
G. F. UNDERBAY

I.

lNTRODUCTION

I suppose I must be one of very
few people here to-day who met
and heard in person William
Raitt, that tough and persistent
pulping and papermaking pio-
neer. Raitt worked in India for
twenty-five years on the deve-
lopment and use of native fibres
of all kinds, but his first love
and his continuing primary in-
terest was bamboo(1). Among
my earliest recollections on first
joining the paper industry is at-
tending a lecture which Raitit
gave in London in 1927, entitled
"The bamboo hope". A year or
so later, he gave a quite charm-
ing account(2) of what he called
"The childhood of papermaking";
much of this discourse is cen-
tred around Srinagar. Thus m¥
interest in India and in the In-
dian papermaking scene was
aroused very early in my career
by the enthusiasm and dedica-
tion of William Raitt.
A lo~ of water has flowed under
the bridge since those early days
some forty years ago, but Raitt's
work, nonetheless, was a pion-
eering effort which undoubtedly
helped to alert the world to the
necessity for looking well into
the future and ensuring that sui-
table raw materials for paper
manufacture would be available
indefinitely in quantities which
could meet continually igrowing
world requirements.
As we know, the picture has
changed very much over the
years, but the title selected for
this three-day conference, is a
timely reminder of the import-
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High Yield Pulping of
Tropical Raw Materials
Maximum raw material utilisation for
functional papers

High yield pulping is increasingly being recognised as an import-
ant objective in modern profitable papermaking and as a means at the
same time of helping forest conservation.

Aiming for high yields is, of course, not a hew concept in paper-
making, but in recent years the need for it has been emphasised by a
number of factors including the importance of keeping water
contamination under control, the basic desire to ..produce as
much paper as possible from every ton of raw material harvested, the
realisation that for some purposes a high yield pulp is functionally
better than a lower yield pulp and the reduction of transport, chemical,
steam and other costs.

Help for obtaining higher yields has come from technological
advances in the important areas. The first is the modern equipment
now available for preparing machanical pulp directly from raw mate-
rials in chip, sawdust and other forms; and the second the preparations
of highr yield chemical pulps-arises from an increasingly detailed
knowledge of the chemical and physical composition of raw materials
enabling digesting conditions to be more exactly worked out to give
minimum degradation of gcod papermaking materials. Between the
highest commercial yields of over 95% and the lowest, ranging around
40%, the choice of materials and processes depends on local condi-
tions, the product to be made and the all-important target of the
highest yield attainable in the circumstances. .

The planning af maximum economy in the use of available raw
material can be helped substantially by a hetter recognition, through
more intelligent quality assessement and testing; of the basic functional
requirements of papers in their many different fields of use. Paper
that is too good for its job represents a waste of both money and law
material.

ance of watching raw material
situations in great detail and well
ahead of requirements. I note,
incidentally, that as recently as
March this year your annual
conference was centred around
pulp yield improvement. There
is no doubt, therefore, about the
urgency of this matter.

Perhaps my own particular title
may need a little amplification at
this point. I have selected it be-
cause I believe raw material
availability can be influenced
substantially by a clearer un-
derstanding of the real func-
tions of different kinds of paper
and of the types of pulp that can
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best help to give the desired pa-
per performance. Backing up
these views, I have just read a
statement concerning the fields
of activity of the Norwegian
Pulp and Paper Research Insti-
tute. Among these, they say
they are concentrating on the
optimal use of the raw materials
in paper manufacture, based par-
ticularly on end-use require-
ments and value analysis. I think
this coincides closely with the
situation and objectives I have
described. I shall refer to this
question from time to time when
considering some examples. of
high yield pulps and the types
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of paper in which they can be
used advantageously. In my opi-
nion we do notr give enough at-
tention to realistic studies of
pulp properties in relation to
the essential functions that pa-
pers have to fulfi:t In conse-
quence, we not infrequently use
lower yield, i.e. more expensive,
pulps than are necessary tp at-
tain a given quality. This state-
ment perhaps applies with grea-
ter force to European and Ame-
rican conditions than to the In-
dian situation, but it is still a
valid factor here and not to be
overlooked by any means.

As many of my friends in the
paper industry know, I have had
the good fortune to travel very
widely and I suppose I have
covered in one way or another
most of the world's papermaking
countries. One of my outstand-
ing impressions has been. admi-
ration for the ingenuity that one
sees in papermaking operations,
whether they are on a very small
or a very large scale. I also
admire the courage exhibited
both in starting completely new
and often pioneering types of
small-scale paper manufacture,
as well as right at the other end
of the scale, the huge new ma-
chines we see coming into ope-
ration at wire widths close to
400 inches and production nudg-
ing the 500 ton a day mark. I
make these points mainly to say
t.hat I believe there is a great
deal to be learnt by exchanging
information of all kinds whether
our operations are on a huge
scale or on a very modest one.

Most of my life, I have been
connected much more with mass
production papermaking than
with medium and small ma-
chines, but I want to emphasise
that the comments I am making
are from the standpoint of my
interest in looking for ideas and
lines of progress at all levels.
Certainly they are not made in
the belief that experience with
modern equipment can provide
all the answers.
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May I then as a reminder enum-
erate a number of facets con-
cerning our high yield theme?
All need consideration in aiming
at maximum yields, whether
they be from tropical or tem-
perate source, and they are all
inter-related.
There is, firstly, the obvious
fact that the greater the pro-
duction of the raw material that
can be fully incorporated into
the manufactured product the
lower will be the transport and
handling costs per ton of paper
made. This of course, is a uni-
versal consideration, but perhaps
in some areas in India it is of
special importance because of
the huge distances to be con-
tended with - huge at any rate
as compared with my own coun-
try.
Secondly, high yields mean less
felling in the forests for a given
paper production. Therefore,
forests are better conserved. Al-
ternatively of course. more pa-
per can be made from existing
felling rates.
Then, there is the very import-
ant consideration that high yield
pulps can sometimes, provide a
better finished product quality
than would be given by lower
yield pulps. This fact is too often
overlooked because, in some way
or other at the back of our minds.
we seem inexorably to link qua-
lity with higher priced raw rna-
tenials, almost irrespective of
what the requirements are.
An outstanding example - if
not the outstanding example
of the preferred use of a high
yield pulp is mechanical pulp
for newsprint manufacture. The
qualities of this kind of pulp are
such that printability, opacity,
and other characteristics can
quite definitely be superior to
those of more expensive chemi-
cal pulps. Nevertheless, chemi-
cal pulps are added with the in-
tention of upgrading the final
product or or improving its runn,
ability on the paper machine, or
both. I have had the opportun-
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ity of expressing my strong views
on these matters on several oc-
casions recently (3) and later on
I shall refer again to runnability
and other allied questions. The
last, but nonetheless significant,
consideration is one which
strangely enough is often either
ignored or just not emphasised
nearly enough. It surely is very
obvious that the higher the yield
the fewer the worries there will
be about effluent problems. It
is much more sensible for the
economic health of the paper
industry, and also to preserve the
amenities of paper making loca-
tions, to strive to incorpora.te into
the finished product the largest
possible proportion of the start-
ing raw material.

In practice, the waste that posi-
tively has to be discharged must
be governed by the properties
needed in the final product, but
even then a review of the situa-
tion from time to time may we11
throw up some way in which
so-called waste material can be
turned to a useful purpose. It
really does seem rather crazy
that we have to spend so much
time, money and skilled effort
in endeavouring to avoid pollu-
tion of our waterways, and also
of our air, when perhaps a simi-
lar effort directed towards in-
corporating more of this mate-
rial in the paper might prove to
be practicable and so very much
more profitable.

To conclude this general intrc-
duction to my subject. I may re-
ca1] that during the last war we
had to devise means of using all
kinds of substiute raw materials
because of acute shortage on all
sides. On one occasion, I had a
hand in the' procurement and use
of a shipment of very dry and
dirty bamboo poles, some 20 ft.
in length by an average diameter
of, perhaps, 6 inches. Although
it looked most unpromising, we
were able to use all this mate-
rial, at a yield close to 100%, by
passing it, firstly through an or-
dinary wood' chiper, then
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through one or two Miracle attri-
tion mills and finally, it was
treated in a very early type oi
Asplund defibrator. I must con-
fess that the resulting filthy col-
oured shivey stock was not put
into paper, but we used it as
part of our hardboard furnish
with, in the circumstances, quite
reasonable success and, of
course, it gave us no effluent pro-
blems and improved the gross
tonnage availability which we
so desperately wanted at that
time.

sic reasons why types of wood
(and perhaps other raw mate-
rrals too), in addition to those
conventionally used for grind-
ing, should not be developed as
suitable raw material for re-
finer mechanical pulping.
There is, of course, the problem
of the naturally poorer colour
of tropical hardwood, an exam-
ple of which, used commercially
here in India for newsprint ma-
nufacture, is salai,
It is interesting to note, in this
context of the removal of un-
wanted materials from mechani-
cal pulp, that good progress has
been made in reducing the pitch
content of pine chips by high
pressure squeezing, in equip-
ment such as pressafiners for in-
stance, prior to refining. Undoub-
tedly, further developments along
these lines may be expected, and
this, together with the ability to
exercise better control over the
papermaking quality of the pro-
duct, should give high yield re-
finer mecha:nical pulp a definite
advantage over conventional
groundwood for flexibility in ap-
plication and improved quality.

I

HIGH YIELD MECHANICAL
PULP
For many years now, I have been
closely involved in the investi-
gation, production, and use of
mechanical pulps. This is partly
because many of the mills with
which I have been concerned dur-
ing most of my papermaking
career have made and used great
quantities of this type of pulp,
but it is also because I have much
enjoyed studying and helping to
improve both the methods of ma-
nufacture and the testing pro-
cedures by which to assess the
quality of this very important
raw material. Within the last de-
cade, there has been the rather
spectacular development of the
new form of this pulp, refiner
mechanical pulp.
As is well-known, the refining
method of production is a. dis-
tinct step forward in the upgrad-
ing and better control of quality,
and although it is now well and
truly launched as a commercial
method of manufacture, it is still
actively being worked upon as a
development project. I for one
believe strongly that we are on
the threshold of further import-
ant advances, both in quality and
in the reduction of the energy
requirements for preparing this . 2
kind of pulp.
So far, the experimental work
and the commercial installations
have been confined mainly to
the treatment of softwoods, but
there would appear to be no ba-

So here is an area in which im-
portant contributions can be
made to the whole question of
developing high yield pulp. Ob-
viously, it will call for research
and development into the parti-
cular requirements of those var-
ieties of tropical woods and
other fibrous raw materials
which appear, on preliminary
examination, to stand a reason-
able change of being converted
into pulp in this way.
To sum up the advantages of
high yield refiner pulping we
have:
1 Almost 100% of the raw ma-

terial can be used in the paper

The use of chips, in place of
the logs or bolts normally re-
quired for conventional grin-
ding. einables slabs, 'off-cuts,
small diameter wood, and irre-
gularly shaped wood, to be
pulped by the mechanical re-
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fining process. In effect, this
still further increases the al-

ready very high yield obtain-
able.

3 There is the added merit that
in some locations, notably on
the West Coast of North Ame-
rica, quite appreciable per-
centage of sawdust can be in-
corporated in the raw mate-
rial being mechanically pulp.
ed.
Quantities as high as 60% of
sawdust refiner pulp have
been mentioned to me re-
cently as being regu-
larly used for newsprint.
But the proportion and use-
fulness of sawdust will, of
course, be greatly influenced
by the kind of wood and the
kind of sawdust produced.

4 Preparing mechanical pulp hy
refining provides a longer
fibred, product, and it is bet-
ter fibrillated. It also has a
higher freeness than normal
groundwood, but this mayor
may not be an advantage de-
pending on the circumstances
under which the paper is
made. These qualities certain-
ly add up to an exciting high
yield pulp which has greater
tearing strength, a higher
breaking length, improved
stretch and a better burst fac-
tor as compared with ground-
wood made in the convention-
al way (4).

Thus there are many attributes
of refiner mechanical pulp that
can make it a strong contender
for use in the important objec-
tive of raising the yield of our
raw materials. Not only does one
get a direct improvement be-
cause of the near 100% utilisa-
tion of the raw material as har-
vestered, but also there is the
indirect but no less important
consideration that the high qua-
lity of these pulps can .enable
them to displace more expensive
and much lower yield chemical
pulps, such as those in newsprint
for instance. As will be seen
later, I have strong reserv-
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ations anyhow about the need for
using chemical pulps in this way,
even where conventional ground-
wood is concerned, but this is a
controversial matter which re-
quires further ventilation.
These comments are inevitably
rather heavily loaded by experi-
ence with softwoods. Nonethe-
less, it is well to remember that
for very many years excellent
conventional groundwood pulp
has been made from aspen and
other hardwoods. Thus, I would
suggest that, in view of the way
you yourselves have struggled
with the very difficult problem
of turning salai into a useful
groundwood, there may well be
good cases to be made out in fa-
vour of using other raw mate-
rials of these kinds that grow
naturally already or can be
cultivated for making refiner
groundwood in your country. I
know that you are very active
in these matters and, indeed, I
have seen some of your nurse-
ries. I look forward to hearing
more about your man-made for-
est endeavours at this meeting.
Another example of a hardwood
which is now used successfully
for mechanical pulping purposes,
is, of course, eucalyptus. The
pioneering efforts of the Austra-
lians have done wonders with
this difficult raw material and it
is. certainly here to stay as a
groundwood furnish for news-
print and other printing papers.

As you will have gathered, I am
not familiar enough with the
current scene in India, or with
the latest programmes in the
development of the technology of
eucalyptus and other hardwood
mechanical pulping, to discuss
from practical knowledge the
applicability of refiner techni-
ques. What I do know, how-
ever, is that my involvement with
the refining of softwood chips,
through investigations with which
I have been personally concerned
and also through close contacts
with the Pulp and Paper Re-
search Institute of Canada in
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Montreal, has made me a great
enthusiast for this method of
pulp production. I would cer-
tainly like to see its wider ap-
plication to softwoods. and to
tropical raw materials as a means
of providing your much needed
additional sources of pulp.
It will be realised that, so far,
I have omitted to do more than
just mention one of the draw-
backs of high yield refiner pulp-
ing and that is the question of
energy consumption. The his-
tory of the development of this
pulping system has been closely
associated with energy reduction
problems and, although great
strides have been made since the
early Investigatdonal work was
undertaken ten years or so ago,
energy usage still tends to be a
little high compared with con-
ventional groundwood, I believe,
from the ingenious small-scale
laboratory studies undertaken by
Attack and May at PAPRIC, that
the future possibilities of sub-
stantially reducing the energy
needed to refine wood chips are
bright. Even now the industry
is in the happy position that,
because waste wood, and there-
fore cheaper wood, can be used
in making refiner mechanical
pulp, this can more than offset
the small extra cost needed for
meeting the present rather high-
er energy requirements.
Of course, to promote the use of
refiner mechanical pulp more
fully and profitably, the question
of colour and brightness, their
levels and their reversion ten-
dencies, are of great importance.

In my contribution in Atlanta to
the Sixth International Pulping
Conference, I referred with some
emphasis and enthusiasm to the
important high-priority task of
developing a groundwood blea-
ching procedure, which must be
non-delignifying (to maintain the
high yield), commercially ac-
ceptable, and be able to pro-
vide a product of reasonable sta-
bility. This is, of course, a tall
order, even for softwoodsof the

types we are considering in At-
lanta. Nonetheless, by way ot
illustrating the possibilities, I re-
ferred to the work of Howard
Rapson, who, at the preceding
International Pulping Confer-
ence in Vancouver (the Fifth)
displayed hand-made mechani
cal pulp sheets which he had
bleached with peracetic acid
upto a brightness as high as
88% G.E.
In correspondence I have had
subsequently with Professor Rap-
son on this subject, he had en-
dorsed his hopes of achieving
high brightness figures without
removing lignin but he does not
underestimate the toughness of
the task. He has research work-
ers studying the reactions in-
volved in bleaching ground-
wood, and his is by no means
the only school active in this
field. An important facet is to
determine how peracetic acid and
other bleaching agents are be-
ing used effectively, and what
happens when they are con-
sumed waste/fully, by reacting
with colourless groups to pro-
duce other colourless groups for
instance. Like many problems of
this nature, there seem to be no
obvious short cuts, but I am a
great believer that success will
come in due course, at any rate
for the less heavily discoloured'
woods and, of course, at prices
which must be economic. In a
very recent publication (5), Rap-
son gives a useful review of the
current state of groundwood hlea-
ching knowledge.

Functionally, mechanical pulp is
such a desirable constituent of
mass product printing papers that
the incentives to work on the
further improvement of its qua-
lities are tremendous. This, then,
is one of the most important ways
of working towards higher yield
pulping.

mGH YIELD CHEMICAL
PULP
I have realised increasingly, as I
have progressed with the prepa-
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ration of this discourse, what a
very wide field there is to be
covered. It obviously is. impos.
sible to explore anything like the
whole subject, but it is hoped
that I may throw up one or two
pointers which, in one direction
or another, will help to catalyse
further progress towards higher
yield goals.
The purposes of incorporating in-
to the title the question of func-
tional papers was to emphasise
how, by bearing in mind and re-
assessing from time to time what
job it is that the ultimate pro-
duct really has to do, it may bf!
found possible and even advant-
ageous to use higher yield pulps
than are conventionally consider-
ed desirable.
The mention of functional papers
does not mean that all paper is
not in some way or other func-
tional, but there is a distinction
to be drawn between aesthetic
aims and the more severely uti-
litarian purposes for which pa-
per may be required. In utilita-
rian qualities, colour for example
and brightness may in reality be
of secondary importance, and,
provided customers can be con-
vinced that the colour to which
they are accustomed is not a
necessary part of the functioninz
of the paper, higher yields can
be worked upon.

It is difficult to avoid mentioning
newsprint repeatedly - even in
this chemical pulping section-
since, on our functional basis, it
is a strong contender for higher
y\iald operation, The tonnages
involved, and therefore the po-
tential savings in money and raw
material, are very large. I rea-
lise, of course, that the problems
associated with newsprint manu-
facture in India are particularly
severe and that you have been
disappointed with your 1968
figures despite an all-time re-
cord. You have a very tough
challenge in endeavouring to eli-
minate your currently import-
ed tonnage, but perhaps higher
yields, based on dispensing with

chemical pulp, plus additional
machine capacity may whittle
down your import needs sooner
than you think.
I was able to emphasise, at the
Atlanta meeting, that, if only
greater recognition would be
given to the functional and eco-
nomic importance of mechanical
pulp in newsprint, greater quan-
tities could be used, even up to
the 100per cent mark, thus sub-
stantially improving the overall
yield from the raw material sup-
ply. Those of us who are fav-
oured with good long fibred soft-
wood supplies are naturally in a
privileged position compared
with mills having to use hard-
woods- and poor hardwoods at
that. Nevertheless the challenge
is still there, even if it is con-
siderably more difficult to ac..
cept, But the rewards are there
also. I speak with some know-
ledge of these matters, as we had
first-hand experience of short-
ages and the need for developing
substitute fibres and higher yields
during and immediately follow-
ing the last world war.

In retrospect, perhaps the tdtle
of this section is to some extent
misleading, since I believe that
in discussing high yield chemical
pulping we really should take the
mechanical pulping process as
our starting point. Not only can
it be produced, as I have said,
with quality characteristics that
enable it to vie with chemical
pulp, thereby still further en-
hancing the yield situation, but
also there are good prospects for
upgrading its use in better qua-
lity papers, notably by develop-
ing improved fibre quality (prob-
ably through continuing progress
in refiner techniques) as well as
by attacking the bleaching and
colour reversal problems as dis-
cussed above.
Moving lower down the yield
scale, a prominent example of
success in using high yield pulp
functionally for making an ex-
cellent quality product is the pro-
duction of semi-chemical pulp
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for making fluting medium. This
combines a good yield of raw ma-
terial with an excellently func-
tioning finished product. It is
certainly by this kind of approach
that forest conservation can be
helped significantly, matching the
process to the product as well as
to the raw material.
And so we have a wide choice
from conventional groundwood
and refiner mechanical pulp
through chemi-groundwood, me-
chano-chemical pulping and cold
soda to semi-chemicalNSSC pulps
and on t,o high yield chemical
pulp and then normal lower yield
conventional chemical pulp.

Turning, rather abruptly now,
however, fI;om the high lignin
containing materials, I would like
to refer briefly to a new deve-
lopment, which" although long-
term, looks to me to be promis-
ing. This concerns the prepara-
tion of pulps in such a way that
the procedure is highly selective.
The yield is high, not due to lig-
nin retention, but because damage
to the potential papermaking
constituents is minimal. In fact
only the non-cellulosic material
is removed, and the product is
then available for making the
highest classes of bright, white-
papers. The name given to this
process is 'holopulping': it is un-
der development at this time by
an organisation with which many
of you in this. audience are very
familiar - the Institute of Paper
Chemistry(6) in Appleton, Wis-
consin. Indeed, you may already
know about the process but I feel
nonetheless that I should refer
to it here.
The essential feature of the pro-
cedure, which, as I say, still has
a long way to go to become com-
mercial, is to separate the attack
on non-cellulosic materials into
a number of carefully planned
stages, using for each step the
most appropriate reagent and
pulping conditions. In this way,
the whole process is optimised
rather on the lines of the old
Cross and Bevan procedure for
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determining the cellulose content
of fibrous raw materials.

As it stands at its present stage
of development, the first step is
to prepare finer chips than is nor-
mally the case so that selective
dehgnification can occur. The
second step consists in modifying
the lignin in situ with a mild
oxidant. The most practical re-
agent found so far seems to be
chlorine dioxide. Under favour-
able conditions, this step can be
accomplished in a matter of mi-
nutes at temperatures below
100°C. The modified lignin is
then extracted by a solvent which
can be caustic soda. Bleaching
may be done with hypochlorite
in the usual rway.. .. The bleached
pulp retains the high yield, with
improvements in its properties.
Finally, after extraction and
bleaching, the residual chemicals
are removed by countercurrent
washing. By these means, which
incidentally, it is said, are readi-
ly' adaptable to continuous opera-
tion and automatic control, the
yield of bleached pulp may be
raised from a normal below 50
per cent to a figure approaching
70 per cent, depending, of course,
on the nature of the raw mate-
rials.

The preliminary presentation (If

these results, which were made
public as recently as May this
year at the 33rd Executives Con-
ference, includes, even at this
stage, a useful indication of costs.
Although the power, steam, wa-
ter and material costs are higher,
the wood and chemical costs are
lower, the overall result being
that the total production costs of
holopulping will be about the
same as those of conventional
chemical pulping. Bonus advant-
ages include; very little odour,
only atmospheric equipment re-
quired, the regeneration of che-
micals is. relatively simple, the
basic chemicals required are pro-
duced by electrolysis, and the
chemical system is nearly self-
sufficient. This, of course, is only
the very bTiefest sketch of this
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new development, but it could be
an important contribution to high
yield pulping on a rather grand
scale, which is that, since only
unwanted material is removed,
the holopulp remaining is avail-
able for all kinds of high-class
paper and board manufacture.
Thus, this could be a major way
to conserve raw material without
the need for retaining lignin to
give a high yield. It offers the
possibility of a rather remarkable
combination of high quality with
high yield.
I hope I have not given too much
prominence to hOlopulping at
this stage, but there is wisdom, I
suggest, in keeping your sights
well up for future consideration
provided, during the further de-
velopment, you view the eventual
possibilities from a firmly practi-
cal stand point.
INFL UENCE OF MACHINE
RUNNABILITY

The use of high yield pulps will
almost inevitably cause some.dif-
ferences in the way the paper
machine runs, both so far as the
drainage properties are concern-
ed and also in the effect on the
draws. The chances are that, ex-
cept for holopulping, the fibres
will be somewhat shorter and
less flexible; and therefore the
wet strength between the vari-
ous papermaking sections, espe-
cially at the wet end, will be re-
duced. Fu.rthermore, the desire
to gain higher yield in newsprint,
for example, by reducing if not
eliminating the chemical wood
pulp content, can also have an
effect on drainage and draws.
There is no basic reason, how-
ever, why' these characteristics
should necessarily cause a drop
in papermaking speeds and effici-
encies. On the contrary, provid-
<!dthe problems are faced with
intelligence and a recognition,
that, by using modern equipment
and modern systems. not only
can these disadvantages be offset
but also, through the need to look
into the new conditions more
closely, improved overall running

can be established. There is a
lot of leeway that can be made
up between current ways of runn ,
ing paper machines and ways in
Which they should be run. It
has seemed to me for some years
that most papermaking organisa-
tions have not taken full advant-
age of the help that can be gain-
ed from the use of modern in-
strumentation and I am convinc-
ed that, in the hands of really
capable physicists and engineers,
it should be possible to tract
down and to prevent most of the
causes of paper machine breaks
that occur today. A colleague of
mine some years ago made the
comment that, if we can run a
paper machine satisfactorily for
an hour without breaks or signifi-
cant variations in the properties
of the paper made, there really
is no reason why, with proper
control, that same machine should
not carryon for a day or a week,
or more, without breaks occurr-
ing. These views are becoming
all the more realisable through
the intense interest there now is
in the computer operation and
control of paper machines.

It happens that two months age),
at Oxford, we held the Fourth
Fu.ndamental Research Sympo-
sium. These conferences, as you
may know, are held every four
years and, on this occasion, we
decided to break away from our
previous general pattern, which
concerned the fundamental phy-
sics of fibres and papermaking, in
favour of what we believed,
when we started our planning
four years ago, would be a high-
ly topical and important area of
study. We called our subject
"Papermaking systems and their
control".

The week was, I believe, a first-
class success and one of the con-
tributions I found of particular
Interest, in connection with this
visit of mine to India, was the
story of a very enterprising and
successful application of a corn-
puter system to a small paper
machine, installed at the Grove
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Mill Paper Company Limited, lo-
cated in the midlands of. England.
Mr. G. F. Beecroft, the Managing
Director of the mill, was kind
enough to send me a written ac-
count of some comments he made
at the symposium concerning the
successes they have achieved at
Grove Mill. His comments are
as follows :-

'Five years ago in 1964 we won-
dered how to simplify our opera-
tion and to reduce costs. Prima
rily we wished to simplify, and
we considered that automation
of a shortened system should not
be too costly an affair. However,
no electrical company in the
computer process field considered
our thoughts to be viable econo·
mically until English Electric
made a study in depth and thus
the present system was evolved.
The economics of controlling our
84" machine proved fascinating
when it became apparent that we
were going to be successful and
nowadays we have ceased to be
amazed. In fact, we consider full
computer controlled paper manu-
facture to be ready for discus-
sion, bearing in mind that whilst
full control would be economical
for newly built mills, older mills
may be selective with regard to
parts of the process that should
be automated or perhaps only in-
strumentated in a sophisticated
manner. The day is here when
the equipment can become 3.

package deal and in such a high-
ly capitalised industry as ours
the price will hardly be noticed.

'We believe that our system is
one of the shortest in the world,
if not the shortest, and we would
like to issue a friendly challenge.
From starting up with an empty
system and wired bales of pulp
we can be in full production of
highly beaten paper in 35 mi-
nutes. Who can do better? Ow:
computer produces controlled
conditions so far as the wet end
is concerned, and width of the
machine and speed are immate-
rial. Computer control of drying
conditinns, the wetting process,

and draw tensions can all be add-
ed if they can be shown "lobe
economic. In our opinion it may
be unwise to computer control
certain parts of the process if
there is a machineman still em-
ployed. Our present, benefits are
better running conditions, faster
change over times, and a sales
edge over our competitors.

'Our computer has been the key
which has unlocked our mind-
for example, we foresee an end to
effluent problems in mills such
as ours. This is the most excit-
ing part of the whole affair; this
unlocking-where will it lead?
So strongly do we have these
thoughts that we say if you only
wish to control basis weight then
<10not purchase a computer con-
trolled process - it would be like
casting a pearl.

'Naturally, we are enthusiastic
and we want to see the system
copies. The reason for this ap-
parent benevolence is that we
want a feed-back of information.
Our system is a Mark 1- the
sooner a Mark 10 Model is deve-
loped the greater our own deve-
lopment will have become. We
invite visitors to pay us a visit
- our only stipulation is that a
return visit be permitted, and we
would hope that all round know-
ledge had improved.'

Thus it is, I feel, quite a god-
send that at this time, when most
of us are anxious to conserve raw
materials by increasing yields
through better functional pulp
preparation, we can obtain solid
help in the running of these pulps
on our machines by the use of
modern instrumentation and by
the computerisation of paper ma-
chine operation. By these means,
breaks, effluent, quality varia-
tion, and the time needed for
grade changing, are all reduced,
and, in the case of George Bee-
croft's 84" machine at Grove Pa-
per Mill, the capital cost was less
than £20,000, in hard cash (7).

In mentioning these matters, I
hope I am not being too repeti-
tive concerning information and
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programmes that you may well
already have under consideration,
or perhaps already in operation.
Nonetheless, I think it is worth
quoting one or two further points
of considerable economic interest
that have been published by the
Grove Mill Paper Company.

The automatic control system in-
stalled there enables the opera-
tor to set all the controls - thick
stock valve, main flow valve,
breast box head, slice opening
and the machine speed - at their
optimum positions, whereupon
the control system will imple-
ment the new running conditions
at the correct settings as well as
in the correct sequence. All this
is done by merely resetting three
dials on the control desk and
operating a pushbutton switch ..
When this is done, the computer
causes the controls to be automa-
tically adjusted to the new in-
structions. This ensures that each
grade is made in the same way
by all operators and in such a
way that the machine is used to
its optimum capacity.

A lot more could be said, but
fuller details are in the original
publication, and, indeed, the sub-
ject is referred to in Indian Pulp
and Paper (8). Suffice it to men-
tion here that a system of this
kind offers a wonderful way +0

use paper machines, however olrl
and narrow they may be, in such
a manner that at all times the
best speed and performance are
maintained and the conditicns
such as efflux ratio, basis weight,
breast box consistency, and dry ..
ing conditions are at all times
operating to give uniform paper
quality under optimum operating
conditions of the machine.

To add to this impressive list of
advantages, it must be emphasis.
ed that the Grove cost was very
moderate, particularly in relation
to the capital cost of the machine.
It enabled the project to make
sense even for an old and nar-
row width machine with a ma-
ximum speed of 800 fpm, making
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substances ranging from 30 to 130
gsm.
As a final comment concerning
this question of the influence of
machine runnability on the use
high yield pulp, perhaps a para-
graph from the introduction to
the Oxford Symposium (9), by
H. W. Emerton, the Chairman-of
the Fundamental Research C.OIJl-
mittee, would not be out of place.
It further emphasises how such
things as down-time, which mig~t
be excessive when using higb
yield pulps having indifferent
running properties, may well be
offset by using a modern compu-
ter approach. Here is what Mr.
merton says:

'It is perhaps not entirely naive
to ask why control is necessary.
More precisely the question
should be formulated as "what
is the incentive for a greater
degree of control than that hi-
therto exercised?" In the last
resort and speaking quite ge.
nerally, it is of course financial
incentive, which may be ex-
expressed in terms,of savings in
labour, in raw materials, in
down-time on the process, and
the usually unquantifiable be-
nefits of customer goodwill
arising from improved and
more consistent quality. As we
gain confidence and experience
in control we eliminate the
inertias from the system; for
example, we reduce the capaci-
ties of machine chests of the
process; the stocks and inven-
tories of a commercial system:
the delay in customer feed-back
in a commercial system.Fin-
ally, of course, advanced con-
trol permits operations which
would otherwise be quite im-
possible'.

CONCLUSION

We have seen that, to produce
high yield pulp and make the full-
est use of it (which means that
we want the largest possible
amount of paper from every ton
of raw material the country can
provide), we need to have not
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merely high yield pulping cap-
abilities, but a whole series of in-
ter-related considerations. These
include ~
1 Intelligent selection of the

highest yielding pulping pro-
cess consistent with the true
functional requirements to be
built into the paper (or board).

2 Wherever possible (to help the
economy and minimise effluent
problems) the high yield sys-
tern chosen should be a non-
delignifying one, or at least' a
minimal delignifying one.

3 Paper machines must not dic-
tate and therefore place limi-
tations on the properties of the
pulp to be used. Ideally, the
requirements of the finished pa-
per, both from the quality and
economics points of view, must
be the sole consideration.

4 Thus paper machines must be
highly flexible and controllable
in operation, and of course they
must maintain high efficiencies.
Modern instrumentation and
computer application can great-
ly help. George Beecroft has
reported a 15 per cent increase
in production as a consequence
of his instrumentation and com-
puter control (8).

5 Much more attention must be
paid to the true quality re-
quirements of the paper to be
made. Testing instruments
should be viewed with the
greatest suspicion until they
have been proved beyond all
reasonable doubt that they are
able to provide measurements
that are really signifificant in
terms of paper behaviour in
commercial Use.

6 Looking further into the future
the possibility, for high quality
bleached papers of producing
high yield delignifiedpulp, such
as holopulp, should be kept in
sight.

In addition to high yield aims in
a country such as yours here, and
my own at home, in which the
paper industry is very short or
home-produced raw materials,

there are the questions of in-
creasing the supplies, and the as-
sociated problems of improving
accessibility to raw materials, and
markets. This calls for intellig-
ent site selection and a really en-
lightened afforestation policy.
I would like to finish up with
a final note about the question
of functional papers. The pro-
blems arising in devising and
using tests for true function-
ality have greatly interested
me for many years, and I came
across a practical example of
the difficulties only two mon-
ths ago. I think it is worth re-
counting.
At the Oxford Symposium (9),
to which I have already referred,
a contribution to the discussion
was given by R. H. MacClaren
concerning what he termed the
'guide-line approach' when speci-
fying paper which must have cri-
tically accurate properties. He
gave. as an example, the follow-
ing figures for a quality he buys
in large amounts:-

Thickness - 3.8± 0.25 mils.
Basis Weight - 75.2± 5% gsm
Moisture - 4.7± 0.8%
Stiffness - 2.0 machine

direction
TaberV5 1.0 cross direc-

tion
All these tests are carried out
under standardised atmospheric
and temperature conditions. There
is also, incidentally, a smooth-
ness test. the validity of which J
queried and which, I gather, may
be modified. I recommended the
PRINTSURF as being a far bet-
ter scientifically designed and
practical instrument then the one
he was using.
The crucial point, however, is
that, recognising the inadequacy
of these fairly simple but reliable
tests and the impossibility at, pre-
sent of measuring and specifying
fully has more complex require-
ments. MacCilaren links these
simple tests with carefully select-
ed paper machines known to be
capable of providing the required
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quality. The machines he needs
are not easily found, but, having
located them and arranged for
paper to be made according to
his guide-lines, he insists that
once they have settled down' to
the right quality the papermakers
are prohibited from making any
adjustments whatsoever. He is
so insistent on this that he has
representatives watching the ma-
chines twenty-four hours a day
to ensure continuity of the qua-
lity. MacClaren believes that in
this way he gets a distinct edge
on his competitors, who try to tie
everything up by a specifification
using tests, some of which are of
very questionable validity.

This example illustrates two
things: firstly, the great difficulty
of describing quality adequately
by means of test specifications
(this is not really an admission
of defeat, it is a sensible recogni-

consumption' of pulp and paper

Lennart G. Stockman, Direc-
tor, Central Laboratory of
Swedish Cellulose Industry,
Drottning Kristinas Vag, Stock-
holm '0', Sweden.

tion of current limits in our test
capabilities); and secondly, there
is the need for matching and
maintaining unvarying of end
product quality uniformity to suit
customer requirements.

Our testing difficulties must there.
fore be recognised, and I come
back to my starting point, which
is that. the raw material must be
matched as economically as possi-
ble to the requirements of the
ultimate consumer. I am sure
this can be done much better than
we do it now; and, at the same
time, by developing improved
pulping techniques and making
more realistic judgments of qua.
Iity requirements, we can gra-
dually move closer to higher yield
targets.
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