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INTRODUCTION,

•

The cost!of the wood raw mate-
rial in the wood processing in-
dustry varies largely from. one
country to the other. It· seems
that a trend exists in recent de-
velopment towards an increase
in the share of the raw material
in the production costs, despite
the appearance of equipment and
means for rationalisation of the
cutting, collection and transport
of the wood. Obviously this has
not met with as much success.as
rationalisation within the mill it-
self, enlargement of the produc-
tion units, automation, and so
on. It is thus understandable
that attempts are being made to
save raw material in pulp manu-
facture, or in other words to ob-
tain yields which are as high as
possible. As definite relationships
exist between the pulp yield and
pulp properties, a raise in the
yield level also enables the pro-
duction of exceptional pulp gra-
des, more appropriate for special
purposes than the low-yield
pulps.

DIFFEREN'l' TYPES OF HIGH-
YIELD PULPS
Grinding process is the most eco-
nomical pulping method when
considering only the consumption
of raw material. Application of
this. method results in about 97
per cent of the wood dry sub-
••tance being recovered. The
"mall loss is attributable to the
water-soluble components of the
wood, and to very small broken
fibre fragments. Nevertheless,
the factors which contribute to
the limitations in the applicabi-

Ilpo Palenius, Director, Chemical
pulping and bleaching. The Fin-
nish Pulp and Paper Research
Institute, P.O. Box 10136, Hel-
sinki-l0. FINLAND.

High Yield Pulps

Reasons for the general interest in high-yield pulps are discussed.
The correlation between chemical composition and physical character-
istics of the pulps is studied in the light of the present knowledge of
the position of lignin in the cell wall. Lignin preserving bleaching of
high-yield pulps has also been studied and it is implied that its
applicability is restricted mainly to pulps having inferior strength
characteristics.

Iity of groundwood are also relat-
ed to the high yield. In wood,
the fibres are attached to each
other by the agency of lignin; in
softwood this constitutes nearly
30 per cent of the wood mate-
rial, and in hardwood more than
20 per cent of the substance. In
wood, this lignin is a very good
hinder, but in paper it makes a
poor contribution to interfibre
bonding; consequently the lignin
remaining in the fibres during
groundwood process weakness
these bonds. For this reason, a
product made solely from
groundwood is inferior in
strength.
Accordingly, pulp in which the
fibres are more intact. and which
contains smaller amounts of lig-
nin than groundwood, must be
added to groundwood to improve
the strength characteristics of
paper. This pulp is manufactur-
ed by the cooking of chipped
wood, that is, the lignin is dis-
solved from the space between
the fibres. Unfortunately, the
practicable cooking methods are
insufficiently specific to permit of
the dissolution of lignin alone;
simultaneously there is lost a
large proportion of the wood car-
bohydrates, mainly the hernicel-
luloses. This situation is illus-
trated in Fig. 1, which is a sche-
matic representation of the
amounts of sprucewood (Picea
abies) components in pulps ob-
tained by sulphite cooking to
different yields. In extract-free
wood, the proportions of the cel-
lulose proper, lignin, and so-call-
ed hemicellulose, slighlty exceed
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40%, about 30% and slightly less
than 30%, respectively. Line AB
indicates the border between the
hemicellulose and lignin fractions
in this type of cooking. The pri-
mary aim of the coking is remov-
al of the lignin located between.
the wood fibres. When a suffici-
ent quantity of lignin has been
removed, the fibres are easily de-
tachable. This point, which may
be termed the defibration-point,
is in this particular case attained
when the pulping yield is 55 per
cent based on wood (point D nor-
mal). It is observable from the
figure that .at this stage the
amount of the original lignin has
been reduced to less than 3 per
cent based on wood, but that si-
multaneously there has occurred
a loss of carbohydrates, in the
form 0 fhemicelluloses, which is
almost as great as the quantity
of lignin removed. However, the
cellulose component proper has
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Fig. 1 Chemical composition of
spruce (Picea abies) bi-
sulphite pulp.
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not been affected. Had this been
a sulphate cooking, the amount
of cellulose would also have been
reduced, and the final yield would
have been below 50 per cent.

With this as the background, it
is reasonable to try to induce a
situation between these two ex-
tremes, viz. groundwood and che-
mical pulp. One method is to
select the cooking chemicals and
conditions so that carbohydrates
are preserved during the deligni-
fication. This is possible to some
extent also in practice. Another
alternative is to develop pulp
grades in which the lignin has
been removed only partially, with
a saving of the carbohydrates at
the same time. In addition to
the chemical treatment, pulps of
this type need complementary
mechanical difibration, and can
accordingly appropriately be
named chemimechanical pulps.
With softwoods, the most inter-
esting yield range seems to be
65-70 per cent; for hardwoods.
the level is slightly higher. Ma-
nufactured correctly, these che-
mi-mechanical pulps can in many
respects replace chemical pulps.

CARBOHYDRATE - PRESERV-
1NG COOKING METHODS
The current improvement in
knowledge of the wood carbo-
hydrates and their reactions has
made possible the choice of cook-
ing conditions such that at least
the most important of the carbo-
hydrate components can be pre-
served. At the same time, it has
been clarified that different wood
species behave differently in
cooking. One way of carbohy,
rate preservation is conduction of
the digestion in such a manner
that the dissolution of the car-
bohydrates is retarded in com-
parison with removal of lignin.
Even in the acid bisulphite
method, where the defibration-
point normally lies at the 55 per
cent level mentioned above, it is
possible to achieve a yield-level
exceeding 80 per cent. Eliasb-
berg (1) carried out cookings of
this type at a temperature of
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50°C, and obtained defibratable
pulp at 82% yield from spruce-
wood. The low cooking tempera-
ture reduces the rate of carbo-
hydrate hydrolysis more than
the rate of de lignification, and
thus this type of cooking repre-
sents an almost pure porcess of
delignification. Naturally, the
cooking time becomes dispro-
portionately long; it may last for
weeks and even months, and in
practice a process of this kind is
hardly feasible. However, use
has been made of the changes
which take place in the disolu-
tion process owing to a reduced
temperature, for example in the
manufacture of glassine-pulp rich
in carbohydrates. In Fig. 1,
curve C represents the border
between lignin and hemicellulose
in the pulp cooked at 50°C.

The two-stage bisulphite cook of
decreasing pH may be mentioned
as an example of the carbohy-
drate preserving cooking of soft-
wood. The first cooking stage
takes place near neutrality, a pH
level at which the major propor-
tion of the wood glucomannan is
stabilised, although the second
cooking stage is carried out at
lower pH to speed up the cook.
In the sulphate digestion of co-
niferous wood, the yield is rather
low in the chemical pulp region,
but by oxidising the aldehyde
groups in the polysaccharides to
carboxyls, for instance by the
addition of polysulphide, or by
reducing these groups to alcoho-
lic groups, the preservability of
the glucomannan can be improv-
ed, and the pulping yield in-
creases. In the case of hard-
woods, the hemicellulose compon-
ent, of which the solubility
should be diminished to augment
the yield, is xylan. The xylan
dissolves more easily in an aci-
dic cooking liquor than in an al-
kaline solution, and as, a conse-
quence the sulphate method is
more favourable than the sul-
phite digestion in regard to
yield. Our results have indicat-
ed that the yield of defibratable

birch pulp can be raised even to
almost 60 per cent by polysul-
phide cooking.

A newcomer among high-yield
pulping methods is the Holopulp
process developed by the Insti-
tute of Paper Chemistry (2). In
this method, the wood lignin is
transformed by chlorine dioxide
oxidation into an alkali-soluble
modification. Subsequently, the
product is bleached with hypo-
chlorite. The yield-range re-
ported is 65-80 per cent; chemi-
cal pulp can be obtained from as-
pen wood at about 70% yield.
There is thus considerable pre-
servation of carbohydrates.

.,

CARBOHYDRATE - AND LIG-
NIN-PRESERVING METHODS

Although the methods mention-
ed above provide opportunities
of attaining a pulping yield which
is higher than normal, the high-
yield pulps are usually produc-
ed by a combination of chemical
and physical defibration, that is
by chemimechanical methods.
Here, the lignin is removed only
to the extent which is expedient
from the aspect of the consump-
tion of de fibration energy, and
end use of the product. At the
same time, the carbohydrates
have naturally been largely pre-
served. It can be said that any
cooking method is employable in
the manufacture of high-yield
pulps by interrupting the cook at
a raw stage, and continuing the
defibration by mechanical means.
In conjunction with this type of
procedure. it is of course comple-
tely possible to apply carbohyd-
rate-preserving cooking methods
as well.
From the aspect of the strength
characteristics of the product, it
is important that the cook be
carried out at least to the extent
that the lignin in the middle la-
mella has been dissolved and
softened sufficiently to ensure
that during the course of the
mechanical defibration the fibres
will be detached from each other
in as intact a condition as pos-

•

•

•

Ippta, April, May & June 1970. Vol. VII, No. 2



•

sible. In contrast to earlier con-
ceptions, recent investigations
have shown that the major pro-
portion of the lignin is situated
in the fibre wall, and only a mi-
nor proportion of the lignin is
situated in the fibre wall, and
only a minor proportion is appa-
rent in the middle lamella. More-
over, Goring et al. (3, 4) have
remarked that the solubilising
action of the cooking liquor is
pr.rnarily directed towards the
fibre wall lignin, and that the' vi-
gorous reaction with the middle
lamella does not take effect un-
til about half of the original
wood lignin has been removed.
According to Fig. 1, this state has
been reached at a yield of about
70 per cent, on normal bisulphite
cooking of sprucewood. It has
been noted that at this very point
a very marked change occurs in
defibration energy consumption,
with the energy requirement be-
ginning to rise steeply for in-
creased yields.

It is interesting to observe that
in low-temperature cooking,
about 50 per cent of the lignin
has already dissolved when the
yield is somewhat below 85%.
Accordin gto Eliashberg, pulp of
this kind does not call for any
mechanical defibration. Conse-
quently, in high and low tempe-
rature cooks entirely different
defibration-points are obtained.
This. may be accounted for by the
temperature affecting the order
of topochemical reactions.

PULP PROPERTffiS

In principle, some difficulties are
encountered on comparison of
the properties of high-yield pulps
with those of normal-yield pulps.
Thus, a smaller number of fibres
is present at equal sheet weight
in sheets made from high-yield
pulps. However, in general the
common strength properties,
such as the tensile strength .and
tear strength, diminish with the
rise in yield, whereas at the same
time, the porosity and fibre stiff-
ness increase. This abatement in
the characteristics does not take
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Fig. 2 strength properties given
as beating product (ten-
sile x tear in arbitrary
units) of acid calcium sul-
phite and magnesium bi-
sulphite pulps from
spruce.

place suddenly, but gradually, as
is observable from Fig. 2, which
indicates the beating product at
200SR as a function of the pulp-
ing yield for a calcium sulphite
pulp and magnesium bisulphite
pulp made from the same spruce-
wood chips. The beating product,
expressed in arbitrary units, is
derived by multiplication of the
breaking length by the tear fac-
tor. A chemical pulp of 55%
yield, made without mechanical
treatment, is no better than a
60% yield chemimechanical pulp.
On the other hand, a chemime-
chanical magnesium-bisulphite
pulp, cooked at pH 3.5, is signifi-
cantly superior to a calcium sul-
phite pulp cooked to a normal
yield level, although the sheets
of the latter pulp contain a larger
amount of fibres at equal sheet
weight.

It can he inferred from Eliash-
berg's results that the differences
in the numbers of fibres in the
sheets are insufficient to account
for the differences in tensile
strength between pulps of differ-
ent yield. At the same lignin
content. the breaking length of a
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pulp cooked at a low tempera-
ture was found to be distinctly
more than that the loss in
strength is not completely attri-
butable to the lignin, as e.g, the
folding endurance of the high-
yield pulp' is inferior to that of
the low-yield pulp, regardless of
whether the yield-difference
arises from the lignin or the he-
micellulose. Rather to the con-
trary, it is conceivable that the
fibre proper hAS been less dam-
aged in the high-yield pulps than
in normal ones if the defibration
has been effected carefully. Con-
sequently, the strength per fibre
may h'P. higher, but the interfibre
bonds are weaker. and the net
bonding area per weight unit
will be smaller. The fact that
the bonded area remains small
may be accounted for simply by
the fibre stiffness, which hinders
fibre collapse. If the yield level
is so high that a large amount
of lignin is left on the surface of
the fibres, the interfibre bonds
remain weak, since the hydro-
gen-bonding ability of lignin is
no more than a fraction of the
correspcnding property of the
carbohydrates. Several explana-
tions are thus discoverable, al-
though a detailed clarification is
a difficult task which calls for
considrably more intensive re-
f;p.arf'h work.

BRIGHTNESS AND BLEACH-
ABILITY OF THE PULPS

The brightness of high-yield
pulps is largely dependent, upon
the properties of the wood raw
material, the original colour, and
th freshness. Factors which con-
tribute to an improved bright-
ness are a high sulphur dioxide
dose for sulphite pulps, and a
high alkali charge for sulphate
pulps,
It is possible, although unecono-
mical, to effect the bleaching of
high-yield pulps with chlorine
chemicals in a normal manner.
Attempts have accordingly been
made to develop lignin-preserv-
ing bleaching procedures, in
which the chemicals react with

97



peroxide treatment, or a reduc-
ing hydrosulphite bleach. Our
own investigations of peroxide
bleaching have disclosed that at

8 very high yields, and also in the
yield region of chemical pulps,

6 the improvement in brightness is
considerable, whereas in the yield
region in which the strength pro-
perties of the pulp are favour-
able with a view to the high

2 yield, the effect of peroxide is
either minute or non-existent .

701~100~----;9!.;-O---:8=O--""'7f.:O-::::TO""TA"'L""V::::IE".,JLD 0 This is observable in Fig. 3 (5),
which indicates the final bright-
ness after peroxide bleaching of
neutral sulphite pulps cooked at
different temperatures, as com-
pared with the breaking length
of the pulps at 50° SR beating
degree. It has also been noted
that a considerable loss in yield
is experienced within the region
of inferior bleaching.

BRIGHTNESS
SCAN
90

BREAKING
LENGTH
AT so 'SR

km

85

80
• SODC
• 120'C
o 140'C
D 160'C

75

• BREAKING LENGTH

Fig. 3 Breaking length and
brightness after peroxide
bleaching of birch pulp
(Betula verrucosa) vs.

pulping yield. Tempera-
tures given refer to the
different con d i t ion s
used in neutral sulphite
cooking.

the lignin in the pulp in such a
manner that the chromophore-
groups in the lignin are removed
without undue lowering of the
pulp yield. The commonest me-
thods applied are an oxidising
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CONCLUSION

For a number of reasons, high-
yield pulps are today arousing
general interest. They may re-
place a part of chemical pulp, as
in the use of bisulphite pupls in

newsprint instead of acid sul-
phite pulp, or they may be es-
pecially suitable in a specific end
product by reason of their special
characteristics, as in the case of
hardwood NSSC-pulp in fluting.
High-yield pulps find a greater
variety of uses if clarification
were possible of the factors
which impede bleachability in the
65-75% yield region.

.•.
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