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Abstract 
The scope of this master thesis was to investigate how a reconstruction at Skoghall Mill had changed 

the Na/S balance as well as evaluating how a new chemical plant manufacturing the mill’s chlorine 

dioxide would affect the balance. This was done by analyzing ingoing and outgoing process streams at 

the mill for sodium and sulfur and using obtained flow data for the period after the reconstruction. A 

balance was made to simulate how the system behaved at the time as well as balances simulating 

different shares of bleached pulp being manufactured. Balances with three possible types of chemical 

plants were also made, as well as calculations of the operating cost for each type of plant. From the 

balances and the operating costs it was concluded that the HPA process was the most beneficial for the 

Na/S balance as well as having the lowest operating cost.  
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Executive Summary  
It is important to have control of the sodium and sulfur balance at a kraft mill to minimize both the 

effects on the environment and the cost of make-up chemicals. Reconstructions and improvements are 

continuously made in a mill to keep it competitive. Changes like new process equipment will affect 

the balance and the rest of the mill have to react accordingly. While changes can cause more expected 

effects like a different amount of expelled electrostatic precipitation ash from the recovery boiler, 

more subtle changes such as the amount of chemicals exiting with the pulps can also occur and must 

be taken into account.  

In the fall of 2014 Skoghall mill reconstructed its pulp mill with several improvements in a project 

called “pulp mill improvement”.  The most noticeable alteration was the restructuring of the fiberline 

from one line for both pulp qualities to two separate lines for the unbleached and bleached quality 

respectively. Other changes made were the installation of new wash filters on the fiberline, 

improvement to the lime kiln and screening equipment and a new chip bin for steaming of chips. The 

changes made were suspected to have changed the sodium and sulfur balance at the mill and this was 

investigated in this thesis.   

The investigation was done by creating a so called static balance for the mill. A static balance 

simulates how the system behaves during the studied time frame with the system assumed to be in 

steady state. A system boundary was set to include the kraft pulp mill excluding the bleaching plant 

and chemical plant. Ingoing and outgoing streams were sampled and analyzed for sodium and sulfur 

and analyses were done at the pulp lab at Skoghall. The sodium content for the streams was analyzed 

using flame emission photometry. The sulfur content for the streams was analyzed using ion 

chromatography for sulfate where the samples first were oxidized using hydrogen peroxide.  

Flow data for the streams during the studied period was obtained using the software WinMOPS. With 

the values obtained from the chemical analyses and the flow data it was possible to calculate how 

much sodium and sulfur were entering and exiting the system during the period and to create a 

balance.  

The created balance was compared with an earlier balance and was then adjusted to add up to allow 

for easier comparison. It showed that more sulfur was entering the system now compared to previous 

studies and less sodium was leaving the system by the pulp streams. The increase in sulfur came from 

increases in spent acid, bleaching wash liquid and CTMP effluent. To compensate for this more 

bisulfite and electrostatic precipitation ash were exiting the system. More fresh sodium hydroxide was 

also entering the system. This was because the studied period was the period where the white liquor 

storages at the mill were being replenished after the annual maintenance stop.  
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Balances for different shares of manufactured bleached pulp were also created. These simulated cases 

showed that a higher share of bleached pulp increased the amount of ingoing sodium and sulfur into 

the system primarily from the spent acid and the acid neutralization. The balances showed that a lower 

share of bleached pulp reduced the amount of ingoing chemicals and thereby also the need to bleed out 

electrostatic precipitation ash as well as the need for make-up sodium hydroxide.  

Skoghall has plans to build a new chemical plant for the manufacturing of chlorine dioxide. Balances 

were created to simulate three possible types of processes, the Mathieson processes, which was 

already in use at Skoghall, the HP-A processes which uses hydrogen peroxide as reducing reagent and 

the SVP-LITE processes, which uses methanol as reducing reagent.  The balances showed that of 

these processes the HP-A processes release the least amount of by-products which need to be taken 

care of by the mill. Calculations for the operating were also made and they showed that the HP-A was 

the cheapest alternative if only the cost for chemicals and utilities were taken into account.   

  



 

v 

 

Sammanfattning 
Det är viktigt att ha kontroll över natrium-svavel balansen på ett sulfatbruk för att minimera såväl 

miljöeffekter som kostnader för kemikalier. Ombyggnationer och förbättringar görs kontinuerligt på 

massabruk för att hålla dem konkurrenskraftiga. Förändringar som till exempel ny processutrustning 

kan påverka natrium-svavel balansen och resten av fabriken måste anpassas till förändringarna. Medan 

vissa effekter är mer väntade till följd av förändringar, som en förändrad mängd utblödning av 

elfilteraska från sodapannan, så kan subtila förändringar, såsom mängden kemikalier som lämnar 

systemet tillsammans med massorna också förekomma och måste tas med i beräkningen. 

Under hösten 2014 byggde Skoghalls Bruk om sin sulfatmassafabrik med flera förbättringar i ett 

projekt som kallades "pulp mill improvment". Den viktigaste ombyggnationen var att fiberlinjen 

byggdes om från att tidigare har varit en gemensam linje för både blekt och oblekt massa till att nu 

delas upp på två separata linjer. Andra förändringar som gjordes var installation av nya tvättfilter till 

fiberlinjen, förbättring av mesaugnen och silutrustning samt ett nytt basningskärl för flis. 

Förändringarna som gjordes antogs ha förändrat natrium-svavel balansen på bruket och detta 

undersöktes i denna avhandling.  

Undersökningen gjordes genom att skapa en så kallad statisk balans för bruket. En statisk balans 

simulerar hur systemet beter sig under en tidsram då systemet antas vara i steady-state. En 

systemgräns sattes vilken innehöll sulfatfabriken exklusive blekeriet och syrahuset där bland annat 

klordioxid tillverkas. Prover togs på ingående och utgående strömmar och dessa analyserades med 

avseende på natrium och svavel vid massalabbet på Skoghalls bruk. Natriumhalten för strömmarna 

analyserades med flamemissionsfotometri och svavelhalten för strömmarna analyserades med 

jonkromatografi på sulfat där proverna först oxiderades med väteperoxid. 

Flödesdata för strömmarna under den studerade perioden erhölls med hjälp av programvaran 

WinMOPS. Med värdena som erhölls från analyserna samt flödesdata var det möjligt att beräkna hur 

mycket natrium och svavel som hade gått in och ut ur systemet under perioden och upprätta en 

masbalans. Den skapade balansen jämfördes med en tidigare balans och anpassades för att möjliggöra 

enklare jämförelser. Jämförelsen visade att mer svavel nu kom in i systemet jämfört med tidigare 

balanser och mindre natrium lämnade systemet genom massaströmmarna. Ökningen av svavel kom 

från en ökning av ingående restsyra, tvättvätska från blekningen och CTMP avlopp. För att 

kompensera för detta gick det ut mer bisulfit och elfilteraska. Mer färsk natriumhydroxid kom också in 

i systemet. Detta berodde på att den studerade perioden var då lutstocken på bruket fylls upp efter det 

årliga underhållsstoppet. 

Balanser för olika andelar av blekt massa upprättades också. Dessa simulerade fall visade att en större 

andel av blekt massa ökade mängden ingående natrium och svavel till systemet. Detta kom i första 

hand från den ökade mängden restsyra samt behovet av att neutralisera den. Balanserna visade också 

att en lägre andel blekt massa minskade mängden kemikalier som gick in i systemet och därmed också 

behovet av att blöda ut elfilteraska och behovet av make-up natriumhydroxid.  

Skoghall har planer på att bygga ett nytt syrahus för tillverkning av klordioxid. Balanser upprättades 

för att simulera tre möjliga typer av processer. Mathieson processen, som redan var i bruk på Skoghall, 

HP-A processen som använder väteperoxid som reduktionsmedel och SVP-LITE processen som 

använder metanol som reduktionsmedel. Av dessa processer så gav HP-A processen minst mängd 

biprodukter som måste tas om hand av bruket. Beräkningar för driftskostnaden gjordes också. Dessa 

visade att HP-A processen var det billigaste alternativet om bara driftskostnaden för kemikalier och 

energi togs i beaktning. 
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1. Introduction  

1.1. Background 

1.1.1. The mill  

The Skoghall mill has upgraded its equipment at the pulp mill as well as restructured its fiber line to 

manufacture bleached and unbleached pulp in two parallel lines instead of using one line and 

switching between the qualities. This has made it desirable to investigate how the Na/S balance has 

changed to understand how the system handles in-and outgoing chemicals. The Na/S balance is 

important not only for keeping the concentrations of chemicals stable in the mill but also to minimize 

the need for make-up chemicals. It is desirable to use less make-up both to minimize effects on the 

environment and to lower cost for running the mill. There are also plans to invest in a new plant for 

the manufacturing of chlorine dioxide which in turn will affect the chemical balance.  

1.1.2. Problem formulation 

The main goal of this thesis was to create a Na/S balance for Skoghall Mill to evaluate how the 

modifications made to the mill have affected the balance while and at the same time investigate how 

different amounts of bleached pulp and how a new chemical plant would affect the Na/S balance.    

1.1.3. Delimitations 

The thesis was limited to investigating in and outgoing streams under a short period of time. The 

limited time made it not possible to investigate how the streams inside the system were affected and 

details about how the individual streams, such as the pulp streams, were affected by the reconstruction.   
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1.2. Pulping 

1.2.1. Paper-making 

Today paper and board products are used all over the world. While the sales of printing paper and 

newspaper have decreased the demand for other paper products such as board and tissue has increased 

as newer markets such as Asia and South America have grown rapidly. The raw material for making 

paper is wood which has to be turned into pulp before it can be used to manufacture paper. To achieve 

this different pulping processes are used. The aim of the pulping processes are to separate the wood 

fibers from each other. The fibers are fixed in the wood matrix by lignin, a very large polymeric 

organic molecule which is soluble in alkaline solutions. There are primarily two types of approaches to 

pulping, mechanical or chemical treatments. 

1.2.2. Mechanical pulps, CTMP-pulping 

The mechanical approach to pulping involves grinding wood on a grinding stone to create 

groundwood pulp or a refiner where the chips are feed into the center of two discs. These methods 

give very high yield of pulp with short stiff fibers and high fines content.  

With different types of pretreatment it is possible to create different types of pulp such as thermo-

mechanical pulp, (TMP) and chemical thermo-mechanical pulp (CTMP). TMP pulp is produced by 

treating the chips with heated steam before they are fed into a refiner. The increased temperature 

softens the lignin in the chips and allows for a less destructive refining process which in turn creates 

lesser amount of fines and longer fibers in the finished pulp. To create CTMP pulp wood chips are 

first treated with sodium sulfite (Na2SO3) or sodium bisulfite (Na2HSO3) in addition to the heated 

steam. The chemical decreases softening temperature of lignin which decreases the needed amount of 

hot steam in the following heating process (Bränvall 2010a).  

1.2.3. Chemical pulping, Sulfite pulping 

The other more commonly used approach of pulping involves using chemicals to remove lignin. The 

lignin is dissolved in a chemical solution and washed away in a later step. In today’s industry there are 

primarily two types of processes, the sulfite process and the kraft process. The main differences 

between these processes are the type of chemicals used to degrade the lignin and at which pH the 

reaction occurs.  

The sulfite processes uses bisulfite ions (HSO3
-
) and H

+
 as active chemicals when the pH is in between 

1-4, this is called acidic cooking, or bisulfite cooking when the pH is close to 4. In a neutral sulfite 

cook at pH 7-8 bisulfite and sulfite (SO3
2-

) are the active ions which affect the wood. The counter 

cations used can be either Ca
2+

 , Na
+
, NH4

+
 or Mg

2+
 depending at which pH the process is carried out. 

The advantage of sulfite cooking is a brighter pulp compared to kraft cooking, along with higher yield. 

In the 1950s when bleaching techniques using chlorine dioxide were introduced the interest in sulfite 

pulping waned in favor of kraft cooking (Gullichsen & Fogelholm 2000; Gellerstedt 2010a). 
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1.3. Kraft pulping 

1.3.1. The kraft cooking process 

The kraft process is the dominating chemical pulping process in the global pulp and paper industry 

today. The reason behind this is because of a reliable, cost effective chemical recovery system and a 

stronger end product compared to the sulfite process which dominated the pulp manufacturing 

industry in the mid-20
th

 century (Gellerstedt, 2010). The main reaction in the process takes place in the 

digester and involves cooking the wood chips in white liquor consisting primarily of NaOH and Na2S 

at temperatures up to 170°C. As the compounds are hydrolyzed in water they disassociate into OH
-
 

and HS
-
 which are the active species in the cooking process. The hydroxide ion is the more potent ion 

which facilitates the cooking in the digester while the hydrosulfide ion allows for a more selective 

cook with less damage to the cellulose (Gullichsen & Fogelholm 2000).  

The desired reaction in the cooking process is an alkaline hydrolysis of the phenolic ether bonds 

present in the lignin. This reaction is promoted by a reaction with sulfur made possible by the 

hydrosulfide ion, though the exact mechanism for this is uncertain. The reaction results in the lignin 

becoming soluble in the liquor and thereby possible to remove. Undesired reactions are the ones 

affecting the carbohydrates and primarily the cellulose. The reactions are primarily a peeling reaction, 

which peels off the monomers in the cellulose chain at the aldehydic end, and a hydrolysis which 

attacks the glucosidic bond inside the cellulose chain, splitting them. However in the kraft process the 

cellulose undergoes intramolecular rearrangement with xylan which makes it more resistant to the 

degrading reactions (Rydholm 1965). 

The strength of the white liquor is usually measured in EA, effective alkali. Both the sodium hydroxide 

and sodium sulfide contribute to the amount of hydroxide ions and must therefore be taken into 

account when calculating the effective alkali. The expression of the effective alkali in terms of moles 

is shown in Eq 1 where EA is the effective alkali and n the moles of the chemicals (Bränvall 2010b).  

SNaNaOH nnmolEA
2

)(       [1] 

The sulfidity is a measurement of how much sulfur the white liquor contains, an expression for this is 

shown in Eq 2 (Bränvall 2010b). 

 
   






OHHS

HS
Sulphidity

2
*100(%)     [2] 

  



 

4 

 

The addition of sulfur to the cook causes the hydroxide to be more selective toward lignin in the 

cooking process. This increases the delignification rate as shown in Figure 1 (Gellerstedt 2010a).  

 

Figure 1. Effect of sulfidity on delignification rate (Gullichsen & Fogelholm 2000) 

In a kraft pulp mill it is paramount not only to keep the EA and sulfidity at a desired level but also as 

even as possible to keep the quality of the pulp consistent. A high sulfidity allows for a “softer cook” 

with higher viscosity at a set kappa, this effect is most prominent below 35-40% sulfidity (Teder 

2010). Above this level the delignification does not increase significantly and it is therefore not 

advantageous to increase the sulfidity further. It is possible to have a process with sulfidity of 100% 

based entirely on sodium sulfide but the strain on equipment due to corrosion and increase in 

malodorous gases keep this from being a viable option (Olm et al. 2009).  

A lower level of sulfidity or no sulfidity at all would result in a more aggressive cooking process 

where more hemicelluloses and cellulose material is dissolved. This gives the pulp lower viscosity and 

a lower yield and is therefore not viable commercially. The Skoghall mill nowadays uses a sulfidity of 

35% to maximize yield and strength while keeping the costs and pollution down. This level of 

sulfidity is common in Scandinavian pulp mill today and is higher compared to for example American 

mills (Saturnino 2012).  
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In an average cook 90% of the lignin in the wood is dissolved, this results in a loss of hemicelluloses 

and a small amount of cellulose which are dissolved along with the lignin. It is possible to remove all 

the lignin from the wood but this comes at the cost of pulp yield as more cellulose is affected the 

further the reactions are allowed to continue.  

Most digesters in use at large kraft mills are continuous where the chips are pre-impregnated with the 

cooking liquor before entering the digester at the top, see Figure 2.  

 

Figure 2. The Digester at Skoghall Mill 

As the chips sink further into the digester the cooking reactions start to take place. At the end of the 

cooking zone some of the liquor is extracted from the digester while at the same time the chips are 

being washed with wash liquor added from the bottom of the digester (Gellerstedt, 2010). The 

removed liquor now contains spent cooking chemicals such as, NaCO3, Na2SO4, and dissolved 

materials from the wood chips. The liquor is denoted black liquor, due to its dark color, and is 

transported to the chemical recovery plant to regenerate the NaOH and Na2S as well as combust 

dissolved lignin and carbohydrates for energy. 
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1.3.2. The black liquor, evaporation and recovery boiler. 

The first step in the recovery cycle is to evaporate the black liquor which after the digester has a dry 

content of 15-20%. The high water content in the liquor makes it impossible to use as fuel and it is 

therefore evaporated to a dry content to between 70-80%. This is done in a multistage evaporation 

unit, see Figure 3. In modern pulp mills the flow is usually counter-current to increase energy 

efficiency (Theliander 2010a). 

 

Figure 3. The Multi-stage Evaporation Plant at Skoghall Mill 

During the evaporation process, as the black liquor thickens, extractives like resin and fatty acid have 

been converted to sodium salts and are made insoluble as the dry content of the black liquor reaches 

26%. These compounds along with unsaponifiable organic materials will form a soap phase which 

must be removed to avoid runability problems in the evaporation where it causes scaling in the form of 

insoluble salts and reduce heat transfer efficiency.  Removal of the soap also reduces toxic effluent in 

the water and the load on the recovery boiler and recaustization plant (Foran 1992). 

The separation is done using a skimming process where the soap is skimmed from the top layer. 

Depending on the mill´s capabilities the soap can either be sent to the recovery boiler for incineration 

or be converted to tall oil. The manufacturing of tall oil involves reacting the soap with sulfuric acid or 

spent acid from the chlorine dioxide plant and converting the sodium salts in the soap back to acids. 

The tall oil can then be sold to other industries for use in for example cosmetics or as fuel (Gullichsen 

& Fogelholm 2000).  
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When the black liquor is separated from the soap the liquor is evaporated further to 80-90% dry 

content. At this stage it is a thick corrosive mass which solidifies quickly unless it is kept hot. The 

liquor is sent to the recovery boiler; see Figure 4, where it is sprayed into its large furnace.  

 

Figure 4. The Recovery Boiler at Skoghall Mill 

As the black liquor drops fall towards the char bed at the bottom of the boiler they react with the air 

which is pumped into the furnace at different levels and combusts. The organic matter in the drops 

break down into smaller components and the drops expand as sulfur is released. The atmosphere in the 

upper region of the furnace is slightly oxidizing so sodium sulfate is not fully reduced at this point. 

The drops reach the bottom of the furnace and end up in the char bed where they are buried beneath 

further layers of black liquor. Here the atmosphere becomes reducing as the oxygen levels are low. 

The reducing atmosphere allows for Na2S to be formed, as Na2SO4 is reduced as shown in Eq 3 

(Theliander 2010a). 

)(4),(),()(4 242 gCOslSNaslSONasC     [3] 

Some of the material released from the black liquor ends up as ash in the upper region of the boiler 

where it is collected by an electrostatic precipitation system. This ash is then either mixed back in with 

black liquor to minimize losses of sulfur and sodium or bled out to reduce the amount of sulfur or non-

process elements in the system (Ulmgren 1997).  

  



 

8 

 

1.3.3. The slaking of green liquor and the lime cycle 

The smelt at the bottom of the recovery boiler is pumped to a tank where it is dissolved in water to 

create green liquor which primarily consists of Na2S and Na2CO3 along with some non-process 

elements such as heavy metal ions (i.e. cadmium and manganese) and other impurities which 

collectively are called green liquor dregs. These are filtered off before the caustization processes is 

initiated. The green liquor filtration is vital for the removal of non-process elements which otherwise 

would accumulate within the system (Theliander 2010b; Ulmgren 1997). 

The caustization process starts with burned lime mud, (CaO), being added to the green liquor in the 

slaker tank. Here the contact with water causes the lime to form calcium hydroxide (Ca(OH)2) which 

is also called slaked lime. The mixture is transported to the caustization vessels where the main 

reaction takes place. The Ca(OH)2 reacts with the Na2CO3  in the green liquor and causes an exchange 

of ions. The reactions are described in Eq 4 and 5. 

)()()( 22 sOHCaOHsCaO      [4] 

)()(2)()()( 3322 sCaCOaqNaOHaqCONasOHCa    [5] 

Both of the active cooking chemicals are now regenerated and the leftover calcium carbonate and 

unreacted calcium hydroxide is filtered off from the liquor before it is used in the cooking process 

again.  

To minimize the use of fresh chemicals in the overall processes the lime used to regenerate the white 

liquor is recycled by burning it in a so called lime kiln, see Figure 5. The kiln is usually a rotary kiln 

which slowly rotates with a speed of 1-2 rpm and is slightly inclined to allow the lime to slowly 

tumble closer to the flame where reaction takes place. In the kiln the dried lime mud is heated up to 

1250°C to facilitate the reaction in Eq 6 (Theliander 2010b).  

)()()( 23 gCOsCaOsCaCO       [6] 

 

Figure 5. The Lime Kiln at Skoghall Mill 

The reacted burnt lime is now available for use in the slacking processes as burnt lime again. This 

recycling of lime is often called the lime cycle.  
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1.3.4. Screening and washing of pulp 

Before the pulp is bleached unwanted material and contaminants, such as shives, bark and knots are 

removed by a screening process. This process involves a series of screens usually in a cascade 

formation. Low consistency pulp passes through the primary screen while the reject is passed on to the 

secondary screen. The reject from the first screen acts as inject to the next while accept from the 

secondary screens is added to the inject of the primary screen. This configuration can be expanded to 

consist of additional screens, which minimizes the amount of final reject. (Gullichsen & Fogelholm 

2000). 

After the screening the pulp must be washed. One reason for this is to recover organics and spent 

liquor chemicals for use as fuel and chemical recovery respectively. The other reasons are to minimize 

effluents from the pulping process and make the pulp as clean as possible to maximize the efficiency 

in the bleaching stage (Borg 1988). 

1.3.5. Bleaching processes and bleaching chemical manufacturing 

For reasons such as printability and high contrast it is preferred to have a brighter pulp than what is 

obtained in the kraft process. This is remedied by bleaching the pulp with an assortment of chemicals. 

Earlier chlorine was commonly used as a chemical for bleaching but this changed in the late 70´s due 

to environmental reasons in an effort to reduce the amount of adsorbable organic halogens, (AOX), in 

the mill’s effluent. The most commonly used setups in pulp bleaching today are hydrogen peroxide 

and chlorine dioxide bleaching followed by an alkaline extraction (Gellerstedt 2010b).  

The amount of bleaching chemicals required to bleach pulp when using chlorine based chemicals is 

calculated using the term active chlorine. Active chlorine relates the other bleaching chemicals to the 

amount of chlorine. The term is a practical method to give information about the strength of the 

bleaching without being restricted to a specific chemical (Germgård 2010a). The active chlorine for 

some of the most usual bleaching agents are shown in Table 1.  

Table 1. Active chlorine 

Chemical kg active chlorine/kg chemical 

Chlorine (Cl2) 1 

Chlorine dioxide (ClO2) 2,63 

Sodium hypochlorite (NaClO) 0,95 

    

Since its first installation in the 1970´s it is now also common to have a pre-bleaching stage where 

oxygen coupled with a magnesium salt is used in a pressurized alkaline environment. This pre-

bleaching stage removes over 50% of the residual lignin in the pulp while remaining selective towards 

the lignin and thus minimizing damage on the carbohydrates. The switch to oxygen delignification 

was promoted primarily by its environmental benefits which reduced the need for chlorine based 

bleaching as well as reduced the amount of organic material in the effluent water (Germgård 2010a). 
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The manufacturing of bleaching chemicals can take place both on-site, see Figure 6, which is the case 

for chlorine dioxide, or be transported to the mill, in the case of hydrogen peroxide. The reasoning 

behind this is based on the chemicals´ rate of decomposition, danger to personal and transportation 

cost to remote mills. While hydrogen peroxide almost always is transported to the mill there exist 

several processes to manufacture chlorine dioxide, each having its own by-products (Germgård 

2010b).  

 

Figure 6. The Chemical plant at Skoghall Mill 

The primary reaction regardless of chlorine dioxide processes can be written as shown in Eq 7, where 

sodium chlorate reacts with acid, usually sulfuric acid, and a reducing agent to form chlorine dioxide 

and water.   

OHClOagentreducingHClO 223 2         [7] 

The difference lies in the use of different reducing agents and the equipment used to handle the 

reaction. Regardless of the process Na2SO4 is always given as a by-product from the sodium in the 

sodium chlorate and sulfur from the sulfuric acid. The remaining acid is called spent acid and the 

leftover salt is called saltcake. The mill must be able to handle the by-products by incorporating them 

into the system as makeup chemicals or dispose of them elsewhere.   
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1.4. The Na/S Balance  

1.4.1. Overview of the Na/S balance 

It would be economical unfeasible to constantly use fresh sodium and sulfur in the kraft process. Thus, 

the chemicals are recovered in the kraft recovery processes. The challenge is to keep the same ratio 

and concentration for the chemicals in the system since along the recovery some are lost and have to 

be compensated for with fresh make-up chemicals. This compensation can either be sodium sulfate 

which can be added to increase both sodium and sulfur or sodium hydroxide to restore sodium. The 

type of make-up is individual to each mill (Saturnino 2012). 

To keep the amounts of sodium and sulfur at their desired levels it is important to have control of the 

intake and outflow of the chemicals in the system. When constructing a balance over a mill one must 

take into account all in-going and out-going streams containing sodium or sulfur in any form. In 

theory the in-streams and out-streams should be equal but this is not the case in reality as there are 

unforeseen losses in, for example, gases.  By normalizing the flow of sodium and sulfur with the 

production of pulp it is possible to determine the flow of each stream per air dried ton produced pulp, 

(Adt). In this way it is possible to construct a so called static Na/S balance and see how much make-up 

chemicals are needed per Adt manufactured pulp (Andersson 2014).  

1.4.2. Means to controls the Na/S balance  

There are several ways to control the Na/S balance in a mill. These can be large, long term changes 

which involve redirecting streams of effluents  in the system or introduce new streams from other parts 

of the paper-making processes, for example effluent from a CTMP mill or wash liquid from a 

bleaching plant. These streams are directed towards the evaporation plant for mixing with the black 

liquor to be burnt in the recovery boiler or in the case of wash from the bleach plant used as wash 

liquid in another wash step. This is a way to minimize both the environmental effects as well as 

consumption of chemicals and fresh water. The drawback is the accumulation of organic and inorganic 

materials in the recovery cycle. For example the accumulation of either sodium or sulfur will affect the 

sulfidity of the white liquor which in turn will affect the pulp. 

An increase in concentration of non-process elements in, (NPE), in the recovery cycle can cause 

corrosion to occur in the recovery boiler. The corrosion originates from Cl and K forming a sticky dust 

in the upper section of the recovery boiler. In a worst case scenario this can cause cracks in the cooling 

piping, spilling water onto the char bed causing explosions (Huppa 2008). The accumulation of Cl and 

K is prevented by purging the electrostatic precipitation ash, (ESP-ash), which contains a mixture of 

Na2SO4 and K2SO4 as well as HCl. This means that ESP-ash have to be bled out even if the Na/S 

balance does not demand it, to reduce Cl and K in the system (Ulmgren 1997).  

The purging of ESP-ash is the most commonly used method to control the Na/S balance. The ash can 

either be reintroduced into the black liquor to maintain sodium and sulfur levels or be bled out to 

reduce it as the ash primarily contains Na2SO4. In Scandinavian mills, where an excess of sulfur is 

common, ESP-ash is purged and fresh NaOH is introduced to lower the sulfur levels while keeping the 

sodium at a desired level. Earlier it was common to let the sulfur leave the system through gases from 

the recovery boiler and add Na2SO4 to make up for the loss. The practice was abandoned due to 

environmental regulations which limited the amount of gaseous sulfur effluents allowed (Saturnino 

2012).  
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There is a limit on how much ESP-ash that can be bled out and due to this mills have alternative 

methods to bleed out sodium and sulfur if they are accumulated, such as making bisulfite from sulfur 

gasses using a scrubber (Warnqvist 1978). Another method to decrease the intake of sodium is to 

oxidize white liquor and use it instead of fresh NaOH. The oxidized white liquor can be used for flue 

scrubbing, oxygen bleaching or for adjusting pH (Warnqvist 1976).  

A pulp mill is a slow moving system where it takes days or even weeks for chemicals to circulate 

completely. To add to this, storage tanks are in place to buffer the system to make it more resistant to 

disturbances. The tanks will help keeping the mill running if a crucial section goes offline but will at 

the same time make the system even slower to react, as chemicals are stored in the tanks for days 

before going onto the next step in the cycle. Changes made to the balance such as intake of make-up 

NaOH will not be immediately noticeable and this can result in a oscillating system where chemicals 

are added and then removed to keep the balance stable (Saturnino 2012; Warnqvist 1978; Wiklander 

1974).     

1.4.3. Effect on the Na/S balance due to system closure in a mill.  

In the 1960s the pulping industry changed from spewing out dust, sulfurous gases and hazardous 

chemical effluent in large quantities to improving processes and handling its effluents by closing its 

systems. This caused an accumulation of NPE, and a rise in sulfidity in the mills. The results from the 

trials showed that most of the mill´s effluents could be sent to the chemical recovery the but effluents 

from the bleaching plant caused problems in the mill due to the high amount of NPE(Backlund 2010).  

Problems that originate from an increase in NPE include lower bleaching efficiency, scaling, corrosion 

of equipment and runability problems. It would be possible to further close the bleaching section if 

NPE could be removed more easily. Nowadays NPE is removed mainly in the green liquor dregs but 

this is not enough if the entire mill is closed in (Kassberg 1996). The increased recirculation from a 

total closure also causes sodium and sulfur to accumulate in the system and more must be “bled out” 

by the purging of more ESP-ash. The amounts required are not viable in reality and excess sodium and 

sulfur must be taken care of in other ways (Backlund 2010).   

1.4.4. By-products from bleaching chemical plant.   

For mills which manufacture their own bleaching chemicals, which is the case if the mill uses ClO2 as 

a bleaching agent, it is desirable to incorporate the by-products as makeup chemicals. The by-products 

can contribute both to the amount of sodium and sulfur in the system. Depending on which type of 

process there are different kinds of by-products and different amount of these. The by-product from 

the ClO2 manufacturing is called spent acid and consists of Na2SO4 and H2SO4. 

The so called salt-cake usually consist of Na2SO4 and is therefore for not desirable to use it as make-up 

if the amount of sulfur is already at a high level which is the case in most Scandinavian mills. It is 

therefore more efficient to have a process which results in less by-products containing Na2SO4 and 

H2SO4 (Saturnino 2012). For a mill which experiences a high amount of sulfur in its system it would 

be desirable to have a chemical plant which produces low amounts of by-products. (Vikström 1987)  
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1.4.5. Sodium and sulfur leaving the system in the pulps 

There is residue from the cooking liquor in the pulp stream as it leaves the mill. This will take the 

form of sulfur and sodium in the water as well as sodium bonded onto the fibers. The binding sites on 

a kraft pulp are mostly carboxyl groups present on the hemicellulose xylan in the fiber. The carboxyl 

groups are acidic and will generate a negative charge at higher pH which will act as a cation exchanger 

with ions such as Na
+
 and Ca

2+
 (Sjöström 1989). This means that sodium does not only leave the 

system with the water accompanying the pulps but with the pulps themselves, bonded onto the fibers’ 

charged groups. This can be a significant amount in relation to the sodium in the water. The amount of 

sodium bonded onto the fibers is affected by the degree of the cook, as more xylan is dissolved. It also 

depends on the pH at which the pulp leaves the pulp washer. The amount of sodium on pine fibers 

decrease if the pH is lowered from a pH above 9. Below this pH a plateau is reached and the amount 

of sodium in the fiber does not decrease again until the pH reaches 6 to 7 (Rosen 1975). 

Because the charged groups on the fibers are negative it is not possible for them to bond with anions 

such as sulfate and other sulfuric ions. Sulfur is therefore present in the water and presumed to not 

directly bond onto the fibers. Information on the phenomenon of sulfur bonding to cellulosic fibers 

could not be found in the literature.  
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1.5. Stora Enso and Skoghall Mill  

1.5.1. Stora Enso 

Stora Enso is one of the leading manufacturers of package, paper, biomaterial and wood in the world. 

The company has its main office in Helsinki and its business is divided into five divisions: Consumer 

board, Packaging Solutions, Biomaterials, Wood Products, and Paper. At the moment Stora Enso has 

some 27 000 employees and is active in more than 35 countries. Its markets include Europe, South 

America, the Middle East and Asia where new mills are being built in Pakistan and China.   

1.5.2. Skoghall Mill 

The mill at Skoghall incorporates the entire line of papermaking, from the debarking of logs to the 

manufacturing of board. A schematic view of the mill can be seen in Figure 7. The standard product 

from Skoghall is liquid board which is intended for fruit juices or dairy products. The board is 

manufactured using two board machines, BM7 and BM8. Skoghall produces both bleached and 

unbleached kraft pulp from softwood for the outer layers of the board as well as CTMP for the middle 

layer. The bleaching is carried out using oxygen pre-bleaching and ECF bleaching with hydrogen 

peroxide and chlorine dioxide. The CTMP is manufactured using bisulfite as the active chemical.  

  

Figure 7. Overview of Skoghall mill (Skoghall Mill 2015) 

Skoghall mill manufactures its own bisulfite as well as chlorine dioxide on site in a chemical plant. 

The bisulfite is partially produced in a gas scrubber with sulfur dioxide from sulfur gases from a gas 

furnace. Skoghall mill also sells tall oil from the soap left over from the evaporation as well as 

turpentine from the cooking processes. Water effluent from the mill is treated biologically in an 

aerated lagoon, sedimentation and by chemical precipitation before it is discharged. Part of the effluent 

from the CTMP mill and the debarking processes are sent to the evaporation plant to minimize the 

outgoing effluent (Skoghall Mill 2012). 
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The maximum allowed annual production according to the environmental permit for the kraft mill is 

380 000 Adt (air dried ton) kraft pulp. Of this amount 250 000 Adt can be bleached. In addition to the 

pulp from the kraft pulp Skoghall is also has a maximum annual production of 285 Adt CTMP 

according to the environmental permit. This with the addition of purchased pulp makes it possible to 

manufacture the maximum permitted annual production of 850 000 ton of paper board (Skoghall Mill 

2015).  

1.5.3. New equipment and modification of equipment at the mill  

In the last two years Skoghall has made major improvements to their kraft mill. In the year 2013 a new 

debarking and chipping facility was built on the nearby peninsula of Vidön. This increased the amount 

of logs the mill was able to chip instead of having to buy pre-chipped wood.   

Skoghall mill has since 2013 and to the autumn of 2014 carried out a project called PMI (Pulp Mill 

Improvement) to increase its production capacity and energy efficiency. The changes include new 

white liquor filter, new chip feed system, a modified chip bin, a more efficient lime kiln and improved 

screening equipment. In October 2014 two new wash filters were installed and the fiber line was 

restructured to separate the bleached and the unbleached pulp lines after the screening instead of after 

the oxygen pre-bleaching stage. Previously the entire fiber line ran through the pre-bleaching stage and 

the oxygen supply had to be switched off when manufacturing unbleached pulp. This resulted in pulp 

partially affected by the bleached when switching qualities. Both the oxygen pre-bleaching and the 

bleaching stage now work independent of the unbleached line which allows for more control of the 

pulp quality. A schematic view of the fiberline after reconstruction can be seen in Figure 8. 

 

Figure 8. Fiberline update 
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1.5.4. Plans for a new chemical plant  

One of the oldest sections of the Skoghall mill is the chemical plant where chlorine dioxide for 

bleaching and sodium bisulfite for the bisulfite for the CTMP process is manufactured. Parts of the 

equipment dates back to the 1960´s and are in need of replacement to better suit the mill´s needs for 

chlorine dioxide in the future. A new plant is therefore planned and different processes are being 

evaluated. The process in use at Skoghall today is the Mathieson process.  The processes which have 

been under consideration are: 

 The Mathieson process 

 The HPA process  

A common process which was not considered for use at Skoghall mill is the SVP-LITE process which 

uses methanol as the reducing agent.  The reason for this was that it would require additional storage 

tanks for the methanol and thus a more costly investment. 

The Mathieson process was the first commercially viable process for manufacture of chlorine dioxide 

and uses SO2 as the reducing agent. A sulfur furnace is needed to burn sulfur to obtain the SO2 gas. 

The by-products from this process are spent acid and a salt cake consisting of Na2SO4.(Germgård 

2010b) 

The HPA process is a relatively new process where hydrogen peroxide is used as reducing agent and 

the reaction is carried out at atmospheric pressure. The reaction which occurs in the HPA process is 

shown in Eq 8.  

422222423 22222 NaHSOOOHClOOHSOHNaClO    [8] 

According to the supplier of the equipment this new process has advantages such as higher yield, 

capacity and less need of cooling than the Mathieson process. The absence of SO2 as a reducing agent 

also lowers the load on the mill´s effluents system. The spent acid from the HPA process contains the 

same substances as the spent acid from the Mathieson process. The amounts of chemicals in the spent 

acid can be seen in Table 2. The data is from the supplier of the chemical plants.  

Table 2. Chemicals from chlorine dioxide processes expressed per ton ClO2 manufactured from the supplier. 

Chemical out 
Mathieson 

(kg/kg ClO2) 
SVP-LITE 

(kg/kg ClO2) 
HPA 

(kg/kg ClO2) 

Na2SO4 1,2 1,1 1,1 

H2SO4 1,5 0,25 1,3 

O2 - - 0,26 

Total Na 0,38 0,35 0,36 

Total S 0,75 0,33 0,68 

   

A sulfur furnace for burning of sulfur is needed to supply the CTMP mill with sodium bisulfite. In the 

case of the HPA process sodium bisulfite needs to be bought externally because the HPA process does 

not require SO2 and thus not a sulfur furnace for the burning of sulfur. A possible option is to build a 

separate furnace where SO2 is manufactured for the solo purpose of making sodium bisulfite. If a 

separate furnace is built it can be dimensioned to produce sodium bisulfite for both Skoghall and for 

external partners.  
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2. Materials and Methods 

2.2. System boundary and sampling  

2.2.1. Determining the system boundaries and selection of process streams to investigate 

System boundary for the kraft mill was chosen similarly to Almlöf 2003 and balances created by Stora 

Enso in 2012. The boundary of the system was set to contain the fiberline from the digester to the pre-

bleaching, excluding the bleaching plant. Included was also the entire chemical recovery cycle, tall oil 

plant and gas furnace. The chemical plant was not included into the system. A simplified schematic 

version of the system is shown in Figure 9. A more detailed version of the system with all in and 

outgoing stream is shown in Appendix A. The streams in the overview in the appendix are numbered 

corresponding with the number given to the stream in the following two pages describing the streams.   

 

Figure 9. Simplified system overview 

This boundary was chosen to make it easy to compare the created balance to previous balances made 

at the mill and to avoid handling streams with bleaching chemicals which do not affect the balance as 

they are not sent to the recovery boiler. The internal streams were not tested as this would have made 

the task insurmountable. Only streams which contained sodium or sulfur going in or out of the system 

boundary were sampled or calculated. Process streams that were included in the balance are presented 

with a short description in the following pages.    
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Ingoing streams 

 1. Wood chips-The raw material for pulping, fed into the digester. 

 2. NaOH-Fresh alkali used in the two pre-bleaching stages, neutralization of spent acid and as 

reagent in the scrubber for making bisulfite for the CTMP mill. The stream presented here is a 

sum of theses four streams. Fresh NaOH can also be added as make-up if there is need for 

more sodium in the system.   

 3. MgSO4 for OP-bleaching-Magnesium sulfate used in the pre-bleaching stage, where 

oxygen and peroxide is used as active chemicals, to protect the pulp.  

 4. CTMP effluent/Wood handling wastewater -Effluent from the CTMP mill and wood 

handling sent to the evaporation to be incinerated in the recovery boiler. 

 5. Debarking water-Effluent from the debarking process sent to evaporation to be incinerated 

in the recovery boiler. 

 6. Spent acid-Byproduct from the manufacturing of chlorine dioxide used for bleaching. Used 

in the tall oil plant to produce tall oil or used as means to adjust pH in the mill. If there is more 

spent acid than the tall oil plant can handle, it is neutralized and sent into the chemical 

recovery cycle.  

 7. Fresh H2SO4 for tall oil production-Bought sulfuric acid is used if the chemical plant does 

not supply the mill with enough acid.  

 8. Purchased make-up lime-In case of a deficit of recovered burnt lime new lime is 

introduced into the system to compensate this.  

 9. Oil-Oil is required to run the lime kiln or keep the recovery boiler running in case of a 

process disturbance which would disrupt the supply of black liquor.  

 10. PO-wash liquid-Wash liquid from the peroxide/oxygen bleaching stage sent back into the 

pre-bleaching stage to be used instead of fresh water.  
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Outgoing streams 

 11, 12. Tall oil and turpentine-Tall oil produced from soap skimmed from the black liquor in 

the evaporation stage. Turpentine extracted as resin from the digester, the resin is distilled and 

sold as turpentine.  

 13. Gaseous discharge-Gaseous effluent from several sections of the mill, these are reported 

on a monthly basis. 

 14. Dust-Leaves the recovery boiler with the gaseous effluent, assumed to be ESP-ash 

consisting of Na2SO4 and K2SO4which is able to pass through the electrostatic filter.  

 15. Green liquor dregs-The green liquor are filtered to remove unwanted particles and 

precipitated heavy metal salts. The dregs are sent to a landfill.   

 16. Unreacted burnt lime-Some of the burnt lime does not react properly and ends up as 

gravel-like residue on the bottom of the caustization tanks. The residue is removed and sent to 

a landfill.  

 17. Lime sent to landfill-Skoghall has an excess of lime and some of it is sent to an external 

partner.  

 18. Bisulfite from scrubber-Sulfur gases are sent to the gas furnace and are reacted with 

NaOH in the scrubber to produce bisulfite to the CTMP mill. The bisulfite is sent to the 

chemical plant and mixed with the bisulfite produced there.  

 19, 20. Pulps-Sodium and sulfur leaves the system with the manufactured pulp streams, this 

includes both the pulps themselves and the water accompanying them.   

 21. Oxidized white liquor-It is possible to oxidize white liquor to use as a pH regulator 

instead of using fresh NaOH. This is a way to control the Na/S balance in the mill. The 

outgoing stream of oxidized white liquor is used for adjusting the pH in the aerated lagoon.  

 22. Electric precipitation ash (ESP-ash)-Ash retrieved from the electrostatic filter in the 

upper region of the recovery boiler. Can either be mixed with the black liquor or be bled out 

from the process to control the Na/S balance. Skoghall bleeds out ESP-ash by dissolving it in 

water which then leaves the system. The water containing the dissolved ash was analyzed in 

this study, and not the ash itself.  This was done because the mill controls the amount of water 

which leaves the mill. 

 23. Screening wastewater-Waste from the screening process which is sent to the aerated 

lagoon for purification. 

 24. Caustization wastewater-Effluent coming from the caustization plant.  

 25. Chemical Recovery wastewater-Effluent coming from the recovery boiler and 

evaporation plant.  

 26. Condensate A-Condensate from the evaporation plant to the aerated lagoon for 

purification. 

 27. Condensate B-Condensate from the evaporation plant to the aerated lagoon for 

purification, this condensate has been purified in a stripper before being sent to the lagoon.  

 



 

20 

 

2.2.2. Sampling of process streams  

All samples were gathered during one week when the process could be considered to be in steady-state 

and under normal condition. The exceptions were debarking water and three samples for green liquor 

dregs, unreacted lime and make-up lime which were gathered at a later date. Three samples were 

gathered from streams which gave a smaller contribution to the balance and six samples were gathered 

for the streams which were considered more important such as the pulps and electric precipitation ash. 

The amount of samples is shown in Table 3. Streams denoted with zero samples are streams which 

were possible to calculate using available data from the mill´s online measurements.  

Table 3. Sampling of streams 

Stream 
Amount of samples 

gathered 

Wood Chips 0 

NaOH 0 

MgSO4 for OP-bleaching 0 

CTMP wastewater 6 

Debarking water 3 

Spent acid 3 

H2SO4 for tall oil 
production 

0 

Bought make-up  lime 3 

Oil 0 

PO-wash liquid 6 

Tall oil and turpentine 0 

Gaseous discharge 0 

Dust 0 

Green liquor dregs 3 

Unreacted lime 3 

Lime sent to landfill 3 

Bisulfite from scrubber 6 

Pre-bleached pulp 6 

Unbleached pulp 6 

Oxidized white liquor 3 

Electric precipitation ash 6 

Screening wastewater 3 

Caustization wastewater 3 

Recovery wastewater 3 

A Condensate 3 

B Condensate 3 
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The spent acid was only sampled tree times due to safety concerns. The outlet from which the samples 

were taken was designed for drainage and not sampling which was the reason why only limited 

sampling was allowed.  

The samples for caustization wastewater, recovery wastewater and CTMP wastewater were samples 

collected over an entire day by automated sampling system in use at the mill.   

It would have been desirable to sample each stream several times over a longer time-span to get more 

insight into the variation of the process, but the time limits of the project demanded that the amount of 

sample handled was manageable. The system was assumed to operate under steady state condition 

when the samples were taken, with a constant amount of sodium and sulfur going in and out of the 

system boundary.    

2.2.3. Gathering of process data  

Data concerning the quantities of the stream was obtained using the process information managing 

system, WinMOPS in use at the mill. The data obtained was set to one value per day over the selected 

period.  

The installation of the new washing filters was carried out in October of 2014 and the production was 

running consistently in November. Therefore the period over which the simulation was carried out was 

set from the first of December 2014 to the first of March 2015, a period of 91 days. A longer period 

would have been desirable to acquire more stable and reliable data of how the mill behaved over a 

longer time frame but the limits of the project made it impossible to wait for more time to pass and 

more data to be available.  
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2.3. Laboratory work 

2.3.1. Sulfur in pulp 

The SCAN-CM 57:99 method was used when analyzing the sulfur content in the pulp streams. A 

difference to the original standard was that each sample was dried separately in an aluminum container 

and its dry content was calculated before they were combusted in a Schöniger flask.  Previous 

experiments at the pulp laboratory showed that this method allowed for a more precise determination 

of the sulfur content in pulp due to the small quantities handled and was therefore used instead of 

drying a larger amount of pulp to take samples from. The water phase containing sulfate ions was 

analyzed in an ion chromatograph for the sulfate content as described in the SCAN-method. 

2.3.2. Sodium in pulp 

Sodium in pulp was measured in three different ways to determine if these analyze methods could be 

used to measure sodium in pulp in the future with comparable results. The measurements were done 

on the same samples for all three methods. The three methods used were: 

 SCAN-CM 57:99, the samples obtained for the sulfur analysis, in 2.3.1., were analyzed for 

sodium  

 SCAN-C 30:73, an expired method involving wash loss, still in use in the pulp laboratory at 

the mill. This method was used in earlier created balances. 

 SCAN-CM 63:05 where microwave digestion was used.  

In the first method the water samples obtained from the sulfur analysis in section 2.2.1. were analyzed 

for sodium using a flame photometer calibrated for sodium.   

The second method followed SCAN-C 30:73. The sodium content was analyzed with flame 

photometry.  

The third method where sodium in pulp was analyzed in accordance to SCAN-CM 63:05 using 

microwave digestion in a high pressure container. The temperature used was 175°C for 15 minutes. 

The samples were filtrated and placed into 50 ml volumetric flasks before they were analyzed with 

flame photometry where the instrument was calibrated using calibration solutions with low pH.  

2.3.3. Sodium in water samples 

The aqueous solutions were analyzed for sodium using a flame photometer. The range of the 

instrument was up to 100 mg/l which resulted in that most of the samples had to be diluted to allow for 

accurate analysis. Dilution factors used for the samples can be found in Appendix B. The dilution was 

carried out using a precision pipette and volumetric flasks of varying sizes.  
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2.3.4. Sulfur in water samples 

The samples were analyzed for sulfur using an in-house method where a small amount of sample is 

oxidized using hydrogen peroxide and then diluted to allow for analysis using ion chromatography. 

This is the same principle used in SCAN-N 5:83, except that the solutions are analyzed using ion 

chromatography instead of titration due to the small sulfur quantities in the samples.    

5ml of the sample was placed into a beaker using a precision pipette along with 10 ml of deionized 

water. The pH of the sample was adjusted to 12 using a few drops of 1M NaOH, or 5 M for the 

samples with low pH. The pH was controlled by using litmus paper. 2 ml of hydrogen peroxide was 

added to the solution and the beaker was placed on a heating plate. The solution was boiled for ten 

minutes to remove excess hydrogen peroxide. The solution was tested for peroxide using peroxide 

indication paper. The beaker was removed from the heating plate and was allowed to cool down before 

the sample was poured into a 50 ml volumetric flask; deionized water was then added to the marking. 

To allow for analysis in an ion chromatograph some solutions was diluted further. The dilution factors 

used can be found in Appendix B.  

The samples with spent acid and oxidized white liquor were not oxidized. The samples already 

contained mostly sulfate by and oxidizing them served no purpose. Attempts to oxidize the samples 

were made but these yielded inconsequent results with lower amounts of sulfate.    

2.3.5. Sodium and Sulfur in solids 

Sodium in lime, lime mud green liquor dregs and unreacted lime was measured using SCAN-N 26;81 

using flame photometry. Cesium-aluminum was not used in the measurements since this was not used 

at the laboratory.   

Sulfur was measured using an ion chromatograph. Samples of about 2 g was weighed to the nearest 

0,001 g and placed in a beaker. Approximately 10 ml of ionized water was added to the breaker and its 

pH was adjusted to 12 if it was needed. 2 ml of hydrogen peroxide was added to the solution and the 

beaker was placed on a heating plate. The solution was boiled for ten minutes to remove excess 

hydrogen peroxide. The solution was tested for peroxide using peroxide indication paper to check for 

leftover peroxide. When there was no peroxide left the beaker was removed from the heating plate and 

was allowed to cool down before the sample was poured into a 50 ml volumetric flask; deionized 

water was then added to the marking. The samples were then analyzed using ion chromatography.  

2.3.6. Error estimation  

The mean and standard deviation for the experiments were calculated in excel using Eq 9 and Eq 10, 

where x is the sample mean, σ the standard deviation, and n the sample size. The confidence interval 

was calculated using a significance of 95% for normal distribution and Eq 11 where t is the degrees of 

freedom for the experiment.  
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3. Results, Calculation and Discussion  

3.1. Results from Na/ S analysis 

The results with 95% confidence interval from the sodium and sulfur analyses of the aqueous streams 

are shown in Table 4 and the results for solids in Table 5. 

 

Table 4. Results from analysis of Na and S in liquid samples 

Stream 
Na 

(g/l) 

Confidence 
interval Na 

(g/l) 

S 
(g/l) 

Confidence 
interval S 

(g/l) 

Electric precipitation ash in water 29,85 29,66;30,04 18,88 18,17;19,59 

CTMP/wood handling wastewater 0,96 0,76;1,16 0,44 0,40;0,48 

Debarking water 0,06 0,02;0,10 0,05 0,01;0,09 

Spent acid 117,40 112,14;122,67 253,26 238,98;267,54 

PO wash liquid 1,22 1,10;1,34 0,18 0,18;0,18 

A Condensate 0,00 0,00;0,00 0,00 0,00;0,00 

B Condensate 0,00 0,00;0,00 0,00 0,00;0,00 

Oxidized white liquor 126,09 123,84;128,34 26,94 13,61;40,27 

Screening wastewater 0,12 0,09;0,15 0,04 0,03;0,05 

Caustization wastewater 0,03 0,03;0,03 0,01 0,01;0,01 

Chemical recovery wastewater 0,03 0,02;0,04 0,02 0,01;0,03 

Bisulfite from scrubber 90,18 89,03;91,33 106,65 105,03;108,27 
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Table 5. Na and S in solids 

Stream 
Na  

(g/kg) 

Confidence 
interval Na 

(g/kg) 

S  
(g/kg) 

Confidence 
interval S  

(g/kg) 

Lime mud 6,50 6,41;6,59 0,57 0,53;0,61 

Green liquor dregs 80,38 77,57;83,19 8,45 2,46;14,44 

Unreacted lime 1,51 1,07;1,95 0,04 0,02;0,06 

Make-up lime 34,02 11,79;56,25 7,90 6,48;9,32 

 

The pulp streams, which are shown in Table 6, have their values shown as bone dried pulp, (Bdt). This 

means that the dry content is 100%.  

Table 6. Na and S in pulps 

 Stream 
Na  

(g/Bdt) 

Confidence 
interval Na 

(g/Bdt) 

S  
(g/Bdt) 

Confidence 
interval S 
 (g/Bdt) 

Wash loss pre-bleached 5,26 4,62;5,90 - - 

Wash loss unbleached 3,82 3,52;4,12 - - 

Microwave digestion pre-bleached 2,90 2,63;3,17 - - 

Microwave digestion unbleached 4,34 3,75;4,93 - - 

Schöniger pre-bleached 3,23 2,94;3,52 0,95 0,84;1,06 

Schöniger unbleached 6,42 5,71;7,13 0,79 0,75;0,83 
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3.1.1. Comparison to earlier Na/S studies made on the Skoghall Mill 

To have a better estimate of how reliable the measurements were a comparison was made with earlier 

measurements used to create balances (Almlöf 2003) as well as measurement values from a balance 

made in 2012 which can be seen in Appendix C. The most noticeable differences were the ESP-ash, 

the spent acid, oxidized white liquor, green liquor dregs and the pulps.  

The ESP-ash was measured differently compared to earlier balances. Its unit and value are different 

from the earlier measurement data in Appendix C. In earlier studies the amount of sodium and sulfur 

in the ESP-ash was measured from the ash directly. In this thesis the sodium and sulfur content was 

measured in the water containing the dissolved ESP-ash. This was done because it was easier and 

more reliable to measure how much ESP-ash water that leaves the system than ash. The Na/S 

concentration ratio is 1,58 for both the earlier measurements on the ash and current measurements on 

the ESP-ash water. This is an indication that the measurements are reliable and comparable to earlier 

balances.  

The spent acid showed a higher amount of sulfur than earlier even though the process resulting in 

spent acid has not changed at all since the last measurements were made. The confidence interval was 

not enough to explain this change either. Possible explanations were that the acidity of the spent acid 

interfered with the sulfate measurement in the ion chromatograph or that the samples analyzed were 

not representative of the spent acid in the system since they had to be taken from a drainage pipe and 

not from a prepared sample outlet.   

The oxidized white liquor showed lower amounts of sulfur than measured earlier. Measurements are 

continuously made for the regular white liquor at the pulp laboratory and it usually has a sulfur 

concentration of 40 g /l compared to the 27 g/l from the analyses in the studies. This compared with 

the high confidence interval indicated that the white liquor analyses were unreliable in this study. The 

reason for this might be because the alkalinity in the liquor interfered with the measurements in the ion 

chromatograph.    

The green liquor dregs gave varying results in both the sodium and sulfur analyses. This resulted in a 

wide confidence interval and unreliable results. The reason for this might have been due to the process 

which generates the dregs. Depending when the samples were taken they might contain a larger or 

smaller amount of lime mud which affected the amount of sodium and sulfur measured.     

The pulp showed a consistently lower amount of sodium compared to earlier measurements. This was 

the case for all three analysis methods used in this study. The measurements all gave different results 

compared to each other and were therefore deemed not comparable to sodium measured by wash loss. 

The reason for the difference in analysis results might be because sodium is lost as aerosols which are 

formed and released in the hot gases in the microwave enclosure. The sodium analysis from the 

Schöniger combustion gave higher results for unbleached pulp than bleached which is contrary to all 

earlier measurements. Therefore the measurements were considered not comparable to the wash loss 

result.      

The chosen method for measuring the sodium concentration among the three methods was the wash 

loss since it had been used in earlier balances and has been the most commonly method to determine 

the amount of sodium in pulps in the industry throughout the years (Warnqvist 1978). This was to 

allow for easier comparison with earlier balances. The method is still in use in the mill although it has 

been withdrawn by SCAN. 
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3.2. Na/S balances for Skoghall Mill 

3.2.1. Balances before and after reconstruction  

From the flow data, shown in Appendix D, and the obtained concentrations a balance was made to 

simulate the mill after the reconstruction. For the streams, “Wood Chips” and “Tall oil and turpentine” 

values from earlier balances were used. The wood intake was determined to be the same as in the 

balance made in 2012 since the intake of wood had not changed. Tall oil and turpentine are materials 

which are difficult to handle and analyze properly and their contribution to the balance was set to be 

the same as in the 2012 balance since their manufacturing processes had not been changed since then 

and their contribution to the balance is relatively small.   

To allow for an easier overview of the balances some of the minor streams were consolidated into 

larger streams. These were:  

 Condensate A and B were consolidated to a stream labeled “Condensate” 

 The waste water streams were consolidated to a stream labeled “Effluent water” 

 Gaseous effluent and dust were consolidated to a stream labeled “Effluent gases” 

The balances before and after the reconstruction are shown in Table 7. The balance before 

reconstruction was a balance created for the year 2012 at Skoghall in 2013. This balance was used as 

reference. The balance after the reconstruction was based on flow data from the period starting 1st of 

December 2014 and ending 1st of Mars 2015. The share of bleached pulp manufactured during this 

period was 47,6%. In the calculations the share was changed to 50,5%,  the same amount as the 

reference balance. This was done to allow for a better comparison between the balances, as the share 

of bleached pulp affects a number of streams in the balance.  
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Table 7. Unadjusted Balances Before and After reconstruction, 50,5% bleached pulp 
 

Stream kg Na/Adt kg S/Adt kg Na/Adt kg S/Adt 

IN Before (2012) After (1/12/14-1/3/15)  

Wood Chips 0,01 0,12 0,01 0,12 

NaOH 8,48 0,00 10,12 0,00 

MgSO4 for OP-bleaching 0,00 0,26 0,00 0,15 

CTMP/WH wastewater  2,05 0,80 2,57 1,18 

Debarking water 0,03 0,02 0,00 0,00 

Spent acid 2,21 4,15 3,06 6,60 

H2SO4 for tall oil production 0,00 0,61 0,00 0,36 

Bought make-up  lime 0,31 0,09 0,01 0,00 

Oil 0,00 0,20 0,00 0,20 

PO-wash liquid 0,87 0,14 2,26 0,34 

Total IN 13,97 6,40 18,03 8,95 

OUT       

Tall oil and turpentine 0,04 0,12 0,04 0,13 

Effluent gases 0,03 0,15 0,21 0,40 

Green liquor dregs 0,16 0,14 0,28 0,00 

Unreacted lime 0,02 0,01 0,07 0,01 

Lime sent to landfill 0,50 0,01 0,00 0,00 

Bisulfite from scrubber 1,60 1,68 2,20 2,60 

Pre-bleached pulp 5,00 0,41 2,79 0,50 

Unbleached pulp  2,76 0,36 1,80 0,37 

Oxidized white liquor 0,46 0,19 0,00 0,00 

Electric precipitation ash 2,57 1,63 2,78 1,76 

Effluent water 0,38 0,13 0,10 0,04 

Condensate 0,00 0,00 0,00 0,01 

Total OUT 13,54 4,84 10,27 5,82 

Difference 0,43 1,56 7,76 3,13 
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3.2.2. Adjusting balances   

It is praxis to adjust a balance to add up as it is not probable that several kilograms of sodium and 

sulfur per Adt manufactured pulp leave the system over a longer period of time in a state of the art 

mill. In theory in-streams should equal out-streams since all inlets and outlets, including gases are 

included.  

The adjustment was done by changing streams which displayed values thought not to be reliable, 

either by faulty concentration or the flows being too low or high according to experience. An adjusted 

version of the 2012 balance in Table 7 was used as reference when adjusting the new balance. The 

stream that was changed was the spent acid whose sulfur contribution was considered too high to be 

reliable. The ESP-ash and the intake of fresh NaOH were then adjusted for the balance to add up since 

those are the streams which are adjusted at the mill to control the Na/S balance.  

The analyzed sulfur concentration for spent acid showed higher values than in earlier balances. The 

amount of sodium and sulfur contributed from the spent acid was lowered to 85% of its original value 

to compensate for this as the spent acid composition most likely have not changed for several years 

and the reconstruction did not affected it either. 85% was chosen because this was the same 

adjustment which was made in the balance from 2012. In the earlier balance the intake of fresh H2SO4 

was also adjusted, here the stream was lower than the amount in the adjusted balance and was left 

unchanged in this study.  

The amount of ESP-ash was increased to increase the amount of outgoing sulfur to be equal to the 

amount of ingoing sulfur. This was done to simulate how the surplus of sulfur is handled at the mill. 

The low values compared to the ingoing streams might be because the system has not yet balanced 

itself to the changes made since the observed period was short. This is due to the large size of the 

system and how slow it reacts to changes. If the observed period was to be extended the result would 

most likely have shown an increase in bled-out of ESP-ash to compensate for the low amount of ash 

bled out over the previous months compared to the high amount of sulfur coming into the system in 

the form of spent acid.   

The other adjustable parameter used to control the balance was the intake of fresh NaOH. The high 

intake of NaOH was due to the timing and short period used in the simulation. Skoghall mill increases 

its intake of NaOH at the end of the year to build up its white liquor storage after the maintenance stop 

each fall. It is therefore reasonable to decrease the intake of NaOH in the balance until the total intake 

of sodium equals the outgoing. If the observed period would have been extended it would most likely 

show a lower intake of fresh NaOH as the white liquor storages were replenished.  

The adjusted balances and the adjusted reference balance are shown in Table 8. The reference balance 

was at the time it was made adjusted the same way the new balance was with the exception of fresh 

sulfuric acid which was decreased. Streams that are highlighted were adjusted. Both balances were 

calculated at a bleached pulp share of 50,5% to make them comparable.   
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Table 8. Adjusted balances Before and After reconstruction. Streams which have been adjusted are highlighted, 50,5% 
bleached pulp 

Stream kg Na/Adt kg S/Adt kg Na/Adt kg S/Adt 

IN Before (2012) After (1/12/14-1/3/15) 

Wood Chips 0,01 0,12 0,01 0,12 

NaOH 9,23 0,00 6,18 0,00 

MgSO4 for OP-bleaching 0,00 0,26 0,00 0,15 

CTMP/wood handling wastewater  2,05 0,80 2,57 1,18 

Debarking water 0,03 0,02 0,00 0,00 

Spent acid 1,66 3,11 2,60 5,61 

H2SO4 for tall oil production 0,00 0,49 0,00 0,36 

Bought make-up  lime 0,31 0,09 0,01 0,00 

Oil 0,00 0,20 0,00 0,20 

PO-wash liquid 0,87 0,14 2,26 0,34 

Total IN 14,17 5,24 13,65 7,96 

OUT 
  

    

Tall oil and turpentine 0,04 0,13 0,04 0,13 

Effluent gases 0,03 0,15 0,21 0,40 

Green liquor dregs 0,16 0,14 0,28 0,00 

Unreacted lime 0,02 0,01 0,07 0,01 

Lime sent to landfill 0,50 0,01 0,00 0,00 

Bisulfite from scrubber 1,60 1,68 2,20 2,60 

Pre-bleached pulp 5,00 0,41 2,79 0,50 

Unbleached pulp  2,76 0,36 1,80 0,37 

Oxidized white liquor 0,46 0,19 0,00 0,00 

Electric precipitation ash 3,21 2,03 6,15 3,89 

Effluent water 0,38 0,13 0,10 0,04 

Condensate 0,00 0,00 0,00 0,01 

Total OUT 14,17 5,24 13,65 7,96 

Difference 0,00 0,00 0,00 0,00 
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3.3. Comparison of adjusted balances before and after reconstruction   

 

Overview 

There is a significant difference in the amount of sulfur passing through the system now compared to 

the earlier balance. The streams contributing to the increased intake of sulfur are PO-wash liquid, 

CTMP/wood handling wastewater and spent acid which all have increased compared to the 2012 

balance. The volume of CTMP/wood handling wastewater and PO-wash liquid going into the system 

have increased since the 2012 balance but, the concentrations of sodium and sulfur in the streams are 

unchanged. Thus, the reason for the increase is a controlled intake of the streams. The intake of spent 

acid into the system is not by choice, it has to be handled by the mill regardless of the amount of sulfur 

in the system.  

The amounts of bisulfite and ESP-ash exiting the system have also increased to compensate for the 

increased intake.  

Pulps 

Sodium in pulp was measured in three different ways to asses to comparability of the methods. Even 

though the methods showed slightly different results they all showed a lower amount of sodium in 

pulp compared to the measurements made to create the balance in 2012. Thus nothing indicates that 

the decrease is not reliable for the samples taken.  

The sodium leaving with the pulp streams has decreased significantly and the amount of sulfur leaving 

with the pulp was unchanged since the reconstruction. There are several reasons why this might be 

which can be related to the reconstruction.  

The split of the pulp line have resulted in two more distinct pulp qualities, whereas earlier a shift in 

quality in the pulp line resulted in an intermediary quality as the leftover oxygen from the pre-

bleaching still affected the pulp for some time after the pre-bleaching was switched off. If the split 

would have been the reason for the lower sodium levels the pre-bleached pulp would have shown 

higher levels of sodium and the unbleached lower levels as no mixing of the qualities occurs now.  

An increase in wash efficiency due to the new filter would have affected the level of sodium in the 

pulps as well as the sulfur level as more liquor residue is washed out. This was not the case according 

to measurements performed and is therefore not a plausible explanation.  

A more possible theory is that the change in sodium is due to a change in how much sodium is bound 

to the fiber.  While sodium can bond to the negatively charged groups on the fiber sulfur compounds 

are anions and do not interact with the fiber in this way. This could explain the change in sodium 

levels and also explaining the unaltered sulfur levels. A change in the amount of charged groups on the 

pulp can explain this, either from a change in the raw material or the pulping process. Another 

possibility is a change in pH out from the washing stages.  

A change in dwell time may also affect the sodium on pulp. A longer dwell time after the first wash 

can increase the amount of sodium leached out of the pulp which allows more sodium to be washed 

out in the following wash stage resulting in less sodium exiting the system.    
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The scope of this thesis was not enough to investigate or determine the reason for the change in the 

pulps as its purpose was to investigate the chemical balance and not individual streams. There was not 

enough information available to draw any conclusion of what was the cause for the lower amounts of 

sodium in the pulp after the reconstruction. Further work is needed to determine what caused the 

change.  

PO-wash liquid 

Since the last balance was constructed at the mill the system for introducing PO-wash liquid has been 

altered to send back more of the liquid into the system. This caused the increase of sodium and sulfur 

going into the system from the stream.  

ESP-ash and NaOH 

More ESP-ash is being bled out to take care of the increasing amount of sulfur going into the system. 

This is how the mill normally handles the surplus of sulfur and can directly be related to how much 

sulfur needs to be expelled from the system.  The lower amount of fresh NaOH needed is due to less 

sodium leaving the system by the pulps. The adjusted value for NaOH in Table 8 is not comparable to 

a real life case since a certain amount of NaOH is always needed in the pre-bleaching and to neutralize 

the spent acid. It cannot be lower than the amounts needed in these stages.  

Summary 

There has been an increase of sulfur going into the system through the CTMP/wood handling 

wastewater, PO-wash liquid and the spent acid which in turn has resulted in more ESP-ash having to 

be bled out and more NaOH having to be taken in to neutralize the spent acid and make up for the lost 

sodium coming from the bleeding of ESP-ash.   
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3.2.3. Adjusting the balance for the studied time span.  

The balances which are seen in Table 8 are idealized and not realistic cases for the system for the short 

time span studied. Therefore a less ideal balance was created to better represent how the system 

behaved during the studied period. The intake of sodium was increased compared to Table 8 to 

simulate the increased intake for the period studied. The amount of bled out ESP-ash was decreased 

because the system had not yet started to stabilize to the increased intake of sulfur. The amount of 

bleached pulp was set to 47,6% , which was the original share of bleached pulp during the period. The 

new balance describes more realistically how the system behaved. The adjusted balance is shown in 

Table 9.  

Table 9. Adjusted balance after reconstruction for the studied period. Streams that have been adjusted are highlighted, 
47,6% bleached pulp 

Stream kg Na/Adt kg S/Adt 

IN (1/12/14-1/3/15) 

Wood Chips 0,01 0,12 

NaOH 7,34 0,00 

MgSO4-for OP-bleaching 0,00 0,14 

CTMP/wood handling wastewater  2,57 1,18 

Debarking water 0,00 0,00 

Spent acid 2,46 5,30 

H2SO4 for tall oil production 0,00 0,36 

Bought make-up  lime 0,01 0,00 

Oil 0,00 0,20 

PO-wash liquid 2,13 0,32 

Total IN 14,53 7,62 

OUT     

Tall oil and turpentine 0,04 0,13 

Effluent gases 0,21 0,41 

Green liquor dregs 0,28 0,00 

Unreacted lime 0,07 0,01 

Lime sent to landfill 0,00 0,00 

Bisulfite from scrubber 2,20 2,60 

Pre-bleached pulp 2,63 0,47 

Unbleached pulp  1,91 0,39 

Oxidized white liquor 0,00 0,00 

Electric precipitation ash 5,14 3,25 

Effluent water 0,44 0,18 

Condensate 0,00 0,01 

Total OUT 12,93 7,46 

Difference 1,60 0,16 
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3.4. Balances with different amounts of bleached pulps 

From the adjusted balance in Table 9 new balances were made to observe how different amounts of 

bleached pulp would affect the balance. The streams which were affected by the amount of bleached 

pulp and how it changed their contribution were: 

 Spent acid increases with the amount of bleached pulp since more chlorine dioxide is required 

for bleaching. This will create more spent acid as a by-product from the Mathieson process. 

This will in turn increase the intake of both sodium and sulfur coming from this stream.  

 The contribution of outgoing sodium and sulfur from pre-bleached pulp will increase with the 

amount of bleached pulp and decrease for unbleached pulp. 

 MgSO4 increases with the amount of bleached pulp since more MgSO4 is needed in the OP-

bleaching, this will increase the intake of sulfur from that stream. 

 PO-wash liquid increases with the amount of bleached pulp since more bleached pulp is 

washed in the PO-stage. This will increase the intake of both sodium and sulfur.   

 NaOH going to the pre-bleaching stages and tall oil plant, and in turn sodium, will increase 

with the amount of bleached pulp.  

 In the case where the amount of spent acid exceeds the amount required for tall oil production 

as well as pH regulation NaOH is needed to neutralize the acid before it is introduced into the 

system, this will increase the amount of fresh NaOH in the balance. 

 At times where the amount of spent acid is not enough to supply the tall oil plant with the 

required amount of acid to produce tall oil this has to be compensated with fresh H2SO4.   

Data from the mill showed that there had to be at least 9,5 kg spent acid or H2SO4 per Adt in the 

balance to be able to take care of the soap coming from the black liquor skimming. This resulted in 3,1 

kg S per Adt coming from the spent acid going to the tall oil plant. If the amount of spent acid was 

lower than this it was compensated with addition of sulfur by the H2SO4 stream.   

If the amount of spent acid exceeded 3,1 kg S per Adt the leftover acid had to be neutralized with fresh 

NaOH. The amount of sodium from fresh NaOH per kg sulfur from spent acid was calculated to be 

0,78 kg Na/kg S using data from the mill. This was calculated from the flow data of excess spent acid 

and fresh NaOH to the tall oil plant during the period after reconstruction. Complete calculations can 

be found in Appendix E.  
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All altered streams were assumed to change linearly to the amount of bleached pulp manufactured. 

Two balances were created, one for 30% and one for 70% bleached pulp.  Both cases were adjusted 

using ESP-ash and fresh NaOH to give a balance without any spillage. It is important to realize the 

difference between these theoretical cases which balances are adjusted to add up and a “real-life” 

measured case. The balance for 30% and 70% bleached pulp is shown in Table 10.  

Table 10. Balance with different amounts of bleached pulp. Streams that were affected by the share of bleached pulp are 
highlighted 

Stream kg Na/Adt kg S/Adt kg Na/Adt kg S/Adt 

IN 30% bleached pulp 70% bleached pulp 

Wood Chips 0,01 0,12 0,01 0,12 

NaOH 3,72 0,00 7,44 0,00 

MgSO4-for OP-bleaching 0,00 0,09 0,00 0,21 

CTMP/wood handling wastewater 2,57 1,18 2,57 1,18 

Debarking water 0,00 0,00 0,00 0,00 

Spent acid 1,55 3,34 3,61 7,78 

H2SO4 for tall oil production 0,00 0,36 0,00 0,00 

Bought make-up  lime 0,01 0,00 0,01 0,00 

Oil 0,00 0,20 0,00 0,20 

PO-wash liquid 1,28 0,19 2,98 0,45 

Total IN 9,15 5,48 16,64 9,94 

OUT 
  

  

Tall oil and turpentine 0,04 0,13 0,04 0,13 

Effluent gases 0,21 0,41 0,21 0,41 

Green liquor dregs 0,28 0,00 0,28 0,00 

Unreacted lime 0,07 0,01 0,07 0,01 

Lime sent to landfill 0,00 0,00 0,00 0,00 

Bisulfite from scrubber 2,20 2,60 2,20 2,60 

Pre-bleached pulp 1,42 0,26 3,31 0,60 

Unbleached pulp 2,40 0,50 1,03 0,21 

Oxidized white liquor 0,00 0,00 0,00 0,00 

Electric precipitation ash 2,42 1,53 9,39 5,94 

Effluent water 0,10 0,04 0,10 0,04 

Condensate 0,00 0,01 0,00 0,01 

Total OUT 9,15 5,48 16,64 9,94 

Difference 0,00 0,00 0,00 0,00 
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There are major differences in the amounts of both sodium and sulfur between the two cases. This 

comes primarily from the reduced amount of spent acid and PO-wash liquid introduced into the 

system. To neutralize the spent acid fresh NaOH is introduced which further increases the amount of 

sodium in the system. More ESP ash needs to be bled out to avoid accumulation in the system.  

In the actual case of an increase of sodium and sulfur in the system sodium and sulfur in outgoing 

streams would also increase. This would give higher amounts of sodium and sulfur in streams such as 

water effluent, green liquor dregs and outgoing pulps but these are difficult to estimate and were not 

taken into account in the static balance made.  

In the case of the balance given for 70% bleached pulp the high amount of ESP-ash bled out is not 

realistic for an extended time due to scaling of the equipment handling the ash purging. It is more 

likely that some of the sulfur is purged by producing more bisulfite in the scrubber and then the entire 

surplus is purged as ESP-ash.  

It is theoretically possible to control the Na/S balance by changing the share of bleached pulp. A 

decrease in the amount of bleached pulp would decrease the amount of spent acid and PO-wash going 

into the system and also the purging of ESP-ash and the need for fresh NaOH. Instead of bleeding out 

more ESP-ash it would be possible to lower the share of bleached pulp to lower the amount of ingoing 

sulfur and the need for fresh NaOH going to the spent acid.  However, this solution is implausible due 

to the need of bleached pulp for the paper machine. The bleached pulp would then have to be 

purchased to supply the paper machine and this might cost more than the money saved from using less 

chemicals. Therefore the concept of using the share of bleached pulp as a tool to control the chemical 

balance is only theoretical.  
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3.5. Balance with new types of chemical plants  
Balances were made to simulate how the Na/S balance would change in the case of a new chemical 

plant. These were based on the balance in Table 9 where the share of bleached pulp was 47,6%. The 

expected changes to the balance when implementing a new chemical plant were: 

 The amount of sodium and sulfur from the spent acid change since new processes are set in 

place. The amounts depend on how much by-products are produced in the reactions.  

 In the case where the amount of spent acid is too small to supply the tall oil with the required 

acid more acid has to be added in the form of fresh H2SO4, which increase the sulfur 

contribution. In the case where the spent acid is enough to supply the tall oil plant the fresh 

H2SO4 stream is set to zero.  

 Sodium in the form of NaOH increase if the amount of spent acid exceeds the amount 

required to manufacture tall oil. NaOH is required to neutralize the spent acid before it is sent 

to the evaporation plant. The same method as when different shares of bleached pulp were 

calculated was used.  

The amount of ClO2 required per ton bleached pulp was set to 25 kg active chlorine per ton which was 

calculated to equal 9,51 kg ClO2 per Adt bleached pulp, this was calculated by using the conversion 

factor in Table 1. This amount was used to calculate the amount of sodium and sulfur coming from the 

chemical plant per Adt bleached pulp with the data from Table 2.  Complete calculations are shown in 

Appendix E. The balances were adjusted to add up using the ESP-ash and ingoing NaOH to represent 

a balanced system.  
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Balances were made for the two considered processes, Mathieson and HPA, and also for the 

commonly used SVP-LITE process. Streams which were affected by the new chemical plant were 

highlighted in Tables 11-13. The balance for Mathieson is shown in Table 11.  

Table 11. Balance for theoretical Mathieson process. Streams that have been affected are highlighted, 47,6% bleached pulp 

Stream kg Na/Adt kg S/Adt 

IN (1/12/14-1/3/15) 

Wood Chips 0,01 0,12 

NaOH 3,05 0,00 

MgSO4-for OP-bleaching 0,00 0,14 

CTMP/wood handling wastewater  2,57 1,18 

Debarking water 0,00 0,00 

Spent acid 1,72 3,40 

H2SO4 for tall oil production 0,00 0,00 

Bought make-up  lime 0,01 0,00 

Oil 0,00 0,20 

PO-wash liquid 2,13 0,32 

Total IN 9,50 5,36 

OUT 
  

Tall oil and turpentine 0,04 0,13 

Effluent gases 0,21 0,41 

Green liquor dregs 0,28 0,00 

Unreacted lime 0,07 0,01 

Lime sent to landfill 0,00 0,00 

Bisulfite from scrubber 2,20 2,60 

Pre-bleached pulp 2,63 0,47 

Unbleached pulp  1,91 0,39 

Oxidized white liquor 0,00 0,00 

Electric precipitation ash 2,06 1,30 

Effluent water 0,10 0,04 

Condensate 0,00 0,01 

Total OUT 9,50 5,36 

Difference 0,00 0,00 
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The process in place at Skoghall today is the Mathieson process. The reason the balance in Table 11 

differs from the balance in Table 9  is because the data used to calculate Table 11 is from the supplier 

of chlorine dioxide plants. Their data is most likely from theoretical calculations or a laboratory setup 

using the ideal conditions for the reaction. Such a case is not realistic at Skoghall which might use 

slightly different reagent concentrations and temperatures. This will cause the amount of spent acid to 

be larger than the case presented by the supplier.  

The equipment used at Skoghall is built originally in the 60´s and upgraded at latest in the 90’s. This 

will most likely lower the plants efficiency compared to a modern facility.  A new facility would 

reasonably give less amounts of byproducts than the old one.  
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The balance for the HPA process is shown in Table 12. 

Table 12. Balance for the HPA process. Streams that have been affected are highlighted, 47,6% bleached pulp 

Stream kg Na/Adt kg S/Adt 

IN (1/12/14-1/3/15) 

Wood Chips 0,01 0,12 

NaOH 2,68 0,00 

MgSO4-for OP-bleaching 0,00 0,14 

CTMP/wood handling wastewater 2,57 1,18 

Debarking water 0,00 0,00 

Spent acid 1,63 3,08 

H2SO4 for tall oil production 0,00 0,02 

Bought make-up  lime 0,01 0,00 

Oil 0,00 0,20 

PO-wash liquid 2,13 0,32 

Total IN 9,04 5,06 

OUT 
  

Tall oil and turpentine 0,04 0,13 

Effluent gases 0,21 0,41 

Green liquor dregs 0,28 0,00 

Unreacted lime 0,07 0,01 

Lime sent to landfill 0,00 0,00 

Bisulfite from scrubber 2,20 2,60 

Pre-bleached pulp 2,63 0,47 

Unbleached pulp 1,91 0,39 

Oxidized white liquor 0,00 0,00 

Electric precipitation ash 1,60 1,01 

Effluent water 0,10 0,04 

Condensate 0,00 0,01 

Total OUT 9,04 5,06 

Difference 0,00 0,00 
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The balance for the SVP-LITE process is shown in Table 13.  

Table 13. Balance for the SVP-LITE process. Streams that have been affected are highlighted, 47,6% bleached pulp 

Stream kg Na/Adt kg S/Adt 

IN (1/12/14-1/3/15) 

Wood Chips 0,01 0,12 

NaOH 2,72 0,00 

MgSO4-for OP-bleaching 0,00 0,14 

CTMP/wood handling wastewater 2,57 1,18 

Debarking water 0,00 0,00 

Spent acid 1,59 1,50 

H2SO4 for tall oil production 0,00 1,60 

Bought make-up  lime 0,01 0,00 

Oil 0,00 0,20 

PO-wash liquid 2,13 0,32 

Total IN 9,04 5,06 

OUT 
  

Tall oil and turpentine 0,04 0,13 

Effluent gases 0,21 0,41 

Green liquor dregs 0,28 0,00 

Unreacted lime 0,07 0,01 

Lime sent to landfill 0,00 0,00 

Bisulfite from scrubber 2,20 2,60 

Pre-bleached pulp 2,63 0,47 

Unbleached pulp 1,91 0,39 

Oxidized white liquor 0,00 0,00 

Electric precipitation ash 1,59 1,01 

Effluent water 0,10 0,04 

Condensate 0,00 0,01 

Total OUT 9,04 5,06 

Difference 0,00 0,00 
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3.6. Economical comparison between chemical plants 

Calculations were performed to determine the operating cost for the three processes. It was based on 

the average cost of the chemicals, electrical power and stream for the mill at the time of writing using 

data from a supplier.  The calculated values for the chemicals and utilities are shown in Table 14. All 

examples are calculated for 100% bleached pulps.  

Table 14. Operating cost for chemical plants 

Chemical/Utility 
Mathieson 
(SEK/Adt 
bleached) 

HP-A  
(SEK/Adt 
bleached) 

SVP-LITE 
(SEK/Adt 

bleached ) 

NaClO3 79,16 73,38 73,38 

H2SO4 8,64 13,02 6,21 

SO2 16,28 - - 

H2O2 - 6,10 
 

MeOH - - 49,43 

TOTAL Chemical cost 104,12 92,51 129,02 

    

Power 0,30 0,30 0,38 

Steam 11,86 - 6,23 

    
TOTAL Operating Cost  116,29 92,81 135,62 

 

A comparison of Table 11 and Table 12 showed that the HPA process not only required less ESP-to be 

bled out but also requires less addition of NaOH to take care of surplus spent acid. Problems with NPE 

might arise if a low amount of ESP-ash is bled out and more might have to be expelled if this is the 

case. If only the balance of sodium and sulfur is considered the most viable processes is the HPA 

process. It releases the lowest amounts of by-products which is important since Skoghall mill has a 

surplus of spent acid from the process it uses today. Large amounts of NaOH are used simply to 

handle the spent acid. If the HPA processes is implemented this amount will most likely decrease.   

By looking at Table 14 it is possible to see the operating cost per Adt. Here the HPA process is the 

cheapest alternative while Mathieson is the most expensive concerning the operating cost regarding 

both chemicals and energy.   
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4. Conclusion 

4.1 Conclusion 

A new Na/S balance for Skoghall mill was created. The new balance showed that sodium in the 

outgoing pulp streams had decreased compared to earlier balances. This was probably a result from the 

PMI project, though it was difficult to tell which alteration caused this to happen. There was also an 

increase of ingoing sulfur due to the increase of incoming spent acid, PO-wash liquid and CTMP 

effluent. The period after the reconstruction which was used for the simulation was shorter than 

desired, a longer period would have been useful to more accurately determine how the system behaves 

after the reconstruction.  

Simulations of two cases with different amounts of bleached pulp were made. The simulations showed 

how a change in the share of bleached pulp would affect the balance. An increase in the share of 

bleached pulp resulted in a higher of sulfur intake from the spent acid and PO-wash liquid. This had to 

be handled by bleeding out ESP-ash in larger amounts. To replenish lost sodium from the ESP-ash 

purging fresh NaOH would have to be added to the system.    

A decrease in the share of bleached pulp resulted in the opposite situation, less sulfur intake and less 

purging of ESP-ash. The difference between the two cases could theoretically be used to control the 

balance and keep the sulfidity at the desired level, by either changing the share of bleached pulp 

continuously or set the share at a level which gives a desired stable sulfidity. This is however 

theoretical, as the pulp mill has to produce pulp with the qualities the board machines need to 

manufacture the desired products.   

The balances with new chemical plants showed that a new chemical plant will affect the mill in such a 

way that fewer by-products in the form of spent acid are produced. Lesser byproducts lowered the 

intake of both sodium and sulfur from the spent acid as well as sodium to handle the surplus spent 

acid. This resulted in less ESP-ash having to be purged to keep the system stable as an effect of less 

sulfur coming into the system. Of the three alternatives the HPA-processes was the most favorable. 

This was because of both lower amounts of by-products compared to the other processes as well as a 

lower operating cost.  

4.2. Future work 

More work is needed to explain how the reconstruction has changed the sodium content in the pulps at 

Skoghall and what exactly caused the change. A study on how sodium on the fibers in the pulp 

streams has been affected by the increased dwell-time between the washing stages would be an 

interesting continuation of.   

With the implementation of the new chemical plant the new Na/S balance will most likely not 

resemble the idealized case shown in Table 12. An estimation of how the real balance would look like 

using WinGEMS or similar software would be fitting for future thesis work. A work similar to this one 

after the new chemical plant is built would also be fitting.   
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7. Appendix 

Appendix A - Schematic overview of the system 
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Appendix B - Dilution factors 

 

Stream Dilution factor 

Electric precipitation ash 1000 

CTMP/wood handling 
wastewater  

20 

Debarking water 100 

Spent acid  2500 

PO-wash liquid 20 

A Condensate 1 

B Condensate 1 

Oxidized white liquor 2000 

Screening wastewater 20 

Caustization wastewater 1 

Recovery boiler wastewater 1 

Bisulfite 2000 

 

Stream Dilution factor 

Electric precipitation ash 5000 

CTMP/wood handling 
wastewater 

50 

Debarking water 10 

Spent acid 50000 

PO-wash liquid 50 

A Condensate 1 

B Condensate 1 

Oxidized white liquor 5000 

Screening wastewater 10 

Caustization wastewater 1 

Recovery boiler wastewater 20 

Bisulfite 2500 
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Appendix C – Old analysis values 

 

Liquids Na (g/l) S (g/l) 

CTMP/wood handling 
wastewater 

1,02 0,40 

Debarking water 0,108 0,08 

Spent acid 114 214 

PO wash liquid 0,96 0,15 

A Condensate 0,001 0 

B Condensate 0,001 0 

Oxidized white liquor 102 41 

Screening wastewater 0,17 0,04 

Caustization wastewater 0,01 0,01 

Chemical recovery wastewater 0,02 0,01 

Bisulfite from scrubber 80 84 

 

Solids 
Na (g/kg dry 

sample) 
S (g/kg dry 

sample) 

Lime mud 6 0,17 

Green liquor dregs 23 20 

Unreacted lime 21 6 

Make-up lime - - 

Electric precipitation ash  308 195 

 

Pulps Na (kg/Bdt) S (kg/Bdt) 

Pre-bleached pulp wash loss 9,90 0,82 

Unbleached pulp wash loss 5,58 0,73 
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Appendix D – Flow data 

 

IN Flow (m3/Adt) 

Wood Chips - 

NaOH 0,0010 

MgSO4 for OP-bleaching 0,0084 

CTMP/wood handling 
wastewater 

2,6754 

Debarking water 0,0596 

Spent acid 0,0246 

H2SO4 for tall oil production 0,0006 

Bought make-up  lime 58,0117 (kg/Adt) 

Oil 0,0572 

PO-wash liquid 3,5000 

OUT 
 

Tall oil and turpentine - 

Gases - 

Dust 0,721 (kg/Adt) 

Green liquor dregs 37,152 (kg/Adt) 

Unreacted lime 4,742(kg/Adt) 

Lime sent to landfill 1,061 

Bisulfite from scrubber 0,024 

Pre-bleached pulp - 

Unbleached pulp - 

Oxidized white liquor 0,000 

Electric precipitation ash 0,093 

Effluent water caustization 2,768 

Effluent water recovery boiler 4,289 

Effluent waster screening 1,696 

Condensate A 4,850 

Condensate B 4,976 
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Appendix E - Calculations 

 

Sodium going into the system due to excess spent acid in the studied period. 

Total amount of NaOH for neutralization: 358701 m
3 

Total amount of spent acid to be neutralized: 1041 m
3
  

Amount of produced pulp during the period: 80070 Adt 

Amount of  Na/Adt in the NaOH stream: 2,57 kg Na /Adt 

Amount of S/Adt in the spent acid for neutralization 3,29 kg S/Adt  

Skg

Nakg
78,0

29,3

57,2
  

 

Sodium and sulfur contributions calculated from supplier data.  

Amount of active chlorine used to bleach pulp: 25 kg active Cl 

pulpbleachedAdtClOkg /51,9
63,2

25
2  

From supplier:  

The by-products from the Mathieson process gives off 0,38 kg Na and 0,75 kg S per kg ClO2. The 

amount of bleached pulp was 47,6%.  

pulpbleachedAdtNakg /61,351,9*38,0   

pulptotalAdtNakg /722,1476,0*61,3   

pulpbleachedAdtSkg /13,751,9*75,0   

pulptotalAdtSkg /40,3476,0*13,7   

Calculations for oil going to the recovery boiler and lime kiln 

Amount of oil going into the system: 0,0572 m
3
/Adt 

Density for oil: 935 kg/m
3
 

Sulfur content in the oil: 0,37%  

Amount of sulfur going into the system: AdtSkg /1978,00037,0*935*0572,0   
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Calculations for dust from the recovery boiler 

The amount of dust leaving the system per Adt: 0,721 kg/Adt 

The dust is assumed to consist of 90% Na2SO4 and 10% K2SO44 

Molar weights: 

Na2SO4: 142,04 g/mol 

K2SO44: 174,26 g/mol 

Na :22,99 g/mol 

S:32,1 g/mol 

Amount of sodium exiting the system: 

AdtNakg /21,0
09,142

99,22*721,0*2*90,0
  

Amount of sulfur exiting the system: 

AdtNakg /047,0
26,174

11,32*721,0*10,0

09,142

10,32*721,0*90,0
  


