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ABSTRACT 
The aim of this work was to highlight the importance of chip thickness and type of wood 

for pulp production under the conditions of modern displacement sulphate cooking CBC 
(Continuous Batch Cooking). 

The main condition for optimal delignification process is the speed how the cooking 
chemicals come into contact with particular wooden fibres. This speed is given by chips quali-
ty – their dimensional, chemical and moisture uniformity. 

The optimal thickness of well-impregnable sapwood chips 3–4 mm and recommended 
thickness for chips prepared from hard impregnable heartwood 2–3 mm are very important for 
impregnation phase of CBC cooking.  

Different progress of impregnation of chips with thickness of 2–3 and 4–5 mm can be 
explained by different impregnation surface - the surface of fine chips was larger by 34.6%. 

There are no significant differences between a conventional cooking of chips with differ-
ent size of the monitored wood species. Influence of the chip thickness and the type of wood 
on monitored parameters (yield, kappa number, amount of undercooks and REA) in CBC 
cooking was more evident, because of very high dry matter value of used chips. 

Regular impregnation and delignification of chips from hardwood mixture necessitate 
preparing of chips with thickness app. 3 mm from species with heartwood share greater than 
50% (oak, black locust). The recommended ratio of sapwood and heartwood mixture is 4:1 
(under realistic practice). 

The suitable combination of above stated parameters allows the production of high quali-
ty pulp from non-uniform chips. 

Key words: wood chips quality, displacement cooking, uniformity of chips, impregnation, delignification, 
yield. 

 

INTRODUCTION 
Wood chips delignification always pre-

sents a reaction in the heterogeneous system 
and its course is not only determined by the 
speed of the reaction itself but primarily by 
the speed of the contact of cooking chemi-
cals with single wood fibres. To reach opti-
mal yield and pulp quality it is necessary for 
each wood fibre to be in the contact with 
cooking liquor of the same concentration for 
equally long time (Hnětkovský 1983). 

In the early stages of the cooking pro-
cess, on condition that cooking is properly 

controlled and the dimensions of chips are 
optimal, impregnating of chips by cooking 
liquor practically in all substance occurs 
even before delignification itself begins. 
Simultaneous course of the delignification 
reaction in the chips substance is necessary 
for well and uniformly overcooked pulp. 
Shortening of the impregnation phase below 
necessary time means the imperfect impreg-
nation of chips, creation of unovercooked 
knots and also non-uniform delignification 
for each individual kind of wood. On the 
contrary, extention of impregnating time 
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means improvement of pulp quality. This is 
true provided chips are uniform and have 
optimal dimensions. The optimal thickness 
of chips is about 3–4 mm, optimal length 
and width are about 18–20 mm (Bučko 
2001). 

The ideas mentioned above study 
chemical properties in particular, while ana-
tomical, morphological and physical proper-
ties of wood are taken into account only 
marginally. However, these properties are 
also very important in the process of im-
pregnation. Displacement cooking of pulp, 
which is considerably widespread at present, 
is characteristic by so-called “continualisa-
tion of discontinuous process”. The impreg-
nating phase here is maximally shortened 
therefore all the greater demands shall be 
put on uniform and high quality of chips. 

Impregnation of wood by cooking liq-
uor is together deeply wedded with its po-
rosity and also with liquid permeability, 
because cooking liquor gets into chips only 
through the poruses in wood (Požgaj et al. 
1997). The defunctioning poruses in wood, 
e.g. due to deposited substances in heart-
wood, cause its low permeability and such 
wood should be cooked in different treat-
ment from the one needed for wood with 
standard permeability. 

The important determinants of liquid 
penetration are chip dimensions, entrained 
air and chip moisture. Hartler and Onisko 
(1962) evaluated the importance of chip 
dimensions for pulping uniformity and re-
ject content. They recommended using chips 
as thin as 2 mm, since the reject content was 
lowest for thin chips and the viscosity of the 

holocellulose was stable in the interval of 2–
7 mm of chip thickness. 

To achieve good liquor penetration, air 
must be removed from the wood chips. If 
the original water is heated to sufficiently 
high temperature and pressures to cause 
boiling inside the capillaries, the boiling 
water will displace the entrained air (Gul-
lichsen and Fogelholm 2000). 

The uniform delignification of wood 
chips can also be characterised as homoge-
nous delignification. This means delignify-
ing all the wood chips to the same residual 
lignin level and all the fibres to a similar 
lignin content. Low cooking temperatures 
and thin chips should be used to achieve 
homogenous delignification (Hartler and 
Onisko 1962). Their investigation provided 
strong support of the diffusion theory, as 
opposed to the moving interface theory 
(Kulkarni and Nolan 1955), of the liquid 
impregnation of wood chips. Gullichsen et 
al. (1992) also demonstrated that pulping 
uniformity could only be achieved by using 
sufficiently thin chips (1.5–2 mm) under 
normal pulping conditions, which at that 
time was a cooking temperature of 175°C. 

Bleached sulphate hardwood pulp is 
produced by the CBC (Continuous Batch 
Cooking) displacement cooking process at 
the biggest sulphate pulp mill Mondi SCP 
Ružomberok at present. The basic difference 
between individual cooking processes used 
in this mill since 1981 could be seen in Fig. 
1. Demand of assurance of high chips quali-
ty results from it.  
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The obtained results showed that the 
values of the monitored cooking parameters 
(yield, Kappa number, undercooks and 
REA) are not averaged, and therefore the 
different quality chips affect each other dur-
ing a cooking, 

From measured data it is possible to 
point out that: 

- no significant difference of moni-
tored parameters between the cook-
ing of thin and thick chips from oak 
and mixture cooking has been ob-
served in conventional sulphate 
cooking under laboratory condi-
tions. It can be explained by regime 
of this cooking. In this case we may 
talk about gradual impregnation of 
chips by cooking liquor (time about 
60 minutes at temperatures under 
120°C) and about adequate holding 
time when there is adequate scope 
for uniform level of delignification 
reactions at decreasing of lignin and 
cooking chemical concentrations, 

- significantly different results were 
obtained by CBC laboratory cook-
ing. These results showed incom-
plete process of delignification, 
what was confirmed by high values 
of monitored parameters – total 
yield, amount of undercook, kappa 
number, 

- since the samples of beech and oak 
chips were the same in both cases, 
we may infer that it could be caused 
by high dry matter value of used 
chips (between 86.8 to 89.3%) and 
this is also mentioned in the work 
by Gullichsen and Fogelholm 
(2000). 

CONCLUSION 
For impregnation phase of CBC cook-

ing is very important the optimal thickness 

of well-impregnable sapwood chips 3–4 mm 
and recommended thickness for chips pre-
pared from hard impregnable heartwood 2–3 
mm. 

Different progress of impregnation of 
chips with thickness of 2–3 and 4–5 mm can 
be explained primarily by different impreg-
nation surface – surface of the fine chips 
found by calculation was greater by 34.6%. 

There are no significant differences be-
tween a conventional cooking of chips with 
different size of the monitored wood spe-
cies. Influence of the chip thickness and the 
type of wood on monitored parameters 
(yield, kappa number, amount of under-
cooks and REA) in CBC cooking was more 
evident, because of there was very high dry 
matter value of used chips. 

Regular impregnation and delignifica-
tion of chips from hardwood mixture neces-
sitate preparing of chips with thickness app. 
3 mm from species with heartwood share 
greater than 50% (oak, black locust). The 
recommended ratio of sapwood and heart-
wood mixture is 4:1 (under realistic prac-
tice). 
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