Simultaneous Neutral Sulphite Semichemical Pulping
of Hardwood and Softwood

By

Floris Antonides

Submitted in fulfilment of the academic requirements for the Degree of Master in Science in

Engineering in the Scheool of Chemical Engineering of the University of Natal

December 2000



Abstract

The work described in this thesis was aimed at obtaining a better understanding of the neutral sulphite
semichemical pulping process employed by Mondi Kraft’s Piet Retief mill, and to investigate ways to
improve this process. The unigue feature of the process in this mill is that hardwood and sofiwood
species are pulped simultaneously in a continuous digester. The pulping trials described were carried
out in a laboratory batch digester which was build as a part of this project. Pulps were evaluated for
yield, Hypo number as an indication of the residual lignin content and strength properties. The first
part of the experimental work focused on the effect that different pulping variables have on the process
and the resulting pulp. Varizbles investigated were the chemical charge, pulping temperature, chip
composition and anthraquinone deosage. The second part of the work was to investigate ways in which
the process can be imoproved. In particular it was investigated whether it would be advantageous to
pulp hardwood and sofiwood separately and mix the two pulps together after pulping. The effect of
changing 10.an alkaline sulphite process was also briefly investigated.

It was found that the current process is optimized as far as the chemical charge and pulping temperature
is concerned. Increasing the softwood percentage used to 50 % (from current value of 41 %) increases
the tear strength, whilst decreasing it to 30 % increases the tensile strength of the resulting pulp. Tt was
also determined that increasing the AQ dosage from 0.1 % to 0.5 % mught bring savings in chemical

costs. It is suggested that this is Investigated in a mill trial.

It was further found that pulping the two species separately improves the tear strength of the pulp by
about 20 % compared with that which was pulped simultaneously. The results indicate that no benefits
concerning the chemical costs, pulping temperature, pulp yield, burst strength or tensile strength are to
be gained from separate pulping.

Preliminary results indicated that significant strength increases and possible chemnical cost savings are
to be gained by changing from a neutral sulphite to an atkaline sulphite process. Further work to
determine the reproducibility of these results, as well as the effect of different chemical charge and

ratios is suggested.
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1. Introduction

Mondi Kraft’s Piet Retief mill produces linerboard by means of the neutral suiphite semichemical
anthraguinone process. In this process sodium sulpbite and sodium carbonate are used as cooking
chemicals, and anthraquinone is added as a catslyst. Pulping is done in a single continuous digester.
Originally only hardwood species were pulped at the mill, but soiwood was subsequently introduced to
improve the tear strength of the pulp. Cwrently, a 50/50 volumetric ratio of hardwood to softwood is used.
This is 8 unique feature of this mitl since hardwood and softwood species are generally pulped separately
due to the different pulping rstes of the two species. The process conditions employed by the mill are

summarized ip Table 1.1.

Table 1.1: Current pulping conditions at Mondi Kraft’s Piet Retief mill

1 Pulping temperature 179 °C
Total alkali (TA) charge 9.5 % as Na,0 on oven dry wood
Sulphite charge 8.5 % as Na,O on oven dry wood
Na,SOy/ Na,COx ratio 10/t (kg N2,SOs/kg N3,CO,)
Anthraquinone (AQ) dosage 0.1 % on oven dry wood
Hardwood/softwood ratio 50/50 on a volumetric basis
Target Hypo nurnber (8 ‘

The aim of this project was two-fold. Firstly to investigate the effect of various process variables on the
process. This was done to determine how the different variables effect the refined yield and quality of the
pulp produced. Variables investigated wete the chernical charge, pulping temperature, wood chip
composition and anthraquinone dosage. The second part of this project was focused on determining how
the process could be improved with regards to the cost of the pulp produced as well as the resultant pulp
quality, The focus was particularly oo whether it would be beneficial to pulp the two wood species
separately before combining them for refining and linerboard making The effect of substituting the
sodium carbonate with sodium hydroxide in the cooking Liquor, and thus changing to an alkalipe suphite

cooking process was also investigated.

A laboratory scale batch digester was build at the University of Natal, Durban in order to casry out the
experimental work. Further experimental wark was done at Mondi Kraft’s Richards Bay mill and the
Forestry and Forest Products Research Centre of the CSIR in Durban. Funding was provided by Mondi
Kraft, the Technology and Hurnan Resources for Industries Program (THRIP) of the Department of Trade
and Industries and the National Research Foundation (NRF),



2. Background

2.1. History of pulping

The Ancient Egyptians invented papyrus, from which the terro paper was derived, around 3000 BC (1}
Papyrus was the world’s first writing material and was made by beating and pressing together thin [ayers of
the stem of the papyrus plant. The applied pressure ensuced that the layers were held together by natural

glues in the reed. There was, however, no complete defibering, the main cbaracteristic of pue papermaking

2).

The first authentic paper was made by Ts'ai Lun of China in 105 AD. His first paper was rade from hernp
rags, ropes, ﬁs:hmg nets and other domestic articles which were beaten in a mortar and drained on a piece of
loosely woven cloth [3). Within 20 years he produced paper by treating the bark of mulberry trees with
lime. Papermaking was developed into a highly skilled art by the Chinese over the next seven hundred
years, during which time it was kept a closely guarded secret (4).

In the early 700s the Arabs came in contact with papermaking when they captured a Chinese city
containing a paper mill [1). Through the Arabs, the art of papermaking spread through the Middle East and
later reached Europe, where cotton and linen rags became the most widely used raw materials (2]. By the
beginning of the 15® century a number of paper mills existed in Spain, Italy, Germany and France.

The concept of using wood as a raw matetial was first reported in 1719 by a René de Réaumur, a French
physicist, who noliced the Aroerican wasp constructing its fibrous, paper-like nest from wood Gbres [5).
The first paper made enlirely from wood was only produced in the early 1800s by Matthias Koops, who
reduced wood 1o a pulp by maceration with lime (3]). He started his own paper milf, which went bankrupt
in 1804. In 1840, Anselme Payne, a French chemist, used nitric acid to isolate 2 fibrous substance from
wood, which he called cellulose [6). The use of nigric acid, however, caused too much damage 1o the fibres
to be used commercially,

Friedrich Keller introduced the concept of producing groumdwood pulp in (843 after watching children
grind cherry pits against a wet stone with a piece of wood, which was gradually fiberized under the
influence of water and pressure [5]. As a result of the work by Heinrich Voelter and Johann Vojth in 1847
on Keller’s concept, groumdwood mills sprung up throughout Germany and other European countries. b
1869 M. Behrend introduced the steaming of logs before grinding {5]. Thus the basis was laid for the

development of modern mechanical and thermomechanical pulping processes.



Chemical pulping came into its own as an independent process in the mid-1800s. [n 1851 Watt and
Burgess found that it was possible to remove lignin, which binds wooed fibres together, from wood at
elevated ternperatures using strongly alkaline solutions based on sodiurn hydroxide ({7], [8]). n 1854
Burgess set up a mill in the USA in which poplar chips were cooked with sodium hydroxide, called the
soda process [8]. In 1866 Tilghman invented the sulphite process, and the sulphate or kraft process was
developed by Dahl in 1879 {6). Numerous refinements of these three processes in the twentieth century
have led to the rapid growth and adaptation of paper not only for writiig and printing, but also for
wrapping, packaging and a variety of disposable products.

2.2. Wood anatomy

Within living trees, wood {s produced to perform the rofes of support, conduction and sterage. The support
role enables the tree stem to remain erect despite the heights to which a tree grows. Because of these
heights, woed also must perform the role of conduction, that is the transport of water from the ground to the
upper parts of the tree. Finally, food is stored m certain parts of the wood until required by the living tree.

2.2.1, Wood chemistry

The chemical components of wood can be divided into two main categories: macromolecular components
and components with a low molecular mass. The former can be divided into pelysaccharides, namely
cellulose and hemicellulose or polyose, and lignin, whilst the low molecular components consist of organic

and inorganic components, also referred to as extractables and ash respectively.

Cellulose is the chief coroponent of wood, contributing between 40 and 50% of the total dry mass of wood,
depending on the species [7]. Cellulose consists of linear beta-D-glucopyranose polymers with a chain
length or degree of polymerization (DP) of between 6§00-12000 units, depending on the species [6]. The
chemical structure of a cellulose motecule is shown in Fig, 2.1, Tt constitutes the fibrous part of wood (and
other plant material) and has a white colour. It is insoluble in water and other organic sotvenls and has a

very high tensile strength.
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Fig. 2.1: Chemical structure of a ceflulose molecule [5].

Hemicetlutose is found in close association with cellulose in the cetl walls and has a lower average DP
value (50 - 300, (5]) and a more branched structure than cellulose. Hemicellulose are much more soluble
and susceptible to chemical degradation than cellulose [1].

Hemicelluloée_oonsisls of a number of diverse substances. The two principal components are the
cellulosans and the polyuronides, whilst other substances include gums, degradation products of cellulose,
derivatives of sugars, and mixtures of hexosans. The cellulosans include both hexosens, (e.g mannan,
galactan, and glucosan) and pentosans (e.g. Xylan and araban). Some of these cellulosans are strongly
associated with the cellulose in wood and are not readily removed by alkali. The polyuronides are
ammorphous substances which contain large amounts of hexuronic acids, seme methoxyl and acety! groups,
and some free carboxylic acid groups. The polyuronides are mainly associated with the lignin, 2lthough
some association exists with the cellulose. The sirnplified structures of the roajor hemicelluloses in wood
are shown in Fig. 2.2. The total hemicellulosic content of weod varies from about 15to 18 % (in
softwoods) to about 22 to 34 % (in hardwoods) (9].

For practical reasons, cellulose in wood pulp has traditionally been classified according o its solubility in
an alkal solution [9]:

Alpha cellulose: non-soluble {n aqueous 17.5 % NaOH

Beta cellulose: soluble in above mentianed solution, precipitates after
neutralization

Gamma cellulose: soluble fraction after neutralization

Tt has been suggesied that a 17.5 % NaOH solution dissolves chains up to a DP of 200 [8). Since the DP of
hemicellulose in wood ranges between 30 and 300, a large pan of the beta- pius gamma-cellulose in realicy
is hemice)lulose and not cellulose chains shortened during the pulping process. The teyms alpha-, bets- and
gamma cellulose are however still used despite this discrepancy.



Hemicellulose Type Simplified siructure

Galactoglucomannan G—M—M—M—G—M—M—M---
GAL Ac Ac
Glucomannan G—M—M—G—M---
Arabinoglucuronoxy'an X—T—X—)li —X,
Ga A
Glucuronoxylan ;T_X_)[(_x___
T Ac Ga

Ambinogalactan | | |
GAL R A
R
i
GAL
Abbreviations: G - Glucose X - xylose
GAL - galactose A - arabinose
M - mannose
Ac - acetyl group (CH,CO)
Ga - 4-O-methyl-glucorenic acid
R - usually galactose

Fig. 2.2: The types and simplified structures of the major hemicellutoses in wood [10].

Other types of cellulose have also been defined according to the method by which they were isolated, e.g.
holocellulose and Cross and Bevan cellulose [9]. These cellulose differ in degree of purity, i.e. the amount

of other wood material, mainly lignin and hemicellulose, 1solated together with the cellulose.

The third macromolecular component of woed, lignin, is an amorphous, aromatic pelymer consisting of
phenyl propane units. The three building units of lignin are p-coumaryl alcohol, coniferyl alechol and

sinapyl alcohal and are shown in Fig. 2.3.
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Fig. 2.3: The building units of lignin: A: p-coumaryl aleohol, B: coniferyl alcohol and C: sinapyl
aleohol [5].

These units are linked together in many different ways, mainly by oxygen (ether) bridges connecting the
alpha or beta carbons of the side chain of one unit with the pheny! ring of the other. These bonding types

are shown in Fig 2.4.

The units form complex macro-molecules which strengthen the wood structure, and can be seen as the
“glue” which keeps the polysaccharides together. Softwood generally contains more lignin (25 - 31 %)
than hardwoods (16 - 24 %) [2]. Ligrdn is insoluble m water in its natural state,

The low molecular components are very diverse and differ from species to species. The organic
compounds can be divided (nto aromatic compounds, terpenes, aliphatic acids and aleohols. They are also
often classified according to the method by which they can be extracted, e.g. aleohol/benzene extractives or

hot water extractives. Inorganic ash consists of polassium, calcium, magnesium and silicon.
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Fig. 2.4: Bonding types between lignin units. The values beneath each bonding type indicate the
frequency per 100 phenylpropane units in spruce and, in brackets, birch [11].



2.2.2. Cell wall structure

Cellulose rmolecules are aggregated into threadlike structures approximately 3,5 am in diameter, containing
both crystalline and amorphous regions [1]. These are encased in a shell of hemicellulase malecutes and
are called microfibrils [12]. In the fibre wall, these microfibrils eccur in small bundles or “macrofibrils’.
These form thin sheets or “lamellae”, which gives the wall a [ayered texture [5]. A diagrammatic sketch of
a typical fibre is shown in Fig. 2.5. A cementing layer, the middle lamella, holds the individual fibres in
the structure together and is composed mainly of lignin. The middle larnella is important in any pulping

process since it has to be brokea or removed to separate individua) cells to produce single fibres [13].

Innes tayer (S ol
secondary wall

(no laminae axcspt
aher pulpingl

Outer teyer (S,) or
secondary wall
(many Laminae
5090 Lo axis)

Primary wal) {P)
(8 lew laminae)

Midde )amela

Fig. 2.5: Diagrammatic skeich of a typical fibre (softwood tracheid) [14].

Fibres in al] plants grow from the outside inwards. When growth of an individual ce)l begins, the primary
cell wall is formed and is instially fi)led with liquid. it is about 0.1 pm thick and has a netlike structure of
microfibrils in an interwoven pattern [12). The microfibrils are orientated at an angle of about 85° with the
cell axis. The primary wall 1s estimated 10 consist of only 10 % cellulose embedded in an amorphous
plastic matrix of hemiceltulose, extractives and lignin (S).

The multi-layered secondary wall is formed afler further growth. The outer layer of the secondary layer,
called the S;-layer, is about 0.1 to 0.2 pre thick with a microfibril angle between 50 -70° [12]. The S,-layer
is rich in fignin and closely resembles the primary well to which it is closely attached, therefore also is



known as the transition [ayer. The central secondary wall, the S,-layer, is attached much less firmly to the
S|-layer, A continuous envelope of hemicellulose between these [ayers is thought to cause this lesser
cohesion [13]. The $,-layer contains more cellulose and less lignin than the Sy-layer, whilst the microfibril
angle is between 10 and 30°[12]. It forms the bulk of the fibre and 1s about 2 to 6 pm thick [5].

The tertiary wall js the innermost component of the cell wall and the surrounds the central canal called the

lumen. The tertiary wall is very thin, about 0.1 um, and is rich in hemicellulose [2, 12].

2.2.3. Wood classification

Trees are classified into two major groups, namely softwoods (gymnosperms) and hardwoods
{angiosperms). The botanical basis for classification is whether or not the tree seed is naked as in
softwoods or covered as in hardwoods. The major difference with regard to wood anatomy is the presence
of vessels in hardwoods. Vessels are structures compaosed of cells created exclusively for the conduction of
water. Softwoods lack vessels but have cells termed longitudinal tracheids which perform a dual role of

conduction and support, In general, softwood fibres are more than twice as long as hardwood fibres [2].

2.2.3.1. Softwood anatomy

The anatorny of softwoods is a lot less complex than that of hardwoods, The two main cell types which
constitute softwoods are tracheids and parenchyma. Tracheids are Jong, tapering cells which are orientated
in the longitudinal direction, i.e. parallel to the vertical axis of the tres [2]. Depending on species, most
softwoods have tracheids ranging from 2.5 mm to 7 ram in length [1]. The tracheids are a lot longer in
length than the parenchyma ¢ells, and constitute $0 % or more of the volume of wood in the tree [5). The
tracheids perform the roles of water conduction and support within a tree [12].

Parenchyma ere responsible for storing various extractives, including starch, polyphenols, cils, fats, etc., as
well as inorganics, e.g. K, Mg, Mn, Ca and SL The parenchyma cells are orientated in the transverse
direction, at right angles to the vertical tree axis, and are very short, chunky, thin-walled fibres. Ray
tracheids, which are similar in size to parenchyma, and longitudal parenchyma cells are found in small
quantities n some softwood species.

2.2.3.2. Hardwood anatomy

Hardwoods have a more complex anatomy since more than two kinds of cells are present. Specific
characteristics of the hardwoods are a lack of radial alignment of cells, variable size and composition of

cells, abundance of rays and the presence of pores or vessel elements [12]. The four major cell types are



fibres, vessel elements, tracheids and parenchyma cells. The relative quantities of the different types of

cells vary significantly from tree to tree and give each species its specific characteristics.

Vessels perform the role of water conduction in hardwoods. They are structures composed of vessel
elements stacked on top of each other. Vesse] elements are short, thin-walled cells with Jarge diameters
and perforated ends. They occupy & large cross-sectional area and can often be detected with the unaided
eye [12].

Fibres, known as libriform fibres in hardwood, occupy 40 — 75% of the wood volume, and perform the role
of supporting a tree. They are orientated in the longitudinal direction and are thick-walled, elongated calls
with closed pointed ends. Fibre lengths are in the order of 0.9 mm to 1.5 mm [1]. The term fibre is also
commonly used for all woody cells used in the pulp and paper industry [12).

Hardwood tracheids occur in small ammounts in some species. These are small, longitudal conducting cells

which act as fransition elements between major cell types [[2].

Longitudal and ray parenchyma cells are present in bardwoods {2). They constitute a larger volurne {(about
20 % on average) than do softwood parenchyma cells [5], These cells perform the storage role in a ree, as

is the case with softwood parenchyma.
2.2.3.3. Growth rings

Growth rings, or annual mcrements, are detectable due to differences in the wood produced early and late
in the growing season. Growth in a tree occurs at the cambium layer, which 1s a thin layer of tissue situated
between the bark and the wood of a ree [2]. The rate of cambial growth varies during the growing season,
causing deposition of thin-wall fibres in the early season and more dense thick-walled fibres towards the
end of the growing season [2]. The cambium layer is dormant outside of the growing season. The wood
produced early, called earlywood or springwood, is considerably lighter in color than the wood termed
latewood or summerwood which is produced late in the growing season. The color difference is due

mainly to the d:fferent kinds of cells produced either early or late in the growing season.

The inner portion of wood in a tree eventually dies and is called heartwood. Heartwood (s generally drier
than the outer part of the trunk which contains living cells, cailed sapwood.
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2.2.3.4. Reaction wood

Reaction wood forms because of external mechanical forces, caused by wind and geotropic erection, as
well as the presence of branches. The anatomical, physical and chemical characteristics of reaction wood
differ from the normal wood tissue. Reaction wood is formed as a self-regulating response to provide
support and recrientate the deviated growth of the tree due to the above external forces.

Hardwood trees form tension wood, while compression wood is the reaction wood of softwoods.
Compression wood develops typically on the underside (compression side) of leaning or misformed stems,
branches and beneath branch insertions. The main characteristics are its dark color and high density as
compared to normal wood. This is caused by a relatively high lignin content and a modification of the cell
wall. The tracheids are 30-40 % shorter and the cell walls are considerably thicker. Compression wood in
a mechanical pulping process Jeads to inferior paper properties due lo the inability of the fibres to fbrillate
under norma) refining circumstances. In chemical puiping, the high lignin content causes the yield to be
lower and the chemical requirements to be higher than for normal wood from the same tree [5, 12].

In hardwoods, the reaction wood tissue is commonly located on the upper side of branches and leaning
stems. The structural characteristics of tension wood are |ess definitive than those of compression woed
[5]. A prominent feature of tension woed is its incveased fibre volume and above average cellulose content.
Another feature is an additional, loosely attached cell wall layer at the fibre lumen. This layer, called the
G-layer, is composed of almost pure cellulose and has a microfibril angle close to the fibre axis. In
mechanical pulping, the thickened fibre walls and lower lignin content promote defibration and enhance
sheet properties. Chemical pulp from tension woad has a high yield because of the high celiulose content,

but the strength is inferior to that of pulp from normal wood from the same tree [3].
2.2.4. Wood 2as a source for pulp

Two factors should be taken into account when wood is considered as a source for producing pulp and
paper, narmely the yield of fibre per given weight of wood and the quality of the resulting fibre [13]. The
former depends on the characteristics of wood prior to pulping and the process employed in its cornversion
to pulp, while the latter is mainly a result of morphological features of the individual fibres and their
modification due to the pulping process.

Fibre quality js also & variable quality in the sense that interpretations of the quality aspects of fibres
depend on the specific requirements of the final product to be made from the pulp. The question of wood
pulp quality is still further complicated by the lack of agreement among the technical people and producers
of pulp products on the interpretation of the qualitative fearures of fibres, and by the difficulties



encountered in determining these features in a practical way [[3]. The qualities of the resulting fibres

depend on the wood structure, i.e. the types of cells, and to a lesser extend on the chemical corpposition of

the ce]l wall matenal,

The fibre variables responsible for determining the physical characteristics and quality of pulp and paper
are classified under fibre morphological aspects. The maost important of these variables are cell wall
thickness and fibre length [2]. Other variables include fibre coarseness (weight per unit lenglh of 2 fiber),
fibre strength and interfibre bonding,

2.2.4.1. Cell wall thickness

Thick walied cells, such as found in the latewood of softwoods, resist the compacting forces and tend to

maintain their original cross-sectional shape during sheet formation, This results in open, absorbent and

bulky papers. Strength properties associated with fibre bonding, such as bursting and tensile strength are
appreciably reduced, whilst tearing resistance is relatvely high. Thin walled ceils on the other hand

collapse readily to form dense, well-bonded papers, low in tear but high in burst, tensile and other strength
properties [1].

2.2.4.2. Fibre length

Fihre length is important because s miniraum leogth is required to provide sufficient bonding surface
between different fibres. Paper made from fibres that are too short will have insufficient common bonding
area between fibres; as a result there will be points of weakness within the sheet and the paper will be low
in strength.

The tearing resistance of paper is virtually proportional to fibre length, i.e. the longer the fibres, the higher
the tearing resistance [2]. Burst and tensile strength properties are effected by both fibre length and fibre
bonding [2]. Long fibres with a high coarseness do not collapse easily during refining and sheet formation,
giving bulkier, more open structures with [ess bonded contact area and Jower burst and tensile strengths

[15]. Therefore, burst and tensile strength are more dependent on fibre coarseness than on fibre length.

Another important factor is the degree of variation in fibre lengths found in pulpwood. Although the longer
fibre lengths are an important plus factor as far as strength is concemed, their significance is affected by the
fact that any portion of 2 tree will contain a range of fibre lengths, with many short fibres included. These

short fibres have a negative influence on the strength of the paper, but cause a more regular sheet forrsation
with reduced bulk and smooth texture,



2.3. Neutral sulphite semichemical (NSSC) pulping

There are two main categories of modem pulping techniques, chemical and mechanical pulping They
preduce pulps with significantly different fibre charactenistics. In chemical pulping cetlulose fibres are
separated by dissolving the fignie with a chemical sohution called the cooking liquor. In mechanical
pulping fibre bundles are separated through mechanical action provided by an abrasive stone or metal discs.
Fibres obtained by chemical pulping are looger, more flexible and considerably stronger than mechanical
pulp fibres, since the fibres undergo = Jot less physica) damage during the pulping process. The yield for
cbemical pulping typically lies in the 45 to S0% range due to the loss of lignin, hemicellulose and some
cellulose, whilst for snechanical pulp it usually is higher than 90%. The yield is defined as the mass of
moisture free pulp produced divided by the weight of moisture free wood used to produce the pulg,
expressed as a percentage.

Chemica) pulping is traditionally categorized as either sulphite or alkaline pulping, although alkaline
sulphite processes have been developed aver the last few decades. Alkaline pulping consists of soda and
krafi pulping. In soda pulping caustic soda is the only cooking chemical, whilst sodivm sulphide and
caustic soda are used as delignification agents in kraft pulping

Semichemical pulping combines chemical and mechanical pulping methods. The pulping process occurs in
two stages. [n the first stage wood chips (or other lignocellulosic matenals) are chemically treated to
weaken interfibre bonding by removal of some hemicelluloses and a portion of the lignin., The second
stage is a mechanical trearment which converts the chemically treated material into individual fibres and
bundles of fibres. The yield obtained usually is in the range of 70 - 85%.

2.3.1. Development of sulphite pulping

The sulphite pulpiog process was first developed in 1866 by an American named Beojamin Chew
Tilghman [8]. Whilst inspecting wooden wine vats in Paris, Tighman observed that the wine barrels
became fiberized on the inside after repeated vse and disinfections with sulphur dioxide. After further
experiments using svlphurous acid and wood, he discovered that fibres could be jsolated if the mixture was
kept at a high temperature and under pressure. To prevent the fosroation of free sulphuric acid and

consequent damaege to the pulp, he edded lime to the cooking liquor. The pulp obtained was suiteble for the
manufacnure of paper.

The first commercjal sulphite mill, using magnesium bisuipbite solution as the cooking agent, was
established in Bergvik, Sweden in 1874 under the direction of 8 Swedish chemist, C.D.Ekman (8, 9].
Ekman discovered the sulphite process in 1872 without kmowledge of the Tilghman patent whilst studying



bisulphite as a bleaching chamical. At the same time in Austria, Carl Kellner aceidentally invented the acid
sulphite process when his technician performing soda pulping experiments in the laboratory, aceidentally
took a bottle containing sodium bisulphite from a shelf and used it, instead of the prescribed caustic soda,
for liquor preparation [10]. Keliner, together with Eugen Ritter, firther developed the process and had it
operating in their mills from about 1878.

Since about 1890, the sulphite process has been well established as a commercial pulping process and was
the most imporiant chemical pulping process until about 1937, when it was surpassed in importarice by the
sulphate (kraft) process, in which the cooking liquor contains sodium sulphide and caustic soda [9].

The three origmal processes by Tilghman, Ekman and Kellner were all acid bisulphite processes, and used
calcium, magnesium and sodium bases respectively. Before 1950 the calcium bisulphite process was
preferred because of its nexpensive base and its relative ease of operation without recovery of the cooking
chemicals [10]. A fourth base which was to pain significant comruercial importance, ammonium, appeared
only after 1900. The first suggestion of ammonium bisulphite pulping was patented in the United States
using gaseous sulphur dioxide, ammonia, and steam, but the first clear proposal of the acid ammonium

bisulphite process is found in patents granted to Marusawa in 1917 in Japan and the United States [10].

Muodifications of the sulphite process, away from the original acid bisulphite process and into higher pH
levels, began to appear after 1530, These modifications came as a result of pressure on the caleium
bisulphite process through environmental concems, increasing shortape of the commaonly used spruce wood
and paper strength demands. The first of these modifications was high yield neutral sulphite pulping,
roainly of hardwoeds, for packaging material. After 1950, sulphite technology moved closer to a neutral
pH with the development of bisulphite high yield pulps mainly for the news sector. In the seventies
expansion into uitra high yield sulphite puiping followed, with yields from wood in the 90 % range. The
semi-soluble magnesium base and soluble sodiur and ammonium bases were introduced oo a larger scale,
resulting in new processes with recovery of chemicals, which became known under the names of

Magnefite, Weyerhauser FB and HO, Stora, Rauma and others.

(n the late sixties technological investigation began to open up in the area of sulphite pulping in the alkaline
field, The alkaline sulphite process was developed which challenged the kraft process as far as paper
strength was concerned and offered easy bleachmg and operation without the offensive smell of the kraft
process. In 1976 a sulphite process at lesser alkalinity but with anthraquinone as pulping catalyst was
patented [16]. Pulps produced by this process were better delignified, brighter, less degraded and stronger
than kraft pulps, except for tear strenpth. These devetopments meant that the sulphite processes could
provide a wide variety of pulp grades required for paper manufacture [10].
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2.3.2. Development of semichemical pulping

The concept of semichemical pulping first ernerged in 1874 when 11 was proposed by A.Milscherlich that
chips be treated with sulphurous acid or bisulfite, followed by grinding or rubbing to produce 2 pulp. In
1880 C.F. Cross described the advantages of cooking in neutral or shightly alkaline solution with sedium
sulphite. Implementation of the process was however delayed because of a lack of demonstrated use for
the pulp and lack of suitable equipmeant, especially for deiberizing. The neutral sulphite semichemical
(NSSC) process was developed in the early 1940s [1] for the manufacture of corrugated medium as a result
of research by the U.S.Forest Products Laboratory on a profitable use far chesmut chips from which the
tannin had been extracted [17]. Soon several similar mills were in operation.

Sodivm is the most commonly used base. During the sixties ammonium came into usé because it 1eaves no
residual that would require additional processing if the spent liquor is disposed of by burning. However
due to factors such as corrosion, increased cost of ammonis and the complexity of the recovery procsss, by

1980 very few ammoniurn base NSSC mills were in operation [10].

The increasing paper and paperboard requirements ensures that further growth in semichemical pulping is
1o be expected, because of the unrivaled compression strength that hardwood imparts to corrugated
containers []0]. Since the mid-seventies, many NSSC mills have been converted to non sulphur (sodium
carbonate and sodium hydroxide) semichemical pulping in order to reduce environmenwl impacts. These
impacts include air pollution through the emission of SO, and other gases, and water pollution through the
discharging of spent cooking liquor containing lignosulphonates and, depending on the wood species, small
amounts of toxic materials. The NSSC operation of roany integrated krafi-NSSC mills were also switched
over 10 kraft green Jiquor semicbemical pulping. Several small NSSC mills were shut down because
pollution problems could not be solved a1 aceeptable cost. Chemical recovery can significantly reduce

water pollution caused by smalf mills, but capital costs of recovery for small qulls are uneconomical (10).

2.3.3. Neutral sulphite semichemical process

In general, whep using sodium sulphite and sodium cacbonate the process is referred {o as nevtral sulphste
pulping, whilst when sodium sulphite and sodium hydroxide are used, it is called alkaline sulphite pulpiag
[13). Other sources classify sulphite pulping processes according to the cooking liquor pR, with & pH of 10
and higher being regarded as alkaline {7]. This leads to sorne confusion, since the cooking liquor pH for a
sodium sulphite and sodium carbonate solution can be higher than 10 (18], 25 was 2)so the case in some of

the cooks done in this project. In this thesis the former definition was used

)



2.3.3.1. Pulping reactions

The pulping chemicals used in neutral sulphite pulping are sodium sulphite and sodium carbonate. The

sulphite is the delignification agent whilst the carbonate is used as a buffer to control the pH by neutralizing
acids released by the woed [10).

HSO;™ ions are formed in a solution of sodium sulphite in water in the following manner [19]:

Na;SO; W 2Na+ +SO;T
SO;* + H;O W HSOy + OH

Limited delignification in the NSSC process is achieved through the combined effects of sulphonation by
the HSOy io-n—and hydrolysis (removal of a water molecule) [7]. Sulphoenation acts to soften the lignin and
make it more hydrophylic. Hydrolysis breaks lignin bonds so that new and smaller soluble lignin
frapments are formed [7]. The sulphonation and hydrolysis reaction is shown in Fig. 2.6.

The modification of lignin by sulphonation is the most important reaction in sulphite pulping. Lignin is
tnsoluble in water and is converted to soluble lignosulphonate during sulphonation. Both K- and 2-arylether
bonds are suiphonized and are broken by hydrolysis (loss of water molecule), The mtroduction of

sulphonic acid groups into the phenyl propane structure of lignin causes the formerly neutral and ionically
inactive compound to become a strong organic acid.

The lignin is thus transformed into 2 large multi-branched macro anion with increased hydrophilic
properties. The cell walls swell up during pulping due to the increase of sulphonate groups present [20].
The macro lignin anions dissolve in the water medium of the pulping liquor. A large quantity of the lignin
is stil] embedded in the chips and is only removed once the fibres are separated during refining. The liquor
carties an equivalent amount of positive base ico (Na*). When the water is removed, the positive base ions

join the negative macro ion and form lignesulphonate sait [10].
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Fig. 2.6: Sulphonation and hydrolysis of lignin in neutral sulphite pulping [ 10).

A certain amount of polysaccharide material is also lost [21]. The cellulose and hemicellulose urdergo
hydrolysis when exposed to hot cooking liquor. These hydrolytic reactions split main chaing and eliminate
side unjts, leading to carbohydrate losses. In neutral sulphite pulping, hydrolysis of polysaccharide
material is reduced, as opposed to acid or strongly alkaline pulping. This results in the pulps having a high
hemicellulose content, promoting bonding and strength as required for stiff corrugated board [10}.



2.33.2. Pulping variables

2.3.3.2 1 Temperature

The pulping rate is controlled by the temperature, with the rate roughly doubling for an increase of +0 °C
(10]. Increasing the temperature also decreases the selectivity, i.e, the relative amounts of lignin and
polysaccharides removed from the wood, although cellulose losses are not excessive. The selectivity for
neutral sulphite pulping is more temperature dependant than that of kraft pulping, in which case the
selectivity stays relatively constant as the temperature is increased [22]. The neutral sulphite process is
more selective in its action than kraft pulping, removing a larger portion of ligrin at an equivalent yield,
where yield is the mass of pulp produced per unit mass of wood pulped [22, 23]. This causes neutral
sulphite pulp to have a higher yield than kraft pulping at a similar residual lignin level [24, 25].

Obstacles encountered when using higher temperatures in the NSSC process lie in securing sufficiently
rapid liquor penetration and chemical distribution, and in the increase in pressure {nearly 6§90 kPa when
temperature is increased from 190 °C to 210 °C) [10].

The reaction rate for anthraquinone-catalyzed neutral sulphite (NS-AQ) pulping is lower than for kraft
pulping [24]. The neutral sulphite delignification rate rigidly obeys the Arrhenius equation K = Ae’®®”
[26). Wilder & Han (22] however suggest thal delignification of aspen chips with neutral sulphite oceurs in
at least two stages. Initially, the lignin removal can be represented by a rapid reaction order ~2.5 with
respect to lignin. This then changes to a lower reaction order ~1.2.

It was found that alpha-cellulose removal in NSSC pulping tekes place in two sleps: arapid initial reaction
followed by a reaction of zero order with respect to the amount of materjal present [22]. This latter
reaction has a higher temperature coefficient than either delignification reaction, leading to the speculation
that an increase in temperature would yield an inferior pulp at the same overall yield level. The removal of
hemicellulose in the foom of pentosans in NSSC pulping also takes place in at least two steps, the latter

being zero order with respect to the pentosans remaining in the wood.

The H-factor is a variable that combines time and temperature into a single variable. }t was developed by
Vroom [27] and has been succesfully employed in kraft pulping {7)]. 1t was also shown to be valid in
sulphite pulping for pH 7.5 and lower by Nye et al [28] when using black spruce chips. Correlations
between the H-factor, yield and residugl lignin content in the NSSC pulping of various hardwoods were
determined by MaSura [26]. However, the maximum temperature used jn developing the correlations was

held constant at 170 °C, with only the cooking time being varied. Thus it can be concluded that there is &
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correlation between the cooking time (not necessarily Uie H-factor) and yield and residual lignin. No

refereoces to the successful application of the H-factor at pH levels above 7.5 have been found.

2.3.3.2.2. Ligquor 1o wood ratio

The ratio of liquor to wood in the digester generally ranges from 1.5:1 to 4:1 [10}. When z low liquor ratio
is used, the chips are impregnated under high pressure in an excess of liquor at temperatures &s high as the
maximum pulping temperature. Subsequently the free liquor is drained and stear is added to the chips to
complete the digestion. When the digester is heated by circulating the Liquor through an external heat
exchanger, a higher liquor to wood ratio is required. A low liquor fo wood ratio reduces steam

consumption, since less is required (o heat the digester charge and to evaporate the spent liquor.

The liquor to woaod ratio is determined by the chemiical charge on the dry wood chips on one hand, and by

the chernical concentration on the other hand This is discussed in the next section.

2.3.3.2.3.Chemical charge

For the production of corrugating medium at yields between 75 and 85 %, sodium sulphite charges between
8 and 15 %, expressed as Na,0, on oven dry wood is needed. The amount of sodium suiphite should be
enough to give a residual of from 5 to 10 g/L in spent Lbquor, If the chemical is completely exhausted
before the chips are discharged, the pulp darkens [10].

Sodiumn sulphite to sodium carbonate ratios vary and ratios between 2.56:1 and 10:1 (chemicals expressed
as g Na,O) are used [26]. At 80 — 85 % sodium sulpbite and 15 —20 % sodium carbonate or sodium
hydroxide (all chemjcals expressed as g Na,O) in the cooking liquor, pulp yield of softwood cooks is at a
maximum and both lignin content and carbobydrate degradation are at their minima {10). This is confirmed
by Ojanen {24] and Virkola [29]. Virkola further states that the optimum ratio of sodium sulphite to sodium
sulphite plus sodium carbonate is between 0.80 and 0.85 (i.¢ sulphite percentage of 80 to 85 %) for both
birch and pine wood chips. A study, using a sulphite percentage of 85% along with a liquor to wood ratio
of 12.5:1 was conducted by Keskin & Kubes [30] to investigate the effect of liquor concentration on the
rate of delignification in neutral sulphite and neutral sulphite-anthraquinone pulping of black spruce wafers.
A concentration range of 54 - 82 g sodiwm sulphite per liter was used. Anthraquinooc dosage was 0.5 %
(on 0.d wood) and cooking tiroes were varied to obtain yields between 50 and 80 %. The effect of liquor
concentration on the delignification rate expressions for both processes was investigaled. It was observed
that the reaction rate orders with respect to sodium sulphite charge were 0.28 and 0 for the delignification
rate of NS and NS-AQ respectively. The experiments extended 1o lower {iquor-to-wood ratios (5/1) for



NS-AQ pulping. A negligible effect of liquor concentration on NS-AQ pulping was observed. Lower
liquor to wood ratios were found to be more efficient for delignification.

Virkola et al {29] discovered during softwood NS-AQ cooking trials on both faboratory and mil scale that
the most important factors influencing the result of NS-AQ cooking were totel lkeli charge, alkali ratio
and amount of AQ on wood. The sodium sulphite charge hod a greater inQuence on delignification thap the
rotal sikali charge. The properties of the NS-AQ pulps were quoted as being exceptional compared with
conventional sulphite pulps, whilst one of the most interesting aspects of the NS-AQ process wes found to
be the very high pulping yield.

Sodwum carbonate is used as a buffer in the cooking process. This is to counteract a fast and clear drop in
pH at the beginning of a cook, which i5 probably due to the neutralization of acetyt groups in wood chips
[24]. A minimum amount of buffer chemical, sufficient for a speot liquor pH of just over 7 produces the
brightest pulp, whilst a pH of 8 to 9 provides faster pulping, some improvesaent in polp strength and
reduced corrosion in equipment. Some mills pulp to 2 spent liquer pH of as tow as 5.5 to save on boffer
chemicals and to enhance pulp drainage [10].

In a study on the reaclions of lignin during sulphite pulping at various pH levels, Gellerstedt [11] found that
at the neviral pH-Jevel a selective sulphonation of phenolic ligrin is operative, in part leading to lignin
fragmentation by sulphitolytic rupture of B-aryl ether bonds. Phenylpropane units containing carbonyl
groups, whether phevolic or not, are also sulphonated under these conditions. Such structures, if part of
B-aryl ether systern, are degraded to a large extent by cleavage of the 8-aryl ether bond. Elimination of
hydrogen and/or formaldehyde from intermediately formed methylene quinones gives rise to conjugated
structures of the styrene and stilbene types. Furthermore, cleavage of methyl aryt ether bonds creates
catechol groups in injtial phenolic structures. The conjugated structures formed may in subsequent
reactions give rise fo chromophoric systems.

2.3.3.2.4. Wood species

Semichemical pulping has been limited almost entirely to the hardwoods, although some softwoods deliver
excellent pulps [10). The drawbacks to softwoed semicherical pulping are that its chemical consumption
is higher and it requires considerably more energy for fiberizing and refining. Species which hiave high
resin contents are also likely to produce pitch probleres in 8 paper mill. Pine species specifically have beeo
found difficult to pulp using sulfite as delignification agent. The (arge resin content of pine is 8 major
cause of equipment operating problems [31]. Pine heartwood contains 2 class of phenolics which retacds
sulphite pulping. Pinosylvin and related phenolic substances present in pine heartwood apparently
condense with lignin under acidic pulping conditions to form insotuble products, even after lignin
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sulphonation had taken place. It was found that wood can be pulped by pretreatment with an alkaline
sulphite solution prior to acidic sulphite pulping.

Softwood lignin is sulphonated to a greater degree than hardwood Lignin by neutral sulphite liquor [10].
However, softwood reacts slower and a larger charge of chemicals is required for a given degree of
delignification. This is mainly due to the greater lignin content of softwood, its inaccessability in the cell
wall and its higher molecular weight.

2.3.3.2.5. Anthragquinone

The introduction of anthraquinone (AQ) as a catalyst has brought great timprovements (o the NSSC pulping
process, since it has made the use of sofiwood economically viable [32). AQ accelerates the delignification
rate dramatically [33] and stabifizes wood carbohydrates in the pulping process {32, 34). At a constant
residual lignin level, NSSC-AQ pulps bave higher yields than NSSC pulps, indicating that AQ also protects
the carbohydrate portion of wood during pulping. Physical strength propesties of NSSC-AQ pulp are also
significantly higher than that of NSSC pulps [33). This was confirmed by Virkola et al [29}, who found
that the properties of the NS-AQ pulps were quoted as being excepliona) compared with conventional
sulphite pulps, whilst one of the most interesting aspects of the NS-AQ process was found ¢o be the very
high pulping yield. A mill in New Zealand has achieved a 25 % increase in its produciion capacity with the
infroduction of AQ [32]). AQ was found to permit much faster delignification of hardwoods. It can be used

for a variety of objectives, including to decrease the cooking time and to decrease the alkali charge [32].

The roost important factors influencing the result of NS-AQ cooking ase the tota{ afkali charge, alkali ratio
and arsount of AQ on wood [28). The sodiwn sulphite charge has 2 greater influence on delignification

than the total alkal charge. This was found during softwood NS-AQ cooking trials on both laboratory and
mill scale. l

The most prominent feature for bulk delignificalion in neutra} sulphite anthraquinone (NS-AQ) cooks is its
8004 selectiviry [24]. This was shown during trials on neutra) sulphite anthraguinone cooking of pine and
birch chips (0.1 % AQ on wood) to produce paper pulps. A 0.1% AQ on oven dry wood is comroonly used
[24, 28, 35), though dosages froms 0.05 % [36] to 1 % [37) AQ on wood have been successfully used. For a
0.5 % AQ dosage, used in neutrzl sulphite pulping of pine (Pinus radiato), the kappa number dropped by
half under given pulping conditions. For Pinus taeda, the optimum AQ charge was found to be t % {38).

Delignification rate expressions for neutral sulphite seroichemical (NSSC) and neutral sulpbite
semichemical anthraquinone (NSSC-AQ) pulping of black spruce were developed by Keskin & Kubes
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[33]. The rates take into account the effects of temperature and reaction times on the rates of

delignification.

It was found that addition of AQ affects the delignification rate in two ways. First, it increases the reaction
order in Jignin from 1.7 to 2.1. Second, the reaction rate constant increases. It was also determined that the
NSSC process is more temperature dependent than the NSSC-AQ process. Therefore, a temperature rise
would favour the delignification in the NSSC process more than in the NSSC-AQ process.

Anthraguinone is believed to enhance delignification during the initial phases of sulphite-AQ pulping by
promoting the cleavage of free phenolic Beta-aryl ether linkages [39]. Anthraquinone js reduced in the
pulping liquor to anthrahydroquinone (AHQ), which in tumn is ionized and dissolves as the AHQ anion with
a dark red color, as shown in Fig. 2.7.

OH o
S Reduction Tonpation
—_— —_—
o) OH )
AQ AHQ AHQ-ion (sohbk)

Fig. 2.7: Reduction of anthraquinone to anthrahydroquinone and subsequent ionization [10].

Wood sugars act as the reducing agent [39]. These reduced forms of AQ promote cleavage of free phenolic
2-arylether linkages under sulphite AQ conditions. The mechanism proposed for a three carbon 2-ether
model, in which the 2-ether linkage is cleaved via a reduced anthraquinone-quinone methide adduct, is
shown in Fig. 2.8. Coniferyl alcohol (B) is formed from the adduct (A), and the sulphonates C and D are
formed during the reaction of this alcohol with HSO, ions.

AQ also very effectively promotes bulk phase delignification. Three possible roles for anthragquinone in the

bulk phase have been identified and were discussed by Suckling [39]. Additional work is still required to
establish the role AQ actually plays in the bulk phase.
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Fig. 2.8- Proposed mechanism for initial delignification in sulphite-AQ pulping [39].
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The advantage of using AQ as an additive was also practically shown by McArthur [38). He listed the
following irmprovements in the NSSC process at Whakatane Board Mills, where Piras radiato is vsed,
which were achieved when 0.05% AQ was introduced to their existing NSSC process:

¢ Reduction of time at pressure from 135 10 30 win

¢ The quantity of sodium sulphite eroployed bas been reduced by 11.5 %.

A reduction of 60 % in primary refining energy

*  Increase in plant capacity by 3] %.

The pulp presented to the paperboard machine stock preparation system was of higher freeness and
tearing resistance but of lower bursting and teasite strengths; a less developed fibre allowing greater
flexibility in its engd vse.

2.3.4. Properties of NSSC pulps

Pulp yields for neutral sulphite pulp are generally higher than that for kraft at a similar residual lignin level.
At a similar degree of delignification, the yield for both pine (Pinus silvestris) and spruce (Picea abies)
pulp is 6 to 12 % higher than in kraft pulping [29). According o Ojanen [24) the total yield in pine NS-AQ
cooking is 8 10 10 % higher than that in pine kraft cooking, whilst in birch NS-AQ cooking the yield
advantage is 6 to 8 % compared with birch kraft cooking.

Hardwood NSSC pulps contain more pentosans than pulps cooked by sny other common process. This is
largely due to the neutral nature of the pulping Liquor, which restrains hydrolysis 2ad dissolution of the
hemicelluloses during pulping. Both yield and strength benefit from high retention of hemicelluloses.
With light mechanica) processing, the pentosans oo the surface of Uie fiber swell rapidly and furaish
additional bonding. Although some disagreement appears to exist on the effect of the yield on the strength
properties, the general conclusion is that the lower the yield, the bener the average strength [10).

Seroichemical pulp for corrugating mwedium contsins [5% to 20% lignin depending on wood species and
pulpiog conditions. As aresult of the high emount of lignin retained, semichemicsl fibres are heavier than
fully pulped Bbres. Consequently, a shest of standard weight contains fewer fibres. The semichemical
fibres are also stiffer, pecause of the Yarge hemicellulose content, than comparable chemical pulps prepared
from the same species [10]. As the yield is reduced by extended pulping, higher chemical charge or higher
cooking temperanure, the increasing nuonber of fibres per gram and increasing flexibility contribute to
greater bonding within the sheet. Sheet density, when pressed under similar conditions, 2150 increases as
the fibres become less rigid.
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NSSC hardweod pulps respond to refining in a similar way to other pulps except that they increase
somewhat in tear strength as freeness is reduced [10). Other properties such as density, flat crush

(Concora), ring crush and tensile strengths also benefit from freeness reduction, while caliper, bulk and
stock drainage rate decrease.

In tests done on NS-AQ pulp from pine slabwood and corewood {40] it was found that the presence of the
compound middle lamella on fibre surfaces and its general resistance to disruption and fibriliation by pulp
refining are properties unique to the neutral sulphite-anthraguinone pulps. These pulps are of substantially
higher yield than kraft pulps of roughly the same strength qualities, are easily refined and have the potential
to be rapid draining on paper machine wires. Furthermore such pulps could be made into highly
consolidated and dense webs of high porosity because of the development with refining of highly bondable
fibres with essentially unfibrillated surfaces. Web porosity will, therefore, largely depend on factors which
inRuence fibre morphology (length, diameter, wall thickness) and degree of fibre collepse and packing
arrangement within the paper web. Fines content will remain low in webs made from neutral sulphite-

anthraquinone pulps since interfibre voids will not be filled by such material.

2.3.5. Use of NSSC pulps

The main product made from NSSC pulp is corrugated medium. A small amount of NSSC pulp is used in
the base sheet duplex linerboard as low cost furnish component, which imparts good compression strength.
The quality of NSSC pulp has to be high enough to meet the requirements in three areas. They are paper

machine runnability, corrugator nmnability and end use as component of corrugated containers.

2.3.6. Simultaneous pulping of hardwood and softwood

Very little information is available on simultaneous pulping of hardwood and softwood. This is mainly
because technically it is preferable to pulp hardwood and softwood separately. There are, however, a
variety of circumstances which make it technically and/or economically advantageous to pulp mixtures of

hardwoods or HW/SW blends even though the components have quite different pulping properties [41].

Some investigations into the simultaneous pulping of hardwood and sofiwood species by means of other
chemical processes have been reported. Long term mill operating experience has shown that hardwood and
pine can be successfully mixed pulped by the countercurrent soda-AQ process [42]. During simultaneous
hardwood and softwood kraft and soda-AQ pulping trials, it was found that hardwood was severely
overcooked in all cases. This is because hardwoods pulp more easily than softwoods, because of the
different chemical nature of the lignin of the two species, as well as the lower lignin content of hardwood
[41].
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A way to minimize the overcooking of HW chips is by manipulating the chip thickness, especially the pine
chip thickness [42]. [ncreasing the hardwoed chip thickness or decreasing thal of the softwood decreases
the difference of the extent of delignification of the two species.

Mixed pulp yield was found to be less than would arise from separate pulping to the same degree of
delignification [41, 42). The yield advantage of separate pulping during kraft and soda-AQ pulping was
found to be at a maximurmn with 50:50 mixtures of bardwood and softwood and was lowest with pine rich
mixtures. Therefore, since hardwood chips give higher yield than softwood chips al a given degree of
delignification, there could be practical circumstances where mixed pulping of high pine content mixtures,
could be an attractive option [41].

The chemical requirernent for mixed pulping of hardwoods (eucalyptus, watile and myrtle) and pine (Pinus
rodiata) was found to be higher than for separate pulping [41). This difference increased with increasing
hardwood content. A linear additive mixing rule, vsing the fractions of hardwood and softwood charged,
did not apply for total pulp yield or alkalj requirement.

[n kraft pulping trials done on a variety of hardwood and softwood species, it wes found that e fumnish
obtained by blending the pulps of individual species, including hardwood and sofrwood species, and those
obtained by cooking the mixture of all the species give almost similar strength propertes {43). This
indicates that there is no advantage to be gained when pulping hardwood and softwoods separately as
opposed to simultaneously. However, this was determined for the kreft process, and the pulps compared
had different residual lignin levels. Therefore the basis for comparison of the separately end simultaneously

pulped mixtures was not clear,

2.4. Alkalive sulphite pulping (AS-AQ)

Alkaline sulphite-AQ pulping is the fifth and newest member of the family of sulphite processes. It uses
sodium sulphite and sedium bydroxide as cooking chemicals. 1t has met with increasing interest in sice
1989 {44]. The addition of AQ to alkaline sulphite liquor considerably acceferated delignification,
improved its selectjvity and allowed for pulping at much lower alkalinity than the onginal process (single-
stage alkaline sulphite process). The improved selectivily leads to higher yields at a given degree of
delignification when compared with krzft pulping [44, 45], wilh yields up to 10 % higher than kraf pulp
being reported (45, 46].

An advantage of the AS-AQ process 15 that the pulp can be produced st 2 high yield (70 %) while
maintaining easy fiberization and bigh strength characteristics. AS-AQ liner at 70 % yield gives combined
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board properties that were equal to, or better than, those obtained with kraft Liner at 54 % yield, except for a
slightly lower tear strength [47]. An added advantage of the AS-AQ process is the lack of kraft odor. AS-
AQ pulps are also easily bleached to high brightness [44).

Although at its present state of development the cooking rate of AS-AQ is somewhat deficient relative to
kraft [35], full process evaluations have confirmed econoric advantages in capital investment and
production cost. However, irnproving the rate of cooking is a desirable objective and investigations are
continuing in Scandinavia, Canada, the United States and elsewhere. The same delignification rate as in
kraft cooking can be reached through the AS-AQ process if an AQ dosage of 0.1% on wood is used and the
temperature is increased by 9 C © from 166 to 175 °C [44].

Compared with NS-AQ pulping, the AS-AQ process uses a smaller chemical charge and shorter cooking
time for pulp with a high degree of delignification (i.e. full chemical pulp), whilst the NS-AQ pulps have a
higher yield and reduced bleaching costs. [48]. For pulp with a Jow degree of delignification, as in
semichemical pulping, the NS-AQ process is preferred because of the higher yield, although it is not
suitable when a pulp with a high tear strength is desired.
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2.5. Process description of NSSC process at Mondi Kraft, Piet Retief
Block diagrams of the process are presented in Fig. 2.9 10 2.) 1.
2.5.1. Chip preparation

Hardwood is delivered to the mill in the form of debarked logs originating from forests in the surrounding
area. These logs are debarked since bark consurnes chemicals and persists in the pulp as dark specs, which
can be difficult to remove. The logs ere chipped in a 1.68 m (66 inch) Norman chipper and stored in chip
piles. Softwood is delivered ia the form of chips from several saw mdls in the area. These chips are stored
in separate chip piles. Chips &rom the chip pules are loaded into chip loading bins by means of front-end
loaders. Screw feeders ransport the chips from the loading bins onto two vibrating screens, where
undersized and oversized chips are removed. The ratio of hardwood to softwood is controlled by the
relative rates of the screw feeders. The chip accepts from the screens are transported to a chip hopper by
means of a conveyer belt.

From the chip hopper the chips go through a chip meteér and a low pressure feeder into a steaming vessel.
This steaming vessel is in the foon of a screw-type conveyer and is used to impregnate the chips with steam
at 100 kPa. The purpose of steaming is to remove air from the chips. When the steam-impregnated chips
are exposed to the high pressure inside the digester, the steam condenses. This causes the cooking liquor to
effectively be sucked into the chips to fill the volume left by the condensed steam, resulting io more

effective liquor irnpregnation.
2.5.2. Pulping

From the steaming vessel the chips go via a chip chute into 2 high pressure feeder. Cireulating cooking
liquor from the digester is used to transport the chips from the high pressure feeder to the top separator at
the top of the digester. The temperature of the cooking iquor and chip mixture fed {o the top separator is
about {00°C. The top separator is an inclined screw conveyor, which feeds the chips to the digester.
Excess cooking liquor from the high pressure feeder is pumped through a sand separator and an inline
strainer to remove solid materials. The excess cooking liquor as well as fresh cooking liquor and AQ
dispersion from mixing tanks is subsequently pumped to the top separator. Thbe clased nature of this fiquor

circulation loop ensures that no cooking liquor is wasted.
The digester, built in 1570, is a 30 m Kamyr type continuous digester with a diameter of 3 m at the base. It

can be divided into three zones, the impregnation zone, the cooking zone and the counfercwrent washing

zone. The impregnation zone starts in the top separator, where the chips are impregnajed with the cooking
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liguor. The chips descend down the digester where the cooking zone starts. The heat is supplied by high
pressure (11 to 13 bar) steam at 220 to 250 °C injected near the top of the digester, where the temperature s
at its maximum value of 179 °C. The digester temperature is controlled by the steam flow rate. There are
four sets of screens down the length of the digester where the liquor js extracted. The liquer from the top
set of extraction screens can be circulated through a heat exchanger and pumped back to the top of the
digester. This system is not used at the mill.

The spent cooking liquor is extracted from either of the middle two extraction sereens, where the
temperature is about 165 °C. The washing zone starts below the bottom extrachon screens. Here the
pulping reaction is stopped by counterciurent wash water moving upwards through the chip column. The
wash water {s pumped through a heat exchanger where it is heated up to 130 °C and pumped back to the
bottom of the digester. Water from external pulp washers i1s pumped into the digester through nozzles
located below the washing zone extraction screens to provide countercurrent washing. The temperature in
this zone is about 80 °C.

The cooked chips leave the digester via an outlet device at the bortom. This device has rotating paddle

arms which break up the chip mass. The chips leave the digester through a valve and the Kamyr blow unit,
and are blown wmto a blow cyclone.

2.5.3. Stock preparation

The cooked chips from the blow tank are sent through two parallel rotary Contra Shears, which are rotating
drum filters for draining biack liquor from the pulp. This pulp is send to a storage chest where it is djluted
and agilated. From here the pulp is fed through two Asplund rafBinators in parallel to break down the

cooked chips, after which it goes through two parallel Sund shumy presses. Jo the slurmy presses excess
water is removed before the pulp is stored in a pile.

From these piles, pulp is fed to a Grubbens pulper where the pulp is diluted and disintegrated. The pulp is
fed through another set of raffinators for further fibre separation and stored in the pre-refining chest From
here the pulp is refined to develop pulp strength. The pulp is stored in the refined chest where the freeness
is measured. The freeness is an indication of the rate of which walter drains from the pulp and determines
the speed at which the paper machine can be operated. Tt is also an indication of the degree of refining and
thus the pulp strength. Pulp from the refined chest is fed to the blend chest where waste paper pulp is
added. The ratio of NSSC pulp to wasle paper pulp is 55:45. Pulp from the blend chest is sent to the paper

machine. Linerboard is formed on the paper machine and stored in rolls which are cut to size to suit the

customer.
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2.5.4. Spent liquor treatment

The extracted black liquor is flashed in a cyclone, with the flashed steam used (or chip impregpation in the
fow pressure steaming vessel. The black liguor is subsequently pumped to black liquor dams were water is
allowed to evaporate. Black liquor from the dams is pumped through a fibre filter to remove large solid
materials. The fltered black liquor is concentraled in five evaporators, two of which are in parallel, from a
solids content of about 15 % to about 30 %. The concentrated liquor 1s stored in an intermediate storage
tank. From this storage tank the Jiquor is pumped through a ventun scrubber, where the liquor is
concentrated to about 50 % by the flue gasses from a Copeland fluidized bed incinerator. This heavy black

liquor iz again stored in an intermediate storage tank.

The heavy black liquor is fed to the Copeland fluidized bed incinerstor which operates at a temperature of
700 °C. The black liquor is introduced into the space above the fluidized bed a5 a conical spray with air
dispersion. Air supplied by a blower is used to fluidize the bed. The organic constituents of the black
liquor are converted to carbon dioxide, waler vapour and various other pyrolysis products through

com bustion, whilst the inorganic constituents are oxidised lo Na;SO, and Na;CO, which is sold as a by-
product as salt cake (chemical data sheet in appendix A). The reactor gases are sent through the venturi
scrubber and then through a water scrubber to reduce emission cammy-over, before being released to the
atmmasphere.
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3. Experimental

3.1. Laboratory digester

A laboratory digester with liquor circulation systemn was constructed for pulping experiments. The
design was based on a pilot-scale digester used at Mondi Kraft's Richards Bay Mill. Mondi’s pilot-
scale digester is a modified version of a unit supplied by Aurora. Afthough the digester was build for

this project, the design i1s versatile and allows for other cooking processes.

3.1.1, Hardware description

A schematic drawing of the digester is shown in Fig. 3.1. The digester vesse] is a pressure vessel made
of 316L stainless steel with a wall thickness of 10 mm. The inside diameter of the vessel 1s 203 mm,
whilst the height is 420 mm, giving a valume of 13.6 liters. The vessel has a 316 suainless steel lid of
16 mm thickness, which is fastened by 12 M20x75 stainless steel bolts. Waood chips are loaded into a
basket made of 316L stainless steel sieve plate with 3.2 mm holes which fits into the digester vessel.
The basket prevents solid material being pumped through the circutation line, The liquor is pumped
fror the bottomn of the vessel by means of a magnetically driven purnp through 12 mm stainless steel
piping. This type of pump bas no seals which enables opecation under high temperatures and pressures
and with highly corrosive liquids. The biquor is pumped through a vertical cooling jacket and is
returned to the digester vessel via a manual ball valve (V3). A distribution nozzle is inserted on the

mlet 1o the digester above the chip level to ensure evep distribution of the liquor rerum.

A smaller cooling jacket is located before the pump inlet, and the cooling waler is connected in series
with the vertical cooling jacket. The coaling jackets are used for temperature control and to cool down
the circulating liquor after completion of the cook. The ball valve (V9) located oo the liquor
circulation line is used to regulate the flow of the liquor to ensure even distributian over the chips. A

magnetic flow meter (F11) is installed on the top circulation line for flow measurement.

On the bottom borizontal part of the liquor circulation tine two other lines are connected, onc of which
leads to the drain, whilst the other is connected Lo a fresh water supply header. These lines are used for
washing the pulp, draining spent liquor out of the system and flushing the system afler completion of a
cook. Both these tines are fitted with pneurnatically activated solenoid valves (V1 & V3) whilst a

simifar valve {V2) is fitted between the connections of the drain and water lines on the circulation line.

This valve is closed whilst the system is being flushed.

A sampling system is connected on the top horizontal part of the circulation line. This consists of a

6 mm stainless steel line, which tees off from the circulation line and goes through a
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pneumnatically operated solenoid valve (V4), a manusl needle valve (V12) and cooling jacket. The
needle valve is used to control the flow through the sampling system and also for isolation of the
sampling system if required The piping in the cooling jacket is in the form of a coil and has a total
length of approximately 2 m. At the outlet a beaker is used to collect the sample, Two 6 mum stainless
steel lines are connected between the needie valve and the solenoid valve. One of these lines is
connected to the water supply header, whilst the other is connected to an air supply header. These lines
are used to clean the sampling system after a cook and are both fitted with manual needle valves (V10
& VI11). The air supply header also supplies compressed air for the pneuwmatically operated solenoid
valves. An air regulator is fitted before the header, and controls the air supply at 350 kPa.

A venting system is connected to the vessel. This consists of 2 12 mm stainless steel fine connecled
near the top of the vessel. This line tees off into three different lines, which contain a pneumatically
operated solenoid valve (V5), 2 safety relief valve (V8) set at 13 bar, and a manual needle valve (V7)
respeetively. The soltenoid valve is used for non-condensable gas purging during the cook, whilst the
manual valve is fitled as back-up for the solenoid valve. A pressure gauge (PI1) and pressure

transducer are fitted before the needle valve.

Water for the cooling jackets on the circulation line as well as on the sampling system 3s supplied by
the water ireader. A solenoid valve (V6) is fitted at the inlet to the vertical cooling jacket on the liquor
circulation line to controf the water flow through the cooling jacket. The inlet is located at the top of
the cooling jacket with the outlet at the bottom, to ensure that, whilst the cooling jacket is deactivated,
there will be no standing water in the jacket, which would slow down the heating up process of the

liquor.

Heat is supplied to the vessel by three banks of heating elements, consisting of three elements each.
These heating elements are bands fitted around the vessel, and each is capable of delivering 900 Watts
power, which gives a total power capability of 8.1 kW. Each of the three banks of hezating ¢lements is
fitted with a high temperature trip switch set at 270 *C. These trip switches prevent overheating of the
heating elements. A thermocouple is fified at the bottom of the vessel for measuring the digester
temperature (TIC1). The whole systern was designed for a maximum pressure of 15 bar and a

maximum temperature of 220 °C, with the pressure relief valve set at 13 bar.

3.1.2. Control process

3.1.2.1. Software description

The process is controlled by a Siemens S5 115U Programmable Logic Controller (PLC) and Turbolink
is used for the man-machine interface. The PLC consists of a power supply modvule, a central

processing unit, an expansion module, an analogue input module, a digital input medule and a digital

output module. The different inputs and outputs of the process are listed below
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Digital outputs:

3 Healing element temperatwre trip switches on/off

Digital inputs:

Pump on/off

3 banks of heating elements on/off

Drain line solenoid valve open/closed

Wash water line solenoid valve open/closed

Main circulation line solenoid valve (isolation valve) open/closed
Sampling solenoid valve open/closed

Venting line solenoid valve apen/closed

Cooling yacket solenoid valve oper/closed

Analogue outputs:
Digester temperature

Digester pressure

All the above mentioned inputs and outputs are cyclically communicated with the PLC, with the scan
time being between 2 and 6 ms. Turbolink, the man-machine interface software, allows the operatar to
enter various cooking parameters and to control the process via a PC. Data berween the PLC and
Turbolink is cyclically exchanged at a frequency of every 600 to 700 ms. A list of the various
Turbolink inputs is given below:

Ramp time: Duration of the ramoping stage.

Cook time: Duration of the cooking at maximum temperature stage.

Coak temperature: Maximum cooking temperature,

H-Factor control: This is switched on if the cook is ended when a certain H-factor is reached,

instead of afler a specified time.

Target H-factor: H-factor at which the cook is ended, if H-factor control is used.

Purge time: Time for which the venting solenoid is opened when the temperature
reaches 110 °C.

Sampling time: Time for which sampling solenoid is opened when the temperature reaches

90 °C during the cooling down stage.

M: H-factor constant (deseribed in appendix C)

N: H-factor constant

Start: Switch to start the process.

Reset: Switch used to reset all the parameters used in the control process in order to

start a new cook, It can also be used as an emergency stop.
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Manual: Switched on to enable the operator to manually operate the pump and drain,

wash water and isolation valves.

Drain: Opens and closes the drain valve.

Isolate: Opens and closes the isolation valve.

Wash: Opens and closes the wash water vaive.

Pump: Switches purap on and off.

Sample: Switched on to enable sampling of the liquor at any stage during a cook.

3.1.2.2. The cooking process

Each run or cook can be divided into three different phases, the ramp time, the cooking time at
maximum temperature and the cooling down time. When the process is started, only the pump and the
bottom bank of heating elements are switched on. When the temperature reaches a value of 40 °C, the
ramp time is started. In this phase the temperature is increased at a constant rate towards the maximum
cooking temperature in the specified ramp time (usually 60 min). When a temperature of 110 °C is
reached, the venting line solenoid is activated by the PLC for the specified purging time. This is done
to purge non-condensable gases. Once the ramping time is over, the temperature is controlled at the
cooking temperature for the specified cooking time. Whep the time at cooking temperature has
elapsed, the heating elements are switched off and the cooling jacket is activated. This is the cooling
down phase. While the liquor is cooling down and when it reaches a value of 90 © C, the sample
solenoid is opened for the specified sampling time and a sample of the spent Jiquor ts collected. The
circulating liquor is cooled down to a temperature of 40 °C, at which stage the purop is switched off
and the cooling jacket is deactivated. At this stage the cook is completed.

During the cook, the H-factor is calculated. The H-factor was developed by Vroom {27] and is
described by the following equation:

H-factor = | e™M~ND dt,
where T is the temperature in Kelvin, and M and N are constants for a specific pulping reaction. The

following values for M and N for neutral sulphite pulping where calculated using activation energies as
determined by Eagle and McDonough [38] and Keskin and Kubes (33]

M N (X)
Hardwood 35.7 13229
Softwood 41.9 15635
Mixture, 41 % softwood 38.0 14192

The derivation of M and N is shown appendix B.
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Instead of pulping for a specified time, it is also possible to cook to a certain H-factor. This is used
extensively in kraft pulping [7]. The H-factor has not been successfully employed in neutral and
alkaline sulphite pulping at this stage, and the H-factor control option was not used during the
experimental work described in this thesis. A print-out of both the PLC step 5 program and the
Turbolink program, along with a detailed description of the control process is given in appendix C.

3.1.2.3. Temperature control

Temperature control by the PLC occurs during the ramping and cooking at maximum temperature
stages of each cook. A simple feedback on/off control loop is used. The digester teraperature is
measured by the digester thermocouple, with the temperature signal being sent to the PLC. The PLC
subsequently adjusts the temperature by switching the heating bands on or off and activating the
cooling jacket for short periods.

During the ramping stage, the temperature is increased at a constant rate. The setpoint is recalculated
every 10 seconds. The calculation of the setpoint is done in the Turbolink program because of
software limitations of the S5 PLC. Following a trial and error procedure, the following control
procedure for the ramp time was found to be satisfactory. All three banks of heating elements are on as
long as the temperature is 0.2 C © above the setpoint or lower. If the temperature is between 0.2 and

1 C © above the setpoint, only the bottom bank is switched on. If the temperature is more than | C°
above the setpoint, the cooling jacket is activated for half a second.

During the cooking at maximum temperature stage, the setpoint is simply the specified cooking
temperature. The conirol procedure in this phase differs from that used during the ramp time. While
the temperature is equal to or below the setpoint, all three banks of heating bands are switched on.
When or if the temperature reaches a value of 0.7 C © above the setpoint, the cooting jacket is activated
for one second. This procedure allowed the temperature to be controlled to within one degree of the
setpoint. The temperature profile for an entire cook with the setpoint for the cooking temperature at
179 °C is shown in Fig. 3.2. A close-up of the temperature profile as the ramp stage ends and the
constant temperature stage starts is shown in Fig. 3.3.

As described earlier, a high temperature trip switch is connected to each bank of heating elements.
These trip switches overwrite the control program to prevent overheating of the heating elements. A

baok of heating elements are switched on again ten seconds after the temperature of that bank drops
below 270 °C.
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3.2. Experimental procedure

3.2.1. Chip preparation

In the process at Piet Retief the sofiwood chip feed is made up of various pine species, including Pirus
patufa, Pimis taeda, and Pinus elliotti, whilst the hardwood chips are a mixture of Eucelyptus species,
mcluding E.grandis and E saligna. For the expenmental work P. pafula and E grandis were used
since these make up the bulk of the softwood and hardwood chip feeds respectively. Single species

were used fo eliminate the variability derived from the inherent differences between dufferent species of

the same genus.

P.patula from the Natal Midiands area and E. grandis from northern KXwazulu Natal was delivered as
logs. Three different baiches of wood were used for the pulping trials. The P patuia logs used were
between 16 and |7 years old, whilst ten year old E. grandis logs were used, The logs were debarked
and cut by means of a hand held chainsaw into dises of thicknesses between 15 and 20 mm. These
discs were chipped by means of a laboratory chipper which has a guillotine type action, and produces
chips with a uniform thickness of about 3 mm (* 0.5 mm). Athigh pH values the chip thickness is the
most irnporiant dimension of the chip from a mass transfer perspective [1]. Using these ¢hips with a
uniform thickness reduced the effect of chip variability on the process.

The chips were left to dry out for a week after chipping. This was done to allow the moisture content

of the chips to come into equilibrium with that of the ambient air, as done by Chen et al [49]. Afier
seven days, the moisture content of the batch of ¢chips was determined according to Tappi Test Method
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T 258 om-94 {50]. The chips were stored in a sealed plastic bag to ensure the moisture content was not
effected by atrnospheric changes. If the moisture content of the chips is measured before it has come
into equilibrium with that of the air, the moisture content of the chips decreases inside the bag, due to
condensation on the sides of the bag. This leads to inaccuracy in the weight of oven dry chips charged
to the digester, and subsequeatly in all chemical charges and yield determinations. Before each nm the

chips were sorted to remove under- and oversized, as well as damaged chips.

3.2.2. Liquor preparation

A liquor 1o wood ratio of 5:1 was used for all the nmns since this ensured that most of the chips in the
basket were covered with liquor. This is not crucial since with a good liquor distribution over the
chips, variability is not affected [S1]. Commercial grade sodium sulphite and sodium carbonate, as
well as commercial grade anthraquinone (AQ) from the Piet Retief mill was used for liquor
preparation. Laboratory data sheets for the chemicals are given in appendix A. Tap water was used to
dissolve 220 g of sedium sulphite and 22 g of sodium carbonate to ensure a 10:1 ratio of sodium
sulphite to sodium carbonate, as is used by the mill. The mixture was stirred for at least 24 h since the
sodiurn sulphite concentration was near its saturation value. After stirring, the total alkali and sulphite
percentage of the liquor was measured according to Mondi Kraft Laboratory Standard Methods
WIPL.004 and WIPL.005 (see appendix D), which are based on Tappi Test Method T 624 cm-00 [50].
The sulphite percentages of various liquor batches varied between 84 and 86 %, whilst the total alkali
{TA) was between 118 and 124 g/L expressed as grams of Na,O per lire. The sulphite concentration
vaned between 101 and 104 g/L expressed as grams of Na;O per litre, a vanagion of about 3 %. The
TA of the cooking Liguor was measured regularly to account for oxidation of the sulphite. However,

the decrease in TA of the cooking liquar was found to be insignificant.

The AQ was delivered by Buclkanann Laboratories as a dispersion in water of 419 g/L strength. For
each nm, the cooking liquor needed to give the desired TA charge on oven dry wood was calculated, as
well as the volume of AQ dispersion needed to give the desired AQ dosage. The AQ and cooking
liquor were added together, and the volume of tap watet needed to give a total volume of 5 L in the
digester, including the moisture in the wood chips, was calculated and added, Tbe mirhure was stirred
well before adding to the digester. The pH of setected cooking liquors were measured al this stage.

3.2.3. Cooking

For each run the chips and liquor were added to the digester and after all the parameters had beep set on
Turbolink, the nm was started. Sample calculations for the chip and liquor charges are shown in
appendut E. The flow control valve was adjusted unti} an even distribution of liquor over the chips was
obtained before the lid was closed. The cook was subsequently controlled by the control system as
described earlier.
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After the completion of the cook, the black liquor sample was transferrad to a flask and stored. Selected
black liquor saraples were later tested for residual TA and pH. The rest of the black liquor was drained
out of the vessel and the pulped chips were washed for 5 roin by closing the isolation valve and
opening the drain and wash water valves. After 5 min the wash water valve was closed and the water
allowed to drain out of the vessel while the lid was opened. After washing, the pulped chips were
removed from the basket and éxoess water was removed by spinning it for five minutes in a spin drier

with a diameter of 300 mm at a speed of 300 rpro. The pulped chips were stored in plastic bags.

3.2.4. Refining

Since the pulped chips from the digester were still in chip form, the chips had to be refined before
handsheet making. This simulates the raffinating process in the mill. The refining was done in a

12 inch disc refiner at Mondi Kraft’s Richards Bay mill at room temperature. Each beatch of pulp was
given two passes through the refiner, with the discs set at 0.5 mm apart. Tap water was used to fJush
the pulp through the refiner. The purpose of this refining was to separate the individual fibres and not
to develop pulp strength. Afier refining the pulp was drained and spun dry in the spin drier described

previously for five minutes,

3.2.5. Pulp evaluation

The yield of the refined pulp was determined after spin drying, The total mass of refined pulp was
weighed and the moisture content of the pulp determined according to Tappi Test Method T 258 om-94
[50]. This was done to determnine the weight of oven dry pulp produced. The yield was caleulated by
dividing the weight of oven dry pulp by the weight of oven dry wood charged to the dipester originally.

The Hypo number of the pulp was determined according to a slightly modified version of Tappi Test
method T 253 wd-98 [50]. The Hypo number is an indication of the degree of delignification of the
pulp, similar to the more frequently used Kappa number. The advantage of the Hypo number is that it
can be used for all grades of unbleached pulps without limitation in respect to their yield [50], whereas
the Kappa number is only applicable to pulps with & yield of less than 70 %. The Hypo number testing
method was changed slightly from the prescribed method. Instead of using a positive pressure in the
separating funnel to force the potassiurp iodide solulion into the reaction flask, a vacuum was created
inside the flask before any chemicals wete added. This vacuumn was used to suck all the reagents into
the flask through the separating flmnel). This method was found to be easier to carry out and resulted in
the potassium i0dide entering the reaction vessel more rapidly, producing more reproducible results, A

comparison of the Hypo number results when using the original and the medifed test methods is given
in appendix F.

Handsheets for testing pulp strength properties were made at the CSTR’s Forestry and Forest Product
Research Cenfre. Each batch of pulp was beaten to various extents using a PFI mill according to Tappi



Test method T 248 sp-00 [50]. After beating the Canadian Standard Freeness (CSF) was rmmeasured as
described in Tappi Test method T 227 om-99 [50] and 6 handsheets were made on a laboratory
handsheet maker for each different beating level, according to Tappi Test method T 205 sp-95 [50].
After condrtioning in & humidity controlled room for at Jeast 24 h, the handsheets were weighed, cut

into several pieces and the tensile, burst and tear strength measured, as described in Tappi Test method
T 220 sp-96 [50].

3.3. Reproducibility

To investigate the reproducibility of the results obtained, four cooks were repeated under the same
conditions. These cooks were done using the a mixture of hardwood and softwood in the same ratio as
used by the mill, with the cooking parameters kept at the standard mill values. These refined yields and
Hypo numbers of these cooks were determined, and the results analyzed for reproducibility. The
standard deviation and repeatability, as described by Tappi Test Method T 1200 sp-00 [50], for both the
refined yie-la and the Hypo number is shown in Table 3.1.

Table 3.1: Hypo number and yield reproducibility results for four cooks produced under the
same conditions

Refined yield (%) Hypo number
Average 72.9 18.0
Standard deviation 061 0.15
Repeatability (%) 1.04 1.03

The repeatability refers to a Jimit within which agreement may be expected 95 % of the time between
two test results obtained under essentially the same conditions and from the same homogeneous sample
of materjal. In the case of the Hypo number, the repeatability was found to be 1.03 %, which is less
than the value of 2.6 % for the Hypo number testing method as reported in Tappi Test Method T 253
wd-98 {50]. This indicates that experimental variations other than that caused by the Hypo number
testing method are insignificant. For the yield, the repeatability was calculated as 1.04 %, which means

a 95 % confidence interval of 0.7 percentage points above or below a certain value, which was also

deemed satisfactory.



4. Results and Discussion

4.1. Current process

In this section the effect of various operating variables an the current cooking process is described.

4.1.1. Effect of cooking time on refined yield and Hypo number

The residence tume in a continuous digester, as used at the plant, and the cooking time in a batch
digester, as used in thjs project, are not divectly related because of the inherent differences between the
two types [S2). Therefore a basis for comparing the different pulping vanables had 1o be established.
1t was decided to determine the cooking tune needed to produce a pulp with the mill target Hypo
number of {8, using the standard mil] pulping conditions. This cooking fime was then used in all the
subsequent cooks done in this project.

Nine cooks using the standard mill conditions as described in Table 1.] (repeated below) were done
using various cooking tumes al constant cooking temperature. The cooking tupe values stated exclude
the 60 minute pericd at the start of each cook in which the temperature js ramped at a constaot rate
from 40 °C to 179 °C.

Table 1.1: Current pulping conditions at Mondi Krafi’s Piet Retief mill

Pulping temperature 179 °C

TA charge 9.5 % as Na,O on oven dry wood
Sulphite charge 8.5 % as Na,O on oven dry wood
Na,S0y/ Na,CO; ratio (0/1 (kg Na,SOy/kg Na,CO,)
AQ dosage 0.1 % on oven dry wood
Hardwood/softwood ratio 50/50 oo & volumetric basis
Target Hypo number 18

The 50/50 volumetric ratio of hardwood to softwood was determined to be equivalent 1o a 41/59
softwood/hardwood ratio on an oven-dry waood base due ta differing wood moisture contents. This
oven-dry softwood weight perceotage of 41 was used in the digester charge when pulping a2 mixture of
hardwood and softwood in this project.

The refined yields and Hypo numbers obtained for the various cooking times are shown in Fig. 4.1 and
4.2. Tables with raw data, including operating conditions and results, for all the cooks described in this
thesis are given in appendix G.
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Error estimates are presented in Fig 4. [ and 4.2 as two standard deviarions above and below an
experimental value. These error estimates are the sarne for all refined yield and Hypo number graphs,
and are not indicated in further graphs to prevent these from becoming congested.

Both curves display a similar form, indicating a corvelation between degree of detignification end yield.
This is confirmoed by Fig. 4.3, where refined yield is plotted against the Hypo pumber. Linear
regression was applied and the degree of correlation was found to be r? = 0.97. The linear regression
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Fig. 4.3: Correlation between refined yield and Hypo number.
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techrique, as well as the formula for calculating 12 is shown in appendix H. Both the curves in Fig, 4.1
and 4.2 show a linear relationship between the refined yield and Hypo aumber, and the cooking time up
to a cooking time of about 100 min (r* = 0,98 and 0,99 respectively) , where the slope of the curve
reduces. I indicates that the depletion of cooking chemicals staris effecting the pulping reaction rate
after this point. The curves also show that a cooking time of 120 min will yield a pulp with a Hypo
number of 18, with a corresponding yield of 73 %. An increase in the cooking time of 10 minutes will
decrease the Hypo number by about 0.1 to 0.2 units and yield by about | % whilst a reduction of
similar magnitude in cooking time will inerease both the Hypo number and refined yield by about 0.5
units and 1 1o 2 percentage points respectively. It follows that a decrease in cooking timme bas a more

significant effect on the degree of delignification than an increase of similar magnitude.

4.1.2, Effect of total alkali charge op refined yield and Hypo number

Six cooks were done, using TA charges of 1, 4, 7,9.5, 12.5 and 16 % respectively, whilst Lthe standard
mill conditions applied for the other parameters. The refined yield is ploned against the TA charge in
Fig. 4.4, whilst the Hypo number and black liquor TA results are iltustrated in Fig. 4.5. Because of the
previously determined linear relationship between the refined yield and the Hypo nurnber, the curve of

the refined yield versus TA charge bos a similar shape to that of the Hypo number versus TA charge.
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Fig. 4.4: Effect of the TA charge (% as Na;O on O.D. wood) on the refined yield.

The Hypo numnber curve in Fig. 4.5 has 8 decreasing gradient up to about 3 9 % TA charge, after which
the stope of the curve reduces. In the firsi past of the curve, the extent of the pulping reaction is
obviously limited by the amouot of chemical present, This is illustrated by the fact that for the cook
with a 1% TA charge, Lhe residual black Lquor had no measurable TA left. The flanening out of the
curve frorm about 9 % TA charge onwards is probably due to the fact that at those TA charge values an
excess of chemicals is present, as indicated by the relatively high black liquar TA value. [tis
cooc¢luded thet the extent of the pulping reaction is at this point dependent on the pulping temperature
and mass transfer efficiency ratber than the chemical availabilicy.
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The currenl operating pount at the Piet Renef mill, 9.5% TA, is located just within the temperature and

mass ransfer controlled zone. This will mean that a decrease of about 1% in the TA charge will have a

more significant effect on the Hypo number (about {.5 to 2 units increase) than will an increase of } %

(0.5 units decrease). According to (ngraber et al (10], the lower the residval lignin in pulp, i.e. the
fower the Hypo number | the stronger the pulp will be. This js confirmed by Fig. 4.6, where the burst
and tear index at 400 Canadian Standard Freeness (CSF) of pulp made from a mixture of hardwood and
softwood, as at Piet Renef, is plotted against the Hypo number. A graph of the tensile index versus the

Hypa number i3 presented wn appendix 1. It follows a similar trend to the burst index. The burst, tear

and tensile index versus PFI mil} revolutions and CSF for individual pulps at different Hypo numbers

used to construct the graphs mentioned previously are also shown in appendix 1.

8

Bursy/Tear index
(&1

r's
" «
LB [ g
®
°
12 14 16 18 20 2 24
Hypo number

¢ Burst mdex B Tear index

Fig. 4.6: Burst index in kPaso%g and Tear index in mN.m*/g plotted against the Hypo number

of a simultaneously pulped hardwood/softwood mixture.

An economic model was developed to determine the changes in sodium sulphite and sedium carbonate

cosls, as well as total raw material costs. when pulps with different Hypo numbers. and subsequent
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different strength properties, are produced by changing the TA charge. The derivation of this model js
shown in appendix J. From Fig. 4.5 and 4.6 can be seen that i(the Hypo number is decreased by 0.5 by
increasing the TA charge by I % (Gom 9.5 % to 10.5 %), the burst mdex will increase by about 0.2
kPa.m¥g, a ase of 3.5 %. Using the economic model, it was calculated that this will increase the
sodium sulphite and sodium carbogate costs by about 1§% when compared with the cost when using

the current TA charge 0f 9.5%. The inerease in total raw material costs was caleulated as about 7.5 %.

Decreasing the TA by | % will inarease the Hypo number {o between 19.5 and 20. According to

Fig. 4.6, this will result in a decrease of about 0.5 kPam?/g (0 %) ip the burst index. The
accompanying saving in sodium sulpbite and sodium carbonate cosis was caleulated as about 10 % and
the raw material cost savings as about 7 %. The reduction in strength has 10 be weighed up by the
mil)’s personnel against the ceduction in chemical ¢osts and the incarease in refined yield (4 10 S % at
TA charge of 8.5 % according to Fig. 4.4).

4.1.3. Effect of temperature on refined yield and Hypo number

To investigate the effect of the temperarure on the process, five cooks were done using different
temperatures, whilst the other parameters where again held constant at the curreni mil) conditons.
Temperatures used were 169, 174, 179, 184 and 189°C. The refined yield and Hypo numbers are
plotted against the temperature in Fig. 4.7 and 4.8 respectively,
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Fig. 4.7: Efect of cookjug temperature on the refined vield.

49



S

)
S
i
f

Hypo number
S
1
>

o

165 170 178 180 185 190
Cooking temperature (°C)

Fig. 4.8: Effect of cooking temperature on the Hypo number,

As expected, increasing the temperature reduces the refined yield and Hypo number, since increasing
the temperature increases the reaction rate (10). The flattening out of the curve is assumed to be due 10
the fact that, at the higher temperaiure, the chemicals get depleted at an earlier stage due to the higher
reaction rate, and the reachion rate becornes Jirnited by the chemical availability. Ancther reason may
be the limizarions that mass ransfer effects impose on the reaction rate, as suggested by Eagle and
McDonough [38).

In this case, similar (0 whal was observed while investigating the TA charge, an increase i the
temperature will have a less dramatic effect on the degree of delignification than will a decrease.
Decreasing the temperature by 10 C © frow the omrent 179 °C will increase the Hypo number by about
3 units, whilst increasing the teroperature by 10 C © causes a decrease of about | unit in Hypo number.
From Fig. 4.6 the effect of increasing the Hypo nurober by 3 units 10 21 on the burst jndex is indicated
as being a decrease of about 18 % (from ~ 5.6 to ~ 4.6 kPa.m¥g). If the Hypo aumber is decreased (0
about 17 by inareasing the teroperature 10 189°C, the burst index increases by about 9 % (from ~ 5.6 to

~ 6.1 kPa.m?/g). However the tear index only improves by about 4 % (from ~ 5.2 to ~ 5.4 mN.m#/g).

The refined yield is ploned against the Hypo number in Fig 4.9. [t can be seen that n this case the
relationship is not linear as in Fig. 4.3, This is probably due 10 the fact thal at higher 1emperatures, the
selectiviry of the neutral sulfite reaction decreases [10). Therefore the slope of the curve increases with

decreasing Hypo number (i.e. increasing temperature),
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Fig. 4.9: Refined yield (%) as a function of Hypo rumber for cooks done at different

{emperatures,

From Fig. 4.8 can be seen that at 189 °C, a Hypo nuruber of 17.1 is reached io the cooking tive of 120
minutes. Therefore it is concluded that increasing the temperature at the will would increase the
production rate since » Jower residence time would be needed to reach the corrent Hypo number of 8.
The process at the mifl is however limited by the speed of the paper raachine, not by the digester.

There is thus no need for increasing the terpperature from a production rate point of view.

4.1.4. Effect of wood species on refined yield and Hypo number

Seven cooks were done at the standard pulping conditions with softwood percentages of 0, 13, 30, 41,
50, 75 and 100 % to determine the effect of the chip composition on the pulping process. The resulting
refioed yields and Hypo numbers are plofted against the softwood percentage (on O.D. wood basis) of
the chips charged in Fig. 4.10 and 4.11.
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Fig. 4.10: Refined yield as a factor of chip charge composition.
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Fig. 4.11: Hypo number as a factor of chip charge composition.

As shown, under the same conditions, pine pulps to 8 Hypo number of aboul 19.6, whilst Euvcalyptus
reaches a value of about 17.0, a difference of 2.6 Hypo nurnber units, showing that the pine is
undercooked and the Eucalyprus overcooked relative to the target Hypo number of (8. These results
warcant further investigation ino the effect on the pulp quality if both species ase pulped separately,
each 10 2 Hypo nurober of 18, and the pulps mixed aflerwards.

The results jn both Fig. 4.10 and 4.(1 indicate thal there is a linear relationsbip between the softwood
mass percentage and the Hypo number (* = 0.97 a0d 1.00 respectively). This suggests that there are no
significant inleractions between the two wood species whep pulped simultaneously.

The pulps produced from different chip compositions were evaluated for the strength properties in
order (o determine tbe optunum ratio of hardwood to softwood at Lhe cusrent operating conditions as far
as the puip soength is concerned. The busst, (ear and tensile indexes at a freeness of 400 CSF are
plotted against the softwood percentage of the chip charge in Fig. 4.12 to 4.14. Graphs of the strength
properties plotted against the freeness for each ndividual pulp are shown in appendix 1. The interfibre
bonding of the fibres of the pulp made from softwood only was insufficient to allow for handsheet
making, even at high beating levels. This is prabably due to the low degree of delignification of the
pulp. Therefore no strength properties for the pulp made from sofiwoad only is reported.
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Fig. 4.14: Tensile index (Nm/g) ar 400 CSF versus softwood percentage of the chip charge.

From Fig. 4.12 it follows that the current softwood proportion of around 41 % yields pulp with a
maximnum burst strength. The tear strength reaches an optyoum at about S0 % softwood (Fig. 4.13),
whilst the tenisile strength maximum lies at a saftwood percentage of about 30 % (Fig 4.14). In all
three cases a pulp mixture of hardwood and softwood displays better strengih properties than either
hardwood or softwood pulp. The hardwood is pulped to a lower Hypo number than the softwood and
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the fibres are more readily fibrillated during refining because of the lower residual lignin level,
Therefore the interfibre bonding of the hardwood will be better than in the case of soflwood. Softwood
fibres are longer and generally stronger than hardwood fibres [12], but the interfibre bonding is weaker
due 10 the lower degree of delignification. The berrer bonding of the hardwood fibres combined with
the stronger softwood fibres cause the hardwood/softwood pulp mixture to be stronger than either pure
hardwood or sofrwood pulp. The increase in tear strength that a higher softwood percentage causes can
be explained by the fact that the fibre length is a more important variable as far as tear strength 1s
concerned [2]. Tensile and burst swength are measures of the bonding abihity of pulp [24] therefore the
better bonding ability of the hardwood causes the maxirna for the burst and tensile strength to lie at
softwood percentages lower than in the case of the 1ear strength. The effect of hardwooed and softwood
fibres on the pulp strength properties is further discussed in section 4.2,

4.1.5. Effect of AQ dosage on refined yield and Hypo number

To determine the effect of AQ on the degree of delignification in the NSSC process, fifteen cooks were
done. The first five were done using a mixture of species, using AQ dosages of 0, 0.05, 0.1, 0.2 and
0.5 % respectively. The remaining ten cooks consisted of five each for hardwood and softwood, using
the same AQ dosage as in the case for the mixture. The resulting refined yields and Hypo aumbers are
shown in Fig. 4.15 and 4.16. Refined yields for the softwood cooks with AQ dosages of 0.05 and

0.2 % were inaccurate as a result of the loss of pulp during the experimental procedure, and are

therefore not indicated on Fig.4.15.

The curves in Fig, 4.15 indicate that the refined yteld reaches a maximuom at an AQ dosage of about

0.1 % in all three cases. Therefore the mill currently uses an optimum AQ charge as far as the refined
yield is concerned. The inerease in refined yield when using an AQ dosage of 0.1% as opposed to
pulping without AQ is probably due to the stabilizing effect the AQ has on the polysaccharide fraction
of wood [32, 34). This stabilizing effect is more evident m softwood, as can be seen by the increase in
rebned yield by about 4 percentage points, as compared with hardwood, where the increase is about 1.5
percentage points. At AQ dosages higher than 0.1 %, the refined yield decreases with increasing AQ

dosage. This is due to the higher degree of delignification the chips undergo at higher AQ levels, as
can also be seen on Fig. 4.16.
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Fig. 4.16; Hypo number as a function of AQ dosage for hardwood, softwood and a mixture of
the two speciss.

Fig 4.16 indicates that the anthraquinone has very litile effect on hardwood delignification. However,
as far as softwood is concerned, the addition of 0.1 % AQ, as is used cwrently by the will, leads to a
drop of 3.2 points in the Hypo vumber, a decrease of 14 %. The curve for the mixture lies between
those for the hardwood and softwood, since this is in effect a mixture of the two pulps.

Al three curves seem 1o converge 10 8 Hypo number of about {7, Since the hardwood and softwood
pulps have a similar Hypo number at this point, the pulp produced when using an AQ dosage of 0.5 %
will be Lhe same as that produced by separate pulping of hardwood and softwood to a Hypo number of
17. This leads to the speculation that by using an AQ dosage of 0.5 %, the advantages of using
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softwoed and hardwoed pulp at similar Hypo numbers produced by separate pulping may be obtained
without actually pulping the species separately. The burst and tear strengths of the pulp obtained when
using a 0.5 % AQ dosage were 6 kPam?/g and 5,4 mN.m%/g at a freeness of 400 CSF respectively.
These values compare with the values at a Hypo number of 16.9 when using am AQ dosape of 0.1 %, as
indicated on Fig, 4.6, The different Hypo numbers in Fig 4.6 were obtained by varying the cooking
time at constant temperature. This indicates that, at a Hypo number of 16.9, a higher AQ dosape does
not improve the strength of the pulp, but only increases the rate of delignification.

Since increasing the AQ dosage from 0.1 to 0.5 % causes the Hypo number of a hardwood/sofiweod
mixture to drop from 18,1 to 16,9; an increase in the AQ dosage may lead to a saving in chemical coslts.
This can be done by using an AQ dosage of 0.5 % and decreasing the TA charge so that a Hypo
number of 1§ is reached. 1t is proposed that the mill do a trial using an AQ charge of 0.5 % to assert
whether savings in chernical costs can be made, in order to determine the optimurn operation

conditions,

The linerboard the mill produces has to meet certain specifications as far as the strength properties are
concerned, depending on the desired quality of the final product. When a farge volume of produced
linerboard falls below one of the strenpth specifications, the mill has to decide whether to change the
TA charge, femperature or AQ dosage in order to improve the NSSC pulp strength. The NSSC pulp
strength is oot directly comparable with the linerboard strength, since waste paper is added to the
linerboard firnish, and thus the NSSC pulp strength properties can’t be compared with the linerboard
strength property specifications. The factors influencing the cost of these changes discussed under
each of these variables have to be taken into account in order 1o find the most economical option.
Similarly, when pulp is produced with strength properties much higher than the specifications, the TA
charge, temperatire or AQ dosage can be reduced o order to reduce the cost of producing the pulp.
Again the different factors discussed before have 1o be weighed up against each other to find the most

attractive altermative.
4.2. Simultaneous versus separate pulping

The second part of the experimental investigations was aimed a! determining whether it would be
benzaficial to pulp bardwood and softwood separately before mixing the pulps and refining
simultaneously. The separately coocked pulps were refmedsimultansousty since this would be done a!
the milk, as it does not have the equipment fo refine the pulps separately.

In order to deterrnine the pulping conditions to achueve a Hypo rnumber of 18, different runs for bolh
species were done varying the chemical charge as well as the temperature. These variables were
selected since they can readily be varied in the milf process. The cooking time was not varied, since a
constant cooking time of 120 min is used as a basis for comparing different cooks, as discussed

previously. For the hardwood, chemical charges of 7.5 and 8.5 % TA (as Na,O) on oven dry wood
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were used whilst the other pulping parameters were held at the standard miil conditions. Sirailarly,

cooks with temperatures of 159 and )69 °C were done, again keeping all the other parameters at the
standard mill conditions. The results are shown in Fig 4.17 and 4.18.

Hypo number

8 9
TA charge (%)

Fig. 4.17: Hardwood Hypo number versus TA charge (% as Na,O on oven dry (O.D.) wood)
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Fig. 4.18: Hardwood Hypo number versus Cooking temperature.

From Fig. 4.17 it can be seen that using a TA charge of 8.5 % on oven dry wood, a pulp with a Hypo

number of 18.1 s obtained. Fig 4.18 indjcates that using a pulping temperature of 174 °C will yield 2
pulp with 2 Hypo number of about 18.

For the softwood, runs were done with TA charges of 11.5 and 12 % on oven dry wood, with the other

pulping parameters kepl at the standard values. Siroilarly, at a pulping terperature of 189 °C, TA

charges 0f 9.5, 10.5 and 11.5 % were used, with the other paramelers for each cook again held at the

stanidard mill conditions. Higher pulping temperatures were not used since the pressure would then rise

above 13 bar, the level at which the dipester safety relieve valve is set, and also because selectiviry is

reduced at higher temperatures [10]. The results for the Hypo nurnbers obtained are shown in

Fig. 4.19.
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From Fig. 4.19 it follows that using 8 pulping termperature of 179 °C and a TA charge of 11.5 % on
oven dry wood, a softwoed pulp with 2 Hypo rumber of 17.8 is produced. When using a pulping
temperature of 189 °C, a TA charge of 11 % yields a pulp with a Hypo number of about 18.
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Fig. 4.19: Softwood Hypo number as a function of TA charge (% as N2,0 on O.D. wood) at

two different temperatures,

The bardwood pulp with a Hypo number of 18.1 and the softwoed pulp with a Hypo number of 17.8
were used (0 make handsheets. Handsheets of both the pulps were made for different beating
revolutions in the PF1 mil. Handsheets were also made from a mixture of the rwo pulps, mixed in a
ratio of 41 % softwood: 59 % hardwood, the same as the ratio of oven dry wood fed (o the digester at
the rill. Pulp with a Hypo number of 18.1, made from pulping hardwood and softwood simultaneously
af{ the standard til conditions was used to roake handsheets. Softwood pulps were beaten (o levels
between 10 000 and 26 000 PF] revolutions. At beating levels of less than 10 000 revolutious, the
strength developoient of the pulp was insufficient for the making of handsheets. At PFI revolutions
higher than about 26 000, the CSF values became very low, resulting in the drainage time being
unacceptably long (longer than 10 min), For bardwood handsheets the pulps were beaten up to a level
of about 10 000, whilst mixtures were beaten between 4 000 and 15 000 revolutions. These handsheets
were tested for burst, tear and tensile strength, and the results, along with some scanniog electron
microscope (SEM) images are showo in Fig 4.20 to 4.31. Since the SEM images are taken of only &
few fibres, several pictures were Laken for a given sample to show that the roages are representative of

the entire sample. The replicate pictures for each sample are shown in appendix K.
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Fig. 4.22: SEM imsage of 2 handsheet of hardwood pulp, Hypo number 18.1; 2 000 PF) raill
revolutions; 371 CSF (white bar in top left comer = 50 um).

Fig. 423: SEM image of 2 handsheet of hardwood pulp; Hypo number (8.1; 11 000 PF1 mill
revolutions; 38 CSF (white bar = 50 um).

60



Fig. 4.24: SEM umage of 9 bandsheet of softwood pulp; Hypo nurmber 17.8; 10 000 PF( mill
revolutions; 411 CSF (white bar = 50 pm),

Fig. 4.25: SEM image of a handsheet of softwood pulp; Hypo nurober 17.8; 25 000 PFI mill
revelutions; 40 CSF (white bar = 50 um).
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Fig. 4.26: SEM image of a handsheet of a simultaneously pulped mixture of hardwood and
softwood; Hypo number 18.1; 4 000 PF1 mill revolutions; 451 CSF (white bar = 50 pm).

Fig. 427- SEM image of a handsheet of 2 mixture of separately pulped hardwood (Hypo
numnber 18.1) and sofiwoeod (Hypo oumber 17.8); 4 000 PF1 mill revolutions; 380 CSF (white
bar = 50 pm).

62



Fig 4.20 indicates that there is definite srength development as far as the hardwood pulp is concerned,
whilst the softwood pulp shows no strength development at all. The strength developroent of the
hardwood cau be attributed to the bigber degree of fibrillation at the higher bearing levels. This can be
seen on the SEM images of hardwood pulp at beating levels 0€2 000 and L1 000 respectively (Fig. 4.22
and 4.23). Thbe fibres af the higher beating level are clearly more fibrifiated, which ensures better
interfibre contact, which is reflecied v the higher burst index. A comparison berween the SEM
pictures of the softwood pulps beaten to 10 000 and 25 000 revolutions respectively (Fig. 4.24 and
4.25) indicates that in this case at the higher beating level, the fibres are more fibrillated as well, but
also seem to be a lot more damaged, 1.e. cut into smaller pieces. 1t is concluded that in the case of the
softwood, the pasitive effect of baving a higher surface area available for bonding at the higher beating
level is negated by the negative effect of having shorter and more damaged fibres. This results in the
net effect of beating on the burst strength being practically zero.

[tis also interesting to note that the hardwood pulp reaches 2 maximum busst strepgth of about 40 %
higher than that of the soiwood (8.1 kPa.m?/g as cormpered with 5.8 kPa.m?/g). However, looking at
Fig. 421 5t can be seen that the higher hardwood strength values are obtained at CSF vatues of below
200, at which the drainage rate is lower than that used et Piet Retief. Ata CSF value of 400, the
softwood pulp is significantly sronger than the bardwood pulp, by about 45 %.

Jt can further be seen that the mixure of separately cooked pulp produces a slightly higher burst
strength than the simulhtaneously pulped pulp. However, this difference is only about 4 % at 2 freeness
level of 400 CSF.
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Fig. 4.28: Tear index (mN.m?¥g) versus PFI il revolutions,
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Fig. 4.28 indicates that as far as tear srength is concerned, the hardwood pulp also reaches a higher
strength than the sofiwood, but only slightly so. The graph also shows a significant difference between
the separately pulped and simultaneously pulped muxtures. This is indicated more clearly when pintted
apainst the freeness, as done in Fig 4.29. Al a freeness level of 400 CSF, there is 2 difference of aboul
20 % (6.1 mN.m?¥g as opposed 10 5.1 mN.m?¥g). The SEM images of the two pulps (Fig. 4.26 and
4.27) indicate that there is no significant difference berween the degree of fibnllation of the two pulps,
which explain the similar burst and tepsile strengths. A possible explanation for the higher tear
strength in the separately pulped mixture is the following: Since the softwood fibres in the
simultaneously pulped mixture have a higher residual lignin level, the fibres are more strongly bound
together when fed 1o the refiner. This means that more refining energy is used (o separate these fibres,
which would lead to more dayage to the fibres, with the fibres being cut to a greater extent and the
average fibre length being reduced. Since tear sorength is virtually proportional to fibre length {2], the
shortened fbres would cause the tear strengrh to decrease.

At a freeness of 400 CSF, the hardwood pulp's tear strength is slightly higher than that of the softwood
pulp, but slightly Jower than that of the sunutaneously pulped pulp, whilst the separately pulped pulp is
22 % stronger in tear strength than the hardwood pulp. It seers that, because of the way the hard- and
softwood pulp fibres bind, a pulp is produced which is stronger than the two pulp types from which it is
made. A possible explanation may be this: The bonding between Rbres in softwood pulp is lower
because of the fack of Gbrillation. In the case of a mixture, the hardwood §bres act as substitutes for the
tbnilated parts of softwood fibres, i.¢. the hardwood Gbres act to bind the softwood fibres together,
ensuring better bonding between individual softwood fibres. This combined with the fact that softwood
fibres are bigger and therefoce (presurnably) possess more inherent swength than hardwood fibres,

provide for a pulp with a tear strength greater than that of the sum of its parts.



As far as the tensile index is concerned, it can be seen from Fig. 4.30 that the hardwood pulp again

reaches a significantly higher value than the softwood pulp, but this is only slightfy higher than that of

both the separately and stpultaneously pulped mixtures. Fig. 4.31 shows that, ai 8 freeness of 400 CSF,

the hardwood and softwood pulp tensile strengths are very similar. Both the separately and

simultaneously pulped mixtures are significantly sbonger than hardwood and softwooed pulp as far as
terisule index is concertied, with both pulps betng about 16 % stronger thao the bardwood pulp. There
seems (o be no difference in strength between the two mixtures, indicating that separate pulping does

ol improve the tensile strength of the pulp produced. This is supportied by the SEM images of

Fig. 4.23 and 424, where there seerns to be very little difference in the degres of interfibre bonding

between the separately and simultaneously pulped mixrures.
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Fig. 4.32 shows the relationship between the CSF and PF[ mill revolutions. The sofiwood needs a lot
more beating than hardwood does. The separately pulped mixture seeos to be slightly easier to refine

than the simultaneously pulped mixture, however this improvement is barely significant.
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Fig. 4.32: Canadian Standard freevess versus PEl mi)l revolutions.

From the results presented above, it is concluded that separate pulping brings 2 significant

improvement 1o the tear strength, with no sigmificant improvement as far as burst and teosile swength is
concerned.

Since a TA charge of 8.5 % is needed to produce 3 hardwood pulp with 2 Hypo number of 18, and
11.5 % TA charge is needed in the case of softwood, with 41 % of the fnal pulp mixnure consisting of
sofrwood pulp, the average TA charge can be calculated:

Average TA charge =10.5%x41 % +85%x%xS59%
=97%

This value is slightly higher than the curreatly used TA charge of 9.5 %. This indicates that there are no

savings to be made as far as chemicals are conocerned by changing Lo separate pulping.

As far as the refined yield is concemed, softwood and hardwood pulped to a Hypo number of about 18
give refined yields of 70.1 and 71.4 % respectlively. The average refined yield for a mixture of the two
pulps, mixed in the same ratio as currently used in the digester charge (41/59 sofiwood/hardwood) can
be calculated as follows:

Average refined yield =041 x71.4%+0.59x70.1%
=70.6%
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Compared to the refined yield of 73.0 % obtained for pulp with a Hypo number of 18 using
simultanegus pulping, this gives a reduction of 2.4 %.

In order to determine whether separate pulping should be employed, the mill’s personnel should weigh
up the advantage of an tmprovement (o the tear strength with the changes in mill operation associated
with running the mjll on a campaign basis, e.g. pulping softwood and hardwood alternatively in the
digester. This mode of operation will resull in the production of substantial quantities of “twilight
pulp”, i.e. pulp produced while switching from a hardwood to a softwood digester charge, which might
differ 1p quality with respect to the normal pulp.

4.3. Substituting sodium carbonate with sodium hydroxide

[n addition to the previous work described, one cook was done to determine the effect of substituting
sodium carbonate with sodium hydroxide, thus changing from an NSSC-AQ to an alkaline sulphite
sernichemical-AQ (ASSC-AQ) pulping process, For this cook the TA and sulphite charges were kept
at the current levels 0f 9.5 % and 8.5 % as Na,O on oven dry wood respectively. The other cooking
parameters were kept al the current mill values. The Hypo number obtained for this cook was 17.3,
indicating that the presence of NaOH accelerates the pulping reaction if coropared with the value for
the neutral sulphite process of 18.1. The refined yield was found to be 71.4 %, which is 1.6 % lower
thap the current value. This corresponds wath the findings of Sanbom el al [48]. The strength
properties for the ASSC-AQ pulp at a feegess of 400 CSF is compared with that of the current process
is Table 4.2. Graphs of the burst, tear and tensile indexes versus CSF for the ASSC-AQ pulp and the
NSSC-AQ pulp are given in appendix |,

Table 4.1 Strength properties of NSSC-AQ and ASSC-AQ pulp at 400 CSF produced under
the sarpe pulpiog conditions.

Hypo number Burst index Tear index Tensile index
(kPa.m¥g) (mN.m?g) {(Nm/g)
ASSC-AQ 17.3 6.3 6.9 0.107
NSSC-AQ 18.1 56 52 0.086

The results indicate that the introduction of NaOH increases the burst, tear and tensile sirengths by

3%, 33 % and 24 % respectively. The big increases in strength properties indicate that this process

may prove to lead to major strength increases in the pulp produced. [talso indicates that a Jower

chemical charge with accompanying cost savings may be needed o obiain the current strength

properiies. Further work is required to confirm these resulis and lo determipe the effect of different TA
charges as well as Na;SO, to NaOH ratios on the pulp strength.
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5. Conclusion and Recommendations

The experimental work indicates that the process at the mill (s optimized as far as the chemical charge
and pulping tempersture is concerned. Therefore, as far as the current process is concerned, it was
found that there is no incentive for changing the TA charge or the ternparature whilst the produced pulp
coraplies with the specifications, It was further determined that the current hardwood/softwood ratio
(59/41 on an O.D. mass basis) produces pulp with a naximum burst strenpth, A maximum tear
strength is obtained at an O.D. softwood percentage of 50 %, whilst for the tensile index the maximum
lies at 30 % O.D. softwood.

[t was found that increasing the AQ dosage from 0.1 to 0.5 % causes the Hypo number of a
hardwood/softweod mixture to drop from (8.1 to 16.9. Therefore an increase in the AQ dosage may
lead to a saving in chemical costs. This can be dooe by using an AQ dosage of 0.5 %, and decreasing
the TA charge so that a Hypo number of 18 is reached. It is recommmended that this is investigated n a

mid frial.

Theresults obtained indicate that separate pulping produces pulp with a tear strength 20 % higher than
that of the current simultaneous pulping process, As far as burst and tensile strength is concerned, there
are no significant differences between the two processes. Pulp strength data indicate that the softwood
fibres undergo very little strenpth development with refining at a Hypo nurnber of 18, whilst hardwood
burst and tensile strength properties are readily developed at a similar Hypo number. Separately and
simultaneously pulped mixtures of hardwood and soflwood produced pulps with higher strength
properties than either bardwood or softwood pulp at a similer freeness level. Tt was suggested that this
because of the effect of the better interfibre bonding of hardwood fibres combined with the greater
inherent strength of the softwood fibres.

It was determined that the separate pulping process needs the equivalent of 2 9.7 % TA charge to pulp
batches of hardwood and softwood to a Hypo number of |8 in order to obtain a mixture of pulp mixed
in the same ratio as is currently used io the digester feed. This value of 9.7 % is slightly higher than the
current TA charge of 9.5 %, therefore there are no savings i chemicals to be obtained. The refined
yield of a separately pulped mixture is 2.4 % lower than that obtained using the current process (70.6 %
when compared to 73.0 %).

The only Improvement the separale pulping process brings seems to be with regards to the tear
strength. However, the drop in yield, lack of chemical savings and production of twilight pulp when
switching from pulping one wood species to the other in the mill involved with separate pulping do not

seem to justify changing frora the status quo, i.¢. simuftaneous pulping.
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The results from the single ASSC-AQ cock done, indicate that substituting sodium carbonate with
sodium hydroxide produces pulp that is mare delignified than NSSC-AQ pulp when using a similar TA
charge (Hypo number = 17.3 compared to [8.1). The refined vield obtained was 71.4 % compared to
73.0 %. The resulting pulp had significantly higher burst, tear and tensile mdexes, with wcreases of
13%, 33% and 24% respectively obtained when compared with NSSC-AQ pulp at a Hypoe number of
18.1. More work is recommended to determine the reproducibility of these results and also to
investigate the effect of different TA charges and chemical ratios on the pulp strength properties. The
results suggest that cheroical savings can be made, since 25 % less sodium hydroxide than sodium
carbonate is needed to produce a sitpilar TA charge. The results alse indicate that a lower TA charge is
necded to reach a Hypo number of 18 when using the ASSC-AQ process, which indicate that further
chemical savings can be made. These savings will depend on the relative costs of sodium carbonate
and sodijum hydroxide.
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Appendix A:
Chemical data sheets

Chemical data sheets are presented for:

Anthraquinene dispersion (Busperse 2262)
Sodium sulphite

Sodium carbonate {soda ash)

Salt cake (Sodium sulphate and sodium carbonate)
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BUCKMAN LABORATORIES (PTY) LTD.
MATERIAL SAFETY DATA SHEET

BUSPERSE 2262
Buckman Labosatories (Pty) Lid.
P.0.Box 59], Hammarsdale 3700 Natal
Telephone: 0325-363010
Fax: 0325-61593

Rewvigion Date; 3/4/97 :
For Emergencies After Homrs, Pleage Call:

(031) 2034077
|sEcTION 3 OSHA HAZARD CLASSIEICATIONS |
(mitaling (o tha eyes. ‘
[secTIoN 2 - COMPONENTS {
Propdetary Infarmatlon.
{SECTION 3 »  PHYSICAL AND CHEMICAL PROPERTIES {
APOEAMANCA (.eveeeiieeeee e r et Grey dispersion
OAOUT ..vviiiiiie et ees et rer et v ieeeen Bland
PH (NAY it 70-80 .
Density 8L 25°C..iniiie e e t.14-118
Bolling Point:. ..o v e >100°C
SOIUBIILY .o v Disparsitis In water ]
{sECTION 4 FIRE AND EXPLOSION INFORMATION _H

Flammabla timits: Not applicabie
Extingutshing media: Water fog, carbon diaxdde, foam, dry chemical.

8peclal firefighling procedures: None -

Busperse 2262
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[sections . * EEACTIVITY INFORMATION "_j

Stabliity: Stable
Incompatbliity Nona knawn
Hazardous Decomposition Products: Nona known

|!!C'I.'IDHE . TOXICOLOGICAL INFORMATION

Acuts effects: Nol lested. Expecied to be modarately toxlc based on companents.

irritant aMfects: Expacted 1o b Irftating to the eyes and skdn,

Senaltization efMfects: Nol lested. None axpecled.

Carcinogenlc potential; Nol listed In any of OSHA Standard, Secllon 1810.1200 sources as carcinogenic:
not tasied by Buckman Laboratorlas, Inc.

Other health efact: MNona kiown

[secion? HANDLING FRECAUTIONS 1

Rubber gloves and safely glesses or gogolas raquired.
Eya wash fountelng In tha work placa are sirengly recommended.
Body-protactiva alething and shots are recommanded.

—r—
SECTION & FIRST AID INFORMATION |

-

Eye exposure: Flush Immedistely with coplous amounts of tap water or normal safine salution for a
rnin:mllﬂ'n of 16 minudes, Take exposed Indlvidual 1o & physician, preferably an ophihaimodogist, for furthar
evalunlion, >

8kin exposurs: Wash expossad area with .plenty of soap and water. Rspasl washing Ramove
contaminated clothing and wash thoraughly bafore reuse. If initation pecsisis consull a physiclan
Inhalation: If exposure by lnhalation Is suspecied, Iimmedialely move exposed indhidual 1o frash sl If
indrvidusl exparances nausea, headache, dizziness, has difficulty In brealiing of Is cyanolic, seek medical
aftentlon immegiataly.

Ingestion: DO NOT INDUCE VOMITING. Rinse with coplous amounts of waler or mili, first. lrrigate the
esophagus end dilute siomach contants by slowly ghving one (1) or two (2) glasses of waler of mil.  Avoid
ghving alcohol or alcohal related products. In cases whare the Individual ls sami-comalose, comatosa or
eanvulslng, DO NOT GVE FLUIDS BY MOUTH. I cass of jnlentional ingestion of the producl seak
medical assislance Immadiately; teke Individusl 1o nearest medical facity.

HOTE TO PHYSICIAN: Ko produd gpicific snbidole 3 known  Probabls mecoazl camage may
contraindicale the use of gastrc lavege. Treal Symploma.

[SecTion s  SPILL,LEAK, AND DISPOSAL PROCEDURES =

SPILL AND LEAK RESPONSE GUIDELINES

Larpe Spliis: Dem wies (o preven] spll from spreading. Minlmilss sdvems eNacls on 1ha environmenl.
Fecover 25 moch a3 poassible of tha pure produc! lnlo sppropriate contslness. Leler, determina If this
recovarsd praduct can be usad for is Inlendsd purpose. Clay, soll, or commarcially avallable absorbenls
may be used lo recover eny malerel that cannol be recoversd as pure producl Dispese of 25 provided
below,

Bospern 1243
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Small Splils! Flushing of residual matedal to an Industriat sewer, H preser el the site of & spill or lesk,

may be acceptabie If suthorised epproval {3 obtalned. If this 13 the case, ensum fhat the product does not

came lato contact with incampealible matarials.
Product Disposal:” Product Is not 8 hazardaus waste. Dispose |n an epproved fandfill.

Cantainer Disposal: Offer emply drums for recycling or triple finse and dispose of In en eppraved fandiill.

. 4

ESECTION 10 TRANSPORTATION AND SEIPPING INFORMATION

DOT Shipping: Non-hszardous

{secTION 11 REGULATORY INFORMATION ]

EPA Reglstration ' Net applicable

TSCA Ragulsiions Al componrents aré Included In tha laventory

FDA Regulations 21 CFR 176.170

The inforrestien oa thl Mutadsl Safay Dits Shea reflects tha lae informitlen 1ad dats Wit vee hsvo oo Razudy prepatics, m2 handliag of il

produdt inder ths racomavnded coadittens of use. Azy wic of thix product o mathed of applicelon which i st daxdat tn the Produa Dsus Shex bida
resporuirlzy of o uger, T

3
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Sodium sulphite

Grade 3040 and B052

Packaglng

Grede 5080 Multl-ply 50 kg nait
bags or road \ankam

Geada 5C8 Read tenken of

Gride 5062 Rzl Tanken

8hipplng clagalficatlon

Brussals nemanclriure 2837

Hazard labeas non-havardous

Grade B30

Sodlura syutphlis (techn!cal shhhydrous) N»,SO3
Spectfiertion

Appeasanca Bot-pink pawdar
Qedlum 'wlph\la B0% W/w min
(gravimetric mathod)

&odium sulphgla 0% w/w max
{grawimelre melhod)

Iron oxde 0.3% w/w rnax
{gravimatic mathod)

Watar 0.3% w/w max
{Qoan and Stark mathod)

Undlscives sallde 0.4% W/yr max
(geavimairic mathad)

Typical anslysls

Grade 5080

Sodlum aulphlta B w/W
Sodfum sulphale 5% wiw _
Iten oxlde 02% wiw
Yalter 0.2% wi/w
Undiasolvad sollds 0.3% w/iw
Gnde $062 .
Sodluat aulphita liquor &
Sptellicallon

Sadlum sulphite 20% w/w mla
Crasal -C.1% w/v max
pH 7.0% min
Typicsl anatyyls

Grads 5062

Sadlum sulphlls 2Q.3% w/w
Crovol 0.08% w/w

pH 7.5

Ul

Sodium sulphits ts & mild reducing zgant.

It hes teen used as a pulping meadlum during hard wood

and siraw pUlping.

Firsl Floor, East Wing
Yeilow Weed Place
Mementum Pak Socth Aldca
(43 ‘Wesiarn Service Rold
Wz2oempad 235?

Sacth Alsica

Il has baen usad lor blaaching pulp and taxtiles,

It has baen usad In boller watac whare s aHlalty (or
oxygen Bulsis agalns| corrovlon and scase formalioa.

S8odjum sulphits bas alsa had an applicstdon In ore
flclalian technlques 8g in copper mining.

P.0. Box 84313
kighlands North 2937

Valephgrie: (011} 207-2020
Fax: (0Y1) 802-1842

In givlag or axpeasalng oplnlon, the Company dlsclalms
Slablifry far damagi of Injury of any Xlnd arislag theralram,

Health and satety information

Physlcal properim (3068)

Formula N1, SO,
Appaarance butf-plnk powdcer
Odour alight

Bolk density ebout 125
Solubility la water nax. 28%

506213 1 20% 3olutien o! the aboya n watae? $§G 1,23

This Informatioa ls sunpllac ot sataly purposss and may

Includa data on the purs matedal. 1 doas not constitute
& dpeclfiestion.

Raxardous prope-lies and genscal Inlormation

Tha matarlal Is nen InRammable and s mlidly toxic I
taken InYarge quastities, althcugh ametl amounts In the
alomaeh aro 300n oxldlsed anc nautallsed. The powdas
IS nor corzoslve bt milcly liritaiing to the 2kin
g3naclslly [n comdination with paraplration. Pralonged
gx»osure In thesd condillona cun gramale 3076nsas and
IrRation of the £%!a. Breathlng In targa quaniilies of
dusl should be Avj:lead.

Salaty plulultorﬂ

Starage and handing

Annydtces sodium s2lphils may ba handled {a bulx or
In muli wellsd paper sacks. The sacks shoutt ba atored
In 2dry bulClng, shaltered from reln, risk ol mezhanlcal
damage and net neer 3ourcas ol hzal or {ire.

Protsctive equipmeat
Bacause of lis dry ralure, tha producl can creale A dus(

problom, 3ad la :uch cases 2 sultadle Cust-maik should
be worn.

Goggles snovld plve camplale proleclicn to (ha eyes and
rutdar or piastle gleves and boola ahoulc be woza.

BORDIC

(Pty) Ltd.
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Sodium sulphite
Grads 50640 and 3042

First ald
Poarsonal Injury

Sulghlte on tha skin should bs washed sway with planty of
water,

Eyes contaminalion’ :

"The eyss ahauld be flasded of Irigated with plenty of
gold or Jutawarm walar,

{npastion
Oclnx planty &f waler, taa or milk ete. Any

contaminated clothing should ba laundered belore
re-usa.

Splilages . \
Tha malarial can ba aalely shovalled and swepl up, ' -
pravided tho usual pracautions of wearlng protecitve
clothing ars 1akan, Sulphlta In Ingecassable places tan be

" safaly swlltad away with planlty of watar but care must
ba takan {0 avold undue contamlnation of dralns of
watar COUr3DS.

In caszo of Nre

Thare ls no fire Hsk, but Il the sulphlta bs strongly heated
thore may be soma {oxic fumas avolvad.

F-
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Material Safety Data Sheet
Soda Ash

PRQDUCT IDENTIFICATION
Brand Name............

PHYSICAL AND CHEMICAL PROPERTIES

soda &sh Stale.. e et e GrRNUET SOHG

Chamilcal Name....... Sodiunm carkanale Melung Poml C ................................ 851
Common Name....... Soda ash Bolling Point C.. e e, DRCOINPOSES
Farmula. ..., N3pCOs Colour.., it eee e, WIRE
OCT Proper Odour... . ....None
Shippirg Nama .. ...... Naol apelicabls Bulk Densrly, :Ulcu n e 50+ 85
OCT Hazanl waiphl Per Gallon... veremeene.. NOLappiicable
Class. e Not applicabls Specific Gravily@ZOC.....\........,.......2.5
OCT 1.D. Number....., Nol nppllcable Woter Solubllily, % by sl. @ 20C......... 22.&
Stable Quantity (RQ).. ol appliceble Flash Polnt and Melbod.. oo, Not apptenbly
CAS Nambar............. 497-10-8 BH e e e Nol anglicebie
HAZARDOUS INGREDIENTS

|_ Chernlen) Name Gomnion Nama(s) [ CAS Numbgr E— Hazard

{ Soubun caronale

Soda ash 497-19-8 —| Irrilond Lo Byes, Inucous

| membraces and 5Kin

PIRYSICAL HAZARD 1'NFORMATION

E.xbloslvo:
Phrophoric
Flammmahle
Combpuslitle:

Qxldiser:
Reaalvily

Iizompaliollitics:

Flazardous
Decumpositlon:

Condillons 1o
Avpil

Ma Upper Explesive Limii  Not anpilcable  Lower Exgosive Lhinll:

Mo
No Flammayility Class ' Mot applicable
No Organie Peroxide Nu

No Coinptessed Gas; No

Nol epplicalie

tNormally siable. tday reacl vielenty with strong pelds. Cerbon dloxide gus and largs
quanillies of huat can Ys evoived, Reasls with hydra'ed lime by Ihe praseace of nidisiure [
)

forrn causlic sada, 4 corrosive.

Keep away from afuminium povider, finoring, phosploraus penluxie, sutphuric aclc,

animoniacal sibver nitrale acd mollen hlbkiara,

Seda psh decemposes ol lemperalures obove 1060C, releacsing cerbon dipxlde gas

(CO.

Carbon dloxide is an osphyxiant and miay aflect respiration rale or intedece with brealhing.

Tha sudhvm oxlde residue suhlimas al 1275C, [onming vepours gng misis of caustic
on conlsel with mgisiuie gr walar.

Do nol expusa 1o tntense heul.

- Reporicd As a Polentlal Carclisagen

or Carclnogen

—_ e e e e e e n  —— 4 A ——— R

[} Mol ppplicable: Ll Notlunal Toxlcakegy Programuie

2 e B 1

sadi

—

—_—
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PRECAUTIONS FOR SAFE HANOLING AND USE
Avaold conlacl wilh eyes, skin, and clolhing.
Avold braslhing dusl.
Use willt adaquala vanllation.
Keap ronlalner closed vhen not In usa, '
Wash thoroughly sler handiing
SPILL. AND LEAK PROCEDURES
Soll Relgsss Shovel ang sweep up. Dispose ¢f In u chemizal waste faclily as peruiled by
faderal (RCRA), slate and local rogulalions.
Water Spill: Cifule and disperse wilh wa*crjels propeltars or similer sgitation lechniques.
Ajr Sphl: Kaap uawlng, Troaliinpacl site es appropriafe for scil or wu'.er sphil.
Cecupatlonal Spllt: Shovel and sweep up. As permilled. simall splils may be washed (b an Ilusinial

scwel, Larpe pmoullts can be disposed of In 2’ chenieal wasle I’acll'iy as
parmilled by fedéral, slale snd lacal ragulalions.

RCRA Wasl Nugiear Nol applicable

ENGINEERING COMTROLS AND PERSONAL PROTECTIVE EQUIPMENT

Venlliatlon: Uze peneral ditulien and loczl exhausl veollalion fechiiques 12 medl nuisance
dusl expasuce timil,

Resptralor: Uso NIOSH!MEI-IA approved tust lype respirator.

Eve Prolscllion: Use safely (lsss2s ar safely gogales, Ensuce eyawash lountain is locaied In
immediole work area.

Gloves: Use gloves Iha! will nal aliow aikaline solullons 1o pencirale.

Clathing: Waar saslly washoble c|<>1l~|ng Change deliy or more oflen IF cunt:mlnalud

' Wash elotliing before renssa. |

HEALTH INFORMATION

Precaullonery infonmallon: Catdlon! Causss inilslion. This producl 1s & savere Irritant 1o e eyes end
amnederate [rrllaat Lo ihe nose and skin.
Syraptomis of Exposiire: Evye, nase or skla lerilation.

Burnlng sansallon lo nose, lhroal and eyes,
Rednass of the skin.
Sneezing and eonghing.

Reslrclive Medical " Eye or skin dis2ase and brealhlag or ‘msplra:owdlsordars will be aggravsled
" Conttitlons: by exposure fo this chemicul

it ' EEDNT%O“ ,FD
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PRIMARY ROUTE(S) OF ENTRY

Eve and skin conlact, Inhalation (breathlng), and lngeslion {swallowing).

—

TOXICITY INFORMATICON

Oral - Rel LDi 2483 mg/kQ; inlrepedtoneal - mouse LDy 117 mg/kg
&«n Irdiation - rabbli 50 mg / 24 hour. Moderzle; Eye Irritallon - rabbll 100 13 / 24 kour, severs

EXPOSURE LIMITS

— ——

OSHA: Nol esfablished "
ACGIH: Not eslablishad B
Olher ACGIM - TLV - TWA lor nuisance dusl 1s 10 mg 7 m> lolal dust oc 5 mg / ;> respltable dusl.

EMERGENCY PROCEDURES

Fice:
Sglli or Lesk:

This producl §s not flammabdle aad doss not supper combuslion,
Sweap up and shovel Inlb contalners {or lale: disposal.

FIRST AID PROCEDURES

Ingesllon:

inhalaliun:

Skin Coanlacl:

Eye Confsct:

Nsle to Physlcian;

I swafloved. ds r:ol Induce vormillng. Give large quaniiilzs of waler. Never ghva
anything by maulh lo an unconscious person, Call 3 physician.

Itinhaled, remaove o Iresh ir. 1 nol breathing give avificlal respirolion, prefesably
meulh-to-mouth. If brealhlng s difficull, give oxygsn. Call a physiclan.

Flush with plenly of water. Wash clothing bafore reuse. Thoroughly cican shoes
balore reuse. )

Immedlately flush eyss wlih planly of waler for sl least 25 minules. Celi o physician,
. y

The chemlca! of exposure |5 sodlum carbonaie which Is aikaliae In solutlen,

UNCONTROLLED \

" Page 2013



PRODUCT:

CHEMICAL FORMULA :

SALT GAKE ( SODIUM SULPHATE)

DESCRIPTION :

Ne2804 (Anhydrous)

Soh Mondi
%= Kraft

A L ga of o L,
FALIS
- Ded

el JTTRY) 43

TYPICAL ANALYSIS ON SALT CAKE EX-COPELAND

REAGTOR { FLUIDISED BED j AS BY- PRODUCT

EX-MONDI KRAFT, PIET RETIEF MILL

W
|
|
|
|
|
|
|
|
|
|

SCREEN ANALYSIS :

Mesh 10
Mesh 20
.Mesh 30
Mesh 40
Mesh 50

Mzsh - 5¢

%
4.2
31.1
248
23.1
10.2

6.5

CHEMICAL ANALYSIS :

Sadium SL;lphata {Na2504)
Sodium Carbonate (Na2C03)
Sodlum Chlorids (NaC)

Iron (Fs)

Flornde (F)

Aluminium (Al)

Magnasium {Mg)

Potasslum (K)

Phospharus (P)

Insolubles (H20)

%
75.3
2_2.3
0.18

! 0.04

0.005

0.012

0.046
0.43
0.025

1.2 .




Appendix B:

Calculation of H-factor constants

The equation for the H-factor is as follows:

H-factor = [ e™-ND gt

The constants M and N are calculated as follows, according to Masura [26]:
M =E/373R and

N=E/R,

Where E,-activation energy for the pulping reaction in question (kJ/mol)
R = Universal gas constant (kJ/mol.K)

Madura [26] used a value of ) 10 kJ/mol as the activation energy for NSSC pulping of hardwoods. This
value was taken as the average of a range of values between 103 and 117 kJ/mol, as reported by Eagle
and McDonough [38]. Although these values were determined for the NSSC process without the
addition of AQ, it was decided to use the value of 110 kJ/mol, since jt was suspected (and subsequently
shown) that the AQ doesn’t have much effect on hardwood NSSC pulping.

Contradicting activation energy values for softwood NSSC pulping are reported. Eagle and
McDonough {38] report activation energy values for sulphite pulping of loblolly pine (Pirus taeda) of
122 kJ/mol without and {55 kJ/mol with the addition of AQ. Keskin and Kubes [34] determined
activation energy values of 130 kJ/mol for NSSC-AQ and 181 kJ/mol for NSSC pulping. In the first
case the presence of AQ seems to cause an increase in activation energy, whilst in the second instance
the activation energy drops with the addition of AQ. Since it was unclear which sulphite process was
used in Eagle and McDonough’s work, it was decided to use the value of 130 kl/mol reported by
Keskin and Kubes,

Substituting these activation epergy values into the equations for M and N produces the following
equations for the H-factor for hardwood and softwood:

Hardwood: H-factor = J eB57-1329T) 4,

Softwood: H-factor = § 419 15635 4,

74



In cooks where a mixture of hardwood and softwood was used, the activation energy was calculated by
multiplying each of the activation energies with the mass fraction of the specific wood in the digester
charge, and adding the two values together. For a 50/S0 volumetric blend (as used by the mill), which
translates to a 41/59 softwood/hardwood mass ratio, the activation energy was calculated as

118 kJ/mol.

Using this value to calculate the constants M and N, the following equation for the H-factor for NSSC-
AQ pulping of a mixture of softwood and hardwood resulted:

H-factor = | ¢@80- 1192 4y
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Digester control program and description

Appendix C:

In this appendix, printouts of both the Siemens S5 115U PLC Step 5 program and the Turbolink control

program are given.

Communication between the PLC and Turbolink occurs through data block (DB) 10. At the end of

each PLC program cycle, the following words and bits are transferred between the PLC and Turbolink
(the PLC addresses and corresponding Turbolink tag pames are given):

PLC to Turbolink:

Digital:

PLC

10.0
10.1
102

Q4.0
Q4.1
Q4.2
Q43
Q 4.4
Q4.5
Q4.6
Q4.7
Q5.0
Q5.1

F101.0
F 101.1
F 101.2
F 1013
F 1024

Analogue:

Turbolink

TOPHEATS
MIDHEATS
BOTHEATS

PUMPI
HEATBOT
HEATMID
HEATTOP
Vi

V2

V3

V4

V5

\Y:]

RAMPING
COOKING
COOLING
END
BATTFAIL

Description

Top heater bank trip switch signal
Middle heater bank trip switch signal
Bottom heater bank trip switch signal

Pump status

Bottom heater bank status
Middle heater bank status
Top heater bank status
Wash water valve status
Isolation valve status
Drain valve status
Sampling valve status
Venting valve status
Cooling jacket valve status

On when ramp stage is in progress

On when constant tem perature stage is th progress

On when cooling stage is jin progress
On when cook is completed
On in case of battery failure
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PLC

DWé
DW 12
DW 14

DW 16
DW 18
Dw 22
DW 24

Turbolink

RAMPLEFTD
C/HLEFTD
C/HTRGTD

COOLLEFTD
COOLTRGT
TEMPHEX
PRESSHEX

Turbolink to PLC:

Digital:

Turbolink

OPTHFACT
SMFLAG
RESET
START
DRAIN
WASH
ISOLATE
PUMPMAN
MANUAL

Analogue:

Turbolink

RAMPTIMED
COOKTIMED
COOK10
TARGETH
PURGE2D
SAMPLED
SPIY)
HFACTOR
TIC1O

PLC

¥ 1200
F 120.1
F120.2
F120.3
F 1205
F 120.6
F 120.7
F121.0
Fi12141

PLC

bW 100
DW 102
DW 104
DW 106
DW 110
DW 112
DW 114
DW 116
DW 118

Description

Fixed point value of amp time left

Fixed point value of time at constant temperature left
Fixed point value of constant temperature stage target
time.

Fixed point value of cooling time left

Cooling stage target time in seconds

Temperature signal fixed point vajue

Pressure signa) fixed point value

Description

H-factor control option
Maoual sampling switch
Reset switch

Start switch

Manual drain valve switch
Manual wash water switch
Manual isolation valve switch
Martual pump switch

Manual eontrol option

Description

Fixed point rarop time value
Fixed point cooking time value
Cooking temperature in °C x 10
Target H-factor

Fixed point purge time value
Fixed point sample time value
Ramp stage setpoint in °C x 10
Current H-factor

Current temperature in °C
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PLC Step 5 program:

Note: OB 21, OB 22, FB |, FB 200, FB 201 and FB 202 were prograromed by Philip Lombard of
Design Technologies

NAME :

NAME :

NAME

NAME :

NAME :

NAME

NAME

NAME :

NAME

OB 1

JU FB
TIMERS

Ju FB
ANALOGIN
Ju FB
LOADTIME
Ju B
STARTUP
Ju FB
TIMING

Ju FB
TIMESTAT
AN F
IC EB
MANSAMP
Ju FB
RESETS

JU FB
DIGSTAT
A Q
IC FB

15

42

49

4]

43

11

26

4.1
35

Description

FB 1 is used in communicating data with

Turbolink (Programmed by P. Lombard).

Analog input signals from the PLC are converted
to fixed point numbers in FB 19,

Timers for the ramping, cooking and cooling

down stages are Joaded and started in FB 42.

The cook is started jin FB 49,

The extend of the cooking process is managed in

FB 41.

The status of the timers are converted and loaded
mto DB 10 ir ¥B 43,

If automatic sampling is not in progress, go to

FB 9 where manual sampling is controlled.

Flags and digital outputs are reset in FB 11.

The status of the cook (i.e ramping, cooking,
cooling, end) is determined and sent to
Turbolink in FB 26,

If the bottom bank of heating elements is on,
go to FB 35 where the bottom heating bank
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NAME :

NAME .

NAME :

NAME :

NAME :

NAME :

NAME :

TRIP3
42

Q
IC FB 34

Q 43
JC FB 33

A F 121.1
JC FB 2
MANUAL

0 F 101.5
0 F 101.6
Ic FB 5
TCOUPINT

JuU FB 201
LI-RX

JU FB 202
LI-TX

BE

OB21]

L KF +255
G DB 10

C DB 10

L KH 0001
T -L1-COMMS

interlock is controlled.

If the middle bank of heating elements is ¢n,
go to FB 34 where the middle heating bank
interlock ts controlled.

[fthe top bank of heating elements is on,

go to FB 33 where the top heating bank
interlock is controlled.

If the manual contro] switch is switched on in

Turbolink, go to FB 2.

1f the thermocouple reading is out of range or
negative (determined in FB 19), go to FB §.

FB 201 is used in commumicating data with
Turbolink (Programmed by P. Lombard).

FB 202 is used in communicating data with
Turbolink (Programmed by P. Lombard).

Programmed by P.Lombard.
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NAME :

NAME :

JU FB 200
SETUPL1

BE

OB22

&

+255
G DB 10

C DB 10
L KH 0001
T -L1-COMMS

JU FB 200
SETUPL1

BE

0OB23

A Q 4.1
R Q 4.1
A Q 42
R Q 4.2
A o) 43
R Q 4.3
A Q 4.0
R Q 4.0
STP

BE

Programmed by P. Lombard.

When a time-out has occurred during individual
access to the S5 bus, the pump and heating
elements are switched off and the PLC is
stopped.

80



NAME :

OB34

A -ALWAYS 1
s F 22.7
BE

FBI1

TIMERS

A -ALWAYS |
ON -ALWAYS |
= -ALWAYS |
AN -ALWAYS 1
= -ALWAYS 0
AN -SCAN_PLS
= -SCAN_PLS
AN -100mS

L KT Q0L f
SD T 120
A T 120
= -100mS

AN -18EC

L KT 0i0.1
sD T [pal
A T 121
= -1SEC

AN -25EC

L KT 0201
SD T 122
A T 122

-2SEC

Programmed by P. Lombard.

When a battery failure bas occuwrred, F22.7= 1.
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NAME :

AN -30SEC

L KT 3001
sb T 123
AT 123
= -30SEC

AN -IMIN

L KT 0602
sb T 124
A T 124
= -IMIN

AN 2MIN

L KT 1202
SO T 125
AT 125
= -2MIN

BE

FB2

MANUAL

A F 120.5
= 4.6
A F 120.6
= Q 44
A F 120.7
= Q 45

A F 12).0
= 4.0
BE

If the drain valve switch in Turbolink is
swilched on, the drain valve is opened, and

vice versa.

If the wash water valve switch in Turbolink is
switched on, the wash water valve js opened, and

vice versa.
If the isolation valve switch in Turbolink is
switched on, the isolation valve is opened, and

vice versa.

[f the pump switch in Turbolink is switched on,

the pimnp is tumed oo, and vice versa.
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NAME

NAME :

NAME :

DUAL
SBCD
BCD2
BCDI

FBS

TCOUPINT
A -ALWAYS 0
- Q 4.1
= Q 42
= Q 43
BE
FBY
MANS AMP
c DB 10
U FB 241
COoD: 16
DW 112
3 20.6
FY 52
FW 138
F 120.1
L FW 138
SP 6
A T 6
= 4.7
BE

[f the thermocoupie reading is faulty, all heating

elements are switehed off.

The sampling time value from Turbolink is
converted to BCD code and loaded into FW 138.

If manual sampling has been selected
Turbolink, the sampling time is loaded and
timer 6 started. The sampling valve V4 is open
while timer 6 is unning.
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NAME

FB11

RESETS

C DB 10
AN F 120.2
IC =AN|

L KH 0000
T FW 0

T FW 2

T FW 4

T FW 20
T FW 22
T FY 101
T FW 102
T FW 150
T FW 90
A -ALWAYS_]
R Q 4.0
R Q 4.1
R Q 4.2
R Q 4.3
R Q 44
R Q 4.5
R Q 4.6
R Q 47
R Q 5.0
R Q 5.1
BE

If the Turbolink reset switch is switched off,

goto ANI.

All the listed flags are set to zera.

All the digital outputs are set to zero.
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NAME

NAME

NAME

NAME :

DUAL
SBCD
BCD2
BCD!1

FBIS
SPRAMP

L Dw 114
T FwW 44
BE

FBI16

SPCOOK

C DB 10

L DW 104

T FW 44

BE

FBL17

PURGING

L KF +1100
L FW 6

<=

S F 2.2

Ju FB 241

DW 110
F 21.0
FY 54
Fw 26
A E 22
L FwW 26
Sp T
A T 2
= Q 5.0

The temperature setpoint for the ramp time
calculated in Turbolink is loaded and transferred
to FW 44,

The ternperature setpoint for the constant
teroperature phase from Turbolink is loaded
and transferred to FW 44,

When the temperature reaches [10 °C during
the ramp time, F 2.2 {3 set = 1.

The purge time from Turbelink is converted to
BCD code and loaded inta FW 26,

When the temperature reaches 110 °C, the purge
time is loaded and timer 2 started. The venting

valve V% 1s opened while timer 2 is nmning.
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NAME

BE

FBIO
ANALOGIN

C DB

L PW
SRW

T FW

A F

= F

iC =M001
L FWwW

L KF

-F

T FW

L FW

L KF

<F

= F

IC =MO0t
L FW

L KF

>F

= F

IC =M001
L Fw

T DW

194

220

220.4
101.5

220

+514

222

222

+0

101.5

222

+2048

101.6

222

The mA input signal from the thermocouple
is represented by a binary word. This word
is shifted to the right to convert it to a fixed point

number.

If bit F 220.4 equals 1, the mA value from

the thermocouple is negative, and not processed.

The thermocouple’s range is 0 =300 °C. A
temperature of °C is represented by the fixed
point number 514, and 250 °C by 2562. To
ensure both scales start at 0, 514 is subtracted
from the fixed point number.

The fixed point number is checked for being

less than 0. If it is, the value is not processed.

The value is checked to determine if it exceeds

the upper limit. If it does, it is not processed.

The fixed point value is send to DW 22 in DBLO
for further processing in Turbolink. In Turbolink
This value is converted to °C x 10.
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MOO0|

SRW

-F

BE

DW
Fw

Pw

=M002

FW

FW

Fw

=M002

FW

=M002

Fw
Dw

118

196

224

2244

102.2

224

+514

226

226
+0

102.2

226

+2048

102.1

226
24

The temperature in °Cx10 calculated in
Turbolink during the previcus cycle is loaded
into the PLC program.

The pressure signal is processed similarly to
the temperature signal. In this case the
pressure range is 0 — 16 bar, The pressure
signal fixed point value is loaded into DW 24
for further processing in Turbolink.
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NAME :

NAME :

FB26

DIGSTAT
C DB
A

A F
AN F
A F
AN

- F
A F
= F
A

BE

FB33
TRIP1

AN 1
= F
A F
L KT
SO T
NOP 0
NOP 0
NOP 0
A T
= Q

1.2
101.0

3.4
1.4
101.1

1.4
1.7
101.2

1.7
101.3

227
102.4

0.0
180.0

180.0
100.1
30

30
4.3

[f rarnp stage is in progress, set F 101.0 = 1.

[f constant ternperature stage is in progress, set
Fl0L.1=1

[f cooling stage is in progress, set ¥ 101.2 =1,

If the run is finished, set F 101.3 = 1.

In case of battery failure, set F 102.4 = 1.

When the top heater bank trip switch signal 1s 0,
F180.0=1.

After the fop heater bank trip switch signal
changes fom 0 to I, timer 30 is slarted to delay
the top heater bank being switched on by 10

seconds.
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NAME -

NAME :

BE

FB34
TRIP2

sD

NOP
NOP
NOP

BE

EB35
TRIP3

SD

NOP
NOP
NOP

BE

O 4 o o o A

O 4 <@ o o 93

0.1
180.1

180.1
100.1
31

31
4.2

0.2
180.2

180.2
100.1
32

32
4.1

When the middle heater bank trip switch signal is
0,F180.t=1.

Afler the middle heater bank trip switch signal
changes from 0 to 1, timer 31 is started to delay
the middle heater bank being switched on by 10

seconds.

When the middle heater bank trip switch signat ts
0,F1802=1.

After the bottom heater bank trip switch signal
changes from 0 to §, timer 32 is started 1o delay
the bottom heater bank being switched on by 10

seconds.
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NAME

FB4!
TIMING

n

||>§

l"%:o:a

Sp

JC

7]

Tzz” ¢

b=

1§

DB

FW

KT

=AN|

DwW
Dw

AN?

Fw

34
120.0
3.6
5900.3
13

120.0

106
116

34
120.0

If the temperature is greater than or equal to
40 °C, load the ramp time and start timer 4.

F 1.2 =1 as long as tirer 4 is running.

If timer 4 is not nnning, but the cook has been
started (i.e. ramp time is finished), F 3.4 = 1.

If the ramp tinme has elapsed and the H-factor
option is used, load a value of 900x10 seconds
and start timer 13,

1f the H-factor option is not used, go to ANI.

Compare the current H-factor with the target
H-factor. If the target is reached, F 1.4 = |.

If the ramp time has elapsad, and cooking time
contro) option js used, the cooking time is Joaded
and timer 5 is started, F 1.3 = | while timer 5 is

nmaing.
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NAME

NAME :

NAME :

NAME :

NAME

NAME :

DUAL
SBCD
BCD2
BCDI

A F
AN F
A F
L KT
Sp T
A F
ic FB
SPRAMP
A
AN F
IC ¥B
SPCOOK
A F
AN
JC FB
TCONT
JU FB
PURGING
A F
IC FB
END2
L KF
L Fw
}:
= F
JU FB
COD:1s
Dw
F
FY
Fw

34
1.3
1.4

1.4
720.3
14

1.2
b5

34
1.4
16

k.1
1.4
5]

17

1.4
47

+900

241

112
20.6
52
138

When the cook time has elspsed, F 1.4 = 1.

When the constant temperature stage
is finished, lcad 720x10 seconds and
start timer 14.

During the ramp time, go to FB 15 where the
setpoint for the ramp time s loaded.

During the constant temperature stage, go Lo
FB 16 where the constant temperature setpoint is
Joaded,

During the ramp and constant temperature stages

go to FB 51 where the temperature is controlled.

The purging of non-condensable gases is
controlled in FB 17,

When the constant temperature stape has
finished, go to FB 47, where the heating

elements are switched off.

If a temperature of 90 °C is reached during
the ceoling down period, F 1.5=1.

The sampling time from Turbolink is converted
to BCD format 10 be used in the PLC's timers,
and leaded into FW 138,
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NAME :

NAME :

NAME :

DUAL
SBCD
BCD2
BCDI

NAME

DUAL
SBCD
BCD2

A
S F
A F
L Fw
Sp T
A
= F
A F
= Q
Ju FB
END
BE
FB42
LOADTIME
C DB
JU FB
COD:16
DwW
F
FY
Fw
A F
JC =AN!
Ju FB
COD:16
DWW
F
FY

1.5

14

0.0

0.0

138

0.1

0.
47

46

10
241
100
203
50

16

120.0

241

102
20.5
50

When the temperature is less than 90 °C, and the
cock is cooling down, F 0.0=1,

when F 0.0 = 1, the sampling time is loaded and
tirner 3 staried. While timer 3 is unning,
Foi=1.

While timer 3 is running, the sampling valve
(V4) is opened.

In FB 46, the cook is stopped when the

temperature reaches 40 °C.

The ramp time value from Turbolink is converted
from a bipary number into BCD cede for the use
in timers, and loaded into FW 16,

[f [1-factor control is used, jumpto ANI.

The cook time value from Turbolink is converted
from 2 binary nurnber into BCD code for the use
in timers, and loaded into FW 18.
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BCD1

ANJ

NAME :

NAME

BCD
SBCD
DUAL

NAME

BCD

FW
L DWW
T DW
U =AN2
L KF
T DW
L KF
T DW
BE
FB43
TIMESTAT
LD T
T FW
JU FB
COD:B4

FW

F

DW
AN F
ic =ANt
LD T
T FwW
U FB
COD:B4

FW

18

102

14

+3900
14

+7200
18

132

240

132

20.4

120.0

13
134

240

134

The cook time is transferred to DW 14 as the

target time for the constant temperature stage.

The maximum time of 9000 seconds is loaded
into DW 14 as the target time for the constant
temperature stage when H-factor control is used.

A time of 7200 seconds is loaded into DW 18

as the target time for the cooling down stage.

The status of the ramp time timer is loaded into
FW 132.

The time value in FW [32 is converted to a Aixed
point number and loaded into DW 6.

If the cook time control option is used, go to
ANL.

H-factor control option:

The status of the constant temperature stage timer
for the H-factor control optioo is loaded into

FW 134,

The time value in FW 134 is converted o a fixed
point number and loaded into DW 12,
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SBCD

DUAL :

ANI

NAME

BCD
SBCD
DUAL

NAME

BCD
SBCD
DUAL

NAME

F
DW
Ju =AN2
LD T
T FW
Ju FB
COD:B4
Fw
F
Dw
LD T
T FW
JU FB
COD:B4
Fw
F
DW
BE
FB46
END
AN F
IC =AN|
L KF
L FW
>=F
S F

213

28

240

28
214

136

240

136

21.6
16

+400

1.7

Cook time control option:

The status of the constant temperature stage timer
for the cook time control option is loaded into
FW 28.

The tirme value in FW 28 is converted to a fixed
point number arid loaded into DW 12.

Cook time and H-factor conirol options:

The status of the cooling down stage timer is
loaded into EW 136.

The time value in FW 136 is converted to a fixed
point number and loaded into DW 16.

If the constant temperature stage has not
finished, go to ANI1.

[f the temperature is equal 10 or below 40 °C,
F17=1.
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ANI

NAME :

NAME :

w "= > >
n o o Mo

BE

FB47
END2

A ¥
R Q
R Q
R Q
A F
AN

S Q
BE

FB49
STARTUP
A F
R Q
R Q
R Q
R Q
R Q
R Q
S F
S Q
S Q
AN F
JC =AN1

1.4
1.7
5.1
4.0
3.6

b4
4.1
42
4.3

1.4
1.7
5.1

120.3
4.4
45
4.6
4.7
5.0
5.1
1.0
4.0
4.1

When the temperature is below 40 °C, the pump
is switched off and the cooling jacket valve (V6)
closed. F3.6 isset=1.

When the constant tecperature stage has
finished, the heating elements are switched off.

The cooling jacket valve (V&) is opened when
the constant temperature stage is completed and
the temperature is above 40 °C.

IfF120.3 (Start switch in Turbolink) is 1, all the
valves are sel to theve 0 positions, 1.e. all closed
except the isolation valve V2. F 1.0issetto |
and the pump and bottom bank of heating

¢lemnents are switched on.

If the cook has not been started, jump to ANI.
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ANI

NAME :

L XF +400

L FW 6

<=F

S F 1.1

BE

FBSI

TCONT

L Fw 6

L FW 44

-F

T Fw 146
KF +10
FW 146

>=F

= F 02

A F 0.2

A F 1.2

= 4.1

A F 1.2

JjC =MO01

L KF +7
FW 146

<=F

= F 150.2

A F 150.2

L KT 100.0

Sp T 20

A T 20

= Q 5.

If the temperature is equal to or greater than
40°C,set F1.1=1.

The setpoint (SP) is subtracted from the actual
temperature (T) value and the result loaded into
FW 146,

[fT—SPissmallerthan 1 °C,F0.2=1.

During the ramp time, if T—SP < ] °C,
the bottom bank of heating elements is

switched on.

If the ternperature Is ramping, go to M001,

Constant temperature stage:
IET-8SP>072°C FI(502=1,

If T-SP> 0.7 °C, Timer 20 is used o open

the cooling jacket valve for | second.
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MOO1

Mo002

o

SD

BE

FW

=M002

FW

KT

—

FW

-

o0 0 T

+0
146

150.1

+10
146

150.2

04
150.2
050.0
20
20
5.1

5.1
1501
17
17
0.4

+2
146

150.]

150.1
4.1
42
4.3

HT-SP<0°C, F150.1=1.

Ramping stape;
IfT-SP>1°C,F1502=1L.

IfT—8P > 1 °C, and it {s more than 15 seconds
since the cooling jacket valve has been opened,
tirner 20 1s used to open the cooling jacket valve

for half a second.

When the cooling jacket valve is closed, timer |7
is used to set F 0.4 =0 for 15 seconds.

IfT-8P<0.2°C F150.1=1.

[f T—SP < 0.2 °C during the camp stage, or
T - SP <0 °C during the constant temperature
stage, all three banks of heating elements are

switched on.
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NAME

FB200

SETUPLI
L KF
T FY
L KF
T FY
L ¥
T FY
L KF
T FY
L KF
T FY
L KF
T FY
L

T FY
L KF
T FY
L KF
T FY
L KF
T FY
L KF
T FY
L KF
T FY
L KF
T FY
L KF
T FY
L

L KH
TNB

Programmed by P. Lorabard.

+0

64

+0

+0

+0

+0

+0

+0
64
+0
64

+0

+0

+0

+0

64

+0

64
+0

EE4D
EAT7F
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NAME :

e B B I -

o
™

FB201
Li-RX

BEC

w

SLW

AN
JC

KH 0080
-REC_BYTE
KH 0000
-SND_BYTE
KH 0000
FW 64
FW 66
FW 68
FW 70
FW 72
FW M
FW 7%
DB 10
-L1_R_BSY
-LI_R_BSY
-L1_R_BSY
-L1_COMMS
|
-L1I_COMMS
F 81.3
=M001
KH  000)

-L1_COMMS

Programmed by P. Lombard.
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MO0l - 4

FB202 Programmed by P. Lombard.
NAME : L1-TX

C DB 10

A -L1_S_BSY

BEC

AN  .LI_S_BSY
s -L1_S_BSY

Turbolink program

In addition to the PLC input and output dals, the following internal tags are used:

Digital:

Tag name Description

FLAGI

FLAG2

Analogue

Tag name Deseription

RAMP Ramp time (min)

COOKTEMP Constant cooking temperature (°C)
RAMP(S) Ramp tune (s)
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RAMPRATE
RAMPPASTO
COOLPASTO
C/HPAST
HFACTORO
COOKTIME
COOK(S)
RAMPLEFTS
TIC]

TIC1-K

Y

X

A
RAMPPASTH
C/HTARGTS
C/HPASTH
COOLLEFTS
COOLPASTH
SETPOINT
M

N

PURGE2
SAMPLE

PIl

DT

Rate of temperature setpoint ramping (“Cx 10/s)
Ramp time completed in previous cycle (hrs)
Cooling stage ime completed in previous cycle (hrs)
Conslant temperature stage lime completed in previous cycle (hrs)
H-factor in previous cycle

Cooking fime (min)

Cooking time (s}

Ramp time left (s)

Digester temperature (*C)

Digester tereperature (K)

N/T ;n H-factor equation

M — Y in H-factor equation

e* in H-factor equation

Rarnp tirne completed (hrs)

Constant temperature stage target time (s)
Constant temperature stage time left (hrs)
Cooling tage tirme left (s)

Cooling stage time completed (hrs})
Temperature setpoin (°C)

H-factor constant

H-factor constant

Purge time (s)

Sampling time (s)

Digester pressure (bar)

Time nerement (hrs)

The following parameters are entered through the mimic sereens:

Anglogue:
RAMP
COOKTIME
COOKTEMP
OPTHFACT

TARGETH
PURGE2

SAMPLE

Duration of the ramping stage (min).

Duration of the cooking at constant temperature stage (min).
Cooking temperature (°C).

This is switched on if the cook 1s ended when & certain H-factor is
reached, instead of after a specified time.

H-factor at which the cook 15 ended, if H-factor control is used.
Time for which the venting solenoid is opened when the
temperature reaches 110 *C (s).

Time for which sampling solenoid is opened when the tersperature

reaches 90 °C during the cooling down stage (s).
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N

Digital:

START

RESET

MANUAL

DRAJIN

ISOLATE

WASH

PUMP

SAMPLE . -

Program name: DIGESTER

Prograrn

AN RESET

Ic 2

L RAMP

*K 60.0000

T RAMP(S)

L RAMP(S}

K 10.0000

+K 3000.0000
RAMPTIMED

L COOKTIME

*K 60.0000

T COOK(S)

L COOK(S)

K 10.0000

+K 3000.0000

T COOKTIMED

H-factor constant (described in appendix C).
H-factor constant (K, described in appendix C).

Switch to start the process.

Switch used to reset al] the parameters used in the control process
m order to start a new cook. It can also be used as an emergency
stop.

Switched on to enable (be operator to manuvally operate the pump
and drain, wash water and isolation valves.

Opens and closes the drain valve.

Opens and closes the isolation valve.

Opens and closes the wash water valve.

Swiiches pump on and off.

Switched on to enable sampling of the liquor at any stage durwg a

cook.

Description

Ifthe RESET switch is off, go to label 2.

Resetting:
The ramp time entered by the operator is Joaded and converted to

seconds.
The ramp time in seconds is converted to a fixed point number

for use in the PLC program.

The cook time entered by the operator is loaded and converted to

seconds,

The cook time in seconds is converted 10 2 fixed point number

for use in the PLC program.
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L COOKTEMP

*K 10.0000

T COOK10

L COOK10

-K 400.0000

ramp tiyne.

/ RAMP(S)

T RAMPRATE

LK 0.0000

T RAMPPASTO

LK 0.0000

T COOLPASTO

LK 0.0000

T C/HPASTO

LK 0.0000

T RFACTORO

LK 0.0000

T HFACTOR

A RESET

R START

R RAMPING

R COOKING

LBL 2

A COOLING
START

L PURGE2

+K 2000.0000

T PURGE2D

L SAMPLE

+K 2000.0000

T SAMPLED

L RAMPLEFTD

-X 3000.0000

*K 3000.0000
RAMPLEFTS

L RAMP(S)

- RAMPLEFTS

The cook temperature in °C entered by the operator is Joaded and
multiplied by 10. This is done since the PLC can’t process values

with decimal points.

The ramprate is calculated by taking the difference between the
cooking temperature (x10) and 40 °C x10, and dividing by the

Set RAMPPASTO 10 0

Set COOLPAST0 100

Set C/HPASTO to 0

Set HFACTORO to 0

Set the H-factor = 0 for the swuart of a new cook.

START, RAMPING and COOKING are reset if these were on
when the RESET switch was switched on.

End of resetting

STARTI s reset when cooling starts.

The purge time entered by the operator is loaded and converted to a

fixed point value for use m the PLC program.

The sampling time entered by the operator is loaded and converted
to a fixed point value for use in the PLC program.

The fixed point value for the ramp time left from the PLC is

converted to seconds.

The setpoint for the rarap stage is calculated by subtracting the
ramp time left from the total rarop tisme, multiplying by the
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- A

LK

RAMPRATE
400.0000
SP10
TEMPHEX
1.4600
TIC10

PRESSHEX
0.7800
100.0000
PI1

TIC10
10.0000
TICH
TIC1
273.1500
TIC-K

N

TIC-K

Y
M
Y
X

X
0.0000
FLAGI
FLAGI
7

X
0.0000
FLAG?2
FLAG?

2.7183

A

rarnprate, and adding to 40 °Cx 10, since ramping starts at 40 °C.

The temperature signal from the PLC is loaded and multiplied by
(300-0)x10/{2562-514) = 1.46. This is since the range of the
thermocouple is 0-300 °C, and is represented by a fixed point
number, with 514 representing 0 °C, and 2562 representing 300 °C.
The obtained value is ransferred to TIC10.

The pressure signal from the PLC is loaded and multiplied by
(16-0)x100/(2562-514) = 0.78. The pressure indicator’s range is

0 — 16 bar. The value s multiplied by 100 to incorporate more
significant numbers in the calculation. After multiplying, the value
is divided by 100 to obtain the reading in bar and transferred to PI1.

TIC10 is divided by 10 to obtain the temperature reading in °C,

The temperature reading is converted from *C to K.

The X and Y values in the H-factor calculation

are calculated (X = M — Y and H-factor = [e* dt.)

[f X is negative, FLAGI] = 1.

1f X is negative, go to label 7.

16X=0,FLAG2=1.

IfX =0, goto label 8.

If X > 0 (X not 0 or negative), A = e* is calculated.
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LBL
LK

LK

PWR

LK

LBL

1.0000

A -

9

RAMPING
20
COOKING

1o
COOLING

1t

0.0000

DT

12

20

RAME(S)
RAMPLEFTS
3600.0000
RAMPPASTH
RAMPPASTH
RAMPPASTO
DT

(2

10

C/HLEFT
3000.0000
10.0000
C/HLEFTS
C/HTRGTD

When using the power function in Turbolink, the exponent
has to be positive. Therefore, it X <0, A= 1/ (%) is
calculated, since — X will be positive (X is negative) and
/(&)=

IfX=0A=e"=1

If ramping is in progress, go to label 20.
[f constant temperature stage is in progress, go to label 10.
If cooling stage is in progress, go ro label 11.

If the cook is not ramping, in constant temperature stage or

cooling, the H-factor 1s not calculated, thus dt is set equal to 0.

If ramping is in progress, the ramp time elapsed (hrs) is calculated
by subtracting the ramp time left (s) from the total ramp time {s)
and dividing by 3600, This value is transferred to RAMPPASTH.

To calculate dt in the H-factor equation, the ramp time elapsed n
the previous cycle is subtracted fom RAMPPASTH.

The fixed point value of the time left at constent temperature from

the PLC is converted to seconds.

The fixed point constant temperature stage larget time value is
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Sl

LBL

LBL

> 4 - 4 C 3 =5

> B

3000.0000
10.0000
C/HTARGTS
C/HTARGTS
C/HLEFTS
3600.0000
C/HPAST
C/HPAST
C/HPASTO
DT

)2

11
COOLLEFTD
3000.0000
10.0000
COOLLEFTS
COOLTRGT
COOLLEFTS
3600.0000
COOLPASTH
COOLPASTH
COOLPASTO
DT

12

DT

A
HFACTORO
HFACTOR

13

HFACTOR
HFACTORO
RAMPPASTH
RAMPPASTO
C/HPASTH
C/HPASTO
COOLPASTH
COOLPASTO
RAMPING

3

COOKING

converted to seconds.

The time at constant temperature elapsed (hs) is calculated by
subtracting the time left (s) from the target time (s) and dividing
by 3600. This value is transferred to C/HPAST.

The value of dtin the constant teruperature stage is calculated
similarly to dt in the ramp stage.

The fixed point value for the tiroe left in the cooling stage is
converted to seconds.

The cooling stage time elapsed (hrs) is calculated by subtracting
the time left (s) from the targel time (s), and dividing by 3600.
this value js transferred to COOLPASTH.

The value of dt in the cooling stage is calculated swailarly to

At in the rerop slage.

The 2pplicable value for dt is multiplied by A to find the H-factor
for the tume increment dt. This )5 added to the cumulative H-factor
of the previous cycle to obtain the current cumulative H-factor.
The current H-factor is toaded into HFACTORO for the next cycle.
RAMPPASTH is loaded into RAMPPASTO for the next cycle.
C/HPASTH is loaded into C/HPASTO for the next cycle.
COOLPASTH is loaded into COOLPASTO for the next cycle.

If ramping is in progress, go to label 3

If constant temperature stage is in progress, go to 1abel 4
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1IC 4

LK 0.0000

T SETPOINT
Ju 5

LBL 3

L SP10

K 10.0000

T SETPOINT
JU 5

LBL 4

L COOKTEMP
T SETPOINT
LBL 5

A RAMPING
JC 14 -

LK 0.0000

T RAMPPASTO
LBL 14

A COOKING
Jc 15

LK 0.0000

T C/HPASTO
LEL 15

A COOLING
JC 16

LK 0.0000

T COQOLPASTOD
LBL 16

END

The setpoint is set to zero if neither the ramping or constant

temperature stages are in progress.

If ramping is 10 progress, the calculated setpoint SP10 for the
ramp stage in ®C x 10 15 divided by 10 and lcaded into SETPOINT.

[f the constant temperature stage is in progress, the cooking
temperature value entered by the operator is Joaded into
SETPOINT

If ramping is not in progress, RAMPPASTO is set equal 10 0.

[f the constant tetnperature stage is not in progress, C/HPASTO 15
set equal to (.

If cooling is not in progress, COOLPASTO is set equal to 0.

The following digital and analogue values are displayed on a mimic screen in Turbolink;

Digital:

PUMPI
HEATBOT
HEATMID
HEATTOP
Vi

Pump status

Bottom heater bank status
Middle heater bank status
Top heater bank starus
Wash water valve status
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V2
V3
V4
Vs
Vé

RAMPING
COOKING
COOLING
END
BATTFAIL

Analogue:

TICH -—
SETPOINT
PN
HFACTOR

Isolation valve status
Drain valve status
Sampling valve status
Venting valve status

Cooling jacket valve status

On when ramp stage is in progress

On when eonstant temperature slage is in progress
On when cooling stage is in progress

On when cook is completed

On jn case of battery failure

Digester temperature (°C)
Temperature setpoint (°C)
Dipester pressure (bar)

Current H-factor
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Appendix D:
Mondi Kraft Laboratory Standard Methods

The following Laboratory Standard Methods are presented:

e Determination of Cooking Liquor Active Alkali Test (NB Whaf is described as active alkali {(AA)
in this test method is in fact total alkali {TA) as described by Tappi Test Method T 624 ¢m-00 [50].

¢  Determination of Sulfite Percentage

* Determination of Black Liguor Active Alkali (NB What is described as active alkali (AA) in this
test method is in fact total alkali (TA) as desertbed by Tappi Test Method T 624 cm-00 [50].

e Determination of Hypo Number of Pulp
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DETERMINATION OF COOKING LIQUOR ACTIVE ALKALI TEST

1. PURPOSE

The purpose of this work Instruction )s to lay out {he methed for active alkali analyses.

2. SCOPE

This work. Instruction applles to active alkali analyses performed In the Wet Laboratory.

3. PRQCEDURE

Use a clean comalner for sampling. Open the sampling valve for a few seconds to drain the liquor

which remalned In the pipe Suring the previous sampling. Collect a sample, enough 1o carry out the
test.-

4. APPARATUS

4.1 pH Meter (Calibrated)

4.2. Beaker 250 mis. P
4.3. Burel 50 més.

4.4, Pipet 10 roes.

5. REAGENTS: Hydrochloric Acid 1.0 N.
6. METHOOD
6.1. Transfer 10 mis of the cooking liquor sample into a 250 més beaker containing 50 mes of

the delonlsed water and mix well,
6.2. Titrate under Hydrochloric acid 1.0 N to pH 4.00

7. CALCULATION

AA ( g/l Na,0) = (%’i"ﬂ‘ﬁi X 31

See Work Instruction WIPL0O0S

8. - RECORDS: Record the result In the Digester/Copeland Process Data Sheei.
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DETERMINATION OF SULPHITE PERCENTAGE

1. PURPOSE

The purpose of this work Instruction |s to lay out the method for sulphite percentage analysis.

2, SCOPE

. Thls work Instruction applies to sulphrte percentage analyses performed In the Wet Laboratory.

3. PFIOC‘EDURE

See Work Instruction WIPL004.

4. APPARATUS
4.1. Measuring cylinder 25 s,
4.2 Pipet 25 and 10 més. '

4.3, Conical Flask 250 mits.
4.4, Volumetric flask 250 mis.

Xt
5. REAGENTS
5.1. lodine soluticn 0.10 N.
5.2. Sodium Thlosulphate 0.10 N.
53. Sulphuric Acid 4.0 N.
5.4. Starch Indicator 2.0%.
8.5 Buret 50 mis.
6. METHOD
6.1. Pipet 1¢ m¢s of cooking liquor sample.
6.2. Transfer into a volumetric Hask 250 mgs and make it up to the mark with deionised water. Mix
- well, :
6.3. Transfer by plpet 25 més of the lodine solution 0.10 N Into a 250 mis conical flask comaining

100 miés of the aelonised water,

7
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B.4. Add 10 mtis of the cooking liquor from the volumelric flask, 250 mits and 20 mi#s of Sulphuric
Acld 4 N.

B.5. Thrate under Sodium Thiasulphate 0.10 N to a light yellow colour. Add starch indlcator. -

B.6. Continue titrating uatil the cotour changes from blue to clear.

7. CALCULATION

ax25(25xA-TxB)
A = Narmality of |, solution.

T = Titre mis (Sodium Thiasulphate).
B8 = Normality of Sodium Thiosulphate.

% Sulphite (m/m Na,0) = 31 xax100
AA

AA = Active alkali (See Work Instruction WIPL.004).
‘D

8. RECORDS

Record the results In the Digester/Copeland Process Data Sheet.

2

DATE: | REV. No: I AUTRORITY l » CHECKED B

1] .1/_ // .
— - -, /' “ —, ,'7/
solalay | Tesuc



Standard Number:

e e WIPLO14
. i’ AL BNOON rnC)LL&?). :
Mondi Kraft » -
L&rcoPYNG. L o e
QUALITY ASSURANCE

Laboratory Standard Method

DETERMINATION OF BLACK LIQUOR ACTIVE ALKALI

PURPOSE

The purpose ol this wark Instruction Is to lay down a metnod for determining the active atkali In
extracted black liquor.

SCOPE

This wark Instruction applies to active alkall analys!s per-formed In the Wet Laboralory.

PROCEDURE

Use a clean sampling conlalner. Open the sampling valve for few seconds to drain the liquar which
remained In the pipe alter the previous sampling. Collect a sample enough to carey out the test.

APPARATUS &

4.1, Volumetrle flask 250 més.
4.2. Pipet 100 mds. )
4.3. Plastic beaker 250 ms. ~~
4.4, pH meter.

REAGENTS

5.1. Bariurn chloride 0.10 N,
52. Delonlsed water. .
5.3. Hydrochlorlc acid 1.0 N.

30\‘\\‘\&. T_SS\..{Q
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6. METHQD
8.1. Plpet 100 mts of the black liquor sample into a 250 mes volumetric flask.
6.2. Add 100 més of barium chlorlde 0.10 N solution by using a pipst.
6.3.  Add deionlsed water and malke Up a total volume of 250 més. Mix.
6.4. Let it stand until the sediment seriles at the bottorn.
6.5. "~ Plpet 100 mts of the solution, without disturblng the sediment, Into a 250 m¢ beaker.

8.6. Titrate under hydrochloric 1.0 N to pH 4.0 (pH meler) and note the titration volume at that
polnt. .

7. CALCULATION

AA, = Titration x 0,775

. « &
R Titration % 31
40

8. RECORD

Record the test results In the DiQesier/Copeland progress Data Sheet

DATE: REV. Ne: . AUTHORITY \
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DETERMINATION OF HYPO NUMBER OF PULP

1.

PURPOSE

The purpose of thts work instraction Is Lo lay out the method for Hypo No. of Pulp delerminalioa.

2. SCOPE _ 2
This work instruction applies to Hypo. No, of pulp analysis performed in Lhe Wel Labbli"alory,
3 PROCEDURE
Take a sample ex the siurry press from the conveyor belt approximalely 3 {o 5 grams oven dry
{he sample Into a plastic bag and take Il to the laboratory.
4. APPARATUS
4.1 Fillering apparatus (Mavis Consistency Apparalus),
4.2 Ernerson speed dryer,
4.3 Press and felts. ‘ . ;
4.4 Wiley-Mill. ' R
4.5 Filter paper 15 ¢m No. 54§.
4.6 Measuring cylinder 500 mis.
4.7 Pipets 10 and 25 mis.
4.8 Magnetic stirrer and the follower.
4.9. Burel, stand and clamp.
410  Slopwalch (Calibraled) ang Griffen Filler.
4.11  Flat bottom flask i 000 mis with a ground joini 24f29
4.12  Bellow 50 mls.
413 Séparalin'g Funnel 50 or 100 mis wilh a ground joinl 1o fil 24122 flat bollom flask.
5. REAGENTS
5.1. Hydroehloric Acld 4.0 Molar
5.2, Polassium lodide 1.5 Molar _
5.3 Sodium Thiosulphate 0.20 N —
5.4, Slareh Indicator 2.0 % -
5.5, Deionlsed waler,
58.. Sodium Hypochlorile + 0.40 N.
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6.  METHOD
6.1. Mix Lhe pulp wilh de-lonised water, filler using fillering apparatus.
6.2. Put the suspension between two dry fells and press in the press 1o remove excess of waler,
6.3. Remove the pad from the feils ana dry It on the Emerson speed dryer.
6.4, Tear the pad inlo small pieces by hand and stact the Willey Mill.
6.5. Hold the filler paper underneath the disinlegrator to receive the discharge and pul fhe pieces
of the pad to disinlegrale.
6.6, Disintegrate until enough sample is oblained and stop the Wiley Mill.
6.7. Dry the disinlegraled sample in the Emerson speed dryer, Whilst wailing, clean the Wiley
Mill,
6.8. When the sample Is dry weigh out 0.5 % 60,0005 gr_am,
6.9. Measure 365 mis of de-ionised waler and transfer with walerialo a8 1 000 mis Nlal bollom
flask the welghed sampie.
&
6.10  Pul the ftal botlom flask on the magnelic stirrer and the magaelic follower inlo a flal bollom
fiask. '
NOTE: The lime for the comprehensive (eslis 11 minutes in {olal.
6.11  AGG 10 mis of 4 M hydrochloric acld and stir for one minute exaclly (limer). _
6.12  Disconlinue slirring, then add 25 mis of sodium hypochlorile sofution, keeping the lip of the
pipet on the surface of the liquid withoul disturbing the suspension. Stan the slop clock whep
the pipet is half full.
6.13  Immediately place the separaling funnel with the siop cock closed and start slicring genlly.
6.14 Add 10 mis of\ﬁe potasslum lodide solution 1.5 M and connecl the bellow on top of the
funne!.
6.15  After exactly 10 minutes force the polassium lodide solutioa inlo the lask by pre’s’surising
the funnel and opening the slop cock. Close the stop cock Immedialely.
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€.16
6.17

6.18

6.19

Shake lhe flask by hand for 10 - 15 seconds and remove the funnel.

Rinse the lip of the flask with waler inlo the pulp suspension,

Titrale the suspension under 0.20 N sodium thiosulphate using slarch as Indicalor - ¢olour

change sky blue to clear.

Make a blank determination following the same procedure omiiting the test specimen

N.B. Repeat 3 tesl witﬁ 2 smaller 1est specimen if the titrafion {akes Iess'lhan 20mils.

2. CALCULATION

N.B.

To obtain the faclor “F"

Hypo No. = 0,03546 (Vo-V) x N x 1000 X F

w
Vo = Blank litration
V = Titration of {est specimen
N = Normalily of thiosulphale solulion
w = Weight of lesi specimen, g oven-dry
F =

.
Where 0,03546

thiosulphate.

Factor for correction 10 50% chlorine consumplion

Walighl of chiorine in grams, equivalent 1o 1 cm?* of lhe sodium

calculale al firsl the chlorine consumplion P~ in percenl, then read "F~ from

the table: " -
P% = Vo -V x100
Vo
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(] . 0,941 0,942 0,943 0,944 0,845 0,947 0,548 .:1:
{0 0,951 0,952 0,853 0,954 0,856 0,657 0,958 0,959
20 0,563 0,864 0,965 0,967 0,968 0,569 0,970 097¢ -
30 0,875 0,976 0,978 0,979 0,880 0,981 0,983 0.284
40 0987 _| 0899 0.990 0,991 0,992 0.504 0,855 0556
50 1,000 1.00¢ |~ © 1,003. 1,00% §,0058 1,008 {.008 {.008
€0 1.0 :
P% +0 1 2 3 4 5 B 7 8 9 |
8. RECORDS

Recorg the tesl result [n the Copeland/Oigester Process Dala Sheel.
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Appendix E:

Digester charge sample calculations

These sample caleulations are presented for a cook done at the standard mill condilions as used at

Mondi Kraft, Piet Retief, namely:

TA charge:
AQ dosage:
Softwood %:

9.5 9% as Na,O on O.D. wood mass
0.1 % on O.D. wood mass
41 % on O.D. wood basis

The calculations are done for the following given variables:

0O.D. wood charge to digester:
Liguor to wood ratic:
Softwood moisture content:
Hardwood moisture content:
Cooking liquor strength:

AQ dispersion strength;

Calculations:

0.D. softwood required

O.D. hardwood required

Moist softwood required

Maist hardwood required

Total alkali required

1000 g

5:1

14.5 %

143 %

121.0 g N&,O/L
0.419 g AQ/L

= 1000 g x(41/100)
410 g

i

1000 g x [(100-41)/100]
=59g

= 410 g x [100/(100-14.5)]
-4795¢g

= 590 g x [100/(100-14.3)]
=6884 g

= 1000 g x (9.5/100)
=95 g as Na,0

Volumne of cooking liquor required =95 g Na;O /(121.0 g N2, 0 /L)

=0785L
=785mL
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AQ required

= 1000 g x (0.1/100)

Volume of AQ dispersion required = 1 g AQ/ {0.419 g AQ/mL)

Waler required

Total moisture in wood

Volume of water added

=239 mL
=24ml

=1000g L (5/1)
=5000¢g
= 5000 mL {asswne density of water = [ kg/L)

= Moisture in softwood + moisture in hardwood
=({479.5g-410g)+(688.4 g - 590 g)
=1679¢

= |68 mL (assume density of water = 1 kg/L)

= Water required - cooking liquor - moisture in wood - AQ
dispersion

= 5000 mL - 785 mL - 168 mL.- 2 mL

=4045mL
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Appendix F:
Hypo number testing method reproducibility

The repeatability of the Hypo number testing method (Tappi Test Method T 253 wd-98 {50]) is quoted
as being 2.6 % for Hypo numbers between 10 and 20. However when this method was used to
determine the Hypo number of a pulp sample from the Piet Retief mill, the repeatability was found to
be 4.66 % for six determinations (see table F-1). The testing method was slightly modified, as
suggesied by Arbuthnot [53]. I[nstead of using a positive pressure in the separating fuimnel to force the
potassium iodide solution into the reaction flask to terminate the reaction, a vacuum was created in the
reaction flask before any chemicals were added. This vacuum was used to suck all the reagents into the

flask through the separating funnel, with distilled water being used 10 rinse the funnel afier each
chemica) had been added.

To investigate the reproducibilty, six Hypo number determinations were done on a pulp sample from
the Piet Retief mill, according to the modified method. The results for these determinations, as well as

those done by the original method, and their relative reproducibilities are shown in Table F-1:

Original method Mecdified method
1 17.0 17.5
2 16.8 17.5
3 17.8 17.3
4 18.3 17.4
5 16.6 17.7
6 17.1 17.6
Average 17.5 17.3
Standard deviation 0.650 0.141
Repeatability (%) 4.66 % 1.00 %

Table F-1: Reproducibility data for Hypo number determinations done on a pulp sample from
Piet Retief by means of the original and modified Tappi Test Method T 253 wd-98.

The modified method clearly improves the repeatability, from 4.66 % to 1.00 %, which is less than the
value of 2.6 % quoted for Hypo numbers between 10 and 20 [50].
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Appendix G:

Raw data

13
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Cook Wood Cooking Ramp Cooking | TA charge AQ Liquor/wood R$ﬁned Hypo [nitial Black Black
no species temp time time dosage ratio yield no pH tiquor liquor
(°C) (min) (min) | (% Na20) (%) (%) pH AA
1A 50/50 Vol. 179 60 0 9.5 0.1 5 91.5 24.1 10.41|no sample -
1B 50/50 Vol. 179 60 13 9.5 0.1 5 87.8 23.7 10.40 7.85 5.58
1C 50/50 Vol. 179 60 40 9.5 0.1 5 83.6 22.6 10.40 723 3.76
1D 50/50 Vol. 179 60 50 9.5 0.1 5 82.1 21.8 10.40 7.49 34]
IE 50/50 Vol. 179 60 60 9.5 0.1 5 80.1 21.0 10.41 7.80 3.53
IF 50/50 Vol. 179 60 80 9.5 0.1 5 712 20.3 10.40 7.52 3.45
1G 50/50 Vol. {79 60 100 9.5 0.1 5 75.3 19.0 10.41 7.65 3.80
IH 50/50 Vol. 179 60 120 9.5 0.1 5 73.0 18.1 10.4] 7.59 3.55
11 50/50 Vol. 179 60 150 9.5 0.1 5 71.6 17.7 10.40 7.51 3.19
Table G-1: Raw data for cooks done with different cooking times at constant temperature,
Cook Wood Cooking Ramp Cooking | TA charge AQ Liquor/wood | Refined Hypo Initial Black Black
no species temp time time dosage ratio yield no pH liquoy liquor
(°C) (min) (min) | (% Na20) (%) (%) pH AA
2A 50/50 Vol. 179 60 120 1 0.1 5 93.0 30.1 10.17 3.39 0.00
2B 50/50 Vol. 179 60 120 4 0.1 5 89.2 28.5 10.32 5.01 2.40
2C 50/50 Vol. 179 60 120 7 0.1 5 82.1 22.7 10.40 6.55 2.64
2D 50/50 Vol, 179 60 120 12.5 0.1 5 67.2 15.8 10.41 7.87 6.02
2E 50450 Vol. 179 60 120 16 0.1 5 64.0 143 10.41 8.98 6.93

Table G-2: Raw data for cooks done at different TA charges.
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Cook Wood Cooking Ramp Cooking | TA charge AQ Liquor/wood | Refined Hypo Initial Black Black
no species temp time time dosage ratio yield no pH liquor fiquor
(°C) (min) (min) | (% Na20) (%) (%) pH AA
3A 50/50 Vol. 169 60 120 9.5 0.1 5 82.0 21.0 10.4] 7.51 3.33
3B 50/50 Vol. 174 60 120 9.5 0.1 S 76.8 192 10.41 - -
3C 50/50 Vol. 184 60 120 9.5 0.1 S 69.3 17.5 10.40 - -
3D 50/50 Vol. 189 60 120 9.5 0.1 5 67.3 17.1 10.40 7.12 3.46
Table G-3: Raw data for cooks done at different cooking temperatures.
Cook Wood Cooking Ramp Cooking | TA charge AQ Liquor/wood | Refined Hypo Initial Black Black
no species temp time time dosage ratio yield no pH tiquor liquor
(°C) (min) (min) (% Na20) (%) (%) pH AA
4A 0 % SW 179 60 120 9.5 0.1 5 68.3 (7.1 1041 7.27 3.70
4B 15 % SW 179 60 120 95 0.1 5 70.3 17.5 10.42 -
4aC 30% SW [79 60 120 9.5 0.1 5 71.8 17.8 1041 -
4D 50 % SW 179 60 120 9.5 0.1 5 74.0 18.4 10.41 -
4E 75 % SW 179 60 120 9.5 0.1 5 75.7 12.0 10.40 - -
4F 100 % SW 179 60 120 9.5 0.1 5 77.1 19.6 10.41 8.07 2.95

Table G4: Raw data for cooks using different chip compositions.
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Cook Wood Cooking Ramp Cooking | TA charge AQ Liquor/wood | Refined Hypo
no species temp time time dosage ratio yield no
<) (min) (min}) | (% Na20)| (%) (%)
SA HW 179 60 120 9.5 0 5 66.5 17.4
5B HW 179 60 120 9.5 0.05 5 67.3 17.2
5C HW 179 60 120 9.5 0.2 5 64.8 16.9
5D HwW 179 60 120 9.5 0.5 5 63.6 17.0
SE Sw 179 60 120 9.5 0 5 73.1 22.8
SF SwW 179 60 120 9.5 0.05 5 69.7 20.2
5G SwW 179 60 120 9.5 0.2 5 69.2 18.6
SH SW 179 60 120 9.5 0.5 5 67.7 17.1
51 50/50 Vol. 179 60 120 9.5 0 5 67.7 20.2
5] 50/50 Vol. 179 60 120 9.5 0.05 3 70 19.3
5K 50/50 Vol. 179 60 120 9.5 0.2 5 69.6 17.8
5L 50/50 Vol. 179 60 120 9.5 0.5 5 65.5 16.9

Table G-5: Raw data for cooks done with different AQ dosages.
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Cook Wood Cooking Ramp Cooking | AA charge AQ Liqueriwood | Unrefined Hypo
no species temp time time dosage ratio yield no
G (min) (min) | {*aNa20)| (%) ()
6A 50/50 Vol. 179 60 i20 9.5 0.1 5 77.1 17.8
6B 50/50 Vol 179 60 (20 9.5 0.1 5 774 18.0
6C 50450 Vol. 179 60 120 9.5 0.1 5 76.5 18.0
6D 50/50 Vol. 179 60 120 9.5 0.1 5 77.7 18.1
Standard deviation: 0.505 0.126
Repeatability (%): 0.900 0.860
Table G-6: Reproducibility data.
Cook Wood Cooking Ramp Cooking | TA charge AQ Liguor/wood | Refined Hypo
ne species temp time time dosage |ratio yield no
(°C) {min) {min} | (% Na2Q) (%) (%)

HW169 HW 169 60 120 9.5 0.1 5 73.7 9.2

HWI159 HW 159 50 120 9.5 0.1 5 81.8 22.5

HW8&.5 HW 179 60 120 8.5 0.1 5 70.1 181

HW7.5 HW 179 60 120 7.5 0.1 5 72.1 20t

SWI189 Sw 189 80 120 9.5 0.1 3 743 19.2

SWIRIB |SW 189 60 120 10.5 0.1 5 72.1 19.0

SWi0s  |SW 179 60 120 10.5 0.1 5

SWIl5 |SW 179 60 120 11.5 0.1 5 71.4 17.8

SWi2 SW 179 60 120 12.0 0.1 5 68.9 17.6

SWIl5B |SW 189 60 120 1.5 0.1 5 69.8 17.6

Tabte G-7. Raw data for hardwood and softwood cooks ai different temperatures and TA charges.




Bl

Cook Wood Cooking Ramp Cooking | TA charge AQ Liquor/wood | Refined Hypo
no species temp time time dosage |ratio yield no
(°C) {min) (min) | (% Na20) (%) (%)
Caustic 50/50 Vol. 179 60 120 9.5 0.1 5 71.4 7.3
Table G-§: Raw data for alkaline sulphite cook.
0.D Mass (g) Burs! strength (kPa) Tear strength (mN)
PFl revs (x0.1) 100 210 400 L000 100 210 400 1000 100 210 400 1000
2.03 1.94 1.92 1.94 349 402 440 488 373 325 349 272
1.98 1.91 1.93 .90 383 424 47] 481 354 344 291 267
1.98 1.94 1.95 1.93 389 419 430 518 368 320 291 213
1.95 1.95 1.93 1.90 334 386 483 548 397 339 330 277
2.00 1.90 1.98 1.92 352 443 508 432 187 387 320 248
1.98 1.98 1.99 1.94 334 429 490 520 392 354 349 218
370 184 494 499
Freeness (CSF) 356 432 482 468
540 442/ 288 35 353 418 494 446
| 388 369 479 496

Table G-9: Raw handsheet data for simultanecusly pulped hardwood and seftwood; Hypo number = 14.3.
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Stretch (%)

Tensile strength (kN/m)

PFI revs (x0.1) 100 210 400 1000 100 210 400 1000
2.19 2.96 2.88 2.99 S.088 6.203 7.383 7.342
2.60 2.89 2.63 246 5.877 6.203 7.863 5722
2.37 2.74 2.74 346 5.258 5.576 5561 7.342
2.24 2799 324 321 6.007 6.520 6.756 7.033
2.19 2.43 3.12 2.89 4.9%0 5.006 6.878 7.277
222 2.87 2.832 3.29 5771 6.08] 7.823 6.585
Table G-9 {cont.); Raw handsheet data for simultanecusly pulped hardwood and softwood;, Hypo number = 14.3.
0.I> Mass (g) Burst strength (kPa)
PFI revs (x0.1) 400 500 700 1000 1500 400 500 700 1000 1500
1.71 1.78 1.8] 1.83 1.85 284 298 339 380 373
1.70 1.73 [.77 1.84 1.78 274 326 331 37 341
1. 7% 1.73 1.80 [.84 171 258 315 379 417 346
1.68 1.73 1.78 (.84 1.7 287 272 354 378 317
1.65 1.76 1.77 1.86 1.9 285 323 368 404 335
1.69 1.76 1.80 1.87 1.84 294 318 318 417 376
299 307 357 412 367
Freeness (CSF) 306 319 352 388 367
451 330 210 103 80 266 297 378 413 316
288 315 348 417 349

Table G-10: Raw handsheet data for simultaneously pulped hardwood and softwood; Hypo number = [8.1.
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Tear strength (mN) Streich (%)
PFlrevs {x0.1) 400 500 700 1000 1500 440 500 700 1000 1500
363 344 253 209 184 273 2.87 2.90 2.80 205
238 257 248 238 189 2.37 2.64 2.94 2.89 127
248 248 253 257 204 240 241 2.06 2,70 3.17
238 253 248 223 174 2.35 2.66 2.65 3.11 2,79
349 238 228 272 213 265 245 2.88 282 3.47
243 267 223 213 218 2.55 2,75 2.52 2.86 332
Table G-10 (cont.): Raw handsheet data for simultaneously pulped hardwoed and softwood; Hypo number = 18.1.
Tensilte strength (kN/m)

PF! revs (x0.1) 400 500 700 LO0O £500

3.883 4819 5714 5.869| 5.339598

4.868 4.762 5372 6.113| 4.932873

4,493 4917 4.754 5.641 5.97465

3.948 4.754 4.534 6610 4273698

4.876 4,135 5.845 5.698 5.6661

4.998 5.063 5.161 6.170| 4.965411

Table G-10 {cont}: Raw handsheet data for simultaneously pulped hardwood and softwood, Hypo number = 18.1.
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0.D Mass (g) Burst strength (cPa) Tear strength {mN)
PFT revs (x0.1) 400 500 600 1000 400 500 600 1000 400 500 600 1000
1.89 1.92 1.88 .77 290 337 312 327 291 335 253 218
1.94 1.90 1.86 1.77 300 278 331 380 315 306 315 184
1.87 1.90 1.90 1.76 280 302 310 356 344 306 277 199
1.94 1.89 1.92 1,77 315 289 300 322 296 325 359
1.87 1.91 1.90 1.76 290 296 29 327 282 291 265
1.86 1.91 1,93 1.77 297 318 324 336 296 277
2717 331 365 326
Freeness (CSF) 297 315 296 318
472 382 310 112 282 287 300 375
271 289 310 318
Table G-11: Raw handsheet data for simultaneously pulped hardwood and softweod; Hypo number =20.3.
Stretch (%) Tensile strength (kN/m)
PFI revs (x0.1) 400 500 600 1000 400 500 600 1000
2.37 2.48 246 291 4,208 4.672 4.615 5.031
2.42 256 239 2.53 4200 5.193 5315 5315
2.56 2.56 2.60 2.71 4.819 5.250 5.600 5.120
2.35 233 2.65 2.69 3.744 4.68] 5.983 4.998
243 2.52 2.49 2.717 4,737 4306 5364 5.674
2.44 230 2n 2.47 4.558 4.493 4,892 5340

Table G-11 (cont.): Raw handsheet data for simultanecusly pulped hardwood and softwood; Hypo number =20.3.




Q.D Mass (g) Burst strength (kPa)
PFI revs (x0.1) 400 500 600 700 1000 400 500 600 700 L1000
1.91 1.91 1.80 1.91 1.81 257 233 242 270 275
1.99 1.93 1.91 1.86 1.85 241 259 297 272 347
1.99 1.89 1.90 1.88 1.82 268 267 261 260 323
2.03 1.90 1,90 1.88 1.84 258 269 269 275 313
2.03 1.91 1.90 t.89 1.80 256 284 263 298 315
2.0t 1.92 .91 1.89 1.81 233 267 282 287 319
263 266 278 239 306
Freeness (CSF) 260 279 299 327 315
450 340 305 260 125 225 270 259 287 346
272 236 291 285 309
Table G-12: Raw handsheet data for simultaneously pulped hardwood and softwood; Hypo number =21.8.
Tear strength (mN) Stretch (%)
PF1revs (x0.1) 490 500 600 700 1000 400 500 600 700 1000
315 272 248 272 218 221 2.38 2.62 2.67 2.56
315 301 286 253 199 2.33 2.23 220 2.63 2.29
318 - 257 233 213 2.17 2.47 2.56 2.73 2.63
286 - 267 271 213 2.30 242 2.45 3.22 2.55
282 272 282 277 204 2.33 2.5% 250 2.70 2.35
320 286 277 243 204 2.26 2.50 2.53 2.56 2.82

Table G-12 {cont.): Raw handsheet data for simultaneously pulped hardwood and sofiwood; Hypo numnber = 21.8.
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Tensile strength (kN/m)
PFI revs (x0.1) 400 500 600 700 1000
4.249 4.298 4.737 4.469 4.960
4111 4,770 4.347 4,412 5.047
4.265 4119 4.835 4.624 5.185
4,770 4347 4.493 4982 5.185
4,298 4.591 4917 4.542 4.884
3.956 4.184 4860 4.982 4.786
Table G-12 (cont.): Raw handsheet data for simultaneously pulped hardwood and softwood, Hypo number =21.8.
0.D Mass (g) Burst strength (kPa) Tear strength (mN)
PFI revs (x0.1) 400 500 600 1000 400 500 600 1000 400 500 600 1000
1.90 [.69 1.76 1.93 23] 215 245 271 277 209 214 272
1.87 [.68 .80 1.98 250 218 245 292 296 243 219 200
1.0 1,70 1.77 1.90 195 216 302 310 282 209 200 238
1.90 (.69 L.75 1.93 229 219 225 313 301 219 195 214
1.89 1.70 1.73 1.87 214 208 225 in 301 253 234 185
1.87 1.67 1.7] 1.92 218 201 239 310 287 243 {80 195
183 211 215 247
Freeness {CSF) 189 199 244 305
424 340 286 L0 229 235 229 289
218 204 223 313

Table G-13; Raw handsheet data for simultaneously pulped hardwood and softwood; Hypo number = 22.7.
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Stretch (%) Tensile strength (3N/m}
PFI revs (x0.1) 400 500 600 10C0 400 500 600 1000
2.46 247 274 2,71 39671 | 3.7147 3.592 5.033
23S 2.40 2.19 2.91 4.105| ' 3.307 3.332 4813
2.09 247 2.83 2,66 3,454 3486 4.260 5.684
2.56 2.06 2.53 2.53 4,528 3.543 4.056 5.074
2.12 1.97 2.53 2.26 4,463 2.957 4.015 4.422
1.69 2.26 2.65 2.62 3.446 4.024 3.494 5.554
Table G-13 (cont.): Raw handsheet data for simultanecusly pulped hardwooed and softwood; Hypo number =22.7.
0.D Mass (g) Burst strength (kPa) Tear strength (mN)
PF] revs (x0.1) 400 700 1000 1500 400 700 1000 1500 400 700 1000 1500
1.96 2.01 1.98 1.95 204 316 362 391 313 315 267 265
1.96 2.00 1.98 1.94 299 333 362 413 313 317 291 233
1.95 2.01 1.97 1.94 265 324 345 355 298 288 269 244
1.94 1.99 1.97 1.92 252 296 302 339 341 286 279 271
1.97 2.01 1.97 1.95 254 285 322 379 336 299 270 276
1.96 2.02 1.98 1.95 31 313 364 385 326 30 292 258
305 329 325 364
Freeness (CSF) 314 331 356 351
501 381 269 178 289 336 346 371
275 331 356 379

Table G- 14: Raw handsheet data for simultaneously pulped hardwood and softwood; softwood peccentage = 15 %,
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Tensile strength (kN/m)
PFlrevs (x0.1) 400 700 1000 1500
5.023 5.846 5.984] 6.359
4,859 5.126 5.624) 6.054
4.659 5.468 6.235 5.826
5426 5.326 6.001 5.648
5516 5.754 5.452 6.198
5734 5,739 5.324 5.729

Table G-14 (cont.}: Raw handsheet data for simultaneously pulped hardwood and softwood; softwood percentage = 15 %.

0.D Mass (g) Burst strength (kPa) Tear strength (mN)

PFlrevs (x0.1) 400 700 1000 1500 400 700 1000 1500 400 700 1000 [500
1.96 1.96 1.90 1.90 270 300 316 337 287 325 229 234
1.95 1.95 1.50 1.90 273 347 316 350 306 329 339 315
1.94 1.97 1.91 1.94 264 308 345 377 267 315 287 229
1.97 1.95 1.91 1.92 276 315 328 333 358 325 320 348
1.96 1.99 1.91 1.98 244 311 337 369 287 267 253 229
1.94 1.93 1.50 1.91 297 294 311 355 296 277 267 272

245 3t0 339 341

283 295 321 357

256 267 321 341

298 307 352 373

Table G-15: Raw handsheet dala for simultaneously pulped hardwood and softwood; softwood percentage = 30 %.
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Stretch (%)

Tensile strength {KN/m)

PFl revs (x0.1) 400 700 1000 1500 400 700 (000 1500
2.69 2.91 3 3.19 4855 | 5561 5.398 5.398
241 3.01 3.32 3.47 4.625 5.602 6.198 5.602
2.47 2.97 3.24 3.45 5.195 5612 5412 6.904
252 3.2] 3.13 339 6.429 5.859 6.470 7.501
205 3.0] 2.64 321 4 855 5330 5.154 6.562
2.58 299 2.97 342 5.968 5.493 5.602 5.642
Table G-15 (cont.): Raw handsheet data for simultanecusly pulped hardwood and softwood; softwood percentage = 30 %.
O.D Mass (g) Burst strength (kPa) Tear strength (mN)
PFI revs (x0.1) 400 700 1000 500 400 700 1000 1500 400 700 1000 1500
1.95 1.9% 1.94 [.89 258 307 314 318 362 371 357 296
[.97 1.93 1.95 1.89 286 292 339 340 376 386 295 300
1.99 .94 1.94 1.90 280 274 320 304 374 324 390 271
1.99 1.98 1.95 1.88 260 293 342 317 3176 348 357 314
1.96 1.93 1.96 1.91 280 288 293 348 343 386 286 381
2.01 1.97 1.92 1.93 269 304 311 363 414 338 333 314
300 285 340 333
Freeness (CSF) 254 299 330 350
574 529 400 334 282 279 339 328
293 266 339 347

Table G-16: Raw handsheet data for simultaneously pulped hardwood and seftwood; softwood percentage = 50 %.
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Strelch (%)

Tensile strength (kIN/m)

PFlrevs (x0.1) 400 700 1000 1500 400 700 1000 SO0
243 2.49 2.58 2.86 5.195] 4218 4.80] 5.886
2.18 2.57 2.86 2.75 4.964| 5.574 5.384 5.724
242 2.69 2.79 2.65 4381 5384 4.964 4,774
2.59 290 2.58 292 3919 4.177 5.642 6.076
229 243 2.56 2.85 4919 4313 4815 5.466
228 2.83 2.39 2.98 5.018 4.625 5412 5.452
Table G-16 (cont.): Raw handsheet data for simultaneously pulped hardwood and sofiwood; softwood percentage = 50 %,
O.D Mass (g) Burst strength (kPa) Tear strength (MmN}
PFI revs (x0.1) 400 700 1000 1500 400 700 1000 1500 400 700 1000 1500
1.95 1.99 1.58 2.03 241 265 263 344 389 358 365 361l
1.94 1.98 1.96 2.01 215 254 295 352 381 367 361 352
I.94 1.98 1.95 2,05 236 295 m 285 361 35% 349 334
1.94 1.99 1.94 2.03 264 287 293 295 380 386 331 319
1.95 1.99 1.96 2,05 281 279 278 279 347 394 345 342
1.93 1.97 1.95 2.03 275 261 257 308 357 372 341 325
263 261 261 302
Freeness (CSF) 279 264 254 312
621 586 52] 40] 251 276 283 295
246 294 281 338

Table G-17: Raw handsheet data for simultaneously pulped hardwood and seftwood; softwood percentage = 75 %.
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Tensile strength (kN/m)
PFI revs (x0.1) 400 700 1000 1500
3.956 5.171 4.756( 5.697
4.101 4.256 4.8379 4.957
4.657 4.156 4.779 5.002
4.756 4.527 4.116 4.865
4.582 4.698 4.653 5.670
4.562 4751 4815 5.147

Table G-17 {cont.): Raw handsheet data for simultaneously pulped hardwood and softwood; softwood percentage = 75 %.

0.D Mass (g) Burst strength (kPa) Tear strength {mN)
PFI revs (x0.1) 400 500 600 t000 400 500 600 1000 400 500 600 1000
2.20 2.10 2,13 2.08 420 412 420 463 395 330 324 324
222 2.08 2.11 2.03 399 359 404 479 363 369 330 285
222 2.10 2.18 2.04 363 396 363 469 356 363 311 278
2.16 2.06 2.13 2.10 404 371 442 439 39§ 317 317 259
2.21 2.13 2.09 2.09 399 408 411 487 408 356 330 278
2.13 2.13 2.10 2.08 429 393 365 486 369 337 337 272
402 427 451 447
Freeness (CSF) 420 430 393 475
450 350 310 110 366 396 417 456
395 429 373 460

Table G-18: Raw handsheet data for a hardwood/softwood mixture pulped with 0.5 % AQ; Hypo number = 16.9.
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0.D Mass (g) Burst strenpgth (kPa) Tear strength (mN)
PFT revs (x0.1) (000 1500 2500 2600 L1000 1500 2500 2600 1000 1500 2500 2600
1.95 1.76 [.94 (.84 365 335 285 334 272 245 145 135
1.90 1.78 1.94 1.81 315 304 381 317 286 265 179 135
1.51 1.91 1.99 1.56 340 327 408 249 291 245 154 174
1.95 1.82 1.95 1.94 361 343 363 314 325 206 204 125
1.96 [.85 1.85 1.83 329 351 402 280 272 209 189 218
1.9] .79 1.85 1.55 389 312 333 341 252 - 164 174
361 358 298 301
Freeness (CSF) 316 328 336 424
411 160 40 20 424 339 298
288 389 348
Table G-19: Raw handsheet data for softwood pulp; Hypo number = ]7.8.
Stretch (%) Tensile strength (kN/m)
PF1 revs {x0.1) 1000 1500 2500 2600 1000 1500 2500 2600
2.03 1.55 2.02 222 4.009 4.326 4.656 5.283
2.88 247 277 1.65 4428 4.560 4982 4.086
223 1.89 2.36 2.18 4.103 4.169 5.096 5.421
1.61 231 1.62 213 4265 4,336 4.819 4389
2.68 2.40 1.90 201 4.599 4756 4.265 3.940
262 2.36 2.58 1.95 4.583 4.697 4.705 5.348

Table G-19 {cont.): Raw handsheet data for softwood pulp; Hypo number= 17.8,
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O.D Mass (g} Burst strength (kPa)
PFI revs (x0.1) 100 200 300 $00 t000 L100 100 200 300 600 1000 100
1.78 1.93 1.73 1.89 1.94 1.76 192 250 258 345 467 433
1.80 1.95 1.76 1.88 1.88 174 186 276 239 419 487 404
1.82 1.96 1.74 1.93 1.92 .78 169 256 284 355 487 406
1.81 1.99 1.77 1.92 1.94 1.81 176 256 286 434 498 421
1.82 1.97 1.76 .91 1.0 1.76 188 243 282 420 461 429
1.80 1.95 1.69 1.98 1.89 1.77 186 236 222 411 476 414
186 241 207 405 477 437
Freeness (CSF) 211 276 278 431 496 422
492 371 278 107 40 38 206 241 264 389 478 417
192 249 288 419 476 284

Table G-20: Raw handsheet data for hardwood pulp; Hypo number = 18.1.
Tear strength (mN) Stretch (%)

PFl revs (x0.1) 100 200 300 600 1000 1100 100 200 300 600 1000 L1100
30) 306 272 267 223 249 221 2.38 262 2.67 2.56 3.62
325 392 282 252 252 238 2.33 223 2.20 2.63 2.29 222
277 296 248 248 267 250 2,17 247 2.56 2,75 2.63 2.57
291 267 257 228 238 209 2.30 242 2.45 322 2.55 326
262 277 252 267 197 2.33 2.58 2.50 2.70 2.35 3.01
219 31N 286 223 216 2.26 2.50 2.53 2.56 2.82 2.54

Table G-20 {cont.}: Raw handsheet data for hardwood pulp; Hypo number = 18.1.
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Tensile strength (kN/m)

PFI revs (x0.1) 100 200 300 600 1000 1100

3.598 4.982 4.461 6.365 6.770 4.379

3.541 4.900 3.956 5714 16.316 5.323

3.362 4.737 4379 6.903 6.531 4.9%0

3.793 4.444 4,493 5.714 6.400 5.373

3.834 4.672 4.477 4.892 6.871 5.446

4.298 4.086 3.956 6.740 5.836 -
Table G-20 (cont): Raw handsheet data for hardwood pulp; Hypo number = 18.1.
0.D Mass (g) Burst strength (kPa)

PFI revs (x0.1) 400 600 800 1000 1500 400 600 800 1060 1500
1.96 1.63 1.89 1.87 1.88 306 279 378 419 381
2.15 1.69 1.93 1.90 1.89 305 287 4907 404 392
2.11 1.71 1.90 1.89 1.90 410 2%0 399 379 350
221 1.69 1.87 1.89 1.87 300 294 343 411 343
2.12 1.64 [.9} 1.91 1.89 398 295 374 398 365
1.99 1.67 1.89 1.91 t.88 374 306 380 422 38
346 303 372 418 381
Freeness (CSF) 300 310 394 433 366
380 190 109 83 64 322 284 405 398 376
348 322 391 391 3N

Table G-21: Raw handsheet data for a mixture of separately pulped hardwood (Hypo no = 18.1) and softwood (Hypo no = 17.8) pulp.
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Tear strength (mN) Stretch (%)
PFI revs (x0.1) 400 600 800 1000 1500 400 600 300 1000 1500
449 233 233 238 216 246 | 247 2,74 2.71 2.5]
416 243 233 270 234 235 ' 240 2.19 2.91 2.67
335 282 257 220 227 2.09 247 2.83 2.66 243
335 277 252 223 197 2.56 2.06 2.53 2.53 235
344 262 252 257 192 2.12 1.97 2.53 2.26 2.65
430 243 243 244 191 1.69 2.26 2.65 2.62 243

Table G-21 (cont.): Raw handsheet data for a mixiure of separately pulped hardwood (Hypo no = 18.1) and softwood (Hypo no = 17.8) pulp.

Tensile strength (kKN/m)

PFI revs (x0.1) 400 600 200 1000 1500
6.186 4.746 4.803 8.61 5.621
5.747 5.161 5.9%% 6.04 5231
5.405 4.908 5.902 6.471 5.224
5.324 3.435 5.592 5.608 5.123
5.478 5039 5.234 5.845 5.462
5.079 4.689 5.576 6.984 5.623

Table G-21 (cont.}: Raw handsheet data for a mixture of separately pulped hardwood (Hypo no = 18.1} and seftwoed (Hypa no = 17.8) pulp.
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0.D Mass (g) Burst strength (kPa) Tear strength (mN)

PFI revs (x0.1) 180 200 260 400 180 200 260 400 180 200 260 400
1.98 2.13 2.07 2.03 250 342 397 428 304 324 304 317
1.96 2.09 2.06 2.05 266 341 318 386 259 343 330 265
1.99 2.12 207 2.05 263 334 317 321 298 324 369 265
1.97 2.07 2.09 2.04 291 363 349 43\ 395 304 324 291
1.95 2.10 2.0% 2.05 298 355 377 421 259 337 317 304
1.99 2.15 2.11 2.06 300 224 347 389 304 285 317 278

287 335 405 397

Freeness (CSF) 279 344 299 416

405 370 330 195 250 344 344 404

272 346 341 394

Table G-22: Raw handsheet data hardwood pulp; Hypo number = 17.1.
Tensile strength (KN/m)

PFI revs (x0.1) 180 200 260 400

5.102 6.003 5.623 6.602

4.856 6.234 5.468 5.987

4.965 5.812 5.996 5.879

5.236 5.489 6125 6.259

5.492 5.268 6.014 6.351

5.374 5.602 5.862 6.120

Table G-22 (cont.): Raw handsheet data for hardwood pulp; Hypo number = 17.1,
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Q.D Mass (g) Burst strength (kPa) Tear strengih (mN)
PFl revs (x0.1) 400 600 800 1200 400 600 800 1200 400 600 300 1200
1.99 2.06 2.05 2.04 362 371 414 . 450 447 458 519 397
2.04 2.05 2,06 2.02 362 371 389 * 401 434 439 458 359
2.08 2.02 2.04 2.04 372 382 195 409 425 425 430 41}
2.07 2.06 2.04 2,02 355 351 425 426 439 444 382 449
2.06 2.01 2.04 2.04 325 366 400 436 444 439 408 467
2.09 2.02 204 2.05 356 362 389 427 494 449 439 406
346 351 387 427
Freeness (CSF) 353 356 405 401
5N 470 397 288 361 348 413 416
343 361 413 413

Table G-23: Raw handsheet data for ASSC-AQ pulp from a hardwood/softwood mixture; Hypo number = 17.3.

Stretch (%) Tensile strength (kIN/m)
PFI revs (x0.1) 400 600 800 1200 400] 500 800 1200
243 2.64 3.33 34] 5.155 5.914 6.716 6.293
2.84 2.68 3.40 3.28 6.892 6.186 7.177 7.245
2.11 2.40 3.09 3.19 5.196 4413 7.068 6.132
2.40 270 2.92 2.68 5.440 6.024 5.644 5.644
2.91 2.71 2.84 3.12 6.132 3969 7,733 7.516
2.64 2.88 3.01 2.89 6.227 5.752 6.526 5.698

Table G-23 (cont.): Raw handsheet data for ASSC-AQ pulp from 2 hardwood/softwood mixture; Hypo number = 17.3.



Appendix H:

Regression techniques

The aim of linear regression is to find the straight line which best fits a range of x and y valves, where

x iz an independent variable, and y is a dependant variable. The equation for a straight line is:
y=mx-+b

where m and b are constants. These constants are calculated as follows for n sets of variables x and y,

according to Perry [54]:
m = 0{ 2xy)( D Zy)/[n{ 20) - X))

b= (XWX () = CH 2NV In( D) - ( XxY]

The degree of correlation of the obtained equation is raeasured by r2, which is calculated as
follows [54];

rt= {Z (xm.al“ xnwug:).( Yacrual _Yau:rag:)}ll[ Z (xm:nml _xmcmgc)z * Z (.Vam.d _Yamgu)l]

where:  VYoown = actual y values

Yaemg. = average of actual y values
The value of 2 varies between 0 and |, with a value close to | indicating a good fit [54].

Regression can also be applied to find a power fimction that best fits a set of data. In this case the
resulting function will be in the form:

¥ =bm

where b and m are constants. To determine these constants, the natural logarithm of both sides of the
equation is taken:

Iny=In{m%)
Simplifying this equation gives the following:

lny=xlnm+Inb
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This equation js that of a straight line, with In y being the dependant variable, x the independent
variable and In m and In b coostants. Linear regression is used determine the values of in m and In b,
and subsequently m and b. The value of r? is determined as previously discussed.

Similarly, a logarithmic function of the following format can be fitted:

y=mlnx+b

In this instance, In x is the independent variable and y is the dependant variable.

In the development of the economic model (appendix T), for each set of data points all three types of
curves were fitted, with the curve with the highest value for r2 being used.
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Appendix [:

Graphical representations
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Fig. I-1: Burst index (kPa.m?/g) and Tear index (mN.r0%/g) versus PF1 mill revolutions for a

simultaneously pulped mixture of hardwood and sofrwood, Hypo number = §4.3.
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Fig. 1-2: Teansile index (Nm/g) versus PFI raill revolutions for a sinultaneously pulped
mixture of hardwood and softwood, Hypo number = 14.3.
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Fig. [-3: Burst index (kPa.m?/g) angd Tear index (mN.m?*/g) versus CSF far a simultaneously

pulped mixture of hardwood and softwood, Hypo number = 14.3.
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Fig. |4: Tensue index (Nm/g) versus CSF for a simultaneously pulped mixture of hardwood
and softwood, Hypo number = 14,3,
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Fig. - 5: Burst index (kPa.ip*/g) and Tear mdex (mN.m?/g) versus PFI mill revolutions for a

simultaneously pulped mixture of hardwood and softwood, Hypo number = 18.1.

138



0.12
= 0.1+ - —
= 'Y
° 010 +—— n
5 o :

0.08 : ; : : :

0 2 4 6 8 10 12
1000 PFI mill revs

Fig. [-6: Tensile index (Nm/g) versus PFI mill revolutions for a simultaneously pulped
mixture of hardwoed and softwood, Hypo number = 18.1.
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Fig. [-7: Burst index (kPa.m?/g) and Tear index (mN.m*/p) versus CSF for a simultaneously
pulped mixture of hardwood and sofiwood, Hypo number = 18.1.
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Fig. 1-8: Tensile index (Nm/g) versus CSF for a simultaneously pulped mixture of hardwood
and softwood, Hypo number = 18.1.
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Frg. 1-9: Burst index (kPa.m?/g) and Tear mdex (mN.m*/g) versus PFI mill revolutions for a

simultaneously pulped mixture of hardwood and softwood, Hypo auraber = 20.3.
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Fig. 1-10: Tensile index (Nm/g) versus PFI mill revolutions for a simultaneously pulped
mixwre of hardwood and softwood, Hypo number = 20.3.
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Fig. 1-11: Burst index (kPam?¥/g) and Tear index (roN.m?¥g) versus CSF for a simultaneouvsly
pulped wixeure of ardwood and softwood, Hypo number = 20.3.
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Fig. I-12: Tensile index (Nm/g) versus CSF for 2 simultaneously pulped mixture of hardwood
and softwood, Hypo number = 20.3.
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Fig. 1-i3: Burst index (kPa.m?/g) and Tear index (mN.m?/g) versus PFI mill revolutions for a

simujtaneously pulped mixeure of hardwood and softwood, Hypo number = 21.8.
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Fig. [-14: Tensile index (Nm/g) versus PFl mill revoiutions for a siroultaneously pulped

mixture of hardwood and softwood, Hypo number = 21.8.
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Fig. J-15: Burst index (kPa.ro?/p) and Tear index (mN,m?/g) versus CSF (or a simultaneousty

pulped mixture of hardwood and sofrwood, Hypo number = 2§.8.
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Fig. I-16: Tensue index (Nm/g) versus CSF for a simultaneously pulped mixture of hardwoad
and softwood, Hypo nurnber = 21.8.
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Fig. (-17: Burst index (kPa.;m?/g) aod Tear index (mN.m?*g) versus PF1 mill revolutions for a

simultaneously pulped mixture of hardwood and softwood, Hypo number = 22.7.
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Fig. 1-18: Tensile index (Nm/g) versus PFL mill revolutions for a simulancously pulped
wixture of hardwood and softwood, Hypo number = 22.7.
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Fig. 1-19: Burst index (kPa.m?/g) apd Tear index (mN.m?/g) versus CSF for a simultaneously
pulped mixture of hardwood and softwood, Hypo number =22.7.
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Fig. 1-20: Tengile index (Nm/g) versus CSF for a simultaneausly pulped mixrure of hardwood
end softwood, Hypo aurober =22.7.

Tensile index

L

0.11
°
0.10
O‘M e e
.
0.08 ]
0.07 $
0.06 .
13 15 17 19 2) 23
Hypo number

Fig. [-21: Tensile index (Nm/g) versus Hypo number for a simultaneously pulped mixture of
hardwood and softwood, saftwaod percentage = 41 %.
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Fig. 1-22: Burst index (kPa.m¥/g) and Tear index (nN.m?/g) versus CSF for a ssimultaneously

pulped mixture of hardwood and softwood, softwoad percentage = 15 %.
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Fig. 1-23: Tensile index (Nro/g) versus CSF for a simultaneously pulped mixmure of hardwood
and sofiwood, sofiwood percentage = 15 Y.
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Fig. [24: Burst index (kPam?/g) and Tear mdex (mN.m?g) versus CS¥ for a simultaneously

pulped mixture of bardwood and softwood, softwood percentage = 30 %.
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Fig. I-25: Tensile index (NmJ/g) versus CSF for a simultaneously pulped mixhwe of hardwood

and softwood, softwood percentage = 30 %.
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Fig. 1-26: Burst index (kPa.m?/g) and Tear index (nN.m¥g) versus CSF for a simultaneously
pulped mixture of hardwood and softwoad, softwood percentage = 50 %.
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Fig. 1-27: Tensite index (Nm/g) versus CSF for a simulianeously pulped mixture of hardwood
and softwood, softwood percentage = S0 %.
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Fig. [-28: Burst index (kPa.m?/g) and Tear index (mN.m?/g) versus CSF for a simulianeously

pulped mixture of hardwood and softwoed, softwood percentage = 75 %.
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£ig. [-29: Tensile index (Nm/g) versus CSF for a simultaneously pulped mixture of hardwood

and softwood, softwoced percentage = 75 %.
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Fig. 1-30: Burst index (kPam?/g) and Tear index (mN.m?*/g) versus CSF for herdwood pulp,

Hypo number = 17,1,
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Fig. 1-3(: Burst index (kPam?/g) and Tear index (mN.m¥g) versus CSF for a simulianeously
pulped mixture of hardwood and softwood using an AQ dosage of 0.5 %, Hypo number =
16.9.

0.10
L J

5 olo —
£
° 009 —
3 .
S 009 S

0.08 . : . ;

0 100 200 300 400 500
CSF

Fig. 1-32: Tensile index (Nm/g) versus CSF for hardwood pulp, Hypo number = (7.1,
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Fig. [-33; Burst index (kPa.m?*/g) versus CSF for ASSC-AQ pulp (Hypo no = §7.3) and
NSSC-AQ pulp (Hypo no = 18.1).
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Fig. I-34: Tear index (mN.m%/g) versus CSF for ASSC-AQ pulp (Hypa no = 17.3) and NSSC-

AQ pulp (Hypo no = 18.1).
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Fig. [-35: Tensile index (Nm/g) versus CSF for ASSC-AQ pulp (Hypo no = 17.3) and NSSC-

AQ pulp (Hypono = 18.1).
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Appendix J:
Development of economic model

For the development of an economic madel, linear and logarithmic regression {appendie H) was
spphed 1o the dats colleciad during this projec: (appendix ).

The following cquanons were obtained:

Borst mdex (kPamfg) = - 03%2x{Hypo number) + 12.6 r? = 0990 -..{eq I-1)
Tear index (mM.m%g) = - L101x{Hypo number) + 7.03 = 0.945 e J-2)
Tensile mdex (Mm/g) = - QL0043 5 Hypo nomber) + 0,168 = =0.900 .. (eq J-3)
Rafined vield (%) = §7 84x0.9800™ == F =098 e J4)
Hypo number =25.2x0). 9645 2o = 006 o8 J-5)

where TA chaspe 5 i % a8 MagD on 0.0, wond

To relate the chemical cost to the TA charge, the contribution of NayS0y and NayCOy to the TA charge
had 1o be determined. Since the TA charge is expressed as NayO, and since the Na, 50, and Na,COy
are mixed in & mtio of 10:1, the following expression is derived for & | kg 0.0 wood charge:

B ¥ (Mano™ o) + 108 x (Maua™ wuses) = (TA charge!| 00 1000
where: & = contribution of Na;CO0; to the TA charge (g MayCO,)
Mugpo = molecular mass of MayO (gimole)
M sakpi = miolecular mass ul‘rh-.ﬁﬂ:{.hnh]

Substituting the melecular masses of Na;O, Nay 50, and Na,CO, and tenplifying leads to the following
equalion;

o= 181 7xTA charge

Since the ratio of NayS0, to NayCO, is 10:1, and remembering that a is the contribution of MayCO, to
the TA charge, the following equations are obtained:



g Na,80, per lkg of O.D. wood = 18.17xTA charge
g N2;CO, per lkg of O.D. wood = 1.82xTA charge

Introducing the chemical costs of Na,SO; and Na,CO; as variables, the chemical costs as a function of
the TA charge can be calculated as follows:

Na;S0; (Riton 0.D. wood) = Ryuosen X (F00/puritysas) x 18.17xTA charge/1000 ...(eq J-6)
Na;CO; (Riton 0.D. wood) = Runcos % {1 00/puritycen) x 1.82XTA charge/1000  ...(eq J-7)
Where Ruwsos and Ryaseas are the costs of sodiurn suiphite and sodium carbonate in Rands per ton, and
purityseg and purityeqs are the purities Na, SO, and Na,CO, respectively, expressed as mass
percentages. The chemical costs are regarded as confidential and are not reported in this thesis. Purity
for N2,SO; is around 94% according to the chemical data sheet, whilst the purity of Na,CO; was

determined as 98% by Cassant [19]. These values were used in the economic assessment calculations,

To obtain the N2,80; and Na,CO; costs per tan of pulp produced, equations J-6 and I-7 were divided
by the refined yield. The following aquations resulted:

N2,50; (Riton O.D. pulp} = Ryasos x (100/punitysga) x 18.17xTA charge/(1000x yield) ...{eq }-8)
Na;CO4 (Rfton O.D. pulp) = Ryaacos x (100/puritycos) X 1.82xTA charge/(1000x yield) ...(eq 1-9)

Substituting a TA charge velue in eguations J-1 to J-5, J-8 and J-9 will give (be expected strength

properties, Hypo number, refined yield and chemical costs of Na;S0; and Na,CO; associated with that
particular TA charge.

Equations were also developed to determine the effect of the TA charge on the total raw material costs.

The total raw material costs included the ¢osts of hardwood chips, softwooed chips, Na;SO;, Na,CO;

and AQ. Other costs associated with pulp production, i.¢e. steam, electricity, ete. were not taken into

account.

For the wood chips, the following equations give the costs per oven dry ton of pulp produced:
HW = [(HW%/ 100} x Rypw x 100/(100-MC)]x{ 100/yield%)

SW = [(SW%/100) X Rew x 100/ 100-MC)]x(100/yield%)
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Where HW% and SW% are the hardwood and softwood percentages of the chip charge, Ry and Rgw
are the costs of hardwood and softwooed chips in Rands per ton and MC is the moisture content. The
moisture content values for the chips vary, and an average value of 40% was assumed for both

hardwood and softwoeod. The wood chip prices are confidential and are not reported.

For the AQ dosage, the following equation was developed for a ton of oven dry pulp produced:
AQ = [(AQ%/100) x Ryq x (100/disp%)x(100/yield%)

Where AQ% is the AQ dosape, R, is the cost of AQ dispersion in Rands per ton and disp% is the

strenpth of the AQ dispersion in g AQ/g dispersion. The dispersion strenpgth was deterrnined as 37.3 g
AQY g dispersion. The cost of AQ dispersion is confidential and is not reported.
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Appendix K:
Replicate SEM photographs

. o T e R
Fig. K-1: SEM image of a handsheet of hardwood pulp, Hypo number 18.1; 2 000 PF) mjl)
revolutions; 371 CSF (white bar = 50 pm).
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Fig. K-3: SEM image of a handsheet of hardwood pulp; Hypo number 18.1; 2 000 PFI miil
revolutions; 371 CSF (white bar = 50 pm).
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Fig. K-4: SEM image of a handsheet of hardwood pulp; Hypo number 18.1; 11 000 PFI mill
revolutions; 38 CSF (white bar = S0 pm).

T TN - N
Fig. K-5: SEM image of a handsheet of hardwood pulp; Hypo number 18.1; 11 000 PFI mill
revolutions; 38 CSF (white bar = 50 pm).
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Fig. K-7: SEM irgage of a handsheat of softwood pulp; Hypo number 17.8; 10 000 PET mill
revoivtions; 411 CSF (white bar = 50 um).
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Fig. K-8: SEM image of a handshect of softwood pulp, Hypo nurober 17.8; 10 000 PFJ mill
revolutions; 41 | CSF (white bar = 50 pm).
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Fig. K-9: SEM image of a handsheet of softwood pulp; Hypo number 17.8; 10 000 PFI mill

revolutions; 411 CSF (white bar = 50 pm).
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Fig. K-10: SEM image of a handsheet of softwood pulp; Hypo number 17.8; 25 000 PFI mill
revolutions; 40 CSF (white bar = 50 pum).

g ) g s - A= L v
Fig. K-11: SEM image of a handsheet of softwood pulp; Hypo number [7.8; 25 000 PF1 mill

revolutions; 40 CSF (white bar = 50 um).
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Fig. K-12: SEM image of 2 handsheet of softwood pulp; Hypo number 17.8; 25 000 PFI il
revolutions; 40 CSF (white bar = SO pm).

Fig. K-13: SEM uvage of 2 handsheet of a simultaneously pulped mixture of hardwood and
softwood; Hypo nwnber 18.1; 4 000 PFT mill revolutions; 451 CSF (white bar = 50 wum).
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Fig. K-t4: SEM uUnage of a handsheet of a simultancously pulped mixhure of hardwood and
softwood; Hypo number 18.1; 4 000 PFT mill revolutions; 451 CSF (white bar = S0 pm).

Pig. K-15: SEM image of a handsheet of a simultaneously pulped mixture of hardwood and
softwood; Hypo number 18.1; 4 000 PFI mill revolutions; 451 CSF (white bar = 50 um).
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Fig. K-16: SEM image of a handshest of a mixture of separately pulped hardwood (Hypo
number 18.1) and softwood (Hypo number 17.8); 4 000 PFI mill revolutions; 380 CSF (white
bar = 50 ().

-

Fig. K-17: SEM image of a hapdsheet of a mixture of separaiely pulped hardwood (Hypo
nurnber 18.1) and softwood (Hypo number 17.8); 4 000 PFI mill revolutions; 380 CSF .
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Fig. K-18: SEM image of 8 handsheet of 2 myxture of separately pulped hardwood (Hypo
nurnber 18.1) and sofiwood (Hypo aumber 17.8); 4 000 PFI mill revolutions; 380 CSF (white
bar = 50 pm).
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Appendix L:

Calculated data

PFTrevs (x 0.1)
Grammage (g/m2)
Bursting streogth (kPa)
Burst index (kPa.m2/g)
Tearlng streogth (mN)
Tear index (mN.m2/g)
Tensile strength (kKN/m)
Tensile index (Nm/g)
Breaking length (km)
Streteh (%)

Freeness (CSF)

100
62.00
360.8
5.819
378.5
6.105
5.499
0.089

9.05
2.30
540

210
60.44
410.6
6.793
344.8
5.705
5.932
0.098
10.01

2.78

442

400
61.12
47714
7.806
3217
3263
7.211
0.118
12.03
291
288

1000
59.97
489.6
8.163
2492
4,155
6.884
0.115
11.71

3.05

35

Tabie L-1: Calculated pulp strength properties for simultaneously pulped hardwood and

softwood; Hypo number = 14.3.

PFlrevs (x 0.1) 400 500 700 1000 1500
Grammage (g/m2) 52.95 34.56 55.81 57.63 56.07
Bursting strength (kPa) 284.1 309.0 352.4 400.3 348.7
Burst index (kPam2/g) 5.365 5.663 6314 6.946 6219
Tearing strength (mN) 2798 267.8 2422 2353 197
Tear index (mN.m2/g) 5285 4909 4339 4.083 3513
Tensile strength (KN/m) 4.511 4742 5.230 6.017 5.192
Tensile index (Nm/g) 0.0852 0.0869 0.0937 0.1044 0.0926
Breaking length (km) 8.69 8.86 9.56 10.65 9.44
Stretch (%) 2.508 2.630 2658 2.863 3.012
Freeness (CSF) 45] 330 210 103 80

Table L-2: Calculated pulp strength properties for sireultaneously pulped hardwood and

softwood; Hypo number = 18.1.

PFlrevs (x 0.1) 400 500 600 1000
Grammage (g/m2) 59.14 59.45 59.25 55.14
Bursting strength (kPa) 289.9 3042 317 338.5
Burst index (kPa.m2/g) 4.902 5117 5.362 6.139
Tearing strength (mN) 304.0 306.7 293.8 200.3
Tear index (mN.m2/g) 5.140 5.158 4959 3.633
Tensile strength (KN/m) 4,378 4.766 5.295 5.246
Tensile index (Nm/g) 0.0740 0.0802 0.0854 0.0952
Breaking length (km) 7.55 .18 9.12 9.71
Stretch (%) 2428 2.458 2.550 2.680
Freeness (CSF) 472 382 310 P12
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Table L-3: Calculated pulp strength properties for simultaneously pulped hardwood and

softwood; Hypo number =203,

PFI revs (x 0.1) 400 500 600 700 1000
Grammage (g/m?2) 6221 59.61 5940 58.83 56.85
Bursting strength (kPa) 253.3 263.0 274.1 280.0 316.8
Burst index (kPa.ra2/g) 4,072 4412 4614 4.759 5,572
Tearing strength (mN) 305.5 282.8 269.5 2592 208.5
Tear index (mN.m2/g) 4911 4743 4.537 4405 3.667
Tensile strength (kKN/m) 4275 4385 4.698 4 669 5.008
Tensile index (Nom/g) 0.0687 0.0736 0.0791 0.0794 0.0881
Breaking length (kam) 7.01 7.50 8.07 B.09 8.98
Stretch (%) 2267 2.430 2477 2.755 2.533
Freeness (CSF) 450 340 305 260 125

Table L-4: Calculated pulp strength properties for simultaneously pulped hardwood and

softwood; Hypo number = 21.8.

PFlrevs (x 0.1) 400 500 600 1000
Grammage {(g/m2) 58.93 52.69 54.72 59.97
Bursting strength (kPa) 2156 212.6 2392 296.1
Burst index (kPa.m2/g) 3.658 4.035 4371 4937
Tearing strength {(mN) 290.7 229.3 207.0 217.3
Tear index (mN.m2/g) 4932 4352 3.783 3.624
Tensile strength (kKN/m) 4.001 350 3.792 5.097
Tensile index (Nm/g) 0.0679 0.0666 0.0693 0.0850
Breaking length (km) 6.92 6.80 7.07 8.67
Stretch (%) 2212 2272 2.578 2,615
Freeness (CSF) 424 340 286 110

Table L-5: Calculated pulp strength properties for simultaneously pulped hardweod and

softwood; Hypo number =22.7.

PFlrevs (x 0.1) 400 700 1000 1500
Grammage (g/m2) 6§1.07 62.63 61.64 60.60
Bursting strength (kPa) 2858 3194 344.0 372.7
Burst index (kPa.m2/g) 4_680 5.100 5.581 6.150
Tearing strengih {mN) 3212 3025 278.0 2582
Tear index {mN.m2/g) 5.259 4.830 4510 4.260
Tensile strength (kN/m) 5.203 5.543 5.770 5.969
Tensile index (Novg) 0.0852 0.0885 0.0936 0.0085
Breaking length (kem) B.69 .03 5355 10.05
Freeness (CSF) 501 381 269 178

Table L-6: Calculated pulp strength properties for simultaneously pulpad hardwood and
sofiwood; softwood percentage =15 %.
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PFI cevs (x 0.1)
Grammage (g/m2)
Bursting strength (kPa)
Burst index (kPa.m2/g)
Tearing strength (ralN)
Tear index (mN.m2/g)
Tensile strength (kIN/m)
Tensile index (Nm/g)
Breaking length (km)
Streich (%)

Freeness (CSF)

400
60.96
270.6
4.439
300.2
4.924
5321
0.0873
8.90
2470

329

700
61.12
305.4
4.997
306.3
5.012
5.576
0.0%12
9.31
3.017

422

1000
59.45
3286
5.527
2825
4732
5.706

0.0960

8.79

3.080
310

[500
60.08
3533
5.881
2712
4514
6.273

0.1044
10.65
3355

221

Table L-7: Calculated pulp strength properties for simultaneously pulped hardwood and
softwood; softwood percentage = 30 %.

PFIrevs (x 0.1) 400 700 1000 1500
Grammage (g/m2) 61.80 61.07 60.65 59.30
Bursting strength (kPa) 276.2 288.7 326.7 334.8
Burst index (kPa.m2/g) 4.470 4,728 5.387 5.646
Tearing strength (mN) 3742 358.8 336.3 3117
Tear index (mN.m2/g) 6.055 5.876 5.545 5.256
Tensile strenpgth (KN/m) 4.731 4.715 5.170 5.563
Tensile index (WNav'g) 0.0766 0.0772 0.0852 0.0938
Breaking length (km) 7.81 7.88 8.69 9.57
Streich (%) 2.365 2.652 2.627 2.835
Freeness (CSF) 574 529 400 334

Table L-8: Calculated pulp strength properties for simultaneously pulped hardwood and
softwood; softwood percentage = 50 %.

PFI revs (x 0.1) 400 700 1000 1500
Grammage (g/m2) 60.60 61.90 61.07 §3.46
Bursting strength (kPa) 255.1 273.6 276.6 315.0
Burst index (kPa.m?2/g) 4210 4.420 4.529 4.901
Tearing strength (NN) 3692 372.7 348.7 3388
Tear index (mN.m2/g) 6.092 6.021 5.710 5.339
Tensile strength (KN/m) 4.436 4.593 4.666 5.223
Tensile index (Nm/g) 0.0732 0.0742 0.0764 0.0823
Breaking length (km) 7.47 7.57 7.79 8.40
Freeness (CSF) 621 586 521 401

Table L-9: Calculated pulp strength properties for simultaneously pulped hardwood and
softwood; softwood percentage = 75 %.
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PFI revs (x 0.1)
Gramumage (g/m2)
Bursting sirength (kPa)
Burst index (kPa.m2/g)
Tearing strength {mN)
Tear index {mN.m2/g)
Tensile strength (kKN/m)
Tensile index (Nm/g)
Breaking length (km)
Freeness (CSF)

180
61.59
275.6
44175
30322
4923
5.171

0.0840
8.56
405

200
65.85
329.8
5.008
319.5
4.852
5.735

0.0871
8.88
370

0.0500

260
64.97
349.4
5.378
3268
5.031
5.848

9.18
330

400
63.88
398.7
6242
286.7
4,488
6.200

0.0971

9.90

195

Table L-10: Caleulated pulp strength properties for hardwood pulp; Hypo nmumber = 17.1.

PFIrevs (x 0.1) 400 500 600 1000
Grammage (g/m2) 68.35 65.54 66.27 64.6
Bursting strength (kPa) 3997 402.1 403.9 466.1
Burst mdex (kPa.m2/g) 5.843 6.135 6.095 7.215
Tearing strength (mN) 381.0 345.3 324.8 282.7
Tear index (mN.m2/g) 5.574 5.269 4.902 4375
Freeness (CSF) 450 350 310 110

Table L-11: Calculated pulp strenpgth properties for simuitaneously pulped hardwood and
softwood with an AQ dosage of 0.5 %; Hypo number = 16.9.

PFlrevs (x 0.1) 1000 1 500 2500 2600
Graromage (g/012) 60.23 56.75 59.92 54.77
Bursting strengih (kPa) 348.8 3323 353.4 3206
Burst index (kPa.m2/g) 5.791 5.855 5.898 5.853
Tearing strength (mN) 283.0 2340 172.5 160.2
Tear index (mM.m2/g) 4,698 4123 2.879 2.524
Tensile strength (kN/m) 4.331 4.474 4.754 4.745
Tensile index (Nm/g) 0.0719|  0.0788  0.0793|  0.0866
Breaking length (ken) 7.33 8.04 8.09 8.84
Stretch (%) 2.342 2.247 2.292 2.023
Freeness (CSF) 411 160 40 20

Table L-12: Caleulated pulp strength properties for sofrwood pulp; Hypo number = 17.8.

PFlrtevs (x 0.1) 100 200 300 600 1000 1100
Grarmmage (g/m2) 56.33 61.12 54.36 59.87 59.66 55.24
Bursting strepgth (kPa) 189.2 2524 260.8 402 8 480.3 406.7
Burst index (kPa.m2/g) 3.359 4,130 4,798 6.728 8.050 7.362
Tearing strength (mN) 279.2 308.2 266.2 248.8 245.0 226.5
Tear index (mN.m2/g) 4.956 5,042 4.897 4.155 4.106 4.100
Tensile strenpgth (kN/m) 3.738 4.637 4287 6.055 6.454 5.102
Tensile index (Nm/g) 0.0663 0.0759 0.0789 0.101¢ 0.1082 0.0924
Breaking length (kin) 6.77 7.74 8.04 10.32 11.03 942
Stretch (%) 2.287 2.430 2477 2.755 2.533 2.870
Freeness (CSF) 492 371 278 107 40 38

Table L-13: Calculated pulp strength properties for hardwood pulp; Hypo nuraber = 18.1.




PFl revs (x 0.1) 400 600 800 1000 1500
Gremmage (g/m2) 65.23 5217 5925 59.14 58.83
Bursting strength (kPa) 3409 2972 384.3 407.1 370.6
Burst index (kPa.m2/g) 5226 5.697 6.486 6.883 6.299
Tearing strength {mN) 3848 256.7 245.0 2420 209.5
Tear index (mN.m2/g) 5.900 4.920 4.135 4,092 3.561
Tensile strength (kiN/m) 5.537 4.663 5.518 6.260 5.381
Tensile index (Nm/g) 0.0849 0.08%4 0.0931 0.1058 0.0915
Breaking length (km) B.66 9.12 9.50 10.80 9.33
Stretch (%) 22])2 2272 2.578 2615 2.507
Freeness (CSF) 380 190 109 83 64

Tabie L-[4: Calculated pulp strength properties for & mixture of separately pulped softwood
{Hypo no = 17.8) and hardwood (Hypo no = 18.1) pulp.

PFlrevs (x 0.1}

-- Grammage (g/m?2)
Bursting strength (xPa)
Burst index (kPam2/g)
Tearing strength (mN)
Tear index (mN.m2/g)

Tensite index (Nm/g)
Breaking leagth (km)
Stretch (%)

Freeness (CSF)

Tensile strength (kN/m})

400 500 200 1200
64.14 63.56 63.82 63.51
3535 361.9 403 420.6
5.511 5.694 6.315 6.623
447.2 4423 439.3 414.8
6.972 6.959 6.884 6.532
5.840 5.743 6.811 6.422

0.0911 0.0904 0.1067 0,101

9.29 9.22 [0.88 10.31
2.555 2.668 3.098 3.095

51 470 397 288

Table L-15: Calculated pulp strength properties for ASSC-AQ pulp from a mixture of
hardwood and softwood; Hypo number = 17.3.
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