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ABSTRACT

A project to manufacture liner board oni corrucating medium
to produce corrugatad box containcrs hos been identified as
s-se~tial to boost the rurcl ec-nomy of develo-in countrics,
Tha apnropriate technalogy for this induntry is based on the
use of agricultural residues for pulp production, tn: use of
less steam, weter and energy for processing, simple process
techniques suitcble for e se of operation and maintenance,
flexibility of oparetional syctems and reduction of pollution
load., Since this project is based on agricultural residues, it
will have far reaching socioe-aconomic benefits to tho rural

communitics of developing countries,




INTROODUCTIUN

Developing countries largely depend on the import of
paper from countries that produce pulp from coniferous woods,
In view of the increasing demand for papcr and paper products
on a2 world wide scale and constraints nlaced on thus.. paper
exporting countries due to ecology restrictions, high cost of
labor for wood extraction and high transport costs, this
scurce of supply of nulp, papcr, and peper products cannot
be fully relisd upon as a long term measure, In other words,
developing countries have to do some rethinking and explore
possibilitics of using indigenous fibre resources to meet a
greater portion of their own recuirements, Developing
countriee are mostly agriculture oriented and it is possibls
for them to use some of the agricultural residues, various
annual crop planta, etc., to develop the paper industry in
their own countries,

It is also noted that develoning countries, on the othsr
hand, have certain limitations and there is 2 need for the use

of sppropriate technology to meet these limitations,
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This paper, thernfore, outlines a pulp and paper project

that could be developed taking into account the qgeneral limite

atiocns of developi g countries and thc need to boost their

rural economy,., The guidelines followcd by the writer for this

project is b sically as follouws:

1.

r

3

4,

5.

Input of raw materials in the form of acricultural
rec-iducs and annual crop nlants for the manufacture
of paper, so as to provide an income to the rural
communities.

Gainful employm-nt of a large proportion of agricule
tural labor, both directly and indirectly, in the
intustry, so that thair income could be either supple-
mchtad or improved,

Use of lass capitcl intensive equipm-nt and mcthods
so that thore could be more labor emnloyed, wherever
possible, thereby reducing capital cost,

5elcctive use of technoloyy so that it fits into the
socio=economic aspiraticrns of the country but would
not fall short of tne standerds in producing a pro-
duct to match tocay's society.

selantive technology that would require comparatively
less fuel and lass electric energy to produce a ton
of paper as most developing countries are relatively
short of these resources,

Selective technology that would require less vater
per ton of paper end would also employ such methods
thet would result in the effluent vater bocéuing

suitable for irrigaticn purposes, since developing

e




cc ntries, more often than not, suffer from a shortage of

woter,

GRAVLL OF PAPER MOST EostbMTIAL TO BULST RURAL o CHMCMY

Jand
According to the lira Declaratinn[ﬁlan of iction, at least

255 of the world's industrial production should originate in
develojing countries by the yeasr 2000, In implementing this
plan of industrialization, the pulp end piner industry is exe
pected to play a mzjor role in providing packaging grades of
paper for various industries, In a developing country, where
the industries would be more agriculture=oriesnted, the manu=
focture of liner board and corrugating medium would receive
priority over other grades of peper, The rural economy, uhich
{s mainly dependent on various types of forming and have proe
ducts such as vegetasbles, fruits, dairy products, eggs, poultry,
meat products, fish, shrimps, etc., requires corrugated con-
taincrs for the packing and trensport of these agriculturel
goods either to the domestic cr export market., Although
developing countrics have traditionally used wcod and cune
tain rs made with leafy material, modern technology for the
prescrvation, storage and transport of food and the marketing.
of these products would call for the use of corrugatecd cone
tainers, This paper, therefore, examines the appropriate
technology that has to be epplied in a developing country to
manufacture these two grades of paper i{,s,, liner board and

corrugating medium,
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RAW MATERIALS

Agricultural Residues

The raw materials available for pulp production in the
form of agricultural residues and agricultural crop nlants ere
as per Table 1, It will also be seen fram Chlumn 4, thess
materials are most suited only for certain porticulcr grades
of paper, T™e c oice of raw materials for manufactdring
different grades of papar depend largely on three factors:

1. Suitability for guality, based mostly on the fibre

characteristics of the raw material,

2, Availability in quantity to make it feasible for
collection and usage on a commercial scale,

3. Production cost factors such as yield of pulp per ton
of rav material, cost of processing, such as chemicsals,
input of energy, etc,

Based on all these techno=economic factors, bagasse and
strav have found wida accaptance commercially as agricultural
residues auiteble for a numbar of cultural and industrial
gradas of paper. Howevar, agricultural residus pulp would need
& blanding with other types of pulp for quality as wall as
economic raasons. Coniferous wood pulp or other long fibre
pulp is blended with strav or baggasse pulp to improve the
runnability, and obtain the required strength propertics while
manufacturing light weight printings, writings, kraft paper
gredees, atc. Sacondary fibre producad from waa.e paper, on the
oth:r hand, is used ae part of the fibrous furniah ih almost

all greades of paper board as wall as some gradee of paper, to
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reduce the cost of fibrous furnish,

jaste Paggr

ARs referred :bove, the use of W cle paper is emphasized
for ecnnemic re-sons, By increasing the uce of waste paper
it would be pos:ible to reduce the capacity of the pulp mill
and thereby rcduce the capital cost on pulp mill equipment,
The op-r-ting cost ton, would be reduced due to “he replacement
of virgin fibre with secondary fibre rceulting in savings on
account of chemicals, less use of steam and electric enerqy,

A further eciun.my is poussible in th: manufocture of
corrugating medium since all type of trimmings and common wastse

could be used along with agriculturel re.idue pulp,

Eglllgtion and Usage Also a Social Benefit

From the socio=economic angle the collection of waste
poper could gener:te employmcnt at tlie unskilled level and is
of particular interest to the disabled and aged who need light
work, Neveloping countries with no positive social security
measures could use the collection and sorting of waste paper
88 8 means to provide gainful emplovment and income to the

handicepp-d and the unlerprivileged,

Raw Hat!;ia;a for Long Fibre Pulg

The use of agricultural residues requires a blending of
long fibre pulp tn give the requircd strength characteristics
to the paper produced. The percentage blended would depend on

the end use of the particular gra's of paper. Sack kraft for




acking cement may reoruire as much as 50Y% of lonn fibre pul
P C Y 3 pulp

for blending witn oyricult ‘ral residue pulp, liner ‘o-rd mav
require only about 20%, and corrug-ting medium could be made
with no blending of long fibre pulp., Developing countries

are usually deficient in coniferous species such as sprucse,
pine, fir, hemlock, etc., to produce the commercially developed
long fibre pulp., There are a few agricultural crops that could
provide tne long fibre pulp for developing countries, such as
Sunn Hemp, Sisal, Common Hemp, Abaca Stem, Banana Stem, Juts,
etc,, but economic factors such as limited evallability in
terms of quantity, low yield of fibre per acre, and the high
cost o/ preparing the raw material (prior to cooking such as
retting) limit tne use of these materials to only speclality
grades of paper such as cigarette tissuses, carbonizing tissuass,
bible paper, etc,

Kenaf:= In recent years, work done on kenaf (HIBISCUS
CA'NABINUS) indicates the possibility of subetituting this pulp
in plsce of long fibrs wood pulp., This is of particular intere
est to such developing countries where kenaf could be grown
easily and are at present facing problems in ths import of
wood pulp due to unfavourable forsign exchance or high cost of
imported wood pulp.

Plantation d:=- Beeides kenaf se e subatitute for ime
ported long fibre pulp, it is also possible to develop man=
made forests in the growing of peoplar, pinus epecies, etc,
Experimental plantatione in the growing of theas conifercus

species havs shown encouraging results in tropicsl countries,




Boosting of Rural tconomy through Wood Plantation:~ In

order to boost the rural economy, the growing of kenaf and the
creation of man-made wood plantations using high yield forestry
techniques have to be introduced. WYood plantations in
particular are emphasized as this will not only help the pulp
and paper industry, but would improve tie overall economy of
the country in providing lumber for a number of wood basad

industries,

SELECTION OF PULPING P UCESS

There are five welleknoun proceasea for the production
of pulp from ngricultural residucs
- Lime Procass

« Pomilio Process

Neutral Sulphite (semi-chemical)
Kraft

- Soda

Oeeides these processes there are several other lese
known procesecs aveilable, They are not being discueseed herse
due to the limted value they have in the epplication of approe
priate technology to developing countries,

Lime Process:= This is an cld process based on the uee of
lime ee the sole cooking agent, Some mills have used thia
procesa for manufacturing corrugating medium, This proceas
has becoma obeolets as modern technology is replacing squip=
mant auch as epherical digesters, drainers, and beaters which
ere used for this process., This procees could be, however,
coneidered for the manufacture of yellow straw bosrd on a smell

scale to improve rural economy in developing countries, but
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will not be suited for the manufacture of liner board and
corruguting medium to make corrugated containers to meet
present day packaging standards.

Pomilio Process:= This process was mainly developed for
use with agricultural residues. It is nou considered uneco=-
nomic due to high consumption of chemicals and high maintenance
costs on accunt of corrosion problems in tha use of chlorine.

Neutral Sulphite Semi-chemiczl process is also a welle
known process particulrrly for producing corrugated medium
from both harducords as well as softwoods, Ngutral sulphite
is beirno used by some mills as & chemical process for agricule
tural residues to produce bleached pulp. Although ncutral
sulphite could bc considered for making brown board, an evalu-

ation of tris process with the soda process does not merit its

choice as this would increase the cepital reguirements for i
the praparation of sulphite liyuor through the use of sulphur i
burner., One other reason for omitting neutral sulplhiite cooke
ing would be to reduce pollution problems through sulphur free
cooking.,

Kraft Proccss, slthough widely used in wood pulping to
produca kraft liner board, hes marginel sdvantages when used on
agriculturel residuss, UWhen comparing the capital cost of a
pulp mill, the soda process has advantages over the kraft
process due Lo simplicity and low cepitsl reguirements.
Another key point to support soda pulping would be the advan=-
tges on pollution control dus to sulphur free cooking.

Soda Process has been found to have adventages over sll

the other processes mentionsd sbova for the production of both




liner boord and corrugating medium due to the simplicity of ‘
the procesc, sulphur free cooking, an! economic advantages,

and is, therefore, more appropriate to developing countries,

YIELD ALD ECOUNOMY

|

The higher the yield of pulp, the better the economy both J

from the point of crpital invostments as well as oner=tion |
costs, In the manuf:cture of paper grades to produce corru=-
gated board and corrugated containers, two types of pulp hove
to be produced with different yields, Corrugating medium is

produced from agricultural residues with a yield of about 70%-
75% and linor board is produced with e yield of 35%-60%, Ale
tiough an improvement in the above specified yields could be
made that could improve the econcmy, it is found this results

in lowering the physical strength propertics of the paper,

BATCH vs CONTINUOUS CUOKING

For the cooking of agricultural residues both batch
digesters as well as continuous digesters are used, Mills that
use the batch digesters claim better flexibility of operation
particularly if different types of raw materiels are planned
to be used, In addition, batch digestcrs are claimed to re-
duce time if maintenance work has to be done on the
differant digesters,

The continuous digesters normally available for agricule
turel residues are both the horizontal multi-tube type as well

ae the vertical tower type, but the horizontal type has been

widely accepted, The sdvantage of using the continubuo

digesters would be sevinge in oquipnént cost end opérotlng



economy through less usz of steam and energy. Besides econamy,
c~ntinuous cookin; gives a better process control and quality

control of the pulp produced compared to batcn dingesters,

Further hpplication of Appropriate Technology

by Cooking at Atmospheric Pressure

The conventional type of dig-sters described above, both
bateii «s well as continuous, are pressure di-esters, Generally,
ayricultural residues are cook.d in pressure type of digesters
using sleam at 6 to 7 kg/cmz. Pulp suitable for the manu=
facture of packaging grades such as liner board, corrugating
medium, etc,, could be cook 'd at nearly atmospheric pressure
with a temprrature of about 85° to 100° Ce The digester used
for cooking agricultural residues at low temperatures is
somewhat similar to the multi=-tube horizontal digester, Ths
‘dijester has five functional zones:

1s Impregnation Vessel-For mixing of both white liquer
and blacl. liquor with the raw material,

2, Pre~cooking Tubs=for the intimate mixing of chsmicals,
(steam could be admitted, if nceded,)

3, Cooking Tube=Material is heated up to 100° C and s
doutle screw working countere=clockwise, gives
mechanical action to the materisl while being cooked,
(Heatiny is irdirect.)

4, After Cooli. ¢ Tube=Continued agitation to the raw
material but reduced to one screw action,

S. Extractor Press~Partial seperation of warm black

liquor for recycling back into the impregnator vessel,

J——




Since the dijester is desigmed to work at very low temper-
eture/nressure, the casital cost is relatively low., The
dig ster is compact and requires less building space, There
is operatinyg economy through less usage of steam, A high
pcrcentage of olack liyuor gots racycled, reducing the pollue

tiDn lO:.‘.d.

BROWN STUCK KREFINILG ANU HIGH YIELD

In producing high yield pulp from agricultural residues,
the cooking action his to ne foullowed up almoct immediately
with a ynetle fibcrizing treatment to obtain a yield of about
705% to 75%. Since te inter=fibre bonds of agricultural
residues are not so sirong as in the casc of woody materials,
t is fiberizing action could se donc witn less energy and with
livht conical refiners, The use of agricultural residue pulp,
therefore, results in savings, in terms of both capital as well
as operaticnal costs, For example, the power reruirements for
agricultural residues is approximately 30 to 40 KWH/tun com=
perid with 150 to 300 KWH required for some of the woody

materials widely used in the developing countries.

WASHING AND SCREE-ING

llashing of broun pulp to remove the spent chemicals end
the dissolved non-cellulosic substances is mostly done in
mills by using vacuum washers, Agricultural residues have
poor drainzne properties and in cnnsequence the vacuum vashers,
which vork on the filteration principle, have to ce relatively
large recuiring more capital irvestment, The appropriate

processing method for this function would be the use of a two

|
v
—
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screu system which works on the princi»lc of press washing,

The advantages of using the press washing system, in preference
to filter washing, for ugricultural rcusidues to produce brown
board would be:

1« Less capital nceded for equipmocnt,

2. Reduction in floor space.

3., Possibility to operate at high ccnsistency.

(i.e., inlot consisilency to press 10% to 12% and
outlet consistency 387%.)

4, Highor washing efficioncy,

(Press wcshing gives better rosults on griculturel
residue pulp.)

5., Ffoaming nroblems are avoided,

The pulpin: system considered for the manuf.cture of
brown board (i.e., lin:r board and corrugating medium) would
not renuire the use of caentrifugal screens, pressure screens,
centricleaners, thickenere, etc., at this stage, resulting in
considerable savings in capital cost. The brown pulp, thera=
fore, is ready at the end of the two stage press w-shing to be

pumped to the paper mill for the menufacture of brown board,

HEMICAL RECUVERY SYSTEM

Tha scale of operation considered for 8 project of this
nature in & developing country would be a maximum of about 80
to 100 tons of paper per day to effectively support the rurszl
economy, This scale of operation would kecep pace with the
limits that are usually encountered in the collection and
transportation of agricultural residue. The estimated caspa=

city of a pulp mill to produce 80 to 100 tons uf paper boasrd




as part of the fibre furnish along with waste paper and imported
lony fibre pulp would be approximately 50 tons par day.

The recovery of chemic:ls for a production capacity of
50 tons per day of pulp, based on egricultural residues, have
botn technical and economic limitations and is, therefore, not
normally ¢ nsider d for a project of thic n ture. The black
livwor chemic-ls, as discussed earliir, i~ rec,cled for cooking
brecause it hes relatively less organic substances and a high
inorganic chemical content,

The handling of the effluent from such a type of pulp mill
wit out a chemical rccovery system would be discussed under

effluent treatment,

STOCK PoCPAn TGN SYSTEN

Agricultural residues such es bagassc and straw produce
a type of pulp thot could bc called "energy savers® since
they reuir> ver, little mechanical treatment to produce the
pap-r. For example, the encrgy recuirement for wood pulp -ould
average betueen 300 to 4C0 KWH per ton, whereas strow pulp
woild reiuire about 75 to 100 KWH per ton. The capital cost
nececssary for equipping the stock preparation section would,

therefore, be relatively low,

Trgatment of Agricultural Residue Pulp

The fibres, as discusscd earlier, are short and would need
8 gentle brushing action which is genera!ly dcne in conical
refiners, It may be posaible at timos to skip the refining
needod for agricultural residues entirely, and give a brushing

action at the finishing stages of tne blended pulp ahead of




the machine,

Treatment of;Qeste Paper

The pulpecr for the trcatment of w.ste paper would be
equipped with 2 junk remover and ragger since mixed wanste
paper would be used along witt agrieci:ltural r-sidue pulp, for
manufacturing corrugating medium, Tie waste paper used for
liner bosrd would be sorted an't would mainly contain kraft
grades, cont:iner wa.te, envelope trimmings, etc.,, to give the
recuired strenotn ciar:cteristics, Besides the pulper for
slushing the waste paper, the trcatment plant would be
equipped with a high density cleaner and a vibration screen,
High cost and high energy consuming low density cleaners,
centrifugal screens, etc., would not be necessary =t this
stage of the processing for the manufacture of both corrugating

medium and liner board,

Trgatmant of Long Fib Pu

Disc refiners have the advantages of high efficiency and
versatility for the treatment of long fibre pulp produced from
wood, The fFree atmospheric discharge type of refiners have
been laryely replaced by the totally enclosed pressurized type.
On account of the high skill needed in the maintenance of this.
equipment and the complexity of spares needed, it will be
edvantageous to use conical refiners instead of disc refiners
for a project of this nature, The tackles have to be carefully
chosen so as to avoid a cutting action to the fibre and to
give a suitable treatment so that the short fibred agriculturel
residues blended with long fibre pulp would give the n:.cessery

strength characteristics to the brown boerd.

SRS X
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8lending of Fiorous stock and Paper Making Additivus

In the manufacture of liner board, stock would be prepared
for delivery, both through the prinary head box and through the
secondary head box, '

The blcnding of stock varies from mill to mill and changes

are often made depending on operating conditions, However, a
typical furnish cculd be as folious:

Primary Stockt=  40% Second.ry fibre (Uaste paper).

~

4

355 Agricultural residue pulp,

~r

10% Long fibre pulp.,
Secondary Stockte 15% Long fibre pulp.
By using the sccondary head box arrangement (which is

described later under 'paper machine'), flexibility could be

obtained to make bleached liner, jute liner, or krzft liner
board depending on the nature of the end use of the corrugated
containers,

The corrugating medium would be made as one single layer
with the entire stock being supplied through the primary stock,
The typical frnish would be:

60% Agricultural Residue Pulp,
304 Waste Paper,
10% Long Fibre Pulp,

Oue to the charecteristics of sgricultural residues, they
require very little sizing, Alum requirements are generplly
high to meintain low pH, to prevent picking on the press

rolls,




PAPCR MACHINE

The continuous sheet formation of paper could be done in
different ways depending largely on drainazge conditions such
as speed, brsis weight, characteristics of the papnr=stock,
etc., The different forming methods could be briefly summerized

as follous:

Open uire forming =fourdrininr tyne,

Cylinder macnine forming,

Suction breast rnll forming,

Tuig wire forming,

The manufacture of liner board and cnrrugating medium
could be done on all formers referrod to above, except the
suction breast roll former which has a short forming length
and was specially developed to produce tissue grades at high
speed,

The fourdrinier type of formation has wide flexibility
enc the control of operation is much simpler, Another major
edventage is the large drainage capacity it has compared with
the other forming msthods in practice today.

The cylinder type of formation is largely applied to the
manufacture of paper board, requiring multilayer board
formation, These machines have limitations on speed due to

omtrifugsl forces acting on the cylinder former, Another
operetion problem is the disturbance caused to the mat formed

on the cylinder by ths washing action, These problems have

been largely overcome by the use of suction forming cylindere,
Although the flexibility to make different gredee with different

furnieh componente is available on & cylinder machine for
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various types of paper board, the large drainage cap.acity
required for agricultural residue pulp and the simple opera=-
tional adjustments that could be made to alter the drainnge
capacity is not available on the cylinder machine. Another
disadvantage on the cylinder machine is the "pick-up felt"
system which gets fouled up easily when using agricultural
residue pulp.

The twin wire formers have gQained importance in recent
years over the fourdrinier due to advantaces such as:

- High speed,

- Better uniformity (less two sidedness),

- Better formaticn compared to fourdrinier,
- Less space requirements,

- Less energy requirements,

In the scaich for an ideal former to replace the foure
drinier, different machine builders have different tuin wire
forming arrangements and there are pros and cons for each of
these arranqgements, Twin wire formers are successfully used
in the well developed countries, meinly for high speed and
high production, However, the appropriate technology for @
developing country would emphasize the use of a fourdrinier
due to the simplicity of its operation and maintenances,
flexibility to make different grades uith different types of
furnishes, and its high dreinage capability, which is an
essential slement for producing paper from agricutltural resi=-

due pulp.
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APCCIAL FCATULES NecDED N THE FUUKRDRIMISR WACHINE

The fourdrinicr machine in o developing country has
to be flexible to a greater extent than in a developed country
mainly due to market conditiims., For exam-le, a developed
country wculd make liner board and corrugating medium on
separate machines and in the moking of liner board flexibility
may not be required to make different gradcs of liner board,
Developing countries, on the other hand, will have to make the
corrugating medium as well as all the different qrades of liner
board on one machine such 2s kraft liner, jute liner (cylinder
liner) and bleached kraft liner, The machine features reaquired,
therefore, have to cover a wide ronge of gradrs and a wide
ranye of busis weights (i,e., 60 to 130 g/m2 for corrugating
medium and 100 to 300 g/m2 for liner board). Besides all
these design features, there are other important acpects needed
to be considered while using agricultural residue pulp. This
secticn of the paper will, therefore, concentrate on such

special fecatures,

s3tocgk Apgrough Systems

The stock approach from the machine chest to tne head box,

the back water, and thc broke systems, reyuirega ca.eful design
arrengemant considering two problems:
= Susceptibility to heavy slime build ups,
= High tendency for air entrainment in stock,
Rlthough the above problems are generally common to all
types of stock, it could be said agriculturel residues have

more serious problems compzred with other types of stock and
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a concentratcd effort is nceded in the designing of the stock
approacn sycstem to avoid problems such as channelling, settling,

excessive turbulence, air pocke . s, de.d stock, otc,

Hearl Box
The machine hus to te provided with two head boxes (1,0,
primary and secondary) for tie frllowing reasons:
1« To manuf cture aifferent grades of liner board,
2, To prodice tnc required strength properties using
minimum long fibre nuln as ton liner,
3. To provide petter “phrarance by effectively hiding
the speck~ that rosult from high yield agricultural
resicue puln,

4 To nrovide a petter printing surf-ce,

Jecondary Head Box or "Strata Flow" Head Box

Technology is presently available to replace the function
of a secondary head box by the use of a single hesad box employing
the "struta flow" syctem., This type of head box could provide
a three channel flouw to the naper machine with capability to
deliver three difrerent type of stocks to the machine. By
using such hesd box, it is possible to make a tvo ply or
three nly lincr board. The adoption of such technology could
be only recommended to such developing countries that are
fiirly well advanced in technology us tre operating of such a

system requires higher skill,

L Part

Agricultural residue pulps sre characterized by slow
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drainage and would require at lcaost 25% more forming length
compared to c-nventional machines designed for working on
wood pulp. Operating experience alsn indicates wires m-ce out
of synthetic fubrics have less tendency to get fillcd up and
have therefore, better drainage capability than ohosphor bronze
wires, BRased on experience it cruld be said "fcils" provide a
better removal of wuter, The wire part also recuires additional

s ction lhhoxes compared to a conventionzl machine.

Press bart

Problems often experienced with agricultural residue
pulp is "felt crushing® particilarly at the first press where
the moisture content in the web is higher than the other
presses fcliowing it. Synthetic felts with more open structure
have been helpful in providing vetter removal of uater at tne
presses, with reduced felt crusning, On machines where plain
rolls were used for the first press, replacament with a
suction roll at the bottom position was found to be hel:ful,

Another problem associated with agricultural residue pulp
is "press sticking®™ and web oreaks, The use of "granite"
rolls resulted in better results than "stonite™ rolls in the
top position, Still better rcs lts were obtained by using
"self skinning" rolls in place of "granite" rolls,

The provision of a "crumb" doctor for the first and
second press doctors was also found to be helpful,

Most of the web brcaks take pl:oce in tae press secti-n
(i.0,, between the coucr and the first drying cylinder) due
to the pror wet strength of the web made with agriculturel

residue pulp, Although the number of breaks would be

e
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relatively low in corrugating medium and liner board due to
high busis weiyhts, consideration should be given while
designing the press scction to avoid long stretches of une-
supportr.d wet web length, Another important factor would be
the degree of the "take=-off angle" to provert strain cn the
web,

A multinip press arrangemunt for the first and second
presses, with pickeup transfer from thc couch, are considered
advanhtageous to the manufacture of pape- from agricultural
residue pulp.

Felts on the press section tend to net fillrd up and dirty
due to 2 high content of "fines" present in the agricultureal
resicue pulp. The press section therefore, hcs to he provided
with adequate felt cleening equipment, iletter results were
ontained by using a "wringer press® along with felt cleaning
equipment such as "Uhle" boxcs and "Uickery"™ shoe cleanars,

Agricultural residue pulp, due .o fines and silica matter,
tends to fill up the suction rolle more easily than woode=pulp,
Thess rolls have to be provided with high pressure showers

that could give a prriodic wssh on the "run,"

DExer Section

For the manuf.cture of paper and paper board from agricul-
tural residue pulp, the dryer section has to be divided into
more groups, This gives better operation control in relation
to draws and shrinkage, The dryer scction elsc requires

sgperate controls for the Cop and bottom cylinders in the lest

group, after the size press, to control curl,
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On account of the "fuzz" problem normally experienced
with agricultural rcsidue pulp, it is advantegeous to operate
the machine without @ felt for the first group (bottom cyline
ders).,

The dryer section could be drsigned to eliminate the
use of "felt dryers" since conventional type felts could be
replaced with high permeable dryer screens, The use of dryer
screens results in better drying efficiency ano profile. The
dryer section too would reguire the use of pocket ventilators,
This results in about a 35% incresse in drying capacity and
will also give a more ~ven profile, Obtaining a more even pro=
file is essential to reduce breaks and this is all the more
important while using agricultural residues which have a

higher tendency for paper bresks,

Size Press
The use of a size press snhances the poesibility of giving

different characteristica to trne liner boerd produced on the
machine, This is an important feature to a developing country
wvhere diversification in guelity required is great but the
market is small,

Another important value of the size press is the poesie
bility to improve certain strength characteristice., Liner
boards mede with agricultural residue pulp could be reinforced

in strength properties by giving sppropriate surface treatment,

Machin
The prime mover needed to drive the mechine couvld be

either electric or steam, If the oversll economy and the
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steam balance of the specific mill are favorable, it would he
advisable for a mill in a developing country to choosc steam

" instead of electricity for the paper machine drive., The
electric supply in a developing country, which is depundent an
sn outside source of supply, has several drawbacks, such as
frequent outayes and voltage fiuctuations, that interfere

heavily witih the cperation of the paper machine,

INGTRUMENT«TION

Paper making was lsrgely manually controlled, where the
operator made use of his senses (i.e., hearing, sight, smell,
snd touch) for process control work, This system has undere
gone a rapid change and now digital computers are baing used
in some mills to con.rol a number of important paper making
variables,

For the epplication of process control through instruy=
ments in a developing country, a careful evaluation is necea=
sary to determine how much instr mentation is actually
heccssary to suit the local conditions, The extreme point of
vorking on human senses is not feasible to meet present dsy
quality standards and efficiency, whereas excessive instrue
mentation for dsveloping countries has problems related to the
displacement of employment possibilities as well as lack of
okill to maintain and operate some of the so histicated
control equipment,

Developing countries ehould generally concentrate on ap-
plying procsss control instrumiants to eome basic functions such

88 consistency, flow rste, temperature, and preseure controle




in selected areas,

WATER SUPPLY FOR THE MILL

Availability of water in large quantitics is an important
factor for the production of pulp and paper. 1/ pulp and
pap. r mill in a developing country based on agricultural resie
dues, would be dependent on a source of water supply common to
both the farmer and the paper mill, This could be a small
river, or lake, or an irrigation facility, Oue to the compe=-
titive nature of water usage for both agriculture and industry
(particularly in tropical countries), the farmer normally ex=
pects an economy in the use of water by the paper industry as
he always makes the claim, "I was hsre first,"

Besides tha eccnomy exercised duu to the competitive use
of water by the farmer and the industry, there are other
reasona for controlling the use of watar such as:

- Reduction in fibre loss,

= Reduction in size and cost of external treatment plant,

This section will therefore, examine the methods that

could be adopted to reduce the consumption of water.

Pulp Mill
The pulping technology described earlier is provided with
features that could result in uater economy such as:
= Countar current and high consistency washing
(press washing). |
« Racycling of black liguor for cooking,
« Usage of papser mill water for wvashing and dilution of stock,

(clarifisd watsr from the save all)
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The water rejuirements of the pulp mill based on this
system would be 4,6 m3/ton compared to 120 m3/ton in a cune

ventirnal type of mill,

Paper Mill (Closing the Water System

Some of the measures that could be adopted on the paper
machiine to close up the system and economize on the use of

fresh water would be as follous:

1. Proper allowance for "white vater™ storage capecity
to meet the high and low swing demands and prevent
overflow,

2, Reuse of cooling water from cooling cylinder, calen=
deors, lubrication oil cooler, etc,

3. Control of sealing water to pumps and egitators,
wherever it is possible, by using a reducing washer
and a flow indicator,

4, Recirculation of sealing water from vacuum pumps,
using a cooling tower for t-mperatufe control,

5, Examine possibility of using clarified water for low
pressure showers on pres felts,

6. Usc of clarified water for wire shouers (except the
high pressure wire, cleaning shower and breast roll

shover).

A closing up of the system as suggested sbove could re=-
duce the fresh water usage to sbout 35 m /ton comparod with

90 n3/ton to 120 m /ton for a conventional mill,
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EFFLUENT WnTER FCR IRRIG-TION AN SUSHENDED
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S(LIUS FOR THL 1 feo CTICN OF uillu -0:H00

As discussed earlier, a psper mill project b.sed on agri-
cultural residues, has to gencrally compete with the farmer
for water supply. The effluent, therefore, has a value to the
faormer if properly treated and supplied to him for irrigation
purposes, Land requirements are about 40 to 50 acres per
m.g.d.* of efflusnt, or 4,3 to 5,3 ha*+ per 1000 m3/day.
Experimental work cunducted in this rcspect seems to indicate
the possibility of such a usc and an existing mill is reported
to be successfully irrigating rice fields with the mill
effluent,

The combined effluent of the pulp mill and paper mill
would be given a primary treatment to remove the suspendsd
solids, This is generally done by sc.dimentation, Generally,
for irrigation purposes, a secundary biological treatment
may not be neccssarly. The waste watcr after removal of sus=-
pended sclids could be, therefore, used for irrigation purposes
during the dry scason when there is a high demand for water from
the farmer. Ouring the heavy reiny season when there is no
demand from the former, the effluent cculd be effectively mixed
with the storm water and discharged with no ill effacts to
the environment,

The suspended sclids and sludge in most mille is either
used as a land fill or incinerated after a process of thicken=

ing., But in the case of developing countrice where thers is @

* m,g.d. = million gallons per dey

#% hg - hectarss
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ne-d to boost the rural eccnomy, this sludge, (without going
into the expense of thickeninyg by centrifugation or vacuum
filtering), could be mixe: with screen rejects and wuste paper
ty produce sclid board on a single cylinder wet board machine.
The shest thus formed could be presséd oh a hydraulic press
and sun dried or air dried to produce a heavy weijht board
that could be used for book binding, suitcase boards, and for

the manufacture of rigid boxrs,

INTEGRATED CLMVERTING ODERATIUN

The type of inteqgration needed for a project of thias
nature, in a developing country, would go beyond just the
manufacture of pulp and paper, to include the making of corrue
Qat~d board and the making .7 corrugated containers,

The advantanes would be both techniczl and economic and
could be s.mmarized as follous:

1. Ready availability of containers to the farming come

munity to pack agricultural products.

2. CECconomy in the direct use of waste from gha corrue
gated container operation as part of the fibre furnish,
with no need for separate buling and handling,

3. Common usage of service facilitiecs such as steam,
water, compressed air, workshop, and laboratory
facilities, thereby reducing cepital cost snd also

improving operating economy,
AF ATED OPERATION

A t 1 R

The farming community in a developing country is not




generally gear=d to meet the disciplincs of an industry, There
is a great deal of preliminary work nceded in organizing, pro-
viding the know=how and even supplying the capital to purchase
equipment such as balers, tractors, trucks, etc,, for the
handling, transport and storage of agricultural residues, The
best approach for providing these services in a developing
country is to first organize and form farmer cooprrative
socleties so that the cnllrction of rou material would be much

simpler and c:nvenient,

Ussto PaEer Collection

The mill may also have to take the le:d to organize and
provide facilities for the colleection and handling of waste
paper, MHere again it would be convenient, in the case of
developing countries, to provide such servicss through co=
operative societies, or vocliuntary organizations formed to help

the handicapped,

H.n-mad! Forests

A project of this nature in a developing country has to
make long term tarcets for further expansion in the production
of similar grades or diversification in the production of ather
gredes of paper to maintain growth, 1In planning growth in the
Paper industry, an importent factor would be the creztion of
man-made forests on the basis of selected species for the
production of long fibre pulp, The mill has to, therefore,
get invclved in the planning and promotinn af wood plantations
eitter directly with the farming communities, or indirectly

through governmant agencies such as the forest department,




Research and Development

The operction of a project of tnis n:ture should be
counled with researcl: and develonment facilities, The mill
should work closely with researcn institutions and universie
ties for a cuntinuous improvement ofltechnmlogy to bring )
about an efficient use of resources. The res.arcnh and develop=
ment witk should also go beyond the tcchnolougical problems in
the mills to luok into the methods of improving agricultural
crops, forest yielrs, development of correct hybrid species
for man=mcde plantations, etc., in order to bring an overall
improvcment in production efficiency and cuality by using
better raw moterials, Other than manemade fcrests, rescarch
work should also cover the grouing of annual plants such es
kenaf, sunn Hemp, etc., in uneconomic land not suit:ble for

agriculture,

CrMCLUSTILN

An integr:oted pulp, pap:sr, and corrugated container
projcct, as envisaged in thie paper, ha: many socio-economic !
bencfits to a develoning cuuntry Whose rural population far
axceeds that of its urban counterpart, Some of these socio=~
economic benefits cre:

- Greater employmont opportunitics for the rural commune-

ity.

- Accelerztion of food production,

= Alternative use for uneconomic land,

« Improvement in the Quolity of 1life dus to grester in- '

come generation in the community,
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Ths technology suggasted in this pespsr has carsfully

Qunmin-d verious factors, i.e., rawv materials, costs, anviron-

mental

concerns, amploymrnt factore, maintainencs nseds, snergy

consumption, etc., Ths most sppropriete tschnology hss besn

suggeeted, highlignting tha following factors:

Agricultural wests as rav materiesl,

Selective technology thet would raquire lase energy,
less fual, and less water per ton of paspsr.

Labor intansive technology in placs of capitsl inten=
sive tachnology, wharaver possibls,

Flexibility of tschnology to make s wide range of grades
using diversified raw masterisls,

Supplementary nature of induetry to foeter ths food
processing snd wood=bassd induetries.

Rscycling and use of waste meterisle from the industry,
Rascarch and dsvslopmant work to improve tschnology,
snvironment, davslopmsnt of men-made forests, and
cevelopment of annusl crops rssulting in benefits to

the rurasl sconomy,
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ABSTRACT

A project to manufacture liner board oni corrucating medium
to produce corrugatad box containcrs hos been identified as
s-se~tial to boost the rurcl ec-nomy of develo-in countrics,
Tha apnropriate technalogy for this induntry is based on the
use of agricultural residues for pulp production, tn: use of
less steam, weter and energy for processing, simple process
techniques suitcble for e se of operation and maintenance,
flexibility of oparetional syctems and reduction of pollution
load., Since this project is based on agricultural residues, it
will have far reaching socioe-aconomic benefits to tho rural

communitics of developing countries,




INTROODUCTIUN

Developing countries largely depend on the import of
paper from countries that produce pulp from coniferous woods,
In view of the increasing demand for papcr and paper products
on a2 world wide scale and constraints nlaced on thus.. paper
exporting countries due to ecology restrictions, high cost of
labor for wood extraction and high transport costs, this
scurce of supply of nulp, papcr, and peper products cannot
be fully relisd upon as a long term measure, In other words,
developing countries have to do some rethinking and explore
possibilitics of using indigenous fibre resources to meet a
greater portion of their own recuirements, Developing
countriee are mostly agriculture oriented and it is possibls
for them to use some of the agricultural residues, various
annual crop planta, etc., to develop the paper industry in
their own countries,

It is also noted that develoning countries, on the othsr
hand, have certain limitations and there is 2 need for the use

of sppropriate technology to meet these limitations,

Y N ey
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This paper, thernfore, outlines a pulp and paper project

that could be developed taking into account the qgeneral limite

atiocns of developi g countries and thc need to boost their

rural economy,., The guidelines followcd by the writer for this

project is b sically as follouws:

1.

r

3

4,

5.

Input of raw materials in the form of acricultural
rec-iducs and annual crop nlants for the manufacture
of paper, so as to provide an income to the rural
communities.

Gainful employm-nt of a large proportion of agricule
tural labor, both directly and indirectly, in the
intustry, so that thair income could be either supple=-
mchtad or improved,

Use of lass capitcl intensive equipm-nt and mcthods
so that thore could be more labor emnloyed, wherever
possible, thereby reducing capital cost,

5elcctive use of technoloyy so that it fits into the
socio=economic aspiraticrns of the country but would
not fall short of tne standerds in producing a pro-
duct to match tocay's society.

selantive technology that would require comparatively
less fuel and lass electric energy to produce a ton
of paper as most developing countries are relatively
short of these resources,

Selective technology that would require less vater
per ton of paper end would also employ such methods
thet would result in the effluent vater bocéuing

suitable for irrigaticn purposes, since developing

e




cc ntries, more often than not, suffer from a shortage of

woter,

GRAVLL OF PAPER MOST EostbMTIAL TO BULST RURAL o CHMCMY

Jand
According to the lira Declaratinn[ﬁlan of iction, at least

255 of the world's industrial production should originate in
develojing countries by the yeasr 2000, In implementing this
plan of industrialization, the pulp end piner industry is exe
pected to play a mzjor role in providing packaging grades of
paper for various industries, In a developing country, where
the industries would be more agriculture=oriesnted, the manu=
focture of liner board and corrugating medium would receive
priority over other grades of peper, The rural economy, uhich
{s mainly dependent on various types of forming and have proe
ducts such as vegetasbles, fruits, dairy products, eggs, poultry,
meat products, fish, shrimps, etc., requires corrugated con-
taincrs for the packing and trensport of these agriculturel
goods either to the domestic cr export market., Although
developing countrics have traditionally used wcod and cune
tain rs made with leafy material, modern technology for the
prescrvation, storage and transport of food and the marketing.
of these products would call for the use of corrugatecd cone
tainers, This paper, therefore, examines the appropriate
technology that has to be epplied in a developing country to
manufacture these two grades of paper i{,s,, liner board and

corrugating medium,

—d



RAW MATERIALS

Agricultural Residues

The raw materials available for pulp production in the
form of agricultural residues and agricultural crop nlants ere
as per Table 1, It will also be seen fram Chlumn 4, thess
materials are most suited only for certain porticular grades
of paper, T™e c oice of raw materials for manufactdring
different grades of papar depend largely on three factors:

1. Suitability for guality, based mostly on the fibre

characteristics of the raw material,

2, Availability in quantity to make it feasible for
collection and usage on a commercial scale,

3. Production cost factors such as yield of pulp per ton
of rav material, cost of processing, such as chemicals,
input of energy, etc,

Based on all these technoe-economic factors, bagasse and
strav have found wide acceptance commercially as agricultural
residues euiteble for a number of cultural and industrial
grades of paper. However, agricultural residus pulp would need
8 blending with other types of pulp for quality as well as
economic reasons. Coniferous wood pulp or other long fibre
pulp is blended with strav or baggasse pulp to improve the
runnebility, and obtain the required strength propertics while
manufacturing light weight printings, writings, kraft paper
Qredes, etc. Secondary fibre produced from was.e paper, on the
oth:r hand, is used ae part of the fibrous furnieh ih elmost

all grades of paper board es well as some gradee of paper, to
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reduce the cost of fibrous furnish,

jaste Paggr

ARs referred :bove, the use of W cle paper is emphasized
for ecnnemic re-sons, By increasing the uce of waste paper
it would be pos:ible to reduce the capacity of the pulp mill
and thereby rcduce the capital cost on pulp mill equipment,
The op-r-ting cost ton, would be reduced due to “he replacement
of virgin fibre with secondary fibre rceulting in savings on
account of chemicals, less use of steam and electric enerqy,

A further eciun.my is poussible in th: manufocture of
corrugating medium since all type of trimmings and common wastse

could be used along with agriculturel re.idue pulp,

Eglllgtion and Usage Also a Social Benefit

From the socio=economic angle the collection of waste
poper could gener:te employmcnt at tlie unskilled level and is
of particular interest to the disabled and aged who need light
work, Neveloping countries with no positive social security
measures could use the collection and sorting of waste paper
88 8 means to provide gainful emplovment and income to the

handicepp-d and the unlerprivileged,

Raw Hat!;ia;a for Long Fibre Pulg

The use of agricultural residues requires a blending of
long fibre pulp tn give the requircd strength characteristics
to the paper produced. The percentage blended would depend on

the end use of the particular gra's of paper. Sack kraft for




acking cement may reoruire as much as 50Y% of lonn fibre pul
P C Y 3 pulp

for blending witn oyricult ‘ral residue pulp, liner ‘o-rd mav
require only about 20%, and corrug-ting medium could be made
with no blending of long fibre pulp., Developing countries

are usually deficient in coniferous species such as sprucse,
pine, fir, hemlock, etc., to produce the commercially developed
long fibre pulp., There are a few agricultural crops that could
provide tne long fibre pulp for developing countries, such as
Sunn Hemp, Sisal, Common Hemp, Abaca Stem, Banana Stem, Juts,
etc,, but economic factors such as limited evallability in
terms of quantity, low yield of fibre per acre, and the high
cost o/ preparing the raw material (prior to cooking such as
retting) limit tne use of these materials to only speclality
grades of paper such as cigarette tissuses, carbonizing tissuass,
bible paper, etc,

Kenaf:= In recent years, work done on kenaf (HIBISCUS
CA'NABINUS) indicates the possibility of subetituting this pulp
in plsce of long fibrs wood pulp., This is of particular intere
est to such developing countries where kenaf could be grown
easily and are at present facing problems in ths import of
wood pulp due to unfavourable forsign exchance or high cost of
imported wood pulp.

Plantation d:=- Beeides kenaf se e subatitute for ime
ported long fibre pulp, it is also possible to develop man=
made forests in the growing of peoplar, pinus epecies, etc,
Experimental plantatione in the growing of theas conifercus

species havs shown encouraging results in tropicsl countries,




Boosting of Rural tconomy through Wood Plantation:~ In

order to boost the rural economy, the growing of kenaf and the
creation of man-made wood plantations using high yield forestry
techniques have to be introduced. WYood plantations in
particular are emphasized as this will not only help the pulp
and paper industry, but would improve tie overall economy of
the country in providing lumber for a number of wood basad

industries,

SELECTION OF PULPING P UCESS

There are five welleknoun proceasea for the production
of pulp from ngricultural residucs
- Lime Procass

« Pomilio Process

Neutral Sulphite (semi-chemical)
Kraft

- Soda

Oeeides these processes there are several other lese
known procesecs aveilable, They are not being discueseed herse
due to the limted value they have in the epplication of approe
priate technology to developing countries,

Lime Process:= This is an cld process based on the uee of
lime ee the sole cooking agent, Some mills have used thia
procesa for manufacturing corrugating medium, This proceas
has becoma obeolets as modern technology is replacing squip=
mant auch as epherical digesters, drainers, and beaters which
ere used for this process., This procees could be, however,
coneidered for the manufacture of yellow straw bosrd on a smell

scale to improve rural economy in developing countries, but
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will not be suited for the manufacture of liner board and
corruguting medium to make corrugated containers to meet
present day packaging standards.

Pomilio Process:= This process was mainly developed for
use with agricultural residues. It is nou considered uneco=-
nomic due to high consumption of chemicals and high maintenance
costs on accunt of corrosion problems in tha use of chlorine.

Neutral Sulphite Semi-chemiczl process is also a welle
known process particulrrly for producing corrugated medium
from both harducods as well as softwoods, Ngutral sulphite
is beirno used by some mills as & chemical process for agricule
tural residues to produce bleached pulp. Although ncutral
sulphite could bc considered for making brown board, an evalu=

ation of tris process with the soda process does not merit its

choice as this would increase the cepital reguirements for i
the praparation of sulphite liyuor through the use of sulphur i
burner., One other reason for omitting neutral sulphite cook=
ing would be to reduce pollution problems through sulphur free
cooking.,

Kraft Proccss, slthough widely used in wood pulping to
produca kraft liner board, hes marginel sdvantages when used on
agriculturel residues, UWhen comparing the capital cost of a
pulp mill, the soda process has advantages over the kraft
process due Lo simplicity and low cepitel reguirements.
Another key point to support soda pulping would be the advan=-
tges on pollution control dus to sulphur free cooking.

Soda Process has been found to have adventages over sll

the other processes mentioned abova for the production of both




liner boord and corrugating medium due to the simplicity of ‘
the procesc, sulphur free cooking, an! economic advantages,

and is, therefore, more appropriate to developing countries,

YIELD ALD ECOUNOMY

|

The higher the yield of pulp, the better the economy both J

from the point of crpital invostments as well as oner=tion |
costs, In the manuf:cture of paper grades to produce corru=-
gated board and corrugated containers, two types of pulp hove
to be produced with different yields, Corrugating medium is

produced from agricultural residues with a yield of about 70%-
75% and linor board is produced with e yield of 35%-60%, Ale
tiough an improvement in the above specified yields could be
made that could improve the econcmy, it is found this results

in lowering the physical strength propertics of the paper,

BATCH vs CONTINUOUS CUOKING

For the cooking of agricultural residues both batch
digesters as well as continuous digesters are used, Mills that
use the batch digesters claim better flexibility of operation
particularly if different types of raw materiels are planned
to be used, In addition, batch digestcrs are claimed to re-
duce time if maintenance work has to be done on the
differant digesters,

The continuous digesters normally available for agricule
turel residues are both the horizontal multi-tube type as well

ae the vertical tower type, but the horizontal type has been

widely accepted, The sdvantage of using the continubuo

digesters would be sevinge in oquipnént cost end opérotlng



economy through less usz of steam and energy. Besides econaomy,
c~ntinuous cookin; gives a better process control and quality

control of the pulp produced compared to batcn dingesters,

Further hpplication of Appropriate Technology

by Cooking at Atmospheric Pressure

The conventional type of dig-sters described above, both
bateii «s well as continuous, are pressure di-esters, Generally,
ayricultural residues are cook.d in pressure type of digesters
using sleam at 6 to 7 kg/cmz. Pulp suitable for the manu=
facture of packaging grades such as liner board, corrugating
medium, etc,, could be cook 'd at nearly atmospheric pressure
with a temprrature of about 85° to 100° Ce The digester used
for cooking agricultural residues at low temperatures {s
somewhat similar to the multi=-tube horizontal digester, Ths
‘dijester has five functional zones:

1s Impregnation Vessel-For mixing of both white liquer
and blacl. liquor with the raw material,

2, Pre~cooking Tubs=for the intimate mixing of chsmicals,
(steam could be admitted, if nceded,)

3, Cooking Tube=Material is heated up to 100° C and s
doutle screw working countere=clockwise, gives
mechanical action to the materisl while being cooked,
(Heatiny is irdirect.)

4, After Cooli. ¢ Tube=Continued agitation to the raw
material but reduced to one screw action,

S. Extractor Press~Partial seperation of warm black

liquor for recycling back into the impregnstor vessel,

J——




Since the dijester is desigmed to work at very low temper-
eture/nressure, the casital cost is relatively low., The
dig ster is compact and requires less building space, There
is operatinyg economy through less usage of steam, A high
pcrcentage of olack liyuor gots racycled, reducing the pollue

tiDn lO:.‘.d.

BROWN STUCK KREFINILG ANU HIGH YIELD

In producing high yield pulp from agricultural residues,
the cooking action his to ne foullowed up almoct immediately
with a ynetle fibcrizing treatment to obtain a yield of about
705% to 75%. Since te inter=fibre bonds of agricultural
residues are not so sirong as in the casc of woody materials,
t is fiberizing action could se donc witn less energy and with
livht conical refiners, The use of agricultural residue pulp,
therefore, results in savings, in terms of both capital as well
as operaticnal costs, For example, the power reruirements for
agricultural residues is approximately 30 to 40 KWH/tun com=
perid with 150 to 300 KWH required for some of the woody

materials widely used in the developing countries.

WASHING AND SCREE-ING

llashing of broun pulp to remove the spent chemicals end
the dissolved non-cellulosic substances is mostly done in
mills by using vacuum washers, Agricultural residues have
poor drainzne properties and in cnnsequence the vacuum vashers,
which vork on the filteration principle, have to ce relatively
large recuiring more capital irvestment, The appropriate

processing method for this function would be the use of a two

|
v
—
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screu system which works on the princi»lc of press washing,

The advantages of using the press washing system, in preference
to filter washing, for ugricultural rcusidues to produce brown
board would be:

1« Less capital nceded for equipmocnt,

2. Reduction in floor space.

3., Possibility to operate at high ccnsistency.

(i.e., inlot consisilency to press 10% to 12% and
outlet consistency 387%.)

4, Highor washing efficioncy,

(Press wcshing gives better rosults on griculturel
residue pulp.)

5., Ffoaming nroblems are avoided,

The pulpin: system considered for the manuf.cture of
brown board (i.e., lin:r board and corrugating medium) would
not renuire the use of caentrifugal screens, pressure screens,
centricleaners, thickenere, etc., at this stage, resulting in
considerable savings in capital cost. The brown pulp, thera=
fore, is ready at the end of the two stage press w-shing to be

pumped to the paper mill for the menufacture of brown board,

HEMICAL RECUVERY SYSTEM

Tha scale of operation considered for 8 project of this
nature in & developing country would be a maximum of about 80
to 100 tons of paper per day to effectively support the rurszl
economy, This scale of operation would kecep pace with the
limits that are usually encountered in the collection and
transportation of agricultural residue. The estimated caspa=

city of a pulp mill to produce 80 to 100 tons uf paper boasrd




as part of the fibre furnish along with waste paper and imported
lony fibre pulp would be approximately 50 tons par day.

The recovery of chemic:ls for a production capacity of
50 tons per day of pulp, based on egricultural residues, have
botn technical and economic limitations and is, therefore, not
normally ¢ nsider d for a project of thic n ture. The black
livwor chemic-ls, as discussed earliir, i~ rec,cled for cooking
brecause it hes relatively less organic substances and a high
inorganic chemical content,

The handling of the effluent from such a type of pulp mill
wit out a chemical rccovery system would be discussed under

effluent treatment,

STOCK PoCPAn TGN SYSTEN

Agricultural residues such es bagassc and straw produce
a type of pulp thot could bc called "energy savers® since
they reuir> ver, little mechanical treatment to produce the
pap-r. For example, the encrgy recuirement for wood pulp -ould
average betueen 300 to 4C0 KWH per ton, whereas strow pulp
woild reiuire about 75 to 100 KWH per ton. The capital cost
nececssary for equipping the stock preparation section would,

therefore, be relatively low,

Trgatment of Agricultural Residue Pulp

The fibres, as discusscd earlier, are short and would need
8 gentle brushing action which is genera!ly dcne in conical
refiners, It may be posaible at timos to skip the refining
needod for agricultural residues entirely, and give a brushing

action at the finishing stages of tne blended pulp ahead of




the machine,

Treatment of;Qeste Paper

The pulpecr for the trcatment of w.ste paper would be
equipped with 2 junk remover and ragger since mixed wanste
paper would be used along witt agrieci:ltural r-sidue pulp, for
manufacturing corrugating medium, Tie waste paper used for
liner bosrd would be sorted an't would mainly contain kraft
grades, cont:iner wa.te, envelope trimmings, etc.,, to give the
recuired strenotn ciar:cteristics, Besides the pulper for
slushing the waste paper, the trcatment plant would be
equipped with a high density cleaner and a vibration screen,
High cost and high energy consuming low density cleaners,
centrifugal screens, etc., would not be necessary =t this
stage of the processing for the manufacture of both corrugating

medium and liner board,

Trgatmant of Long Fib Pu

Disc refiners have the advantages of high efficiency and
versatility for the treatment of long fibre pulp produced from
wood, The fFree atmospheric discharge type of refiners have
been laryely replaced by the totally enclosed pressurized type.
On account of the high skill needed in the maintenance of this.
equipment and the complexity of spares needed, it will be
edvantageous to use conical refiners instead of disc refiners
for a project of this nature, The tackles have to be carefully
chosen so as to avoid a cutting action to the fibre and to
give a suitable treatment so that the short fibred agriculturel
residues blended with long fibre pulp would give the n:.cessery

strength characteristics to the brown boerd.

SRS X

S
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8lending of Fiorous stock and Paper Making Additivus

In the manufacture of liner board, stock would be prepared
for delivery, both through the prinary head box and through the
secondary head box, '

The blcnding of stock varies from mill to mill and changes

are often made depending on operating conditions, However, a
typical furnish cculd be as folious:

Primary Stockt=  40% Second.ry fibre (Uaste paper).

~

4

355 Agricultural residue pulp,

~r

10% Long fibre pulp.,
Secondary Stockte 15% Long fibre pulp.
By using the sccondary head box arrangement (which is

described later under 'paper machine'), flexibility could be

obtained to make bleached liner, jute liner, or krzft liner
board depending on the nature of the end use of the corrugated
containers,

The corrugating medium would be made as one single layer
with the entire stock being supplied through the primary stock,
The typical frnish would be:

60% Agricultural Residue Pulp,
304 Waste Paper,
10% Long Fibre Pulp,

Oue to the charecteristics of sgricultural residues, they
require very little sizing, Alum requirements are generglly
high to maintain low pH, to prevent picking on the press

rolls,




PAPCR MACHINE

The continuous sheet formation of paper could be done in
different ways depending largely on drainazge conditions such
as speed, brsis weight, characteristics of the papnr=stock,
etc., The different forming methods could be briefly summerized

as follous:

Open uire forming =fourdrininr tyne,

Cylinder macnine forming,

Suction breast rnll forming,

Tuig wire forming,

The manufacture of liner board and cnrrugating medium
could be done on all formers referrod to above, except the
suction breast roll former which has a short forming length
and was specially developed to produce tissue grades at high
speed,

The fourdrinier type of formation has wide flexibility
enc the control of operation is much simpler, Another major
edventage is the large drainage capacity it has compared with
the other forming msthods in practice today.

The cylinder type of formation is largely applied to the
manufacture of paper board, requiring multilayer board
formation, These machines have limitations on speed due to

omtrifugsl forces acting on the cylinder former, Another
operetion problem is the disturbance caused to the mat formed

on the cylinder by ths washing action, These problems have

been largely overcome by the use of suction forming cylindere,
Although the flexibility to make different gredee with different

furnieh componente is available on & cylinder machine for
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various types of paper board, the large drainage cap.acity
required for agricultural residue pulp and the simple opera=-
tional adjustments that could be made to alter the drainnge
capacity is not available on the cylinder machine. Another
disadvantage on the cylinder machine is the "pick-up felt"
system which gets fouled up easily when using agricultural
residue pulp.

The twin wire formers have gQained importance in recent
years over the fourdrinier due to advantaces such as:

- High speed,

- Better uniformity (less two sidedness),

- Better formaticn compared to fourdrinier,
« Less space requirements,

- Less energy requirements,

In the scaich for an ideal former to replace the foure
drinier, different machine builders have different tuin wire
forming arrangements and there are pros and cons for each of
these arrangements, Twin wire formers are successfully used
in the well developed countries, meinly for high speed and
high production, However, the appropriate technology for @
developing country would emphasize the use of a fourdrinier
due to the simplicity of its operation and maintenances,
flexibility to make different grades uith different types of
furnishes, and its high dreinage capability, which is an
essential slement for producing paper from agricutltural resi=-

due pulp.
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APCCIAL FCATULES NecDED N THE FUUKRDRIMISR WACHINE

The fourdrinicr machine in o developing country has
to be flexible to a greater extent than in a developed country
mainly due to market conditiims., For exam-le, a developed
country wculd make liner board and corrugating medium on
separate machines and in the moking of liner board flexibility
may not be required to make different gradcs of liner board,
Developing countries, on the other hand, will have to make the
corrugating medium as well as all the different qrades of liner
board on one machine such 2s kraft liner, jute liner (cylinder
liner) and bleached kraft liner, The machine features reaquired,
therefore, have to cover a wide ronge of gradrs and a wide
ranye of busis weights (i,e., 60 to 130 g/m2 for corrugating
medium and 100 to 300 g/m2 for liner board). Besides all
these design features, there are other important acpects needed
to be considered while using agricultural residue pulp. This
secticn of the paper will, therefore, concentrate on such

special fecatures,

s3tocgk Apgrough Systems

The stock approach from the machine chest to tne head box,

the back water, and thc broke systems, reyuirega ca.eful design
arrengemant considering two problems:
= Susceptibility to heavy slime build ups,
= High tendency for air entrainment in stock,
Rlthough the above problems are generally common to all
types of stock, it could be said agriculturel residues have

more serious problems compzred with other types of stock and
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a concentratcd effort is nceded in the designing of the stock
approacn sycstem to avoid problems such as channelling, settling,

excessive turbulence, air pocke . s, de.d stock, otc,

Hearl Box
The machine hus to te provided with two head boxes (1,0,
primary and secondary) for tie frllowing reasons:
1« To manuf cture aifferent grades of liner board,
2, To prodice tnc required strength properties using
minimum long fibre nuln as ton liner,
3. To provide petter “phrarance by effectively hiding
the speck~ that rosult from high yield agricultural
resicue puln,

4 To nrovide a petter printing surf-ce,

Jecondary Head Box or "Strata Flow" Head Box

Technology is presently available to replace the function
of a secondary head box by the use of a single hesad box employing
the "struta flow" syctem., This type of head box could provide
a three channel flouw to the naper machine with capability to
deliver three difrerent type of stocks to the machine. By
using such hesd box, it is possible to make a tvo ply or
three nly lincr board. The adoption of such technology could
be only recommended to such developing countries that are
fiirly well advanced in technology us tre operating of such a

system requires higher skill,

L Part

Agricultural residue pulps sre characterized by slow
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drainage and would require at lcaost 25% more forming length
compared to c-nventional machines designed for working on
wood pulp. Operating experience alsn indicates wires m-ce out
of synthetic fubrics have less tendency to get fillcd up and
have therefore, better drainage capability than ohosphor bronze
wires, BRased on experience it cruld be said "fcils" provide a
better removal of wuter, The wire part also recuires additional

s ction lhhoxes compared to a conventionzl machine.

Press bart

Problems often experienced with agricultural residue
pulp is "felt crushing® particilarly at the first press where
the moisture content in the web is higher than the other
presses fcliowing it. Synthetic felts with more open structure
have been helpful in providing vetter removal of uater at tne
presses, with reduced felt crusning, On machines where plain
rolls were used for the first press, replacament with a
suction roll at the bottom position was found to be hel:ful,

Another problem associated with agricultural residue pulp
is "press sticking®™ and web oreaks, The use of "granite"
rolls resulted in better results than "stonite™ rolls in the
top position, Still better rcs lts were obtained by using
"self skinning" rolls in place of "granite" rolls,

The provision of a "crumb" doctor for the first and
second press doctors was also found to be helpful,

Most of the web brcaks take pl:oce in tae press secti-n
(i.0,, between the coucr and the first drying cylinder) due
to the pror wet strength of the web made with agriculturel

residue pulp, Although the number of breaks would be

e
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relatively low in corrugating medium and liner board due to
high busis weiyhts, consideration should be given while
designing the press scction to avoid long stretches of une-
supportr.d wet web length, Another important factor would be
the degree of the "take=-off angle" to provert strain cn the
web,

A multinip press arrangemunt for the first and second
presses, with pickeup transfer from thc couch, are considered
advanhtageous to the manufacture of pape- from agricultural
residue pulp.

Felts on the press section tend to net fillrd up and dirty
due to 2 high content of "fines" present in the agricultureal
resicue pulp. The press section therefore, hcs to he provided
with adequate felt cleening equipment, iletter results were
ontained by using a "wringer press® along with felt cleaning
equipment such as "Uhle" boxcs and "Uickery"™ shoe cleanars,

Agricultural residue pulp, due .o fines and silica matter,
tends to fill up the suction rolle more easily than woode=pulp,
Thess rolls have to be provided with high pressure showers

that could give a prriodic wssh on the "run,"

DExer Section

For the manuf.cture of paper and paper board from agricul-
tural residue pulp, the dryer section has to be divided into
more groups, This gives better operation control in relation
to draws and shrinkage, The dryer scction elsc requires

sgperate controls for the Cop and bottom cylinders in the lest

group, after the size press, to control curl,
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On account of the "fuzz" problem normally experienced
with agricultural rcsidue pulp, it is advantegeous to operate
the machine without @ felt for the first group (bottom cyline
ders).,

The dryer section could be drsigned to eliminate the
use of "felt dryers" since conventional type felts could be
replaced with high permeable dryer screens, The use of dryer
screens results in better drying efficiency ano profile. The
dryer section too would reguire the use of pocket ventilators,
This results in about a 35% incresse in drying capacity and
will also give a more ~ven profile, Obtaining a more even pro=
file is essential to reduce breaks and this is all the more
important while using agricultural residues which have a

higher tendency for paper bresks,

Size Press
The use of a size press snhances the poesibility of giving

different characteristica to trne liner boerd produced on the
machine, This is an important feature to a developing country
wvhere diversification in guelity required is great but the
market is small,

Another important value of the size press is the poesie
bility to improve certain strength characteristice., Liner
boards mede with agricultural residue pulp could be reinforced

in strength properties by giving sppropriate surface treatment,

Machin
The prime mover needed to drive the mechine couvld be

either electric or steam, If the oversll economy and the
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steam balance of the specific mill are favorable, it would he
advisable for a mill in a developing country to choosc steam

" instead of electricity for the paper machine drive., The
electric supply in a developing country, which is depundent an
sn outside source of supply, has several drawbacks, such as
frequent outayes and voltage fiuctuations, that interfere

heavily witih the cperation of the paper machine,

INGTRUMENT«TION

Paper making was lsrgely manually controlled, where the
operator made use of his senses (i.e., hearing, sight, smell,
snd touch) for process control work, This system has undere
gone a rapid change and now digital computers are baing used
in some mills to con.rol a number of important paper making
variables,

For the epplication of process control through instruy=
ments in a developing country, a careful evaluation is necea=
sary to determine how much instr mentation is actually
heccssary to suit the local conditions, The extreme point of
vorking on human senses is not feasible to meet present dsy
quality standards and efficiency, whereas excessive instrue
mentation for dsveloping countries has problems related to the
displacement of employment possibilities as well as lack of
okill to maintain and operate some of the so histicated
control equipment,

Developing countries ehould generally concentrate on ap-
plying procsss control instrumiants to eome basic functions such

88 consistency, flow rste, temperature, and preseure controle




in selected areas,

WATER SUPPLY FOR THE MILL

Availability of water in large quantitics is an important
factor for the production of pulp and paper. 1/ pulp and
pap. r mill in a developing country based on agricultural resie
dues, would be dependent on a source of water supply common to
both the farmer and the paper mill, This could be a small
river, or lake, or an irrigation facility, Oue to the compe=-
titive nature of water usage for both agriculture and industry
(particularly in tropical countries), the farmer normally ex=
pects an economy in the use of water by the paper industry as
he always makes the claim, "I was hsre first,"

Besides tha eccnomy exercised duu to the competitive use
of water by the farmer and the industry, there are other
reasona for controlling the use of watar such as:

- Reduction in fibre loss,

= Reduction in size and cost of external treatment plant,

This section will therefore, examine the methods that

could be adopted to reduce the consumption of water.

Pulp Mill
The pulping technology described earlier is provided with
features that could result in uater economy such as:
= Countar current and high consistency washing
(press washing). |
« Racycling of black liguor for cooking,
« Usage of papser mill water for wvashing and dilution of stock,

(clarifisd watsr from the save all)
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The water rejuirements of the pulp mill based on this
system would be 4,6 m3/ton compared to 120 m3/ton in a cune

ventirnal type of mill,

Paper Mill (Closing the Water System

Some of the measures that could be adopted on the paper
machiine to close up the system and economize on the use of

fresh water would be as follous:

1. Proper allowance for "white vater™ storage capecity
to meet the high and low swing demands and prevent
overflow,

2, Reuse of cooling water from cooling cylinder, calen=
deors, lubrication oil cooler, etc,

3. Control of sealing water to pumps and egitators,
wherever it is possible, by using a reducing washer
and a flow indicator,

4, Recirculation of sealing water from vacuum pumps,
using a cooling tower for t-mperatufe control,

5, Examine possibility of using clarified water for low
pressure showers on pres felts,

6. Usc of clarified water for wire shouers (except the
high pressure wire, cleaning shower and breast roll

shover).

A closing up of the system as suggested sbove could re=-
duce the fresh water usage to sbout 35 m /ton comparod with

90 n3/ton to 120 m /ton for a conventional mill,
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S(LIUS FOR THL 1 feo CTICN OF uillu -0:H00

As discussed earlier, a psper mill project b.sed on agri-
cultural residues, has to gencrally compete with the farmer
for water supply. The effluent, therefore, has a value to the
faormer if properly treated and supplied to him for irrigation
purposes, Land requirements are about 40 to 50 acres per
m.g.d.* of efflusnt, or 4,3 to 5,3 ha*+ per 1000 m3/day.
Experimental work cunducted in this rcspect seems to indicate
the possibility of such a usc and an existing mill is reported
to be successfully irrigating rice fields with the mill
effluent,

The combined effluent of the pulp mill and paper mill
would be given a primary treatment to remove the suspendsd
solids, This is generally done by sc.dimentation, Generally,
for irrigation purposes, a secundary biological treatment
may not be neccssarly. The waste watcr after removal of sus=-
pended sclids could be, therefore, used for irrigation purposes
during the dry scason when there is a high demand for water from
the farmer. Ouring the heavy reiny season when there is no
demand from the former, the effluent cculd be effectively mixed
with the storm water and discharged with no ill effacts to
the environment,

The suspended sclids and sludge in most mille is either
used as a land fill or incinerated after a process of thicken=

ing., But in the case of developing countrice where thers is @

* m,g.d. = million gallons per dey

#% hg - hectarss
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ne-d to boost the rural eccnomy, this sludge, (without going
into the expense of thickeninyg by centrifugation or vacuum
filtering), could be mixe: with screen rejects and wuste paper
ty produce sclid board on a single cylinder wet board machine.
The shest thus formed could be presséd oh a hydraulic press
and sun dried or air dried to produce a heavy weijht board
that could be used for book binding, suitcase boards, and for

the manufacture of rigid boxrs,

INTEGRATED CLMVERTING ODERATIUN

The type of inteqgration needed for a project of thias
nature, in a developing country, would go beyond just the
manufacture of pulp and paper, to include the making of corrue
Qat~d board and the making .7 corrugated containers,

The advantanes would be both techniczl and economic and
could be s.mmarized as follous:

1. Ready availability of containers to the farming come

munity to pack agricultural products.

2. CECconomy in the direct use of waste from gha corrue
gated container operation as part of the fibre furnish,
with no need for separate buling and handling,

3. Common usage of service facilitiecs such as steam,
water, compressed air, workshop, and laboratory
facilities, thereby reducing cepital cost snd also

improving operating economy,
AF ATED OPERATION

A t 1 R

The farming community in a developing country is not




generally gear=d to meet the disciplincs of an industry, There
is a great deal of preliminary work nceded in organizing, pro-
viding the know=how and even supplying the capital to purchase
equipment such as balers, tractors, trucks, etc,, for the
handling, transport and storage of agricultural residues, The
best approach for providing these services in a developing
country is to first organize and form farmer cooprrative
socleties so that the cnllrction of rou material would be much

simpler and c:nvenient,

Ussto PaEer Collection

The mill may also have to take the le:d to organize and
provide facilities for the colleection and handling of waste
paper, MHere again it would be convenient, in the case of
developing countries, to provide such servicss through co=
operative societies, or vocliuntary organizations formed to help

the handicapped,

H.n-mad! Forests

A project of this nature in a developing country has to
make long term tarcets for further expansion in the production
of similar grades or diversification in the production of ather
gredes of paper to maintain growth, 1In planning growth in the
Paper industry, an importent factor would be the creztion of
man-made forests on the basis of selected species for the
production of long fibre pulp, The mill has to, therefore,
get invclved in the planning and promotinn af wood plantations
eitter directly with the farming communities, or indirectly

through governmant agencies such as the forest department,




Research and Development

The operction of a project of tnis n:ture should be
counled with researcl: and develonment facilities, The mill
should work closely with researcn institutions and universie
ties for a cuntinuous improvement ofltechnmlogy to bring )
about an efficient use of resources. The res.arcnh and develop=
ment witk should also go beyond the tcchnolougical problems in
the mills to luok into the methods of improving agricultural
crops, forest yielrds, development of correct hybrid species
for man=mcde plantations, etc., in order to bring an overall
improvcment in production efficiency and cuality by using
better raw moterials, Other than manemade fcrests, rescarch
work should also cover the grouwing of annual plants such es
kenaf, sunn Hemp, etc., in uneconomic land not suit:-ble for

agriculture,

CrMCLUSTILN

An integr:oted pulp, pap:r, and corrugated container
projcct, as envisaged in thie paper, ha: many socioc-economic !
bencfits to a develoning cuuntry Whose rural population far
axceeds that of its urban counterpart, Some of thesa socio=~
economic benefits cre:

- Greater employmont opportunitics for the rural commune-

ity.

- Accelerztion of food production,

= Alternative use for uneconomic land,

« Improvement in the Qunlity of 1life due to grester in- '

come generation in the community,
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Ths technology suggasted in this pespsr has carsfully

Qunmin-d verious factors, i.e., rawv materials, costs, anviron-

mental

concerns, amploymrnt factore, maintainencs nseds, snergy

consumption, etc., Ths most sppropriete tschnology hss besn

suggeeted, highlignting tha following factors:

Agricultural wests as rav materiesl,

Selective technology thet would raquire lase energy,
less fual, and less water per ton of paspsr.

Labor intansive technology in placs of capitsl inten=
sive tachnology, wharaver possibls,

Flexibility of tschnology to make s wide range of grades
using diversified raw masterisls,

Supplementary nature of induetry to foeter ths food
processing snd wood=bassd induetries.

Rscycling and use of waste meterisle from the industry,
Rascarch and dsvslopmant work to improve tschnology,
snvironment, davslopmsnt of men-made forests, and
cevelopment of annusl crops rssulting in benefits to

the rurasl sconomy,
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