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Abstract 
In this study the reactivity of cellulose produced in different ways has been compared. A review of previous 
knowledge of the theories about the reason to the differences between sulfite and Kraft/pre-hydrolysis Kraft 
(PHK) pulps and some possible explanations to the differences has been included in this report. The 
examination was performed by both data analysis of the properties and an experimental section producing 
viscose. The two factors representing reactivity that was examined were the filter clogging value, Kr, and 
reactivity according to Fock. The data analysis included 13 observations using seven sulfite pulps and six 
PHK pulps and the reactivity according to Fock was examined. Two pulps were used in the viscose process to 
determine the influence on the reactivity using different amount of CS2 (%), the two pulps were also from 
different pulping processes to be able to enhance the theory saying that sulfite pulps are more reactive than 
PHK pulps. The viscose production, from mercerization to the ripening step, was performed at a viscose 
micro plant at MoRe Research with varying amount of CS2.  
According to Fock’s method the sulfite pulps are much more reactive than PHK pulps, which also were 
clearly shown in the data analysis for all three levels of Fock’s test (7, 8 and 9% NaOH). In the laboratory 
work the prehydrolysis Kraft pulp indicated a better filter clogging value than the sulfite pulp.  On the other 
hand, the data analysis of the filter clogging value indicates that the type of cooking chemical was not 
responsible for the difference in reactivity but instead seemed to differ from pulp to pulp. 



 
 

Sammanfattning 
I denna studie har reaktiviteten jämförts för cellulosa från två olika kemiska processer. En sammanfattning 
av tidigare kunskaper och teorier till skillnaderna mellan sulfit- och sulfatmassor, samt möjliga förklaringar 
till dessa, har inkluderats i rapporten. Utvärderingen har utförts genom både en multivariat dataanalys och 
en experimentell del genom framställning av viskoslösning. Två faktorer, Fock och filtrerbarheten (Kr), 
tillämpades för att utvärdera reaktiviteten av massorna. Den multivariata dataanalysen för Fock inkluderade 
13 massor, varav sju var sulfitmassor och sex var sulfatmassor.  Två massor användes i viskosprocessen för 
att bestämma inflytandet på reaktiviteten med olika mängd CS2 (%). De två massorna var från två olika 
kemiska processer för att om möjligt påvisa teorin angående att sulfitmassor anses mer reaktiva än 
sulfatmassor. Viskosframställning utfördes vid MoRe Research och deras viskospilot med varierad 
tillsatsmängd av CS2. Steg som inkluderades, i framställningen av viskoslösning, var från merceriseringen till 
eftermogning.  
Å ena sidan visade Focks reaktivitetsmetod att sulfitmassor är betydligt mer reaktiv än sulfatmassor, vilket 
också tydligt visades för alla tre nivåer av Focks reaktivitetsmetod i dataanalysen (7, 8 och 9% NaOH). Å 
andra sidan så uppvisade den förhydrolyserade sulfatmassan en bättre filtrerbarhet, ett lägre Kr-värde, än 
vad sulfitmassan gjorde. Enligt dataanalysen påvisades dock att Kr-värdet inte verkade bero av 
kokningskemikalierna, utan att reaktiviteten för en massa beror på andra faktorer.  



 
 

Abbreviations 
 
Cellulose I:  Naturally existing cellulose with parallel molecular layers. 
 
Cellulose II: Synthetically formed cellulose with antiparallel molecular layers. 
 
α-cellulose: Pure cellulose with high DP, which cannot be dissolved in a concentrated sodium hydroxide 

solution. 
 
β-cellulose: Carbohydrates, sugars and short cellulose chains, with a DP<200, which can be dissolved in 

concentrated sodium hydroxide solution and then be regenerated in an acidic environment. 
 
γ-cellulose: Components which are dissolved in a concentrated sodium hydroxide solution but neither 

regenerate in acidic, nor in alkali conditions. Mainly consists of highly degraded hemicellulose 
in terms of monosaccharides such as mannose or xylose. 

 
DP:  Degree of polymerization 
 
LODP: Leveling-off degree of polymerization 
 
WRV: Water retention value 
 
PHK:  Pre-hydrolyzed Kraft 
 
Kr:  Filter clogging value 
 
Fock’s test:  A method for assessing the reactivity of dissolving pulps 
 
Press factor: A measure of the cellulose and caustic content in the pulp after the pressing step in the viscose 

process. The press factor is calculated by dividing the weight of the cake after pressing with the 
weight of the original dry cellulose. 

 
R10: The alkali resistance of cellulose in 10% NaOH 
 
R18:  The alkali resistance of cellulose in 18% NaOH 
 
MVDA: Multivariate data Analysis 
 
PCA: Principal component analysis 
 
PLS: Partial Least Squares projections to latent structures 
 
PLS-DA:  Partial Least Square projections to latent structures Discriminant Analysis  
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1. Introduction 

1.1 Domsjö Fabriker AB 

Domsjö Fabriker AB in Örnsköldsvik, Sweden, is a biorefinery and today a part of Aditya 
Birla Group. Aditya Birla Group is one of the largest producers of viscose staple fiber, and 
Domsjö form a part of Pulp and Fiber in this group.  Pulp and Fiber include companies with 
e.g. production of specialty cellulose, viscose staple fiber and filament, fabric and clothing. 
Domsjö’s main product is specialty cellulose for production of viscose as an environmental 
alternative to cotton and synthetic textile fibers. Being a a biorefinery, making use of all 
components in the tree and turn them into valuable products, Domsjö also produces lignin, 
ethanol, biogas, carbonic acid and bioenergy. [1] 
 

1.2 Background 

Although no unambiguous definition exists, cellulose reactivity is a measure of how 
accessible the cellulose is to chemical treatment in the refining process into viscose. It is 
considered known that cellulose produced from a sulfite mill has higher reactivity than 
cellulose from a Kraft mill; however no established theory has been fully accepted. The 
reactivity of the cellulose is determined during the production process, but could also be 
partly affected in later stages of chemical and physical processing.  
The literature and research on the subject is wide, though many questions have not been fully 
answered yet - questions that are of importance to be answered both for scientific and 
commercial reasons. 
 

1.3 Aim 

The aim of this project is to perform a literature study together with complementary analysis 
to be able to answer questions concerning if/why there is a difference between cellulose from 
the sulfite and PHK processes, if there is any possibility to gain anything from a highly 
reactive cellulose and what process profits and/or product profits that may follow concerning 
further processing of the cellulose in the viscose process. 
 

1.4 Limitations 

A restricted budget and the time limit are the main limitations for what could be 
accomplished in this project. The numbers of experiments performed were narrowed to a 
level which still would be sufficient for evaluation of data and information but as few as 
possible to minimize costs and to keep the project within the time limit.   
The project focused on mercerization to ripening in the viscose process, along with examining 
the influence of different amount of CS2 added in the process for two dissolving pulps. To 
enable evaluation of cellulose reactivity previous benchmarked data was used in a data 
analysis as a complement.   
 

1.5 How to solve the problem 

One sulfite and one Kraft pulp were used. The first six steps in the viscose process, 
mercerization to ripening, were performed using these two samples. The analyses were run 
with varying amount of CS2 with fixed settings e.g. temperatures, press factor, NaOH- 
concentration. After the run analysis of the viscose dope was performed including analysis 
such as filter clogging value, particle size distribution, γ-number. The reactivity pattern for 
the two pulps were analyzed and summarized.  
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Also, an additional data analysis of 13 already benchmarked pulps was included in order to 
support or refute any theories based on analysis described above. This analysis included the 
reactivity measurement Fock. A model to assign factors influencing the reactivity was 
developed and examined.  Five of the observations included in the data analysis were also 
used to evaluate the filter clogging value (Kr). These five observations were chosen due to the 
settings in the viscose micro plant for each benchmarked pulp. The use of different setting 
will influence the end result in the analysis of the viscose dope and therefore the setting used 
with the most benchmarked pulps was chosen.  

2. Theory 

2.1 Cellulose  

Cellulose is the main component in wood and is an important component of the primary and 
secondary cell walls. The cellulose content is different in various types of wood in a range of 
40-50%.  
 
Cellulose is a homopolymer consisting of β-1, 4-glycosidic linked D-glucopyranose units. The 
glucose units are linked together to a long, linear chain where every unit is reversed 180 ˚ 
with respect to its neighbors.  The basic unit for cellulose is cellobiose, see Figure 1. Every 
glucose unit consists of three hydroxy groups positioned at the C2, C3 and C6 carbons, which 
all are able to undergo typical reactions of primary and secondary alcohols. The substitution 
of the primary position at C6 is more thermodynamically stable than for the secondary 
positions at C2 and C3. The least favored reaction for the hydroxy group is a reaction at C3, 
due to the more steric favored C2. [2] 
 
 

 
Figure 1. The cellulose polymer with the basic unit cellobiose[3] 

 
The molecular structure of cellulose appears as rather simple, but the supramolecular 
structure makes cellulose into an extremely complex substance and a complicated material. 
Cellulose has the ability to form hydrogen bonds both within the same cellulose chain 
(intramolecular) and also between chains of cellulose (intermolecular). The intermolecular 
bonds are responsible for the formation of crystalline domains or fibrils. The intermolecular 
bonds also make it easy for cellulose to aggregate with other cellulose molecules and form 
microfibrils. Microfibril aggregates and the formed fibrils in turn form cellulose fibers 
through hydrogen bonds.  
Native cellulose has intramolecular bonding between the ring oxygen O5 and the hydroxyl 
group on C3 and also between the hydroxyl group on C2 and the primary hydroxyl group on 
C6. The intermolecular hydrogen bonding occurs between the primary hydroxyl group on C6 
and the hydroxyl group on C3 in parallel chains. This model thus gives the cellulose a sheet-
like structure in which the sheets are held together by van der Waals forces.  
Interchain hydrogen bonds between neighbouring chains are easily formed and between 



3 
 

cellulose sheets weaker hydrophobic interactions exist.   
Cellulose is not easily dissolved in aqueous solution due to the amphiphilic properties of 
cellulose, i.e. large quantities of hydrogen bonds in combination with the strong van der Waal 
bonding. Traditional solvents or solvent system capable to dissolve cellulose include e.g. 
sodium hydroxide, N-methylmorpholine-n-oxide (NMMO) and ionic liquids. [4] 
 
Cellulose I is the cellulose that exist in nature and is formed during photosynthesis. This type 
of cellulose has two phases that coexist; Cellulose Iα and Cellulose Iβ.  
The difference between Cellulose Iα and Cellulose Iβ is the crystal structure; Cellulose Iα can 
be modeled by a monoclinic space while the form Cellulose Iβ is thought to possess a triclinic 
unit cell.  
Cellulose II is formed when cellulose is mercerized or regenerated from solution. In Cellulose 
I the chains are parallel and are therefore most likely to be linked by van der Wahl bindings. 
Cellulose II is antiparallel and thus increases the number of hydrogen bonds between the 
molecular layers (see Figure 2.). Since hydrogen bindings are stronger than van der Waals 
bindings, Cellulose II is more thermodynamically stable and thus more beneficial than 
Cellulose I from an energetic perspective, why Cellulose II cannot be converted back to 
Cellulose I once regenerated.  
 

 
Figure 2. A model presentation of Cellulose Iβ (left) and Cellulose II (right). [5] 
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The cellulose fiber wall consists of several layers, represented by micro- and macrofibrils. In 
the fibrillar structure of the cell wall the middle lamella, primary wall, secondary wall and the 
warty layer is included.  

 

  
Figure 3. Model of the cell wall structure.[6]  

 
The primary wall is the first formed cell wall layer and is very thin consisting of loose 
aggregation of microfibrils. The secondary wall often consists of three layers (S1, S2, S3)(cf. 
Figure 3). S1 is a narrow layer and also the layer formed closest to the primary wall, the 
middle layer and generally the thickest part is S2 and the last layer of the secondary wall, S3, 
works as an interface between cellulose and the cytoplasm in the living cell or the cell lumen 
in dead cells. The layer that contributes the most to the physical and mechanical properties is 
the S2 layer. [7] [8] 
 
The cellulose fibers are of different length, but generally softwood has long fibers and 
hardwood has shorter fibers.   
 
Commercial grade cellulose is often divided into α-cellulose, β-cellulose and γ-cellulose. The 
α-cellulose corresponds to pure cellulose and does not dissolve in a solution of 17% of sodium 
hydroxide. The β-cellulose contain carbohydrates, sugars and short cellulose chains and can 
be dissolved in the 17% sodium hydroxide solution but can also be regenerated in an acidic 
environment. The γ-cellulose mainly consists of degraded hemicellulose in terms of 
monosaccharides, for example mannose and xylose. The γ-cellulose is dissolved in 17 % 
sodium hydroxide but cannot be regenerated. [9] [10] [11] [12] 

 

2.2 Hemicellulose 

Hemicellulose is a heteropolysaccharide. The main differences between cellulose and 
hemicellulose is that hemicellulose is branched, consists of several different monomers and 
have lower molecular mass (cf. Figure 4.). The monomers that compose hemicellulose are for 
example glucose, mannose, xylose, arabinose and galactose.  
The content and type of hemicelluloses is significantly different between hardwood and 
softwood in the wood cell walls. Softwoods often have a high proportion of mannose units 
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and more galactose units compared to hardwoods, whereas hardwood have more acetyl 
groups and a higher proportion of xylose than softwoods.  
 

 
Figure 4. A possible structure of the hemicellulose xylan, made from xylose units. [13] 

 

2.3 Lignin 

Lignin is the third major polymer in the cell wall. The amount of lignin varies from different 
plants. The lignin content can vary from 20 to 40% in different wood species. The function of 
lignin in wood is to embed the cellulose which thereby makes the wood firmer.  
The phenolic polymer is formed by radical coupling reactions of mainly three 
hydroxycinnamul alcohols or monolignins.  
These three monolignins are coniferyl alcohol, sinapyl alcohol and p-coumaryl alcohol.  
The radical coupling reactions can be situated on different positions of these alcohols and are 
named due to the position of which the reaction is occurring. (cf. Figure 5) 

 
Figure 5. The three building blocks of lignin [14] 

 
The lignin molecules possess a complex structure which arises from the biosynthesis (e.g. of a 
structure in Figure 6). The chemical reactivity of lignin is based on the proportions of the 
three monolignol structural units.  
Lignin by itself is insoluble in water, but with treatments such as sulfonation, oxidation or 
hydrolysis the aqueous solubility can be increased. [7] 
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Figure 6. An example for the structure of a lignin molecule. [14]  

 

2.4 The sulfite pulping process 

The sulfite process can be performed in acidic, neutral or under alkali conditions. The most 
common is the acid sulfite pulping process. 
The main chemical agents in acid sulfite pulping process are hydrogen sulfite and sulfur 
dioxides together with counter ions. The counter ions are e.g. Na+, Ca2+ and Mg2+.  
The general reactions occurring in the sulfite cook is sulfonation, hydrolysis, condensation 
and redox processes. The sulfonation reactions occur mainly with lignin, but to a minor 
extent it also attacks carbohydrates and low molecular weight degradation products. 
Hydrolysis is important for the cleavage of lignin-carbohydrate linkages. Carbohydrates, and 
especially hemicelluloses, are affected by hydrolysis.  Condensation reactions are mainly 
observed between lignin units and lignin intermediates and extractives. Some extent of 
condensation can be observed with degradation products of carbohydrates. The redox 
processes incorporate with inorganic compounds, and most often degraded carbohydrates 
and extractives are included.  
 
The major reaction of carbohydrates during sulfite cooking is the acid-catalyzed hydrolysis of 
the glycosidic linkages. The result from the acid hydrolysis is that the DP is reduced, 
oligomers are formed and the polymer can be degraded down to monomers. The rate of 
which these reactions occur is dependent on the acid concentration, temperature and the 
molecular environment of the glycosidic bond. Acid hydrolysis of cellulose depends not only 
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on the chemical structure but also greatly on its morphology. The accessibility for the 
reaction is affected by the degree of crystallinity of cellulose but also by the pretreatment and 
the origin of the wood.  
Although degradation of cellulose occurs during acid sulfite cooking, the degradation of 
hemicelluloses occurs much more rapidly. The rate of heterogeneous hydrolysis follows the 
order: 

 
cellulose (1)< mannan (2-2.5) < xylan (3.5-4) < galactan (4-5) 

 
In acid sulfite processing different parameters can influence the reaction conditions. The 
main process parameters in acid sulfite pulping are specified by the composition of the 
cooking liquor in combination with the temperature. The acidity of the cooking liquor 
determines both the rate of the lignin removal and the extent of cellulose degradation. [7] 
 
In Figure 7 a schematic chart of how the sulfite process is at Domsjö Fabriker AB is 
presented.  
 

 
Figure 7. A schematic chart of the sulfite process performed at Domsjö Fabriker[1] 

 
In Domsjö’s sulfite process debarking and chipping is performed as a first step. Debarking 
and chipping of the wood is completed in order to enable even penetration of the cooking 
chemicals during digestion (cooking in the figure above). After chipping the wood is added to 
a digester. [16] 
 
The second step in Domsjö’s sulfite process is the digestion, where SO2 and NaHSO3 with a 
sodium base are used as cooking chemicals. [17] The digestion of the wood removes the lignin 
and in turn enables separation of the fibers. During the digestion dissolving of hemicellulose 
is also present to the extent possible without breaking the cellulose molecules.  
 
After the digestion most of the lignin and hemicellulose is dissolved in the cooking chemicals 
and thus removed from the cellulose. The removal of the cooking chemicals is performed by 
washing the cellulose. [17] 
The cellulose is then first alkalized under alkaline extraction primary for reduction of 
hemicelluloses. In this part of the process the remaining lignin will be activated for the 
following steps in the bleaching process. [18] Hydrogen peroxide is used for further removal of 
lignin where it attacks the lignin molecule at its functional groups. During bleaching 
oxidation of lignin through cleavage of side chains occurs. This oxidation occurs due to the 
formation of the perhydroxyl anion (OOH-), a nucleophile intermediate. The action of 
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radicals formed during the bleaching process is responsible for a large extent of the 
delignification. [19]  
The bleaching with peroxide causes degradation of the molecule into smaller and water 
soluble parts, but it also increases the brightness of the cellulose. [20] 
 
After bleaching the cellulosed is washed and dried before it is cut into sheets and packed for 
delivery. [21] 

 

2.5 The Kraft pulping process  

The main chemical agents in the Kraft pulping process are hydrosulfide, hydroxide anions 
and an aqueous solution of caustic sodium hydroxide and sodium sulfide. Hydrosulfide and 
hydroxide anions are present in the cooking liquor while the aqueous solution, with sodium 
hydroxide and sodium sulfide, represent the white liquor. In Kraft pulping the hydrosulfide 
ion plays an important role by accelerating delignification and rendering nonselective soda 
cooking into selective delignifying process. [7]  
The delignification during Kraft pulping can be divided into three phases: initial, bulk and 
residual (or final) phases. During the initial phase delignification is caused by cleavage of α-
aryl and β-aryl ether bonds in the phenolic units of lignin. The lignin removed during this 
phase is approximately 15-25%. The main part of the carbohydrate losses is also observed 
during the initial phase. The second phase, bulk phase, is the main delignification phase 
where most of the lignin is removed and only minor carbohydrate losses occur. The primary 
delignification is assumed to be the cleavage of the β-aryl bonds into the nonphenolic units of 
the lignin. In the last residual phase, the delignification is approximately 10-15% of the native 
lignin. However, continuous delignification will increase the dissolution of carbohydrates. 
 
 
The chemistry behind the Kraft cooking includes reactions of both lignin and carbohydrates.  
The reactions for lignin and carbohydrates differ between the initial, bulk and residual 
phases. In the initial phase hemicelluloses undergo deacylation and physical dissolution, and 
some extent of peeling reactions will start. The cellulose degradation caused by peeling is 
negligible in terms of yield losses. The reactive phenolic lignin units, for example α-O-4-
ethers, are cleaved in the initial phase. During bulk phase the core delignification takes place 
where both phenolic and nonphenolic β-O-4-ethers bonds are cleaved. Approximately 70% of 
lignin is removed. Reactions including carbohydrates are characterized by stopping reactions 
and secondary peeling. During the residual phase the delignification has slowed down 
considerably due to the reduction of reactive lignin units present in the fibers. The slow 
delignification in this step is accompanied with very fast degradation of carbohydrates which 
causes uneven carbohydrate losses. [7] 
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Figure 8. A schematic overview of a continuous Kraft pulping process[22] 

 
The Kraft processes can vary from each other in terms of e.g. pretreatment, bleaching agents 
and drying process. A schematic overview is seen in Figure 8.  
An example of a pretreatment is prehydrolysis. Prehydrolysis is performed to remove 
hemicelluloses. This step has been introduced to cancel some of the differences in the end 
result between Kraft and sulfite pulps. The hydrolysis is performed in water at 160-180 
degrees in dilute acid or concentrated acid. [7] 
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2.6 The viscose process  

Cross et al. discovered 1891 that wood or cotton cellulose could be dissolved by a treatment 
with alkali and carbon disulphide. [23] This is industrially performed in several steps, which 
will be treated below. Shown below (Figure 9) is a schematic overview of the viscose process 
from Svenska Rayon AB.  

 

2.6.1 Mercerization 
During the first step in the viscose process (cf. Figure 9), also called steeping, the dissolving 
cellulose is mercerized by immersion in a sodium hydroxide solution with a concentration 
around 18%. During the alkalization of the cellulose the cellulose I is transformed to alkali 
cellulose. This transformation ends up giving the alkali cellulose a higher reactivity compared 
to cellulose I and hence helps the reagents to penetrate more easily into the cellulose. This 
will in turn enable reaction with the hydroxyl groups. [24] The time for mercerization is set to 
a time long enough to allow the sodium hydroxide to convert the cellulose I into alkali 
cellulose and often this time is between 20 to 60 minutes. Temperature during the 
mercerization step is kept between 35 and 60 degrees Celsius.  

2.6.2 Pressing 
The pressing step is included to remove redundant sodium hydroxide from the cellulose. 
Hemicellulose that dissolved during the mercerization step is in some extent removed with 
the lye during this step. Some of the hemicellulose is still remaining in the cellulose after 

Figure 9. A schematic overview of the viscose process from Svenska Rayon AB, Vårberg, 

Sweden. 
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pressing due to that the cellulose still contain some of the sodium hydroxide. After the 
pressing the press factor is calculated by dividing the weight of the cake of cellulose after 
pressing divided with the initial weight of cellulose at the beginning of the viscose process. 
The press factor represents the measurement of the alkali and cellulose ratio in the alkali 
cellulose.  
 

𝑃𝑟𝑒𝑠𝑠 𝑓𝑎𝑐𝑡𝑜𝑟 =
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑐𝑎𝑘𝑒(𝑔)

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑑𝑟𝑦 𝑐𝑒𝑙𝑙𝑢𝑙𝑜𝑠𝑒 (𝑔)
 

 

2.6.3 Shredding 
Shredding of the cellulose is performed mechanically in order to increase contact area for 
further reactions with chemicals.  

2.6.4 Aging 
The shredded cellulose is let to stand in contact with contact with oxygen from the air, which 
will degrade the chain length of the cellulose molecules by oxidation.  

2.6.5 Xanthation 
During the xanthation the cellulose is treated with CS2 while stirring to form xanthate ester 
groups.  

2.6.6 Dissolving 
Cellulose is after the xanthation dissolved in sodium hydroxide solution. The formed 
xanthate substituents force the cellulose chains apart, which reduces the hydrogen bonds in 
the chains and thereby allow water to dissolve in the otherwise insoluble cellulose chains.  

2.6.7 Ripening 
Ripening of the viscose dope include the important processes redistribution and loss of 
xanthate groups. The more kinetically favored positions at C2 and C3 will be redistributed to 
the more thermodynamically stable C6 position. During this redistribution some of the 
xanthate will form bi-products and thus be released from the cellulose. This reaction reduces 
the insolubility of the molecule in water and enables regeneration of the cellulose after 
formation of filaments.  
 

2.6.8 Filtering 
The viscose solution is then filtered to remove undissolved material which might disturb the 
spinning process by clogging of the thrust nozzles.  

2.6.9 Spinning 
The viscose is forced through a thrust nozzle producing a fine filament of viscose for each 
hole. The viscose solution is pumped through nozzles in an acid bath consisting of zink 
sulfate and sodium sulfate in order to set proper filaments of regenerated cellulose. The 
complex formation of the zinc ions and xanthate groups draw the cellulose chains together. 
The sulfuric acid is included in the bath to acidify the cellulose xanthate and sodium sulfate 
to enable a rapid coagulation. [25] Due to these chemicals a spontaneous release of a CS2 and 
thereby regeneration with a hydroxyl group will regenerate the molecule and thus regenerate 
the fiber.  

2.6.10 Stretching 
While the cellulose chains still are relatively mobile, they are stretched in order to orient 
along the fiber axis. [26][27] 
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2.7 Viscose Micro Plant, MoRe Research 

MoRe Research, Örnsköldsvik, possesses a viscose micro plant (see figure 10). The viscose 
micro plant includes the steps: mercerization (figure 11), pressing (figure 12), shredding 
(figure 13), aging, xanthation, dissolving and ripening. All the processing from cellulose to 
viscose is performed manually and the plant provides an ability to produce viscose in a small 
scale. Every run includes 20 g of cellulose and approximately produces 200 ml of viscose. A 
10 % solution is similar to the yield obtained in a real viscose plant. 
 
 

 
Figure 10. The first steps of the viscose micro plant 
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Figure 11. The bath for the mercerization step 

 

 
Figure 12. The press used for pressing the mercerized dissolving pulp. 
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Figure 13. The equipment for shredding. 

 

2.8 Additives 

In the cellulose production a large variety of surfactants for different application areas are 
available for use. The use of artificial resins for improving the reactivity and product quality 
in the production of fibers, filament and other cellulose products is common. Some of these 
additives are added already during the production of cellulose pulp while others are added in 
different steps of the viscose process, dependent on the purpose of the additive. Many 
additives are aiming to improve the reactivity and accessibility of the cellulose. 
The common additives improve the accessibility and reactivity by acting like a phase transfer 
catalyst enabling the reaction between CS2 and the O--groups of mercerized cellulose. These 
are most likely to be added in the steeping lye in the mercerization step of the viscose plant 
but can also be added in the production of cellulose pulp. In the dissolving pulp process the 
surfactant is for example added by spraying it onto the wet cellulose before drying. [28] 
 

2.9 Multivariate Data Analysis 

Multivariate data analysis (MVDA) is a useful tool when having large amounts of data, 
including many variables as well as many measurements, and extraction of information from 
the raw data is wanted.  
Principal component analysis (PCA) is a projection method used in multivariate data 
analysis. It gives a projection of the multivariate data into a low-dimensional subspace which 
can then be analyzed. The data forms a matrix consisting of N rows (observations) and K 
columns (variables). In the analysis, the data is first mean-centered and scaled. Principal 
components (PC) are fitted to the data (orthogonal to each other and through the average 
point) to describe as much variation as possible. 
Partial least squares (PLS) are another analytical tool in multivariate analysis, which is a 
regression extension of PCA and describes how things vary together. In PLS an X-matrix 
consisting of N observations and K factors (predictors) is connected to a Y-matrix that 
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consists of N observations and M responses. Just as in PCA, the data is mean-centered and 
scaled before the model is fitted. One major difference between PCA and PLS is that in PLS 
each row of data corresponds to two points instead of one (as in PCA), one in the X space and 
one in the Y space. 
PLS – Discriminant Analysis (PLS-DA) is classification method that is based on PLS. The 
difference is that PLS-DA uses a dummy matrix, which defines separation between classes. 
While PCA gives a projection of maximum variation in X, PLS-DA will give a projection of the 
maximum separation between classes in X. Hence, PLS-DA can be used to interpret 
difference between classes in the observations and to understand what variables that affect 
the separation.[29] 

3. Differences in reactivity between sulfite and Kraft pulps- a 
review 
The research about the differences between sulfite and Kraft pulp has over time been on and 
off. Most of the extended research was performed during the 50’s and 60’s where many are 
referring to the differences but very few to why there is a difference. 
The presentation of the differences will be divided into paper grade pulp, dissolving pulp and 
a part with sources not mentioning the purpose of the pulp. The first part include a 
comparison of the two different pulp and the second part include the research of possible 
theories to why there is a difference.   
 

3.1 Comparison between sulfite and Kraft pulps 

The differences between sulfite and Kraft pulps are both assigned for paper grade pulps and 
dissolving pulps. 

3.1.1 Paper grade pulp 
 
As to paper grade pulps many investigations have resulted in various observed differences 
between sulfite and Kraft pulps, the most common are:  
(1) sulfite pulps are more easily bleached and obtained in higher yields than Kraft pulps when 
brought to the same content of lignin, 
(2) sulfite pulps are more readily refined and less power is required for the refining compared 
to Kraft pulping, 
(3) paper from Kraft pulps is stronger than those from sulfite pulps, 
(4) unbleached sulfite pulps are brighter than Kraft pulps.  
 
It is also very common that the acidic pulping have a small loss of cellulose during the 
pulping making it more advantages than the alkaline Kraft process in terms of yield. The loss 
in the pulp yield in Kraft process is caused by carbohydrate solubilization and 
degradation.[30][31] 
Due to the fact that the unbleached sulfite pulp is brighter than the Kraft pulp the bleaching 
requirement is also higher for Kraft pulps 
 
The comparisons that have been made between the sulfite and Kraft pulps have indicated 
that the hemicellulose content is similar for both types of pulps and that the amount of 
pentosans and resistant pentosans is higher in Kraft pulps.[32] Comparison of the α-cellulose 
content for sulfite and Kraft paper grade pulp say that sulfite is somewhat higher in α-
cellulose than Kraft. [32]  
 
The swelling capacity is also discussed as a difference between the two process types. Von 
Koppen measured the water retention value (WRV) of spruce pulps and found that Kraft 
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pulps have a lower WRV than sulfite pulps, which in turn is related to that sulfite pulp has a 
higher capacity of swelling than Kraft pulp.  [32] 
Scallan(1978) found out that during delignification there is a corresponding increase in the 
pore volume of the fibers. [31] In the same paper he presented that the increase of the pore 
volume were seen to a greater extent for the sulfite pulps compared to Kraft pulps. Therefore 
it was assumed that the different abilities of swelling of the cell wall during Kraft and sulfite 
pulping may be liable for the different integrity of the cell wall-forming lamellae in such 
fibers.  
 
The differences in the supramolecular structure between sulfite and Kraft pulps were noted 
by Parks(1959). [32] In that study it was found that the sulfite pulp had smaller ordered and 
more uniform regions. During the cooking in both processes the removal of the primary wall 
is easier performed for sulfite pulp, giving sulfite pulps higher ability to react with added 
chemicals.  
Poletto et al. 2010 made a study comparing crystalline properties of cellulose fibers in wood 
pulp contained by sulfite and Kraft pulps. These authors found that crystallinity, crystallite 
size, thermal stability and cell structure were more affected during Kraft pulping and thought 
that this might be explained by the extent of degraded cellulose structure in Kraft pulping due 
to cooking conditions. [33] 
 

3.1.2 Dissolving pulp 
Compared with paper grade pulp, performed by a conventional Kraft pulping process, the 
prehydrolyzed Kraft (PHK) is used for manufacturing dissolving pulp. The behavior of certain 
carbohydrate polymers for each process type is seen in the figure 14.  
 
In contrast to paper grade pulps the α-cellulose content is generally higher for PHK pulps 
than sulfite pulps. The variation of the amount of hemicellulose in various pulps is influenced 
by the wood species and the pulping processes including their bleaching agents.  
The solubility is an important factor upon further processing of dissolving pulps. The PHK 
pulp shows a much lower solubility than a sulfite pulp.  
Sulfite dissolving pulps have also been observed to have higher amount of short chain 
cellulose. [34] 
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Figure 14. A chart of the behavior of certain carbohydrate polymers of wood during 

pulping based on Hamilton and Thompsons model (1960) [35] 

 
Sixta (2000) studied hardwood dissolving pulps where he mentioned previous studies 
referring to that sulfite pulps contained largely crystalline and paracrystalline cellulose, while 
PHK pulps had a considerable transformation of the paracrystalline regions into the 
amorphous state. The higher amount of crystalline and paracrystalline regions in sulfite 
compared to PHK pulps was assigned to, e.g., the high LODP of sulfite pulps, the excellent 
swelling properties, the low tear strength and the high beating rate of sulfite pulps. 
Furthermore, in his study sulfite pulps were found to be more reactive towards xanthation 
compared to PHK pulps. He also, in a comparison between PHK pulps and acid sulfite pulps 
pointed out that acid sulfite pulps generally showed a higher fraction of low molecular weight 
cellulose, the high difference between R18 and R10, the high copper number and the higher 
level of viscosity. [36] 
 
Fischer and Schmidt (2008) observed that more hemicellulose was removed from the sulfite 
pulp during mercerization than from the PHK pulp. This difference was believed to be due to 
the hemicellulose content across the cell walls. [34] 
Kraft pulping is performed under alkaline conditions; still further removal of hemicellulose is 
possible in the mercerization steps. This is possible due to that alkaline purification of pulps 
can be performed in either cold or hot alkaline purification. Cold purification is performed in 
rather concentrated lye at room temperature or slightly higher or lower. The temperature for 
hot alkaline purification generally ranges from 70 to 120°C with a concentration of 0.3-3 % 
NaOH in the lye. [37] These differences in settings for purifications make it possible to remove 
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further amount of hemicellulose, during the cold alkali mercerization step of the viscose 
process, from the already alkaline treated Kraft pulp.  
 
Hamilton and Thompson (1960) stated that the chemical differences between Kraft and 
sulfite pulps are the result of characteristic degradation taking place during digestion. They 
also stated that some of these differences arise from subtle changes in the cellulose itself but 
the main differences exist between the hemicellulose components. [35] 
 

3.2 Theories 

A variety of theories have been developed over time to try to explain the differences between 
sulfite and Kraft pulps. In a review article made by R.A. Young (1994) different areas of 
theories to the differences between sulfite and Kraft pulps were summarized: crosslinking 
theory, chemical distribution theories and cellulose structure theory. Most of the theories are 
based on paper grade pulps but later research for dissolving pulps supports some of the 
theories e.g. chemical distribution theories. [36] Kraft pulp will refer to the conventional Kraft 
process if not stated otherwise. A short review of these theories from previous studies will be 
summarized here.  
 
3.2.1 Crosslinking theory  
The crosslinking theory was suggested by McKinney [32] and his explanation to the differences 
between sulfite and Kraft pulps was considered to have its origin from the formation of a 
bond between cellulose and hemicelluloses formed during the alkaline cook. Giertz (1953) 
later questioned the chemical mechanisms for the formation but felt that the assumption of 
bonds in Kraft fibers that do not exist in sulfite fibers could explain many of the differences. 
He believed that these cross bonds would influence the differences in pulp properties such as:  
(1) reduce the swelling of Kraft compared to sulfite, 
(2) affect the density of the fiber and also increase the bulk of the paper, 
(3) the internal bonds would make the fiber more difficult to beat and also add strength to 
the fiber, 
(4) the bonds would make it more difficult to dissolve Kraft fibers.[35][32] 

3.2.2 Chemical distribution theories 
An important theory concerns the distribution of chemical constituents in the cell wall. 
Jayme and von Koppen explained as early as 1950 that the differences between sulfite and 
Kraft pulps are based on the different distribution of the chemical constituents within the cell 
wall and at the surface of the fiber (Jayme and von Koppen 1950). Their theory suggested 
that sulfite fibers contain a greater proportion of lignin at the fiber surface than Kraft fibers. 
The theory also suggested that the distribution of lignin through the cell wall was more even 
for Kraft pulps, which they also concluded could be an explanation to why Kraft pulps, for 
example, are more difficult to bleach, behave different during beating and have a higher heat 
resistance.  
However, later work by Wood and Goring, 1973 did not support Jayme and von Koppen’s 
theory. In this study it was shown with UV absorbance that the lignin distribution was 
basically the same for Kraft and sulfite fibers (Wood and Goring 1973).  
 
Jayme and von Koppen also assumed that the distribution of hemicellulose was of the same 
character; sulfite fibers contain a higher proportion of low molecular weight hemicelluloses at 
the surface of the fibers, while Kraft fibers were assumed to have a surface with 
hemicelluloses with a high DP (Jayme and von Koppen 1950).  This theory of distribution of 
hemicellulose was concluded to explain the ease of swelling fibers of sulfite pulps and the 
difficulty of beating Kraft pulps. [36] 
Another difference in the surface properties of the fiber was suggested by Yllner and Enström 
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(1956, 1957). Their theory was built up on that xylan is readsorbed on the surface of Kraft 
pulp fibers as the alkali concentration decreases in the Kraft cook.  Both Kibblewhite and 
Brookes (1976) and Luce (1964) reported high xylan content in the outer layer of Kraft pulp 
fibers. Hamilton and Thompson (1960) proposed a mechanism for the adsorption of xylan 
which was based on hydrolysis of the xylan polysaccharide in the Kraft pulping liquor to a 
more suitable structure for re-adsorption and crystallization at the fiber surface.   
 
J.E. Luce (1964) investigated the radial distribution of cellulose DP and single hemicelluloses 
such as xylan and mannan (figure 15.). His work referred to a hypothesis made by Jayme and 
von Koppen (1950), concerning the radial distribution of DP through the cell wall. Jayme and 
von Koppen had suggested that for a given degree of delignification, sulfite pulps were 
thought to be more degraded on the outside of the fiber than Kraft pulps. 

 
Figure 15. Luce (1964) study of the radial distribution of cellulose DP (right) compared 

with Jayme and von Koppens model (left). [38] 

 
By using a chemical peeling technique, Luce (1964) showed that his results supported Jayme 
and von Koppen’s hypothesis (cf. Figure 15, left). His results displayed a uniform DP through 
the cell wall for the Kraft pulp, whereas the sulfite pulp had a low DP in the outer layer and 
high in the inner layers. Through the entire peeling of the cell wall from the outer to the inner 
layers the sulfite curve lifts slightly through the entire peeling, whilst the Kraft curve is more 
horizontal (cf. Figure 15, right). These results indicated that there is a fundamental difference 
between radial distribution of cellulose DP in sulfite and Kraft pulps. Luce concluded that the 
differences presumably are related to respective cooking liquors and their ability in the 
hydrolytic activity and swelling power.  [38] 
Kettunen et al. (1982) contributed with one of the strongest evidences for the chemical 
distribution theory. In their study they performed pulping trials of pine with five different 
pulping processes and found that the xylan content of the hemicellulose increased, while the 
glucomannan content decreased, with increasing pH in the cooking liquor.  

3.2.3 Cellulose structure theory 
The cellulose structure theory was presented 1983 by Page where he explained the differences 
in properties of sulfite and Kraft pulps based on literature data (Page 1983). In his theory he 
suggests that the paracrystalline regions in native cellulose fibrils are transformed to 
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amorphous regions during pulping. The extent of the transformation was stated to be 
dependent on the nature and temperature of the cooking liquor. [32] 
The effectivity of the transformation is dependent on liquors ability to swell the 
paracrystalline lattice and a higher temperature will promote the transformation. In case of 
the ability of the liquor to swell cellulose the tendency of this phenomenon is thought to be 
due to the ionic swelling characteristics. The amorphous regions that was formed were 
suggested to be viscoelastic and capable of absorbing more energy under mechanical stress.  
In line for this sulfite pulp was concluded to contain largely crystalline and paracrystalline 
cellulose, whereas cellulose in Kraft pulping undergo a transformation of the paracrystalline 
regions to amorphous regions.  
In this study (Page 1983) it was concluded that the differences between pulps do not seem to 
be a strong function of yield. This conclusion was made due to that, e.g., both high yield and 
low yield sulfite pulps are notoriously brittle pulps with lower tear strength and that 
bleaching does not affect any difference.  
Furthermore, Page (1983) did not think that the reason for the differences of the pulps was 
dependent on the lignin structure, because the differences remain even after delignification 
to almost no remaining lignin. He also did not believe that the differences were due to 
hemicellulose content or structure. This because sulfite and Kraft pulps retained their 
differences over a range of hemicellulose contents and structures.  
His hypothesis proposed that the differences are entirely due to the structure of cellulose. 
Most of Page’s theory is based on a model introduced by Stockmann (1970, 1971). He 
suggested that fibrils of cellulose are crystalline and that the paracrystalline regions are 
transformed to amorphous regions during pulping. Stockmann gave several evidences to his 
hypothesis. Yet, he did not develop his evidence in terms of consequences or the response of 
cellulose to different transformations for pulp properties.  
Page (1983) listed a few evidences that favored his model. One of the evidences included that 
the ability to swell cellulose is dependent on the cooking liquor. Mineral acids are not 
swelling agents for cellulose and therefore it is expected that sulfite liquors are mild. In turn 
the strongly alkaline liquors in Kraft pulping are expected to lead to further transformation.  
Another of his evidences to his theory is the formation of the fibers. The sulfite fibers are 
often straight and at lower yield of sulfite fibers they often have sharp kinks. These kinks are 
not displayed to the same extent in Kraft fibers; these fibers are rather more gently curved 
and curled. Page concludes this appearance to be a natural consequence of the differences in 
structure.  
Support of the theory was provided from literature based on correlations of pulp properties 
with leveling-off DP of cellulose, ease of beating of various pulps and effect of caustic 
treatments. [39]  
 

3.3 Structural fiber properties 

The ability of processing a dissolving pulp is characterized as its reactivity towards 
derivatizing chemicals or solvents.  Reactivity is related to the accessibility of chemicals to the 
cellulose. This practically means the relative ease by which the hydroxyl groups can be 
reached by the reactants. [12] 
Different research to the difference in reactivity and accessibility of dissolving pulps has been 
developed. A short review of these recurring subjects from previous studies will be 
summarized here. 
 

3.3.1 Pore Structure, Accessibility  

The supramolecular structures control to a great extent the swelling behavior and also 
determine the pore volume and pore structure. [12]  
There are three  different sections of which water is present in the cell wall, the first one is 
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bulk water present in large macropores, secondly freezing bound water is held within the 
amorphous regions of the cell wall in so called micropores and last, nonfreezing bound water 
is found to be adsorbed on to hydrophilic sites of the carbohydrates. [12] 
Nakamura et al (1981) defined that bulk water or “free water” as the unbounded water in the 
polymers whose e.g. transition temperature and enthalpy are equal to those of pure water. 
They defined freezing bound water as the water restricted by hydroxyl groups of cellulose 
molecules, with a transition temperature that is lower than that of pure water, whereas 
nonfreezing bound water was defined as bound water whose transition is not detected in the 
first-order transition. [40] The freezing and nonfreezing bound water is proposed to be located 
in small pores and that the bulk water can be located in large pores created by the dissolving 
of lignin and hemicellulose during pulping. Differences between sulfite and PHK pulps are 
only minor in terms of pore volume, WRV and specific pore structure. PHK pulps has a slight 
advantage over acid sulfite pulps regarding the total pore volume, due to that PHK pulp have 
a larger number of small pores. [12] 
 
Drying is a crucial step in the production of cellulose. The way in which the dissolving pulp is 
dried is crucial for the accessibility in the further processing. [41] The physical and chemical 
properties of a cellulose pulp strongly affect the swelling. The cellulose properties are 
vulnerable to drying cycles due to that it is a fibrillar polar polymer. The drying of cellulose 
causes a rearrangement of the cellulose molecules and interfibril aggregation which in turn is 
leading to irreparable changes in the structure. This decrease upon drying will decrease the 
accessibility of cellulose and is called hornification. [41] 
 

3.3.2 Cell Wall Structure 

Native and regenerated fibers are built up by micro and macro fibrils, the second being the 
structural elements of a single cellulose fiber.  
 
Pulping process and the pulping conditions, are highly affecting the fibrillar morphology of 
pulps. In the acid sulfite pulping process, it is assumed that the cooking chemicals, hydrogen 
sulfite and sulfur dioxides, penetrates through the pits and into the middle lamella making 
the pulping reaction to start from the primary wall across the cell wall. This pathway of the 
cooking chemicals for acid sulfite cooking will cause damage on the primary wall and 
sometimes completely remove it. In comparison, pulping under alkaline conditions in Kraft 
pulping process empowers a more uniform pulping reaction across the cell wall caused by the 
high swelling ability of the white liquor.  
Upon usage of prehydrolysis, PHK, Kraft pulps can be almost comparable to sulfite pulps 
when it comes to microfibrillar structure. Mild prehydrolysis combined with alkaline cooking 
will leave the cell wall rather unaffected, but when using intensified prehydrolysis conditions, 
when producing pulps of very low hemicellulose content, further removing of the primary cell 
wall layers will occur and thus be more comparable to acid sulfite pulps. [12] 
The different behavior of the sulfite and PHK pulps, with respect to lattice transition as a 
function of sodium hydroxide concentration, can be described by their diverse morphological 
structure.  
It is also interesting to note that the concentration of sodium hydroxide essential to rearrange 
the native cellulose crystal structure is higher for PHK pulps than for sulfite pulps. The 
concentration needed to promote the transformation of cellulose I to Na-cellulose I is 
essential for describing the pulp reactivity in the transformation towards alkali cellulose and 
thus the production of viscose fibers and cellulose ethers.  
In the case of dissolving pulps, the supramolecular structure might be influenced by the cell 
wall structure, the higher reactivity of sulfite and highly purified PHK pulps in the aging and 
xanthation may be caused by the weakening of the outer layers of the wood fiber cell wall. 
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The higher reactivity is thought to be due to the higher hydrolytic action during the final 
phase of acid sulfite cooking and intensified prehydrolysis. [12] 
 

3.3.3 Swelling 

Mercerization is one of the major steps in the viscose process. Dissolution of cellulose in 
aqueous NaOH solution is directly related to swollen or solid cellulose and Na+ and OH- ions 
in water.  Strong intra- and inter-molecular hydrogen bonds in cellulose prevent it from 
dissolution in most common solvents. The swelling of cellulose in aqueous NaOH is known to 
affect the cellulosic structure because of the cleavage of inter- and intramolecular hydrogen 
bonds. [42] [43] 
The interaction between cellulose and NaOH solution result in a rearrange of the amorphous 
regions into antiparallel Na-cellulose I and further swelling of the cellulose result in an 
enhanced cellulose chain mobility. [44] 
 
This swelling ability of cellulose is one of the most important factors for the cellulose 
reactivity, especially when using it in the viscose process. In the first step of the viscose 
process, the mercerization step, the cellulose is introduced to sodium hydroxide, under a 
certain amount of time, to swell to as great extent as possible. The greater the ability to swell 
the more reactive the cellulose will be to added chemicals.  This is one of the factors that can 
be used to characterize the reactivity of cellulose. During the viscose fiber process, pulp 
reactivity can be described in terms of the accessibility of the high molecular mass cellulose 
to sodium hydroxide of a suitable concentration. [45] 
 
Katz (1933) identified two types of swelling of cellulose substrates, intercrystalline and 
intracrystalline swelling. Intercrystalline swelling refers to that the swelling agent enters only 
the intercrystalline “amorphous” regions, as in the case of swelling with water, whereas in 
intracrystalline swelling the swelling agent also enters the fibrillar interstices and penetrates 
via the interlinking regions from both ends into the elementary crystallites, in most cases 
causing drastic changes in the crystal lattice structure.  [8] 
Dissolution of several celluloses in sodium hydroxide has been shown to be dependent on 
their properties such as degree of polymerization, DP, index of crystallinity of the 
biopolymer, Ic, and the corresponding supramolecular structure. [46] 
 
The compact fibrillar structure, due to intra- and intermolecular hydrogen bonds and 
hydrophobic interactions in cellulose, has a great impact on the accessibility and reactivity of 
the cellulose. Less ordered cellulose between and on the surface of the fibril aggregates are 
the ones accessible to chemicals. The accessibility is thereby very much influenced by the 
chemical composition of the raw material, the distribution, the structure and the morphology 
of the fibers. [47] These highly determining parameters for the water uptake in the cell wall are 
governed by conventional laws of osmotic pressure, including availability of charged groups 
and the hydration of the hydroxyl groups. [48]  
 
The influence of the pulping conditions on accessibility during the process have been studied 
by various researchers and as already mentioned many of them discuss the influence of raw 
material characteristics. These studies sometimes also point out the influences of process 
variables such as temperature, pH and moisture content. The microfibril aggregation in a wet 
alkaline treatment, such as chemical pulping, is for example reported to require a 
temperature of 150 ˚C and alkaline conditions is said to influence the accessibility by 
improving the swelling properties in dried as well as in never dried fibers. [48] 
As mentioned previously, a Kraft pulp often have a more intact primary wall than the sulfite 
pulps, even if  the pulp is prehydrolyzed before digestion to resemble the sulfite pulp more. 
The differences in the morphology will affect the ability to swell due to the accessibility of the 
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microfibrils. Kraft pulps in general also show a greater extent of hornification after the 
digestion but the sulfite fiber is more sensitive to hornification upon drying which may nullify 
the differences in accessibility in the end. [49]  
Fischer and Schmidt (2008) still found that the primary wall of a sulfite pulp was 
significantly smaller than the same for the prehydrolysis Kraft pulp. This difference interferes 
with the ability to swell during mercerization. [34] 
  
Some studies indicate that ions can affect fiber swelling to a great extent. Kerr (1979), Scallan 
(1983) and Scallan and Grignon (1979) discussed the influence of different cations on pulp 
properties. The theories presented in those studies are based on the fact of the increased 
swelling of fibers upon an exchange of the ionizable hydrogen of the carboxylic groups with a 
counter ion. The counter ions present in the cell wall, after the ion exchange, are of sufficient 
quantity to raise the water content in the cell wall by a substantial amount through osmotic 
effects.  
The acidic groups, with which the counter ions interact, are created during different chemical 
reactions depending on the pulping process. Acidic groups are created as a result of ester 
hydrolysis, degradation and stopping reactions of carbohydrates under Kraft pulping and by 
the formation of lignin sulfonic acids in the sulfite pulping process. [30] When these acid 
groups are dissociated, the proton can be exchanged with other counter ions. The exchange of 
counter ions will influence the swelling ability of the fiber wall. Monovalent counter ions give 
a greater extent of swelling than for both divalent and trivalent ions. It is therefore proposed 
that the order of swelling for pulp fibers for various counter ions, for both Kraft and sulfite 
pulps, are:  
Al3+<H+<Ca2+<Mg2+<Li+<Na+ 
A lower valency of an ion will include more ions in the cell wall, creating a higher difference 
in osmotic pressure. An exception for this is protons which form very strong intermolecular 
bonds. [50] 

 
4. Material and Methods 

4.1 Materials 

4.1.1 Selection of samples- experimental 
Samples selected for experimental analysis at the viscose plant are two different pulps, one 
sulfite and one PHK. To be able to assign the different properties and functions to the two 
pulping processes, dissolving pulps without any additives were used. Dissolving pulps with 
additives, different sorts and different amount, will make the reactivity and accessibility of 
the pulp behave differently and the reactivity from the different cooking processes will be 
hard to assign. Therefore a standard sulfite pulp and a standard PHK pulp, both without 
additives, were chosen for this study concerning reactivity due to process type (cooking).  
 
Table 1. Overview of the investigated pulp samples for the experimental part, including 

sample name and process type. 

Sample Process type 

A Sulfite 
B PHK 

4.1.2 Selection of samples- multivariate data analysis 
To be able to draw solid conclusions about the reactivity resulting from the different pulping 
process types an additional analysis was added to the experimental section. This analysis is 
based on already available data, benchmarked for a previous study. Included in this data 
analysis are 13 different pulps, seven pulps are sulfite pulps and six are PHK pulps. The 13 
observations are also from different producers. Original data is found in an internal 



24 
 

document and not used for disposal. As an initial model for the multivariate data analysis all 
factors available for the pulps were included. Evaluation of the influence of these factors was 
estimated and some of the initial factors were in the end excluded from the model.   
 
Table 2. Overview of the investigated pulp samples in the data analysis, including 

sample number and process type.  

Sample Process type 

1 Sulfite 
2 Sulfite 
3 PHK 
4 PHK 
5 Sulfite 
6 Sulfite 
7 PHK 
8 PHK 
9 PHK 
10 Sulfite 
11 Sulfite 
12 Sulfite 
13 PHK 

 

4.2 Methods 

4.2.1 Viscose micro plant, MoRe Research 
In order to determine the reactivity of cellulose with use of the filter value, Kr, all the steps in 
the viscose micro plant up to the product viscose; mercerization to ripening, was performed 
with varying amount of CS2 (%). The duration of the mercerization was set to 30 minutes and 
the time for the pre-aging was decided from the pre-aging curves. These curves are decided 
based on viscosity measurements at different time points during the pre-aging. The time to 
reach the wanted viscosity level differs from the Kraft and sulfite pulp making the pre-aging 
time different for the pulps.  
 
Process settings for the specific analysis of the sulfite pulp and pre-hydrolyzed Kraft pulp are 
displayed in table 3. The pre-aging time was decided with help of the pre-aging curve taking 
out sample after 3.5, 5 and 6.5 h for both samples. The time at which the dissolving pulp had 
a viscosity at 250 ml/g was set to the pre-aging time.  
 
Table 3. Process settings for pre-aging curves and production of viscose solution.  

Alkali concentration for mercerization (%) 18 
Mercerization temp (˚C) 50 
Pre-aging temp (˚C) 50 
Viscosity set point after pre-aging (ml/g) 250 
Press factor  2.8 
CS2 added (w% on cellulose basis) 28, 31 and 34 
Xanthation temp (˚C) 30 
Dissolving temp (˚C) 7 

 
The process parameters were chosen to a level which would resemble an actual set up at a 
viscose plant but also allow the experiments to be performed within a reasonable amount of 
time.  
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4.2.2 Determination of reactivity 
In this study the two measurements used to determine the reactivity is the filter clogging 
value, Kr, and the reactivity according to Fock. These where performed for both pulps and 
used to determine the differences in reactivity between a sulfite and a PHK pulp.   
 
Filter value is a test that is used to determine the reactivity for cellulose in viscose 
production. Kr is the filterability of viscose dope corrected by viscosity. This value is received 
by filtering the viscose produced in the viscose micro plant, measuring the amount filtered 
after twenty minutes and one hour, and also by the ball fall time for the viscose. These values 
from the filtering and the ball fall time is used to calculate the final value of Kr.[51] 
 

𝐾𝑟 =
105 × 2 × {(

𝑡2
𝑀2

) − (
𝑡1
𝑀1

)}

(𝑡2 − 𝑡1) × 𝜂0.4
 

 
t1= 20 min 
t2=60 min 
M1= the total amount of viscose in the beaker after 20 min 
M2=the total amount of viscose in the beaker after 60 min 
𝜂=the falling sphere viscosity in seconds 
 
Additional to the determination of Kr, analysis of the particle size distribution in the viscose 
dope was performed with a Beckman Coulter Multisizer. 5 g of non-filtered viscose dope were 
dissolved in 200 ml NaOH-solution. The solution was analyzed with a tube of a diameter of 
100 µm.  
 
Fock’s test was used to determine the reactivity for the cellulose with an excess amount of 
CS2.  This method was performed according to a method developed by MoRe Research.   
The principles of Fock’s test are that a small sample of cellulose is dissolved in NaOH 
together with CS2. A certain amount of the dissolved cellulose is then let to react with H2SO4 
upon which the excess of CS2 is removed and a precipitate of the cellulose occurs. The 
amount of the precipitated cellulose is then decided upon oxidation of the sample with 
potassium dichromate. Fock’s test can be performed with different amount of NaOH, most 
commonly with 7,8 or 9% often indicated as Fock 7%, Fock 8% and Fock 9%[52] 

4.2.3 Multivariate data analysis 
A multivariate data analysis, with already available data at Domsjö Fabriker AB, was included 
in this study to assign any of the theories or differences in properties to the data.  
The data was examined with PCA and PLS-DA using sulfite and PHK as the different classes. 
Various tools in the computer program SIMCA-P+ 13 were used to examine the 
characteristics of the different pulps and their influence on reactivity.  
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5. Results and Discussion 

5.1 Determination of reactivity 

In table 4 the different properties for the pulps used for the examination are viewed. These 
properties were chosen to be examined due to e.g. theories of reactivity for dissolving pulps.  
  
Table 4. The cellulosic pulp properties for the sulfite and PHK pulp without additives.  

   Sulfite (A) PHK (B) 

R10 %  89.1 92.4 
R18 %  94.4 96.1 
Acetone extract %  0.06 0.11 

Glucose g/kg TS  915.8 905.1 
Mannose g/kg TS  18.6 3.87 
Xylose g/kg TS  15.6 37.9 

Molecular weight distribution   1 1 
Fock 9% %  87 35 

 
The results in the table indicate a similar content in the total amount of hemicelluloses. 
However a higher mannose content in the sulfite pulp and higher amount of xylose in the 
PHK pulp is seen.   
As earlier mentioned, the acetone extract level is higher for a dissolving pulp including 
additives than the same without. The differences between pulps can differ between producers 
depending on their ability to release the natural extractives from the cellulose. In this case an 
additional method, developed by Domsjö Fabriker AB, was used to assign that the pre-
hydrolyzed Kraft pulp did not consist any additives, due to the higher value for acetone 
extractives. The result indicated that the PHK pulp only contained a higher content of natural 
extractives than the sulfite pulp.   
Fock 9% represent the reactivity according to fock with a NaOH of 9%. The measured value 
for this is higher for the sulfite pulp than for the PHK pulp, indicating that the sulfite pulp is 
more reactive than the PHK pulp.   
 
In table 5, the analyses performed on the viscose dope are displayed.  
The Kr-value is calculated from filtration values and ball fall time. The Kr-value will give a 
lower value if these factors are high. A higher filtration for the PHK pulp is shown in this 
table and in turn giving lower values for Kr, at all levels of the amount of CS2, compared with 
the sulfite pulp. 
A lower filtration value is also displayed for the sulfite pulp with an amount of 31% CS2. This 
lower value for the filtration compared to the other samples of the sulfite pulp yielded a much 
higher Kr-value compared to the other levels of CS2.  
 
Table 5. Analytical results from viscose micro plant for the sulfite (A) and PHK pulp (B) 

at all levels for CS2.  

 A: 28% A: 31% A: 34%* B: 28% B: 31% B: 34% 

Cellulose (%) 9.45 9.55 9.38 9.24 9.42 9.51 
Ball fall time (s) 111.67 132.62 112.06 113.27 133.04 131.72 
NaOH (%) 4.34 4.39 4.39 4.38 4.15 4.31 
γ-number 36 36 39 35 40 39 
Kr 390 558 344 135 114 78 
Filtration 20 min (g) 7.132 4.665 7.793 19.42 20.65 28.97 
Filtration 60 min (g) 7.548 4.932 8.489 21.32 23.28 33.54 

*Three replicates were performed at this level; the value in the table is the mean value of the three 

replicates.  
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In figure 16 a chart of the filter clogging values for the sulfite and PHK pulp for different 
amount of CS2 is displayed. This chart overall show a higher value of Kr for the sulfite pulp 
compared to the PHK pulp. Statistical measurements for this study were only performed for 
the sulfite pulp at 34% of CS2 and thus the variation for the PHK pulp is unknown. The 
repeatability and accuracy for this study will be discussed later in this report.   
 

 
Figure 16. Viscose dopes produced from a PHK and a sulfite dissolving pulp at different 

carbon disulfide charges. The error bar denotes the 95% confidence interval.  

 
Considering the large confidence interval for the sulfite pulp at 34% CS2, displayed in the 
chart, and the restricted amount of statistical measurements, the result from the filter 
clogging value in this study can only be assumed to be higher for the sulfite pulp in 
comparison to the PHK pulp. Therefor, according to Kr, the PHK pulp is more reactive than 
the sulfite pulp.  
 
Sixta (2000) also studied the viscose filterability. His study included hardwood dissolving 
pulps where he identified and discussed the possibility of the influence of wood species and 
wood provenance. This influence was especially seen for sulfite pulps. A change from 
Eucalypt globulus to Eucalypt grandis caused a significant improvement of the cellulose 
reactivity towards xanthation.  The reason for this improvement was assigned to e.g. the 
more homogeneous accessibility and the lower content of critical inorganic contaminants.    
 
The same author also stated the influence of residual hemicelluloses in a dissolving pulp. 
Glucomannan has been reported to be contributing to e.g. high false viscosity and poor 
filtration, while xylan generally is responsible for e.g. thermal instability. [36] 

 
According to the Kr analysis, performed in this study, the impact of glucomannan and the 
influence of wood species and wood provenance possible contribute to the higher value in Kr 
for the sulfite pulp compared to the PHK pulp.  
 
 
The influence of lowering the amount of CS2 is hard to interpret due to the large variance.  
A higher value for Kr upon lowering the amount of CS2 is expected but the difference between 
34% and 28% is very small for both of the pulps.  
Any conclusions from the results are only hypothetical due to the uncertainty for the 
measurements and the unknown variance for the PHK pulp.  
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The small increase in Kr, upon less CS2 added for reaction, might be due to the small 
differences between the additions calculated for the scale of the Viscose Micro Plant at MoRe.  
 
Particle size distribution analysis was included to investigate the differences between the 
viscose dopes. The analysis was performed on non-filtered viscose dope. In figure 17 the 
particle size distribution for sulfite and PHK pulp at 34% of CS2 indicates a higher total 
amount of particles for the sulfite pulp. The figure displays the cumulative number of 
particles. 
 
  
  
 

 
Figure 17. The particle size distribution, of 250 µl viscose solution, for the non-filtered 

sulfite (red) and PHK (blue) viscose dopes for the preparation with 34% CS2.  

 
In table 6 the cumulative number of particles is displayed. The amount of particles larger 
than 3 µm is almost twice as much for the sulfite pulp. This pattern can be seen for almost all 
of the levels (f and tables in Appendix). Furthermore a higher amount of particles that are 
larger than 30 µm is seen for the sulfite compared to PHK pulps. 
In the same table the mean diameter of the particles indicate similar values for the sulfite and 
PHK pulp.  
All measurements for the particle size distribution analysis showed that a viscose dope with a 
high filter clogging value will have a higher amount of undissolved particles, not necessarily a 
higher mean diameter for the undissolved particles.  
These data confirm the findings from Sixta (2000) that viscose made from PHK pulps in 
general showed a lower content of undissolved particles in the range of 3-150 µm compared 
to sulfite pulps. [36] 

 
Table 6. The cumulative number of particles for the PHK and sulfite pulp for a 
particle size distribution analysis of 250 µl.  

Cumulative(>µm) PHK 34% (250 µl) Sulfite 34% (250 µl) 
>3 2150 4188 
>5 713 1235 
>10 183 344 
>13 111 200 
>30 3 25 
Mean (µm) 4,551 4,522 
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5.2 Repeatability and accuracy 

Three replicates are a limited number of runs for determining the repeatability and a greater 
number of replicates would yield a more accurate and true variation. The limitations for 
adding up more replicates were the time limit and the budget. Therefore these three 
replicates were considered to create a realistic number of analyses as well as resulting in 
enough information to be able to show the variation in the analysis. 
In figure 16 the filter clogging value chart include the 95% confidence interval for the 
replicates at 34% CS2.  
 
In table 7 the result and some statistics for the ball fall time, the filtration for 20 and 60 
minutes as well as the Kr are displayed for the three replicates. 
 

Table 7. The analysis for the replicates. Statistical calculations are included. Ball fall 

time and filtration are used to calculate the Kr.  

 R1 R2 R3 Average Stdev Conf. 95% pos. neg. 

Ball fall (s) 115,13 110,06 111 112,06 2,70 6,70 118,76 105,36 

F 20 min (g) 7,83 8,71 6,85 7,79 0,93 2,31 10,10 5,48 

F 60 min (g) 8,45 9,47 7,56 8,49 0,96 2,37 10,86 6,11 

Kr 341 308 382 344 37 92 436 252 

F=filtration  

 
The Kr-value is calculated from the filtration, after 20 and 60 minutes, and the ball fall time. 
The ball fall time for the three replicates deviates a little, mostly replicate 1, but still giving an 
uncertainty of only 6%, which is acceptable. On the other hand the filtration for both 20 and 
60 minutes deviates significantly between the samples, giving a large confidence interval 
compared to the average value. The value for the standard deviation for the ball fall time is 
higher than for the filtration, still the real numbers are much higher for the ball fall time, thus 
giving a larger relative error for the filtration. Therefore the difference in filtration is the 
main reason to the large confidence interval for the Kr-value. The uncertainty for the 
filtration is high and thus gives a high variance in the value for Kr. The differences in 
filtration between the samples indicate a poor reproducibility.  
 
One of the major explanations to the large difference between the filtrations is the variation 
in the amount of undissolved particles. The explanation and reason for the difference in the 
amount of undissolved particles in the viscose dope is not identified in this study.  
Possible explanations to the poor reproducibility are the differences within a cellulose sheet, 
the manually performed process with possibility of loss of cellulose along the process and the 
size of the micro plant giving small differences between calculated values for e.g. addition of 
CS2. Still these factors may not be enough to explain the difference in filterability between 
each sample and needs to be further investigated.  
 
Other studies of the filter clogging value for viscose dope of dissolving pulps have mentioned 
similar problems. Elg Kristoffersson found that the reproducibility of the filter value 
appeared to be poor. They stated that a possible explanation could be the inhomogeneities in 
the pulp sheet. [53]  
 
The influence of the process parameters, in the viscose process, has also been discussed in 
earlier studies. Wallenius et al. stated that it is of importance to optimize the process 
parameters to the properties of the raw material. [54] When the process parameters are 
optimized the analysis may yield better filterability and thus a better viscose dope. 
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All pulps are unique depending on e.g. the wood and process type, therefore temperature, 
residence time and amount of chemicals added need to be optimized for each pulp.  
Wallenius et al. also stated that milder conditions, when using softwood, will result in better 
filterability.  
The poor filterability and the poor reproducibility of the sulfite pulp might therefore also be 
due to the higher temperatures in the process, which may have been not well-adapted for this 
pulp.  

5.3 Results from the multivariate data analysis in – Differences 

between sulfite and PHK 

The multivariate data analysis was performed in SIMCA-P+ 13. The analysis of the Fock 
reactivity and Kr according to the process type was examined and the results will be displayed 
and discussed in this section.   

5.3.1 Fock reactivity 
The evaluation of the differences between the two process types was performed with a PLS-
DA where the sulfite and PHK process types was chosen as the classes. The following 
displayed PLS-DA in this section was based on a PCA model (cf. figure 18). The final PCA 
model included factors displayed in figure 19.  
(Results from the PCA and PLS can be found in the Appendix.) 

 
Figure 18. The summary of fit for the PCA model. After two components R2X amounts to 

0.812 and Q2X to 0.553.  
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Figure 19. Individual R2X and Q2X-values of the 13 descriptors.   

 
Some factors were chosen to be excluded due to poor explanation and prediction. A few 
factors still are poorly predicted but included. Acetone extract is poorly predicted in the PCA-
model (cf. figure 19). It is still included in the model due to the interest of further 
examination e.g. of the influence of additives. 
From this PCA-model a PLS-DA model was developed with sulfite and PHK pulp as classes.  
In the score plot for the PLS-DA, figure 20, a clear division between the two classes is shown.  
 

Figure 

20. A score plot for the PLS-DA with observation 1-13. Blue color indicates sulfite pulps 

and green color indicate PHK pulps.   
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The loading plot for the PLS-DA, figure 21, shows how sulfite and PHK differ from one 
another. High values of Fock 7%, Fock 8%, mannose and PD are expected from a sulfite pulp. 
Fock 9% is also closer to the sulfite pulping process type and therefore assumed to be higher 
for sulfite but not as strongly as the other levels of NaOH, which might be due to the ease of 
accessibility and dissolution of the cellulose due to higher concentration of NaOH.  
For the dissolving pulp created from a PHK process the R10 is the closest to the specific 
process type and is most likely higher for most of the PHK pulps compared to sulfite pulps. 
R18 and the α-cellulose also appear to be much higher for the PHK pulps.  
The acetone extract is difficult to interpret and evaluate from the loading plot. The PLS-DA 
indicates a slightly higher acetone extract value for PHK pulps. A higher value for the acetone 
extract could mean a higher value in additives, this is though influenced by the amount of 
natural extract and therefore it is not clear if this slightly higher value for PHK pulps actually 
is corresponding to the amount of additives on the sheet of the dissolving pulp. If the natural 
extract levels for the pulps were known the different  amount of additives could be discussed, 
but due to unknown levels it is harder to assign this to any of the pulping process types.  
From previous studies it has been noticed that additives improve the filterability significantly 
[28][54] and the level of improvement of the filterability can differ between pulps.  Therefore, a 
further investigation of the influence of additives for different pulps and their properties 
would be interesting. 
 
From a theoretical point of view the two cooking processes, sulfite and PHK act very 
differently in terms of the reaction in the cell wall during the digestion. The higher values of 
mannose, which are expected, in the sulfite pulps are also seen in the figure as well as a 
higher xylose for PHK even though not as pronounced as the mannose content in sulfite 
pulps.  
 
 

 
Figure 21. The loading plot for the PLS-DA with pulps 1-13. The process type sulfite and 

PHK (blue) with describing factors (green). 

 
The result from this loading plot (cf. Figure 21.) for the PLS-DA model is that the reactivity, 
according to Fock, is much higher for sulfite pulps than for PHK pulps.  
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The bi-plot in figure 22 shows how the pulps are distributed with all the sulfite pulps on the 
right side of the y-axis and all the PHK pulps on the left. The pulps 3 and 9 are the PHK pulps 
contributing the most to the high levels of R18, R10 and α-cellulose whereas it is shown that 
pulp 4 is the pulp with the highest amount of acetone extract. Overall the sulfite pulps are 
closer to the Fock 7%, Fock 8% and Fock 9%, thus contributing to the strong relationship 
between sulfite process type and high values of Fock reactivity.   
 

 
Figure 22. The bi-plot for the PLS-DA with pulps 1-13. The process type sulfite and PHK 

(blue) with describing factors (green) and all the pulps (yellow). 

5.3.2 Filter clogging value, Kr 

An investigation of the Kr-value depending on the process type, of already available data, was 
wanted due to the results from the viscose pilot plant, resulting in higher Kr-values for the 
sulfite pulp. 
 
Five pulps (pulp 1, 4, 6, 8, and 13) from the previous multivariate data analysis for Fock 
(section 5.3.1) were chosen to be included in the analysis of the Kr. These five pulps were 
chosen due to equal settings in the viscose micro plant. Different settings will give non-
comparable results and therefore only five pulps could be included. Thus, this multivariate 
analysis included three PHK and two sulfite pulps. These values were used to give an 
overview of the overall difference between the two process types according to the reactivity 
factor Kr.  
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Figure 23. The loading plot for the PLS-DA of five different pulps including Kr-values. 

(Pulp 1, 4, 6, 8 and 13) 

 
As can be seen in figure 23, for the PLS-DA, the Kr value is not possible to be assigned to give 
a higher value for any of the pulping processes. The Kr-value could be seen as slightly shifted 
to the right and thus slightly higher for a sulfite pulp, but due to the total amount of pulps 
included in the model and the distance from the sulfite process type it is supposed to not be 
assigned to any specific class. This indicates that the Kr-values differ from pulp to pulp and 
can deviate in a wide range and it is thus not possible to assign the reactivity according to Kr 
to any specific process cooking type. The distribution of the pulps was shown in the bi-plot, 
making the assumption that the process type does not have a strong influence on the 
filterability confirmed. (Appendix, figure 8A) 
Sixta (2000) also studied the viscose filterability and had similar results.  
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6. Conclusion 

In this study the experimental section of the sulfite and PHK pulp indicated that, on the one 
hand, the sulfite pulp was more reactive according to Fock’s test. On the other hand, the 
viscose analysis indicated that the PHK pulp was more reactive according to the filter 
clogging value, Kr. 
 
The data analysis supported the results concerning Fock, but indicated that a conclusion for 
the filterability is more complex and probably highly dependent on the wood type.   
The large difference in Fock 9%, for the two pulps examined, indicated a much more reactive 
sulfite pulp but still the filtration of the PHK pulp was better than the filtration of the sulfite 
pulp. The experimental analysis also showed that the sulfite pulp contained a larger amount 
of mannose than the PHK pulp, but a total hemicellulose that was similar. The larger content 
of mannose in the sulfite pulp might have caused the higher value for the Kr. But further 
investigations are required to be able to draw any conclusion. The analysis of the viscose dope 
gave quite similar values except for the filtration for the pulps. The particle size distribution 
analysis showed that the higher Kr-value the higher amount of undissolved particles in the 
viscose dope. Thus, the sulfite pulp contained a larger amount of undissolved particles and 
was therefore more troublesome to filter.  
 
The additional multivariate data analysis with 13 observations, investigating dissolving pulp 
properties, confirmed that the sulfite pulps generally are more reactive according to Fock’s 
test. Also, this multivariate data analysis pointed out the higher content of mannose in a 
sulfite pulp. The data analysis for Kr showed that the Kr-value is probably not influenced by 
the process type, therefore PHK pulps could not be concluded to be more reactive than sulfite 
pulps.  
 
The conclusions for this study is that Fock reactivity will presumably yield a result of a higher 
value for sulfite pulps and thus sulfite pulps are considered to be more reactive, according to 
Fock, than PHK pulps, yet reactivity is a widely used term. In terms of viscose production the 
filterability is of major importance and thus also used as a reactivity measurement. Still the 
filterability is hard to predict based on process type.  Also, the result from the particle size 
distribution analysis showed that a less reactive pulp, in terms of filterability, has a larger 
amount of undissolved particles, but not necessarily a different mean diameter. 
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7. Complementary work  
To get a clearer view of the relationship between reactivity and pulping cooking processes 
more experiments need to be performed. A study including additional sulfite and PHK pulps, 
specifically a hardwood sulfite and a softwood PHK pulp, would make it possible to draw 
more powerful conclusions of the impact of the cooking process. Furthermore, a study 
including both pulps with and without additives, and its impact on the reactivity, would be 
interesting to examine.   

8. Future work 
This study showed that reactivity according to Fock will give a high value for a sulfite 
dissolving pulp and thus indicate that sulfite are more reactive, whereas reactivity according 
to filterability differs from pulp to pulp. It would therefore be convenient to do a further 
study of the actual dissolving pulp characteristics that influence the filterability for a 
dissolving pulp. Such a study could show desired properties of a dissolving pulp for viscose 
production and hence diminish particles and other disturbing factors for the filterability in 
the viscose dope.   
 
Additionally, a study of the reproducibility for the analysis of the viscose dope, in terms of 
physical properties of the cellulosic sheet and the process steps in the viscose micro plant, 
would be interesting to enable examination of the differences and possible sources to the 
large differences between replicates.  
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APPENDIX: Figures and tables 
 

 

 

 
Figure A1. The particle size distribution, of 250 µl viscose solution, for the non-filtered 

sulfite (red) and PHK (blue) viscose dopes for the preparation with 31% CS2. 

 
 
 
 
Table A1. The cumulative number of particles for the PHK and sulfite pulp for a particle 

size distribution analysis of 250 µl. 

Cumulative(>µm) PHK 31% (250 µl) Sulfite 31% (250 µl) 
>3 2747 7478 
>5 905 2446 
>10 225 628 
>13 116 381 
>30 2 21 
Mean (µm) 4,501 4,590 
 
 
 
 

 
Figure A2. The particle size distribution, of 100 µl viscose solution, for the non-filtered 

sulfite (red) and PHK (blue) viscose dopes for the preparation with 28% CS2. 
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Table A2. The cumulative number of particles for the PHK and sulfite pulp for a particle 

size distribution analysis of 100 µl. 

Cumulative(>µm) PHK 28% (100 µl) Sulfite 28% (100 µl) 
>3 1279 2500 
>5 420 753 
>10 124 189 
>13 73 115 
>30 2 9 
Mean (µm) 4.718 4.469 
 
 
 
 

 
Figure A3. The particle size distribution, of 100 µl viscose solution, for the non-filtered 

sulfite viscose dopes for all the levels of preparation: 28% (green), 31% (blue) and 34% 

CS2 (red). 

 
 

 

 

Table A3. The cumulative number of particles for the sulfite pulp for all levels of CS2 for 

a particle size distribution analysis of 100 µl. 

Cumulative(>µm) Sulfite 34% (100 µl) Sulfite 31% (100 µl) Sulfite 28% (100µl) 

>3 1539 3109 2500 
>5 409 1000 753 

>10 109 245 189 
>13 58 148 115 
>30 2 5 9 

Mean (µm) 4,291 4,504 4,469 
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Figure A4. Individual R2X and Q2X-values of the 14 descriptors.   

 
 
 
 
 
 
 

 
Figure A5. The loading plot for the PCA with pulps 1-13, for examining the Fock 

reactivity.  
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Figure A6. The bi-plot for the PCA with pulps 1-13. The pulps(yellow) are distributed 

according to their influence on the factors(green). 

 
 
 
 
 

 
Figure A7. The loading plot for the PCA of five different pulps including Kr-values. (Pulp 

1, 4, 6, 8 and 13) 
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Figure A8. The bi-plot for the PCA for the five pulps including the Kr-value . The 

pulps(yellow) are distributed according to their influence on the factors(green). 

  
 
 
 
 

 
 
Figure A9. The bi-plot for the PCA with pulps 1-13. The pulps(yellow) are distributed 

according to their influence of the factors(green). 
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