases CaO content of lime
proiiuced by reburning.

A relatively high concentration of free alkali (at
east 8 gpl of NaOH) in weak B.L. can be maintained
v adding white liguor before evaporation. A low

*PTA Vol. 23. No. &, Dec. 1986

storsge ume for BL, as constant as possible temperature
profile throughout evaporation, low fibre coatent in
BL threugh installation of fibre fillers before evapor-
ation, good periodical washing including a spare unit
for final effect can improve performance. The evapor-
ation is carried out in $-3 effect long tude verticul
raising film evaporators. The first bodies get plugged
by organic matter, Ca-Carborate scale; stay in middle
effects and silica as Aluminium silicate remain in last
bodies. To reduce serious silica scaling the dissolved
solids concentration at outlet of evaporaters is limited
to 35-40%. It is thea further concentrated  in dicect
contact evaporators {0 55-60%;.

The chemicals are recovered from furnace as smelt
and dust of Na,CO, in soda liquors. In Kraft process
conventional Tomlison type boiler is normally used.
10-207, lower heat value of bagasse B.L. require
supporting oil firing. To achieve proper liquor droplet
distribution, liquor pressure at the gun is kept substan-
tially higher than for conventional liquors. In some
cases steam shattering may be utilized. The thick
black liquor linss may rejuire steam tracing as they
may get stick at lower temperatures. The BL tank
needs indirect steam heating. The furnace design
particularly dimensioning, tube pitch, scope for soot
blower and possibility of hand lancing need to be
considered to - 1sure that ash generate.l does not deposit
on tubes as it is very difficult to remove. The spout
for removing smelt should bz short and properly in-
clined with high furnace bottorn temperature. As the
risk of building up deposits on hoiler tubes partly
depends on tube metal temperature, it is favouratle to
select low boiler pressure and low super heat (below "
400°C).

" The smelt after dissolving is clarified and mixed in
a staker with litae and goes to causticizers and whits
liquor clarifies. The sludge is thicknencd ard disposed
off. In causticization, the silica is trapsferred to lime
mud making reburning difficult.

The steam condensates from stages other than the
first are usually contaminated. with methanol and other
sulphur compounds, The odourous gases from kraft
mille are chiely H,S, M.M. and organic sulphides.
Soda mills have very little suiphur except when lime
reburning-is practised. The amount of odourous gases
emitted from evaporation plant is 0-1-1 Kg S,1, TRS
from DCE range 80-500 ppm. This can be reduced
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with black liquor oxidation. B.L. in DCE serves as an
absorber both for SO, and Na,SO,. Cascade evaporator
amoves 15% dust. Evaporator scrubbers reduce SO,
cwission by 50-80%; and dust emissions by 15-25%.
The taage of total emissions from recovery department
are exemplified below.

TABLE—~7

Emissions from Recovery Section,

T RS SO,
Kg S/t Kg/t
I'vaporation 0-2 —
Revovery Boiler 0.1 -4 024
Causticizing 0.02-0.2 0.2

Water poliution from evaporaticn is contaminated
condensates and spills, from racovery boiler spill and
from causticizing duc to lime mud, grits, dregs and
spills. Evaporator cleaning, carry over fr +a separators
add to pollution. The range of total discharges to

water from recovery dcpartment are ar shown in
table §.

TABLE—8
Effluents from Recovery Section

BOD CcoD SS
Kgit
Evaporation 10-30 15-80 -
Recovery Boiler 1 5 I
Lausticizing — 10 5-250

Malodourous gases can be treated by dilution scro-
bbing. Dust emissions can be controlled by proper EPS
vperation.

8. Pollution Control Strategy®

The fibrous materials used in Pulp and Paper
industry has components like lignin, hemicelluloses,
sugar, alcohols, organic acids and inorganic acids part
of which are not reclaimed or recycled and are dis-

charged to receiving waters or atmosphere.  Similarly
process chemicals cannot be entirely recycled, A small
fraction of good cellulose fibre is also lost.  Pollution

abatement is started with intcenal as well as external
measures. The capacity of the receiving body to cope
with discharges Las 1o be estimated.

14

The potential effluents (particulates, gaseous emiss-
ions, water effiuents 2nd solids) and their sources need
to be identified for proper internal measures. Tha
situation is serious when mill, particularly small ones
do not have recovery sysiems.

8 1 Internal measures.

—

The discharge of dissolved organic substances in
mill with chemical recovery in a bagasse based mili can
be reduced with measures in following oider of priority.

— Improved Washing efficiency.
— Reduced Spills of plack liquor,

— Treatment and reuse of selected cooking and evap-
oration condensates,

Itis possible to improve washing efficiency by
adding one additional washing unit when efficiency is
in the normal range of 75-90% compared to external
treatment. The following measures can improve per-
formance of existing units significantly.

— Operate to washing at as constant pulp flow as
possible with no over loading.

— Keep dilution factor constant.

— Keep Kappa i.umber of pulp constant.

— Keep wash water temperature constant in the range
of 63-75°C

— Keep proper distribution of wash water over the

- whole filler.

—  Miniinise dilution of BL. by additior. of sealing

water etc. through good maintenance and control.

— Avoid spills by controlling uneven production rates,
equipment breakdown,  proper buffer volume,

good house keeping and avoiding human errors, 4

—  Spills should be properly collected in dump tanks. -

— Contaminated condensated be treated separately
with steam stripping.

— The SS solid emissions from treatment of bagasse
can be checked by separately pretreating the efflu-
ents in sedimentation units. Otherwise they repre-
sent a large BOD load.

—  Fibre losses in excess white water can be checked
by increasing degree of closure and condition of
Wires.

IPPTA Vol 23, No. 4. Dec. 1986
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The excess white water ranges from 100-200m?/t
can be reduced to 10-50 m?/t by system closure.

— Proper operation of ESP ean keep the dust emis-
sions under control from recovery.

— Proper functioning of dust extractors can reduce
dus: {rem bagasse handling sections.

The total resuit of internal measures are illustrated
in table-9.

TABLE—9

Emission of BOD, SS in Kg/t from bagasse Puiping.

Raw material
BOD, SS

Washing
BOD, SS

Recovery

Bieaching  Spills Total
SS BOD; S5 BOD;, SS BOD; SS

A. Without Recovery - 50 100 300 20

B. With Recovery 85 %,
washing Efficiency 50 100 45 20

C. With Recovery 95 /-
washing Efficiency
Condensate tacatment
special recovery
system. 50 100 15 10

D. C. above plus External
primary and secondary
treatment

— 10 5 — 20 365 145

290 10 5 15 20 115 365

220 10 b1 3 5 83 340

15 70

As can be seen in the table, raw material handling
represerits a considerable share of emissions of both
BOD and S5. Large amountof SS are emitted as
inorganic substances from recovery department. Only
a minor part of the suspended solids is represented by
fibres and fibre fragments.

8.2 Large Mills with Chemical Recovery*.

The large mills snave chemical recovery. The
gaseous emissions from Kralt/Soda mills contain Mix-
tures of SO, H.S, Dimethyl Sulphide, Dimethyl
disulphide and methyl mercaptan. The sources include
Recovery furnace, DCE, digester relief and biow, Lime
Kiln, MEE and smelt dissolving tank. The Soda
pulping system has practically no sulphur emissions.
The main emissions of TRS compounds are shown in
table—1v.

IPPTA Voi 23. No. 4. Dec. 1986

Table—10

Main Emissions of Reduced Sulphur Compounds
from Sulphate/Soda pulping® (kg S/te)

Emission H.S CH,SH CH,SCH, CH, SCH,
MM DMS DMDS

Digester, Batch 0-0.15  0-1 23 0.05-3.3 0.05-2.0
Continuous 0-0.1 0.5-1.0  0.05-0.5 0.05-.).4

Washing 0 00510 0.1-1.0 0.1-0.8

MEE 0.05-1.50.05.0.8 0.051.0 .05-1.0

Recovery furnace

with DCE 0-25 0-2 0-1 0-03

Recovery furnace

without DCE  0-1 0.0i 0.01 0.01

Smelt Dissolving

tank 0-1 D008 005 0-0.3

Lime Kiln 0-0.5 0-0.1  0-0.1 0-0.1

Settling Basins 0-0.5 0-0.62 0-0.0I 0-0.02
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The bleach piant is likely to emit Cly (0.1-3kg/t),
ClO, (0.1-1kg/1) and SO, (0.1-1kg'1). The SO, and NO,
emissiens are likely from recovery furnace, lime Kiin
and smelt dissolving tanks. Water vapour emissions
range 5-8 1/t pulp. Particulate emission come from
recovery furnace, lime Kiln and smelt dissolving tank.
The dust is mainly Na.SO,, ard Na.CO;. Particle size
range from O0.l/um 0 [0um for uncontrolied emi-
ssions and from 0. lum to 10um for controlled sysiems
The emission rates are highest after DCE (7-60 kg/t
or 900-5000 mg/m3).

The waste waters come from digester. house leaks,
spills of BL, gland coouling water pulp washing, decker
washings centricleaner rejects with high concentration
of fibres and grit, bleach plan effluents of low pH with
chlorolignins, Caustic extraction effiuents of high pH and
colour, white waters with fibres and talc, foul conden-
sates. The combined waste water volume ranges 214—
352 m*t paper with pH between 6.5-11.8. The dark
brown colour is due to lignin derivatives The charater-
istics of combined waste waters are shown in table-11.

Table-1]1 : Characteristics of wasie waters
Volume, m?/t Paper 305
SS Kgi 131
BOD, Kzgt 51
copt 217
7% Na 47

Since bagasse has no resin acids, the toxicity is
expected to be low,

The solid wastes come from bagasse handling (42
Kg/), lime mud from causticization (500-600 Kg!t),
ash (1.3 t/1) from boiler, Solid/semisolid wastes from

centricleaners (10 kg/t) and primary settling waste
(26 kg't).

8.3 Small Mills without Ckemical Recovery*®

The Small Mills use lime‘soda as cooking chemical.
CEH blerching scquence is mostly followed.  There is
po chemical recovery due 10 economic reasons.  Waste
waters are generated from BL. puip washing, beaters,

136

bleaching section, thicknes: and paper machine. The
paper machine waste waters are recycled to varying
degrees in pulp washing (42-157 m¥t, av 71 m'1).

Black liquor is the most polluting stream and con-
tributes nearly 807, of the pollution load. Only a lew
mills use counter current wasiing in two stages. Paper
machine waste water is least polluting bat has appreci-
able SS. The charc.ieristics of combined waste waters
from small mills is shown in table—12

There is appreciable variable in flow and charact-
eristics of waste waters from different mills. The BOD
load of 2 kraft mill with chemical recovery is 50 kgit
paper against 176 Kgjt paper for smail mills with no
recovery i. ¢. nearly 3-5 times more polluted. The
sodium absorption ratio (SAR) and percent sodium
values of combined waste waters are high in mills where
unbleached papers are made using soda process. The
values of SAR ranged between3. 5 to 7.6 (in most
causes between 3.5 t0 5.5). If the proportion of Ca to
Na can be increased, the combined waste waters can be
used for irrigation afier suitable dilution to keep TDS
and BOD wi:hin recommended range.

Table-12 : Range and Average Characteristics of com-
hined waste waters based on Agriculturat
Residues (based on 7 mills, 7-30 TPD capa-
city)'®.

e RN

b,

Mills with chemical
recovery®
Ave (14)

Mills with no
chemical recovery
Min Max

P}
7,

¥
.

Volume, m3ft
paper
pH
SS

455
5.6-63
815

EY)
350
159

1275
581

252
615
155
698
176
2940

187
6.0
.400
88

383
8.5
s
239
1067
267
4563
741
700
197
548
142

mg/l
Kght
mg/l 220
kgt 85
mg/l 2!120
kg/t 497
Lignin mg/l 320

kg/t 93
Sodium mg/l 200
kgt 48

BOD,
COoD

563
142
398

98

* Bagasse Chemical Pulp (Soda)
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The non biodegrable fraction of COD is hizh and
i» mamly due to lignin 1n BL making its raduction diffi-
cult by biological treatment. Thaus calour removal may
have 10 b tricd chemicatly.  Nitrozen and phosphorous
contents are lower than required for biological trcatment
and hence thes: are 0 be supplemeated.

The solid wastes are gencrated from material hand-
ling (440660 ke/t). rejecs, primary and secondary
sludges from waste watsr treatment systems (220 kg't)
and coal and boile: ash (I1-2t;1), Small milt handle on
an avesage 0 6 t/t organic solid wastes,

The air pollution problems are nesligible. Diges-
ters release about 1.4 1 steam/t pulp alongwith organic
volaules. There could be particulates from  boiler
houss, ‘ '

Only a few smail mills have primary and or s=con-
dary treatment facilities,

$ 4 Exrernal Measares®® :

At first a pretreatme=at is done to remove grit, de-
bris and floating materials. The primary treatment of
contaminated common waters to reduce discharse of 5§
to recipient is genzrally reccommended. Sedimentation,
me timss with flocculation (by Alum) in rectangular
ciarifiers with a sariace load of 0 6—1.0 méh (m3/mth)
and depth of 4-5 m is widely used. The sludge should
be removed. The resulting effluent has less than 20
mg’'l SS (705 reduction) and .BOD is reduced by
25-50%.

Biological treatment is most commen secondary
treatment method in Pulp and Paper industrv, This
reducss the soluble organics. There are several biologi-
Ql treatment methods in us= These are anaerobic
lagoons, activated sludge sysiems, oxidation ponds.
Th: fundamental characteristics of diflerent methods
Uc approximately same. Biological waste water treat-
Ment processes utilize a mixed population of micro-
orginisms which convert the dissolved organ:c matier
Wn:w cellular material. Aeration time and tempera.
W-¢ are important in the.r operition.

Anaerobic laguons with a detention time of 20-22

$ reduce BOD level from 800 to 90 mg | (80-909%;
Won).  Acrated lagoons need large land area with

s reiention and can remove 80-90", BOD red-

't 23, No 4, Dec 1936

uction.  Trickfing filters can reduce 20-60°, BOD
Activated sludge prowess require Nitrogen and  phos-
thorous supplemen:ation at th: rate of 43 ke aud
06kg rospeciively for cvery 100 Kg BOD removal,
Nearly 903, BOD removal is possible bv this method.
Sludge dewatering requires carcful consideration in all
these methods.

Colour removal and final polishing can be achieved
by absorption. However no commercial wale install-
auons exist. The table 13 shows the summary of the
pollution control methods uscd in mills.

TABLE—13

Summary of Pollution Control methads used in
Paper Industry!$

Method

Section
Raw maierial  — Reduced water consumption by
handling and recycling, Afier removing SS,
Storage combined effluent goes for treat-

ment,

Chemical Pulping — Water recycling,
Improved washing and scresning,
Prolonged cooiing, O~ preb-
leaching use of ClO, in Ist blea-
ching stage. Separate treatment
of contaminated condensate pre-
vention of accidental losses, use
of scrubbers to reduce TRS and

SO,.

Mezhanical, CMP —  Closure of water system, Red-
uction of discharges of rejects,
control of accidental spills.

~— Closure of white water system.
Use of efficient saveall, efficient
fibre recovery.

Paper Making

External Effluent —  Pretreatment, Primary treatment
Treatment (Sedimentation with or without
chemical) to reduce SS. BOD
Secondary treatment to reduce
BOD  toxicity (Stabilization
pond, aerated lagoons, ASP,
Trickling filters, anaerobic treat-
ment)
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Section Method
Bleach Plant Efl- — Chemical treatment with lime,
uents Anaerobic/aerobic treatment,
Adsorption, Wwith Aluminium

Sludge Dewater- —

oxide, ion-exchange, UF - They
reduce colour, COD.

Dewatering of sludge (Thicken-

A flow sheet for water trenment plant  with ’l

primary and secondary stages is shown in Fig. 1

In small paper mills without chemical after flow
equalisation, the combined effluents are senttoa pri- .

mary clarifier with sludge drying. For anaerobic

ing ing, mechanical dewatering by
\f:cuum ﬁ)llets, presses,  belt systems nutrient addition is made such that BOD: N:p
ters press), .
Incineration, composing or land is 100:2:0.5. For acrobic system it is 100:5:1. The
fill of sludge. alternative secondary treatments are shown in table 14,
TABLE—14
Treatment Alternatives for Small Mills without Chemical Recovery'
Equalisation of flow, Primary clarifier and sludge drying preceed the treatment
Alternative Treated
cffluent
mgll
1. Nutrient Anacrobic Aecrated Polishing SS - 30
Addition Lagoon Lagoon Pond BOD, 40-50
DT-20 D DT-4 D DT-2-3 D (a0} ] - 1000+
(Reduce foaming)
2. —do— — 6DT 3-5D ss 50-60
BOD; 30-50
COoD 100+
3 —do— — : Oxidation SST SS 20-30
Ditch Sivdge BOD, 30-50
(Foaming Problems) Drying COD 1000+
4. Anaerobic Nutrient Aecrated Polishing SS —_ 30
Lagoon Lagoon Pond BOD, 40-50
DT-25D DT-4D DT-4D COD - 1000+
5. Acrated SST - - ss 50-60
Lagoon Sludge BOD, 30-50
DT-6D Drying CcoD 1000*

The industry will strive to use a combination of

suitable technology,

inplant measures and external

treatments to reduce pollution loads of the effluent

streams.

9. Pollation Abatement and Control T<hnology treads :

The pulp and paper industry wiil concentrate on
various means of reducing pollution loads from being

138

generated and  will.coateal _them to acceptable Tl
An excellent review of current trends is availablet®. °

The pollution load arises from material handlic.
and storage, pulping (Chemical;Mechanical), bleachi.
and papermaking. The treatment of pollutents in ad
tion to inplant measure like closure of water syster™
reduction of discharges of rejects, control of accident
spills. includes external treatment methods.

IPPTA Vol. 23 Ho. 4. Dec. 1986
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Tie 3im in next decade will be to go in fur zcro

effivent discharges™ and total recycie concept.  This can
be achieved by choosing proper technologies which
increase yields, use chemizals which are less polluting
and toxic, adopt more recycling tcchaigues and  convert
wastes to wealth. A brief description is given below ot
the likely treads in the years to come which will Lave
a significant isnpact on rejucing and controliing poliu-
uon.

9.1 Palping Bleaching :

The trend towards high yield pulping (TMP CTMP)
will increase reducing dissolved solids in effiuent
streams.

Use of organosolve processt™®  with diff-
erent aicohols or phenol or ammonia-Ketone sol-
venls to reduce water pollution and help recover
lignin.

Use of bio-pulping methods hold promise for abat-
ing pollution arising nut of chemicals?

Use of oxygen delignification®® continuous cooking
with high pressure:impregnation, use of Antroqui-
none and polysulphides to increase yield are likely
to reduce pollution load significantly?.

Holopulping at atmospheric pressure by using sel-
ective delignification oxidants like CIO, is likely to
give 709 yield, reduced odour and poliution load
with possibilities in chemical regeneration.

Exolosion pulping of bagasse using soda at 200°C
and 13.8 MPa. N, -pressure and explosive dis-
charge through multiple bar nozzles reduce; alkali
consumption by 30-40%, _improves drainage and
reduces pollution load*:. )

Vapour phase pulping of bagasse, with presoaking
with alkali, cooked after removal of alkali at 160°C
gives 5% more yield than convention liquid phase
cooking. The volume of liquid efluents is reduced
by haif and had a COD of 992 kg't against COD of
1964 Kg/t in conventional liquid phase pulping,

Use of peroxide. oxygen, mifrogen peroxids and
CI10, in place of Chlorine in bleaching =",* use of
multistage counter current washing can reduce
poliution loads.

140

Usc of greer liquor sulphite process with high
available atkali for agri-residuc will give BL with
less silica and help in recovery®®,

Use cf combination of counter current Wwashing
with recycling and purification by an ajsorption
resin can reduce pollution load significantly.
Similarly modifications in conventional multisiage
bleaching sequence for recycling the efflueats by

UF/RO technology will reduce pollution load*.
Changes in bleaching sequences can reduce

poliution.

9.2 Chemical Recovery : -

Small mills not using chemical recovery can plan
Ferrite recovery process (27, 28). Here BL of 209
conc is burnt with Ferric oxide at 850°C. This
gives recovery of chemicals and regeneration of
ferric  oxide besides reducing pollution load
significantly.

Wet cracking of BL (10% solids) of agricultural
residue at 360°C and high pressure (200 atm) ia
absence of oxygen results in carbohydrzte conver-
sion to char powder, organics becoming a gas
(mixture of CH,, C,H,, H, and CO,) with possibi-
lities of SO, recovery. The process is claimed to
be economic and heip control pollution®.

Desilication process “for BL will help in increasing
causticization eﬁicienq and Lime mud reburning,
thereby reducing pollution®, -

Black liquor oxidation, changes in evaporator con-
figuration (use of venturi evaporator), wet air
oxidation, fluid bed combustion, thir film evapo-
ration, oil flash evaporation323* will help in
energy conservation and pollution control.

Usc of UF;RO Technology for BI regeneration will
significantly help energy conservation and reduce
pollution®,

Possibilities of using BL oxidation to reduce pollu-
tion foads and evaporator steam use show promise.

9. 3 Treatment methods :

Anaerobic treatment methods will receive greater
attention over aerobic treatment methods for re-
duction of COD due to the ceneration of methans

IPPTA Jol. 23, No. 3, Ce:. 1936



£35 on one hand and reduced studee volurae on the
other # 3% 3 Many commercial alternatives
are available. The system is cheaper than aerobic
system and is more flexible.

— Application of SO, to reduce bleach plant etfluent
will receive attentiond’. SO. Trextment signifi-
cantly reduced toxicity of C,y EHED, and <
EDED bieacu effuents,

— Use of active carbon beds to remove chiorinated
organics adhering 1o fibres and particles a.ongwith
flocculation, settiement and filterativ..  reduces
pollution load®*.

— Use of closed cycle bleach plant effiver... will recuce
Follution load??, .

— Wet air oxidation of Soda. :ecovery effuents con-
trol deposits®,

— In stream aeration of waste waters®, recycling
and individual processing of selected effiuentst
reduces pollution load.

— Removal of colour by use of dolomite, coal
ash®t, * us: of fungus (Ligninolylic cultures of
Wwhite rot fungus-Phannerocheate chrysosprium)s:
for bleach plant effluents could be quite
successful. Fungal treatment can reduce energy
requircments for secondary Tefnipg of TMP®,

vy

* —  Use of Ca-hypochlurite, Chatiging CEHH to HCEH
or HCEHH bleaching sequenc®reduced colour by
767 and Pollution load by 40-50%,4.

— Fluidized bed incineration and heat recovery of
primary clarifier sludge is possible. Further danin.g
of flue gases by multicleaners will reduce the parti-
culates®,

— Use of hydrogen peroxide (7 to 10 mg/l) can re-
duce the sulphides from pulp mill efuents to 3-7
mg/l besides reducing odour and sludge volumes's,

— Effective use of kraft mill efuents after treatment
for irrigation is possible?’.

~ Possibilities of gererating protiens, look promising?,
— Reduction of dust in bagasse handling and boiler

operations Wil receive attention.
PPTA Vol 23 No 4. Dac 1983
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10. Conclusion :

Bagasse is going to be key material for paper mak- -
ing. The procassing technology is in for far reaching
changes. Pollution abatement and coatrol is going to
bean important area requiring attention. There is a
need for systematic monitoring of bagasse based paper
industry for getting first hand reliable information on
pollutants, their characteristics and their effects on
environment. The monitoring of gascous, liquid and
solid cflluents must proceed as 3 regular strategy to
develop alternatives 10 achieve minimum acceptable
standards. This will require development of new cost
effective technologies to reduce pollution_
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Bagasse Based Paper Mills Some
Financial Aspects

SETTY RAMALINGA, TK.*

The growing demand for paper and Board is
indicated by the per-capita consumption which is
around 2.2 Kg. and in the year 2030 AD it would be
4.5 Kg This figure wauld appear to be very low when
compared to 252 Kg. for U.S A. and 129 Kg. for Japan,
The increasing literary, social advancement and indus-
trialisation invites the immediate attention of the indu-
stry in this country to grow up to meet this demand.
In this context the Planning Commission bas estimated
that requirement of different variety of paper and
boards in the 6th and 7th Plan period as 18,95,1 00 and
26.45,0C0 tonnes respectively.

Against the projected demand of over 26,45,000
tonnes of paper & Board by the year 1990, the installed
capicity in India has been 18,50,000 tonnes and the
atcual production 13,50,000 tonnes. This projects a
very wide gap botwesn demand and supply. This calls
for augmenting the production of Paper and Paper
Boards by nearly 100% during the next 8 years by
creating necessary capacity to meet the demand,

To augment such a capacity, the situation calls
for a mammoth effort to mobilise the raw material

required to extent of 1,21,50,000 tonnes per annum by
2000 AD

As it could be seen, most of the raw material req-
virement is met with forest basedraw material, which

has resulted in ecological imbalance and has disturbed
environmental equilibrium.

SUGAR MILLS-A SOURCE OF RAW MATERIAL
FOR PAPER

L. has now become necessary to go in for planned
afforestation, and collection of other ncn-conventional
raw materials like bagasse. a sugar cane waste of sugar
industry and other agricultural residues.

Bagasse is a very promising raw material. because
of its availability in sugar mills Collection of bagasse to
mect requirements of paper industry does not pose anv
problem. However, the availability of bagasse at sugar
mills 15 sull limited owing to the cautious attitude of
the Sugar mulls in dispensing with boilers for the
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reason that the procuremernt of coal in the country
is a big problem. To convince sugar mills to install
coal fired boilers, it becomes very necessary to assure
sugar mills the availability of coal and the higher
thermal efficiency achieved by using coal fired boiler.
This would enable sugar mills to release all the bagasse
generated in their factory.

It is very sssential to install equipments necessary
for improving the thermel officiency of sugar mills, so
that the bagasse utilization as main fuel for their boilers
are considerably brought down, so that the surplus
bagasse can be created and spared for paper making.
Example is the utilization of wasie heat lost through
flue gases is used for dryirg of bagasse, as being
contemplated in Mysorc Sugar Company. and other
progressive mills.

From the ecuaomic point of view the concept of
installing a paper miil adjoining sugar mills would
minimise waste durin? collection, hind'ing losses during
transportation and storage. It is however very impor-
tant in the national interest that sugar mills will take
u) the issuz of releasing all the bagasse generated by
installing coal fired boilers for their steam generation.

REQUIREMENT OI' RAW MATERIAL FOR PAPER

The raw materials requirement for the projectedd
capacity will be enormous. The Natinal Commission
on Agriculture has estimated the requirement of raw

materials for pulp and paper during the years 1985
and 2000 as follows :
o Lakh tonnes
Year 1985 Year 2000
I. Bamboo 31.23 3546
2. Hardwood 30.80 8204
3. Soft wood 6.46 2390
4. Bagasse 082 7.20
3 \vaste Paper, agricultural
residues and others 5.38 2285
Total 74 62 17145

*Chartervd Engineer & Consultant
$63. 12th Main Mail, Banglore-53
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1 Bamboo

. The extent of bamboo utilisation is restricted due
to bamboo gruwing stocks being extensively depleted
for one or the reasons like :(—

(a) clearance for cultivation

(b) clearance of forest for raising plantations of
commercial species like teak etc.

(c) inadequate protections against fire and grazing
specially after gregarious flowering.

(d) being a major raw material for paper/pulp making.

2) Hardweods

The extent of hardwood utilization by the year
2000 AD will increase manifold. However the hard-
wood species present in  the national forests, are many
and present in intimate mixtures preventing selective
fellings. Some of the species are not suitable for
pulping. Therefore, replacement of existing valueless
growth by raising plantation of fast growing species in
a big way is necessary.

3) Softwoods

The extent of hardwood utilization by the year
2000 AD will also increase manifold. However, proper
and selective fellings are very essential for soil conser-
vation coupled with existing nationz’ forest regeneration,
which should be protected agawst evil practices of
excessive grazing, till they are established. The basic
problem relating to the exploitation of coniferous woods
for pulping. is the inaccessibility of mountain regions,
where these forests exist. Therefore, it is necessary to
develop the infrastructural facilities in these hilly
regions, to tap the softwood sources. The timber extrac-
tion methodology should be reviewed to include whole
tree utilization as an important development for
economy measure.

4) Waste paper

Waste paper utilisation for paper making is increa-
sing and about 20-237, of raw materials for paper
making at pressnt comes from this source. Better
efforts are essential to increase recycling of waste paper
including de-inking process.

5) Agricultural residoes like straw

The extent of uti'isation of these raw materials by
the year 2600 AD should also be substantial. Their
availability at present, is restricied because of their
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secondary usage. poor performance in their collection
and transportiation costs.  Therefore, it is nccessary to
determine their potential availability and to determine
a suitable technology, so that their usage is maximized
by the year 2000 AD. With respect to cereal straws
like whea. and paddy though the acrage under cultivat-
jon i1s very extensive, their use in paper making is
limired because of the foll.awing i—

(a) Use of straw as a fodder for cattle, witch has a
priority need.

(b) Scattered and seasonal availability.

(c) Because of bulky nature, increase in cost of collect-
jon and transportation from larger areas.
(d) Short fibre quality of the straw.

6) Bagasse

The use of bagasse for making paper is extremely
desirable, in the present situation of inadequate avai-
lability of raw mutsrials due to dzpletion of forest areas.
Bagasse can be available from a cluster of sugar mills.
It is in this coatext thit Goveramznt of India have
announced a 100°7 excise rebate on paper made out of
a furnish containing not less than 757 bagasse pulp.

However, bagasse utilisation for paper making, is
restricted due to—

(1) its use, as main fuel for generation of process
steam in sugar mills, and

(2) the restriciion imposed by Government of
India on the emergence of new sugar mills, so
that the lands used for grain production is
not diverted to sugar cane production.

To circumvent these two basic problems, it is nece-
ssary to take active steps and planned participation of
all concerned so that the extent of bagasse utilisation
by the year 2000AD is maximised and thus save forsst.
The availability of bagasse for paper making by the year
2000AD should be augumented.

Therefore, ~mphasis is now-mrimproving the poten-
tial availability of bagasse for paper making.
BAGASSE GENERATION IN SUGAR MILLS

The total sugarcane cultivating area in India in the
year 1979-80 is estimated at 6.6 million acres and the
sugarcane produced is 128 million tonaes. This is
increasing as sugar demand is increasing.
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Around 300 suzar nuidls arc in operation i the
year 1980 and crushing 40 million tonnes of sugarcane
at an average recovery of 9.88°/.

Based on the above. out of 40 million tonnes of
sugar cane crushed in sugar mills, about 12 million
tonnes of mill wet bagasse is available with 507 mois-
ture. For one tonne of bleached pulp. about 3.5 tonnes
of m:ll wet bagasse is required. About 2.2 million tennes
of paper could thus be produced if all the bagasse is
made available:

Sugar Milis have to deoend on the bagasse for
their fuel requircment and hence part of available
bagasse is burat in the sugar mill bagasse boilers for
generating steam, leaving behind the surplus bagasse
available for paper making. By improving the thermal
efficiency of the sugar mill bagasse fired boiler and by
operating at opumum levels it is expected that sugar
miils can release at least 10-15%; of bagasse additionally
for paper making.

SURPLUS BAGASSE

Excepting for the surplus bagasse, management
of the sugar industry is not inclined to part with substi-
tute bagass= for coal, as the dependency on coal avail-
ability has been uncertain augmented by transportation
problems from pit heads to consumer points as well, If
bagasse is to be released for paper making the pager
mills must undertake nationally to supply steam 1o
sugar mills in exchange for bagasse, by incurring addi-
tional expenditure for installation of coal fired boilers
and bagasse handling equipment at sugar mills premises
and also undertake to supply coal to these boilers. It is
not practical for the paper mills, to operate these boiicts
exclusively under their management. These additioaal
costs, increasc the cost of production of paper. In the
circumstances, to mzke bagasse an important ard eco-
nomical raw material for paper making, more incent:-
ves hawe io te offered to the paper industry. Thus

the ccology of the country will improve and pressure
on forest will be reduced. This can be achieved if the
pape” mills based on bagasse. have their own sugar
mills as 7 @reersion pregramme by integrating the power
and steam units und cther service factities f paper as
well as sugar nulls. for better performance. In this

situation the entire bagsse  will be available for paper
maiking.

MNPM ROLE IN LUTILISATION OF BAGASSE

MNPM 15 the only mill working  successfully from
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the past 20 years and of late it is 3 very happy to note
that many sugar mills and many entreprenuer have
taken up steps to start paper mills with bagasse as raw
matrial. M:ndya National Paper Mills have associated
with Sri Laxmi Saraswathi Paper Mills, Nizamabad. a
30 TPD bagasse based paper project by, extending their

expertise, on advisory consultancy basis. Shri Laxmi

Saraswathi Papers have entercd into agreement with
Nizam Sugar Mill of Hyderabad for procuring bagasse
by installing a coal fired boilar at the sugar mill and
obtain all the bagasse releascd in exchange to coal. It
i1s worthwhile to mention here that Mandyas National
Paper Mills Ltd., with their exgericnce of 20 vears are
offering consultancy services for bagasse based paper
mills. Collabboration with equipment manuf.cturer is
also underway.

Also planning to instaila 1250 TCD sugar mul
complex for captive generation cf btagasse for paper
making in their expansion,diversification programme
is mootead.

TAMILNADU NEWSPRINT PROJECT

The Tamilndu Government unde; che leadership of
Sheshasayee Pulp & Boards have takei: a big step fer
setting a News Print cum-Writing and Printing pagper
mill from bagasse. The project cost works out 10 Rs.
190 crres and proposed to manufacture S00C0 annual
tonaes of News Print and 40000 annual tonnes of Writ-
ing and Printing paper- Six sugar mills in the radius
of 10 KM of the proposed factory have agreed to
release the required bagasse for the mill, The News
Print factory will be installing coal fired boilers in these
sugar mills ard will be operating the same for supply
of stcam 10 the sugar factory in exchange for bagasse,

MPM NEWS PRINT PROJECT

The Mjysore Paper Milis Lid. Bhadravati has
expanded its production to 37C00 tonnes per annum of
writing and printing paper and 75000 tonnes per annum
of News Print. then becoming the biggest paper mak-
ing unit in the country. The pulp furnish for News-
print is seventy per cen: cold soda reflned mechanical
pulp based on Eucalyptur, 307, chemical pulp bascd on
bamboo. In order 10 meei the requirement of cellulosic
raw material the Mysore Faper Miils are installing a
2300 T.C.D. sugar mill integral witir the Paper Mails
complcx for fu'' use o hy-product bagasse for paper
mahing. based ov its philosophy of maximum conserva-
tien of feres: based cellulesic raw materiai and shiftiee

IP#TA Vol 22, No. 3, Sept. 1985




tht emphasis to the extent possible from forest to easily
renewable agricultural i.aste material They have also
planned to avgment the sugar mills capacity tc 5000
TCD.

The areas of intgration will be in the steam gencra-
ting plants, power generation and distribution, water
supply efluent disposal and others so that there will be
energy saving in terms of steam and power generation,
economy in operation of water distribution and effluent
disposal which will be minimised as a result of this
integration. It can also be seen that entire quantity of
bagasse which is released in the sugar mill will be
available for making chemical pulp instcad of being
burnt for st=am production in boiler of the sugar mills

Thus MPM is the first of its kind to achieve the
maximum integration for the best of €conomics.

TECHNOLOGY )
Bagasse—Physical and Chemical composition

Ragasse, which forms about 307 of the sugar canc,
consists of 50%/ moisture and 50% fibre along with pith
cells The fibre content of this bagasse is around
653 and pith around 307 and solubles around 5%
However, when allowance is made for a reasonable
amount of dirt and other non-fibrous fines, the typical
actual dry composition of bagasse coming from the
sugar milling process will be as follows : —

TABLE-4
PROXIMATE ANALYSIS OF BAGASSE & BAMBOO®

Particulars Units Bagasse Bamboo
Ash Ye 1.8 31
1%, NaOH solubility % 302 233
Alcohol —Benzene solubitity 7 1.9 4.2
Pentosans o 241 19.3
Lignin A 242 19.4
Alpha celiulose A 419 46.6
Holoceilulose O 732 672

The good quality fibre length in bagasse is about
1.0 to 1.5 mm, and its diameter its 19-22 microns. The
dimensions of bagasse fibre compared with other raw
materials of pulp and paper as follows:—

TABLE-3
COMPARISON OF FIBRE DIMENSIONS

Particulars

Average Av:rage

length Diametcr

(m) (M)
Temperate coniferous wood 2.7-46 32-43
Tropical hardwood 0.7—16  20—40
Bamboo 3.0—-40 14
Bagasse 1.0—1.5 20
Rice Straw 0.7—1.5 9—13

TABLE -2
DRY COMPOSITION OF BAGASSE?
a) Whater solubles 8-10%
b) Pith, dirt, epidermis and other fines
«nonwater solubles) 35%
¢) Good clean fibre (nonwater Solubles) 55%

The bagasse if purchased on a moisture free water
insoluble basis has the following approximate composi-
tion as it leaves the sugar milling process :—

: . TABLE-3
COMPOSITION OF BAGASSE ON MOISTURE
FREE WATER INSOLUBLE BASIS?

a) Pith, dirg, epidermis and other fines
(non-water vlubles) 39%

b) Good cleai “bre (non-water solubles) 61%
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As shown in the tables above, bagasse has com-
paratively short fibres for paper pulp, resembling tropi-
cal wood and rice straw. Being a fibre of open
structure it is casy for pulping while higher content
of cellulose indicates tha' it can be used as raw mate-
rial for paper making.

Drying of Bagasse

Mill wet pagasse as received from sugar mills
contain around S0% moisture, with a calorific value
of about 3900 BUT/'b, compared to 7650 BUT/Ib of
bone dry bagasse, A reduction in its moisture content
will Iead 1o substantial savings in the consumption of
bagasse in sugar mill boilers, thus releasing additional
bagasse to paper mills. The sugar industey will stand
to gain by way of increased calorific value of bagasse
and increased sale of surplus bagasse attendent with
other advantages. The calorific value of bagasse, can
be estimatd from the following:
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TABLE—6
CALORIFIC VALUE OF COMPONENTS

OF BAGASSEY
Sl Particulars Calorific Value
No. (BTU/1b)
I. Fibre 8230
2. Sugar 7120
3. Water -
4. Impuritics 7330

Water has nc calorific value. The value for sugar
and impurities are almost the same and hence the net
calorific value of bagasse can be estimatd by the follo-
wing formula :

Net calorific value=7630—21.6 sugar—3§87.3 water
Btu/lb.

It can be scen from the above formuia that the
calo:ific value of bagasse can be improved substantially
by reducing its water content. Hence it is desircble
to explore the possibilities of drying bagasse to the
advantage of both sugar and paper mills. Normally
bagasse at sugarmill is baled and stored in open yard.
Ifthe bagasse is not baled, not only jt is hazardous,
but also more expensive in handling for reuse: Using
of the waste heat lost through flue gusses to heat the
ambient air, in a air to flue gas heat exchangers and
pse the heated air to dry bagasse, when it is being
conveyed, is an important method that can be adopted
to dry bagasse to about 357, moisturc content.

Transportation

There are several methods of transportation of
bagasse.

1 Paper Mills adjacént o the sugar mills can
receive their supply of bagasse by : -

1) a. Belt conveyors.
b. By pneumatic conveying.

2) a. By bulk road carriers of 16 MT pay
load.
b. Moist depithed bagasse in Joose form

transported by trucks with a pay load
of 15 MT covered by fishinyg nets,

Normally. bagas.e is released by sucar mills at
the sugar mull site,  Moist depithing of bagasce at
sugar mills will improve the release of bagasse fibres.
The average load of the road carriers at present is
between 7 to 10 (onnes, and that of railway waagons

between 3 to 7 tonnes in our case. The advantageous

dimension of bagasse bale will be 70 cms. long by
30 cms. width by 30 cms. high and aprroximately
wa=ighs 22 kgs for easy handling and manual stacking.
It is preferable to think of large trailors for transpor-
ting bagasse, which gives improved ecouomies. Stacks
of bagasss are not covered Jenerally. The ayerage
stack dimensions wovld be around 40 M long by 30 M
wide by 6 M high to accommodate about 10C0 Metric
tonnes of bagasse. Sufficient space should be previded
in between two stacks (22.87 Metrs. as per awsurance
stipulations) 1o avoid fire hazards. The stacks must
be provid:d with clear air space for ventilation. The
yard must have adequate fire bydrants. It is obscrved
that the ouicr surface of the stack may beccme black,
wit out any appreciabie adverse effect on bagasse
quailty.

STORAGE & PROYECTION ¥

1. Krausa—Maflei Methed : Depithed bagasse
stored in be'k form without any deterioration.

2. Dr. Cusi process : Baled bagasse is stored 2s
such with well ventilatd stacks provided with sufficient
air space. The pith cells present in the Whole bagasse
protects the cellulose fibre from deterioration, and
moisture content -also drops down from about 50%
to about 30 to 35% in a matter of 40 to 45 days.

After allowing sufficient time, say, 45 days after
completion of :tacking, tbe hales are removed for
process. Any loose bagasse generated after removal
of bales will also be recovered.

3. Atone Mill in Mexico, bagasse will be depi-
thed, mixed with water and then pumped onto an
asphalied s-urtace platform with a pronounced inclina-
tion for drainage of water. Reclamation of bagass:!.
is done by front end loaders.

Ritter biological pre-treatment prcoess:

The general principle of the Ritter process, deve-
loped by the E. A Ritter ard others. involves the
impregnation of the bagasse (moist depithed prefera-
bly), with a biological liquor and flushing the suspen-
sion 1o a buik storage srca through elzevated channels
or by mesns ol'a pump-up device. The addition of
asmall amount of mclasses fo the imtial culture
solution providss adeguate biological ligior for
treatment of incoming bagasse and refortification of
the liquor used for ﬂu»hiné the bagasse to storage. The
flushing liquor is recvcled.,
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The advantages arc preservation of bagassc fibres,
elimination of fire hazards, elimination of dust nuisa-
nce, lower power consumption, lower chemicals
consumption in couking and bleaching, higher yield
of bagasse pulp.

This method though is very ideally suited,
involves ipitial higher investment aud contiouous

import of biologica! liquor.

Fungus deligniGcation of bagasse-

Recent studies conducted by Fungus Research
Institute, Kerala. (a subsidiary of Hindustan Paper
Corporation), have brought out the selective deligoni-
fication by fungi, on bambco aprd cucalyptus. Further
research is taken up to study such fungus attack by
selective dissolution of pith and lignin. In fact 2
fungi have been idenified for this selective removal of
pith and lignin. Furthrer work on thisis in progress.
The advantages of such selective pith and lignin
removal of bagasse will be, production of quality
fibers, lower power consumption ia fioal depithing
operation and in refining stages, Jower chemical
consumption in cooking and bleaching, due to absence
of pith. Also load on chemical recovery boiler will
be reduced.

Bagasse Preparation

Pith separation from fibre is necessary to upgrade
bagasse. Pith constitutes about 30% of bagass, the
rest being celiulose fibre (63%) and solubles (5%)- The
chemical properties of fibre and pith are more of less
similar, but they differ vastly in physical and morphol-
ogical properties. Pith contain lot of soft thin-walled,
irregutarly shaped parenchyma, cells; has more ash and
high absorbing property. Due 10 its high absorbency,
it consumes more alkali during cooking. Because of
its soft, thin-walled irregularly shaped fibrous cells,
the pith fine swe!l. make a dense sheet on paper mach-
ine wire and with slow drainage. These pith fines
would be picksd in presses, dryer felts causing press
stickiness bringing down machine runnability.

DEPITHING OF BAGASSE.

Pith has the sumz calorific value as that of whole
bazassc and its burning in sugar msll beilers (Bagasse
fired) dous not pose problems otber than fly ash. There-
fore, it is Jesirable to separate the pith at leust parli-
atly, by primary denithing at the stgar mii! and return
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the same fractioo for ase in the sugar mili boiler with
the following advantaZes :

1. Saving in transportation cost of unwanted
pith to paper mills.

Partially depithed bagasse formsa compact
bale.

3. Disposal of pith at paper mill would be
reduced considerably.

METHODS OF DEPITHING BAGASSE :

Methods of depithinz bagasse would faliioto
three categories :

s. Dry depithing method.
b. Moist depithing method.
¢ Wet depithing method.

1. Dry depithirg method

Hammer shr=dders, disk’ mills or the like are used
in the separation of pith from bagassc fibre. The
loosened pith is screened by either Vibratary or rotat-
ing screens. The dry pith can be used as fuel ie the
boiler. The imbibed pith willstill remain with the
main bagasse fibre. Adequate precaution and protec-
tive measures have to be adopted for meeting the dust
pollutica problems.

2. Moist depithing method

The mill wet bagasse with about 50°; moisture is
subjected to mechanical abrasion ard is carried out at
sugar mill. The resuitant free pith is used in their
boiler as fuel. Thus releasing more bagasss. The
resultant fibre then baled and brought to the paper
mill. The res:dual sugar left with the remaining pith
will naturally ferment during storage and cscape
bringing about the pecessary heat generation to dry
th: baled bagasse ladigenous depithing machioery
manufacturing is contemplated by MNPM.

3. Wet depithing method

This method is more applicable at the pulp miil
for the final cleaning and depithing just before bagasse
enter the digester. In a hydra pulper, the bagasse is
thoroughly wetted and broken up and then the pith,
dirt and water soluble materials are thrown out in
depithing machines. A veryclean and uniform bagasse
fibre is aveilable for subscGuent operations.
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A typical analysis of depithed bagasse Wwill be as
foliows :

TABLE-7
FIBRE AND PITH CONTENT OF BAGASSE
SLNo. Particulars Whole Depithed
bagasse bagasse
1 Fibre % 620 86.2
2 Pith % 320 9.6
3 Solubles % 6.0 42

However, it is observed that about 9-10%; of total
pith will still be carried forward into the digester.

PULPING PROCESS

Practically all types of pulp can be produced from
bagasse. These range from mechanical type of pulp
similar to ground wood pulp to high quility bleached
pulp of high brightness. Therefore, the process to be

- used as well as the type and amount of cooking chemi-

cals depend upon the end product required.

Bagasse pulp with or without mixing with long
fibred pulp is now used practically in many grades of
paper like toilet, tissue, towelling, glassiae, corrugating
medium, printing and writing papers, and newsprint.
Compared to coniferous wood fibres, bagasse fibres
are much more bulky, more open, Wwith lower lignin
content resulting in quicker pepetration of coking
liquor. Consequently bagasse fibres require relatively
low amounts of pulping chemicals and short cooking
time. Contiouous pressure pulping for bagasse as
well as other agricultural fibres give rapid and well
cootrolled cooking cycles.

Because of low bulk density of bagasse, a relatively
high liquid to solid ratio will be needed and provision
must be made to agitate the material by rotating the
digester or by circulating the liquid or by using built in
conveyors or agitators. For production of fully cooked
chemical pulp from bagasse, either unbleached or
bleachable grades, sulphate, soda and neutral sulphite
methods are all applicable and ail give good pulps. In
case of small pulp mills operating without recovery,
the use of caustic soda, as the sole covking chemical
would involve iower chemical cost, than the use of
caustic soda with sodium sulphide as in kraft pulping
process.
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Regarding high yield semi-chemical pulp for
corrugating medium the chemicals and cooking process.
most commonly used are straight caustic soda and
peutral sodium sulphite (buffered with alkali). Both
these processes produce aigh grade bagasse pulp for
corrugating medium and the choice between these two
processes, decend upon the relative cost of the chemi-
cals. The kraft process will also produce a suitable
bagasse pulp for corrugating medium.

High yicld bagasse pulp suitable for insulating
board or hard board is produced by steaming and
subsequent softening rather than chemical pulping.
Small amounts of soda ash or caustic soda is added in
the digester for pH control, but the principal action is
softening so that fibre bundies are made flexible for
subsequent mechanical action. Therefore, the pulp
required for iosulating board more closely resembles
the mechanical pulp than the chemical pulp.

The acid sulphite or bisulphite process has been
proved by ‘many iovestigators to be unsuitable for
bagasse, because this process teads to give a brittle
pulp of low strength properties as compared to bagasse
pulp by alkaline process. This process was first tried
in Taiwaa and subsequently it was aboodoned in
favour of the neutral sulphite process and then swit-
ched over to kraft process.

Mecthods used for pulping bagasse :

The present pulping methods io use are as uader :-

1. Batch pulping process using rotary spherical
digesters of tumbling type digesters, uader
clevated temperature and pressure.

2. The mechano-chemical process using hydro-

pulper at atmospheric pressure as the diges-
terwith cither soda or kraft methods.

3. Rapid continuous pressure digester using hori-
zontal tube digesicrs with screw feeder and
cootisuous discharge (Pandia continuous ~,
pulping) and variation thereof.

4. Crowop-Zellerbach Mechanical process for the
-manufacture of newsprint from ground baga- ¢
sse pulp and bleached kraft wood pulp.

5. de La Rosa chemical process for the manu-
facture of newsprint using whole bagasse.
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6. Apyotla process using chemical bagasse pulp.
bleached w:h sodium hypcchlorite, and
mixing it with ground wood pulp for the
manulacture of newsprint.

7. The Simon-Cusi process and modified cusi
proess by mild caustic soda digestion, fracti-
onation and refinirg to
newsprint.

manufacture

8. Peadco process ucing cortinuous pressurized
digestion for pre-hydrolysis of depithed baga-
sse and cooking with sodium bisulphite and
sodium silic:te, to mar.ufacture newsprint.

9. Asplund Defibrator Thermo-mechanical
pulping to manufacture newsprint.

Following table shows the strength properties of
unbleached bagasse pulp (Praduced in a laboratory-
digester with caustic soda as th: cooking chemical) :

TABLE 8
STRENGTH PROPERTIES OF UNBLEACHED &
BLEACHFD PULP

demand will be 2bout 3-6° with extraction demand of
about 1-1.5%; alkah on pulp.

Following tablc represent the strength propertics

of sheet madeout of bagasse pulp at different {reencss
and also the fibre classification :

TABLE—9
STRENGTH PRCPERTIESS

St Particulais  Unbleached Pulp Bleached pulp
No.
1. Beating time.

Mits. 15 25 35 15 25 35
2. Freeness®SR 39 36 77 0 57T 76

3. Bulk 19 18 1.3 19 L7 14
4. Burst factor 246 318 33.1 25 32 342
S. Breaking

Jengta 339§ 4868 3742 3799 4792 3641
6. Double tolds 9 1318 10 13 18

TABLE—10
FIBRE CLASSIFICATION?

SI. Samples Retained on
No. — 45mesh—65mesh = 1C0mesh-100mesh

Untleached Bleached

pulp pulp
Initial freeneess °SR 20 22
Beating time-Min. 30 i
Final freeness °SR 45 47
Bulk — - J)68 1.7
Burst factor 303 29.2
Breaking lang:h 6200 5870
Double folds 29 25
Washing :

The bagasse has a higher degree of hydration as
compared to bamboo or wood. Hance the area required
for washing should be high. The loading factor for
wood pulp is abeout 0.16 Mt/sft/day and for bagaasse
i: should be around 0.6 mt/sfi/dav. A counter current
washing system is suitable for efiicient washing. The
dilution factor will be slightly bigher and the total
solias will be atout 107, and a free a'kali of ahout
5-6 gp! 1n washed black 1.quor oblained.

Screening :
Centrifugal type screens can be used for scrcening
the exiraneous matenals nhe saed,dirt, wirz pieces etc.

Bleaching ©
C-c-H bleaching sequ:znce
brightness of around S0 GE.

15 suttable to get a
The totol chlosnine
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1. Unbleached pulp 40 222 14.8 23.0
2. Bleached Pulp  37.5 212 13.6 27.6

STOCK PREPARATION

Bagasse fibre, during the process of pulping and
bleaching develops slow drainage characteristics due to
high absorption of chemicals and hydration of fibres,
therefore requires little refining. However, to bring
about fibre unisormity out of heterrogenous fibre bund-
les of bagasse, the pulp may require mild rcfining
instead of developing hydration. Electrical energy
consumption for stock refining is therefore low and the
refining HP wiil be around 3—5HP day,tonne of
installed c. pacity must be adequae. Treatment of
bagasse pulp through finishing jordars, along with the
bicr:ded refined. long ftibre pulp, is sufficient to  give
necessary defibration and dispersion of steck on the
machine wire to provide good sheet formation.

ft may be better to use disc refiners in place of
jordans. Due 1o siow driwmage characteristics of
bagasse, it may be required to nux about 10 to 20°; of
tong fibres of either bamboo or woed pulp to obtam
proper dramn gz at the machine. It is better that the
rong fibre pulp s sehined and mixed with the bagasse
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pulp for greater flcxibility of operation, closer control
on the degree of refining and for the preparation of
stock for various grades of paper. Due to unique fibre
characteristics and excellent bonding properties, bagassc
pulp requires much less rcsin-size compared to  paper
made with conventional fibres. The alum requirement
however exceeds the quantity normally used for conven-
tional paper making mainly dae to low pH conditions
required in the white water system to prevent press
stickiness. Use of bagasse pulp to the extent of 50°;
m the fibre furnish along with long fibre hardly makes
any diffe rence in the paper making operations com-
pared to the paper produced with hard wood, bamboo
or soft wood fibres. However, as the proportion of
bagasse increases and approaches 809, considerable
changes in the machine design and operation are
necessary to maintain high degree of machine efficiency.

Paper Machine:

When high proportion of bagasse pulp is used in
the fibre furnish it is necessary that the Fourdrinier
machine should have a longer wire part compared to a
conventional design. Also the wire part should be equip-
ped with multiple blade foil system and more number
of suction boxes to facilitate better drainage and permit
low stock consistercy atthe head box for improved
sheet formation.

Suction pickup or similar arrangement should be
provided for web transfer to the press section from the
wire part so that the web would not break during the
transfer because of low wet strength. The degrece of

fibres at press] section is not applicablc to bagasse
pulp. The water holding capacity of bagassc pulp s
somewhat different compared to other conventional
fibres and hence. to achieve better dryness at the press
section. it is necessary to try scveral modern press
arrangements. More open type felts are required to
maintain enough porocity for better drainage. Adequa-
te felt cleaning devices should be provided to keep the
felts and the suction roll perforation clian, to maintzin
uniform drainage. Due to excessive fines and fibre
debris these felts tend to clog up rapidly and therefore
arrangements for high pressure showers with automatic
controlled movcments are critically needed in these
areas.

The drving section should be designed to provide
more drying surface due to more water carry over with
the paper web resulting after the press section. Also
smaller dryer groups arc preferred to provide better

control on drying rates. The evaporation of water in -

the dryers out of the paper web for bagasse pulp
behaves differently compared to conventional fibres
because of the stock is more hydrated, It is necessary
to have 2 uniform temperature, over an extended
number of dryers compared to conventional fibres.
The drying curve is greatly flattened compared to the
hyperbolic curve required normally obtained on a
conventional fibres. The other features of the paper
machine design and operations are similar to conven-
tional paper machiae.

Given below is a comparison of strength proper

ties of different grades of paper produced with bagasse

water removal pormally achieved with conventional pulp at our Mill:
TABLE—11

STRENGTH PROPERTIES OF DIFFERENT GRADES OF PAPER :
Quality Cr. Wove  Unbl Prig.  MFKraft Duplicating (serai—absorbent quality) k)
Basis wt. G/M2 58.1 659 124.4 68.5 71.5 742 63.0 63.4
Caliper Microns 85 95 125 110 115 *120 105 105
Bulk 1.46 1.44 1.40 1.61 161 1.62 1.67 1.66
Burst pressure Kg'em? — _ - 0.87 0385 0.9 0.64 0.62
Burst factor — —_— - 12.70 11.89 11.88 10.16 9.78
Tensile strength in
Kgs. MD 311 3.07 5.04 3.62 n in 393 294
CcD 175 1.71 3.70 234 1.94 227 1.79 1.37
Breaking length in
Mtrs. MD 3569 3106 2691 3523 3468 3352 3206 3091
CD 2007 1811 1980 2277 1809 2039 1894 1441
Double folds MD 45 4.0 117 50 60 30 5.0 40
CD 1.3 20 32 2.0 20 3o 20 1.
Meen 30 LY} 33 35 4.0 40 3.5 2,5
Ash®, 9.7 112 1238 1338 14.2 124 14.3 -
One Min. cobb
Gm m2 mn, 213 26.9 — 256
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SODA RECOVERY

The speat liquor from the washing stages, in case
of soda or sulphate pulping of bagasse, contains a very
valvable chemical sodium salt & organic matter, wiich
is combustible. Therefore it is normal practice for any
paper mill of medium size 1o instal chemical recovery
plant, comprising of : —

1. Evaporator, multipie effect LTV type, to concent-
rate the speat liquor of weak strength to a desirable
concentration, say 50-359,, by means of steam, so
that it can be casily pumped to an incenarator or
incenarator-boiler.

2 In the incenarator or incenarator-boiler the concen-
trated liquor dries, the organic part burns with the
help of air, thus releasing bot flue gases and the
sodiom as sodium carbonate. The sodium carbo-
nate flows cut of the incenerator as smelt, and after
dissolving in water or weak sodium carbonate
solation is sent for further processing. The hot
fluc gasses transfer their beat, through a waste heat
boiler, thereby generating valuable process steam.
Further catchalls;coliectors are introduced to collect
the chemical dust going through the flue gases, as
the dust is also valuable.

3. The sodium carbonate solution is causticized by lime
solution to form sodium hydroxide, which is the
main cooking chemical in a soda process. The
sludge, calcium carbonate is settled in a series of
clarifier, Thickeners and finally filtered outon 2
rotary drum filter to recover _the valuable alkali.
The sludgc calcium carbonate is either wasted or
converted into active calcium oxide either in a
flaidized bed calciner or in rotary lime kiln.

For the sulphat: process, sodium sulphate is
mixed with concentrated spent liquor before it
enters the incenarator wherein it is converted into
scdium sulphide, under reducing atmosphere.

Our cHuent system

A study has been conducted by National Environ-
mental Engincering Research Institute, Nagpur, at our

- Mills.
Effluent is genrated in the follov.ing departments :

1) Bagasse preparation section

2) Digestion scction

3) Brown stock washing and screening section
4) Blecaching scct:on.
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5) Recovery section and utilities section
6) Paper machine section.

The characteristics of combind effluent will be as
follows:

TABLE—12
CHARACTERISTICS OF COMBINED EFFLUENT
Description Units Qty.
Flow Cu.M, Ton paper 401
pH i 6.3
Alkalinity Mg it 218
CO.D. ppm 1128
BO.D. ppm 340
Dissolved solids PpPm 716
Suspended solids ppm 648

The combined effluent is amenable for treatment by
standard methods : such as

1. Primary clarification combined with aeration
lagoon.

2. Primary clarification with secondary treatment by
trickling filter method

3. Primary clarification with secondary treatment by
activated sludge recirculation methed.

4. Any variation of above.

Treatment for colour removal is rather unwieldy
and expensive.

LAYOUT

A typical fayout plan for a 50 TPD paper will is
enclosed. The bagasse preparation plant, pulp mill
and paper machine can be located in one linc whereas
utilities, recovery section caa be located in adjacent
parallel kine.

The interdepartmental process plant and machinery
can be arranged as per the flow of materials in 3 sequ-
ential manner so as to avoid unwanted handling of raw
materials and usege of pipe lines. The storage and
handling of raw materials is located t0 reduce unf\e-
cessary handling and transport to their consumption
points.

The boiler house, and power plant is located adja-
cent to the pulping plant and paper machine section to
reduce the cost of yard piping, coal storage anfi
crushing will be located near the boilerhouse to facili-
1ate quick ard ¢2sy hardling. Ccntrol laberatory and'
workshop facilities are located well withun seach ¢l
main plant.

7




Ciflucnt treatment clarificrs and acration lagoons
be located taking advantage of topography and the
points where the treated effluent has to be finally letout.
Separate drains from  different sections must be
cnvisaged and combined effiuent can be taken to the
treatment plant preferably by gravity. Treated eflluent
will flow to ifs discharge points by gravity. Asphalted
roads with flow to its discharge points by gravity.
Asphalted roads wiil be provided within the mill
premises and to approach the mill area from the main
road.

Adequate area must be provided for future
expansion.

Direct causticization of black ligwor in digester

Direct causticization of black liquor in the
digester by adding lime solution, can be considered for
regeneration of caustic soda from sodium carbonate
solution, being formed during lignin separation in the
digester. Research work is already over and efforts to
take up mill trials are being planned.

Asto cawsticization of black liquor of Ferrite Process

Recent research work at CPPRI, Dehradun, has
paved the way of climinating the causticization of
sodiam carbonate to sodium hydroxide, by addition of
ferricoxide directly to the concentrated spent liquor
after evaporation and fired in a suitable furnace or
incenarator. Ferric oxide combine with sodium salt
and forms sodium, ferrite, which on hydrolysis reicases
sodium hydroxide soiution and ferric hydroxide as a
precipitate. The precipitated ferric hydroxide car be
regencrated as ferric oxide by directly passing hot air
over it. This may eventually eliminate the causticiating
section ard disposal of solid waste calcuim carbonate,
Mill trials are being planncd 1n our factory.

Application of RO UF Technoloay

Research work conducted at Indian Institute of
Technology, Bombay has proved that RO.UF techno-
logy can be successfully applied to reduce the effluent
load to the treatment piant considerably, by filtering
the black piant eflluents throush a semipermeable
membrane under pressure.  thereby increasing the
recycie of waste water within the system.  Rescarch
work is now being considcred in our Ml (o apply the
same principle to concentrate the spent liquor, thercby
saving the steam used for cviporation process.
Smokeless Briquetted Fucl from Pith

Pith. which 1s reiciocd during depithing has same
72

Heat value as bagassc. Dry pith can be burnt in
boilers, however, it i advantageous to convert Into
briquette form, so that its handling and burning will be
easier.

Dried pith, at a moisture content of 25-35%
undergoes partial pyrolysis or carbonisation. under
controlled condition. During this precess, quui:i‘ gases
ard solid char are produced. The gascs. being combu-
stible, are recycled & burnt to give the heat of pyrolysis
and hence no harmful pollutants would be discharged.
The char is then moister.d. mixd with suita ble binders
like clay and briquetted in 2 simple machine into any
convenient shape or size. These wet briquettes are

then dried by external source preferably waste heat
from flue gases,

Pilot plant work is undcr progress.
Financial aspects
Profitabilily cstlook
A profitability outlook has been worked for three

alternatives, mainly for the production ot quality prin-
ting and writing papers :

o1 35 TPD or 10,500 TPA
02 50 TPD or 15006 TPA
03 100 TPD or 30,000 TPA

The results are enclosed in the following table:

TABLE--13
PROFITABILITY OUTLOOK
TSI Description Units 1 2 3
No.
1. Capacity TPD 35 0 100
» TPA 10500 15600 3C000
2. Invesiment Rs Lakhs 1260 2475 34c0
3. Selling price of
paper-average Rs T 8759 8759 8759y
4. Less:Variable cost Rs.t 5193 4650 4444
5. Contribution » 3366 4109 4315
6. Less: Fixed over-
heads incl. intcrest
on short-teim loan ,, 1115 941 716.5
7. Profit " 2451 3168 33985
8. AnnualProfit Rs Lakhs 257.35 475.20 10795
9. Less:Depreciation ,, 7220 14182 309.43
10. Cash Profit " I55.15 33338 770.12
11. Less: Interest on
Long Term Loan-
average - 6630 13016 283199
12.PBT " 98.75 20382 436,13
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The financial analvsis is worked out on the current
cost prices of raw matcrials, chemicals and others.

The operating norms and input  requirements tor
the cost analysis is appended as Annexure 1.

Farnings and Profitability
The earnings and profitability are tabulated as
follows: —

TABLE—4
EARNINGS & PROFITABILITY

Conclusions :

Bagasse > a very sood raw material for pager.
because it aceds low chemicals for <ooking and bleach-
ing. low steam requirements lor cooking & lower power
requirements for stock refin'ng. It is zlso observed
that. high percentage of bagasse pulp in the fibre
furnish for paper production gives good sheet formation
and opacity with coniparable printable characteristics
for paper. Bleached bagasse pulp can be free of shives
and specks and can attain  high degree of brighiness.
without appreciable degradation of streagth properties.

St iption Units 35TPD  S0TPD 100TPD Various grades of paper  both in medium and light
No. - weights can be manufactured using high percentage of
0t ROI e 204201920 2000 bagasse pulp in the pulp furnish. For writing and
02 PBT: EQUITY °. 2366 21463 2534

03 BEP (Break-cven
point) ° 683 670 624
04 Pay back period

8 Years 7-74Yrs. 62-7Yrs.

Benefits :

Besides utilizing bagesse, a waste or surplus
marerial Of sugar industry tor the manufacture of
quality papers, which is in short supply. will lead to
potential social and cconomical benefit 10 areas
surroundi;.g; the lccation of the project.

printing paper, bagasse pulp can be used -p.o 86°;
g=ncrally.

Considering its patential availabilly, imporiance-
must be given to maximize the usage of bagasse for
paper manufacture.
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ANNEXURE-I )
OPERATING NORMS AND UNIT COSTS BY PRODUCTION LEVELS
Produc!iyn or servize units Units 1 2 3
1 PAPER
01 Daily Production T a5 50 100
02 Production pattern
Creamwove 56-60 gsm % 4) 40 40
Duplicating 70 % a0 30 30
Ledger Azure 70 % 30 30 30
03 Ash-Average on paper % 10 10 i0
C4  Pulp Requirement Average on paper e 91.5 91.5 9.5
05  Pulp furnish
Bagas<e pulp % 80 80 30
Waste paper pulp ) 7-: 2) 20 20
'. 06  Paper chemicals
Alum %4 3 5 5
Rosin . 0.8 0.8 0.8
Soapstone powder “r 10 10 10
I' €7 Packing matcrials )
Hessian m 218 215 215
Gum tape rolis No 0.¢ 0.3 0-5_
Jute twine Ky n.73 0.75 073
(Contd))
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Production or service vaits Units 1 2 3
08  Utilities on paper
Steam T 12 n n
Water M.cft. 0.018 0018 0018
Furnace oil L 130 h1] 50
2 INPUTSON PULP
62 Raw materials-yield
Bagaste-BD % 36 36 36
Paper cuttings % 90 90 90
Soapstone powder YA 50 50 50
03 Chemicals-canstic soda for conking
on Bagasse B.D. A 13 13 13
on UB Pulp Y 1.5 1.5 1.5
Chlorine for bleaching
As chlorine % 3 3 3
As Chlorine in bypo-chlorite % 3 3 3
Burnt lime for cansti-dizing and hypo prepn.
on Caustic soda % 130 130 130
on Chlorine io bypo chlorite  _ - yA 150 150 150
3 FUEL .
Coa! per tonoe of stcaro generated T 0.222 0.222 0.2
4 CHEMICAL RECOVERY
0)  Alkali Josses
Browno stock washer % 6.5 6.5 6.5
Evaporator % 1.0 1.0 1.0
Recovery furnaee % 200 15.0 6.0
Causticizers % 20 20 20
Miscellaneous % 0.5 0.5 0.5
Total losses % 30.0 25.0 15.0
02  Overali chemical recovery e 70.0 75.0 85.0
03 Purchased caustic per tonne of paper % 0.092 0.078 0.051
04 Recovery boiler steam generated per e 30 4.0 43

tonne of paper
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TABLE 2 UNITS COSTS

Production or Service Units Units 1 2 3
1. Paper Daily production T 35 50 100
Cost of sales-cx-factory incl. CED & Rs./T 8800 8800 8800
- Cess~ Cr. wove
Duplicating o 8600 8600 36C0
ledger wove i £900 8900 $900
Average - 8770 8770 87170
3. RAWDMATERIAL
Bagasse B.D. v 500 500 500
Paper cotting - 3684 3684 3684
Soapstone Powder - 549 540 540
4. CHEMICALS
Caustic sada . 6265 6265 6265
Liquid chlorine " 1825 1825 182¢
Burnt lime o 590 390 590
Alum " 1050 1050 1050
Rosin ” 11000 £ 1000 £100¢
Misc. Dyes & chemicals on paper " 50 50 50
5. FUEL
Coal v 425 423 2§
Furnace Oil Rs./KL 3030 3030 303¢
6. UTILITIES
Water Rs/M.C. ft 700 700 700
Power Rs.KWH 0.4 04 0.4
7. Packing cost
Incl- wrapper on paper Rs./T 180 180 189
8. Machine wires & Cloth on paper
Wires - 44 42 42
Felts and genl. stores » 95 95 95
9. REPAIRS & MAINTENANCE .
1acl. Spans, o 238 270 255
10. Selling expenses - 130 100 70
REFERENCE 4. Techno-economic evaluation of continuous drying
) . . of mill wet bagasse.
1. Seminar on Raw ma'tenals for tl;c paper industry —S. C. Bose/NIDC, New Delhi and
conducted by IPMA, January 1982. B. C. Rayachudhari/[IT. New Delhi
2 Non-wood plant fibre pulping—C.A. Report No, - 5. Practical aspects of paper making Sugar-by
- 491971 ) prodacts Seminar, Poona/Sept. 1981.
—Dr. Joseph E. Atchison. —T. K. Remalinga Setty et al
3. Indian Paper Industry’s case for bagasse, sugar 6.

by-products, Semrinar, Poona;Sept. 1981
—T. K. Ramalinga Setty, etal
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S pEscRIPTION S. DESCRIPTION S. CZSCRIPTION S DESCRPTION
No. No No. = No
1. Waste Paper Godown 15 Coat Fired Bosler 29 Swatch 8cars Room 43 Core m/c room
2 Waste Pager Puiping 16 Recovery Boder 30 Bagasse Storage Ares 44 Paper Godowns
3. 8agesse Trestment 17 MHypo Preparation 31 Siudge Drying Bed 45 Chenwcal preparation.
4. Bagasse Dgestion 18 Lime Alum Storage 32 Lagoon with Aerat 48 Bleach Pisnt Chests
6. Weshing 19 Causuzer Plant 33 Polshung Lagoon 47 Machine Chests
8. Screering 20 Power Boviers & Power Plant 34 Coal Pices 2 nos 48 Compressore
7. Blesching 21 General Siores 1 35 O Pump House. 4 Rok Gnnding room
8. Stock preparanon 22 General Stores 2 36 O Storage Tank 50 Engineering office.
9. Paper machine 23 Etfiuent Clanfier 37 Cost Geniry 51. Shite Liguor Tank
10. Fuwshing House 24 Eftivent Sump 38 Psoer Godown Distndutaion 52, Evaporasiors
11. Equots Rewinder & Cutter 25 Hydro Trestor 39 Paper Godown 53 Thwek hq tank
12. Firvsiung House 26 Reservorr & Pump House 40 Paper M/c spare panis S4 Black Lig tank
13 Paper Godown 27 300 KVA Transformer 41 Instrumenty workshop 55 Thin Lig tank
14 Chemical Preparstion 28 UKV/440 V Sub-stanon with OP 42 Eigctrical warkshop 56 Unblsached hgh density

TYPICAL LAYOUT 50 TPD

BAGASSE PAPER PLANT
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28 BAGASSE PULPING 2 ECONOMICS

same. Whole bagasse has the greatest solubility
in hot water and in alcobol-benzene mixture of
the three matenals.

F. ECONOMICS OC BAGASSE
PULPING
The economics of using bagassc fcr industnal

products rather than for fuel at the sugar mill
depends 10 a great extent upon the basic
purchase price of the bagasse plus the costs of
handling. transportation. and storage. Detailed
procedures for making bagasse available for
industrial use and the formulas used for pricing
the bagasse are included in the literature [14-18].
In many areas with large sugar mills and where
substitute fuels mzy b- plentifu! and their costs
favorable, large quantities of bag-sse can be
made available for the manufacture of paper.
pulp and other industrial products. This amount
depends upou: )

e An improved or high level of thermal efficien-
cy in the sugar mill whereby a surplus of
bagasse is created; and

@ The use of other fuels to replace bagasse in the
sugar mull boilers.

To provide for the greatest degree of flexibility

for operation of the boler house. it 1s preferable
to install adequate boiler capacity or to modify
custing badlers at the sugar mill to operate on
alternative fuel as well as on bagasse and pith.
This enables the sugar mill 10 bum any part of
the whole bagasse not required for the pulp mall
supply. as well as the pith returned to the sugar
mill from the moist depithing station. The
pnnaples of operation and the equipment
available fr moist depithing have been
described by Acchison [19].

Whether whole bagasse or moist depithed
bagasse 1s supphed by the sugar mill to the pulp
mull. the all-important factor in determining its
purchase price is the cost of alternative fuel.
Even surplus bagasse has a fuel value, as in most
cases it can be bumed at the sugar mill to
produce steam and generate surplus power for
the local utility grid. thereby replacing other fuel
or consening hvdroelectnic power.

The purchase of bagasse for individual uses is.
therefore. handled on 2 contract basis with the
individual sugar mills. These contracts provide
for the pulp mill 10 at least pay for the altemate
fuel. such as ail. gas. coal. hignite. etc.. required
by the sugar mill duning the gnnding season to

Table 18. Proximate chemical composition of commercially baled sugarcane bagasse and woods (oven-dry

basis).
L Cross &
Solubility in Bevan Alpha-
Alcohol Hot 1% Pento- Cellu- celiu-
Sourceand Crops Ash Benzense Water NaOH Lignin sans lose lose
Condition Year % % % % “~ L Y % %
Lockport, LA,
baled. stored
9 mos..
sound 1941 29 17 40 329 213 294 58 4 368
Stored 1937 18 17 - - 266 291 602 431
Stored, Sound 1940 63 40 91 b1 196 284 550 406
Houma, LA,
dned
mmediately,
baled,
represents
fresh
bagasse 1941 24 6.0 81 359 189 300 533 334
Clewnston_ FL,
freshly dned.
dry-screened 1948 22 35 112 399 181 285 520 37
Temperate
corvierous
woods - 10 - - - 26-30 10-15 - 40-45
Spruce - 05 24 36 139 276 106 600 394
Temperate
decduous
wo0ds - 10 - - - 18-25 20-25 - 38-49
Maple - 05 24 23 159 233 226 602 91

Source “Puip & Paper Prospects in Latn Amernca” p 256 United Natons. 1955, and data pubhished by the
U S D A Northern Regional Research Laboratory Peona IL
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replace the whole bagasse or moist depithed
hagasse leaving the sugar mill for delivery to the
pulp mill. Usually a small premium is paid to the
sugar mill in addition 1o the basic fuel replace-
ment value. This preméium might range from US
Sl 10 $2 per moisture-free ton of bagasse
purchased. depending upon whether the bagasse
15 purchased merely on a moisture-free basis or
on the basis of “fiber™ (motsture-free, water-
insoluble solids content as definea by the sugar
industry). In some cases. the sugar company may
require an additonal upchzrge for the invest-
ment cost of modifying the batlers to burn pith
and alternate fuel instead of whole bagasse.
Likewise. 2 rental charge might be made for
sugar mill lar:d used for installation of depithing
and handling equipment and for bagasse storage.

In actual practice. the purchase contract

BAGASSE FUEL VALUE 29

p- vides for a specific price for a ton of the
2 “fiber” (moisture-free. water insole? *»
plus the agreed-upon premium. In most

cas.s. the bagasse would also have been moist

depithed at the sugar mill so that the pulp mill

does not have to transport the pith and bum it.

Based upon worldwide experience over the many

vears that bagasse has been used for pulp. paper.

and paperboard. and the comparative boiler
efficiencies when burning bagasse versus other
fuels. it has been rather generally accepied that |

MT of fuel ol will replace 3 MT (oven-dry) of

fresh hagasse, (water insoluble basis) for stecam

generation.
These calculations are based on (uel oil having

a gross or higher calorific value of 10 000 kcal/kg

(18 000 BTU/Ib). Assuming 80% boiler efficien-

<y for the fuel vil flired boilers. we have an actual

Tabie 19. Proximale chemical composition of whole bagasse. bagasse fiber. and bagasse pith as relsed o

geographical sources (oven-dry basis).
Cross &
Solubility in Bevan  Alphs
Lig- Pento- Hot Alcohol % Celhu- cellu-
Crop Ash nin sans'®  Water Benzene NaOH lose lose *
Source  Variety Year % % % % L Y % % %
Whole Bagasse
Houma LA —_ 1941 24 189 300 88 60 359 533 334
Clewision
FL - 1948 22 381 279 12 108 399 520 a7
Hawan 8560 1952 54 213 277 57 32 339 502 k1N
Aguirre Aguirre
PR 19513 1952 39 181 296 80 54 273 509 301
Negros
Pi - 1952 23 223 318 28 30 313 56 8 349
Depithed Fiber
Houma LA - 1941 22 199 325 3¢ 20 05 590 367
Ciewiston
FL - 1948 20 191 309 45 26 312 604 388
Hawan 8560 1952 20 211 G7 24 kY 288 50 383
Aguirre Aquirre
PR 1951 1952 12 198 316 14 27 273 599 40.2
Negros
Pi - 1952 12 218 312 19 21 268 629 412
Bagasse Pith
Houma LA - 1941 63 180 307 34 29 36.2 525 306
Ciewiston
Fu - 1948 34 182 314 46 25 350 539 328
Hawan 8560 1952 33 200 330 15 21 308 535 315
Aguirre Aguirre :
PR 1951 952 32 188 319 213 29 303 539 326
liegros
P - 1952 26 225 332 36 27 362 554 349

Pentosans - turfural - factor 08

Corrected tor peniosans and agh basis onginal matenal
Saurce Pulp & Paper Prospecis in Lann Amenca o 294-314 United Nations. New York 1955 and

USDA
itren Circ ARS — 71-4 March 1955




30 BAGASSE FUEL VALUE & DEPITHING

heating value of 8000 kcal/kg. Fresh bagasse
“fiber™ (oven-dry. water insoluble basis. burned
a1 50% moisture) is assumed to have a higher or
gross calonific value of 4600 kcal/kg. The
bagasse boiler is assumed 10 cperate at 58%
efficiency. which is possible for well-equipped
boiler houses. when bumning 50% moisture
content bagasse. The actual effective heating
value will then be:

4600 X 0.58 = 2668 kcal/kg

The same types of relationships have been
developed when natural gas is the alternative fuel
used to replace the bagasse. For natural gas with
a gross calonific value of 9380 kcal/m' (1000
BTU/t'). this calculation shows that a metric
oo of bagasse “fiber™. when converied into

steam in the sugar mill bagasse-bumning boiler. .

would be equivalent to 374 m' (13 200 ft') of
natural gas. Itis interesting 1o note that a similar
relationship. namely that one short ton of
bagasse “fiber™ burned at 50% moisture content
is equivalent in steam production 10 12 000 ft' of
natural gas. was accepted for many years in
Louisiana starting with the carly contracts
between Ceiotex and the sugar companies. For
bitumnous coal of 2 gross calorific value of 6665
keal/kg (12 000 BTU/Ib). | MT of bagasse
“fiber™ is equivalem for steam production 1o
approximately 0.5 MT of coal.

Additionally. it should be pointed out that.
even if the sugar mill is paid for the whole
bagasse as it leaves the cane milling operatior on
the basis of the equivalent fuel replacemient value
only. it is more advantageous 1o the sugar mill to
use the alternative fuel. With natural gas or oil.
particularly, the boiler operation is improved
and labor and maintenance costs are lowered in
this area of the sugar mill. Even so. the sugar mill
is usually paid the above-mentioned premium
equivalent 10 US $1 10 §2 per metric ton of
bagasse “fiber™.

It is undersiood that the cost of the moist
depithing operations at the sugar mill. as well as
the handling and sorage of the moist depithed
hagasse. is not included in the basic purchase
prwe of the bagasse “fiber™. If the sugar mill
provides the depithing, handling. and storage

conts, In some cases, the pulp mill operates all of
these facilities on the sugar mill property and
remburses the sugar mill for any power. labor. or
maintenance services which the sugar mill might

furnish.
G. DEPITHING

The importance of depithin
' g bagasse before
uthzing it for the manufacture of pulp, paper.




BAGASSE STORAGE

Joseph Atchison reports on a new method for
storing bagasse, developed in Brazil, which could
have a big impact on pulp and papermakers,
reducing costs and improving quality.

Controlled fermentation is the key

UGAR AND ALCOHOL producer, Usina

Santa Lydia, based in Ribeirao
Preto, Sao Paolo, Brazil, is using a uni-
que process for treating, baling and
storing bagasse. Called Bagatex-20, it
involves the rapid drying of bagasse in
600-900-kg bales, down from 50 t0 20%
moisture content or less, using a bio-
chemical catalyst which accelerates, but
carefully controls, the micro-biological
fermentation of residual sugars in the
bagasse.

Ever since bagasse became an indus-
trial fibrous raw material in the 1920s,
its storage between the sugar cane harv-
esting seasons has been a major prob-
lem. In some cases, storage losses are
more than 30% of the bagasse weight.
Also, the bagasse quality deteriorates
until it becomes unuseable. Because of
its high moisture content and bulk, ba-
gasse has either been stored in dense
bales or piled in high dense stacks to
facilitate storage and handling, and to
reduce the storage space required. To
preserve the fiber properties, and to re-
duce storage losses, one of two condi-
tions must exist during the storage pe-
riod:
® The bagasse moisture content must
be below 20% so that micro-organisms
which damage the cellulose fiber can-
not live or become inactive, or
® The bagasse must be kept wet through
and through, or until its water holding
capacity is reached, which is at about
80% moisture content.

Efforts have concentrated upon
achieving one of these two conditions at
economic: cost. Developments have
tended towards controlling fermenta-
tion in the bagasse when it leaves the
sugar mill. Usina Santa Lydia started
its research in 1980. The aim was to
develop bagasse as an industrial fuel,
but it appears the research will also be-
nefit pulp and paper companies using
this raw material.

Raw bagasse, as it leaves the sugar
mill, has a high moisture content (509
and above) and a low density which

44

make it unsuitable as a fuel. It is subject
to rapid deterioration and has Jow-
energy production capabilities, so that
its safe supply and use are not feasible
for industries which operate all year
round. Handling, transportation and
storage costs are high, and operating
efficiency is low, leading to a short eco-
nomic radius of distribution (up to 30
km).

Bagasse treated by the
system can be stored for
more than 2 years without
fiber detesioration

Bagatex-20 is aimed at eliminating
these factors. Bagasse processed by the
new system has a far higher fuel value
than raw bagasse and can be stored for
more than 24 months without fiber
deterioration or serious losses. Year-
round distribution is possible, at dis-
tances up to 180 km.

Applications to the paper industry
Up to the present, all the work on

Bagatex-20 has been directed at its use
as a fuel. Since pith has practically the
same fuel value as fiber, there is no
advantage in depithing the bagasse be-
fore baling it. However, future devel-
opment will include moist depithing be-
fore the Bagatex-20 treatment process,
to attract potential markets in the pulp,
paper and board industry.

it i1s now generally agreed that for
good quality, it is essential to remove as
much pith as economically feasible be-
fore pulping the bagasse. New centrifu-
gal depithing methods have been intro-
duced, using high-speed horizontal or
vertical axis hammer mills surrounded
by a perforated screen. Regardless of
the storage method, it is desirable to
remove the pith—which amounts to
30-40% of the weight of the bagasse —
at the sugar mill when the bagasse is
50% dry.

This procedure results in appreciable
savings in handling, baling, or bulk
processing, transport and storage costs.
Furthermore, the purchaser does not
pay for the pith, but only for the partly
depithed fiber removed from the sugar
mill. Bagasse bales are more porous af-
ter removal of pith and fines, and this

Inthe Bagatex-20 process, 2 combina-
tion of the catalytic action of a bio-
chemical fluid mixed into the bagasse
and the dense bale appears tc create
favorable conditions for the develop-
ment of certain micro-organisms al-
ready present in the bagasse. This ac-
celerates an exothermic reaction in-
volving fermentation of the residual
sugar, gums, waxes, etc. _
The biochemical catalyst controls
the fermentation so that there is firsta
gradual temperature increace by the
action of the mesophilic microbes
which are most active at lower
temperatures. As the temperature

How the new process works

rises, and the pH decreases, the activ-
ity of the thermophilic microbes,
which are already present in the ba-
gasse, is stimulated, greatly accelerat-
ing the exothermic fermentation reac-
tion. During shis- period -there is
competition for food and the meso-
philic microbes are killed because the
thermophilic ones are more active.
The temperature increases rapidly
during the thermophilic stage, with
further lowering of the pH. By the
time the maximum temperature, and
the minimum pH are reached, on
about the 10th day, the food is ex-
hausted and most of the thermophilic

PPi-November 1986
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should further facilitate the release of
moisture, heat and acid fumes in the
controlled fermentation process.

When seleciing the best bagasse stor-
age and handling method for any par-
ticular puiping operation, many factors
must be considered. However, the trend
for several years in bagasse storage has
been toward wet bulk storage, with the
best method being the Ritter biological
pretreatment method which provides
controlled fermentation under anacerobic
conditions. These methods resuitin ex-
cellent preservation of the bagasse and
low losses in storage. Therefore, for
most grades of paper and paperboard,
except newsprint, where the sugar mill
is almost always huilt adjacent to the
pulpmill, it is likely that there would be
no advantage of the Bagatex-20 process
as compared to wet bulk storage.

On the other hand, there are certain
disadvantages to the wet bulk storage
system which might be overcome by use
of the Bagatex-20 process in specific
cases. These are as follows:
® The storage field construction and
the equipmem involved for wet bulk
storage are highly capital intensive and
large quantities of water are required.
® The bagasse remains at a low pH of
3.5-4 when using the Ritter process or
other methods of wet bulk storage.
Thus, all equipment for receiving and
handling the bagasse at the puilp mill,
including final wet depithing must be
made of stainless steel.
® Unless all of the water drained from
the wet bulk storage pile is recirculated,
the BOD of the waste effluent is exces-

microbes also dic. Even those which
survive initially, show extremely low
activity at low moisture content and
eventually die.

During the fermentation, also on
about the 10th day, the temperature
reaches 60-70°C in the core of the
bales and the pH drops from 7t0 2.8
or 3.0, as a result of the acids formed.
As the temperature rises, moisture is
expelled rapidly from the bagasse
through capillarity and is usually al-
ready down to 28 or 30% by the 10th
day. The high temperature reached
temains stable for an additional 10
days or more, and by the 20th day the
moisture content has been reduced to
20% or less.

PPi-November 1986
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sively high, thus requiring ex:ensive
acration in the waste effuent treatment
system.

For a new bagasse-based pulp mill,
even where the sugar mill and pulp mill
are adjacent, an economic analysis may
favor Bagatex-20 over wet bulk storage,
especially when water is in short supply,
the cost of power for pumping is high,
or there are strict regulations on efflu-
ents.

In cases where bagasse must be
transported to the pulp mill cver large

Bagasse processed by the
new system can be
stored for more than
24 months without fiber
deterioration or serious
losses. Year-round
distribution is possible.

distances, Bagatex-20 would have de-
cided advantages over other procedures.
Bagasse could be treated, baled, dried
and stored at the sugar mill during the
harvest, and transported to the pulp
mill as required. By allowing the ba-
gasse to dry, transport costs could be
considerably reduced compared with
hauling it bales at 50% moisture con-
tent.

Mechanical pulp poses special problems

Special problems exist when storing
bagasse for mechanical pulp produc-
tion. In addition to quality losses, prob-
lems relating to color and brightness
anse. Fresh from the sugar mill, and
following moist depithing, it is usually
light in colcr, with a brightness exceed-
ing 40° GE and sometimes as high as
45° if the cane is relatively clean. How-
ever, as fermentation proceeds, the ba-
gasse becomes dark and may lose 20 or
more degrees in brightness, bringing it
down 10 20° GE or below.

Since the brightness of the mechani-
cal pulp depends almost entirely on the
brightness of the depithed bagasse
reaching the refiners, this means that
with traditional storage methods, the
mechanical pulp will also have low
brightness when produced from stored
bagasse. The maximum brightness in-
crease which can be achieved using
peroxide or hydrosulphite bleaching, or
a combination of the two, is about 20°.

This means that if the stored bagasse
has a brightness of only 20-30° GE, the
maximum brightness which can be
achieved for the mechanical pulp will
be 40-50°, which is not adequate for
newsprint.

If, by proper storage methods, the
brightness of the bagasse can be main-
tained between 35 and 40° GE while
still maintaining a good open structure,
the mechanical pulp can then be bleach-
ed to 55 and 60° respectively, at which
bnightness it is acceptable for newsprint
production.

Based on observations of Bagatex-20
bales stored at Usina Santa Lydia, there
appears to be little loss of brightness as
a result of the catalytic treatment, bal-
ing, drying and storage. Bagatex-20
may prove ideal for storing bagasse
which is to be used for mechanical or
chemi-mechanical puip for newsprini.
The bagasse should first, however, be
well depithed, to remove approximately
40% of its weight, using depithers with
8 mm perforations inthe screen baskets.
This should also result in it being
cleaner and brighter going to the baler,
and should facilitate the drying process,
thus resulting in a superior raw material
for mechanical pulp production.

The temperature then begins to de-
cline gradually towards ambient.
However, the moisture content also
continues to decrease, and is usually
down to 15% after 30 days. Along
with the reduction in moisture, the
volatile reaction products, including
acetic acid, also escape from the bales,
and the pH gradually rises back to-
wards neutral so that there is no dam-
age to the fiber resulting from the con-
trolled fermentation.

As the drying progresses, the var-
ious microbes either die or become
completely inactive. Therefore -the
bales in effect become pasteurized
and, if kept under cover, they are pre-
served almost indefinitely, without
deterioration of the fiber.

Only a limited amount of chemical
testing has been carried out on the
Bagatexg20.hagassebefore baling and
after conditioning and storage, but re-
sults from laboratories in Brazil do
not reveal any appreciable loss of cel-
lulose, hemicellulose or lignin as a re-
sult of the process.

The author is president of Joseph E.
Atchison Consultants, New York, USA.
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PILOT PLANT EXPERIENCES
BY
GIRIS-BZ BAGASSE PULPING PROCESS

S. NOJIMA, K.UMEDA, T.SATO, M.YOSHINAGA

PROJECT ENGIREERING CENTER
HITACRI 20SEN CORPORATION
OSAKA, JAPAN

¥.KOBAYASHI

CHEMISTRY DEPARTMENT
GOVERMENT DNUUSTRIAL RESZARCH ‘INSTTTUTE, SHIROK
TAKAMATSU, JAPAN

ABSTRACT

A new pulping process for sugar cane
bagasse, GIRIS-HI process based on the
CTMP process, has been developed and a
pilot plant was constructed at Xanagawa
works of Hitachi Zosen Corporation.

From the results of these pilot plant
trials, The GIRIS-BZ process promises high
yield (80 -~ 90 8) pulp with remarkable
strength properties, low refining energy
consusption (1,000 - 1,300 kWh/AD pulp ton),

pulp brightness of 50 - 60 ¢ and low chemical

charge. Papermaking trails using a test
machine show the psper has good printablli-

ty and the suitability for use as a main com-

ponent of newsprint grade paper (a mixing
rate of 85 ¢ or more).

Purthermore, it is proved that the pulp
produced by the GIRIS-KZ process is suita-
ble for corrugatirg medium by the alterna-
tion of chemical pretreatment conditions.

INTRODUCTION

Bagasse, the residue obtained from
crushing sugar cane, is well known as one
of the most promising raw materials for
pulp and paper. Today, a number of bagasse
pulp and paper plants employing a chemical
pulpaing process are being operated in
various areas of the world.

Since a chemical pulping process is suited
for large acale production, it is more
advantageous only when an abundant supply
of bagasse is avaflable. Use of this
process also demands a large investment in
plant facilities.

Usually, the excess bagasse output from a
cane sugar mill is rather limited. There-
fore, there do not appear to be many loca-
tions suitable for bagasse pulp and paper
plants wvhich use a chemical pulping process
either now or in the foreseeable future.
Therefore, pulp and paper plants which allow
even the small scale production of paper
from bagasse at an economically feasible
rate are urgently needed.

In order to meet such needs, Bitachi
Zosen Corporation and Govermment Industrial
Research Institute, Shikoku have cooperated
to determine an improved nev pulping method
in hopes of discovering a process.

The process is simplified, requires a
smaller investment for the facilities, and
is appropriate for even the small scale
production.

Joint efforts have resulted in the success-
ful development of a new pulping process,
GIRIS-HI process, that enables the produc-
tion of high quality pulp suitable for use
as a main component for newsprint, writing,
printing, wrapping paper and corrugating
medium.

The GIRIS-HIZ process is based on the
CTMP process and a typical flow diagram is
shown in Fig. 1.

This process features mild chemical pre-
treatment prior to pressurized refining and
reject refining.

To further develop the GIRIS-HI process, a
pilot plant equipped with industrial pro-
duction sized equipment was constructed at

Kanagawa works of Hitachi Zosen Corporation _

in spring 1982, and various kinds of pulp-
ing trials were conducted during two years.

1Y



This pilot plant consists of machinery and
eguipment such as a depither with a 75 EP
motor, a horizontal steaming tube, 24" pres-
surized and atmospheric double revolving
disc refiners with each two 100 EP motors,

M a Kx-100 covan screen, and a #606-110?
centri-cleaner. The flow diagram of this
pilot plant is shown in Pig. 2.

This paper will describe the results of
the pilot plant trials and typical
bagasse pulp qualities and operation condi-
tions.

WEWSPRINT GRADE PAPER PRODUCTICN

At the clemical pretreatmsent, as a mix-
ture of NaOH and u,so, brought higher
brightness compared with the case of NaOB
only from the results of the previous
laboratory scale test (1) {2)(3), such com-
bination was used in the pilot plant trials.
Generally, for the pulp as a main component
for the newsprint grade paper, breaking
length i3 3 - 3.5 km, tear factor is about
70 an4 brightness is 50 § or more.

Tear factor of the bagasse pulp is rather
low, therefore, longfiber chemical pulp
is mixed into the bagasse pulp.

Pulp properties
- 7 It was found that the kind of bagasse

and a degree of the bagasse deterioration
affected the pulp qualities.

The optimum conditions for the bagasse
shown in table 1. were investigated.
Before pulping, each bagasse was depithed
50 § moisture and about 35 8 of
depither feed materials was rejected as
the pith fraction.

at approx.

The relationship between cheaical
charge and pulp strength at 120 sl CSP
level is shown in rig. 3.

Within a range of 2 - 4 ¢ as Na,0 chemical
charge, both tensile strength and tear
factor increase linearly with the increase
of chemical charge.

L‘.A,.;;,.x-_i-,.

Y

The cheaical charge needed very slight
amount in the case of using fresh bagasse
as a rav material to produce quality pulp,
but in the case of aged bagasse larger
amount of cheaicals needed to be added for
pulp strength properties.

Bowever, the increase of chemical addition
causes the drop in pulp brightness and
opacity (Fig. 4, Pig. 5). 1In addition to
this result, the pulping yield also de-
creased (Pig. 6).

As shown in Pig. 3, the chemical charge for
pretreatment was 3 - 4 § as lazo on depithed
bagasse up to 3 - 1.5 ka.

Typical pulping conditions and pulp
qualities for each bagasse to satisfy the
requiresent for the newsprint grade pulp
are showm in Table 2.

The fresh bagasses such as sample B and C
needed 3.3 - 3.4 8 chemical charge to gain
aboui 3 km breaking length, but aged bagasse
such as Sample A peeded 4 § cheamical charge.
In both cases, the pulping yield after
refining was approximately 80 - %0 8.

Refining enerqgy consumption

Energy reduction in refining is one of,
the most important problemas to be tackled
in the field of mechanical pulping process.
The energy consumption increased with the
drop of freeness level, and its tendency
was remarkable at 200 ml CSF below (Fig. 7).
The relationship between refining energy
consumption and chemical charge at 120 ml
CSF level is shown in Fig. 8.

It is seemed that the energy consumption
is affected by a degree of deterioration of
rav bagasse, the milling condition at the
sugar mill and a dagree of depithing.
However, at the chesical charge of 3 - 4
as leo, the refining energy consumption
was generally about 1000 - 1300 kWh/AD pulp
ton and was about half of softwond THMP.
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Effect on _thz two stage chemical pretreat-
ment

The increase of chamical charge cavses
the increase of pulp strength, but the
shive contents tend to increase.
It is assumed that this tendency is caused dy
the heterogenecus structure of bagasse
containing hard tissue and soft tissue.

The improved method of two stage chemical
treatment for depithed bagasse and screened
rejects has been developed to solve above
problems.

Consequently, this method was effected for
the reduction of shive contents and the
uniformity refining (Table 3).

lzcz Bleaching

In the GIRIS-HI process, bagasse pulp
wvas bleached by the conventional E
bleaching method.

The results of the bleaching trials are
shown in Fig. 9.

The brightness gain was nearly 10 - 15 § at
1.5 -3 uzoz addition and the brightness
of 50 § or more is obtained by one stage
nzoz bleaching (Table 2).

2°2

Papermaking trials

Papermaking trials weY¥ tonducted using
the fourdrinier paper machine with 450 mm
wvire width at Institute of Pulp and Paper
Industry, Shizuoka Prefecture.

The pulp furnish was bagasse pulp of 85 %
and softwood BKP of 15 § and clay of 5 &,
The results aindicate that the furnish has
sufficient strength to run easily on a
commercial basis on a hagh speed paper
machine (Table 4).

CORRUGATING MEDIUM GRADE PAPER PRODUCTION
The GIRIS-HI bagasse pulping process,
which has been developed for the newsprint
grade paper production, is also suitable to

produce the corrugating medium grade pulp
by the alternation of cheaical pretreatment
conditions.

The process alternated for producing the

corrugating sedium grade pulp festures as

follows.

. Chamical pretreatmcnt by NasOH only with
the chemical charge of 2.5 - 4 § as Na 0.

. Steaming conditions at high pressure of
5S-8 kglc-zc and long retention timse of
8 - 12 min._

. One (1) stage screening without cleaning
systea. 4

The pulp qualities produced by above
alternated process flov were higher than
those of TWP and nearly equal to those of
used corrugated boxes.

The refining energy consumption wvas sbout
300 kWh/AD pulp toa.

Tne typical pulp properties are shown in
Table S.

CONCLUS ION

These pilot plant trials -were basically
carried out with the aia of manufacturing
the newsprint grade paper.

The results of these trials by the

GIRIS-HZ process were as follows.

. Lowv chemical charge of 3 - 4 ¢ as u.zo.

. Breaking length of 3 - 3.5 km

. Refining energy conswmmption of 1,000 -
1,300 kWh/AD puip ton.

. Pulping yield after refining of 50 - 90 V.
. Pulp brightness of about 50 ¢ and opacity
of about 85 t after peroxide bleaching.

. The newvsprint sample made of the furnish
of 85 § bleached bagasse C-THP, 15 §
softwood BKP and 5 % ratained clay with
the paper machine trial showed the well
balanced qualities on strength and
opacity.

Consequently, it is concluded that the
GIRIS-HZ bagasse pulping process would be
suitable"to producing a main component pulp
for newsprint grade paper (s mixing rate
of 85 ¢ or more).




Purthermore, it is proved that the pulp
produced by the GIRIS-BZ process is aleso
suitable for corrugating medius by the
alternation of chemical pretreatment
conditions.
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Table 1 Raw bagasse comditions

. Sample District Conditions
Mo. Appesrance | Moisture contents Remarks
A Iadoassia Bale state | Approx. 15 ¢ Color;: Yellow
» Japan Bulk state Approx. 25 ¢ %o deterioration
c Paxi ik $light deterioration
istaa . .
state Approx. 10 ¢ Color; light brown
| Thailand Bulk state | Approx. 18 8 Slight deterioratioa
E India Bale state | Approx. 15 0 Color; yellow

Table 2 Typical pulping conditions and pulp properties

}—Rav Dagassc Mo, B < A i)

Furnish ’
Bagasse pulp 100 [ } 100 85 100 8s 100 8s
Softwood BKP 15 15 15 1s

Chesical charge 3.4 3.3 4.0 3.6
(as luz5 [}]

Pulp properties

Breaking lengtnh (k=) 1.2 3.3 2.9 3.1 3.0 3.2 2.9 3.1

Tear factor 58 80 & 82 ss 78 7 %0

Unbleached pulp 40 34 3s .96

braghtness (s)

Slesched pulp 1 S0 4 46 49 a8 50 4?

brightness )

Opacity (Sog/m2}(v) | 82 88 (T 90 0 1 84 1
° Remarks; 1) The softwood BKP was blended after beating tc a 600mICSF.

2) The mixed pulp was dyed prior to sheet tormation.
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Table 3 ﬂtmat—mmm

one (1) P Table § Papermaking trials
chenical chanical
pretreatmsat pretreataent Rav bagasse ¥o. a [
ical on . 2
Basis waight, (§7e°) $3.6 $1.2
as 8) 3
Deasit (-3 e.5¢8 0.64
Sopithed-baganse 3.6 2.2 Y. o/
Screes geject [ 1.4 Bresking leagth, WD 4.6 4.1
(km)

FJI_M co 2.6 2.8
fresnsss, (a} CSP) 108 120 Tear factor. [ s8° 57
B . .

‘=7u| length 3.3 3.8 oo €) 62
Tear facteor s S
Brightaess, (8) 56.5 46.8
Shives .73 0.3%
(Somsrville. V) Opacity, (%) 88.5 86.4

Table S Typical GIRIS~KLI bagasse pulp for
corrugating sedius

Bagaase Sagasse Used Corrugated
cwe ™ Boxes
Preeneess (al CSP) 400 400 440
Breaking length (ka) 2.8 1.6 3.2
Burst factor 17 L 16
Tear factor 80 [ 5] 103
CNT tactor 15.5% 10.0 11.3
RC tactor 15.0 11.0 4.0

L g v NS - L. - e THTiasme mr imm wer e L ame . o mie we m emmrmrreer v e - e w s ne
P . | |
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Manufacture of corrugating medium
paper utilising 100% bagasse furnish

RANGAN S. G.*

SUMMARY

There have been several doubts expressed regarding the possibility of making good corrugating
medium paper from a turnish comprising of cent percent bagasse puip This paper explores the
possibility of manufacture of the above variety of paper using oaly bagasse pulp and a process
working sausfactonly in a mill in Cuba for the manufacture of this vanety of paper is described.
The author had the opportunity 10 visit this Cuban mill in 1965, 1968 and 1981.

Paper used for corrugating medium is defined as
a paper (but generally classiSed as paper board) of
0225 mm (0.¢09 inches) in thickness-often known
as @ point but sometimes thicker to form the corru-
gated cushioning layer(s) in corrugated board and
siagle faced corrugated wrapping.

To perform properly fiuting medium must be
able to accept the stresses and strains imposed on it
during ity passage into the corrugating laybrinth
and be capable of quickly moulding to ths flute
coptour of the corrugator rolls, A major require-
mient in this respect is ready ability of the fluting to
accept heat and moisture. A bigh moistere content
in the web facilitates forming of the flutes and also
helps in eveniy distributing finre net work thrcugh-
out the sheet. Certain pulps have potential capabi-
lity 1o produce a more regular, sheet formztion and
praofile, than othsrs. '

Common fibrous raw materials used in fluting
manufacture in decreasing order of purity are hard-
woods, sofiwoods, bamboc, straw (agricultural
residues), bagasse (suga: cane) box shop wasie
(corrugated board trim etc.) and mixed waste paper.
Whetber it is made from wood furnish, straw or
from secondary fibre the singularly important
property of fluting medium is *‘does it run well on
the corrugated board machine 7"

The corrugated medium paper is usually made on
a Fourdrinier machine, but not necessarily and from
a variety of fibre furnishes. The majority of fluting
is made from semi-chemical wood pulp. (But straw,
bagasse, reeds and waste paper grades are very
common raw materials in a number of countries).

16

Fluting medium when made from straw pulp
is termed “'Schrenz™ and when made from waste
papsr is termed *"Bogus’.

Typical streng:h propertics of corrugating medium
paper are given in Apoexure },

Process suggested for making corrugating medium
from 1009, bagasse

Fibre preparation

50%, moist bagasse is screened in rotary drums
or vibrating screens in sugar mills itself to remcve
as much pith as possible. The separated pith can be
mixed with bagasse and buent in boilers or otherwise
dicposed off. The partially depithed bagasse <an ke
baled and stored in sugar mills” yard til moistsre
comes down to at least 357, (1o reduce transport
cost). If the paper mill is located nearby it can be
trasported to (Paper) mills storage yard ard stacked.
Depitbing at paper mills

Wet depithing using a hydrapulper is the best
method of depithing bagasss frem the point of view
of minimum dust nuisance and fibre damage. Nece-
ssary quantity of pitb aiso gets removed without
much fibre loss. The bales ure fed 10 the bvdra-
pulper and with addition of water to maintain 2
consistency of 3% the pith gets loosened aimost
instantaneously. A retention time of 4-5 minuies
should suffice. 1t will be ideal if the depithed fibre
contains 12-157] pith only and pith does not contain
more than 10-155, fibre. Any further attempt 10
depith damages the fibre and.results in more fibre
loss.

*Sehsasavee Paper and Boards Limined., ERODE 638007
TAMILNADU,

IPPTA Vol . 20. No. 1 March 19F7




ANNEXURE—1
Properties of fluting Medium from N S S C. Waste Paper and Straw

Quality N S S C Fluting Waste Paper Straw
Grammage g/m* 108 1s 135 163 125 122 170 125
Thickpess mm 0.208 0.216 0.263 0.298 90219 0.233 0.311 ons
Bulk, Cm®kg 1.926 1.878 1.948 1.828 1.752 1910 1.829 1.741
Breaking Length, m: -

Machine Direc:ion 7.200 7,100 6.£00 6,300 2,800 4900 3.600 3,50
Cross Direction 2,2C0 2,500 2,500 2,500 1,50 2402 1,700 2,000

Elongation, %:

Machine Direction 1.8 1.4 1.6 1.7 1.6 2.8 1.2 1.7
Cross Direction 24 2.6 2.6 2.5 2.5 4.6 3.1 2.2
Burst Mullen, kg/cm* 34 3.7 3.9 4.5 1.8 34 2.8 2.
Tear Factor, Thwing-

Elemendorf: Machine

Direction 56 56 69 56 66 88 82 37
Cross Dsirection 79 77 77 80 73 93 94 67
Ring Crush Test. Ib : :

Machine Direction 42 51 71 86 30 43 34 18
Cross Direction 30 37 46 60 25 35 39 32
CMTy b 45 50 58 €9 27 42 33 34

Digestion cycle

Theoretically. for agricultural residues, only
rapid continuous digesters are rmost suitable in view
of the low bulk density-3 kg/cft. However by adop-
ting mzchanisation  and controlling digestion
cycle, capacity of puiping can be maximised even
from spherical digesters. Loading should be done by
belt conveyors as fast as possible-covking time
should not exzeed 90 minutes for corrugating
medium in a 12" dia rotary spherical digester.

Filling 40 minutes
Liquor charging o
Raising to pressure 40 .
Cooking time 60 "
Discharging or blowing 30 .
200 ,,

This cyclz is followed in “PAPELERA DAMU-
GHEE"’ a paper mill in Cuba located 400 km soutb
of Havana.

Thus from one spherical digester 7 charges
should be had anc under slack conditions minimum
6 charges should be done. Per charge at least 2 ton-
nes of pulp at 5359, vield is obtained. (3 tonnes of
actual weight of bagasse at 20%; moisiure amouniing

IPPTA Vo! 20 No. 1. March 1°83

to a charging of 4 tonnes of B.D. material). 12 tonnes
of good pulp for corrugating medium can be obtai-
ned from each spherical digester.

Cooking conditions for corrugating medium

Pressure 60 — 80 Ib/sq- inch

Total active ) 10-12}, on B. D.

alkali as NaOH ) fibre.
(to be decided afier 1rials)

Strength of ) 45 gpl.

cooking Liquor )

(to be adjusted to get a tath ratio of 1:4)
Cookiong time 30-60 mioutes
Residual alkali )
in black liquor ) 3 gpl.

Though neutral suiphite semi chemical puiping
is most ideally suited for manufacture of corrugating
medivm paper, there is no harm in using caustic for
cooking (Soda Process).

Washing of pulp

i) The pulp can be washed on a washing drum in
a poicber having a bresker and washing drum
below the rotary degester

ji) the pulp can be blown to a blow tank

i) after blow tank, it is important that the fibre
bundles are defibrated in a cenical or disc

1o
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refiner or breaker at d4-5%; consistency and
washed well by passing the pulp through a
screw press.

No screening is needed for this type of paper.
Stock Preparation

The freeness of the unblcached pulp cao be raised
from 25°SR to 32°SR by passing through a brushiog
refiner before paper machine.

Development of freeness at different points can
bz as follows:—

After blow pit 22° SR

After disc refining 25° SR

After paper machine )  30°SR-32°SR
brushing refiner

Head Box 35° SR—40° SR

The physical test properties of corrugating
medium paper made in ‘PAPELERA DAMUGHEE'
Cuba from 1009, bagasse furnish are as follows:—

Substance
Thickoess (caliper)
Bursting strength

170 gsm
12.6 thou.
65 1bs/sq. inch.

Burst factor 25
Tear factor 98
Breaking length 4280 meters in M.D.

2769 meters in C.D.
3520 meters (average)

Tear strength 20 1bs
Tensile strength 241 1bs’'15mm
width io C. D.

(tested in Szshasayee Paper Mills Laboratory)

Flat crush could not be tested- The Cuban
Ppaper tecnoologists say that this quality corrugatiog
medium paper has good export market in their
country.

Tbe above process for making corrugating
medium is in vogue in “PArcLERA DAMUGHEE”
a mill started in 1962 with old machines fabricaied
and assembled ie Cuba itself. This is probably the
only mill in the World specialising in corrugating
medium paper from 1007, bagasse furnish.

A flow chart for bagasse pulping followed 1at he
above mili is enclosed.

FLOW CHART FOR CORRUGATING MEDILM

N PAPELER A DAmuGHEE CUBA
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EXPERIENCES OF BAGASSE PULPING WITH RAPID CONTINUOUS DIGESTER.

K S Krishnamachari, Chief Chemist

S G Rangan, Dy General Manager (Technical)
N Ravindranathan, General Manager
Seshasayee Paper & Boards Ltd

Erode-638 007, India

ABSTRACT

-

Bagasse is a valusble raw material for pulp and paper manufacture if pith is removed effectively.'’

The depithed bagasse contains 55% useful cellulose.

Pulping depithed bagasse in a rapid

continuous digester gives pulp of acceptable guality with good strength properties in a shorter

tise cycle.

INTRODUCTION

In a tropical country like India, the
availability of long fibred soft woods are
scarce, as the forest area having conifers
account only for about 5% of total forest
area and that too is situated in inaccessi-
ble regions and is economically unexploita-
ble.

In 1959, when the proposal to set up

a2 paper mill was first mooted by SPB, an
intensive survey was carried out in Tamil
Nadu to estimate the suystained annual yleld
of bamboo. The survey disclosed that the
tvailability of bamboo after meeting domes-
tic demands would hardly be adequate to
sustain a mill rated to produce 60 tonnes
g:per daily and that therefore the mill to

set up should be designed to process not
only bamboo but also other substitutes
known to yield pulp of acceptable character-
istics. Hence, recourse to sugarcane
bagasse as a partial substitute for bamboo
became inevitable.

CHARACTERISTICS OF BAGASSE

Bagasse is diverse in composition from
ther pulping materials in that it consists
of two heterogeneous fractions - fiber and
Pith., Pith is characterised by :ts dust :
form and is composed of paranchyma cells.
Scayse of 1ts small dimensions, non-fibrous
Mysical nature and close sssociation with
irt, pith cannot be converted into a satis-
factorv pulp inspite of its resemblance to
the fibre in chemical composition.
utely, pith content in B.D bagasse is
Stween 30-25% and moisture content is
“ttween 40-50% as it comes from sugar mill
Mter the extraction of juice. The cellu-
%e content in bagasse {s comparable with
ther conventional raw materials. If pith
:‘ removed, the useful cellulose content
" bagasse will be about 55%. The lignin
ntent in bajasse is sround 19-20% lower
han that of hard woods. The pentosan

Approx i~ .

The experjence of Seshasayee Paper 8 Boards, (SPB), India, in pulping of bagasse in
rapid continuous digester is described in detail.

content in bagasse is higher than that of
hard woods, but after depithing, much

of the hemicellulose is removed and the
pentosan content is reduced to 20-25%
which is very close to that of hard woods.
Ash content in bacasse is one of the
lowest in grass fibres. The depithed
bagasse contains 1 - 1.5% ash. The fibre
length of bagasse is around 1.7 mm. Thus
bagasse proves to be a suitable fibrous
raw material for pulping (1).

A bamboo/bagasse based integrated pulr
and paper mill of 20,000 t/annum capacity
was planned by SPB. Trials conducted
r~vealed that bamboo is an ideal fibre
blend for bagasse pulp in any desired pro-
portion depending upon the grade : ~ paper
to be manufactured 3as bamboo is a long
fibred raw material.

CHOICE OF RAPID CONTINUOUS DIGESTION

Conventional type of digesters used
for wood or bamboo are not suitable for
bagasse as liquor circulation is not satis-
factory in the latter part o cooking.
Cooking liguor is readily absorbed by
bagasse and considerably higher liquar
to fibre ratio would be required to have
a2 reasonably good circulation.

Over the years the trend towards
greater utilisation of bagasse has gained
tremendous impetus. Parallel to these
fast moving developments, there has been
amazing development towards continuous
pulping, with special emphasis on rapid
continuous pulping. By rapid pulping is
meant, total cooking cycles of 5 - 25
mir.utes, which are almost unbelievable in
the past, when traditional cooking by
batch process required a total cycle of
2 = 12 hours (2). This is due tc the
discovery that the long cooking times
traditionally used for agricultural fibres
and in particular to bagasse were complete-
ly unnecessary. In fact these long
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cooking times have been found to be detri-
mental to the quality of the pulp. Further,
shorter cooking times have resulted in lower
chemical and steam costs. Because of the
bulky nature of these agricultural residues,
capacities of the traditional tatch digesters
have been low and high liquor to solid ratios
for uniform pulping posed problems in spent
liquor recovery.

Despite certain disacdvantages with the
rapid continuous digestion system, it has
become aT because of greater advanta-
ges like the flexibility of allowing produ-
ction of different types of pulp with short
changeover time, shorter cooking time,
lower chemical and steam costs.

SPB is the first mill in the world to
set up a rapid continuous digester in
1961-62 for chemical pulp from bamboo as
well as from bagasse in the same equipment.

After a detailed study of all alterna-
tives open, it was decided to incorporate
the following essential features for setting
up the plant.

a) To raise steam for sugar mill
in oil fired boilers in replace-
ment of steam produced by use
of bagasse as fuel.

b) Primary depithing in Horkels at
the sugar mill and baling there-
after the depithed bagasse. The
pith removed is to be sent back
for reburning in bagasse fired
boilers.

c) TIransport of partially depithed
bagasse and storage at paper mill
instead of at sugar mill.

d) Secondary depithing in Horkels
after the bagasse has dried by
exposuTe and burning resultant
pith in admixture with bamboo
dust in paper mill boilers.

e) Processing of bamboo and bag.sse
in one stream in regular
sequence., This was decided upon
as processing in two independent
streams would have called for
duplication of equipment and
entailed a very heavy capital
outlay. The natural corollary
of this decision was the installa-
tion of a continuous digester
for preparation of pulp both from
bamboo and bagasse.

Table 1 gives the proximate analysis
of bagasse available from the nearby
sugar mill.

62 / TAPPI Proceedings

s1 Whole Depithed
No Particulars bagasse bagasse
1l Moisture 52.0 -
2 Ash 2.1 -
3 Solubility in 18.1 -
hot water
4 Solubility in
1% Na OH 26.0 -
S5 Solubility in
Alcohol Benzene 1.1 -
6 Pentosans 23.9 -
7 Lignin 18.8 -
8 C and B Cellulose 55.2 -
9 Pith and fines 32.6 19.0

10 - Fibre/pith ratio 100:61.2 100:27.6

Table 1 : Proximate analysis of bagasse

DEPITHING AT SUGAR MILLS

It was planned to remove maximum amount
of pith before pulping to obtain good
quality pulp from bagasse. In order to
accomplish this in the most economical
manner, a large depithing installation
was needed at the sugar mill.

Before the bagasse could be diverted
to pulp production from its former use as
fuel in the sugar mill, two modern oil-fired
boilers were installed to raise the required
steam. Iwo of the old bagasse-fired boilers
were kept in readiness to burn the pith
in emergencies.

No difficulty was encountered in burn-
ing the pith. The combustion was quite
satisfactory in the old bagasse boilers as
long as enough air was supplied from under-
neath so that the pith would burn in sus-
pension. The efficiency obtained was
quite satisfactory and compared favourably
with that obtained burning whole bagasse.

The total quantity of bagasse coming
from the sugar mill tandems was passed
through two "Horkel® depithing machines.
The machine and process developed at
Louisiana State University by Paul M. Hortot
and Keller appeared to answer the require-
ments for a3 successful depithing operation:
The machine is a2 modified swing-hammer mill
which could be operated either "dry" or
*wet”. The bagasse from the sugar mill ca?
be fed into one end of the machine and
travel across the tips of the rotor hammers
during which time it gets subjected to a
beating and combing action. The pith and
dirt loosened by that action falls or is
dragged around the hammer circle and
forced out through a perforated plate whic?




closes the lower half of the rotor circle.
The depithed fibre passes out of the end
of the machine to another similar unit for
oylet® processing or to storage.

The separated pith went directly to the
converted boilers, and the separated fibre
was conveyed to baling machines. The pith
was burned in the boilers with a moisture of
nearly 50 per cent.

ADVANTAGES IN DEPITHING THE
WHOLE BAGASSE AT SUCAR MIilS

(i) By removing a high proportion of the
pith at the sugar mill, the sugar
factory can burn pith as fuel. The
cost of replacement fuel was reduced
accordingly and the pulp =nill was not
charged with the undesirable pith which
it cannot use.

(ii) Baling costs per ton of useable fibre

were reduced by the absence of the

pith and dirt.

{iil) Handling costs drop, because more fibre
was handled per man-hour when the bales
were formed of depithed bagasse.

(iv) Freight charges go down if each ton of
bagasse transported was more pure fibre
and less pith and dirt.

(v) A pulp mill digecter charged with a ton
of depithed bagasse will yield approxi-
mately 20 per cent more paper-aaking
pulp than one charged with undepithed
bagasse. Most of the pith in the whole
bagasse »erely dissolves out in the
digester or forms undesirable products
which must be removed later in the
process.

Comparative tests have shown that sub-
stantial savings were possible through
depithing at the sugar mill. The cost of
baling was much lower in 1963-69 as compared
to the cost of transportation. Hence de-
?ithed bagasse was baled and transported.

BAGASSE_STORAGE

Since the normal grinding season in
the sugar mill was 150-250 days, it became
fecessary to store large quantities of
bigasse to provide for the operation of the
ulp mill the whole year round. This re-
Suired considerable space.

The losses in the stored bagasse
USually run between 5 and 10%, depending
Minly on the local climate. Whether or not
he storage pilles should be covered was an
*conomical decision to be made. In recent
Years, the idea of bulk storage has recei-
Yed 3 considerable amount of attention and
?"Y companies have investigated the possi-
1it{es of its use. SPB stored the baled
¥9asse in uncovered stacks. The whole
torage area was carefully graded so as to
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providc'nlturll drainage during heavy rains
and equipped with an up-to date fire fight-
ing systea.

The only additional requireament from
the fire insurance company was to keep the
piles at a maximum size of 1000 tonnes of
even dry bagiasse per pile, and to keep the
space between piles at no less than 75 ft
end to end and 120 ft side to side (3)

PULP MILL OPERATION
BAGASSE FIPRE }REPARAIION IN THE PULP MILL:

Normally, bagasse was received at the
pulp mill in bales during the storage seasa
and, in order to obtain a good clean pulp,
2 secondary depithing was necessary.

Secondary depithing by the °"wet”
method was now considered essential in orde:
to obt2in a clean fibre, higher yield and
low cheamical consumption. In some mills,
due to special local conditions, 2 secon-
dary wet system 1s not practical. In that
case, a secondary °*dry”® depithing was re-
comnended. Secondary dry depithing is by
no means equivalent to the wet depithing
and does not provide the same "cleanliness”
in the fibre. Nevertheless, it is re-
commended in all cases where wet depithing
was not possible.

At SPB, two Horkel dry depithing
equipaent were installed for secondary
depithing.

PULPING

After a comprehensive study of all
digestion systeas available, a2 Pandia
continuous digester was selected for pulp-
ing the bagasse. The decision was based
on satisfying the needs of pulp quality,
control of cooking conditions, minimum
building space, and low investment cost.
The pulp obtained from this system was of
2 very uniform quality; yield was high,
and steam requirements were low. The
consumption of raw material, steam and
power, and liquor was uniform. The two-
tube digester was designed for a capacity
of 60 tons per day.

It was found that the fast cook provi-
ded by this equipment was quite satisfa-
ctory and gave a pulp of acceptable quality.

COOKING OF BAGASSE IN RAPID
CONTINDOUS DIGESTER

The cleaned bagasse is transported by
an inclined slat conveyor to the Pandia
continuous digester., Ahead of the Pandia
digester there is a paddle mixer which
Teceives the bagasse and acts as 3 shredder,
From the paddle mixer the bagasse is fed
through a vertical chute to the screw
feeder mechanism of the Pandia unit. The
screw feeder helps in further squeezing of

1981 Puiping Conference / 63




i
NP
~
B

b 1§ ! /4 ?
i 4 E
! /4 . L
! //
1 /4 apepuas '
i /) CwacTIon jcerw N -

//} 2 - SITR Ty

|~ STOtAEL em 3
‘ . e, -
1 5 _apn..n
| Yoo =g

/i 14 »

3

/ bl LS /wm-
SONTIOU; OwGEITER SCnargy

Pulping bagasse in Pandia continuous

_m;stu'.
water from bagasse. Considerable quantity operating in series. Cooking liquor is
of water solubles as well as ~.th are injected in the high pressure zone at the
removed along with the squeezed out water entry of the digester along with steam.
through the perforated throat of the screw The screw conveyor in the first tube is
feeder. During the process of squeezing out, usually of the mixing type to ensure uni-
the bagasse attains a dryness of about 40% form heat transfer, for uniform pulping.
and forms a plug to prevent escape of steam The cooking of bagasse proceeds as the
from the cooking zone. Besides the plug bagasse is carried from the first tube
formed by bagasse, a blow back valve has to the second tube, Both the tubes are
been provided to closely control the escape equipped with variable speed drives so
of steam from the digestion zone (4). that the retention of bagasse in the
cooking zone can be adjusted suitably

The operation of transporting con- depending on the quality of pulp required.
veyors, screw feeder, blow back valve, both
the Pandia tubes and the discharger which - Cooking of bagasse is carried out
{s electrically interlocked is controlled at a pressure of 80-100 psi using 12 - 148
from a3 central panel so that if there is Na OH (Soda Pulping) and with cooking time
any interruption in any unit operation, of 10-12 minutes. Fibre to liquor ratio
the entire system trips off. The Pandis inside the tube is maintained between
digester at SPB consists of two horizontal 1:3.% to 1:3. Concentration of cooking
tubes each having a length of 39' 10* and liquor is kept at 4-6X. The pulp produ-
dia of 42° with tioe control screw, having ced under these conditions is soft and
notched flies driven by variable speed easily bleachable. The permanganate
drives. Two 16° dia screw feeders, one for No of pulp is 9-11 having an initial
bagasse and another for bamboo/wood with slowness of about 23-259SR. The unblea-
slug pipe, throat inlet chamber and tee ched yield of pulp on depithed bagasse
piece are provided. This continuous is 42-44X.
digester has two tubes fitted with 30 .
flight l4® pitch time screws. The screw ’ The free residual alkali is maintain®
feeders are 16" at start and ends at 12%° around 8-10 gpl Na OH per litre in the
with a length of 54°. 18° dia discharger spent liquor which is found to be optimus
with a 1 - 1/3° orifice valve is providec. for satisfactory washing of the pulp ard
A blow back valve with a 3' stroke piston subsequent recovery operations. If free
works as » safety valve. The horizontal residual alkali falls below this level,
Pandia tubes are located one over the other the filterability of brown stock 1is
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adversely affected. High free residual
alkali prewvents precipitation of lignin
and lowers the viscosity of the thick black
liquor. Compared to bamboo black liquor,
bagasse black liquor is more viscous.
However this does not cause any serious
problem as the Weak Black Liquor from
bagasse pulping is mixed properly with
Weak Black liquor obtained from bamboo
pulping.

The cooking conditions (time and per
cent caustic) vary consicerably lspending
o the type of pulp oeing produced. The
permanganate number was as low as nine,
when making high quality bleached pulp
from bagasse.

For the operation of the camplete
Pandia system including control of the
feeding conveyors, pre-imprecnation, contra
panel, sampling, liquor preparation, and
control of auxiliary equipment, only one
skilled operator and two helpers were needed
per shift.

WASHING, SCREENING AND BLEACHING

Washing is done in a 8' dia 10' face
size 3 stage brown stock washers with
shredders and repulpers. The screening
of the washed pulp is done in Trimbey
screens and Vorject centricleaners. Bleach-
ing plant consists of 4 filters of 8' dia,
10' face with CEHH sequence, with heater
mivers and retention towers. Bleaching of

bagasse pulp is carried out separately
and then only blended in stock preparatig
plant along with bamboo/wood pulp.
Bagasse pulp can be easily bleached to
a2 brightness level of 75.78X with 6-8%
chlorine. The bleached pulp has a free-
ness of 400-450CSF. The bleaching loss®
is around 8 per cent.

CHARACTERISTICS OF BAGASSE PULP

. Properties of unbleached and bleack:
pulp made with rapid continuous digester
evaluated in lampen mill for 15,000
revolutions are given in Table 2. Phy-
sical strength properties are good excepl
tearing strength which is low.

Bagasse pulp cooked in rapid conti-
nuous digester can be mixed with bamboo/
woad pulp in any desired oroportion and
3lmost all grades of paper are produced.
When bagasse pulp is mixed with bleached
basboo pulp, it has been proved beyond
doubt that varnishability, surface oil
absorption and wax pick improve with
the increase in percent2ge of bagasse
fibres in the furnish ().

Almost all varieties of paper like
writing and printing, posters, tissues,
napkin, wrapper and coated paper can
be manufactured using various furnish
mix and certain crades of paper can be
made from 100% bagass pulp (6). Proper-
ties of different varjeties of paper made
with different proportions of bleached
bagasse pulp are given in Table 3.

Unbleached bagasse pulp

Bleached bagasse pulp

H
No LR BF TF BL OF R BF TF BL DF
Ini- Fin- H Ini- Fin-
tial al E tial al
T —
33.0 45.0 43.3 48,3 5757 195 § 31.0 39.0 33.6 35.4 6012 72
35.2 43.4 45,6 48.3 6583 225 E 34.0 45.5 40.8 42.9 6115 S0
29.0 42.0 46.1 49.1 6lla 282 E 35.0 48.2  35.4 33.9 5787 47
H
! ——
BF : Burst Factor TF: Tear Factor BL: Breaking length DF: Double Folds
Table 2 : Laboratory evaluation of Unbleached and Gleached bagasse pulp.
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Quality Substance Burst Tear Breaking Double Remarks
9/ Factor Factor Length (Avg) Folds
-

Creamwove 60 16 42 3000 8 70% bagasse : 30X impo
ed Sulphite pulp

Duplicating k) 14 87 3150 7 80X bagasse : 20X import.
ed Sulphite pulp

Duplicating % 17 48 3100 9 100% bagasse pulp

Manifold 33 22 57 4000 7 70X bagasse : 30X impo
ed Sulphite pulp

White Printing 60 18 60 3707 10 90X bacasse : 10X import.
ed Sulphite pulp

White Printing 60 17 S0 3061 8 100X bagasse pulp

White Printing 67 17 S0 3400 8 1004 bagasse pulp

White Printing 43 11 46.5 5332 -

Badhami Paper 55 9.8 43.6 2672 16 -

Table 3 : ¥sical properties of different varieties of paper manufactured with
different proportions of bleached bagasse pulp.

PROBLEMS ENCOUNTERED IN THE OPERATION

2) The bagasse bales were bresking
up during handling and a substantial per-
centage had to be handled loose. This -
proved to be a very arduous, expensive and
wasteful process. This problem was got over
by rebaling the loose bagasse_before feed-
ing into Horkels for secondary depithing.

b) The chain slat conveyors often
broke down resulting in stoppage of pulp-
ing of bagasse for hours together. During
this time, bamboo pulping had to be done
for meeting the pulp demand from paper
sachines.

c¢) Dry depithing created a very
dusty atmosphere and the fine dust was
health and fire hazard. Fine misty water
sprays were introduced on bagasse conveyors
to sinimise this problem.

d) 3m¢ low density of bagasse
40 kgs/m” set an upper limit to the input
into Pandia and consequently to the output
of pulp. The best out-turn obtained was
2.5 tonnes of pulp per hour as against
3.75 tonnes with bamboo and hard woods. ---

e) Wwhile the run of the Pandia was
smooth and continuous, when bamboo was
processed, it was frequently interrupted
during bagasse processing, primarily be-
cause any small foreign material in the
bagasse choked up the discharger valve.
A variety of screens and magnets were
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installed in the process stream, but even
s0 the mill has not succeeded in elimina-
ting passage into the Pandia of foreign
materials like baling wire, stones, nuts
and bolts and the like.

f) The yield of unffleached pulp from
depithed bagasse was of the order of 42%
corresponding to 33% on the whole bagasse,
as against 45% froa bamboo and hard woods.

g) The loss of alkali during washing
of bagasse pulp was of the order of 35-40Mg
expressed as Na SO per tonne of pulp as
against 15 to 23 kg in the case of bamboo.
To obtain an acceptable washed bagasse
pulp, the washers have to be run slower -
the rate of washing being 2.5 t per hour
as against 3.75 tor.ves in the case of
bamboo. Also the dilution factor has
to be such higher out of necessity. The
strength of 3lack Ligquor from bacasse
pulp gesud on to recovery was go W
at 70°C, as against a normal 1¢ with
bamboo liquor. As a result of excessive
percentage of fines in the bagasse pulp,
the washing was difficult and slow.

h) Since only one set of bleaching
equipment was avajilable and it was not
possible to empty the towers at every
changeover, bagasse and bamboo blecached
pulps were inevitably getting mixed up
rendering regular proportioning at the
paper machine difficult to achieve. To
overtome this, and as part of the
expansion scheme, provision was made

o et
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tal 3 new set of bleachers to deal
cﬂmlv with pulp fram bagasse.

§{) When bleached pulp stock was low,
rtioning of bamboo and bagasse pulp
jmpossible. Either hundred percent

pulp or hundred percent bagasse pulp
ound jts way to paper machines.

The agreement made by SPB with the
sugar eill had to be terminated by
oo u,! consent in 1969 as the furnace oil
::g {ncreased six fold, and hence the
cost of bagasse released by sugar mill
pecame high and uneconomic. Honce, SPB
-decided to use hard woods instead of
_pegasse for aeeting pulp requiresents.

5 However after 1969 till date, as and
» when surplus bagasse was mide available,

. gt economic price, bagasse is processed

" and pulped in rapid continuous digester
sfter single stage depithing.

CONCLUS ION

Bagasse is a suitable raw material
for paper making. SPB started their |
60 t/day writing and printing paper aill '
in 1962 using bagasse as primary raw
saterial. The amill’s experience had
shom that by using a rapid continuous
digester, bagasse pulp could be produced.
The pulp could be bleached and good
grades of writing and printing paper could
be made. The mill's experience has also

shown that with the present cost of
furnace oil, it is not economical to
take bagasse for paper a3king from the

sﬁat factory in exchange of furnace
Q .
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Production of Bagasse Based
Machine and Quality Assurance

MEHROTRA A K.*, SARKARP K. **

Preamble

With dwindling supplies of conventional forest
based raw materials, the only dependable raw material
available for paper making in India for large sized news
paper mills is bagasse.

Bagasse being short fiber and relatively weak fur-
nish, it is found difficult to run bagasse furnish on con-
ventional fourdrinier machines even at moderate speeds
to produce bagasse based papers viz cultural and news-
print grades at high machine speeds and efficiency,
selection of stcck preparafion equipment and paper
machine is very important and the same is discussed
telow,

Stock Preparation

Bagasse pulp being slow draining pulp, does not
require additional refining in stock preparation excspt
for control refining of mixed farmish viz bagasse hard-
wood and broke etc. DD refiners with automatic pro-
srammable controls are desirable for control refining.
Watt sensitive controller provides automatic adjustment
of disc spacing for startup and to hold preset power
during normal operations. It is advisable to provide
surge towers following blend chest and machine chest.
. With bland chest surge tower, it i; possible to utilise
- better furnish component for sweetner stock. Similarly,
machine chest surge tower ensures immediate utilisation
of ove head stuff box recirculation stock. Polydisc
~ saveall is ideal for fiber recovery from excess machine
* back waer. A lot depends upon the initerent design
features of s2ctors, unit drainage capacity. shaft, shower
elc of polydisc saveall.

We are happy to state here that our polydisc saveall
supplied by M's Hedamora, Sweden, is periorming
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Papers On High Speed

exceliently in terms of drainage capacity clarity and
sweetner demand.

For highk snted machines, extensive instrumenta-

tion for stuck proportioning. coasistency and level cont-
rol is a pre-requisite.

Approach Flow System

The most important requirement in approach flow
piping particularly from primary centriscreen accepts
to headbox is absolutely burr-frez smooth inner surface.
To zvoid recurring problem of slime breaks, it is nece-
ssary to foliow supplier's recommendation of averace
roughness not exceeding 125 microinches.

Practically, the inner surface of piping between
centriscreen and headbox should be of mirror finish.
As far as possible joints should be reduced, wherever
jointing is a must, it should conform to smoothnes
requirement of pipe.

Deculator system achieves deasration of stock and
thus machine problems relating to foam are avoided.
Further, because of high vacuum, centricleaners oper-
ation is trouble free.

Paper Machine

For high speed paper machine operation With
bagasse furnish, it is recommended. to opt for twin
wire formers, The twin wirc formers have following
main advamtages over coaventional foudrinier machines,

— Increased productivity duc to higher drainage capa-
city per unit arca and impr.ved process control.

*Project Executive, SPB-PC
**Qualsty Cantroller. TNPL
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— Improved quality of the paper. csszaually better
formation. lcss intina, less two sidedness

— Lower power consumption

— Ease of paper iraking operations

— Less space requirement

Headbox

Headbox is an integral part of forming section.
The most important requirement for headbox are :

— Tt should produce an excellent CD basis weight
profile

— It should produce a very stable jet

— It should produce an excellent degree of fiber dis-
persion

— Easy maintenance and operation

Tamil Nadu Newsprint and Pagers Limited (TNPL)
has installed a Bel-Baie 11 former with converflow head-
box. TNPL produces Newsprint, P & W, SS grades
with bagasse as main furnish. The furnish constitutes
of :

Mechanical Chemical Hardwood
Bagasse Bagasse
Newsprint 50%; 35% 1595
P&W grades — 759 25%,

With bagasse furnish it is atsolutely necessary to
have efficient wise cleaning and roll dcctoring devices.
TNPL has installed a DST self adjusting doctor to
breast roll. The DST doctor consists of blade and a
holder which sits tightly to doctor back. [Integrated
rubber s=al bstween the holder and th: back prevent
water l-akage. Backing and carrying wire is clcaned
with VHP needie shower of 35 kg/cm3. Itis ourex-
perience that inefficient wire cleaning results in wire
marks and water spots. Wire cleaning has been made
more effective by instailing sheet wetting shower in the
ingoing nip of wire turning roll. The former has been
provided with mist exhaust system (0 improve visibility
in former section,

Press Section

The standard press confinuration for high speed
newsprint michines running  on weak furnishes fike
90

bagasse is trinip.  The advantages of nodra w or trinip
configuration 1re too well known to be elaborated fur-
ther. However, for pure writing and printing machine
it is advantageous to go for suctioe pickup combined
with binip press followed with straight veata press and
a smoothering press. The straight venta press with
top granite rofl ensures smoothness for top side.
Similarly, smoothening press imparts additional
smoothness. .

TNPL press configuration is trinip. In order to
take care of Iow wet web strength of bagasse furnish,
a steam box after first nip has been provided on
suction press roll prior to second press nip. Steam
connection has teen provided to backwater silo. The
backwater temperature is around 43°C.  Back water
heating assists in efficient dewatering. Since drynsss
at TNPL after trinip press is of the order of 41-43%,
steambox has not yet been put to use.

Dryer Section

It is nezessary to have sinzle felt layout or s:rpen-
tine felt for first group cylinder for weak furnishes even-
though from world standards our high speed machines
are really moderate speed machines. Perhaps single
felt layout provides much needed support for sheet at
its weakest point and allows for easy broke disposal.
Sheet flutter is obviously curtailed.

The dryer section of TNPL machine is provided
with single felt layout for first groap of cylinders.
Further, a grooved felt roll is incorporated into first
group screen to ensure better sheet support between
granize roll and first dryer. The draw between press and
first dryer was optimiszd by modifying the framing for
felt roll. Thus the sheet is totally supported from the
amount it is formed through to the end of first dryer
sectlon with the exception of short open draw after
press. The remaining three dryer sections (two before
inclined size press and one poit dryer scction) are
arranged in double felted manner. However, the s2-
cond section incorporates Beloit low profile configu-
ration, which reduces the opzn draw leagth of the
sheet, Tie complete dryer stction is enclosed with
closcd hood including baseneat hood. Pocket venti-
lation ducts have been provided. Further, air deflec-
tors in drver screen runs reduce ir currents and thus
assist i avoiding sheet flutter.
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Steam and Condensate System

The steam and condeasate systen is a caszade sys-
tem with ficility for switzhing to twojthres stage cas-
cading? svs’em dependin3 upan production rates. For
sielm control. th: top and bottom cylinders ofitirst
grosp ate groaped separately. The principle being to
stexn the bottom dryers (low condensing rates) at a
lower steam pres;ure thar the top dryers (high coaden-
<ing rates), sd asto maintain the same cylinder surface
temperature.  Similarly. post size top and bottom
cvlindsrs are grouped separately for curl correction
control. For curl coirection, differential drying rates
are applicd as top and bottom row of post size press
cvlinders are each under separate pressure control and
cach of row his its own differential pressure control
and condensate collecting vessel.

It has besn found that steam and condensate Sys-
tem of TNPL is very effic’ent and steam consumption
for drver section inclusive of hood is less than 1.7 t/t
of paper. TNPL dryer breaks are minima!.

Calender Section

A four roll stack with fixed queen roll is provided
for TNPL machine. The calender stack has been pro-
vided with variable crown ra'ls at bottom and interme-
diate roll position. Calender stack is equipp=d with
chilled air nozzles for maintaining good caliper profile.

Pope Reel

The pope reel design provides control of nip pre-
ssure at all stages of reel beild-up. This results in good
quality jumbo reels being produced. -

Winder

For high speed operations, winder opeations are
very critical in terms of quality and quantity of reels
produced. The winder should be capable of constantly
performing trouble free windup operations two and
haif times machine opsating speed.  The final quantity

of reel coming out of winder is to a great extent depe.s-
dent upon winder operations.

Beloit has provided their two drum high speed
winder to TNPL.  The performance of winder is very
200d,
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Process Coatrol

TNPL has installed Model Micro 118) AccuRay
process control system for paper machine. Tac pro-
c2ss control is compute- based and some of the features
are :

— Basis weight control

— Moisture control

— Rush/drag control

— Speed optimisztion control
— Auto grade change

Hard copy report comprising Reel report
Grade report
Video display comprising Process trend

Cross machine pr f'e
Process summary
Production summary

Accuray control system has been found 1o be very
useful in day ro day operations. I think the investment
in process control is justified for high speed machines.

QUALITY ASSURANCE
Pulpine

The first “step’ for quality assurance lies in profer
raw material managemsnt through proper depithing
and wet piie preservation. Good depithing ensures
the proper quility of bagasse by way of less colous
reversion aud minium detsrioration. For depithed
bagasse it has bezen observed that fibre to pith ratio
should be maintained 3 : 1 to ensure adequate depithing

During cooking of chemical bagasse pulp. a.ddilion
of kraft liquor, temperaturs and retention ume arc
closely maintaine to maintain Kappa Number at
10/11 and to limit the shive count to 2—3%. The
residual active aikali is maintained around 4—3 gpl 1o
ensure uniform cooking. The bleachability for cnemical
bagasse pulp Fis"Héan found to be quite gooc with
total chlorine of 6.5—7.5 in C-E-H sequence. We are
able to gzt bleached chemical bagasse puip of 76—77%,
EL. The viicosity at this brightness varies between
9-i1cp. Hardwood conking is performed in baich digester
with 20—-22%, white liquor of —25"; sulphidity. The
Kappa Number is maintained strictly around 19121.
For production of Lghter gsm Printing & Writing
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paper. Eucalyptus grandis is found to be better than Eu-
calyptus tereticornis (Hybrid). The viscosity at final
stage is maintained 5—7 1o easure reasonably good
quality pulp suitable for refining at stock preparation
and to provide adequate wet web strength,

The pH at various stages of pulp production are
closzsly monitored for maintaining optimum viscosity
and strength.

By proper raw material management, it kas been
possible to reasonably good quality mechanical puip
for the production of newsprint even at 700—750 m/
min. Experiments are being conducted to preserve
the bagasse quality during the storage life ie. over six
months through applications of bio-zechaology.

By proper control of refining, it has been able to
achieve production of mechanical pulp with reasonable
strength and good opacity. The newsprint opacity
(printing) of 92/93%, has besn achieved which conform
10 international specifications.

In order to preserve maximum strength of mechani-

cal and chemical bagasse pulp any post refining at stock
preparation has to be excluded.

The final brightness of mechanical bagasse pulp is
highly dependent on age of bagasse. Depending upon
the age of the baggase, the brightness of mechanical
bagasse has been achieved 35-507 EL with 1.0-1.5%
peroxide. The typical properties of TNPL newsprint,
creamwove and maplitho (S3) are g'vena in Table-1,
Table-2 and Table-3.

Paper

Due to twin wire configuration following advan-
tages have been experienced.

I Less two sidedness in pager,

2 Good formation

For day 1o day quality monitoring, following
features have been found to be more useful for main-
taimng paper quality.

92

1 Control of jet'wire speed ratio for monitoring  ulti.
mate paper properties like breaking length.  Dep-
ending upon the grammage and properties required
for paper the MD : CD breaking length can be
varied from 2.5-3.1. This has attributed to better
operation (high speed) at winder.

(5]

Comparatively low tear of paper due to chemical
bagasse pulp is compensated by hardwood pulp
with relatively higher tear.

3 Less moisture variation due to Accu Ray control
which keep the paper curl fies. We do not have
any curl even for our surface coated paper for
which production ha: been taken up very recently.
Response from the printers is also quite good.

4 The cascade control of steam in drying section also
contributes to maintain uniform moisture.

5  Bulk of the paper is comparatively low due to low
bulk of chemical bagasse,

6  The opacity and other test parameters have been
able to meet ths ISI specifications for all varieties
of paper.

Frceness, Consistency and Fiber Classification

In general, freeness at machine headbox is attained
around 260 csf for Printing & Writing paper. The
converflow box frezness is maintained around 100 csf
to ensure better runnability, The consistency at con-
verflow is maintained at 1.0-1.2% for Newsprint and
0.9-109%, for Printing & Writing paper.

Printing Result

The print quality, show through, inx absorp.ion
etc have bezsn found to be quite encouraging for making
high quality Printing & Writing paper and are quite
comparabic to others. It has been able to achieve
higher VVP about 2200-28C0 for creamwove paper
which proves beyond doubt that such paper is quite
suitable for high speed and high quality printing.

Wet Web Strength

The wet web strength for TNPL Newsprint furnish
is 0.6-0 65 Nm'g. and for Printing & Writing paper
the same Varies to 0.9-1.9 Nm g.

IPPTA Vol 23, No 4 Dec.1986
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TABLE—I
PROPERTIES OF CREAMWOVE PAPERS

3y af

S No. Particulars

Unit

TNPL

Mill-A

Mill-B

Mill-C Mill-D Mill-E Mill-F Mill-G
T1. Basis Weizht  gim* 60 60 62.5 59.5 60 57 60 62/60
2. Caliper mic 78:85 8) RS 87 78 89 - 103
3. Bulk cc’zm 1.30/1.42 133 1.36 1.45 1.34 1.47 — 1-39
4. Ash ” 11.0 1618 158 6.0 — 1o - -
5. Moisture % 5.6 45 — — — — — .
6. Brizhtness %EL N.7 706 622 722 715 619 63.1 58.8
7.~ Yellowness A 40 -1 35 -4.6 — =3.3 -18.7 -6.7
8. Opacity A 895 88.0 95.2 95.0 900 924 98.1 98 7
9. Breaking
Length-MD  metre 6120 4200 3720 — 3530 3430 — 4090
-CD  meire 2570 2500 2250 — 2330 1790 — 2030
10. Tear Facior-MD metre 37 50/60 53 — ) 43 — 44
-CD metre 47 60 34 — 33 53 — 3
11 Burst Factor Nos I8 14 13 — 13.1 16 — 14
12 DF Nos  15/10 s — - 473 - — 8/3
13. Smoothness mimin 229,90 140/12) 2607160 1307160 530390  250'150 290,465 830,600
14 Porosity m/min 1CO 575 910 850 595 500 905 1000
15. Cobb Sizing o'm* 2524 18::0 — — 18:/19 — — 30/29
TABLE-2
PROPERTIES OF MAPLITHO & OFFSET PAPERS
S.  Particulars Unit TNPL TNPL Mill-A Mili-C Mill-E Mill-F
No. SS SS Maplitho Offset Maplitho Maplitho
1. Substancs gsm 60.0 70.0 81.0 579 64 8 63.0
2. Caliger mic 71 84 99 76 93 78
3. Buk cm¥gm  1.20 1.20 1.22 1.31 1.44 1.24
4. Ash % 1.5 16.7 18.0 12.5 120 152
5. Smcothress mi‘min  150/85 175:90 160/90 170,90 180/125 90/75
6. Porosity mijmin 90 60 310 920 690 430
7. Brightness % 728 735 716 820 710 74.7
8. Opacity (print) % 90 91 91.2 83.1 96.6 925
9. Yellownes; % -130 -13.8 -12.9 -0.0 -10.8 -4.0
10. Shad= Blue Blue Blue Whitish Pink Pink
1. Cicanliness Fuir Fair Good Gocd Satisfactory  Good
12, Formation Good Good Cloudy Good Cloudy Fair
3. End U.er Varnishable  Varnishable Album Xe¢rox For maling Lible Lable prin-
lable calender paper diary printing ting 70 gsm
printing varnishing for calender
——
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TABLE—3
COMPARISON OF BAGASSE NEWSPRINT WITH WOOD BASED NEWSPRINTS é
=
TYPE . Softwod Hardwood Bagasse Bagasse 3
Newsprint Newsprint Newsprint Newsprint
SOURCE : Canada India Argent na Indi1 -t
{Powel River) (Kerala) (Tucuman) (TNPL)
Basis weight gsm 48.2 ’ 51.4 49.6 50.6 '
Caliper mic 85 81 67 85
Sheet Ash Y% 1.0 3.0 T 9.2
Breaking iength (MD) metres 4450 3970 4150 3520
Burst factor 12 20 1 11
Tear factor (CD) 52 56 61 44
Printing opacity % 93.5 91 88 93.5
Scattering Coefficient cmig 434 401 437 450
Absorption Coefficient cm3fg 47 43 26 50
Brightness *GE 58 48 59 50.5
Furnish Composition TMP 857 CMP 70% SCBP 75%; MBP 507,
SBK 15% HWP 30% GWP 152 CBP 35%
SBK 10% HWP 157
Machine speed mpm 1100 600 600 630
Note: TMP = Taermo Mechanical Pulp
CMP = Chsmi Mechanical Pulp
SBK = Semi Bleached Kraft
MBP = Mechanical Bagasse Pulp
SCBP = Scmi Chemical Ragasse Pulp P
HWP = Hard Wood Pulp (Bleached) _,:
CBP = Chemical Bagasse Pulp ‘
GWP = Ground Wood Pulp +
L
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~s IMPROVEMENT OF CAUSTICIZING SYSTEM
2 ip & BLEACHED BAGASSE PULP PLANT
= &

sosepp S- 1. Vang

yanager .

raivan Sugar Corporaticn

25, Pao Ching Rd. Taipei

:,';;;gan Republic of China
- gSSTRACT

. Causticizing is a link of the close cy-
cle of the recovery system in the pulp and
cer industries. It affects the stability
cf-gulp quality ané the cost of pulp manufac-
suring. Troublesome and factors which influ-
ence the efficiency during processing were
: ¢proughly studied. Improvement from various
" pcints has been taken which results in cer-
5 tain increase of efficiency as well as yield.

: FORENORD

LT

R

Smelt
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BRIEF INTRODJCTIOM TO CAUSTICIZING SYSTEN

The-causticizing system ado
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and Pigure 2. respectively.

ptEd by Plng-
en in Figurel.
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Figure 2. FLOW DIAGRAM OF CAUSTICIZIKG
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RISTiTS OF THI IMFROVEMENT
m.=1s 3, CAUSTICIZING ETFICIENCY (RSFERRED TC &% C.E.)
wrnite lisucr
ials k=2,5C05
&/l as U230 €’} as NapC ozl Rlkeli.g/l as 20 C.E. Yield ¢
Criginel T4.62 2¢.00 10T €T 71.9¢ &C . 0%
After Izrreoved 8L, 12 1.1 107.¢35 [Ss 74.9(C |
Tadle 3. UKIT COISUMPTION OF RAW MATZRIAL PER 1 M> CF WElTZ LIQUCK
(A2 853g/1 es EasC)
rchase¢ Lize 96% Lime Stone 45% Liquid Soda Fuel 0il
(kgs) (kes) (xgs) (1)
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() - (& (-):1 (+) €.70 (-}33.95 (-) c.67
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ngé% = 22.01 KES tviiniiinnnnnnn e as 45% Liguié Sodz
Trzfite = I8 S.0C/kg 7 22.6€1 = KNTE 114.3¢€
2. Rzw meterizl conzuzition:
1}. Burcrzsed cuick lima: TS 2.8¢/ke ¥ 11 kg = NTE 22.2¢ (-) :
2). Lime stone: TS C.35/kg % €.7kg = 1S £.27 {-) K
3,. Liguid sodz: N7 Z.00/kg X.33.9€ kg = NTE 26¢.8C (=)
4). Fuel oil: KTS 7.60/1 % 0.67 1 = KT¢ 5.0C (+}
Total NTE 19¢.98 (-) p

r
Scxe mere 1237 7 of write ligucer will be ned oui per mOntr with & prefit arcund

SORCLUSIOK 2. Mezsures for rezoving c¢f SiC; fro=

liquor will ts <ried Tty Fing-iune
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nct crly  proiuciLviiy was  ancreasec but 7. kfter instazlliing of déryer for lime
zlsc tetter guzlizy cf white licuor achi- rnigher czlciring efficienzy and 1ess
eved a8 well. cil censumgtion are expected.
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Bl Nonwood Pulping

Towards effluent-free production
of bagasse and eucalyptus pulps

for newsprint

Thomas Granfeldt, Ove Danielsson, Solveig Norden,

and K. Gunnar Ryrberg

An accepiable newsprint can be produced from a mixaure of 60% bagasse
chemical pulp and 40% eucabptus chemimechanical pulp.

Earlier papers (1. 2} showed that bagasse is not an ideal
raw material for producing newsprint because it was not
possible 10 make a mechanical or chemimechanical pulp
from bageasse that displayed a suitable combination of light
scattering coefficient and pulp strength. Instead, the
suggested approach was to use chemical pulp from bagasse
and chemimechanical pulp from local hardwoods.

Semichemical and chemical bagasse pulps are often
bleached with chlorine or hypochliorite. or both. Chemime-
chanica! hardwood pulps are usually bleached with
peroxide. but in some cases with hypochlorite. Bleaching
with chlorine-containing chemicals such as hypochiorite
produces chiorinated organic compounds that can be
persistent and lipophilic.

Oxygen delignification has been developed for wood
chemicai pulpsi$1. This process makes it possible to reduce
the hgnin content of unbleached chemical pulp and
diminish the effluent load by about 50% without detriment
10 the puip quality.

There were two purposes for the iaboratory study
presented here. One was w produce bleached bagasse
chemical puip and eucalvpius chemi-thermomechanical
pulp (CTMP) with potenualiy hitle or no effluent load on
the receiving waters. The other was 1o show that 2 mixture
of these pulps should be able 1o produce an accepiable
newsprin:.

Bagasse chemical pulp

The discharge from the bieach plant determined. for
instance. 25 chemical oxygen demand (COD). biological
oxvgen demand { BOD). color. or AOX (chlorinated organic
substances). 15 aimoest proportional o the hgnin content
of the puip w0 ve bleached Prolonged delignification in

Granfeld: 1s senior research associate of R&D for high-
vield pulping. Danielsson is the direcwor of R&D for high-
vield puiping. Norden 1s senior research associate of
R& D) for chemicai pulping and Ryrberg 1¢ vice
president of marketing at Sunds Defiorator AB. 3-851
44 Sundsvall. Sweden.

54 sovemier tons Tapp: lourna!

1. in soca puiping. the kappa number of the bagasse puip can be
reduced 10 about 20. (Bagasse 10 kquor rato of 1:4}

100 a
¢ 165°C
80- '\ 120 mwn
g 60 b
b4 .
< w
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204 '\‘\l—.
04y v
[ | 10 12 14 16 18 20 \
NaOH_ % on pretreated bagasse

the closed part of the mill is thus advantageous environ-
mentally. either in the soda cook or in the oxygen
dehignification stage. However. if the length of such
deligmification is prolonged wo far, there will be a severe
attack on the carbohvdrates in the pulp.

In the laboratwory study. bleached bagasse pulps suitable
for newsprint were produced with brightnesses of 60-70%
1SO. The goal was w0 produce a2 pulp with as high a vield
as possible. with a suitable combination of mechanical and
optical properties and with a low effluent Joad from
bleaching.

- Soda pulping
Soda pulping is a common process for producing bagasse
pulp. Our results show that the kappa number of the
pagasse pulp car e reduced to about 20. A further
reduction requires a high NaOH charge (Fig. 1). The vieid
loss per kappa number unit also increases substantaily
at kappa numbers below 20 (Fig. 2.

Oxygen delignification
Figure 2 shows results from oaygen dehignification of two
bagasse puips with kappa numbers of 384 and 16.7
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2 For S003 puipng. the yweld 0SS NCreases substansally af kappa
numbers below 20

3. In the Oxyger:-Oehgnibcadon stage. the kappa number levels off at
about 50% aekgreicanon

YIELD, % on pretreated bagasse

20 30 40 SO & 70 80
KAPPA NO.

6 10

40 105°C
4 90 men
12% cons.
30
. o
[
z O,
<
a
& 20+ \c
& \

104 l\x
~—
"o 1 2 3
NaOH, % on puip

4. Tne bonghiness of the oxygen-debgnied pulp ncreases wih
gecreasng kappa number.

S. Relatonship between bnghtness and hypochiome consumpton
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Oxvgen delignification results in 2 higher puip vield thar
prolonged cooking. especially at low kappa numbers.

The influence of the NaOH charge in the oxyvgen-
delignification stage is shown in Fig. 3. The drop in kappa
number leveis off at about 50% dehgnificauor. A further
reduction of the kappa number can only be obtained by
a subsiantial increase in the NaQH charge.

The brightness of the oxvgen-dehignified pulp increases
with decreasing kappa number (Fig. 4.

Bicaching
The consumption of bieacning chernicals W reach a certain

brightness Gepends on the kappz number of unbieached
or oxvgen-delignified pulp. The relationship between
b-ightness and hypochiorite consumption for two pulips
bieached with the sequences HH (hvpochlorite. hypoch-
lorite) and OH toxvger.. hvpochiorite) 1s snown in Fig. 5
Brightness vaiues up o about 83" 1S0 have been reached

The hypochiorite consumption 1o reach 70% 180
vrigntness varies from 49.4% on oven-dried 10.d.) puip for
the unbleacned pulp with a kappa number of 38.4 w 1.3%
on o.d pult for the oxvgen-deiignified puip with a kappa
number of 10.1. These Disrures are vaid for the bleacning
of well wasned pulps

Sonember 1980 Tappr Journal SS
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6. Peromde bieachng (without Sikcate] of two SO0a pulps and one
oxygen-gehgnified $002 puip :
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If 2 bleaching sequence without chlorine chemicals could
be used. it would be possible in principle to close the water
circuii in the whole pulp production plant.

Results from peroxide bleaching (withoutsilicate) of two
soda puips and one oxvgen delignified soda pulp are shown
in Fig. 6. To reach a brighiness of 70% IS0, the soda pulps
pad 10 be oxygen delignified 10 a kappa number of 10
before the peroxide bleaching. A brightness of 60% ISO
could oe reached just by the peroxide bleaching of 2 soda
pulp with a2 kappa number of 20.

Bleaching effluents

Table I presents analvsis data for the effluent from
hypochlorite and peroxide bleaching. Pulping to a low
kappz number gives a low effiuent load from the bleach
plant. particularly when the pulping is combined with
oxygen delignification.

At the same kappa number. both COD and BOD are
‘igher i the effluent from hyvdrogen peroxide bleaching
ihan in the effluent from hypochlorite bleaching. This
higher concentration is not a serious matter environmen-
tally because the bleaching effluent can be dealt with. but
it coes indicate 2 higher vield loss during peroxide
bleacning.

Physical properties of bicached bagasse pulps

The pny-sical properties of four bleached pulps were tested
accoraing w ISO procedures (International Standards
Organization). The results are presented in Table II.
There were no big differences ir. the pulp properties
between pulpz with different unbleached kappa numbers.
Furthermore.only small differences were evident between
puips pleached with the sequences HH and OH.

Eucalyptus CTMP
The CTMP was produced from Indian-grown eucalyptus

56 Nenember 1988 Tapps Journal

(Eucalyptus grandis), according to the cold soda method. By
charging 5% NaOH and 2% Na.SO; on o0.d. wood pulp. the
energy consumption was 770 kW - h/a.d. metric ton to feack
a freeness of 385 mL CSF. The treatment resulted in an
estimated pulp yield of 86% and a brightness of 38.5% 1S0.

Bleaching

It was necessarv 10 bleach the CTMP w a brightness of
55-60% 1SO for the newsprin: furnish. Two bleaching
chemicals, peroxide and hypochlorite. were evaluated.

In peroxide bleacting syvstems. sodium silicate is
normally added o stabilize the peroxide. but in this case
sodium silicate was not used. so that all or part of the

effluent from the CTMP plant could be sent to the bagasse -

plant for recovery. The wash water volume had 1w be kept
low, and the presence of silicate was unacceptable.

Bleaching without silicate means that a higher peroxide
charge is needed 1o reach a certain brightness. As Fig.
7 shows. about 2% peroxide was charged 0 reach a
brightness of 55% 1S0. Bieaching of common eucalyptus
CTMP in the presence of silicate has given 60% ISO
brightness (4).

A single-stage hypochlorite bleaching of CTMP charg-
ing with 4% NaClQ resulted in a fairly low brightness
increase of only 6.5 percentage units (Fig. 7). In an effort
to further increase the brightness. 2 second-stage
hypochlorite bleaching was also carried out. charging with
an additional 2% NaClO. As a result. 2 maximum
brightness of about 5(% 1S0O was reached. To reach the
target brightness of 35% [S0. a 12-15% charge of
hvpochlorite is required.

Bleaching effluents

Table 111 presents data on the CTMP effluent Only about
15% of COD originates from the peroxide or hypochiorite
bleaching because the main effluent source 1s the CTMP
process itsell. Compared w peroxide bleaching. bleaching
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L Bieactwng 10 2 bnghtness of 70% SO with the sequences HH. OH. and P

Kappa no. 6.7 Kappa no. 38.4
i HH OH P HH OH
Kappa no. after oxygen 101 10.1 213
delgnihcabon
; NaClO charge, % 29 13 ... 94 49
| HZ0; charge. % 28
: COD, kgion 18 9 34 90 39
: B00;, kgnon 52 33 84 164 86
: AOX. kghon 06 03 50 23
: Color, kg/on 67 .. ... 200 74
P = hydrogen paroxide.
I Physical propertes of bleached bagasse pulps
Kappa no. 38.4 Kappa no. 16.7
. HH OH HH OH
Intrinsic viscosity, dm>/kg 740 770 820 870
Freeness. mL CSF 379 477 433 466
. Density, kg/m? 743 740 721 757
i Tensile ndex, kN *m/kg 607 582 567 56.1
Tear mdex, N* m?/kg 479 504 492 492
Light scatiering coel., m*/kg 192 21.9 205 22
Light absorpbon coel.. m2/kg 112 065 1.10 0.60
Opacty, % 732 719 747 720
| Brightness. % ISO 75 728 734 745

with hypochlorite results in an effluent containing
chlorinated organic substances (AOX).

Physical properties of bleached CTMP

Physical and optical properties were tested on peroxide- '

and hypochlorite-bleached pulp. Table IV shows that v:ith
the exception of brightness, no important differences were
found due w the bleaching methods used. despite the high
chemical charges during hypochlorite bleaching. At a
freeness of about 350 mL CSF. obtained with 770 kW *
h:a.d. metric won of refining energy. the pulps showed an
acceptable combination of strength and optical properties.
Addiuonal refining would have resulted in improved
physical and optical properties.

Bagasse chemical pulp blended
with eucalyptus CTMP

Mixtures of bagasse chemical pulps (bleached OH) and
eucalyptus CTMP (bleached HH and P) were tested for
their suitability for newsprint. The testing was carried out
on laboratory sheets. and the results are presented in
Table V.

Figure 8 shows the effect of varyving the furnish
composition on brightness and opacity. For a mixture of

60% bagasse and 40% eucalyptus CTMP. the brightness
is about 58% 1SO with hypochiorite-bleached CTMP and
62% 1SO with peroxide-bleached CTMP.

The opacity for the same pulp mixtures were 89% and

5%. respectively. measured for papers with an o.d. weight
of 60 g/m? For comparison, a Scandinavian newsprint has
an opacity of 94%. while the recommendations of the Food
and Agricultural Organization of the United Nations
(FAO) conference in Cairo in 1965 were for a minimum
opacity of no Jess than 86% for papers containing bagasse
(2.

If 2 brightness of 55% ISO can be accepted. the FAQ
recommendations can be met with the 60% bagasse and
40% eucalyptus furnish composition at sheet weights of 52
g/m=. From a mixture of 40% bagasse chemical pulp and
60% eucalyptus CTMP. 52-g/m* papers can easily be
produced with 86% opacity at 60% brightness, as well as
45-g/m" papers with 86% opacity at 55% brightness.

Figure § also shows the tensile index for the different
furnish compositions. For the 60% bagasse and 40%
eucalyptus furnish. the tensile index 1s 42-46 kN - m/kg.
which corresponds to about the same strength as
Scandinavian newsprint. This high strength would permit
the addition of some clay Lo improve the opacity (2).

Table V shows that the mixtures exhibit similar
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Nonwood Pulpin

Bisacting sequence Hypochionie,
Unbl P HH Peroxde  hypochioriee

H0; chasge. % 2 - H.0; charge. % 2
NaClO charge, % I NaCiO charge, % e T B
NaOH charge. % 2 08 NaOH charge, % 2 08
€OD, kghon 209 29 1 Freeness. mL CSF 3s5 359
B0D,,kgNon 96 4 4 Estmated yield, % 84 85
‘Color, kgon 317 1" 5 Density. kg/m? 395 402
AOX, kgMon 0 0 04 Tensile index. kN -m/kg 28 250
P = hycrogen percaide. Tearindex. N*miikg 25 an

Light scat. coet. m¥/kg 458 433

Opaciy. % 935 LYY

Brightness, % SO 547 493

V. Physical properties of pulp maxtures
40% HHCTMP!  60% HHCTMP;  40% P CTMP!  60% P CTMP!
60% bagasse 40% bagesse 60% bagasse 40% bagasse
Density, kg/m? 570 475 580 £+490
Tensie index, kN-m/kg 43 3 43 D34
Tear index, Nm/kg 51 46 52 44
Light scat coel., m¥/kg 33 a7 L) 39’.
Light abs. coel., m?/kg 25 27 15 - 19
Opacty, % 89 81’ 85 90
Brightness. % ISO 59 55 62 - 58
;’:ﬂwwm-::mmmmoﬂ,mupmwwmammwoxm(P)malw.W
sequence -

mechanical properties. The mixtures containing peroxide-
bleached CTMP exhibit somewhat lower light absorption
and opacity. as a result of the higher vield loss.

Conclusions

An acceptable newsprint can be produced from a mixture
of 60% bagasse cnemical pulp and 40% eucalyptus CTMP.
Both the bagasse zhemical pulp and the eucalyptus CTMP
can be produced with a low effiuent load on the receiving
waters.

A suitable bagasse chemical pulp can be produced by
2 soda cook to 2 kappa number of 20. followed by oxygen
delignification 10 2 kappa number of 10. The oxygen-
delignified pulp can then be bleached with small amounts
of hypochlorite or peroxide to the required brightness. The
brightness of the bleached chemical bagasse pulp should
not exceed the brightness target of the newsprint 10 be
produced. To bleach the oxyvgen-delignified pulp with a
kappa number of 10 w0 4 brightness range of 55-60%. 1%
hypochlorite or 1% peroxide will be required.

A suitabie eucalyptus CTMP can be produced by cold
soda method with abou: 1000 kW hsa.d. metric wn. a
relauvely low consumption of electrical energy. The pulp
can be bleacned 10 a brightness of 53-60% 1S0O with 1-
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2% peroxide. .

if peroxide bleaching is chosen for both the bagasse
chemical pulp and the eucalyptus CTMP. then in principle
the pulp production can be totally free from chlorine
compounds. Theoretically. it should be possible to
completely close the mill.

Experimental procedures

Bagasse
Raw bagasse from India was slushed in a pulper at 5%
pulp consistency and 40°C for 30 min. Afterwards. it was
thoroughly washed wo remove sand and most of the pith.
The vield after pretreatment and washing was 62.5%.

Soda pulping was performed in rotating 1-L stainless
steel autoclaves at 165°C for 20 min. The bagasse liquor
ratio was 1:4. After pulping. the bagasse was treated in
2 laboratory refiner. The gap between the refiner plates
was 0.12-0.15 mm

Oxvgen' delignification was performed in the same
equipment as for the soda pulping. Pulp consistency was
12%. the temperature was 105°C, the retention time was
a0 min. Also. 0.5% MgS0O, was added w the pulp. In a mill
with an effecuve mixer. it should be possible 1o reduce
the retention time by 50 or more and stili obtain the same
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results. ) Vi. Methoas of analysis
Bleaching was performed on well-washed pulps in
sealed plastic bags. In the hyvpochlorite stages. pulp | propeny Test procedure
consistency was 12%. the temperature was 45°C. and the
retention time was 90 min. I the peroxide stages. pulp Kappa numw_ SCANC 1.77
consistency was 12%. the tlemperature was 80°C. and the | 'M""S% wiscosity SCAN C 15—1662
retention time was 120 min. Brghtness SCAN C 11:75 1S0)
coD Swedish Standard SS 02 81 42
Evalyprus BOD Swedish Standard SS 02 81 43
Eucalyptus grandis chips from India were screened and | AOX DIN 38408
impregnated with 5% NaOH and 2% Na,SO; in pilot-scale | Coior determined spectiophotometncally at
tlests, according to the continuous PREX method. After pH 7 aher an mitial rapid stabilization
a 25-min retention time at 50°C. one stage of atmospheric alpH10
refining was carried out in a type CD-300. conical. single- | AOX 3anos for adsorbabie organicaly bound halogens on acive carbon
disc refiner. Before bleaching. the pulp was washed, and
the pH was adjusted to0 7.0.

Peroxide bleaching was carried out at 65°C for 120 min
at 12% pulp consistency. As a chelating agent. 0.3% DTPA
was used. No sodium silicate was used. because of
environmental considerations.

Initially, an alkali optimization was carried out w
determine the maximum brightness at charges of 0.7%,
1.4%.and 2.1% H;0;. A larger portion of pulp was bleached
with about 2% peroxide at the optimum alkali charge o
a brightness of almost 55% 1S0. This pulp was used for
evaluating pulp properties and for the mixing study with
chemical bagasse pulp.

Hypachlorite bleaching was carried out at 45°C for 90
min at a pulp consistency of 12%. Both one-stage and two-
stage bleaching were carried ou. Two-thirds of the total
charge of 6% NaClQ. calculated as active chlorine. was
added in the first stage. with the remaining third added
in the second stage.

Analyses
The analvsis methods are histed ir Table VI Mechanical
properties were determineo according w [SO procedures
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II

PULP AND PAPERMAKING FROM BAGASSE

RETROSPECTIVE SEARCH OF INFORMATION SOURCES FOR THE PERIOD
1980-1988 (*>

generalitties

financi1al aspects

raw materials:

a.

bagasse:

—-storage and control
-selection

—-factors affecting quality
alkalis:

-molasses,as source of

pulp:

a.

b.

C.

processing

factors affecting quality:
—bagasse

—caustic soda

—pith

molasses,as fuel source

papermaking:

a.

b.

factors affecting quality
paper grades:
—newsprint

-others

chemical recovery systenms

equipment:
—paper machines
-pulping equipment

pulp and paper mills:
-experience 1n some
developing countries:
—energy saving:
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Adaptation of Existing Recovery System for Handiing 8lend of
81ack Liquors from Bsgasse snd Wood - Dxperience of leshassyee
Ssper and Boards [Ltd., India)

wanggeven. N.: Srioner, N. C.: Rao. P, N.: Kalysnasundsrawm,
w.: Racc, A. M. X

1PPTa 23. no. 4: 155-159 (Dec. 1986). lEngl.]

2 f1g . 4 Wb,

t Type: L ARYICLE

Languages: ENGLISH

A chesical recovery systea designed specificsily for bagasse
black 1iguors encounters prob.ews when 1t s forced to hendle
Black Viguors from g mizture of Dagasse snd wood. Pareseters
which pose problems in the recovery of chemicals from begasse
Plecs liquor are high wolume of wesh black liguor, high
viscostity of blasck liquor, difficulty petting rfequired
concentration., low swelling wolume ratio of black liguor
solios, an the high bed temp. required to sustatn
self-combustion. Probleas od 8t S ¥ Paper snd
Sosrgs in handliting begesse liguor end the steps taken t0
overcome these problems are discussed. High steam cost
tncurred In evaporation end incressed 8tr pallution losds Oue
to higher Jirect evaporation are 8 s which require attention
by Oesigners and technologists 1n order to arrive st
economical solutions.

Incressed Uncerstanding of Bagssse Pulping for Isproved’
Chemicsl Recovery Effictency snd Setter fnvironment

Kulkarni, A. G.: Mathur, R. M.: Nasthant, S.: Pant  R_

1PPTA 23, no. 4: 95-100 (Dec. 1986). [Eng).]

10 ~ef.. 7 tab.

Cocument Type: JOURNAL ARTICLE

Languages: ENGLISH

The effect of pulping varisbies on the black 1iquor
propertias and the poliution loads ererted was exsained. Vspor
phase pulping has advantages over convantional 11quiag phase
pulping: 1t reguires about 50X less steam. 1t proouces about
SO% less effluent, wster consumption s reduced. pulp yteld s
increased without sacrificing the strength properties, and
bleck liquors with more than doubla the concentrattion of
1iquid phase bDlack liquors are produced. The effect of pifth
content. which {3 carried slong with fibers {(n varying
proportion on the black liquor properties, was slso
investigsted. The pith has a sizesdle Influence over pulp and
on blsck 1liquor proparties. Due t0 the presence of ptth In
bagasse., colloidslly unstable bisck 1iquor will be penerated.
Yo have colloidally stable bisck Jiquors, s resicusl slhalt
tevel of 6-3 g/L s Oesirable. Mil) and laborstory tlack
1iquors shoved collotasl unstabil ity a tendency of
prectpitate, snc high viscosity which can be sttridbutes to the
presence ©Of hmw 1ignina. hemiceliulose fractions. snd organic
sci0s. Trials using s ferrite process developed for treatment
of norwoody rav materials gave encoursging results on pilot
plant scale.

Colorstion of UOsgssse. (1). Influence of Agro-Inaustrist
Factors

Ssavedrs, F.; Wernandex. R.; Csstilto. G.

Sobre Dertv. Cana Axucer (flev. ICIDCA) 20, no. §: 26-40
(Jsn.-April 1986). [Span.: Engl. sum.)

10 ref.. 3 tab.

Document Type:. JOURNAL ARTICLE

Languages: SPANISH

Tne cevelopment of high-yleld pulping processes and the
introduction oOf new sources of fibrous fsw materisls In
conventions! puiping proc 11} heve resulites In grest
attention 1o the darkening of Doth the rew materisls and the
pulps produced from them. A study vas conaucted to determine
the effect oOf 8gro-Industrisl factors such as Cane veriely.
effect of haating cene, cutting method (i.e., manusl or
mechanized). eng origin and storsge of Degasse on the
coloration of Degasse and the pulps de from 1t. Results show
that the veriety and origin of beg have Vittle effect on
pulp Origntness. MHarvesting (regsrdiess of ine method used)
tovers Drigntness. The grestest losses In tnitis! Drighiness
(30%) result from heating the cens, storsge Nes the second
orastest negetive effect on brighiness. Suggestions sre piven
for furiher studies to alleviste this problem.




4.- 107: 204453n Environment aspects in processing bagasse for
. pulp and paper manufacture. Rao, N. J. (Inst. Pap. Technol, .
Saharanpur, 247001 India). JPPTA 1986, 23(4), 129-43 (Eng). see article
The review with 49 refs. covers the environments! aspects of bagasse
processing for pulp and pape: prodn.. including bagasse handling and P 3

storage, depithing, pulping, stock prepn. and paper making, pollution
control strategies, pulp bleaching, snd chem. recovery, and treatment

‘ methods.
) 107: 2006611 Bagasse-based paper mills - some Indian experiences .
S5.- and financial aspects. Ramalings, T. K. Setty (Banglore, India). see article

IPPTA 1985, 22(3), 62-76 (Eng). A review with 6 refs. on the P- 18
manuf. of pulp and psper from bagasse in Indian paper mills. :

Controlled Fermmmtation is the Key [te Bagasse Storage) d
6.- Atchison, J.
Pulp Paper Int. 28, no. 171: 44-45 (Nov. 1908). [EngT. )
Do t T H ARTICLE
Lengueges: ENGLISH see article
Sagatex-20, & sethod of controlling fermentation In bagasse
beles thet will allow uwp to 2 yr of storage without fiber 36
ogetertorstion, has Ueen developed Dy sugar and slcohol p’

progucer Usina Santa Lydis of Ribetraco Preto. Sao Pasolo.
Brazil. The depithed bagasse trested with Bagetex-20 (a»
biochemical catalyst) retains a brightness of 3%-40 CL sno 18
guitablie for newsprint furnigh.

Preltainary Anslysis of the Effect of the Percent of Pith
7.- and Caustic Sods on the Quality of Semichewical [Sagssse] Pulp

GConryatez Susrez. €.: Ulloa Diaz. S.: Ribot Enriquez. A.

Tecnol. Quim. 7, no. 4: 11-18 (1986). [Span.])

7T ref.. 5 tab.

Document Type: JOURNAL ARTICLE

Languages: SPANISH

Experimental design was used tO determine the effects of the
amount of pith present, bagasse storage time, and amount of
NaOM used on the ytelc and quality of semicheaical pulp frowm
tagesse. Process varisbles In developing the ewpertmental
design tncluded cook ing methed. itmpregnation time, Viguor/wood
ratio. cooking liquor conentration, snd amount of pPith
present. In this study, tepregnation time was 10 win, with o'
0 ®in cooking time at 160 C. The Dagssse used was stored for,
gifferent lengths of time: process varisbles were the amount
of pith present. and amount of sods sdded 10 the Dsgasse. In’
genars! pith edversely affects the yteld and physical
progerties of pulps and (ncresses sSteas and NaOH consumption
ouring pulping. Increasing NaOW consumption favors physical
pulp properties. but Increases production costs and adversely
affects other cost variables no less important than ylelds. In
at) cases. excess pith cecreases fiber ylelds In bagasse
pulp/fiber, and affects NaOx consumption. $40a8se STOrspe ting
noerts tO0 be explored further bDecasuse It makes pulp more
sensitive to chemics! changes., and asdversely affects pulp
properties. An aptimm sStorege time Can be determined for esch
type of paper produced. EQuations sre provided wvhich can be
used 88 models for predicting behsvior trends of bDagasse with
different cooking methods. These results can He used s & Dese
for production opersting standasrds.

8 Modernizstien of & Peper Nechirwe
= Ms, R i
ATCP 26, no. 3: $7-64 (May/Jvune 1986). [Span.] ’
132 71g.. 2 tsv.
Document Type: JOURNAL ARTICLE
Lenguages: SPANISH
A description ts given of a paper mechine reduild st the
Fabrica de Papel Sen Jusn, n Mexico. The machine produc
tond psper from furnish consisting of & maximum of $0% bags
and 40X Dleached long kraft fidbers. The project was sfmed st
incressing mechine epeed from 160 to 250 m/min, with the
possibility of further {ncreasing (1 to 450 m/min In the
future. Other redbufid objectiives were 10 InCrasse the dagasse
content of the pulp wmixture 1o 90%, incresse machine
efficliency, 1mprove sheet formetlion, decrease c » ¢. bDesis
. veight and moisture profile veristions, end complete the
project in & marimum of 100 deys. Included 1n the redulld ts o
Nipcombi type press vith four rolis (viz., a suction pick-up
rotl, s centrel roll, and two Nipco rolls devetloped by Escher
Wyss). This press and ite operations are described In detell,
The rebuild hes schieved s') objectiv snd 19 an excelient
anample of coordinating work with high technology.




9.- 107: 1784078 Production of bagasse-based papers op high-speed
. machive and quality assurance. Mehrotrs, A. K.; Sarkar, P. R
(SPB-PC, Indis). IPPTA 1936, 23(4), 89-%4 (Eﬂ‘)._ 8"‘5". see article
having short fivers, gives a relatively weak furnish which is difficul: P. 57

to run on conventional fourdrinier machines, even at moderste
speeds. The selection of stock prepn. equipment and paper m.dll!"
for the prodn. of bagasse-based papers for cultural and newspnsi
grades at high machine speeds and efficiency is discussed. Fo
high-speed machines, extensive instrumentation for stock proportioniné

consistency, and level control is a prerequisite.

10.- " 102 15524 Cubu-9'¢ schievements in the teckrology for
¢ sewtprict from bLagesse. 2, P, Garcis, O. L; L
(Cubcn Re:. Inst. Sugar Cene By-Prod., Havena, Cube). Noawood
Piart Fiber Pulping 1588, 15, 13-17 (Eng). Fumish from
chemimech. bezerse pulp 80, groundwood pulp 10, snd semiblecched
krcft pulp 10% wee formed into sheet oo & machine st 550-600
=/min, giving paper with basis wi. 52 &/cm’. d. 530640 kgfm3,
tensile strength 204 Nm/Lg, and teer factor 40 in the i
direction. Runnability of furnish in the peper and printing machine
was good, efficiency in the paper machine was 80-85%, and there
mnoproblemofbtuhulgugin‘intbepnnmm: Chemimech.
and mech. pulping cheracteristics of bagasse, tening of
palp with &&nn‘nd dithionite, m vsicomech. properties of
pulp, and storege of begesse are

i

102: 168505¢ Pilot plent experiences by GIRIS-BZ bagasse

11.- pulpicg procese. Nojime, S.; Umeds, K.; Sato, T.; Yochi a, M.;
Kobayzshi, Y. (Project Eng. Cent., Hitachi Zoszn Corp., 3
Jepen). Nonuood Piant Fiber Pulping 1985. 15, 113-21 (Eng).
Pilot plint triels showed that the GIRIS-EZ process, based on
shemith.ermomech. pulping of begesse, affords Lizh yield (80-90%)
pulp with remerkable strength properties, low refining energy
consursption (1033-1300 k Wh/ton pulp), pulp Lrightness of 50-60%
and low chem. charge (NsOH and Na ). Papsrmaking trials
indiceted that paper good printability and suitability for use as
the muin component of newsprint grade; pulp produced by this
process is also suiteble for corrugated medium gy i
chem. pretreatment conditions.

see article
Pe

12.- 102: 168504r Pulping of bagssse and mon-wood fibers in
Teiwen. Ying, T. P. (Taipes, Taiwan). Nonwood Plant Fiber
Pulping 1985, 15, 103-11 (Eng). Kraft, soda, and sulfite pulping
§M¢Mruua of bagasse, reed, bamboo, rice straw and kensf are

Energy Econowy Measures st Mysore Paper Nills Ltd.,
13.- Shadravati, Karmstsks [Indis)

Netr, v. $. K.

IPPTA Convention Issus 1985: 94-96 (198S). [Eng).)

Oocument Type: JOURNAL ARTICLE

tengusges: ENGLISH

Steps taken 13 Wysore Paper #ilis for hast/energ,
conservation Include 1nsulstion of the steam lines, digesters,
evaporstor bodies, and continuous csusticizers; use of ¢
blow-heat recovery system in the digesters; use of evaporator
Cooling water for countercurrent Brown stock washing: enc
recovery of 8l condensste water from the evaporsiors, psper
machines, and turdines for boiler feed. Water consumption ir
the nevsprint mill hes Deen reduced Dy meking maximum use of
back water, controlliing overfiows by providing suitable
control devices, and mintaizing valve leskage. In 1ts ~
expension for newsprint end fintegretion of 8 sugar mill,
Wysore asde ute of the power cogenerstion concept. In this
vay., the sugar mil) begesse which had formerly Deen Durned for
pover and stean was made eveilable for use In pspermahing.




14.-

15.-

16.-

17.-

18.-

Approsch to Rinimize Pollution Problems through Vepor-Phese
Pulping Process

Mathur, R, B ;: Bist, V.: Neitheni, S.: Kulkerni,k 4. G.;
Pant. R,

IPPTA Convention lssue: 115-122 (March 1984). [(Engl.]

1¢1g.. 8 ref., 7 tab.

Document Type: JOURNAL ARTICLE

Lengusges: ENGLISH

In an stteapt to reduce the saount of effluents ctscharged
from liquid-phase pulping, straw and bagssse wers Sulpad vis
the vapor-phase process. This process tnvolved presoaki~g the
rav  waterials tn 2%-35 g/L NaOM solution with 1:3.5
material/liquor ratio. followed by ccoking st 160 C. No blach
Tiquor wes generated., and lezs veter was required for pulp
washing. The quantity of effluent snd the organic load in the
pulping effluents were reduced smignificently. The properttes
of vapor-phase pulps wvere comparable tu those of conventional
1 tquta-phase pulp. Bsgasse pulan produced By using the
vapor-phsse process had better strength properties than the
Jiqutd-phase pulps. Pilot-plant trisls indicated thet sdopt ton
of the vapor-phase process would reduce pollution load and:
stesm consumption.

" 100: 1767104 The effect of milling on the papermaking properties”’

of several Australian sugarcane varieties. Gartside. G.: Lungfors.
N. G.: Miller. K. (Div. Chera. Wood Technal.. CSIRO, Clayton 3168
Australia). Nonuood Plant Fiber Pulping 1983, 14, 37-43 Ging.
For 6 varieties of sugarcane, there are significant decreases in
pepermaking properties due to the sugar milling processes. Sada
pulps prepd. from bagasse had lower strength properties than those
prepd. from sugarcane, ¢.g., at 250 Canadian Std. freeness. the tear
index was reduced by ~30%. and the burst index and breaking
length were decreased by ~15%. There was no significant change in
fiber length during the cane milling. the reduced pulp strengrh was
due to fiber demage as indicated by kinks and folds in the fiber
walls. Of the sugarcane varieties, Q80 and Triton vielded bagasse
having the highest pulp strengths.

107 1682840 Marufeciure of corruscting medium pzper wiilizing
16% Lorass: furnpicl. Rangan, S. G, (Sehsaseyee Psper and
Eserds 1.33.. Erade, €38337 Indie). JPPTA 185, 20(1). 1820
(E27). Sodz cooling of bagesse for 3063 win 6t 60-80 pei pressure
rove pulp in 555 yleld for use in menul. of corrugeting medium
papsr.

102 165528 Wolified pulpieg process for cewsprint-grade!
Fulps frow Lojesse. Sherms. Y. K Bhols, P. P.; Singh, S. P
(C¢l. Peser Brench, For. Res. Inst. and Coll, Déhra Dun, Indie).
JPPT4 1582, 20(1), 1-5 (Eng). Cooking of whole basasse with
£.66.4% NLOH for 30 min st ~85° gave pulp in 8659 yield,
beving tensile index 17-36 N-mg. teer index 2-4 mN-m?/g. bum.
tndex C.1-1.5 kPe-m=/p. 1SO brizhtness ~£0, gnd opccity 92-84%
reitcble for mewsprint peper. Mixing of 30% NoOH-treated long
fikrs witk untreated sg‘c-m fibers geve sufficiently strong sheet for
use in the prepn. of nevtpriut. Blesching of bagesse soda pulp. short’
fibers or fiber blends by H or HP sequence gave products heving
817 180 brizhweis, Tho odidn. of 20% blicched bamsboo pulp
iz:proved riren.wh propeniics and brighiness of whole begasse pulp.

100: 3€015¢ Pulning of Egvptian bagasse with reduced envi='
ronmental pollution. Abou-State, M. Amine; Abd-Elmegeid,’
Fousd F.; El-Masry, Ahmed M. (Fac. Sci, Univ. Cairo, Giza,
Egypt). Pap., Carton Cellul. 1983, 32(10), 657 (Fr). To reduce
eovironmental pollution, Eg-{ptim bagasse (from which pith was
removed) was dehcniﬁa{l in closed digesters contg. onl ngﬂ solns.
Pul neldn and properties were optimim in cooking 3 h at 120° with
13 sOH (liquor-bagasse ratio 10:1). The yield before blesching
was 57.6% and in content 2.6%.

see article
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How to Isprove Queslity of Sugercene Bagesss feor Papurwehing

Gartstoe, G.

CSING Inet. Ind. Tecrol Bes. Rev.: 23-20 (1983). [Eng!.)

2 79g.. 3 teb.

Docusent Type: JOURNAL ARTICLE

tenguages: ENGLISH

It has been shown f(or severs! sugercans veristies thet
current methods of repid supger extraction demage the fiber.
Mance the restdus) Degesse 1g less veluedle for peperemeshing
than the origine! cane. Vays of obtaining superior bepasse are
cescribed, thet . selecting the larger Obepasse pleces,
sltmingting tha finsl dewetering of peper-grade bLegesse,
sslecting Dbetter varteties. end trying novel processing
wethods, such as (tOH extraction, mechanical pulping for
navsprint production, and particularly the Tilby process. tn
which the Supgar-poor outer ring s sepersted from the ptthy
core of the stalk to ytelg fiberbosrds thet resemble perticle
Bosras.,

98: 363631 Bagasse pulp. Age of Industrial Sciences and
.:Lnolg Jpo. Kekai Tokkyoe Koho JP 57,133,290 (82,133,290}
«. D21 ), 17 Aug 1982, tgpl. 8]‘(!9,3(2. 10 Feb 1981; 3 K
In the ing of bagasse with aq. KOH and optiopally HzO:,
molasses is to supply energy and alkali. Thus, 10 kg molasses
cootg. 80% solids was burned, and thermal energy and ash were
. muhwexld.rithnmtoginar[’n . soln. contg.

698 g/L KiCOs and causticized with CaO to give aq. KOH, and 0.4
bagasse was trested with the aq. KOH at liquor ratio 10 L/kg,
30.3%, and 165* for 60 min to prep. 36.2% pulp.

oy

97: 164832b Producing newsprint. Villavicencio, Eduardo J.
(Grace, W. R., and Co.) US. US 4,347,100 (CL 1€2-25;
D21C1/02), 31 Aug 1982, Appl. 210,057, 24 Nov 1980; S pp.
In the title process, bagasse or wood chips are cooked on a 1st
rrodn. line with NeOH, NeOH-Ng:50; or -NaHSO3, and kraft
iquor for 0.1-1 h at 140-190°, refined at >100° and bleached
with peroxide or OCl- to give thermochem. pulp (TCP); and in e
2nd line, the same cellulosic materials are steamed at >2 kg/cm?,
refined, and bleached to give thermomech. pulp (TMP), the
combined pulp having 55-60 GE brightness and 93-96% opacity.

Improvement of Casusticizing System 1n s Slesched Bagasse
Pulp Piant

wang, J. S. I,

1aPP1 Pulping Conf. (Toronto) Proc.: 261-266 {0ct. 25-27,
1982). (Engr. )

4 fig.. J tap.

Document Type: CINFERENCE LITERATURE

ages: ENGLISH

:::g: o:ih.n to correct problems with scals formation in
avaporstors, incomplete durning of place Jtpror, low
efficiency causticizing, snd poor quick lime quality at the
Ping-Tung Bsgasse Pulp Factory. Taluan, are GlSCusseO Among
the nev causticizing conditions implemented. reaction tiae was
Iincrensed from 108 to 130 minutes, which increased overall
cousticizing aefficiency by 10%. The resciion temperature was
set At 183 (o OF -)1 C #and the green liquor temnerature at
93-94 €. In order to staplilize the purity of calcined quick
Tima, the Vimg xuo Cischarging rate wvas Incrersed from 20 t0
30%. The size of 1imestone Used for makaup was reduced end the
1ime mud moisture wes lowered to approx. 15X 1o achieve an
incresse I1n calcining efiiciency of 10%.

" 97: §7350w Pulpin‘ equipment for agriculiural residues -

some important design factors. Trivedi, M. K. (Chem. Eng.
Dep., Indian Inst. Technol., Bombhay, 400 076 Indis). JPPTA
1981, 18(2), 14 (Eng). Bagasce, cotton stalk, and straw from
rice, wheat, and corn as agncultural wastes have less complex
structure than wood and are easily cooked with 20-30 % NaOH
at ~100° to give pulp in 52-60 % gield. The design of pulping
equipment for agricultural wastes should be simple and versatile
to process the raw msterials in accordance with their seasonal
svailability.

see article

p.63
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" " 96: 164430y An evsluation of the damage to smt came’

fiber during milling. Cnm:de Gcoﬂnr Lngfon. Goran;
Miller, Ken (Div. .. CSIRO, South
Au-tuln) Holzforsc mz. 35(1) 238 (Eng). The sods
sam| from various parts
e m' o
roperties asse fibers resulting from m
fupmnc. Major redns. occurred during bammer ni.llng of cane

to sugar extn. and in the final drying roller

" 96: 8432¢ Paper pulp from compressible cellalosic materials

for paper, cardboard er ether similar cellulosic preducts.

i e I B e Bl S
PP tii s

from by the cellulosic ) @

by dryi
cleepm(mnq NaOH (43 g/L) 15 min at 60* and 7.7 kg/m’

with & screw press to liq-solid ratio 2:1, and cooking at
lsa‘ud77hlcn! Steeping at 1 atm required 45 min at 70°.

85: 205687 Bagasse cienltlemo-oehnieal pulps and
their utilization for mewsprint. Fuentes, Emesto F. heid,
OH 45501 USA). Pulping Conf., [Proc.] 1981, 233—40 ).
Thermomech. treatment of ssse in disk refiper in

presence of NaOH-Hs0; or - mixt. gave cbemtbumomech
pulp (CTMP), with ﬂ:.?bo brightness 39—41%, opacity 92-6%.
shive coptent 2-5% roved mech. properties. A furnish
ofasﬁbqu‘cCTMPMlS% kraft pulp produced pews rmt
sheet, Jhyumm properties of which were eompaub

ventional newsprint. _

95: 205685h Experiences of buuu pulping ‘with rapid'
continuous digester. Krishoamacheri, K S; ln, S.G;
Raviodranathan, N. (Seshasayse Pap. Boards’ L., e, 638
007 Indis). Pulping Cou IProc J 1981, 61-7 (Eng)
The continuous cool thed bagasse in the presence of
12~4% NaOH !ot 10-1 m lt ao-loo g'_ pressure rn pulp in
424% yvield, with anganste mo. 9-11,

breating 5757-6583 m, tear factor 43-9, o md St fotd
195-282. by CEMH sequence produccd pulp with
75-8% bri;btuu.

95: 8264dm Thermomechanical and chemithermomechanical
R;"’m‘ of bagasse for newsprint grade. Nishiyama, Masashi;

atsuo, Ryukichi; Kobayashi, Yoshinari; Sato, Tsdashi;
Niyomwan, Naiyans (Gov. Ind. Res. Inst, 'I"Ahmnuu lem
761). Cellul. Imn Technol. 1981, 15(2), 227-36 (Eng).
'l'bemomo:!ch of | mu‘at lteu:d pns;:r‘; 2 k‘/cmi
nve . uct in &)—6 wi lnprov stre pr

fines content. 'l'bc sddn. of 20-30% .o!lwoﬂ,e
pulp to bagasse thermomech. pul{ nve per the physwomech
f;openus of whizh was comparable ose of com. newsprint.
the chemithe:momech. pulping l.he use of NaOH improved

the strength propemes but decuued the brightness of resulting
pulp. e addn. of NasSO; and NaOH improved the strength
properties and optlcnl properties and .educed the energy
consumption in refining of bagasse chemithermomech. pulp
(CTMP). The sbeet properties reached to comparable leve: o{
convept: ond news, nnt wbcn bagasse CTMP was mised with
15% softwood kr )
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* 95: 26873y Paper pulp from sugar mill bagasse. Krueger,

Horst; Berndt, Wilhelm; Schwartzkopff, Ursula; Reitter, Franz
J.. Hoepner, Theodor; Muehlig, Hans Joachim U.S. 4,260,452
(€L 162-23; D21C1700), 07 Apr 1981, Appl. 685326, 11 Ma
1976; B pp. Cont-in-part of US. Ser. No. 884,513, abandoned.
Neutral sulfite semichem. {NSSC) cooking of depithed bagasse
gave pulp with improved phvsicomech. properties for use in the
prodn. or newsprint paper. Thus, the NSSC cooking at 170-75*
ave pulp in 70-5% yield. The NSSC pulp as above was
Jeached with alk. H30; at 50-70° to give a product with
bresking load 8.7 kg, tensile 3.9%, breaking length 7.13 km, abs.

135 . abs. bursting str 3.8 kg/cm?,
B oA % ring st 33 L/

" 94: 158634k Apparatus and metbod for cookin wood

fibers to make pulp. an, Michael Ignacy; ichter,
dohan C. F. C. (Kamyr, Inc) Ger. Offen. 3027847 (CL
D21C7/00), 26 Feb 1951, US Appl 62,189, 30 Jul 1979; 28 pp-
The 2 digester unit continuously impregnates wood chips,
:tir“n:_v’.o' bagasse with cooking liquor and then cooks it at

Review of High-Yield Puiping and Menufscture of Newvsprint
from Bsgesse

Suresnt, Q. A. )

PIRA Rept. PB/SIR)/1980. 52 p. (1981). [Avail. from PIRA as
oM 7787}

Document Type: JOURNAL ARTICLE; REVIEV

Languages: ENGLISH

The use of Dagasse 8S & sourcy of papermaking fibers. its
storage. and depithing are susna-ized. Processes (25) fc-
newsprint  production from  bagasse asre revieved. Incl.
chemicsl, chemimechanical, mechanical, ana thermomechsnical
pulping processes. Minimum strength and optical properties
Cesirable in tapssse newsprint sre out.ined. From. PIRA Paper
§ Roasrg Apstr. 15, no. 13: abstr. 257 (Merch 1982).

$4: 325762 Preservation and storage of bagasse. Cusi,D. S.
(Procesos Tec. Ind. S.A,, Mexico City, Mex). Sﬁgor Azucar
easures are

for control of biodegrdn. of bagasse during storage in

‘1’980. 75(9), 127, 130-2, 1356, 138, 140 (Span).

piles. The bagasse accumulates during the sugar cane

season and & used gradually dm;l}\{ the rest of the year for
pulping to make peper products. e first reaction to occur is
consumplion of residual sugars by mesophilic yeasts, and
stimulation of this reaction can r.duce subsequent degrdn. of
‘celluloge by other organisms Temp. profiles in bagasse storage

Jpiles are given.

FURTHER INVESTIGATION ON  CHEMITHERMOMECHANICAL PULPING 0"
SAGASSE AND MYDROGEN PEROXIOL SLEACHING OF THL PULPS THEREYROM

Xobaysshi, V.: Kigshiysmas, K M. : Matguo, R

TAPP] Pulping Conf. (Atlants) Proc.: 249-260 (Nov. 16-19.

+980).
22 fig.. 18 ref., 2 iab.
Oocument Type: CONFERENCE LITFRATURE
Langueges: (NGLISH

The wmarufaciure ¢ newEprint-grade CTMP frnm tnree hinns of
begesse (cultivated In Jepen end Indis) wvas enamined. &
‘aboratory-ecele pressurized refiner vas used. Tne el/fecis of
chenicai pretrestment ond types of disk plate patigrns on
Sheet ‘trength and energy CoNsumption were studied Alkaline
sodium gulfite., having @ synergistic effect, improved paper
strength. with o siight decresse In Drightness. and slso
FAOUCOC pover consumption. The pure Dagesse CTNP gneers
08ti16f 100 1the commercial Jepenese specifications for sirength
ond drightness when Dlesched with nydrogen perosice. Plate
patterns o190 (nflvenced energy requirements The effecis of
convent tons ! auttisteg~ ong ref tner nydrogen perorice
bliesching were compered: In 1ine lstter process, Orightness
taprovement wes limited. ft was concluded 1that the CIMP
Process, sided by eynergistic effects ©f alhpling s0dium
sulfite, hned encelient potem ia’ for mechenically oroducing

Neweprint-grade puip from bDspesse.
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Main Factors of the Technology. Quatity. snd Possibilities
of Sag Cheait ical Pulps ter Different Purposes

Vitiamit, G.:. Garcts. 0. L.; Cepero. 1.

EUCEPA/TaPP T /CPPA Int. Mech. Pulping Conf. (vam:.ouver)
Preprints: 87-90 (June 2-S. 1987). {Engt )

t fig.. 5 wan.

105: 625048 Structural changes in bagnses in b7 chemi=
mechanicel and kraft pulpi M&h'tz:.l- -

,d; F
N: Romero, N; Sardinas, 3.( Cane Byprod. Res. Inst.,
Havana, Cubs). Celiul. Chem. T 1985, 19(5), 543-8 (!:ag).l

104: 151116 Wactes of o Papez and pulp mill. Manso V.~
Raswon; Benito, Margot; Cruz, Rolando (Univ. illaa,
Cuta). Tzcnol. Quim. 1585, 6(2), 15~20 ‘mfe ot Las Villas,

"7 104: 1510801 Pulp and paper from Egyptian bagasse by alkaline"

sulfid=—sulfiie >ulping. Abou-State, M. Amine; Abd El—Mzeid.
Fouad F.: El-Masry, Ahmed M. (Fac. Sci., Univ. Cairo. Gizs,
Egpl).  Holzforschurg 1985, 396). 3614 (Eng).

104: 1317540 Bleaching with hydrogen peroxide. Shen, Maorong:
Dou, Zhengyuan; Zheng, Zhitang; Xiso Disorong:  Yi, Manyin
{South China Inst. Technol., Peop. Rep. China). Zhongguo Zaozhi
1985, 4(5), 59-50 (Ch).

" 104: 9077T7H Bculyolulduuwbouunldcwcl'muph

uction of newsprint. Alxil, A; Hemand:z, A Rodriguez,
T Avare 0 °aoa'g'\:¢, M (Cba), Sobre Dorss, Conn Aem:
1984, 18(2-3), 32-6 (Span)..

" 104 %77ds Buitability of chemsomechanical bagasse pulp for

and ' Aguero, Caridad; Ponce, Jesus;

bochilh.mm Sobre Deriv. Cana Atucar 1988,
1%(1). 46-50 (Span). .

104: 70510 Brightening of chemomechonioal bagasse pulp.’
Fernandez, Nancy; Sabatier, Juan; Sardinas, Olivia (Cuba). Sobre
Deriv. Cana Azucar 1534, 18(2-3). 27-31 (Span). | - '

" 104:50324v Study . metal jons in sugarcane. Effect of soil.

Hernandez. Raul; ~ C arcia, Lucia: Gonzalez, Jose; Rodriguer.
Esngncia {Cubai. So.re Deriv. Cana Azucar 1984, 18(2-3), -4
(Span).

I3 159834y Pulp aad paper frem Egyplian bugasse by slkaline
sulfide and sulfite pulping.. Abuu-State. M. Amine: Abd
El Meged. Fouad F. El-Masn,, Abmed M. tFac. Sii, Univ. Cairo,
Gua. Fevpts Collad Chem Toohnof 1984, 1800, 819 21 (Eng)

102 1435520 Bagases 73 techoolegy far offcctive utilisntisn
of scaweed recourcss. ji Satoshi  (Prcject Eng. Cent.,
Hitachi Zosen Cerp., Osaka, Japan 584). CEER, Econ. Eng.
Rev. 1565, 17(4), 42-5 (Eng). A review with no refs.

. 103: 106510b Characterization of s0me non-wood materisls as’
raw material for production of pul;. Cruz de Cronis. Marlene
a

[:’ely (Cent. Tec. Celul. Pap., Brazil). Papel 1985, 46(April), 29-36
(Port).

" 103: 23922 Dolignification mechanism of bagasse krafs puiping.
Wu, Guoxiong; Chen, Jisxizeng (South China Inst. Technol., Canton,
Peop. Rep. Chins). Zhongguo Zaozhi 1985, 4(1). 31-4 (Ch).
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102: 222¢83a Pulping of nonwood fibers. Research Development’
Cosp. of Japan Agency of Industrial Sciences and Technology;
Hitachi Shipbuildiag and Enginrering Co.. Ltd. Jpa. Kokai
Toutkys iKoko JP GO 52691 [85 52691) (CL D21C3/02), 25 Mar!
1865. Appl. 63/160,873. 31 Auz 1983/ )

102 222372m Sxlium sulfate-sulfur dioxide chemimechanical
psecess (SOX). V. Bagusse SOX palp. Mita. Abio, Saeki,
Takashi; iyama, Ratsushi; Yazawa. Yoshinori; Kobayashi.
Takashi (Natl. Ch>m. Lab. Ind., Japan). Kami Pa Gikvoshi 1985,
39(5), 486-98 (Japan). The vield, and the strength properties of

" 102 2356359 Puolp by tharmcaachasical digostion uslag blea=
. wf‘- )'irzmumm 7&"&“""13"
. - 1C R

20 Nov 1984, Appl 496832, 23 May 1863; 13 pp. . /o

102 263550 EXoct of stor:h and the reflming of hagasse’
P on k> strengih proportizs of paper. Hermande:, Aracelia;
Misibel (Cubs). Sobre Deny. Cana Azucer 1534, (Supl

2), 9-16, 3 plutes (Spaa).

102: 165357 Bluschod bugasse. Cuba, Ministerio de la Industrie
. Azucarira Austrian AT 377544 (CL D21C3/02). 25 Mar 1985,
Appl 81/402, 25 Jan 1981; S pp.

162: 1827 Pulpiang of sugazcane beZasse with a misture of
e;-_uol-‘.{.;:.:r soluticy ia oriccsce of sodium bydroxile 22l
aLtarzquicoue. Valladares, Jaine: Kolz, Carlos; Berraudez,
Miguel E; Batres, Francisco K.; Custcdio, Mazco A. (Appl. Res.
lz):;v.a. l(CEA:‘I)‘L. Guatexisla). Nonizood Plant Fiber Pulping 1$85. 15.

w.*. Wl Toe ausl dor izsproviay e efficiaacy of browa
WAl Wiy '.1-‘\1’ 00 g ifcuiiuzal wedidue puly. Jeyasiazam,
J:..*{.l. {aigvirs, W2 60832 USA). Nonwswd Plant Fiber Pulping

W, 35 Tim5 (Sag)

" 102 1685¢2q The sew dilute ammonia pulping process. Thil=
laimuthy, J.; Jebat, Jalan Hang (Kuala Lumpur, Malay.). Nonwood
Plant Fiber Puiping 1985, .5, 91-102 (Eng).

" 102 1684551 Bleached hydrogen peroxide-alkaline pulp (BPAP)
from bazasse. Mita, Akio (Natl. Chem. Lb. Ind.,
bs Science City, Japan 305). Nonuood Plant Fiber Pulping

1968, 15, 3541 (Eng).

102 16d4hss Oiudutive watractivn (Eo): the future of bagasse
bivevuis,. Beni ez, Adelquis B Bottan, Gustave L. (IMPCO Div.,
Ingenali-N.nd €., Nashua, NH 03651 USA). Norucsd Plant Fiber
Puiping Vses, i3, 34 (€ay). Corapering the CEH and CE£/OH

" 102 163497> Soda-anthraquinene pulping of bagssee. Tapanes,
E. Namnjo, M. E; Aguero, C. (Cuban Res. Inst. Sugl'p:hne
lBg'_}I;ro?é.nH’avma. Cuba). Nonwood Plant Fiber Pulping 1985, 15,

48

102: 168456y Sugar came bag.sae pulpizz using a cookjnx
liguos isture of scdiva caricnate and sadium Eydroxilde.
Percz. R. L; Gorcia, S Gerazaliz. S. A, (Mozarpel S. A, San
Felize, Venez). Nonuood Plart Fiter Pulping 1585. 15. 5-11

(Eny).

102: 163349b Nonwood fiber plants for papermaking - a
review, Patel, Rohit J.; Angadiyavar, C. S.; Rso, Y. Srinivasa
(Rohit Pul> and Pap. Mills Lid.. Borabay, 400 001 India). Nonuwood
Plant Finrr Pulping 1985, 15, 77-90 (Eng). A review with 66 refs.

. 102: 1511228 Characterization of “lsla de la Juveutud® white
kaolin used as o filler in the pyaper industiry. Abal, Alejandro.
Alvasez, Osvaldo (Cuba). Sobre Deriv. Cona Azucar 1984, (Suppl.

1), 26-32 (Span).
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29 .- 102 151131r Uoe of retestion uts in the
with a N(t_ content of hmnm p.nlp. Aﬁﬁi‘.ﬁm.!
m_ﬁcu; . Molina, 'l:l‘“%Cnh-) z.l;\cnalu. Alvare~,
OOVIHolm o; Mhluez.”. u.lsl‘ln. P ), Sobre Deriv. Cana Azu

- 162 26829 Alkaline ping of bagasse with
30. El-Ashasgwy. A E; -'s.nlild.ll.; Iorahim, A. A ( Pap.
gmg.gam(&‘?‘ Cent, Cairo, Egypt). Holzforschung 1984, 38(5).

| 102 3u3is Edfacts cf pH 6a 3ta Lydsgea porexide Llacsuiag

3t of sullys bagase puipe. Abcu-State, M. Amize; El-Masty,
Ahmed M.; 5 Niglea Y. S, (Fac. Sci, Uaiv. Cairo, Giza,
Egypt). Pap., Carton Cellul. 1521, 53(8-9), 51-3 (¥y). e

- i Py of mixtures of ba and eucalyptus -
Y o
(glg;. (Aracruz Celuloss S. A., Brazil). Papel 1984, 45(July), 47-56
ort).
- 84287 Factors hard bleaching of sulfate bagasss’
33. ..l.?ﬁ Hsieh,-rWen Ch:i.ru‘;'w John Po Wen (Dep. Byprod. Ut

Taiwan Sugar Res. Inst., Tainan, Taiwan). T ci-wan Tang Yeh Yeu
Chiu So Yen Chiu Hui Pso 1983, 102, 29-35 (Ch)

3. - _101: 1128825 Coatings for papore from obort-fiber pulps.
Aracelia .(gu. Cubano Iavest. Cang de Azuces, Cuba).
Tecnol. Quim. 1962, 3(4), 1-21 (Span). -

- " 101 13263% Pulping of under atmespheric press
35. Abou-State, M. Amine; Abd El-Megeid, F. F: E1-Macy. M (ory.

Sci., Univ. Cairo, Cairo, ). Zellst. Pap (Leipzig) 1 %
86-9 (Ger). - Mo Eevpe p (Leipzig) 1984, 33(3)

36.- 101: 40086t The influence of pith elements and fibers upon’
papermaking properties of bagasse pulp. Molina, Rafael;
Krkoska, Pavol. Blazej, Anton (Cuban Res. Inst. Sugar Cane Deriv.,
Havana, Cuba). Vysk. Pr. Odboru Pap. Celul. 1984, 29(V2-Ve4).
Vi3-V16 (Eng). Pub. in Pap Celyl, 39,2. ~

37.- ' 100: 155474s Modificstion of Lagasse pulp. Tenry, Byroa R
(Kimberly-Clark Ccrp.) Ger. Offea. DE i
09 Feb 1934. usm_. 5810, 09 mlg%mlﬁlw).

38.- 10X 1534077 A msdified methed of mitvic acid :
Lagnsss. BJMEL;_N:-w.II._H.; !Hi::-. .A'.

Abd (Fac. Exg. Univ., Alexe,... ric, ). J. Chem.
Tﬂnlhmnd,acn Technsl. 1983, 3IA(S). 357-96 (Eng).

29, - 100 123044b Utilization of agricultural residues using the |
tuelun?chenic-l puiping process. Maravan, O. M. Jo‘:hi.il. C.;’
Bhanderi, K. S Sherma. Y. K. (Uttar Pradesh Straw and Agro
Prod. Ltd.. Muradabad, India). /PPTA 1583, 20(2), 32-40 (Eng).

40.- 100: 122996k Asricnlmnl residue vis-a-vis Indiam p.pcr.
industry. Suri, P. K.; Prni, A. N.; Srivastava, A. K. (. K. Pap.
Mills, Orises, 765 015 India'. IPPTA 1983, 20(2), 27-31 (Eng).

41.- " 100: 1053193 Ultrastructure of bagasse and distribution of,
bemicellulose across its cell wall. Shijun, Kuang (Pulp Pnpcrl
Res. Inst.. Minist. Light Ind., Peop. Rep. China). Cellul. Chem.
Technol 1983, 13(5), 507-14 (Eng).

42 .- . 100; 105312q Bagssse - the promising raw masterial for the’
paper induz::ry. Rso. P. J. Manohar (Minist. Agric., New Delhi,
India). IPPTA 1983, 20(1), 6-17 (Eng). A review with | ref.

43.- ' 104 87534g Delignification of pulp by ozyvgen. lshikswsjime-= .
Harima Heavy Industries Co., Lid. Jps. Kokai Tokkyo Koho JP
58,174,693 (83,174,693] (Cl. D21C3/90). 13 Oct 1983, Appl.
B2 54,176, 01 Apr 1982, 6 pp In the rapid delignification of




44, -

45.-

46.-

47.-

48. -

49.-

50.-

51-

52.-

53.-

54.-

55.-

56.-

57.-

-86-

99: 214404c Puly manslocture. lihikawajime-Harime Heavy’

. pe. Kekai Tok! he JP 104298
g“ulo;élasl‘ CL D11C3/00). 21 Jun°l$:3’.° Ap.pl 81[20%92. 16
31, 4 pp. ’ '

.le-w-bluebd.l with incr 3 :

;:'tn Tekkye loboojl’l:g 91 : l::l.ll:nd W"j':
1

May 1983, Appl 81/190,075, ] ( S ”(_33/22). 3

99: 177633y The bleach chemical preparatien in Piagtuag”
bagasse pulp factery. Teo, Hsien Yung (Taiwan). Taiwen Sugar
1983, 30(3), 84-91 (Eng).

99: 160215w Pulp manufacture frem bagasse. i

4 Eoeo—-Gutzeit Oy
Jya. Kekai Tokkye Keho JP 58 76,589 (83 76.589) (CL D21C3 02),
Of May 1983, FI Appl 81/2498 13 XI' 1931;’3‘». /o)

.;’&hl:l.tln. Eﬂocto: Ene wm salts on soda. hing
bagasee pu Ashmawy, A E; Heikal, Salwa O.;
Podl, M. H. ( Flpuhb..N:t{Ru&CuL.Cauu,Eapt)

" 99 14175Th Fibrous semi-products from raw materials ressarces -

for paper and board production im Swdsn. Agricalinral

idues: bagasse and cotten stalks. Gebir, Suleiman; Khristova,
'P?lni::" (Natl. Counc. Res, Khartoum. Sudan). Agric. Wastes
1983, 8(1), 9-15 (Eng).

99: 11754e Manufacture of mewsprint grade paper from
sugar case bagasse by chemi-thermomechasica! pulping
g:oceu. Kobeyashi, Y. Nishiyama, M_; Mstsuo, R; Nojima, S.;

to, T. (Chem. Dev., Gov. Ind. Res. Inst, Takamatsu, Jepan). Reg.
J. Energy, Heat Mass Transfer 1983, 5(3), 241-9 (Eng).

: 99: 40045u Mechanical pulping of nonwoods. [II. Hydrogen

rexide bleaching of chemithermomechanical pulp from
::zuu. Matsuo, Ryukichi; Nishiyams, Masashi; K ashi,
Yushinari (Gov. Ind. Res. Inst, Takamstsu, Japan 761). Cellul.
Chem. Technol 1983, 17(2), 18592 (Eng).

" 99: 400434 Effect of pulping conditions ou the bleackability of
soda and soda—oxygen pulps. Heikal Selws O. (Cellul Pep. Lab.,
n-ltlnﬂn( Cent., Cairo, ). Cellul. Chem. Technol. 1983, 17(2).

96: 200071j Pspermsking characterization of begasse pulp
fibers. Moli ﬁ:!ul. Krtmkg Pavol; Blazej, Aaton (Cuban Res.
Inst Sugar Cane Deriv., Havana, Cubs). Vysk. Pr. Odboru Pap.
Celul. 1983, 28(V9-V24), V17-V22 (Eng). . in Pap. Celul, 38,
3

98: 1813501 Straw polp meed in typographic papers. Jiale
&g{)« Mill (Peop. Rep. Chins). Zhongguo Zaozhi 1982, ?(5_). 25-8
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V. PULP MILLS

1. A Tentative List of Worldwide Bagasse Pulp Mills - 1988

i

i

) Country | Mill : Address
Argentina Argentina S.A. (Celulosa) Aristobulo del Valle 594

Zarate, Pcia Bs.As. Tel: 0328~2987/8/2950

Azucarera del Norte S.A. (Cia) Belgrano 990, 4 Piso
Bs.As.Cap. Tel: 38-2194/0483, 37-7948

Ledesma S.A.A.I. Sarmiento 440 Tel: 456011

_lo -

Bangladesh North Bengal Paper Mill Ltd. P.0. Paksey
Dist. Pabna Tel: ISHURDI 441

Brazil Brasileiras Portela Cia P.0. Box 1909
) (Industrias) Cais de Alfandega 130, Recife, Pernambuco
- ' . Tel: 240811, Telex: 036 821

Guatapara S.A. Industria Bairra Monte Alegre 13400
de Papel Caixa Postal 65, Piracicaba, Sao Paulo
Tel: 3-2822, Telex: 191127 refp br

Matarazzo de Embalagens S.A Estacao Comendador Ermelino
(Industria) Matarazzo S/N, Sao Paulo, S.P,
Tel: 206-4433

Portela (Companhia Industrias Cais de Alfandega 130
Brasileiras) Recife, Pernambuco




Colombia Productora de Papeles Apdo Aereo 4412

(Propal), S.A. Cali
Cuba Papelera Damughee No reference
India Central Pulp Mills Ltd. Fort Songadh, Dist-Surat (Gujrat)
Pin 394660
: Mandya National Paper Belagula 571606
- Mill Led. Karnataka, Tel: 34 42 45 Belagula, Telex: 0846-228
Pudumjee Pulp and Paper Thergaon
Mills Ltd. Chin Chwad, Poona 411033

Tel: 83289, Telex: 0145-325 gpgl

|
-kt
Rohit Pulp and Paper _ Bombay, 400 001 %3
Mills Ltd.
Sehsasayee Paper and Boards Erode, 638007
Ltd. Salem District, Tamil Nadu
Tamil Nadu Newsprint and No reference

Papers Limited (TNPL)

West Coast Paper Mill Ltd. Dandeli, 581362
- Karnataka "
Tal: 191/95, Telex: 0865-240 wcpm in

Indonesia Perusahaan Negara Kertas Letjes Leces
Probolinggo
East Java, Tel: PROBOLINGGO 161, Telex: 31-386




Mexico

Peru

- Philippines

Kimberley Clark de Mexico S.A.

Mejicana de Papel Periodico
(Mexpapel)

Productora de Papel S.A.
CIA Industrial de San
Cristobal S.A.

Titan S.A. (Empaques de Carton)

Trujillo S.A. (Cia Papelera)

Central Azucarera de Bails
(Paper Div,)

United Pulp and Paper Co., Inc.

Escamela
Municipio de Ixtaczoquitlan, Veracrug
Tel: 528-55, Telex: 015-415

Cordoba No. 23, 2nd floor
Mexico 06700 D.F.
Tel: (5) 5336843, Telex: 01772961 mepd me

Km 7 Ant. Carret. Roma
San Nicolas de Las Garzas
P.0. Box 867, Monterrey
Tel: 762020

Av. Benjamin Franklin 132
Mexico D.F.
Tel: 515-8560, Telex: Decuci 017-71-046

P.0. 757

Av. Universidaad 2071 Norte
Monterrey

Neuvo Leon Tel: 753111

Casilla 130
Trujillo
Tel: 231461, Telex: 25485 Pe Para Lima

Bais Central
Negros Oriental
T.A. Celulosa - Sais Central

Kin 48
McArthur Highway, Calumpit
Bulacan, Tel: 408874

-601~




South Africa Sappi Fines Papers (Pty) Ltd.

Taiwan Pao Lung Pulp and Paper Co.

Pingtung Pulp Factory

Stanger Mill
P.0. Box 725, Stanger
Natal 4450, Tel: (C324) 23011, Telex: 6-05 35 S.A.

489 Fuhsing N. Road

Taipei
Tel: (02) 715-3191, 715-5055, Telex: 25776 Paolung

25 Pao Ching Road 1
Taipei 100
Tel: (02) 3110521, Telex: 11270 Taisuco

oti-
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APPENDIX B A TENTATIVE LIST OF THE MAIN BAGASSE PULP AND PAPER PLANTS OPERATING IN 1980
(nd CAPACITY CHEMICAL  STARTCD YOARLY
couatar NARL OF CONPANY LOCALITY  pagouct (1724 wr) PROCESS prcoveRy OPCAATING  ROOUCTION ks
- (tonnes)
aRGERTIMA
Celulons Arqenting 3A Tucuman (1] 0 Soda ] . 1,000 Modified Sods Process
Celulonss Argamting SA Nosarie (1] 18 (414 ] . . Celdecor Process
_ La Papelars de) Norte Tucuman W 0 Sods "0 - 1,900 -
- (bre W11 Santa Fe ] 5] Mestret Mo 1) . Med!fied Soda Precess
- Ledetms 33 Agricels y Industrial Jujuy [ 1] 100 Kraft Yes 1964 . Pandis Digesters
_ SANGLA OESH
B north Bengal Paper MY Parsey " $0 . Yo . 10,000 .
AZIL .
- Celubagace [aduitris o Comercie SA Campos Ny - Seda . . - W.R, Grace
Favrica ¢o Pope) ¢ Coallulone Morgant! Picacicads . 0 Soda . . . .
- - 1ndustries Rewatdas $A Matarsize w 20 . [ . 3,000 .
- Rifinagers Paulists SA Piracicans " $0 (414 L] 1”2 §,000 .
Rigera Cellulone ¢ Papel Ltde $a0 Poule [ [1 100 . ] . 18,000 .
Cis leadustrias tetras Portells SA Fernasbuce 31 60 . No N 10,000 .
- Papelae Onev) o0 Nordeste SA fecife (M 100 ] . 196 . . .
. Atagoles [ 1] 100 Kraft \ [} " 34,000 .
Cnina
_ (Posple’s
Repd V¢ of)
Pear) River Paper Company Canton (L] (1] (414 Ne 190 - .
coungla
Preductors de Papeles SA Calt " %0 Keaft G . $0,000 .
N.R. Grace and Intarnatisna) Paper Co - [ ] [ ] Soda Yot 194} . .
- osTA RI1CA
- - Turriaive ] 0 . . 197 . .
[{1. 1
- Sergle Gonzates Factory Las Villag (L) [}] Sodd L) 1987 10,000
Papelers Pulpa Cuba Trintdad w 100 Kraft Yos 1%0 16,000
Technica Cubana 3A Cardenay " ) rraft Yer 1959 16,00
Caperinantsl M1 (1}
tCuapoR
Papelers Nactona) SA Guayaqur! my 4] . . 1962 $,000 .
)
: Sourcel (1.3
- - - - - APPENDIX B (continued)
i TN CAPACITY CHLMICAL  STARTED  VEARLY
COUNRTRY NAME OF COMPANY LOCALITY PROOUCT  {1/24 Wr) PRDCESS ALCOVERY OPERATING PAODUCTION REMARKS
{tonnes)

Boaat W . seet) Pa s




et Vewes . Teertathe - 0 . . 1) . .
CusA
Las Yillas [\ 43 Sods Mo 1997 10,000 .
3:.'2:33";':?::’ c:::"', Teintdad [ ] 100 Kraft \ 3} 190 16,000 Pandis Digetters
Technics Cubana 3A Cardenss " ® Kraft \ 1959 16,000 .
Caperinental V) [ ]
CUADDA .
v Papaleare Naclona) $A Guiyaquil wY ) . . 19%? §,000
APPENDIX 8 (continued)
(L] CAPACITY CHEMICAL  STARTCD YEANLY .
Counliy RARC OF COMPANY LOCALITY PRODUCT  (T/724 Hr) PROCILS RECOVERY OPERATING  PROOUCTION REMARKS
(tonnes)
(L
Sengal Paper Mi1Y Co Lte Ranigeny 1] 13 - . . . .
per Mily Ltd Selagola be $0 Krafy Yoo 1902 11,000 .
northera [ndia Paper Milly LRd Meerut [ 1] 60 Kraft Yot 196) . .
fontas tndustries Lia Oalatamagar '] 200 Kraft Yoy - 60,000 .
Seshatayee Paper and Board L4 Crode (1] 100 Kraft Yes 196) 35,000 Pandia Digesters
Sallarpur Paper & Straw Board V. 113 Ltd ° Yamunanagar $1,000
1AAR
Pars Paper Company NHaft Tappen 1} 1] . Yoy - 19,000 .
g
8¢ ran Pulp and Paper M) Basran 11 60 . o 1967 . .
Misan [ 11} 300 Kraft Yeu 1978 85,000, .
nuExico
Cia Inousteial de Ayolts SA Ayolta 1] 100 - . . . .
Febrica Je Celulosa (1 Pilar SA Aesico n 18 €sc Mo 194} 20,000 -
Cta Ingustrial de St Cristodal SA fcatepec (1) 134 Simonlutl Yoy 1982 40,000 .
Risderiey Clash 1o Menico SA Orvaaba [1} 200 . Yoy . 30,000 .
Productora de Papel SA Montarrey (L1} [ L] - . . - .
PARLSTAN
Panistan Pager Corp. Ltd Charsadde [ L] 100 . Tes 1920 1$,000 .
Pakistan Paper Corp, L2 Jamshora [ 1) 100 . Tor 1979 . .
L4 ¢]
CePulotica y Papelera da) Norte Cayaltt [.1T] 1 Hestrer Mo 1982 $,000 Modified Sods Pricesy
Cla Papalera Trujillo SA Trujtile ny 200 Peadco . 1969 4% ,000 .
Sociedad AMgricela Paramonga Limitada Parsmongs " 128 Pesdco . - o .
lndupery Chiclayo [ 1] 3o - [ 1978 - -
FulLIPPINGS
Contral Azucarera de Satly Negros 1] 40 (2 . 194} 10,000 .
Uaited Pulp and Paper Co, calumpit  1'] 100 Keaft - 11231 1§ ,000 .
PUERTO RICO
Pan American Paper nills Co Arecibo BHY 60 Sods No 1999 10,000 Medified Sods Process
3utn ArRICA 2 Wy (P ¢ fe) L) 200 S | 1954 0,000
Ngoye Paper NIVl (PRy) Lt siiaton Ny ods [1} " M
itlhgcr Pulp o nm)my) Lte Stanger 1] 138 Keaft Yet 1976 34,000  Costed Paper w
- .
e



APPENDIX B (continued)

N0 CAPAC)TY CHEMICAL  STARTLD YEANLY
CounTRr WAMC OF COnpaNy LOCALITY  pacouct {1/24 Mr) PROCESS ACCOVERY OPCRATING PRODUCTION ApARKS
{Tonnes)
SPAIN
Uapress Nocions) de Cellulose Moatril BHY+00 $0+40 Krafte - . 15,000 7
csC ‘0 HY) o
0,000 T{88)
TAluAN
Pingtung Pulp Factory (Tatwan 3C) Pingtung 1] J00 Kraft Yes 1 60,000 .
Miingying Pulp b Paper Factory (T8C) Ny ingying .1 150 Kraft \ 1} 194041958 45,000 .
About )9 1mall milly use bagasse . d «QUBNY . . No . 60,000 .
THALLARD
S1an Kraft Paper Co LUG Ban Porg w 10 Keaft Yes 1967 21,000 .
VALTED ARAD
REPUBLIC Al Rasr Co CoFy [ [} (1] Kraft No 1968
[${314}1
wsl::l':gs valenting Pulp & Paper Co Lochport L 1] 150 Sods ey 1992 35,000
viatIulLA CA vener0lens de Pulpa da Papel Moron []1] 150 ¥ralt No 1961 30,000 Pandia Digesters i
Guanyre Papelers Rlo Guanere a 1%0 Kraft Yus 1978 35,000 . ::
(N8
BHY « Bagasse high yield pulp for corrugating medium and liner doard
BU ¢ Bagatte ful 'y cooked undledachad pulp for wrapping paper, dag piper, etc
88 o Bagasie dleached pulp for writing and printing papers

APPENDIX C A TENTATIVE LIST OF THE MAIN BAGASSE BOARD PLANTS OPERATING IN 1980

PROCESS €0 PRODULT CAPACITY  STANTED RN

countay NAML OF ConpANY LoCALITY (1724 He) OPIRATING

ARGINTINA Cle Aawcarers Tucumana Turiman Ferrnct inl/Varvar  Particle Raard (1) (LA
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Tamil Nadu’s new mill, which started last year, is
claimed to be the first in the world successfully to

use a high proportion—50%—of bagasse mechan-

ical pulp in its newsprint furnish. By N.D. Misra.

2- WORLDUIDE NELS:

TNPL solves bagasse pulping problem

ICALINNOVATION is the hallmark

of Tamil Nadu Newsprint and Pap-

ers Ltd. (TNPL), a new bagasse-based

newsprint mill located at a 150-ha site

beside the river Cauvery near the town

of Pugalur in the state of Tamil Nadu,
in India.

According to managing director C.
Ramachandran and executive director
M.V.G. Rao, TNPL is innovative in
two main ways. First, and most impor-
tantly, this is the only newsprint mill in
the world where mechanical pulping of
bagasse has been adopted and put suc-
cessfully into practice on a full indus-
trial scale. In India, it is one of the first
pewsprint mills to make use of an im-
portant local resource—bagasse. Esti-
mates put the amount of bagasse cur-
nuntly available from the Indian sugar
industry at 19 million tons/yr.

Regular production at TNPL started
on 24 May 1985, when the chief minis-
ter of Tamil Nadu state, Dr. M.G.
Ramachandran, dedicated the mill to
the nation. Duringits first year of oper-
ation, TNPL had a turnover of approx-
imately $47 million, with production
running at 63,000 tons of newsprint and
printing and writing papers, corre-
sponding to about 70% capacity utiliza-
tion. At full production, a mix of 50,000
tons/yr of newsprint and 40,000 tons/yr
of printings./writings will be made on
the mill’s 6.8-m trim Beloit Walmsley
twin-wire PM.

A public limited company brought
into being under the auspices of the
state government, TNPL was developed
with consultancy services from Sesha-
sayee Paper and Boards (SPB), the lead-
ing paper mill in Tamil Nadu. Total
investment cost was around $200 mil-
lion.

It took only two years from the stan
of civil construction in September 1982,
to the first production trials, using im-
ported pulp, in September 1984. Subse-
quently, in 1985, trials were held with
the mill’s own chemical and mechanical
bagasse pulps.

P

\‘\\ \-(
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Tamil Nadu: the first mill in the world to use mechanical bagasse pulp suc-
cessfully in the manufacture of newsprint.

‘T'o record the mill’s achievements, an
international seminar, held in April this
year, and organized by SPB consul-
tants, discussed the history and future
of bagasse as a raw material.

What makes TNPL unusual is the use
of a very high proportion of mechanical
bagasse pulp in the furnish. Following
advice from its consultants the mill saw
that only with a high mechanical pulp
content could it meet the opacity and
bulk requirements of newspaper prin-
ters.

Tests by SPB consultants and Beloit
Jones showed that a furnish which
would give the necessary qualities could
be obtained from 50% mechanical ba-
gasse pulp, 35% chemical bagasse pulp,
and 15% chemical hardwood pulp, us-
ing eucalyptus wood. And semi-com-
mercial trials in the USA showed that
the newsprint produced would have'the
requ: ‘ed runnability in printing presses.

As a result, a new mechanical pulp-
ing process, called the Beloit-SPB sys-
tem has been implemented at TNPL. It

uses thermomechanical pulping (TMP)
of the bagasse, with chemi-mechanical
pulping (CMP) of the coarse fraction.

Shipments of loose or compacted ba-
gasse are supplied by local sugar mills,
located on average about 65 km from
the mill. Annual consumption is esti-
mated at 400,000 tons/yr. After screen-
ing in two Radar disc type classifiers,
bagasse is sent for moist depithing in
two carousels, each with six 16-ton/-
hour vertical depithers. The separated
pith is burned in multifuel boilers,
which can also burn lignite, charfine,
oil and coal if necessary.

Prepared bagasse is wet piled, in
storage slabs of average size 540x 90 m
and ) m high. Total storage capacity is
143,000 bone-dry tons. Retrieval from
the stockpile is by Farukawa front-end
loaders. Before pulping, the retrieved
bagasse is washed in four aqua washers
from Beloit Jones.

The TMP line consists of two 110-
ton/day 1.42-m (56-in.) pressurized Be-
loit Jones refiners, followed by three
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stage Bird centricleaning. The pulp is
" thickened in in 2 Hedemora disc-type
thickener with eight 3.6-m discs. The
coarse fraction from the TMP line is
sent to the CMP line where it is pre-
treated with alkali. The line itself is cen-
tered around a 1.42-m, 100-ton/day,
Beloit Jones refiner at atmospheric
pressure, followed by two-stage screen-
ing with Bird pressure screens and two-
stage cleaning with bagasse cleaners.
Thickening and washing is by a 3-m
diameter Hedemora drum filter with a
4-m face-width. TMP and CMP frac-
tions arc combined after washing and
then bleached with hydrogen peroxide
to0 45° ISO brightness.

Chemical pulp lines

Chemical bagasse pulp is made in the
conventional way, in two 125-ton/day
horizontal Sunds Defibrator continu-
ous digesters. After three-stage wash-
ing, three-stage cleaning, pulp is bleach-
ed by a CEH system to 75° ISO
brightness. The equipment was sup-
plied by Hindustan Dorr-Oliver and in-
cludes three drum-type pulp filters, 3.5-
m diameter and 7-m face-width.

The chemical hardwood pulp line

LABORATORY TEST DATA; FOR NEWS-
PRINT PRODUCED ON THE TNPL MA-
CHINE
Basis weight (g/m?) 528
Caliper (um) 81
Butk (cm3/g) 153
Ash (%) 60
Breaking length (m):
i irect 4200
cross direction 1,880
Tear factor (m):
machine direction 3
cross direction 39
Burst factor 13
Smoothness (mi/min)
fop wire 270
bottom wire 180
Porosity (mi/min) 280
Brightness (% 1SO) 50.5
Opacity (%) 909
Scattering coefficient
(m?/kg) 374
Yellowness (%) 244
Furnish (%);
Mechsnical bagasse 50
¥ Chemical bagasse 35
Hardwood 15
Machine speed (m/min) 600
A Trisl made on 16 March 1986, roll number 284
The paper was subsequenty used in 8 modern
four-color offset printing press af the newspsper
The Hindu, of & printing rate of 35,000 impres.-
sions/min.
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Beloit HD pressure screens and three-

Tamil Nadu's PMtrims at 6.8 mand is

sated at 50,000 tons/yr of newsprint and

40,000 tons/yr of printing and writing papers.

uses about 72,000 tons/yr of eucalyp-
tus, bought from forests owned by the
State Forest Development Corp. The
wood is chipped in two 60-m?/hour disc-
type Carthage chippers. After screen-
ing, they are stored in a single storage
silo.

The mill has two 80-m? capacity Ut-
mal stationary vertical batch digesters,
for conventional kraft cooking of the
cucalyptus chips. Pulpis washed and
screened then bleached in a CEHH se-
quence with four 2.4-m diameter, 3.7-m
long Hindustan Dorr-Oliver pulp mix-
ers.

Recovery of chemicals is by a recov-
ery boiler supplied by Mitsubishi Heavy
industries. It has capacity of 285tons/-
day of black liquor dry solids, and can
also produce 34.7 tons/hour of steam at
44 kg/cm?and 440°C. The mill also has
three Babcock boilers capable of gener-
ating 60 tons/hour at the same pressure
and temperature. The mill also has two
turbo-generators from Siemens, one
rated at § MW and the otherat ISMW.
The recausticizing line is built by Hin-
dustan Dorr-Oliver and has a capacity
of 800 m’/day of white liquor.

Paper machine trims at 6.8 m

The Bel-Baie I twin-wire PM has a
trim wuith of 6.8 m. It is rated at 357
tons/day of 50-g/m’ newsprint at a
maximum speed of 750 m/min, or at
303 tons/day of S6-g printing and writ-
ing paper. The PM's wet end includes a

Converflo headbox, the Bel-Baie and a
tri-nip press. Its dryer section has 43
drying cylinders in four groups, with an
inclined size press added between the
third and fourth groups for making
Maplitho and other printings/writings
grades. There is a four-roll on-machine
calender.

Computer control for the PM is by an
AccuRay Micro 1180 system and in-
cludes basis weight, moisture and dry
stock functions.

After the machine there is a 6.7-m
trim Beloit slitter/winder with a maxi-
mum operating speed of 2,000 m/min.
Reels of up to 1.2-m diameter are pro-
duced. There is also a Lenox salvage
winder. The reel handling system was
provided by Koneand can handle up to
40 reels/hour. Reels are fed to the
Lamb wrapping machine.

Because of its involvement in prin-
tings/writings, the mill also has a sheet-
ing line with two Jagenberg Convo 316
sheeters.

The mill has a full effluent treatment
plant, again from Hindustan Dorr-O-
liver, handling nearly 60,000 m’/day of
effluents to the standards required by
the state pollution control board. Av-
erage freshwaicr consumption is around
200 m*/ton of paper. Since the clarified
paper mill effluent is suiable for irriga-
tion, particularly for the paddy, sugar
cane and ccconut crops, TNPL is plan-
ning to divert it to tarmers 10 improve
their . rop yield. [ 0w |
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Originally set up to replace imports with domestic
production, Mexico’'s 395,000-ton/yr Newsprint

Group is now in a position to export. Xavier Llamas

talked to Pipsa, the industry’s coordinating body.

Mexico’s three mills set to export

he state-owned Newspnnt Group

in Mexico is made up of Produc-
tora ¢ Importadora de Papel (Pipsa)in
charge of marketing and sales activities
and three producing companies: Fibri-
cas de Pape] Tuxtepec (Fapatux), Mex-
icana de Papel Periodico (Mexpape)
and Productora Nacional de Papel Des-
tintado (Pronapade). Fapatux has two
subsidiaries: Silvicola Magdalena (Sil-
ma), in charge of its forestry planta-
tions, and Etla, a producer of wood
products and wood chips from pineand
tropical species.

Newsprint production in 1985 was
325,000 tons in two main grades, news-
print proper and text book grade. Basis
weights range from 48.8 10 100 g/m>.
This volume was attained with five
PMs, installed at the three producing
companies. Each company uses a dif-
ferent raw materiat” Fapatux uses wood,
Mexpape uses sugar cane bagasse, and
Pronapade uses deinked pulp. Local
raw materials accounted for $51.5 mil-
lion of the total outlays of $131.5 mil-
lion made by the group during the year
1985.

Pipsa, the marketing and sales com-
pany is iocated in Mexico City, while
the producing companies are located in
three different states of Mexico: Oax-
aca, Veracruz and San Luis Potosi.
Pipsa was born in 1935 partly as an
answer to speculative movements which
frequently caused artificial shortagesin
the newsprint market. It also met an
urgent need to make basic materials
available to the editorial and graphic
antsindustries at the best possible terms.

The Mexican government, newspa-
pers and editors of books 2nd magazines
participated in Pipsa’s formation. Al-
most all the paper used by newspapers
and editors at that time was imported,
and considerable time, effort and in-
vestment was necessary to be able to
operate properly. Also a sizeable black
market had developed.

As its namc indicates, Pipsa was
given the responsibility to procduce, im-
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port a~d maintain sufficient stocks for
the timely supply at the best possible
price and in the quantities and qualities
required by the publishers of newspa-
pers, books and magazines. From the
beginning, studies of domestic pulpand
newsprint production were made. In
line with these responsibilities, Pipsa
suppoted the foundation of Fapatux in
1958.

After the international paper indus-
try crisis of 1973-74, studies were ini-
tiated for newsprint manufacturing us-
ing recycled newspapers. The project
was completed in 1976 with the startup
of PM 1 at the Pronapade mill. PM 2
was started in 1982. Pronapade is a
joint investment between the federal
Mexican government which owns 51%
through Pipsa, and Gard~n State Paper,
USA, and Media General, USA, which
own the other 49%.

Pipsa also participated from the be-
ginning in the creation of the third
newsprint producer, Mexpape, which
process sugar cane bagasse to produce
part of its furnish.

Since 1984, Papatux, Mexpape, and
Pronapade, have been coordinated by
Pipsa, forming collectively the News-
print Group in Mexico. |

PM 1 at Fapatux is a 70,000-ton/yr Black Clawson unit.

Located in the lower part of the Pa-
paloapan river valley in Tuxtepec,
Oaxaca, Fapatux began its operations
in September 1958. It uses “patula”
pine from the conifer virgin forest of the
Juarez Sierra in the State of Oaxaca to
produce groundwood furnish. The ini-
tial newsprint capacity was 100 tons/
day with a furnish of 80% stoneground
wood and 20% semibleached sulfate
pulp.

A clearcut forestry operation was
started using motonzed saws, towers
with cables for the moving the complete
trunks, and special hoists to load the
trunks onto trucks. The wood prepara-
tion area onginally had tables for re-
ceiving long trunks, debarkers with
knives, a disk saw and a splitting axc.

This method was abandoned as the
clearcut system was replaced by selec-
tive cutting to increase the use of local

- 1abor in the forestry operation. Trunks

were then debarked, cut, split and
loaded manually in the field.

The stone groundwood plant con-
sists of four Roberts-type grinders of
2,240 kW each, two vibratory screens,
three Cowan primary and one second-
ary screens and four gravity thickeners.
Stock preparation equipment includes
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a Hydrapulper, conical refiners for pulp
and broke, an automatic proportioning
stock system, and a finishing Jordan.

The Black Clawson paper machine
was onginally designed for 335 m/min
te produce 100 tons/day of 52 g/m?
paper. lIts finished trim is 4.2 m. The
machine had three selectifier screens, a
pressurized flow headbox, cantilever
fourdrinier, two suction presses, 30
paper dryers, six felt dryers, one eight-
cylinder closed calender, pope reel and
rewinder, mechanical transmission
driven by a steam turbine and a totally-
enclosed hoed.

Production for the official text book
60 g/m? grade was started in 1960. In
1964, capacity was increased to 180
tons./day by adding two Robert’s grind-
ers, modifying the Cowan installation,
installing a disc thickener, a bleaching
tower, and a second pulp conical re-
finer. Also several important modifica-
tions were made to the paper machine.
In 1966, two ponds for wood storage
were built, and a Deculator cleanersys-
tem was installed in 1968.

Then, in 1975, a refiner groundwood
plant was built to produce an addi-
tional 40 tons/day. On the PM a suc-
tion pick up press was installed and
other modifications were also made to
increase the capacity to 70,000 tons/yr.

A 330-ton/day thermomechanical
pulp (TMP) line was installed in 1983,
consisting of three two-stage Bauer re-
finer lines, two pressurized screens, disc
thickners and a bleaching tower. Early
in 1984 PM 2. a 100,000-ton/yr Beloit
Bel-Baie unit built in Japan by Beloit
Mitsubishi, was installed. This twin-
wire PM has a 6.4-m trim, and a design
speed of 920 m/min. It produces both
newsprint and official text book grades.
Total present installed capacity at Fa-
patux is 170,000 tons/yr.

Mexpape one of first to use bagasse

Also located in the lower part of the
Papaloapan river valley in Tres Valles,
in the south of the State of Veracruz,
Mexicana de Papel Periodico is only 30
km from Fapatux. The equity of this
company is owned 607 by the federal
government and 3077 by Nacional Fi-
nanciera, a government development
agency.

The mill has a capaaity of 100,000
tons/vr and produces 52 g/m’ news-
print. 60 g/m’ textbook and 60 g/m’
rotogrnure grades. using sugar cine
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Mexpape's bagasse pulp line receives
mills.

bagasse pulp, groundwood and semi-
bleached softwood kraft as furnish.

Mexpape began its operations in July,
1979, producing official text book with
65% bagasse pulp, 25% groundwood
and 10% kraft and 7% filler clay. It is
presently producing 52 and 49 g/m’?
newsprint, with a furnish of 55% ba-
gasse, 35% mechanical, 10% kraft pulp
and 6% filler. These grades have satis-
factory quality and runnability in the
printing presses.

The sugar cane bagasse is obtained
from the Tres Valles Sugar Mill (lo-
cated next to Mexpape) which sends the
material through a belt conveyor to the
pulp mill. Other sources are the Adolfo
Lopez Mateos sugar mill, 25 km away,
and the Impuisora de la Cuenca del
Papaloapan, formerly San Cristobal,
sugar mill, 54 km away. Bagasse from
both mills is transported in specially
designed trailers.

Mexpape has six vertical depithing
units where a high percentage of the
pith is removed. The accepted fiber is
unloaded to dilution pits from which
the fiber suspension is pumped to build
the bulk storage piles. The sugar mills
operate only 6-7 months/yr, so, at the
cnd of ihe harvest season, these storage
piles arc at full capacity.

Stor~d fiber is moved by front load-
ers to e reclaim pits from which fiber
In suspension is pumped to the washers.
Washed fiher is discharged by gravity
to a tank, and pumped through a dou-
ble screw press to the two-tube Ameri-
can Defibrator continuous digester
where caustic and steam are added,

raw material from three local sugar

Pulg is blown to a cyclon= and blow
tank. It is washed in two stages, then
stored before two-stage screening. Ac-
cepts go to a third washer/thickener.
Screened pulp goes through two-stage
bleaching with sodium hypochlorite.
The semibleached pulp is stored in a
medium-consistency tower before be-
ing fed to the PM.

The stock preparation system in-
cludes: a krafr Hydrapulper, ground-
wood hydropulper, kraft pulp refining,
deflakers, and automatic stock propor-
tioning system and Deculator cleaner
system ahead of the paper machine.
There is also a clay suspension prepara-
tion system.

The machine, a Beloit Bel Baie Il has
a design speed of 810 m/min, and a
finished trim of 6.1 m. It has a Trinip
press, 33 dryers, four-roll versa nip cal-
ender, and a totally enclosed hood.
The recovery system includes a four-
stage evaporator system from which a
Copeland fluidizec bed reactor is fed.
Solids from the reactor go to a dissolv-
ing tank and are sent to a conventional
recausticizing system.

Pith from bagasse is burned in a spe-
cially-designed boiler. The mill has two
powecr boilers and two turbo gencrators
which supply 859% of the total electric-
ity required by the mill. Fresh water
irtake from the river is trcated before
entering the process. The m:ill has prim-
ary cffluent treatment.

Pronapade: 100% wastepaper furnish
Pronapade’s mill is located in the
Villa de Reves district, 52 km from the
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The 6-m Beloit PM at Mexpape was one of the firstto produce newsprint using
bagasse furnish.

city of San Luis Potosi and about 450
km from Mexico City. It began opera-
tions in 1976, with two PMs and a total
capacity of 133,000tons/yr. PM 1 makes
73,000 and PM 2 60,000 tons/yr. Fibre
is 100% used newsprint collected in
Mexico or imported from the USA.

Once the newsprint waste has been
selected and inspected, i. is fed to three
Hydrapulpers where deinking chemi-
cals are added. Stock is discharged
through extraction plates to a storage
tank and then processed through a cen-
tricleaner to eliminate heavy cortami-
nants. Stock goes through deflakers
and is diluted for further cleaning by
vibrating screens. Screened stock is fed
to a three-stage counter current con-
ventional drum washing system.

Washed stock is bieached and stored
to feed the paper machines. PM | has
trimof 6.1 m,and PM 25.55m,ard run
respectively at 488 and 457 m/min.

The mill uses fresh water from deep
wells which has the pecvliarity of being
at high temperature, so allowing some
energy savings. The mill generates about
one third of its electrical power re-
quirements,

Short and medium term plans

In 1984, Pipsa, inaddition to produc-
ing, distributing and regulating the news-
print market, was given the responsibil-
ity of coordinating the activities of the
Newsprint Group. That same year, im-
ports of newsprint were eliminated and
replaced by local production. Thiscon-
stituted a great step forward, and an
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important change for the country.

This year, Pipsa has started an export
program of about 20,000 tons of both
newsprint and text book grade into
Central and South American markets.
The US South may be included in a
future program. This has been possible
due to the group’s efforts in reducing
production costs and improving prod-
uct quality. Additionally, this year the
group will complete trials which will
permit the manufacture of other similar
paper grades.

The Newsprint Group produced
267,700 tons in 1984 and 325,000 tons
in 1985, an increase of 57,300 tons or
22%. For 1986 the estimate is 360,000
tons, up 35,000 tons or 11%. In 1987,
programs already under way will per-
mit production of 395,000 tons, 10%
more than in 1986.

As can be seen,the Newsprint Group
is committed to a dynamic growth
which is basically determined by the
development of both the Mexican and
export markets. Up to April 1986, pro-
duction had reached 116,000 tons. So it
seems possible to achieve the 360,000
tons planned for the year. These first
four months of production represent a
16% rise over the same period in 1985
and 48% over that of 1984.

Analyzing the trends by company,
Fapatux produced 44,000 tons more in
1985 (56%) than in 1984, mainly duc to
increases from PM 2. For 1986, cx-
pected production is 145,000 tons, 837
higher than 1984. The 170,000 tons pro-
jected for 1987 are an increase of more

than 86,000 tons or 116% over 1984.

To reach that production level, a
modernization program for PM 1 will
be implemented. It includes replace-
ment of some major components and
replacing the fourdrinier with a twin
wire.

Mexpape produced 77,790 tons in
1985. The volume programmed for 1986
is 90,0C) tons which represents 16% in-
crease over 1985. It scems even higher
volumes will be obtained. In the first
four months of the year, nearly 29,500
tons have been produced, with more
than 8,000 tons monthly in March and
April. This trend reinforces the 1987
forecast level of 100,000 tons of 48.8
g/m?and 60 g/m? paper to be used both
in newspnint and books, like the free
official grade school textbook.

When Mexpape began operations in
1979, it was with a semichemical pro-
cess for bagasse in which Mexico was a
pioncer. But it was not possible to
achieve the desired production level
with the semichemical process. It was
therefore decided to convert the process
to a conventional chemical type. Dur-
ing 1985 the mill was able consistently
to operate the caustic recovery system,
and generated important savings. It is
projected for this year to continue im-
proving the recovery of themicals to
generate additional savings of approx-
imately $1 million.

Pronapade has been in the past the
most important company of the group
from the production volume point of
view. It produced about 114,000 tons in
1984 and 124,000 (8% increase) in 1985,
exceeding its budget for the year.

In 1986, the mill will produce 129,000
tons and in 1987, 133,000 tons, 3 and
7% rises, respectively over 1984. Dur-
ing the first four months of this year
4,800 additional tons compared with
the same period of 1985 have been pro-
duced.

The Newsprint Group will continue
to supply of domestic demand, which is
growing at an average of 8% pcr year.
Its capacity utilization will be 90% in
1986 and, as of 1987, 100%. Production
will be of international quality and at
competitive prices. Any future expan-
sion project will maintain and, if possi-
ble, increasc participation in export
markets, despite the fact that the crea-
tion of Pronapade. Mcxpape and the
purpose of replacing imports only.
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VI SOME EQUIPMENT SUPPLIERS AND CONSULTANCY SERVICES

- Equipment suppliers :

AUSTRIA

Voest Alpine

FRANCE :

Lamort S.A.

JAPAN :

-Hitachi Zosen Co.

-Ishikawasimna-Harima heavy
Industries Co. Ltd.

-Mitsubishi Heavy Industries
Ltd. (Mitsubishi Paper Mills)

SWEDEN :

-Hedemora AB

-Sund Defibrator AB

Address

P.0.Box 2, A-4010 VLinz
Tel. (0732) 585-1,
Tx. 2209243 vaa /2207449 vaa

Boite Postale 46

F-51302 Vitry Le Francois-
Cedex

Tel. (26)74-1630

Tx. 830731 Mecal, Vitof

Palacestde BlLdg.7F
1-1,Hitotsu Bashi 1-Chome
Chiyoda-Ku

Tokyo 100

Shin-Ohtemacht BLdg,
2-1,2-Chome,Ohtemacht,
Chiyoda-ku

Tokyo 100

Tel. Dilalin 244-5345
Tx. 22232

S5-1,Marunouchl 2-Chone
Chiyoda~-ku

Tokys 100

Tel. 03-212-3111

Tx. J22282

S-77600

Hedemora

Tel. (0225)>12000
Tx. 7549

S-851 01 Sundsvall
Tel. 060/56 7200
Tx. 71053 sunds s
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S. UNITED KINGDOM :

-Beleoit Walmsley Ltd.

-Bollmann and Potomac Ltd.

6. USA :

~-riack Ciawson, Inc.

~Copetech Inc.

7. WEST GERMANY

-Kraftanlagen Heidelberg.

-Sulzer Escher Wyss G.m.b.H.

-J.M. Voith G.m.b.H.

Consultancy Services :

1. CANADA
Hurter Fibre Consultants Inc.

2. INDIA
-Godavany Consultance Services

-Mandya National Paper Mi1l1ll Ltd.

-Seshasayee Paper and Boards
Ltd.

3. UNIDO

Wood Street/Bury
Lancs BL8 20T
Tel. 061-7646060
Tx. 667061

159 High Street/Torbridge
Kent TN9 IBX

Tel. (073213515 98
Tx.957582 bolmac

P.0.Box 1028
Everett, Wa 98206
Tx. 32-8879

125 Windsor Drive
Oak brook, Illinois 60521

Warrengauerstr. 47
"Munich 90
Telex 522400 ka 4

P.0.Box 1380
D-7980 Rauensburg

St. Poltener Str.43
D-7920 Heidenheinm

255 Albert St.,Suilte 802
Ottawa, Canada K1P 6A9
Tel. (613)230-8088

Tx. 0534928

Bombay

Belagula 571606
Karnataka

Erode 638007
Salem District
Tam1l Nadu

Vienna International Centre
P.0. Box 300
A-1400 Vienna, Austria
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USA

-Joseph E. Atchison Consultants No reference
Inc.

-Peadco process Evaluation and Two Gallertia Tower
Development Co. suite 1500, 13455 Noel Road

Dallas
Tel. (214)770-0285
Tx. 735-316 Peadco Dal Ud

VII SOME R&D INSTITUTES :

1.

ARGENTINA

Instituto de tecnologla Celulosica
Santiago del Estero 2654

3000 Sta. Fe

AUSTRALIA

Csiro. Div. Chem. Technol.
South Melbourne

3205

BRAZIL

IPT Centro Tecnico em celulose e papel
Caixa Postal 7141

0100 Sao Paulo, S.P.

CUBA

Instituto Cubano de Investigaclion de los Derivados de la
Cana de Azucar (CICIDCA)

La Habana

EGYPT

University of Cairo
Dept. of Chemtstry
Giza

FINLAND
Enso-Gutzett oy Research Center
Sf-55800 Imatra 350

GUATEMALA

Instituto Centroamericano de Investigacion y Tecnologia
Industrial CICAITI)

Av. la Reforma 4-47. Zona 10

Guatemala City

INDIA
-Cent. Pulp. Paper Research Institutes
New Delhi

-Institute of pap=zr Technoloay
Saharanpur-240 001 (UP)




10.

11.

12.

13.

14.

15.
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INDONESIA

Institute for Research and Development of Cellulose Industriles
CIRDCLI)

Jalan Rava Paveuhkolot 138

P.0.BOX 194. Banduna

JAPAN

-Agency of Industrial Science and Technology
Kasumigasek! 1-3-1, Chiyvoda-ku

Tokyo, 100

-Institute of Pulp and Paper Industry
Shizuoka, prefecture

MEXICO

Instituto de Madera. Celulosa y Papel (IMCyP)
Apdo 4-120

44400 Guadalaiara,Jalisco

SOUTH AFRICA

National Timber Research Institute
P.0.Box 395

Pretoria 0001

THAILAND

TISTR Chemical Industry Deparment
196 Phahonvothin

Bangkhen, Bangkok 10900

TAIWAN

Taiwan Sugar Research Institute
Dept. by Products

54 Sheng Chan Pd.

Tainan 700

USA

Institute of Paper Chemistry
P.0.Box 1039

Appleton. WI 54912
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