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Introductory Background

The production of pulp and paper from the tropical hardwood
forests of the world presents a tremendous challenge. This arises for
three main reasons. Firstly these forests cover a considerable area of
the earth and are available 1n large quantities; secondly, they occur in
parts of the world where there is often no altermative source of raw
material for the manufacture of pulp and, from it, of paper. Tnirdly,
and perhaps most important of all, these woods do not lend themsclves
readily to the nomal pulpirg processes used for making good grade pulps
(and especially bleached pulps) for use in paper manufacture.

The past 50 years has already seen a phenomenal increase in the
conmmption of paper and paper products throughout the world. This is
bound to continue in the future 30 years of this century, and the ratc
of increase will obviously be very much greater in those countries whose
paper consumption per head of population is at present relatively low. 1f
one takes the United States having the highest per capita consumption of
paper of all nations, namely 230 kilogrammes per annum and compares this
with some of the smaller dcveloping countries whose paper consumption is
only a few kilogrammes per head per annum, it will be appreciated that the
magnitude of the gap can involve serious drains on the fibrous raw materials
now available. Added to this is the fact that the high per capita consumption
of the United States may well increacze further, although this 15 by no mecans
certain. If however it does s0, not only docs the present gap between the
smallest and the largest consumer have to be filled, but the top limit ocan

become even hilgher. .

It must be admitted that hitherto the incréase in Lhe conaumption
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of paper and paper products, great as it has been during the past few decades,
has not been greatly hindered by lack of avallAbility of fibrous raw materials.
Tne problerha rather have been those of production (i.e. mill capacity) and of
price and distribution. The reason for this 1s that, up to the preseht at

any rate, the world resources of conventional paper making tree forests, and
in particular the coniferous woods, have proved adequate for the world's
requirements. In addition the lncreasing use of the hardwoods from the
temperate zones has supplemented the supplies of coniferous woods, and indeed
has even craated a specific demand which did not exist before. This latter

is based on the intrinsic qualities of the hardwood pulps, modern methods of
palping, and the utilisation of pulps which enable these qualities and methods
to be used i¢o the best advantage.

Tnis tendency will no doubt continue in the future, but the time
will come when existing suppliecs of hardwood pulps will also be exhausted or
depleted. In view of their relativelv long growth rate in the tempsrate zones,
and especially in the northern parts of these zones, the guestion of replacement
will become a problem. Some of the species arce relatively fast-growings
esucalyptus is an example. Tnese species no doubt will replace many of the
conventional hardwoods at present being used for pulp. Tne work carried out
in Australia in particular on the utilisation of eucalyptus, has played an
important part in thils connection.

In the past the majority of papers were made of coniferous wood .
with a small proportion of hardwood pulp but the tendency now is for the
resverse to apply, namely the use of as much hardwood as poussible with the

minimum amount of conifcrous sor'twood concistent with obtaining paper of the

right quality. However, there is a YLimlit to which this tendency can bs forced,
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because the coniferous pulps are more versatile than the hardwood pulps.
T™is may be summarised briefly, if inadequately, by the diectum that one
can make long fibres into short fibres, but one has to adopt devious
methods to obtain the effect of a long-fibred pulp from short fibre material;
additives to the paper are one example, but they do not produce the sam2
all-round effeot.

These introductory remarks are desirable in order to place the
poasition as regards the tropical hardwoods in its correct perspective. If
the tropical hardwoods could be used to produce pulps of the same quality,
price and general characteristics as those produced from the tempsrate hard-
woodn,"‘then the future of raw material supplies for the paper industry would
appear to be assured for a long period, because the amount of tropical hard-
woods available is so very vast.

Unfortunately up to now this has not proved to be the case. Tropical
hardwoods have often proved intractable to the normal pulping processes and
moreover, fhey have certain inherent disadvantages as compared with the
conifers and temperate hardwoods, many of which are referred to below. At
presont they can be described as no more than a possible but unattractive
raw material for the manutacture of ordinary pulp and paper. If to this is
added the facts that they are located very often in inaccossible areas of the
world from the point of view of the main markets of paper pulp; that they are
as a rule difficult to harvest and handle; and most important of all that they
are very mixed in character, then it will bo appreciated that all these factors
tend to make them unpopular in the sense that they will only be used as a
last resort or when it is possible to make pulp from them at an extremely

low price.
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An interesting feature of the tendencies reoorded above ig the
increasing use of local raw materials for the manufacture of paper pulp
in countries in which there 1s a developing industry of this nature. This
18 quite understandable in countries which have supplies of local woods
already known to be suitable, examples being coniferous woods in South
Africa. It also applies to non-woody materials such as bamboo in India,
and to eucalyptus in numerous parts of the world and in particular Australia.

It should however, be noted that in the majority of cases the
product is pulp for manufacture into paper in the countries which make 1t
and not pulp for export. One exception of this nature is esparto grass in
North Africa, which is made into pulp for export purposes. Bagasse derived
from sugar cane is another outstanding example, since i1t is in use in a
wide variety of areas throughout the world where sugar cane plantations
exist. . A pulp industry based on tropical hardwoods is likely to be in an
analogous position to these non- woc iy fibres in countries which do not
have adequate supplies of coniferous trees. On the other hand, a country
which has both hardwoods and one or other of these alternatives to coniferous
woods 1t more likely to choose the latter, because existing methods have
shown that a better pulp is obtainable, and generally speaking, the capital
cost of the plant to produce the pulp is lowar.

It will be seen fron the above general remarks that the use of
tropical hardwoods for the conventlonal Lypes of paper and board suffers
from some .mportant inhereni disadvantages. Tne purpose of this Paper is
to examine these and to endeavour to indicatc to what extent, if at all,
they can be overcome in thz light of preactical experience to date. The
trees dealt with are those which are exclusive to the tropical areas, and
it 18 estimatled thal these comprise some 0% of the Forest areas of the

world; the magnitude and importance of the problem may, therefore, be gauged




from this fact.

Tne sublect is treated under the following main headings:-

A. Characteriastics of tropical hardwood forest:;.
B. Location of the forests.

C. Uniformity of the species.

D. General properties of the woods.

E. Spscies survey.

F. Pulping mathods.

4. Investigational approach.

H. Uses for tropical hardwood pulps.

1. wea .
J. Conclusions.

A. Characteristics of Tropical Hardwood Forests
It is reasonably fair to state that the only feature which all

tropical hardwoods have in common is their lack of common features! They
vary tramendously in type, location and spzcies, and such variation is the
basic cause of many of the problems involved. Somz possible methods of
overcoming them are dealt with below. Some of the various factors which

go to make up this lack of common growing pattern ars indicated in the

following paragraphs.

B. Location of the Foregts
From their very nature these forests are in tropical arcas and

these arc very often difficult and indecd, inaccessible arsas {rom a
goographical point of view. Moreover they are often unhealthy areas,
although under modsri operating conditionc this i3 a factor which can

be largely eliminated from a health point of view. It nevertheless counts

from an amenity point of view, especially from that of thosc who have to

work under the conditionas concerned.




Probably the mangrove illvitrates this point as well as any
spucies. 'There is a widc variety of specles of mangroves offering abundant
material for paper pulp, although none has ever been used successfully as
such. Probably they could be if they were not lozated in such difficult
terrain, becausc, as is well known, most of the true mangroves grow in
swampy areas where harvesting is difficult - quite apart from the ultimate
pulping process. The importance of accessibility is a point which is
appreciated onily with difficulty by those aceustomz2d to the conventional
forests and agricultural raosidues used for pulp manuiacture.

The writer made 2 siudy in tne upper reachas of the Amazon some
hundred miles upstream from Manaus, where there werc vast areas of magnificent
virgin forests wiilch were completely unexplolted. The only means of access
was by launch, followed by the use of canoe through the smaller side streams
of the main river. Oobviously the exploitation of these resources would
require a considerable rcad building programme before the trees could even
bz brought Lo the riverside. From - iere they would have to be trangported
on fairly large vessels; and cven then there wc;uld be the minor problem of
the vessels returning empiy upstream against a strong current for further
supplies. Tt is extremely unlikely thit, under these conditions, such
forests could be of economical value for the manufacture of paper pulp,
quite apart from the question whether the trees themselves are really
suitable for that vurpose. In this particular instance it was found that
a lumber industry was likely to prove more promising but even then. the
pretiminary steps to be taken to solve the transport prohlem involved a
considerable initlal capital coct. A rather similar position existed in
another study made by the writer in the lower Congo arca. However, there
is little doubt that in the course of time these isolated areas of the

world will be opened up by roads, railways or water communication, and
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the usage potential of the tropical forests will thereby be greatly
increased. | '

Certain inherent disadvantages will however, remain. Tropical
forests imply rain, indeed heavy rain, and operating under such climatic
conditions is always difficult, although not impossible with modemn
developments in machinery and road making. However, it must always cost
more to work under wet conditions than under dry conditions, and to this
extent the disadvantage remains. An excecllent case in point was seen in
s study made In the Benin area on the south coast of Nigeria where logging

operations under wet weather conditions are carried out on a major
~ scale. This, howaver, rcfeis principally to sawn timber wood, where the
probl.cu are rather differsnt, and perhaps rather less exacting since
| Qholc trees have to be handled.

Tropical forests differ from a conventional coniferous forest
in other important reapacts. With the latter the trees are usually cut
during the winter period and floated down the rivers at the time of the
thew. This is & very convenient msthod of solving the handling problem.
In many tropical areas the rivers arc eithor inadequate, or they flood,
and in any case they fluctuate very rapidly in width, depth and speed.
Most important of all, many '61’ the tropical hardwods will not float, and
80 thlé very convenient mathod of transport 1c climinated in arcas where
__thore m nb properoads. |

 C. Uniformity of Spegies

Apart from the question of physical characteristics, the et

importent single featurs of tropieal hardwood forests 1s their hetarogeneity.

This means that a small forest or a small arca of such trees can cuntain

numerous species having widely different pulpwood characteristice. It is
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not unknown for some 5,000 Adifferent =pecies to be identified in
comparatively small areas, and of these as many as 150 can rank as
principal spscies, ie., species that deserve consideration from a
palping point of view and because of their frequency of occurrence.

At- the other extreme it 1s possible to find areas whers 15 major spscles,
or aven less, will comprise 80% of ths total tree population in terms of
number.

It should be understood that the pulping characteristics of
trees of different species can vary considerably, although it is not
outside the bounds of possibility to evolve a process whj.ch will be
satisfactory for them all in the sense that it will reduce the pulp to a
common denominator. However, each tree can give rise to _1nd:lvidual problems
such as those of resinous matterr, tannins, high silica content, and so on,
so that the problem of obtaining a uniform tree mixture bg}:\‘alt‘fins is by
no means easy to solve, and in many r~ases it 18 even impossible.

In addition to thuig trees iu these forests vary tremendously
asccording to their size, shape and volume. Tall trees of narrow girth
and short trees of wide girth can grow together, and the proportions of
ons or ather or intermediatc grades can alter considerably from place to
place in the sam forest. It is indeed astonishing how seleotive tﬁe tree
population is in taking advantage of a particular set of favourable growing
conditions supplied by Nature~ purely by accident 1n many eases.

Problems arising from lack of uwniformity are much more .ocqituntod
in secondary forests as compared with virgiu forests, as might be expooted.
In the virgin tropical forests the compstition for air, lignt and soil
nutrients has reached an squilibrium, but in secondary forests more species
foreign to the original tree population have managed to establish themselves

and the struggle for survival is much more acute. This means that there are
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fewer trees of the virgin type and a large number of speeles which are

naturally stunted;or which by reason of their struggle for existence have ‘
not been able Lo maintain the uniform method of growth that one associates
with virgin forests and which is favoured by the forest user, as well as

by the pulp manufacturer. Sccondary forests also contain, of course, a

much larger proportion of trees which are unsuitable for pulping by virtue

of their physical condition. In some respects this can be an advantage, since
fhcir separate removal gives more room for manoeurvre in cutting the better
types of tree. On the other hand, what is rcmoved has to be disposed of,

and the labour involved in doing this is virtually wasted. If $he forest

is clear-out, then on re-growing it contains a large proportion of these
poorer grade growths.

This question of uniformity or otherwise among the tropical hard-
wood forests is discussed further below, and a case study involving a species
survey made in the Congo is also referrad to.

Again for reasons of location, the possibility of using vaste
wood, branches, etoc. from tropical forests would be much leas than in
conventional wood pulp practice. On the other hand whan there is an existing
large saw mill there will be plenty of off-cuts available, which could f'orm
the raw material for a pulp mill. This possibili ty has been investigated in
Southern Nigeria and elsewhere, but the type of offouts obtained from the
tropical woods (in the regions studied, at any rate) are such that they
could not be economically made into pulp for thc better grades of paper
owing to their varicd nature, and the presence of a large proportion of
bark, dirt, dvoayved wood, ctc. Indeed the rapidity with which wood is
attacked by inaects under tropical conditions once it is felled can
influence the whole method of approach to pulping problems in tropiocal

countries. The wood must be used as soon as possible and stoek piling,

either in log or chip form, iz often ruled out unless special precautions




are taken.

D. General Properties of Tropical Hardwood Tregs and Wood

The only method of defining tropical hardwoods in the present
context 18 to rofer to them as those tress of the hardwoods (a3 distinot
from the softwood) spocies, which grow under tropical cenditions. This
is not quite the same as growing in tropical resgions, becausc somz tropical
regions have thc climatic qualitiss of temperate zones. Tne forest lands
of Kenya, for example, ars virtually on the Equator but, by reason of their
altitude, they rescmble more clogsely the foresis of the temperate zones of
the worid. Incidentally most of the forests exotic to that country are
coniferous; they have baseu plunted and are, therefore, quite alien to the
normal type of tropical arca. However, cven true tropical climate can
vary between place and place according tc the altitude, prevailing winds,
surroundings, 3oil, etc. ‘Thesc can affect the duration and intensity of
the rainy periods, and all these subt 2ties of climate are reflected in
the nature of the treec growth. Tne definition of tropical hardwoods given
abos, therefore, is an extrenmciy wide one.

However, it is possible to draw attention to a number of features
of woods from these climatic areas wanich are acomnon to many of the species,
though not neceszarily to all; or te all to the same extent. Perhaps the
best way of discussing them is In rclationship to what one normally finds
in the tree woods (soft and hard) of the temperate rones. The properties
in question maybe summarised s follows:

1. Hardness
e Lrees ure Known as nardwoods and as a raie thig 1s not

literally a misnomer. The wood is physically hard ana this very oftem

iz due to a hirh content of silica or other mineral matier. This has a
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noticeable c¢ffect on Lhroughput during felling and subscguent chipping,
although it does not pose an insuperable problem.

Of more importance perhaps is the Influcnce ot the hardness
cffecis on the pulping process used. In the firet place this can
influence the depree of pencetration of the chemical into the chips,
although not necessarily so; secondly the presence of large quantities
of sllicu, If it is disgolved by the bluck liguor, can give rise to
Lroubles in th2 subscquent waslilng of the pulp and in the soda reeovery
process, where such a process is used.  An extreme example of a difficul Ly
of this kind, cspecially that duc to silica, arises in the casc of rice
straw. Herc it is virtually impossible to opzratc a soda recovery process
when the alkaline procedure is used for making rice straw pulp. Rice straw
1s, of course, not. a wood, but therc arc specivs of tropical hardwoods which
have a sillca content of the same order, although such woods arc not at
present pulping asrecies.

2. Maisture Content

In gencral the moistuve content of th: tropical hardwoods is
higher than that of th: wood: of the temperate and northern zones.
However, ths most important feature of this property is the great
variability I'rom onc spocies Lo another, and cven from one scason to
another for the sam> spocics. Tous the molsture content can be up to
$Oo% in some species especially where these contaln a hich proportion of
sapwood ani particularly when they arce felled during the rainy season.

At the other extreme figures of ncarly 200% liave been reported. Such a
hlgh moistere gontent 15 advantuapcous in some reapuzcts but disadvantagcous
in others. One of 1ts advantusus is that certaln of tne species are mora
easily barked in the moist state. Howover, much of the moisture has to

be tranoported with th2 trees and this can appreciably affect the transport

coa¥s, espeelally whoere, as in many ecases, the wood his to be carried somc
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distance owiog to the location of & pulp mill with rispaet to the forests.

In some comntries, transport costs due to high moisture content
can be reduced by allowing Lhe logs to dry out beforc they are transported.
However, it mast be rememberad that the tropical haridwoous grow in the
tropics, and here high humidities arc normal, and the capacity to dry-out
is correspondingly less.

A high moisture sontent can also be undesirable in that it
increases tne valnerabilily ol £ie wood to attack by inscets and especially
by fungli. Here acail ther: are big variations in the resistance propertie.s
of th> wnod to attack. BSome specics ave very resistant to biological and
bacteriological attack, hut others are extremely vualnerable and attack can
be quite rapid. A possible method of deaiing with this vroblem i3 by
treatment with a prescrvative, such ag pentachlorophenol. This method is
quite widely used wi th commercial woods, such as thosc used for plywood,
vencers ani furnlture. + aould 10 At he applied equally well te pulp
wood for ccllulese produdc’ Som, et s oeost is Llkely to ba high and handling
difficulties are likely to arise. Tt mist be remcmbered thiat the conventional
method of dealing with pulp wood is to chip it and store it in the form of
endp piles; in Lhis iorm the suriace prescnted to attack is much greater
than in the case of logs, especially where these retain their barks. It
geems highly provabl. that treatment of wrod which has to ba stored in
chip pilcs would bm much wmore cxpeugive than the tpreatment of wood in log
Form especially i rolation o thie value of the ultimate end -product.

9. Fibrc Dimenujons

[t is, of course, well known Lhat t12 fibie lengths of the hard-
woods found n cempratc zones arc generally less than those of the conifers.
Mhig same pencralication apulies also to the tropical hardwoods. les again,
hawever, we find o amplos of the divorse properties of such woods., Even one
specics itsel! can vary preatly dn iibre dimensions. As an exmmple, teak

can vary v Uibre lenmih from Ul “y 1,0 mm and in width tf'rom 18 to b4

’|
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microns. Taking the whole range of tropical hardwoods within the writer's
exparience, the dimensions range from 0.25 to approximately 5 mm in length,
and from 15 to 55 microns in width; most are betwzen 20 and 50 microns in

the latter dimonsion. An interesting example of outstanding interest is
Muganga smithii, since fibres of up to 75 microns in width have been rocorded.
There are also variations in the radius and in the average thickness of the
fibre walls, namely from 3 to 10 microns; and the important ratio of this
thickness to the radius can vary betwecen 0.22 and C.90. The pzreentage of
wood substance in the fibres also varies, and although data are incomplete,
the recorded range (namely, 25 to 30%) 1s very wide.

It is possible that th: wide variations recorded above could give
some lead as to the most officient method of utilising tropical hardwoods.
Tnus it 18 reausonable to suppose that the haterogencous nature of the
foreats which yleld these specics will give a mixed cellulose pulp in
which long and short and thick and thin fibres are to some extent balanced.
In this way it should be possible to simulate, to soms extent at any rate,
one of the great advantages of softwood cellulose pulp which a singlc species
of hardwood pulp cannot realise; thus it should be possible to achieve a balange
Lbetween the thin-wialled upring fibres and the thick~walled autumn fibres.
These fibres as such, do not occur in tropical hardwood, but a combination
of the varied %ypes of fibre found in such hardwoods might produce scveething
approaching the same effeot from the papermaker's point of view. Whether
this is possible depends on the heterogeneity of the forests and on the
uniformity of the heterogeneity over a wide arva. Unfortunately one docs
not always find this degrue of uniformity. There can be patches of one
particular spacies and, some distance away, & stand (which may be large

or small) in which anothor speeies predominatos. Elsewhere, and perhaps

4lgo not far away, there can be stands consisting of mixed species. In
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other words it is very aiffienlt to raly on obtaining a completely uniform
mixture even if all the trees arc cut and ultimately mixed together.

4, Non-Fibrous Constituentc

In view of what has been written above it is not surprising that
these congtituents are also varied, and that they differ in character from
those of the softwoods, Of the minceral constitucnts sillca has already
peen mentioned as 1lable: to introduce dirtfisulties on chipping and inter-
fercnce with the soda reecvery process 1f an alkal inc process 1s used (see
1). Among the orpganic congbituents the varicty is even greater. Thus the
cils and resins which onc agsociates with the conifcers are less in evidence
with thce tropical hardwoods . Their vlace 15 taken by tannins and colouring
mat’ ers whiich are difficult to deal with w.ere production of a pulp of good
colour is involved. On the other hand, some of the dark-coloured tropical
hardwoods are surprisingly easy to bleach if sultably digested beforehand;
others perhaps paler originally, are extremcly difficult to blcach and for
no apparent raacons. Thepre is littl: doubt that, given a sufficient variety
of cooking lacilities, 1t would be possible to cook a tropical hardwood so
that 1t could be bleachsd bo 2 good white colour. However, this might
inyolve o sorhisbieatod cienical process widich is botli complicated and
costly, and the ulbimate effect would only be to derrade the fibres from the
strength ptint of vioew.  Manprove anl other woods are well known sources of
tannin, and it may be possible to combinc tannin extraction with a pulp
producing proces.; cnus the wood would be extracted for tannin recovery
in the first instunce and vhon this obJjectiouahle constituent is removed

the reniduc would be ready tor the palping process. Procesges of this kind

nave becn operated on nardwoode (as clicstnul) from the Lemparate zones of

Europ.. Oa the other hand wattle is less promicing in this respact.
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As in the casc of softwood, Jipnin is once of the mogt important
non-cellulosic constituents of the tropical hardwoods and, ag may be expaeted,
i1t shows great variations in amount. For instance, contents of approximately
2% have been found, which is well above the average for the hardwoods of the
Lemperate zones., On the other hand some spucies glve very much lower lipnin
contents, 3o that here again gencralisations cannot be mde.
5. Spegifig Gravity

Tywe diffioculty of transporting many of the tropical hardwoods by

flotation in rivers has already bsen mentioned. However, the basic substancc

of the cell wall is very similar for all woods, and it 15 the welpht of wood
substance per unit volume (which is related to the specific gravity of the
wood) which is the uscful indication of these properties. Specific gravity
values recorded range from 0.2 to 1.0 although most of the sp:cies fall
within the range 0.4 to 0.8. The temperate hardwoods are usually lighter,
ranging from 0.% to 0.6. Although the wood substance may have a specifiec
gravity lighter than that of watcer, a loggiﬂ s8till fail to float because
of its high moisture content, which reduces the specific gravity to that of
water so that the log ultimately becomes watcrlogred and sinks.
6. Baprodugibility

A featurc of tropical hardwood forcsts, and indecd of many foraests
tl:roughout the world, is the difficulty of predicting what will happon when
the forest has been cut and it is allowed to re-grow of its own accord.
Aotually the virgin forests of thc worid are now raduced very considermbly
either by tho ravages of man, fire, insects or failure to adjust over a long ;
pcriod to local olimatic conditions. Oace a virgin forest is destroyed then
the forces of nature battle for the ground which 15 freed, and other plant
8pecies which may have been strupgling for oxistenoe in vain hitherto have a
chanoce to develop. Tnu original trees thon either hecomo extinct, or comprise

a2 much smaller proportion of the population. In general it may bs said that

the trees which grow as a result of this type of developmsnt, (i.¢., secondary
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forest), arc often ot celatively lit.ic use for pulpimg.  Once the
equilibrium sct up by nature Las been disturbed by cutting or destruction
otherwise of the virgin forest, the struggle for existence which then takes
place usually appears to favour the rapid growth of asmull hushes, palms,
mangroves and lianas as distinet from large-girth, tall, straipght trees.
Tnis emphasises an important fealture of all industries based on
tropical hardwoods, namely the ossential nature of a preliminary stndy of
reafforestation conditions before tne prcject is cmbarked upon. Tne primary
object of such a study would be to establizh which specics of trees grow
bast under the new conditlons, i.e. after the virgin ferest or existing
forest has been cut; and waether it will be possible to eliminate the
unwanted resistant species. Local climatic and geographical conditions
will determine very largely the results of such a survey, and these results
will undoubtedly differ from one tropical forest to another. The only safe
course is exrerimental plantations w joh should be established as soon as
possible after the primary forest is cut, and espeeially if the forest arca
defined by the survey is not Large. Fortunately tropical forests have a
high growth rate and indeed, 8 to 12 years often suffices for many tropiocal
pulp wood trecs to grow to a gsnfficient girth to be used for pulplng; an
approximately 2.5 cm. increase in average dimmeter pzr annum has been
recorded. This rapid rate of growth assists reafforestation experiments.
Such experiments might, of course, surigest that it would bec more
advantageous Lo plant an entircly different type of cropi bamboo or sugar
cane for instance. These are useful agricultural materials in their own
rizgnt, and thelr rosidues can be used for puper making. Bumboo is a good

gourc. of cellulnge pulp, and has o longer fibre than the hardwoods: 1t 1s

widely used in India in sube 1tution for th. softwoods. Supar cane would
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yield not only sugar, but bagasse for paper manufacture. Tne ground
available after outting primary forests is usually favourable for
altermutive crops of all kinds, bat only experiment can decide which is
the best to plant; and the indications will not bz the same in all cases,
Tre problems of accessibility have already been mentioned under
Location (above), but these are also Important in connection with
reafforestacion experiments. Often the virgin forests are inaccessible
by reason both of the lack of communications and the secondary forests
surrounding them, and these foross are in many cases the results of
fires which have occurred throughout the centuries. In pgeneral the
tropical hardwood forests consist of large and straight trees, often
in swampy locations with a thiek undergrowth of Jungle. Exploitation,
therefore, presents difficulties although with modern methods and oquipment
these can be reduced; the effect on the economics of the process is
nevertheless often only too evident. 1n this connection, reference may
be made to the woods of the Amapa rcgion of Brazil .aear the mouth of the
Amazon, and herc there are considerable and rich natural stands of wood
such as imbauba and carips which are of the tropical rain forest type.
Tis has boen the subjeet of a detailed study made under the auspices of
th: Food and Agrioculture Orzanization (UNO) and 18 referred to further

below,

E. Seecieq Jurvey of Tropica] Hardwood Forests

It 15 apparent that a complete survey of a hardwood forest is
an extremely important feature of any investigation on the possible

utilisation of the woods it contains. This i5 because of the tremendous

variation which oxlsta in the opecles and In the propertics of the speoios




- 18 -

present. Unfortunately this itself often involves difficulties owing

to the large number of specles concerned and their irregular distribution.
The usual, and indeed only ccursc, 15 to adopt a method of sampling which
gives as representative a sample as posslble of all the irees present, and
yet covers as wide an area as possible in the sampling proccss. This

very often entails a considerable amount of work under rather difficult
field conditions because cach individual trec in the selected pulping area
must be measured and otherwise evaluated; for example samples taken for
pulp tests.

Moreover, forest surveys for pulping purposcs differ from the
ordinary type of botanical survey, because the pulp maker is intereated
only in trees of a suitable shape and size, and in weight of wood as
distinct from volume. Tne conventionali surveys are usually, ( and
correctly) made on a volume basis, and corrections must then be applied
if the results are to be interpreted on a weight basls because, as already
pointed out, the moisture contents ¢ W the spasific gravity of the trees
involved can vary over wide ranges.

One of the best methods of carrying out such surveys is known as
the stratified random strip method. Tt is based on that developed by
oriffith in 1952 at the Empire Forestry Research Station, Kenya. Tnus in
one example of gharticular survey with which the writer was concerned the
area selected for sampling was 12 x 9,6 kilometras and this, it was hoped,
was typical of a total forest area of 83,000 hzotares. Tna rectangle chosen
was divided into six strips of 12 x 1.6 kilometres each and eanh strip was
further divid:d into 80 strips each of l?f?";'c' 20 metres. Two of each of the
80 strips were then solocted at random, thus giving 12 unit sample strips
for cxamination. It 3hould be mentioned that a good deal of terraln concerned
was in hilly country and this made more difficult the selection of the strips

and the altimate sampling of thom.
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In each case the trae was classified according to: (a) speeies,
(b) number present, (c) actual volume, (d) percentapge volume, (&) volume
pei' hectare, (f) diameter. Tne diameters were divided 1n'to}2ategories.

Of the area sampled, 3 por cent was 'blank' (i.c., roads, rocky
ground, plantations, rivers, etc.); and 14 per cent was bush scecondary
forest. It was found that only 9 of the most abundant species comprised
more than 3 per cent of the total volum2 of the sample. Of these one only
exceeded 7 per cent of the total. The total volume of these 9 apéoies taken
together comprised nearly 3% par cent of the whole sample. In addition to
these 9 species there were found approximately 110 named and measured specles;
and there were also abouﬁ 100 various unnamad species which togethor comprised
6.9 per cent by volume of the whole (soc Table of results). The difficulties
of dealing with this large number of different s8pIcies in a well mixed tropial

forest of this kind are obviously considerable.

Scries 1
Individual volumes exceeding 3%:
Speciop Volume
Bundj1 T.21 per cent
Pita 55
Chila 4.93
Kumunu 5.17
Xuminu-Kumunu 3.06
Liamu 5.0l
Penzi 4,52
Tombo 347
Tombo Simika 5.03%
Total Volums .81
L Series 11
individial volumes bylgegn § and 3% : 2.69 per cent
Xoma 2.7
Kumunu Babongo 2.28
Muvava 2.%%
Safukala 2.07

Total Volume 12.12
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Series II1

Individual volumes between 1 and 2%

Speojes Yolume
Banga 1.48 per cent
Bumbulu 1.08
Fundugulu 1.19
Kasu Kumbl 1.02
Kila Kumbi l.}h
Kisoko 1.22
Kuma Kuma 1.82
Libula 1.53
Limens 1.52
Menga Menga 1.24
Singa Libayi 1.24
Singa N'Dola 1.41
Tehitola 1.42
Vanza 1.66
Total Volume 19.18
Series IV
Individual volumes bstween 0.5 and 1%
22 Species, total volume 14,69 per aent
Serte; V
Individual volumes below 0.5%
43 Species, total volume 11.25 per cent

In all, 93 samples of wood were examined, but as a result of the
study of the botanical survey it was decided to select only 2) of the wood

species collected, and to blend them together in the proportions by volume

in whioh (according to the survey) they oocured in the forest in question.
Tne logs received were debarked by hand, and 3 to 8% of the total sample
was removed in this way. The debarked wood was chipped, and the chips were

well mixed to make a composite sample and these were used for the laboratory

experiments. It was felt that this should correspond approximately with the
type of blend which would be obtained by clear sutting. Tne results of this

experimental work arc referred to elsewhere in this Paper in comnection with
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the investigation, which took place in the lower Congo area.

I', _Pulping Methods

As will ba realiscc, the selection of the optimum pulping
conditions for mi:ed tropical hardwoods could be difficult. On the one
hand there is the possibility that the forest contains a high proportion
of trees which can best be processed by one particular palping method. 1If
these trees can be extraoted economically on their own without the other
trees (which seems unlikely in many cases) then the pulping conditions
oould be specified and used and a constant quality of pulp obtained.
However, these ideal conditions seldom arise. It is more often necessary
to cater for a mixture, in vhich case the pulping conditions have to be
80 adjusted so as to resolve the most resistant of the constituents of the
mixture. This inevitably means that the least resistant membsrs of the
mixture are overprocessed - which results in turn in a higher consumption
of chemicals and in a final pulp of lower strength. The other alternative
to this ‘dilemma is to cook the mixturs in a manner best suited to the
majority of the constituents present, and to eliminate the minor under-
digested species by screening; or to use the resulting lower grade of pulp
in lower grades of paper, or in board. If the resistant species are not too
nbundnnt; simple screening may be quite adequate for their removal.

The barking of tropical trees is very often readily carried out by
hand and, since labour is usually cheap and employment is short in the countries
in which these forests ocour, then this method has often mich to recommend £
However, it is possible to treat the tree chemically either before of after
cutting, and this method is now being investigated to facilitate the removal
of the bark. On the other hand some tropical species can be digested
sucocessfully after mechanical barking, or even without barking if sufficient




5 e . o emEea

screening facilitles are available. Much will dep:nd on the partioular
typz of paper to be madce.

work carried out to date indieates with a fair measure of
certainty the foilowing eovnclusions:

1. An alkallne process is more suitable than +he gulphite process for the
production of pulp. In wmuy, indecd most cases, the alkaline procoss
i assicted by the usc of a wild krai't liguor. However, whether this
should be used or not iy more often determined by the possibility of
obtaining sulphur or iron pyrites [rom within casy reach of the mill
concerned. 1if mulphur is not obtulnablc at a reasonable price, then a
strairht alkaline prosess must, be used.

2. Both the soda and soda=sulpiur (sulphate or kraft) processes are sultable
for the productiorn of bieaclied or unbleached pulps.

5. Tne soda-sulphur process asprcially, is sui table tor bleached pulp. In
general this process app sars Lo be Lhe most promi sing. for mixed tropical
hardwoods. [L is very adaptable to & wide range of cpecles, and it 1is
flexible in thal It can produce @ rreater range ol pilps from a given
mixturc of woods. Also 1t tends to idve stronger pulp than do the other
processes, and with the morc soplilstlcated btypes of bleaching pracc¢cacs
{such as thosc using chiorine Jioxide) it 1a posslkle Lo retain the
strength and yet obtain a rcasonably bigh degree of brightness and
cleanliness. Filnalliy such a pro2ess can very often direst many types
of vark, cspecially the 1ignl colourcd barks which occur on some tropical
trees. It often, indecd usually, dissolves the other non-ccllulosic
congtitucnte of wood, such as vums, resing and other extractives.

§. Consideration has also to be glven to somi-chemical processes which have
been found useful in certaill cases and, 1f fcllowed by multi-stage
bleaching, can even be used Lo abtaln a bleached pulp of reasonably pood

colour. 'The vossibilitios of semi-chomical sulphite pule also have to
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be borne in mind 1in this connection.

It seems unlikely from present experience that nigh grade groundwood
pulp or even chemi-groundwood pulps can be made succeasfully from mixed
tropical hardwods. However, certain individual species exist which
glve passable results. Experience with substitutes for coniferous woods
for the manufacture of groundwood tor newsprint have never bzen very
successful. It seems unlikely that the tropical hardwoods are an
exception to this experience, especially when it is rememberasd that case
of running on the paper machine in the case of newsprint is just as
important a factor as the properties and paper making qualities of the
pulp itself.

In this connection the use of mixed tropical hardwoods for making
corrugating medium needs to b2 borme in mind, but economic objections
can arise with such a product, which has so low a selling price as

compared with most papers made from wood palps.

0. Investigationsl Approsch to_the Foregts

Tne sum total of the above statements mey be summarised in the

following recommendations for the method of approach to the investigation

& partigcular forest as a source of material for pulping.

In the first place a survey should be made of all the species in the
forest under study, 1.e., the type of forest study given as an example
above in which the proportions by weight of the trees present are

estimated.

A preliminary sorting test shouid be carvied out so as to ssparate those

species which oannot bs pulped under rasasonably drastic conditions, leaving

those which can.

Then fuller pulping tests should be carried out individually on the remainder

of the aspecies which are probably more amenable. In this way the preferential

pulping procedure ocan be selected.
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4, The next stope sborld be the eolleevion of spzcicys comprlsing, QYA VY
of the total volume of wood available, this mast he distingulshed
trom the total aumbur of trees avaiiable. Due rogard should ba padd
first to Lheir avii Lubility/ and secoundly Lo the case with which they
can be pulpd.

5. Tf a torest §u clear-cut this micht mean sorting process which eliminates
say, bhe 20% of the whole fourest whieh s very recistant to pulping as
shown by the preliminary oxperimentas or, of course, which is mors valuable
for othier purposcs such ag savn timber for furniture and plywood, cte.

Then the remaining S0% should be investigated in order to ascertain their
pulping characteristics. Tnis operation falls into tw: neadings: (a) the
Lust chemical process for palping purpnscss (b) th: Lypes of paper in
which the mixed pulp is nost ured.

The above procedure bias baen uscd by the writer successfully in a
number of tropical hardwood torest studies, and it has been found that
reasonably reiiable and eonsislent resulls may be obtained so far ac
pulping experiments and the propertics of the paper are concermed. However,
the procedurce recommended fooonly i instrument used to ascertain the
Coasibility of the ostudy. In actual fact none of these studies has come
to fruition, tha roason beine larisely cconomic, as indicated clsewlare

In this report.

H. Yges tor Tropical llardwood Pulps

11 one studics the literature of the subject one finds a large
number of opinions on Lhis cubject, mostly optimlstie. Tous in one of the
gtudics referrod Lo in thic paper the following conelusions were reached:

(1) Unbleached puips may be used for up to LOO® of the furnlch in scoond-
rhade wrappingo.  (2) Poeoaddition to thoese of relatively small amounts of
coniferous paalps would erable papers approaching First-rrade wrapplngs to be
made. (%) Bloached palps could be used in jriph proportions (ani in som: cases

erelusively), for the mauteture of writings and printings. (%) Rayon pulps }
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could also be prodused from the bleaghed Crades, although the above study
did not envisage the manufacture of these. (5) The manufacture of ground-
wood pulps seems to be an unlikely possibility, and is excludzd. However,
it may be possible to make pulps for newsprint by means of the cold caustic
3oda process, althcugh the particular study cited does not take this
posaibility into account.

Unfortunately many of these opinions are misleading bacause they
are based en the technical quality of the pulps rather than the economics
of their production. It is well-known that it is possible to make good

cellulose pulp from almost any growing plant, but this can seidom be done

Sconomically. In the writer's experience the sctual uses of pulps made
from tropical hardwoods are very much more limi%ed. ‘They may be sumnarised
as follows for the various types of pulps which can be produced.
Bayon Pulpg: - Tnese have been produced on experim:ntal scale, but it is
doubtful whether tropical hardwoods can be regarded as a reliable source
of this material on an economio basis; especialiy as there are tried
alternatives.

With dissolving pulps there are, of course, exsceptions to this

gemeralisation. One such appears to be Anthocephlus cadamba, a tropical

hardwood occurring in Asia and the Far Rast and particularly in the
Philippines. It is of spocial Interest because of 1ts fact rate of growth.
Work at the Tropical Products Institute in London has shown that, using a
pre-hydrolysis kraft procoss, a promising dissolving wrade can be obtained.
however, there is no evidense that this has been donc other than on the
laboratory scale.

Bleachied Pulpe. - It would be unwise to assume that bleached pulps made fron
tropioal hardwoods could compete with the temparate hardwood bleached pulpe

which have now reached a high standard of quality in the northern hemisphere.
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ilowever, it is more Likely thai by taking cecptain selected speales, glving
tham individual attention and rirorously cxeluding the others, a competitive
pulp mlght be produced. Even so, on balance tnere 1a likely to bs an
unfavourable compiarison o -tween tomperate nardwoods and the tropical hard-
woods, and muen will depend on ibe priee of tho latter - which is equivalent
to the price at which the wood —an be purcrniwsed. Another factor which
intervenes will be bhie marset in which the pulp i to be seld.  If  there
is a local paper markcet, then bleached tropical hardwouds from aelected
species might well scrve a useful functlon if onliy to save foreiga currency,
althoupgh the quality of the paper is likely to be poorer for the change.

The types ol papers in which the palos can b used would probably
be thz general-purpose printings and pousibly the poorer rrades of writings.
It is unlikely that they would be suitable for use i any larpge quantity in
the higher grades of paper comparable with those produced in the northem
hewlsphere.

Wrappings. - If one considers unblrached wrappings then there 1s probably a
fairly pood ccopz fer palpe made from tropical hardwoods whare strength is
not of importance. ‘Therc is usually a ood martct for such pulps in the
developing countrics and the nuestion of strength, cleanliness and general
appzarance ic often a minor consideration. However, 1his 1s only a short
term view: without doubt, in time the quality staniards demanded in these
countries will be cquivalout to those which at present exist in the northem
hemisphere.  1n this cvent It Jr unlikely that the tropical hardwoods will
be cconomically of mach use unless some new process 1s devised for improving
them. In this conncetion it chould be noted that methods for the final
screening of pulp have improved considerably during the last few years, and
some tropical hardwood pulps which produced unfavourable reports 10 years
ago eould prekably be Lroushi to a much higher degree of eleanliness by using

the modern mathods. However, hoeve again the vuestion of economles arises.
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Perhapes a more promising outlet for the unbleachdd tropical hardwonds

would be as additives to stronger coniferous pulps to produce wrappings
which are fairly strong; for example, a coniferous wraft wrapping might
have, say, one-third of its furmish replaced by a tropical hardwood, and
the loss in strength may well not matter for the purposes for which it 1is
used. If the tropical hardwood pulp is home-produced and very much cheaper
this could be a viable propogition in the producing country. Here again,
mich depends on local markets and conditions. .
L3 nt- Oro od Pulp. - It has been claimed that such pulp has been
made from tropical hardwoods, but there is no evidence that a paper 1in

Any way comparable with the newsprint and mechanical printings as known in
the northern hemisphere has been made on an economic basis. In any case the
selling price of such a pulp would be very low, and probably incommansurate

with the cost of producing the pulp.

Sexi-Chemical Pulps. - These probably offer the greatest possibilities, for
instance in the manufacture of board cr, possibly better still, in the
manufacture of corrugating medium for carton manufacture. However, here
again the quantity of pulp which would have to be produced in order to make
the project viable would have to be considerable, and this would entail a
large looal carton consumption. In the developing countries where these
farests osour, the consumptious ot cartons are not great enough to make

such a scheme viable; and it must be remembsred that for overy 100 tons of
corrugating medium produced one must obtain, (from importe as a rule), some
200 tons of kraft liner paper - which eannot be produced from semi-chemical
tropical hardwoods. Herg again, therefors, there is the question of quality
versus expedience. Nevertheless, corrugating medium does offer a possibility

for this pulp, assuming that the economics can be satisfied.
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So far as the production of board Iy concerncd, the palp

should be suitable, particularly for the thinner substances - such as

cardboard. With the thicker substuucts there ls a tendency to obtain

a rigid product, which tends to warp on drying and rencrally lacks the

subtle character of tre boarl madc in lamlnates on i vat machiuc.

Probahly more investipgotions on Lbwse Lines would yicld a better product,

but this has not beon achieved as yet.

in developing countrice trupical hardwoods can sometlimes be
blended with other local products, not neccssarily woody, and a scheme
of this nature was put forward in Malaya some time ago. Tnis raterred
particularly to rubber wood and it was [elb that, the following blends of
materials were worth examining:

1. Rubberwood and the teps and branches of timboer trees, for the manufacture
of hardboard.

2. Padi straw, (aurmented with lalang) nng bamboo, tor bleach2d chemical
pulp; and rubberwood (perhaps augmente:d by yemang) for m:chanical pulp.
Tn2se pulps to we blended for the manufacture of a range of writing and
printing papers.

5, Fineapple leaves aund lalang for bleached chemical palp, and rubberwood
for mechanlcal pulp: these puips to be blended to make a range ot
writing ar  printing papers and jernaps wreapping paper.

i, padi straw (aupmented with pincapple leaves) for strawboard, by lime

cooking.

I. Examples of the use of Mix.d Tropical llardwood Forests

Tt ig diffieult to mab~ a sclestlon of examples which will bz
rcally informative hecawse co fow have com: Lo real fruition. A number of
studies have, however, becn made, and several within the present writer's
expericnee arc deseribed in places in the Report. Tu> difficulty is that,

a5 stated repentedly above, no two sels of conditions, no two regions and
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no two types of forests are alike; and each projeet must thus be considered
on its own merits. 1In selecting examplcs, thercfore, one 1s liable to tuke
8 case which 1s typical only of 1tself and one cannot, therefore, argue in
general terms from it. The following examples, therefore, are sclected
firstly because the writer is familiar with them: and Secondly bacaure they
illustrate a diversity of conditions and of regions.

One of the most comprehensive laboratory studies of tropical hard-
woods is that carried oui by K. Lauer of the University of Alabama. He was
principally concerned with trees from the Amazon valley in Brazil and his
results, therefore, are appropriate tc the present paper. The species
selected for the full scale tests were the pavmulato, abiurana, breuhranco,
imbauba IT, imbauba IV and pulmeiria assai, the last being the local palm
tree. These species had lignin contents ranging from 24.8 to 28.3% and
alpha-gellulose contents from 46.2 to 49.2%. 1In accordance with generally
aocepted views it was assumed that the alkaline proceas wouid be the most
promiging one.

Each species enumerated above was digested on its own, and the
resulting pulps were analysed and evaluated for strength. The digestion
time varied from 2 to 4 hours, and the temperature from 165° to 170%: ‘the
total chemicals ranged from 18 to 24% with a sulphidity of 25 to %0%. The
yields ranged from 42 to 59% the last-named being recorded for paumilato.

As might be expected, the yields from the palm were low, i.e. around 40 to
46%, but the long fibre constituents gave the pulp high tearing and folding
strength values. High alkaline cousumption was necessary tc achieve this;
and this was in line with the high lignin content which necessitated a higher
consumption of ohemicals.

Perhaps thehost important generalisation to be drawn from these
tests is the fact that, unlike the conifers, the chemical composition of the

pulps provides little or no indication as to their quality. The best that

could be read into them was the fact that pulps with high breaking leugth
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contain greater amounts of pentogsans. There is alsn_some indication that the
alpha-cellulose of the wood holocelluloses hags a bearing on sheet properties;
yet there was no correlation between palp auality and the fibre léngth-to—
width ratio. It thercfore seems that different criteria of evaluation must
be used when tropical hardwoods are buing consldered, as compared with thos.
adopted for the coniters, and even for the temperate hgrdwoods. ™is is in
line with expericnce with non-woodly tibres, where it 1s even less easy to
derive information based on criteria used in the evaluation of pulps from
conifers.

Further experiments dealt weth mixtures of certain of the above

woods, and these were compared with those of industrially manufactured

kraft pulps from mixtures of southern hardwoods and of hardwoods and pines.
One mixture consisted of 15 selected spenies, which were present in propory o
ranging from 4 to 11% of the whole. Comparison of the resulting strength
tests showed that the breaking lengths of pulp from the mixtures of the
tropical hardwoods arc aboul equal Lo those ot the industrial southern hard-
woods; however, the buristing streagth, tearing resistance and folding
resictance are somewhat lower o the tropleal pulps. Tnis again 13 in lipre
with weneral experience with tropical hardwo.ds elsewhere in the world.
Finally. tests were made to investigate the possibility of
obtaining high yeld pulps from tropical hardwood. For this purpose neutral
sulphite and sulphate cooking methods were uscd with two species Qgggmg
dissepala and Sceropla Jjuranyana and with a mixture of 3 different sp@cies.
yields ranging from 00 to 74.74% were obtained tor the sulphate pulps and
from 50 to b tor the neutral sulphite cemi-chemical (NSSC) pulps. There
ware also other indicatlions of the definite advantape of alkaline pulping
over the ncutral sulphite semi-chemical process. With identical yields thc
physical pulp aharacteristles were higher for the niﬁnline puips, even for

the poorest of them. ©a the other hand all the high yield‘pulpc from the
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alkaline (sulphate) digestions had a darker red brown colour than the light
grey of the NSSC pulp. This difference was in evidense when bleaching tests
were carried out. A higher consumption of chlorine and alkali was required
for the alkaline palps than for the NSSC pulps, but the brightness of the
latter was the better.

To sum up, the alkaline process gave better pulp qualities for
identical yields; and the NSSC prooeas gave leas chemical consumption and
high yield and brightness for identical strength characteristios. In the
unbleached atate the. pulps correspond with those obtained by similar
processes from ash, maple or sucalyptus; but the bleached pilps were poorer,
expecially in colour.

It 18 very interesting to compare the forests of the lower Congo
in West Africa with those of Central Mooambique in East Africa. The former
are about 300 miles and the latter 1,300 miles south of the Equator, and they
are separated by the breadth of Africa - some 2,000 miles. Both are areas of
extrems heat and humidity, with a well-defined rainy season, but, whereas the

Congo forests are in hilly country, the Mocambique forests are in flat and,
at times, swampy land only 500 feet above sea-lesvel. In general, the Congo
forests are dense, the trees are very tall, and straight, and unbranched, and
the number of different species present is very large. In Mocambique on the
other hand, the forests are very sparse. The trees az:e much shorter and mach
more stunted, and they are branched from or near the ground; moreover, they
are intersporsed with areas (very extensive in Places) of scrub and swampy

ground, with an abundance of elephant grass (Pennisetum purpureum Schum.).

Bamboo. and papyrus are also to be found in arﬁaller quantities. Growth is
very rapid, a tree 10 m. talil being obtained in 10 to 15 years. The most -
interesting difference as compared with the Congo forests is the relatively
restricted range of species of trees encountered. In one quite large area for

instance, some 80 to 90 per cent of the forests consist of two species only,

namely, Missaca (Bm!!ut'& spiciformis) and Mafumuti (Piptadenia duchananii).
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The former predominates, comprising some 60 per cent of the whole. Also
found, though more rarely, are Fever Tree, Acacia, Mangrove (Rhizophora

species), Kasu, Baobab or Imbondeiro (Adansonia digitata), Megerenge (Albizi

species), Chamfuda and Umbelo. Of these, the last two only are of importance
for sawn timber, Chamfuda beinpg specially suitable for railwa;r sloepers. Of
course, Acacia and Mangrove supply barks which yleld valuable tanning agents.

1t is perhapoc also useful to consider here in rather more detail
the study in Congo, Brazzaville and referred to above.

The forests cover the slopss of a number of relatively steep and
short valleys which run in an approximately North-South direction towards
the valley of the Boukoula River, along which rung the railway line between
Brazzaville and Pointe Noire. The valleys are comaratively steep and
narrow, but it should not be difficult to work along the bottoms of the
valleys, felling the trees on either side and dragging them down to the
bottom of the valley by gravity, working up the sides of the valleys all
the while.

Areas of grassland occur at various places in the forest Bordering
on these the forests are of a sccondary charaoter, and the same applies to
the borders of the roads and tracks for the making of which it has baen
necessary to clear the primary forests. PFeatures of th: geoondary forasts are
palma, bamboo, and a relatively largs proportion of small ireos of little
value for paper manufacture, as well as a good deal of thiock undergrowth. X
theretore appears that th: nature ot the secondary forcot appearing when the
primary forests are cut needs to be controlled carefully if raw material for
pulping 1s to bz ensured in perpetuity. 1t has however, been calculated on
a conservative basis that existing supplies for a mill producing 40,000 tons
of pulp par annum should be available for about 40 years and possibly for a
second cycle of growth of 30 ycars following that. In tie intervening period

there should be ample time to plan for the control of the future growth of
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this forest, seeing that in 40 years it should be possible to ascertain
which species are best suited both to the climate and fop the manufacture of
pulp,

h a report on the possibilities of local materials for paper in
Malaya, consideration was given to a number of trees and other agricultural
materials, but as the medium to light hardwoods are used for $dmber their
market values are consequently well above the economic figures for pulp.

There is indeed no problem soncerning the disposal of these materials and

it is axiomatic that pulp cannot compete with saw logs for wood. Tne tops

and branchesg moreover ara more likely to be aluable for fibreboard
manufactura, and probably rubber wood can be used in this way as well.

Rubber wood appears to be worth thorough examinaiion to ascertain the best
method of using it for paper pulp. Its fibre and chemical properties are
similar to those of the eucalyptus species, which are widely used in Australia.
On the other hand there is the interes:ing poseibility of an integrated rubber
and rubber wood products industry with regular amd reliable replanting schemes
to provide the rubber wood and from it,}Produce mechanieal or chemical pulp.

Himilar remarks were made about oil palm stems but these appear to
be less promising material. Pineapple leaves were also considered and tu some
extont these are analagous to sisal, which is wall-known as a paper making
material of value where egonomics are favourable.

While rubber wood and other local hardwoods appear to be unguitable
for wrappings (see above) the use of bamboo and the pineapple leaves might
together produce a composite material having adequate strength for the lower
agrades of wrapping, where oleanliness and strength are not of tha prime
importance. So far as writing and printing papers are concerned in Malaya
one is faced with bleaching problems; nevertheless there are soms promising

species, in particular Gmelina arborea which has been found promising pulp

material on the experimental socale not only in Malaya but also in Nigeria and
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eclgewhere. Tie possibilities of usine such woods Por cardboard has already
been discussed briefly above, and this too was under consideration in the
study made in Malaya. The othzr alternative is fibreboard, but this falls
outside the scope of this Papur.

By way of contrast i an example Crom the Latin Amcrlean equatorial

b2lt, experiments on the pulpingg of cctico wood (Ceeropie Sp.) from the uppe
Amazonian roeglons of Pera. Newsprint pulp was the @ain objective, and pood
results were obtained from a mixturce of cetico proundwood with 25 to 50%
spruce chemical pulp. Satisfactory, thowsh rather inferior results wero
obtained from a mixturg of sulphate pulp with %5% of ectico grouniwood pulp.
The work favoured lLho ectablisbment of a nowsprint mill based on cetico as a

raw naterial.

Broadlcaved spocles predominate to th: extent of 15% in the forests
of thz Far East wnich themselves comprise about 25% of the total area of the
region (India, Pakistan, China, Japan, Burina, Indonesia, Tnailand and the
Philippines). The recmainder of the foroests aee goniferous. However, only
about 50# of these rorests arc at progent readily accessible for exploitation.
Tne number of specles is very large and comprises many hardwoods, but relatively
few have commerclal use. Tne betlter knowa of these are Leak (Burma and Malaya),
oak, birch and aspen (China and Jupan), mul indigenous cucalyptus (Indonesia).
From a palp-making point ¢f view, much less 1s known of th2 Far Eastern tropical
hardwoods than of those of Central America and Africa.
Trnere was not a single papor mill in Pakistan in 1947, DBamboos ware
{ avallable in larpe gquantitivs and could be used for high quality paper, but were
Loo expensive for newsprint. An investipation reported that Gewa (Excoecaria

agallocha, Euphorblaccac; could be used for manutacture of mechanical pulp and

then cheap newsprint. [t was found that 5.5 million cuble feet of Gewa wood

of 5 in. minimum diameter could bz obtained annually on a substantially
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sustained yiold basis for manutacture of newsprint. A mill of 30,000 tons
of paper annually was sct up a Khulna in Bast Pakistun. Gewa wood dries up
quiokly and rots and becomes unsuituble for palping. Tre e:traetion in
rafts specially prepared and hauled by tugs from the forest to the mill
site had to ba organised. 3pecial blocks of forest were set apart for
supply of wood to the pewsprint mill., After working for somo¥ime, it was
found that by reducing the minimum diameter of billets and intensifying
utilization, the yield or Gewa wood could bz inercased to 5.7 million cubic
feet per year. The capacity of the mill was therefore extended.

J. Conelusions
1. It is apparent that there are many uncertainties attached to the production
of pulp for paper and board from tropical hardwoods.
2. Tne case of each forest mist be examined separately and assessed on its own
merits. Ii is unwise to generalize.
3+ In spite of the above it seems hignly probable that in most cases the
tropical hardwood forests can make Some useful contribution towards the
problem of meeting any shortage in the world-wide supply of cellulose.
4. 1t is unlikely that the cellulose obtained from tropical hardwoods will
be equal to that cbtainable from the conifers in qualities such as colour,
cleanliness and strength, or cost of produstion. This applies specially to
the higher grades of pulp and paper (i.e., bleached grades), but mush less
to the lower agrades, €.8., those used for boards. It is obvious, therefore,:
that the price at which the wood can be deliverad to the pulp mill will be
the dooidins factor in determining the economic succeas or otherwise of a
trop:loai hardwood pulp scheme. For many typ:s of paper the addition to the
tropical wood pulps of a long coniferous fibre pulp, even in relatively small
proportions, will be essential.
5. For the above reasons it will usually be more logical to make (as far as

possible) pulp for paper suitable for local consumption rather than to attempt
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to compote with cxlsting supplivs of pulp from otvher parts of the world
by exporting to the world market:s.

0. Duc regard must be patd to the utilizaltlon of Lhom:l speelies of troe
from the tropical forcits wiileh ape of more value for gpecialized usch
(e.g., sawn timber, venver, furniture, ele.) than as pulp. Tnelr

segregation and ulill.ation wher: possible will often help Lo carry the

|
|

abnormal costs of developing tropleal sites. Similar consideration can apply
to the use of low grade wood as a fuel supplement.

7. Auy survey chould alsn take into account the long-term view, namcly, what
will happen when the primary stands have been cut, clther as a result of the
growth of sccondary forecis, or of a plannced planting programme.

8. If the latter is deeid>d upon the yuestions arise what trees can be grown
on a pzrmancni rotation, and can they be pulped in the sam: plani and by the
same process as used for the trecs of tiwe vierin forest?

9. Finally, on the ceonomic side It is important to balance the (as a rule)
cheapar wages, pulp wood and fuel costs of a2 site in an undevelopzd reglon,
arainst the higher capital cost of erecting the mill and the higher chemical
and transport costs. If in addition the site 1y so undeveloped as to involve
opzaning up and ‘settlement ' costs, these may b so great as Lo scare away
private capital. Therce 1s then usually a stroay case for governmental
assistance of some kind towards the injtial couls of such colonization.

10. An Important decision that has to be made when deciding how to deal with
tropieal hardwood forests 1s wiwther to elear.cul or wirether to cut sclectively.
1f the latter courre is adopted it 1s ncecossary bo remove the spacles which

have the better pulping properties and to dcal with them separately. Tnis

means that other specles (which clther are tod valuable for pulp wood or are
uncudtuble for some other reason) have to be lel't standing in the forest.

Tais 15 not always casily done; much depends on the proportion-and spacing

of such unwanted (cr temporarily wwanted) troca. I the latter are few in




Number then

the pProblem 4. RoL vopy

RS ba' 1 thes pulpi- apeniog
arc few jp numbar thepn thers can obvious)y ba djfficulty in taking these
trees out, espeeially if they apg larpe op it the terryin is difricult
Such ag hilly op jnaccessihio o ren st tron roadn.  tha pPulpin;: Properticq
of the Selected treeg Mt he Studied C“OPOUCHLN and th relevant, Lreeg wenl}
have to be are fg

markad befope they a0y thn chling must he organi
Such n way that the wanted Span

rninimum of difficulty.

Led in
ies cap Ly tale, out of the forost, With the
Fortunatciy ievergl spuéies do offer PN 50 in thie
respeat, Anmon;~ thege may bhe lientioneq Mu;

‘anga, ang ngijpa arbg{gg, Peferpg
to above, which hag been e Subject ofp Some bromigin, inve

:3t:lga-r.ions in
Yt as M«zlaya, Pery, Nigepia and the Tvapy Coast,
i1, 1r the decision 1s to clear-gut %

hen jpgm & fopeg Ery puing of view tharg
However, 453027 akeq Problems gan arisc. In gpe
18 the bossibl]

ity or erogs
and in any cagg the econge

ton aven in humiq countrigg,
Qucnee of Upsetting the balance of Nature {n this
way ape alwayg unknown in advarnge, It i5 eXiremely nlike
forest will reproduce 1tselr

1y that the
MNe may well fing Yilexpacteq

a partiey}

virgin
s and Specles Laking
over the Lorest, Musanga ig

arly yhy QUitoyg

tree go tapr ag replage~
mant jg toncerney; and belbg in Centpg) Americs sim:ilarly, takes ovep the lang
from virgin foregtg once theye have Liearn felled,

In thlsg event
fing that g usefyl foregt,

> One might

Soimetiilng more usefyl; by Somathing
less useful; op even by Something ir re-affore
controlleq and shrybhg cf g g

Stunteq type such as }}_r:ac}w:;te

gisa, GrowW up in
Lreeg., Cliap eutting,

Quite Lseless 8tation jg not

Place of the originaj

'l:nemrfore, is always open to
3 certain amount. op risk,

12, However,

the Probl emg of Pe-ai‘f‘orestation arise,

Re-af‘forestation 13 an expensive
Procedure oven if tie Cost 1g Spread oyep 4 Number of

years {n advance,
becauge it ie esaentially a lo

ng-tem aroject,

Many develop:lng countricg




-j“»},-

are not prepared to plan far ahead, and such capital as they have for investe-
mant is required for immediate projeeis and must yield a return ag soon as
possible. Congequently recommendations for pluntim; on a long-toerm basis s0
that in 7 years al the least, but perbaps cven over 10, 2 forest will be
obtained suiltable for a papsl jndusiry, does not always appenls indced 1t
seldom appeals. There secm 1ittle doutt, however, thai this 15 the wisest
thing to do, and If the tropicial hardwood forest can be replaced Ny
agucalyptus or preferably tropical conitcrs, then Lhis is a very loglcal
proposition and one that can hardly fail ccononically in the lLong ran. The
reagon is, that if the conifers are not wanied for wood palp production
they arc always a tree of value in other branches of the economy; and ln any
case, they grow rapldly and they produce, o Lo speak, a standard tree and,
therefors, a standard wood. llowever, the reaction ol exotle trees to thelr

cnvironment can be unexpecteds and an uxample Is Auraucaria angustifolia in

Central Brazil; herc promising stands of plantation Parana pinc, several
years old bat apparently qulte healthy, cickened just as thoy were coming
to maturity and dled of [ = and therc wags no apparent reason.
Reafforestation with these exoties, therefore, 1s prone to grave
rigks and here again the question of risking money on lony=term projects
widch arc not neccisarily a dead certainty, would arigse. It is, therefore,
perhaps preferable to reafforest with a specles which isc known to grow in
the condltlions concerned, and tnls need not nceessarily be wood. Bamboo
for cxample, is an extremely good paper making {1bre as has been shown in
India for many years, and there is no doubt that reafforecstation of certuln
clear- cut %1 plcal hardwood Fforest land with bamboo would be a suacet'z'aful
proposition. The writer has carrled out studies on cultivated bamboo 1n
Nepal, and it woull appear that under those éondltiona at any rate it can

b grown economlcally for pulp manufacture.




13. Whichsvep scheme is decided on careful prepara tion must ba made
because theprc st be no chance of Lhe existing forest being ugeq up
before the new erop of exotic material i, avallable. ‘'hig stiould not
be beyond the bound; of possibility, but it entails Syperincental wopk
on the speeieg concerned and, ag peinted out, above, thig does qot, always
&0 according to plan.

Flnally one may fittiugly conclude thig baper with the dictum

that the only thing that is really certain uboui, the approach to the

tropical hardwoods 15 its uncertainty, i ig, therefore, uxtremely
dangerous to generalise, and each particular case must be the subject

of 1ts own detalled ang intensive feasibiliny study.
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