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Abstract 
The objective of this thesis work was to investigate if there is a difference regarding 
pulping and paper properties of two pine species (Pinus tecunumanii and Pinus 
patula) investigated at two different Kappa numbers. This was carried out by first 
producing a pulping curve relating Kappa number to the amount of charged 
chemicals. This curve was then used to calculate the necessary amount of chemicals 
to reach the desired Kappa numbers in the labscale digesters. The pulping properties 
were analysed by measuring pH, residual alkali and solids percentage of the black 
liquor and the Kappa number and yield of the pulp. The pulps were then refined and 
formed into handsheets which were evaluated regarding bulk, burst -, tear- and tensile 
strength, TEA (tensile energy absorption), elongation and porosity. 
 
The results indicate that P. tecunumanii, compared to P. patula, demands longer time 
in the digester or a higher charge of chemicals to obtain the same Kappa number. The 
results also indicate that the pulp yield is higher for P. patula.  
Regarding the paper properties no significant difference could be seen at the lower 
Kappa number but at the higher Kappa number the species Pinus tecunumanii show 
higher strength. 
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1 Introduction 
1.1 Background 
In the plant where Smurfit Kappa Cartón de Colombia is pulping pine, a variation in 
the Kappa number has been observed over time. As the Kappa number is an 
indication of the pulping result it is important that it meets the target value 
specifications. Previously, for the pulp plant charged with eucalyptus, a separation of 
the two species (E. globulus and E. grandis) successfully made the variations in 
Kappa number significantly smaller. 
Today, the pine pulp plant is charged with a mix of the five different pine species 
grown at the plantations of the company. The species are: patula, tecunumani, 
maximinoi, kesiya and oocarpa. They are all subtropical species originating from 
Central America. The objective of this study was to investigate if, and how, the Kappa 
number variation in the pine pulp plant could be related to the different species and 
also how the species perform regarding paper properties. Within the time span of this 
master thesis study, only two species could be investigated and not all five that are 
used at the plant. The species selected for investigation were Pinus patula and Pinus 
tecunumanii as these are two of the major feeds to the pulp plant. The study was 
executed by measuring disc density and amount of extractives in the wood and 
separately pulping the species to two different Kappa numbers in small scale digesters 
and analysing the properties of the pulp regarding  the yield and Kappa number and 
the black liquor regarding the pH, residual alkali and solids percentage.  
Beating of the pulp was made in a Valley beater and handsheets were formed to 
measure the paper properties. The paper properties considered for this study was bulk, 
burst-, tear-, tensile strength, elongation, tensile energy adsorption (TEA) and 
porosity. 
For the pulp with Kappa number 52, viscosity and brightness were measured as well. 
Additively, a literature study was made on previous investigations related to the 
subject and for complementary information regarding the properties of the two 
studied species. 
 
1.2 Tree and wood properties 
A tree can be divided into three different parts; root system, stem and the crown with 
leaves and branches. The tree stem consists of different types of cells; outer bark, 
phloem or inner bark, cambium, sapwood and heartwood (Figure 1-1). The outer bark 
is dead tissue and primarily acts as a protection for the tree, the inner part of the bark 
is called the phloem and transports water and nutrients to the cambium layer of the 
wood. The cambium is the part between the bark and the sapwood, where the growing 
of the tree takes place. The sapwood provides structural support for the tree crown 
and is also responsible for food storage and water transportation. At the centre of the 
stem is the heartwood, its function is to provide mechanical support.  
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Figure 1-1 Structure of a wood stem [1] 
 
Apart from the differences in different type of cells, there is also a difference in fibre 
properties depending on if the fibres come from earlywood or latewood. Earlywood is 
the wood obtained in the growing season and the latewood is the brown wood from 
the winter season. The earlywood fibres have larger diameter, thinner fibre wall and 
also shorter fibre length. But this difference is mainly seen in trees growing in the 
boreal regions, which have seasonal differences. The fibre length can also be 
correlated to juvenile or mature wood. And the fibre length is shorter in juvenile wood 
compared to mature wood [2]. Both the fibre and tracheid dimensions can vary with 
age, location in the tree, rate of growth and environmental factors. As branches and 
roots in general have shorter fibres and are more difficult to debark, it is mainly the 
stem that is used for pulpmaking. [3] 
 
Trees for pulpmaking can be divided into two main categories; hardwood and 
softwood. They can be differentiated, firstly by visual properties, as the softwoods are 
evergreen coniferous and the hardwoods are deciduous and have broad leaves. The 
main compositional difference between hardwood and softwood is that softwoods, in 
general, have longer fibres (tracheids) and that hardwoods have vessel cells for water 
transportation. The pines are categorized as softwood trees. All softwood trees have 
ray cells, radially orientated in the stem, for transportation of waste material towards 
the centre of the tree and for storage of food substances. The softwood is up to 90% 
composed of tracheids and they function as both support and water transport. 
Regardless of chemical composition, the fibres of both softwood and hardwood are 
mainly composed of cellulose and hemicellulose and all the cells in the tree are 
principally connected with lignin [4]. Apart from these components the wood raw 
material also contains extractives which mainly consists of the resin and resin acids 
(Table 1-1). 
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Table 1-1 The main composition of hardwood and softwood (%) [5] 

Species Cellulose Hemicellulose Lignin Extractives 
and others Vessels Ray cells 

Softwood 42 27 28 3 No Yes 
Hardwood, (Birch) 45 30 20 5 Yes Yes 
 
The cellulose fibres are built up of layers of fibrils which are glomerations of 
cellulose molecules. The fibrils are strictly oriented in the secondary wall, S2, (Figure 
1-2) but the fibril angles change during the first years of a tree’s growth and become 
more constant with age [6]. 
 

 
Figure 1-2 Fibre structure illustration [7] 
 
Apart from the differences in fibre properties there are implications that there exist 
two different kinds of xylan (hemicellulose) depending on the age of the tree. 
Younger trees loose more xylan during pulping than does the older trees and have in 
general a higher initial xylan content. The older trees have a negative correlation with 
lignin content versus yield and are unrelated to the xylan content. In a research of 13- 
and 22- year old loblolly pines the specific gravity couldn’t be correlated to the yield 
for linerboard-grade pulp. But the amount of lignin and xylan in the younger trees was 
seen to have a correlation to the yield, with lower amount of xylan resulting in a 
higher yield. It was further shown that it is possible to use NIR spectroscopy to 
estimate the pulp yield. [8] This is a method that would make the analysis faster and 
also make it possible to make yield estimations in the field before harvesting the trees 
and thus making it possible to choose the highest yield trees. 
 
1.3 Boreal vs. tropical pines 
The radial variation of a tree stem between outer and inner wood is greater in trees 
growing in the north, compared to the ones growing in the sub- or tropical areas, as 
these are able to grow during the whole year and additionally don’t show annual 
rings. Another difference depending on the origin is that the pines growing in the 
boreal region contains more extractives. The amount of extractives depend on the 
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species (hard/softwood) but also on growing conditions compared to the amount of 
bark that depends on the age of the tree. [9] 
 
A difference in basic density has been seen in second growth jack pine, were the 
juvenile or core wood had lower basic density than the mature wood. Also the 
moisture content was different. This could not have affected this study as the moisture 
content was measured for each cook, but can affect the cooking and penetration of 
liquor in the digesters. But what have been concluded form the literature study the 
difference in core and mature wood is more noticeable in northern species of pine and 
not so distinct in tropical species. This talks in favour of not distinguishing between 
the different parts of the tree when pulping tropical pine. This is also what has been 
noted in other studies regarding extractives in the different types of wood in the tree. 
(That the difference is greater in the northern pines) Also the annual rings are more 
distinct in the Northern pines as they actually have a yearly/seasonal variation in their 
growing which the tropical species doesn´t have. [10] 
 
Another notable difference between the subtropical or tropical pine compared to the 
boreal pines is that they have a higher ´degree´ of development. This is due to the 
continental glacier covering Europe during the glacial periods and slowed the 
development of the trees. This makes the tropical and subtropical pines more similar 
to the hardwood, which is further developed, and as a result of this they shed the 
needles. For the northern pines this wouldn’t be energy efficient as they have a shorter 
growing season compared to the ones in warmer climate that have the possibility to 
grow all year round. But comparatively, during one summer month in the north the 
pines grow more than during a summer month in the sub- or tropical area. Also the 
hemicellulose composition and the monosaccharide content differs between species. 
 
1.4 Forestry considerations 
What also must be considered in the paper industry is the growth of the trees, before 
they arrive to the paper mill. For plantations it is important to select the trees which 
are the most resistant to pests and other limiting factors, need the lowest amount of 
care and fertilizers, and are the best adapted to the area close to the plant, to limit the 
transportation costs. Even though some species have higher quality in pulp and 
papermaking, it can still be economically favourable to use another species depending 
on the soil demands compared to distance to plant. Growing trees which are greatly 
affected by pests or temporal change in the weather might be a large economical 
drawback if a majority of the trees does not reach the intended time of harvest.  
 
Also, after some time, the plantation is thinned which means not all trees in a 
plantation is harvested at the same time. As an age difference has been seen in the 
fibres regarding the age of the tree, this is also something to consider, as the chosen 
species have to meet up to the standards at least two different ages. Also for the 
forestry maintenance it is important to know what, how much and when is the best 
time to add nutrients. Nutrients and trace elements can affect size and shape of the 
crown and root system, for example the degree of branching and forking. But this is 
of course specific to the species, the existing soil properties and the weather during 
the current time of growth. What also have to be taken into account is if the tree is 
suitable for growing new trees, it has to make cones or respond positively to air-
rooting and grafting. Grafting is a technique to initiate new plants on the branches of 
an existing tree, to then cut off and plant. This is a technique that is useful if the 
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desired tree doesn´t produce enough cones and it gives a new tree with the same 
genetics as the original one.  
 
The growing site for trees can have effect on lignin (lower at the colder site), and 
extractives content (higher at the colder site). Because it affects lignin and extractive 
content, also the Kappa number and brightness is affected and it is thus important to 
fit the right species with the right site for growing. [11]  
 
1.5 Pine species 
Pine plantations at Smurfit Kappa Cartón de Colombia consist of five different 
species: patula, tecunumani, maximinoi, kesiya and oocarpa. Those pines species 
have their origin in Central America, and are known as subtropical pine species. The 
two species investigated were Pinus patula and Pinus tecunumanii. 
 
1.5.1 Pinus patula 
The species Pinus patula is a high elevation species originating from Mexico (Figure 
1-3). 
 

 
Figure 1-3 Map showing the origin of Pinus patula [12]. 
 
The species Pinus patula have three variations; patula, longipedunculata from north-
eastern Oaxaca and longipedunculata from south-western Oaxaca and Guerrero. The 
variations can be differentiated by the fact that patula is serotinous and thus releases 
its seeds as a response to an environmental trigger and the longipedunculata is only 
semiserotinous. The source of the seeds used for the plantation where the raw material 
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for this study came from had a mixed seed source and could therefore not, with 
certainty, be classified as one of the variations. The CAMCORE study [13] has shown 
that P. patula are low in extractives, have long tracheids, high fibre coarseness and 
low lignin content compared to other pine species. It requires deep, well-drained soils 
and grows best in areas above 1000 m altitude at latitudes of 18° to 30° and above 
2200 m near the equator. The study further concluded that no variety of the P. patula 
does well at altitudes below 850 m elevation, probably because the climate is too 
tropical. The most shallow soil in the study was 60 cm and others 1,0 to 2,0 m. The 
soil pH varied from 4,0 to 4,5 at a depth of 35 – 65 cm and 4,7 to 5,4 at a depth of 70 
cm or more. Naturally the species occurs mostly in moist to sub humid temperate 
climates, with annual precipitation between 1000- 2500 mm with the majority in June 
– October. The majority of the forestry plantations for industrial use are grown in 
southern and eastern Africa and highlands of western South America. The P. patula 
grows about 1,0 m/year up to 25 years and 0,4 m/year at 72 years. 
 
1.5.2 Pinus tecunumanii 
The Pinus tecunumanii is divided into two ecotypes, one of low elevation (450 – 1500 
m) and one of high elevation (1500-2900 m) and originates from Central America in 
the south of Mexico to the north western part of Nicaragua (Figure 1-4). It has 
previously been considered as a subspecies to P. patula but DNA classification have 
shown that it is a separate species.  
 

 
Figure 1-4 Map showing the origin of the species Pinus tecunumanii [14]. 
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The industrial forestry plantations in the world consisted of about 10000 ha of P. 
tecunumanii in Brazil, Colombia and South Africa in the year 1999. According to the 
CAMCORE study [15] the species demands well drained, deep soils and pH 5,0 to 6,0 
for high elevation and for low elevation pH from 4,2 to 5,8. It usually occurs in areas 
which receive between 1000 and 2500 mm precipitation/year. Low elevation has 
generally higher density. It grows fast and has relatively low bark content (and thus 
increased wood production). Another advantage is that it has low foxtail percentage. 
One of the most common causes of mortality is frost, another is stem breakage. Due 
to the probable change in climate the lower elevation is predicted to be a good choice 
for future plantations as it is well adapted for warmer and more humid climate [16]. 
 
1.6 Wood preparation and demands for pulping 
As the different parts of a tree does not have the same function or chemical 
composition this give rise to a difference in pulping depending on which parts have 
been used [1]. The part of the tree used for papermaking is the cellulose and therefore 
a material with a high content of cellulose is desired. Bark contains some cellulose, 
but is difficult to pulp and can result in brown spots on the final product and also give 
rise to problems with formation. Bark also contains extractives that neutralize the 
cooking chemicals. [2] Therefore the first step, after harvesting and debranching the 
tree, is to debark the logs. The southern pines are considered easy to bark, because 
they are always in the growing season and thus the bark is not as tightly attached. The 
pulping of wood can either be made with chemicals, mechanically or semichemically, 
which is a combination of mechanical and chemical methods. The strongest paper is 
made from chemical pulp with softwood as raw material as the fibres of softwood are 
long and strong. For chemical pulping the bark free logs are cut into chips of a size 
about 6-10 mm thick and with a length of about 15-40 mm to facilitate the penetration 
of the pulping chemicals. As the chemicals mainly have a radial penetration into the 
chips, the width of the chips is not as important as the thickness and length. It should 
thus be easier to pulp a specific part of the tree which has larger tracheids as the 
tracheids are the cells the tree use for water transportation, and thus the cells are 
adjusted for liquid transportation.  
 
The humidity of the chips affects the cooking conditions because, even though the 
total charge of water and liquids are the same, if the humidity is low air can be 
trapped inside the chips and obstruct the entrance of the liquid. But with a liquid 
already inside osmosis makes the chemicals enter the chips. 
 
A knot is the part of the log corresponding to where a branch has been growing. They 
have also higher density. The knots are undesirable in the pulping process as the 
different wood structure makes it more difficult for the chemicals to penetrate, and the 
extractive contents are also usually higher than in the other parts of the logs.  
 
1.7 Pulping with the Kraft process 
The objective of the chemical pulping is to remove the lignin and release the fibres to 
be able to redistribute them into the type of paper desired. The Kraft pulping process 
is a chemical method. The name originates from the German word kraft, which 
translates to force or strength as the pulp obtained from this process have the highest 
possible strength. It is the most utilized pulping process in the world: about 80% of 
the paper manufactured is produced by this method. It is also known as the sulphate 
process.  
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In the chemical pulping process, the chemical mix added to the digester is normally 
referred to as “white liquor”. The major components in the white liquor for the Kraft 
process are: NaOH, Na2S and Na2CO3 with a pH for the process of about 12. But as 
there are several standards which refer to different compounds in the liquid, care 
should be taken in validating the significance of the term before making comparisons. 
The differences can mainly be divided into regional use and development of 
provincial standards based on collaboration and the national units used and influences 
from other countries. In North America the sodium components are usually expressed 
as equivalents of sodium oxide (Na2O) but in Europe it is more common to express 
them based on sodium hydroxide (NaOH). In this study the chemical charge to the 
digesters were expressed according to the TAPPI [17] standard with amount of active 
alkali, which represents the total amount of NaOH and Na2S, recalculated as the 
corresponding weight of Na2O. The chemical demand is dependent on the amount of 
wood and for easier comparison the alkali charged quantity is referred to as % 
Formula and is the corresponding weight of Na2O related to the amount of dry wood 
in the process. Additionally the relation between weight of wood and the amount of 
liquid is also important for the pulping result, as the humidity in the wood chips at the 
start of the pulping process and the total amount of liquid in the digester is strongly 
correlated to the penetration of the chemicals into the chips. With a large liquid 
volume, either the chemicals get too diluted or with high charge of alkali, not only the 
lignin but also the cellulose dissolves. On the contrary, with too small liquid volume, 
the chemicals cannot penetrate into the centre of the wood chips and the pulping 
degree will be nonuniform and there is also a possibility that the lignin readsorbs onto 
the fibres.  
 
The liquid obtained after the pulping process is referred to as black liquor, due to its 
brown, almost black colour. The chemical pulping of wood gives in general a yield of 
about 50%, the other 50% of the original dry weight of wood is transferred to the 
liquid or lost in the process. The main part of the black liquor is dissolved lignin and 
is, together with the cellulose fibres, measured as percentage solids. The other main 
part is the pulping chemicals which are measured as residual alkali. The lignin has a 
high energy value and the composition of the black liquor depend on the wood species 
used and the Kappa number of the pulp, where lower Kappa number results in a 
higher lignin and solids content dissolved in the black liquor. Usually a mix of white 
liquor and black liquor from a previous cook is used for pulping in mills. This is 
because the addition of the black liquor is considered to give a higher pulp yield. 
 
Sulphide is used in the Kraft pulping process in order to increase the delignification 
rate and improve the pulp properties. In a previous study [18] it was shown that if the 
sulphur concentration was increased from 35% to 80% the rate of delignification was 
significantly increased for both hardwood (birch) and a softwood mix (50/50 of pine 
and spruce). Sulphidity have been shown to have a high influence up to 35-40% and 
in this study also for higher concentration values, but does not influence the yield. The 
negative with using high concentrations of sulphur in the process is that it forms 
components with a bad odour, the SO2-gas has to be recovered and the sulphur also 
gives highly corrosive process steps.  
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1.8 H-factor 
The H-factor relates the combined effect of time and reaction rate with the 
temperature of the reaction, which means that the same result can be obtained with a 
higher temperature but after a shorter time. It is thus one of the main process control 
variables.  
Mathematically the H-factor is usually described by the following integral: 
 
� � � ��

�
�� �	,  

 
where t0 is the initial time for calculation, t is the actual time and kr is the relative 
reaction rate coefficient as defined by: 
 

�� � 
��
�,  

 
where T is the absolute temperature and A and B varies depending on the wood 
species.  
 
There exist also some modifications of this basic H-factor, where also the chemical 
concentration during the pulping is taken into account. [19] 
 
The H-factor is additionally related to the amount of consumed alkali as the 
consumption also is related to time and the concentration of chemicals also greatly 
affects the result of the pulping. For pulping in a batch digester a lower initial charge 
of chemicals can be compensated by a longer reaction time or a higher temperature. 
The equilibrium of these parameters are all ultimately dependent on economic factors 
as higher alkali charge is more expensive and demands a higher volume capacity of 
chemical recovery, and pulping at longer time and a higher temperature gives a higher 
energy cost.  
 
1.9 Pulp properties 
Measurements of viscosity and brightness of a pulp sample demands a pulp of 
relatively low lignin content. The viscosity of the pulp is a measurement of the lignin 
selectivity of the cook and the brightness indicates how much bleaching that must be 
done. If the colour is too dark after the pulping process more lignin is in the pulp and 
more bleaching steps and/or chemicals are required to obtain a lighter coloured pulp. 
Too severe bleaching decreases the mechanical strength of the fibre. 
 
1.9.1 Kappa number 
The Kappa number is roughly an indication of the lignin content and the measuring 
method relates the lignin to the consumed amount of titration liquid. High lignin 
content gives the paper an undesired yellowish-brown colour. Thus, a well-known and 
predictable Kappa-number is an advantage so that a minimum and optimised 
bleaching can be done and thus also saving money due to lower amount of bleaching 
chemicals needed. The Kappa number of a pulp can vary with time, with a usual 
decrease of 3-5 points during the first month after pulping. Also the first hours, the 
Kappa number can change, thus it is important that all Kappa numbers are measured 
in the same time span after the cook. For pulps with high lignin content, instead 
chlorine number may be used but this was not done in this study. 
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1.10 Beating 
The purpose of beating the pulp is to prepare and separate the fibres before making a 
paper sheet by liberating microfibrils. This is done in beaters or refiners in the 
laboratory or in the plant. What can be noted is that depending on the design and type 
of beater the pulp properties are not the same even though they have the same 
Canadian Standard Freeness-value (C.S.F.-value). The C.S.F.-value is a measurement 
of the pulp drainage resistance and increases as the surface area increases by the 
beating. A high C.S.F.-value corresponds to an easily dewatered pulp with low degree 
of bonding of fibres and of the fibres’ hydrophilic groups to the water. What affects 
the bonding of the fibres and strength of the final paper is, apart from the length, the 
width of the fibres, where a broader fibre results in larger bonding area. The beating 
affects the two pulp properties fibre coarseness and fibre length and this in turn affects 
the paper properties such as light scattering, opacity, brightness, whiteness, thickness, 
tear strength, compression strength, TEA and tensile index. A fibre that have a high 
number of microfibrils and thus a larger bonding area gives more opportunities for 
bonding of fibres and thus a stronger paper. A fibre with high coarseness requires 
more energy input (time or force) to reach the same freeness. The coarseness is the 
quotient of the fibre weight to the fibre unit length and originates from when the 
density of the fibres could not be measured. [20] 
 
1.11 Paper properties 
The desired paper properties depend on the final use of the paper that is being 
produced and thus these different papers also demands different wood, chemical 
demand and process conditions for the production of the pulp and in the paper 
machine.  
 
As pine is a softwood tree with long fibres it is mainly used for producing papers with 
high strength demands, for example in corrugated board, sacks and other packaging. 
The optical demands are significantly lower than for printing paper or photo paper 
where the surface quality is the most important property.  
 
Much research has been made to be able to correlate the wood properties with the 
final properties of the paper. But it is crucial to keep in mind when comparing results 
from different studies that these properties will of course be related to the treatment in 
the pulp- and paper plant.  
 
As previously stated the length of the fibre largely affects the strength of the paper, 
which can be seen in tests such as burst, tensile and tear. The burst and tear index is 
important as an indication on for example a sack or wrapping paper can resist an 
uneven load. A lower burst index indicates that it will break more easily and 
combined with a low tear index that the break will easily be torn into a larger hole. 
Thus high burst and tear index is desired for sack paper. The same principle goes for 
tensile index, elongation and tensile energy absorption. The tensile energy absorption 
(TEA) is defined as the area under the stress/strain curve. They all show if the paper 
can resist and/or absorb the energy from for example a fast loading in a uplifted sack. 
The porosity is important to measure for cement sacks where it is desired that the air 
exits through the sack as the cement powder enters instead of exiting through the 
mouth of the sack, and bringing with it small cement particles giving a bad working 
condition and the need of respiratory protection.  
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One study [21] have shown that higher density on the wood feed to the pulping 
process gives a paper with higher tear index. This is as the wood with higher density 
have thicker cell walls and thus more resistant to tear. As the density increases with 
the age of the tree and the tear index often is a quality that is critical for tropical pines 
it could be a solution to harvest the trees at higher age. 
 

2 Material and method 
2.1 Wood sampling and analysis 
Smurfit Kappa Cartón de Colombia has in total 27700 hectares of pine plantations 
consisting of five different species of pine, as mentioned before: patula, tecunumani, 
maximinoi, kesiya and oocarpa. In total, the sites span from 1000 – 3000 m above 
mean sea level (AMSL), with P. oocarpa and P. kesiya being the species growing at 
the lowest elevations and P.patula at the highest elevation. The P. patula correspond 
to more than a third of the feed to the plant mill today (Table A 1, in Appendix) and 
the P. tecunumanii will, in the following years, correspond to a larger quota of the 
feed (Figure A 1, in Appendix). 
The sampling was made from two sites for each species. The reason for this was to 
not get results from a specific site but to obtain result of the general properties of all 
the populations for the two species growing in the plantations of the company. The 
age span is for the same reason chosen to be representative of the average age of the 
trees arriving to the plant. 
The two plantations of P. patula have the same core but different seed sources. One 
plantation grows at an elevation of 2521 m AMSL and the other one at 2563 m 
AMSL, the first with an age of 21,8 years and the second of 20,8 years. The P. 
tecunumanii sampled for the tests were from two high elevation plantations, one at 
1852 m AMSL of an age of 20,3 years and the other at 1744 m AMSL and 21,3 years 
old (Table 2-1). 
 
Table 2-1 Sample origin 

Species Seed source Age 
(years) Zone Core Elevation 

(m AMSL) 
Area 
(ha) Observation 

P. patula Various 21,8 South Salinas 2521 9,4 Arrived to plant 24 
May, 2011 

P. patula Zimbabwe 20,8 South Salinas 2563 18,7 Arrived to plant 31 
May, 2011 

P. tecunumanii San Rafael del 
norte (Nicaragua) 20,3 Central Cumbre, 

La 1852 48,2 Arrived to plant 8 
September, 2011 

P. tecunumanii Yucul 
(Nicaragua) 21,3 South Meseta 1744 4,4 Arrived to plant 13 

September, 2011 
 
They were chipped in the plant chipper and sampled from the sample shaft of the 
chipper. For each species about 5 bags of chips each containing a volume of about 
125 litres were mixed, air dried and smaller samples were collected from the entire 
volume. The wood chips used were screened to remove under-size. Bark and oversize 
was removed by hand. The screen used was made of 0,8 mm diameter wires, making 
16 (4 x 4) square shaped openings per square inch. For comparing the distribution of 
the two species and validate the effectiveness of the manual screening for the pulping, 
a size distribution screening was made, according to the method SCAN-CM 40:88 
[M1], after the initial screening and removal of bark and oversize. The method used 
was the same method as used for the routine analyses of the feed to the mill and the 
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equipment used was a TMI Chipclass with 4 screens; 45 mm round, 8 mm bar, 7 mm 
round, 3 mm round and finally a chip-pan. These screens were respectively selecting 
the following; long or oversize, thick, accepts, pins and fines. The screening was done 
three times for each species each time with about 2200 g, which is equivalent to 8 - 10 
litres.  
 
Further analysis on the wood was measuring the basic density of wood discs of the 
two investigated species and determining the amount of extractives. For the wood 
density measurements the TAPPI standard T 258 om-02 was followed [M2]. Where 
the basic density of discs with a thickness of 20-25 mm is calculated based on weight 
measurements of the submerged-, oven-dry and water-saturated discs. To establish the 
amount of extractives in P.patula and P. tecunumanii the SCAN-CM 49:03 method 
[M3] was used. The test was done in duplicates for two different humidity contents of 
the P. tecunumanii with an additional blank. The reason for measuring at two 
humidity contents was to see if there was a difference between the air dried and a 
sample with the same humidity as the chips exiting the chipper. The samples were 
disintegrated after 4 days and extracted a total of 5 days after the chipping. The 
extractives where measured by weighing the disintegrated and screened chips into 
extraction thimbles of bleached pulp, these were put into condensers which were 
connected to flasks with acetone. The flasks were situated on heating plates and the 
acetone solution set to boil. The extraction was continued for about 4 hours with more 
than 24 cycles and the extract was evaporated and the weight of the acetone-soluble 
content in the wood was obtained. To relate the amount of extractives to the initial dry 
wood weight the humidity content of the two samples were measured according to the 
method SCAN-CM 39:94 [M4]. With this method the humidity content is calculated 
by measuring the weight loss due to drying to constant mass in an oven at 105±2°C. 
 
2.2 Pulping preparations 
The independent variables of pulping are; H-factor, liquid to wood ratio, humidity the 
wood, percentage of sulphur in the white liquor and the temperature of the autoclave. 
Other significant factors are the weight of dry wood, which is determined by the size 
of the digesters and the % Formula which is determined by the desired Kappa 
number. The H-factor was set to a value close to the one used in the pine pulp plant 
and for previous laboratory studies. The ratio liquor to dry wood was kept constant at 
4 regardless of the chemical composition and the temperature for pulping was 170°C, 
this was based on standard practice. The humidity in the wood was chosen similar to 
the one of the wood entering the pulp plant and the sulphur content of white liquor 
was the one obtained from the storage tank for the pulp plant. The amount of formula 
needed for the two target Kappa numbers was determined by making a study to relate 
Kappa number to charged chemicals for each of the two species.  
 
Before each charging of digesters to the autoclave the amount of humidity in the 
wood chips was determined using the TAPPI standard T 208 om-89 with a solvent 
variation [M5] and this was done by weighing about 40-50g of humid wood in a 
boiling flask and adding the solvent Varsol, a petroleum derivative and an inert 
diluent basically consistent of 60% paraffin, 30% naphtene and 10% aromatics. The 
boiling point for Varsol is between 167-180°C, flashpoint at 49°C and specific gravity 
0,75. The flask with chips and solvent was heated and the vapour collected. The 
volume of water extracted, and known density of water gives the weight of water in 
the known mass of wood chips and the humidity weight % could be calculated. As 
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previous studies have shown that the humidity affects the pulping, wood chips within 
the same humidity range was used for all pulping with values between 9,3 to 10,4 
wt%. 
 
The liquor used for pulping was industrial grade white liquor from the pulp plant and, 
differing from the process conditions in the plant, no black liquor was added, 
basically to reduce the degree of variation, due to the composition variability in black 
liquor depending on the wood used to produce the liquor. The sulphidity as a 
percentage and the amount of active alkali were determined by following the 
procedure of the ABC-test according to an in-house method adapted from literature 
[22] For the procedure of the ABC-test, 5 ml of white liquor is used together with 
about 50 ml of deionised water and 25 ml 10% barium chloride solution. They are 
mixed in a 250 ml Erlenmeyer flask. A couple of drops of phenolphthalein indicator 
are added and the solution is titrated with 1,0 M HCl until the pink colour disappears. 
The used volume is recorded as A. The burette is not refilled; 5 ml 30% formaldehyde 
is added to the solution and the titration is reinitiated after 30 seconds and continues 
until the pink colour has disappeared again. The reading on the burette is recorded as 
B. Again the burette is not refilled but a few drops of methyl orange are added and the 
titration is continued until the colour has changed to red, the reading is recorded as C.  
 
In test A, barium chloride is used to precipitate the carbonate in the liquor, and the 
sodium hydroxide and half of the sodium sulphide are titrated at pH 8.3. Addition of 
formaldehyde (HCHO) in test B complexes the hydrosulphide, releasing the 
equivalent sodium hydroxide. Thus the second phenolphthalein endpoint represents 
the sodium hydroxide and all of the sodium sulphide, i.e. the active alkali in the 
liquor. Further addition of standard acid until pH 4,0 dissolves and reacts with the 
barium carbonate. Thus test C represents the total alkali. 
ABC-test reaction formulas: 
 
Precipitation of Na2CO3 to Ba2CO3: 
2BaCl + Na2CO3 → Ba2CO3 + 2Cl- + 2Na+      (1) 
 
Titration to point A at pH 8,3 with phenolphthalein indicator: 
NaOH + 2Na2S + 3HCl → 3NaCl + Na2S + H2O + H2S    (2) 
 
After complexation of H2S with formaldehyde, titration to point B: 
HCl + NaOH → H2O + NaCl        (3) 
 
Titration to point C at pH 4,0: 
HCl + Ba2CO3 → HCO3 + BaCl       (4) 
 
This gives:  
A: NaOH + ½ Na2S 
B: NaOH +Na2S  
C: NaOH +Na2S + Na2CO3 

 
This gives the following relationship between the volume of titrator liquid and the 
compounds: 
Na2S: (VB - VA)*2 
NaOH: 2*VA - VB 
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Na2CO3: VC - VB 

 
Effective alkali expressed as equivalent mass of Na2O is calculated from equation (5): 
 
���
�	��
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And the active alkali is calculated according to equation (6): 
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The sulphidity is calculated according to equation (7): 
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Apart from the sulphur and amount of active alkali the density of the white liquor was 
also measured. This was done by weighing 100 ml of the liquor in a flask and then 
calculating the density in g/cm3. 
 
2.3 Pulping method 
The equipment for the cooking consisted of eight digesters in stainless steel, each with 
a volume of 300 ml and a capacity of 50 g dry wood. The white liquor was weighed 
and charged according to the density and concentration to correspond to the decided 
formula percentages and water was added to obtain total liquor to wood ratio of 4. 
The digesters were fastened to a rotatory support inside the autoclave and the 
temperature was increased and controlled automatically by direct contact with the 
temperature medium, MOBILTHERM 605, paraffin based mineral oil. The initiation 
of the pulping reactions is considered to occur when the digester reach a temperature 
of 100°C, and is then followed by a temperature increase of about 1 degree/minute.  
 
Tables with the initial and charge conditions of the pulping for the two species and 
two Kappa numbers are presented in Appendix Table A 2 and Table A 3. 
 
The temperature is raised at a rate of approximately 1°C per minute, then when it 
reach 170°C, the cook is kept at this temperature until the target H factor is obtained. 
To verify that the display and temperature control showed the actual temperature of 
the autoclave, an external calibrated thermocouple was used for a couple of pulping 
sets to make a calibration curve for the display of the autoclave.  
 
After the cooking, the digesters were withdrawn from the oil bath and cooled in a 
water bath. Once cooled down, the digesters were opened and the pulp was squeezed 
to collect the black liquor, and the pulp was washed by hand in textile filters. The pulp 
was then diluted with 2 L water and disintegrated, for 5 minutes for the Kappa 
number 52-pulp and for 10 minutes for the Kappa number 75-pulp. 
 
To obtain enough pulp to be able to withdraw samples at different beating grades and 
evaluate a sufficient number of handsheets two pulping cycles in the autoclave were 
made for each wood species and target Kappa number. 
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2.4 Pulp and black liquor analysis 
After the pulping the pulp and the liquor were analysed. The tests done on the black 
liquor were: pH, solids percentage and residual alkali and for the pulp: yield and 
Kappa number.  
 
2.4.1 Black liquor analysis 
The residual active alkali of the black liquor was measured according to the in-house 
method adapted from literature TAPPI T 625 cm-85 [M6] by adding a 25 ml sample 
of the liquor to a 250 ml flask together with 50 ml 10% barium chloride, BaCl2, and 
the rest of the flask was filled with distilled water. This solution was mixed well and 
filtrated. When the filtrated volume exceeded 100 ml, a 50 ml sample was removed 
and put into an Erlenmeyer flask and 5 ml 40% formaldehyde, HCHO, the indicator 
bromothymol blue and water was added. This solution was then titrated with 0,1 M 
HCl, hydrochloric acid, until the colour had changed to green at pH 7. The residual 
alkali was calculated according to formula (8): 
 
*+���,-.$+
������/  )0�� � 1*���
.��$����������	�
/   (8) 
 
For the experimental digesters with a charge of 50 g dry wood and the relationship 4 
to 1 for liquid to wood and thus a total of 200 g liquid the consumed alkali for each 
digester was calculated according to formula (9-11). 
 
The amount of active alkali for each digester: 
 
��!�	��
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From the concentration determination of the residual alkali in the black liquor the 
weight of alkali could be calculated based on the knowledge of the total liquid 
volume: 
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From the difference of the initial amount of alkali added to the digester and the 
amount left after the pulping the consumed alkali is obtained. To be able to compare 
this with the data from the pulp mill it is converted into kg consumed alkali / ton of 
pulp: 
 
;6�<=>?@A9B�C7;C78

�=>�D@7D � E56�C<�8F9�C7;C78GH6�D@7D : I�*6��9?8B@C7�C7;C78GH6�D@7D /J  �  K)))) (11) 

 
The pH was measured with a pH-electrode and the solids percentage with a heating 
scale measuring the weight difference between the humid and dry sample. 
 
2.4.2 Yield and Kappa number measurement 
The yield was measured according to TAPPI method T 240 om-02 [M7], were the 
amount of obtained pulp is calculated by filtering a known weight of suspension in a 
Büchner funnel and drying to constant weight. Together with the weight of the empty 
filterpaper and the total weight of the pulp suspension the yield can thus be calculated 
as percentage of the weight of dry wood charged to the digester. 
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For this study the method TAPPI T 236 om-99 [M8] was used for measuring Kappa 
number. In this method the amount of wet pulp corresponding to 1-2 g of moisture 
free pulp is dissolved in distilled water and two samples of each 500 mL are taken. 
One for determining the pulp weight and the other for determining the lignin content. 
The lignin content is measured by adding 100 mL each of a 1,0 N potassium 
permanganate, KMnO4, solution and a 4,0 N sulphuric acid, H2SO4 solution. The 
beaker with the solution is placed on a magnetic stirrer, the temperature is measured 
after five minutes and after a total of 10 minutes the reaction is stopped by adding 20 
mL of 1,0 N potassium iodide, KI. The solution is then titrated with a sodium 
thiosulphate, Na2S2O3 solution of 0,2 N and with a 0,2% starch solution as indicator. 
The Kappa number is then calculated by relating the temperature with the reaction 
rate and the weight of the pulp to the consumption of titrant. 
 
2.4.3 Viscosity and brightness 
For the pulp with Kappa number 52 the brightness was measured according to TAPPI 
official method T 452 om-02 [M9] where the amount of reflected light at 457 nm for 
handsheets made of the pulp is determined by five measurements for each sample. 
The viscosity was measured with the local method which is a mix between the TAPPI 
T 230 om-04 and the SCAN method CM 15:88. The reason for using a mix is that it 
has been proved to give a higher reliability than the two other methods. The 
viscosimeter is calibrated by first making a measurement only with glycerol. The 
sample is then dissolved in 12,5 mL of distilled water and 12,5 mL of cupri-ethylene-
diamine, CED, is added. The solution is mixed at 400 rpm for 15 minutes and is then 
transferred to the viscometer and the viscosity is measured. 
 
2.5 Paper preparation and analysis 
2.5.1 Beating method and handsheet forming 
Beating commonly refer to refining in laboratory. The beating of the pulp was 
executed in a Valley Beater (Figure 2-1). TAPPI method T 200 sp-01 [M10].  
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Figure 2-1 Schematic illustration of the Valley Beater [M10]. 
 
According to the TAPPI method the beater roll is driven at 500±10 rpm and the beater 
a capacity of 23,0 L at a temperature of 23±2 °C and a standard charge containing 360 
g fibres with a consistency of 1,57±0,04 % to calibrate the beater and make sure the 
bedplate runs smoothly against the beater roll. Firstly a reference pulp is processed 
and the change in Canadian Standard Freeness (C.S.F.) is noted and related to the 
time treated in the Valley Beater. Samples were thereafter taken first without beating, 
and then after 5 different time periods and formed into 12 handsheets for each sample 
time following the TAPPI method T 205 sp-02 [M11] where a sample of 24±0,5 g is 
diluted with deionized water to a total of 2000 mL which gives a consistency of 1,2 
%. The dilution is then disintegrated and a consistency handsheet is made to calculate 
the volume needed for a handsheet of a final weight of 1,2 g oven dry. The handsheets 
are then dried overnight in drying rings in a 50 % relative humidity and 23 °C 
atmosphere and then tested in the same environment. 
 
2.5.2 Paper testing 
The handsheets were tested for the following properties; grammage, 
calliper(thickness), burst-, tear- and tensile strength, elongation and porosity 
following the revised TAPPI standard method T 220 sp-01 [M12].  
The grammage is the mass per unit area and is determined by weighing several sheets 
together on a scale with 0,001 g accuracy and then calculating the grammage in g/m2 
by assuming an average area of each sheet of 200 cm2, which makes the grammage 
ten times the weight of five sheets. 
The thickness or calliper is determined by measuring the thickness in a motor driven 
micrometer of a stack of five sheets on 10 randomly selected places. The single sheet 
thickness is then reported in µm by dividing by the number of sheets measured 
simultaneously. 
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From the grammage and the thickness the specific volume (bulk) is calculated and 
reported as cm2/g. 
After measuring these non-destructive properties of the papers they are cut to the sizes 
demanded for further testing (Figure 2-2). 
 

 
Figure 2-2 Scheme showing how to cut the handsheets for the destructive testing [M12]. 
 
The bursting strength is measured in total 10 times and is reported in kPa and 
combining the burst strength with the grammage the burst index is obtained 
(kPa*m2/g). 
The tensile strength (kN/m), stretch or elongation (%) and tensile energy absorption 
(TEA) is measured simultaneously on the 15 mm strips, using in total ten strips. The 
tensile index is calculated from the tensile strength and the grammage (N*m/g). 
Tearing resistance is measured on five sheets simultaneously and then divided to get 
the force needed to tear a single sheet and reported in mN. Correspondingly to the 
bursting index and the tensile index, the tearing index is also obtained from dividing 
the tearing resistance with the grammage and thus obtaining the force needed to tear 
the paper related to the bulk (mN*m2/g).  
The porosity of the paper is measured as the air permeability or how long time it takes 
for 100 cm3 to pass through one square inch of the paper and is reported as the natural 
logarithm of the time in seconds. Where a longer time needed for the air to pass 
through corresponds to a paper with lower porosity.  
 

3 Results and discussion 
3.1 Wood properties 
3.1.1 Density 
As the Pinus patula had been studied before, the wood density and extractives content 
used for the comparison was not measured within this study. The properties given 
from previous experiments showed that the average wood density was 0.472 g/cm3 
with a standard deviation of 0,049 (Figure 3-1). 



 

Figure 3-1 Disc density for P. patula
 
For P. tecunumanii the average disc density of all the discs was found to be 0,444 
g/cm3 with a standard deviation of 0,056
 

Figure 3-2 Disc density for P. tecunumanii
 
In Table 3-1 the difference in disc density for 
presence of knots is shown. It can be seen that the discs with knots have both higher 
average density, but also a larger variation c
noted that about 25 per cent
 
Table 3-1 Disc density for P. tecunumanii

P. tecunumanii Average (
All discs 
With knots 
Without knots 
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P. patula 

he average disc density of all the discs was found to be 0,444 
with a standard deviation of 0,056 g/cm3 (Figure 3-2). 

P. tecunumanii. 

the difference in disc density for P. tecunumanii depending on the 
presence of knots is shown. It can be seen that the discs with knots have both higher 
average density, but also a larger variation compared to the knot-free discs

per cent of the discs had a knot. 

P. tecunumanii 

Average (g/dm3) Standard dev. 
0,444 0,056 
0,466 0,062 
0,437 0,052 

 

he average disc density of all the discs was found to be 0,444 

 

depending on the 
presence of knots is shown. It can be seen that the discs with knots have both higher 

free discs and also 
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For the measurements of P. tecunumanii it can be noted that it wasn´t the discs with 
largest diameter that showed the most deviation from the mean density but the discs 
with the second to largest size. This indicates that it´s not due to a measuring error 
correlated to size. It can be further discussed how large impact the density have on the 
result of the pulping. The higher density should mainly give a higher yield if the 
digesters are charged by volume instead of by weight. The measurements of the disc 
density of P. tecunumanii also showed a slightly higher density for the discs with 
knots. That the knots have higher density is not surprising as they have different 
structure and contains more lignin and extractives. The discs with knots also had a 
marginally larger spread of values compared to the discs without. It has been seen that 
it is more difficult for the liquor to penetrate into a knot than to another part of the 
wood, thus knots should be avoided. 
 
Comparing the results from the density measurements of the discs it can be seen that 
the species P. patula had a slightly higher density and also a lower standard deviation 
compared to P. tecunumanii.  
 
3.1.2 Extractives 
In the previous study the amount of extractives in P. patula had been determined to be 
2,4%. For P. tecunumanii it was interesting to see a small difference in percentage 
extractives for the humid and dry samples even though the humidity content is 
eliminated by basing the calculation on the weight of dry wood. The mean value for 
the two dry samples were 2,7% and for the two humid samples 2,1%. This gave a 
total average for the four extractive tests of 2,4%, the same value as for P. patula. 
 
3.1.3 Size distribution 
In Table 3-2 the average size distribution for the 3 screenings of P. patula show that 
more than 96% of the chips were found on the screen with the dimension of 7 mm 
round and thus fulfilled the size demands for pulping. 
 
Table 3-2 Average size distribution results for P. Patula. 
P.patula average (g) (%) 
W(in) 2317,9  
1; 45 mm round 0,0 0,00% 
2; 8 mm bar 40,3 1,75% 
3; 7 mm round 2246,3 96,89% 
4; 3 mm round 30,7 1,33% 
5; chip-pan 0,9 0,04% 
W(out) 2318,1 100,01% 
 
The size distribution for P. tecunumanii (Table 3-3) screening showed that almost 
96% of the chips were accepts. 
 
  



Table 3-3 Average size distribution results for 
P.tecunumanii 
average 
W(in) 
1; 45 mm round 
2; 8 mm bar 
3; 7 mm round 
4; 3 mm round 
5; chip-pan 
W(out) 
 
Comparing the screening results f
distribution was seen for P. tecunumanii
mm bar screen and also 1,5 percentage unit
change the pulping results 
 

Figure 3-3 Chip size distribution for 
 
What can be added to the results from the screening, w
was found, is that when weighing the individual samples for the digesters if any 
oversize, bark or knots were found they were removed, doing a second classification. 
 
3.2 Pulping conditions
As a digester, of similar design as the digesters 
the pulping process was 
digesters with the individual capacity of 50 g dry wood. Comparing the conditions 
during the pulping it can be concluded that the lack of
the results. Due to such a small volume the pressure is not significantly changed, but 
it should be noted that the gases and insolubles 
the digesters in the plant have direct contact wit
digesters function instead with an external heating medium. Also, there is always a 
difference due to the size, even though the design is exactly the same. 
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Average size distribution results for P. tecunumanii. 

(g) (%) 

2266,5  
0,7 0,03% 

69,1 3,04% 
2174,9 95,96% 

23,5 1,04% 
1,1 0,05% 

2269,3 100,12% 

Comparing the screening results for the size distribution of chips, a marginally larger 
P. tecunumanii, with slightly more chips retained on the 8 

1,5 percentage unit less accepts, but this was not significant to 
 (Figure 3-3). 

Chip size distribution for P. patula and P. tecunumanii. 

What can be added to the results from the screening, where in total one oversize chip 
found, is that when weighing the individual samples for the digesters if any 

oversize, bark or knots were found they were removed, doing a second classification. 

Pulping conditions 
As a digester, of similar design as the digesters used in the plant, was not available, 

 carried out in an autoclave with capacity of eight small 
the individual capacity of 50 g dry wood. Comparing the conditions 
ing it can be concluded that the lack of purge of gases could influence 

the results. Due to such a small volume the pressure is not significantly changed, but 
it should be noted that the gases and insolubles were contained in the digester. Also, 
the digesters in the plant have direct contact with the vapour and the experimental 
digesters function instead with an external heating medium. Also, there is always a 
difference due to the size, even though the design is exactly the same.  

a marginally larger 
, with slightly more chips retained on the 8 

was not significant to 

 

one oversize chip 
found, is that when weighing the individual samples for the digesters if any 

oversize, bark or knots were found they were removed, doing a second classification.  

used in the plant, was not available, 
autoclave with capacity of eight small 

the individual capacity of 50 g dry wood. Comparing the conditions 
purge of gases could influence 

the results. Due to such a small volume the pressure is not significantly changed, but 
contained in the digester. Also, 

h the vapour and the experimental 
digesters function instead with an external heating medium. Also, there is always a 

 



Plotting the results for the two species in the same graph (
that P. patula demands lower amount of chemicals to obtain the same Kappa number. 
For example is the difference for a Kappa number of 52 one percentage unit of 
formula. 
 

Figure 3-4 % Formula vs. Kappa number for 
 
What can be seen from the figure below (
same alkali consumption at the lower Kappa number, but at t
P. tecunumanii have a higher consumption. As the residual alkali was higher for 
tecunumanii at both Kappa numbers it could indicate that this species need a higher 
H-factor.  
 

Figure 3-5 Consumed alkali for the two species at the two Kappa numbers.
 
The charging properties can be found in Appendix
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Plotting the results for the two species in the same graph (Figure 3-4) is can be seen 
demands lower amount of chemicals to obtain the same Kappa number. 

For example is the difference for a Kappa number of 52 one percentage unit of 

% Formula vs. Kappa number for P. patula and P. tecunumanii 

What can be seen from the figure below (Figure 3-5) is that the two species have the 
same alkali consumption at the lower Kappa number, but at the higher Kappa number 

have a higher consumption. As the residual alkali was higher for 
at both Kappa numbers it could indicate that this species need a higher 

Consumed alkali for the two species at the two Kappa numbers. 

The charging properties can be found in Appendix in Table A 2 and Table A 

 

) is can be seen 
demands lower amount of chemicals to obtain the same Kappa number. 

For example is the difference for a Kappa number of 52 one percentage unit of 

 

) is that the two species have the 
he higher Kappa number 

have a higher consumption. As the residual alkali was higher for P. 
at both Kappa numbers it could indicate that this species need a higher 

 

Table A 3. 



3.3 Pulp properties 
3.3.1 Yield 
In Figure 3-6 it is shown that for low Kappa numbers the yield is almost the same for 
the two species, but for higher Kappa number the yield for 
increase as much as it does for 
 

Figure 3-6 Kappa number vs. Yield (%) for 
 
The yield for Kappa number 
tecunumanii. The difference is even more distinct at Kappa number 75, where 
patula showed an average yield of 54,7% and 
 
3.3.2 Properties of pulp with Kappa number 52
The differences seen is primarily, as stated previously that, for Kappa number 52
tecunumanii demands a higher charge of chemicals and also gives a lower yield. The 
pH and % solids in black liquor do not have a significant difference, but also the 
residual alkali is higher for 
tecunumanii and this could have influenced the outcome.
 
The brightness, measured according to TAPPI method T 452 om
determined to be 18,94% as the
deviation of 0,309% for P. 
P. tecunumanii (Table 3-4).
 
The average viscosity was, with three individual measurements found to be 
831dm3/kg with the standard deviation 10,8 for 
standard deviation of 12,9 
 
This gives that both the brightness and viscosity have a significant difference between 
the two species, were P. p
The higher brightness results in less chemicals needed for bleaching to obtain a 
printable paper and thus an economical advantage.
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it is shown that for low Kappa numbers the yield is almost the same for 
the two species, but for higher Kappa number the yield for P. tecunumanii
increase as much as it does for P. patula. 

Kappa number vs. Yield (%) for P. patula and P. tecunumanii. 

number 52 was, on average 50,8% for P. patula and 
. The difference is even more distinct at Kappa number 75, where 

showed an average yield of 54,7% and P. tecunumanii 49,9%. 

Properties of pulp with Kappa number 52 
The differences seen is primarily, as stated previously that, for Kappa number 52

demands a higher charge of chemicals and also gives a lower yield. The 
pH and % solids in black liquor do not have a significant difference, but also the 
residual alkali is higher for P. tecunumanii. The charged sulphur was higher for the 

and this could have influenced the outcome. 

The brightness, measured according to TAPPI method T 452 om-
% as the average of five measurements and with a standard 
P. patula and 17,57% with a standard deviation of 0,233
). 

The average viscosity was, with three individual measurements found to be 
he standard deviation 10,8 for P. patula and 779dm

 for P. tecunumanii (Table 3-5). 

oth the brightness and viscosity have a significant difference between 
P. patula have higher brightness and also a higher viscosity.

The higher brightness results in less chemicals needed for bleaching to obtain a 
printable paper and thus an economical advantage. 

it is shown that for low Kappa numbers the yield is almost the same for 
P. tecunumanii doesn´t 

 

and 47,7% for P. 
. The difference is even more distinct at Kappa number 75, where P. 

The differences seen is primarily, as stated previously that, for Kappa number 52 P. 
demands a higher charge of chemicals and also gives a lower yield. The 

pH and % solids in black liquor do not have a significant difference, but also the 
. The charged sulphur was higher for the P. 

-02 [M9], was 
average of five measurements and with a standard 

17,57% with a standard deviation of 0,233 for 

The average viscosity was, with three individual measurements found to be 
779dm3/kg with a 

oth the brightness and viscosity have a significant difference between 
have higher brightness and also a higher viscosity. 

The higher brightness results in less chemicals needed for bleaching to obtain a 



Table 3-4 Brightness for P. patula

Species  Average

P. patula  

P. tecunumanii  
 
Table 3-5 Viscosity for P. patula

Species  Average

P. patula  

P. tecunumanii  
 
3.3.3 Properties of pulp with Kappa number 75
The wood chip humidity difference between the two cooks of 
larger variation than between the cooks of the two species for Kappa 52, but still gave 
very similar results. This could indicate that the total humidity difference of 0,6 % is 
not significant. The wood chip humidity had a maximum of 1 percentage unit
difference between the two species and with the higher values for 
Also the sulphur content and formula needed 
 
3.4 Beating 
In the figures below the beating of pulp with Kappa number 52 and 75 is shown.
 

Figure 3-7 The results from the beating of pulp with Kappa number 52.
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P. patula and P. tecunumanii at Kappa number 52 
Average brightness 

(%) St.dev. 

18,94 0,309  

17,57  0,233  

P. patula and P. tecunumanii at Kappa number 52 
Average viscosity 

(dm3/kg) St.dev. 

831  10,8  

779  12,9  

Properties of pulp with Kappa number 75 
The wood chip humidity difference between the two cooks of P. tecunumanii
larger variation than between the cooks of the two species for Kappa 52, but still gave 
very similar results. This could indicate that the total humidity difference of 0,6 % is 
not significant. The wood chip humidity had a maximum of 1 percentage unit
difference between the two species and with the higher values for P. 

and formula needed was slightly higher for P. 

In the figures below the beating of pulp with Kappa number 52 and 75 is shown.

The results from the beating of pulp with Kappa number 52. 

tecunumanii had 
larger variation than between the cooks of the two species for Kappa 52, but still gave 
very similar results. This could indicate that the total humidity difference of 0,6 % is 
not significant. The wood chip humidity had a maximum of 1 percentage unit 

P. tecunumanii. 
P. tecunumanii.  

In the figures below the beating of pulp with Kappa number 52 and 75 is shown. 

 



Figure 3-8 The results from the beating of pulp with Kappa number 75.
 
As can be seen from the figures the 
identical behaviour for both Kappa numbers. Both show a decrease in C.S.F.
with refining time, as expected, but f
number 52, P. tecunumanii
 
3.5 Paper testing 
The paper tests showed tha
different for the lower Kappa 
had a slightly larger bulk (
 

Figure 3-9 C.S.F. vs. Bulk for P. patula
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The results from the beating of pulp with Kappa number 75. 

n from the figures the P. patula and P. tecunumanii show more or less 
ehaviour for both Kappa numbers. Both show a decrease in C.S.F.

with refining time, as expected, but for long refining time, of the pulp with Kappa 
anii shows a slightly lower decrease in C.S.F.-value.

showed that the bulk of the two species were not significantly 
different for the lower Kappa number (Figure 3-9) but for the higher Kappa

(Figure 3-10).  

P. patula and P. tecunumanii at Kappa number 52 

 

show more or less 
ehaviour for both Kappa numbers. Both show a decrease in C.S.F.-value 

of the pulp with Kappa 
value. 

ere not significantly 
) but for the higher Kappa P. patula 

 



Figure 3-10 C.S.F. vs. Bulk for 
 
In Figure 3-11 and Figure 
most refined sample of P. tecunumanii
the same sample of P. patula
Kappa number P. tecunumanii
 

Figure 3-11 C.S.F. vs. Burst index for 
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for P. patula and P. tecunumanii at Kappa number 75 

Figure 3-12 where the burst index is plotted against the C.S.F. the 
P. tecunumanii shows again a different behaviour compared to 

P. patula with a lower burst index. For the series with the higher 
P. tecunumanii shows the higher and thus better burst resistance.

C.S.F. vs. Burst index for P. patula and P. tecunumanii at Kappa number 52

 

plotted against the C.S.F. the 
shows again a different behaviour compared to 

with a lower burst index. For the series with the higher 
etter burst resistance. 

 
at Kappa number 52 



Figure 3-12 C.S.F. vs. Burst index for 
 
Comparing the results for the tear index (
significant difference appears for the higher Kappa number where 
higher tear index and thus a higher resistance to tear. This could be due to a thicker 
cell wall for the P. patula species
 

Figure 3-13 C.S.F. vs. Tear index for 
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F. vs. Burst index for P. patula and P. tecunumanii at Kappa number 75

Comparing the results for the tear index (Figure 3-13and Figure 3-14) the more 
significant difference appears for the higher Kappa number where P. patula
higher tear index and thus a higher resistance to tear. This could be due to a thicker 

species [13]. 

C.S.F. vs. Tear index for P. patula and P. tecunumanii at Kappa number 52

 
at Kappa number 75 

) the more 
P. patula show a 

higher tear index and thus a higher resistance to tear. This could be due to a thicker 

 
at Kappa number 52 



Figure 3-14 C.S.F. vs. Tear index for 
 
As burst and tensile strength is correlated it is not surprising that the burst, tensile and 
TEA shows the same tendency. (
3-17and Figure 3-18 for TEA). No significant difference can be seen at the lower 
Kappa number but higher st
Kappa number and more refining.
 

Figure 3-15 C.S.F. vs. Tensile index for 
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C.S.F. vs. Tear index for P. patula and P. tecunumanii at Kappa number 75

As burst and tensile strength is correlated it is not surprising that the burst, tensile and 
TEA shows the same tendency. (Figure 3-15and Figure 3-16 for tensile and 

for TEA). No significant difference can be seen at the lower 
Kappa number but higher strength and resistance for P. tecunumanii at the higher 
Kappa number and more refining. 

C.S.F. vs. Tensile index for P. patula and P. tecunumanii at Kappa number 52

 
at Kappa number 75 

As burst and tensile strength is correlated it is not surprising that the burst, tensile and 
for tensile and Figure 

for TEA). No significant difference can be seen at the lower 
at the higher 

 
at Kappa number 52 



Figure 3-16 C.S.F. vs. Tensile index for 
 

Figure 3-17 C.S.F. vs. TEA for 
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C.S.F. vs. Tensile index for P. patula and P. tecunumanii at Kappa number 75

C.S.F. vs. TEA for P. patula and P. tecunumanii at Kappa number 52 

 
at Kappa number 75 

 



Figure 3-18 C.S.F. vs. TEA for 
 
In Figure 3-19 and Figure 
relationship to the C.S.F vs. Tear index graphs, where 
properties. 
 

Figure 3-19 Tensile index vs. Tear index for 
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C.S.F. vs. TEA for P. patula and P. tecunumanii at Kappa number 75 

Figure 3-20 the Tensile index vs. Tear index show similar 
relationship to the C.S.F vs. Tear index graphs, where P. patula have the better 

Tensile index vs. Tear index for P. patula and P. tecunumanii at Kappa number 52

 

the Tensile index vs. Tear index show similar 
have the better 

 
at Kappa number 52 



Figure 3-20 Tensile index vs. Tear index for 
 
Correspondingly to the results from the TEA and tensile tests the elongation 
measurements shows that P. tecunumanii
both Kappa number. 
 

Figure 3-21 C.S.F. vs. Elongation for 
 

31 

Tensile index vs. Tear index for P. patula and P. tecunumanii at Kappa number 7

Correspondingly to the results from the TEA and tensile tests the elongation 
P. tecunumanii show the highest values but in this case at 

Elongation for P. patula and P. tecunumanii at Kappa number 52

 
at Kappa number 75 

Correspondingly to the results from the TEA and tensile tests the elongation 
show the highest values but in this case at 

 
at Kappa number 52 



Figure 3-22 C.S.F. vs. Elongation for 
 
For the paper made with pulp of higher Kappa number the air permeability is higher 
for the sheets made of the pulp from 
 

Figure 3-23 C.S.F. vs. Porosity for 
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C.S.F. vs. Elongation for P. patula and P. tecunumanii at Kappa number 75

For the paper made with pulp of higher Kappa number the air permeability is higher 
for the sheets made of the pulp from P. tecunumanii. 

C.S.F. vs. Porosity for P. patula and P. tecunumanii at Kappa number 52

 
at Kappa number 75 

For the paper made with pulp of higher Kappa number the air permeability is higher 

 
appa number 52 



Figure 3-24 C.S.F. vs. Porosity for 
 

4 Conclusions 
From the results obtained in this study and from the 
concluded that; it is important to have uniform chip size distribution without knots.
From the consumed alkali related to
the species P. tecunumanii
should be considered. The reason for
same % Formula as for P. patula.
separation of the two species prior to th
decrease the variation in Kappa number, as the 
Kappa number with the same % Formula compared to 
paper tests showed that for low Kappa number pulp 
considering the lower demand of H
pulping process and insignificantly different results to 
paper properties. If instead a pulp with the higher Kappa number is desired, the cost 
of the lower yield and the higher alkali consumption in the pulping process for 
tecunumanii should be weighed against the better paper properties. 

5 Recommendations for further 
As this study is part of a larger project
and evaluate P kesiya, P. maximinoi
patula and P. tecunumanii
A question regarding the quality of the wood 
also reached surface during the scope of this 
this wood separately and compare with the alre
species, but without the disease
 

33 

C.S.F. vs. Porosity for P. patula and P. tecunumanii at Kappa number 75

From the results obtained in this study and from the literature study it can be 
concluded that; it is important to have uniform chip size distribution without knots.
From the consumed alkali related to the Kappa number, it was concluded that 

P. tecunumanii with a higher H-factor than what was used in this 
. The reason for this is to obtain the same Kappa number with the 

P. patula. This also answers the initial question that a
separation of the two species prior to the pulping process step will be neede
decrease the variation in Kappa number, as the P. tecunumanii results in
Kappa number with the same % Formula compared to P. patula. Furthermore the 

for low Kappa number pulp P. patula should be chosen, 
lower demand of H-factor in the digester and higher yield in the 

pulping process and insignificantly different results to P. tecunumanii regarding the 
If instead a pulp with the higher Kappa number is desired, the cost 
and the higher alkali consumption in the pulping process for 

should be weighed against the better paper properties.  

Recommendations for further studies 
is part of a larger project, the recommendation is to continue

P. maximinoi and P. oocarpa in a similar way as done for 
P. tecunumanii in this study.  

question regarding the quality of the wood of trees with the foxtail-
also reached surface during the scope of this study and the recommendation is to pulp 
this wood separately and compare with the already obtained values for the same 
species, but without the disease.  

 
at Kappa number 75 

study it can be 
concluded that; it is important to have uniform chip size distribution without knots. 

Kappa number, it was concluded that pulping 
in this study 

to obtain the same Kappa number with the 
This also answers the initial question that a 

e pulping process step will be needed to 
results in a higher 

Furthermore the 
should be chosen, 

factor in the digester and higher yield in the 
regarding the 

If instead a pulp with the higher Kappa number is desired, the cost 
and the higher alkali consumption in the pulping process for P. 

to continue the work 
a similar way as done for P. 

syndrome have 
mendation is to pulp 

dy obtained values for the same 
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7 Appendix 
7.1 Feed conditions 

 
Table A 1 Feed to the pine pulp mill during the period January 

Pine species 

 P. patula 
 P. kesiya 

 P. tecunumanii 

 P. oocarpa 
 P. maximinoi 
 Total  
 
 
 

Figure A 1 Graph showing the estimated feed to the pine pulp mill in the following 10 years.
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Feed to the pine pulp mill during the period January – October 28, 2011. 

Ton % 

94.008 35,2% 
79.302 29,7% 

66.882 25,0% 

19.364 7,2% 
7.345 2,8% 

267.354 100% 

Graph showing the estimated feed to the pine pulp mill in the following 10 years.

 

 
Graph showing the estimated feed to the pine pulp mill in the following 10 years. 
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7.2 Pulping 
 
Table A 2 Feed conditions for autoclave pulping for Kappa number 52 

Initial conditions 

Species P. patula P. patula P. tecunumanii P. tecunumanii 

Set 3 4 2 3 

H-factor 1200 1200 1200 1200 

Relation Liquid/Wood 4 4 4 4 

Weight dry wood [g] 50,0 50,0 50,0 50,0 

Weight wood [g] 55,4 55,5 55,8 55,8 

Water in wood [g] 5,4 5,5 5,8 5,8 

% Humidity in wood 9,80% 9,96% 10,39% 10,39% 

% Sulphidity in White Liquor 18,80 19,51 20,0 19,8 

Conc. White Liquor [g/L] 109,37 109,93 113,83 113,65 

Density White Liquor [g/L] 1173,44 1172,64 1179,11 1179,37 

Charge conditions 

% Formula 16,0% 16,0% 17,0% 17,0% 

White Liquor [g] 85,83 85,34 88,05 88,21 

Water [g] 108,73 109,13 106,16 105,99 

S [g] 16,14 16,65 17,62 17,47 

 
 
Table A 3 Feed conditions for autoclave pulping for Kappa number 75 

Initial conditions 

Species P. patula P. patula P. tecunumanii P. tecunumanii 

Set 3 4 1 2 

H-factor 1200 1200 1200 1200 

Relation Liquid/Wood 4 4 4 4 

Weight dry wood [g] 50,0 50,0 50,0 50,0 

Weight wood [g] 55,5 55,2 55,8 55,3 

Water in wood [g] 5,5 5,2 5,8 5,3 

% Humidity in wood 9,93% 9,34% 10,39% 9,55% 

% Sulphidity in White Liquor 20,4 20,3 19,7 19,1 

Conc. White Liquor [g/L] 110,89 109,55 113,55 113,71 

Density White Liquor [g/L] 1171,47 1172,44 1179,24 1179,34 

Charge conditions 

% Formula 13,0% 13,5% 15,0% 15,0% 

White Liquor [g] 68,67 72,24 77,89 77,79 

Water [g] 125,82 122,61 116,32 116,93 

S [g] 13,99 14,67 15,36 14,89 
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7.3 Yield calculations 
 
Table A 4 

Yield calculation, Pinus patula, Kappa 52, Set 3 
October 27 2011 Weight based on [g] dry wood:  50,00 

Digester No. W [g] Filter 
paper 

W [g] Humid 
sample 

W [g] Dry 
sample 

Consistency Yield [%] 

* Average W [g] Dilution Yield [%] Average 

SET 3.1 
A 1,6858 264,5 2,8634 0,445 

0,434 6147,8 53,4 

52,1 
B 1,6634 202,1 2,5180 0,423 

SET 3.2 
A 1,6786 183,0 2,3548 0,370 

0,387 6553,1 50,8 
B 1,6662 223,0 2,5693 0,405 

 
 
Table A 5 

Yield calculation, Pinus patula, Kappa 52, Set 4 
October 28 2011 Weight based on [g] dry wood:  50,00 

Digester No. W [g] Filter 
paper 

W [g] Humid 
sample 

W [g] Dry 
sample 

Consistency Yield [%] 

* Average W [g] Dilution Yield [%] Average 

SET 4.1 
a 1,6328 215,5 2,4726 0,390 

0,387 6671,0 51,7 

51,9 
b 1,6435 184,4 2,3535 0,385 

SET 4.2 
a 1,6394 202,4 2,4535 0,402 

0,403 6477,9 52,1 
b 1,6476 223,1 2,5462 0,403 

 
 
Table A 6 

Yield calculation, Pinus patula, Kappa 75, Set 3 
November 11, 2011 Weight based on [g] dry wood:  50,00 

Digester No. W [g] Filter 
paper 

W [g] Humid 
sample 

W [g] Dry 
sample 

Consistency Yield [%] 

* Average W [g] Dilution Yield [%] Average 

SET 3.1 
a 1,6594 169,4 2,3881 0,430 

0,441 5858,1 51,7 

52,6 
b 1,6411 154,6 2,3401 0,452 

SET 3.2 
a 1,6561 204,6 2,3818 0,355 

0,372 7206,7 53,6 
b 1,6291 189,3 2,3646 0,389 

 
 
Table A 7 

Yield calculation, Pinus patula, Kappa 75, Set 4 
November 15, 2011 Weight based on [g] dry wood:  50,00 

Digester No. W [g] Filter 
paper 

W [g] Humid 
sample 

W [g] Dry 
sample 

Consistency Yield [%] 

* Average W [g] Dilution Yield [%] Average 

SET 4.1 
a 1,6654 205,8 2,4898 0,401 

0,401 6929,2 55,5 

54,2 
b 1,6831 199,2 2,4815 0,401 

SET 4.2 
a 1,6670 195,2 2,4021 0,377 

0,375 7048,0 52,9 
b 1,6473 197,4 2,3842 0,373 
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Table A 8 

Yield calculation, Pinus tecunumanii, Kappa 52, Set 2 
November 1, 2011 Weight based on [g] dry wood:  50,00 

Digester No. W [g] Filter 
paper 

W [g] Humid 
sample 

W [g] Dry 
sample 

Consistency Yield [%] 

* Average W [g] Dilution Yield [%] Average 

SET 2.1 
a 1,6412 208,1 2,3593 0,345 

0,349 6866,3 47,9 

47,8 
b 1,6475 209,5 2,386 0,353 

SET 2.2 
a 1,6073 221,2 2,4664 0,388 

0,388 6149,6 47,7 
b 1,6091 193,7 2,3598 0,388 

 
 
Table A 9 

Yield calculation, Pinus tecunumanii, Kappa 52, Set 3 
November 2, 2011 Weight based on [g] dry wood:  50,00 

Digester No. W [g] Filter 
paper 

W [g] Humid 
sample 

W [g] Dry 
sample 

Consistency Yield [%] 

* Average W [g] Dilution Yield [%] Average 

SET 3.1 
a 1,6313 197,2 2,3364 0,358 

0,354 6893,9 48,9 

49,5 
b 1,647 224,2 2,4349 0,351 

SET 3.2 
a 1,6609 190,6 2,3867 0,381 

0,378 6610,3 50,0 
b 1,6503 177,1 2,3164 0,376 

 
 
Table A 10 

Yield calculation, Pinus tecunumanii, Kappa 75, Set 1 
November 3, 2011 Weight based on [g] dry wood:  50,00 

Digester No. W [g] Filter 
paper 

W [g] Humid 
sample 

W [g] Dry 
sample 

Consistency Yield [%] 

* Average W [g] Dilution Yield [%] Average 

SET 1.1 
a 1,6637 200,0 2,3896 0,363 

0,375 6611,8 49,6 

51,0 
b 1,6308 197,0 2,3933 0,387 

SET 1.2 
a 1,6611 192,8 2,3803 0,373 

0,365 7166,8 52,3 
b 1,6364 213,4 2,3987 0,357 

 
 
Table A 11 

Yield calculation, Pinus tecunumanii, Kappa 75, Set 2 
November 4, 2011 Weight based on [g] dry wood:  50,00 

Digester No. W [g] Filter 
paper 

W [g] Humid 
sample 

W [g] Dry 
sample 

Consistency Yield [%] 

* Average W [g] Dilution Yield [%] Average 

SET 2.1 
a 1,6207 184,9 2,3385 0,388 

0,372 6969,9 51,8 

51,7 
b 1,6565 185,5 2,3160 0,356 

SET 2.2 
a 1,6591 200,0 2,4064 0,374 

0,380 6770,4 51,5 
b 1,6553 205,4 2,4496 0,387 

 
 


