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Summary 

In the paper industry the appearance and optical performance of coated and uncoated 

paperboard is important, therefore colour dyes are widely used to enhance the paperboard. In 

order to enhance the appearance of paper products, the dyes are added directly into the pulp 

and/or in the coating. This addition can lead to dye buildup in the white water system. The 

white water system recirculates back to the pulp and contains both chemicals, dye and fibers. 

A general assumption is, when the concentration of dyes builds up in the system, it can lead to 

changes of the optical properties.  

Previously studies have been conducted to investigate the white water system at Iggesund 

Paperboard Workington Ltd. mill. Suspicion of a potential dye buildup in the white water 

system arose because of notable changes in the optical properties of the collected samples. An 

assumption was, when the concentration of dye increases in the white water system, it led to 

changes of the optical properties. 

The purpose of this project was therefore to investigate if/how potential dye buildup occurred 

in the white water system at Iggesund paperboard Workington Ltd. Mill. The system will be 

analyzed for dye buildup and to see if it influences the optical properties of the coated 

paperboard as a final product as well as how quickly it builds up in the system.  

This report contains a theoretical background for relevant knowledge about the white water 

system and optical properties of paperboard. The methodology for this project was to collect 

samples from the boardmachines’ white water system and analyze them through laboratory 

trials. Collected data is presented in the form of diagrams, trends have been investigated to 

validate assumptions. The dye dosage point was also analyzed through laboratory trials, to 

confirm or deny whether it is possible to achieve an optimal dosage point. 

The analysis showed that there were changes in the optical properties in the white water over 

time, as a result of dye buildup. Due to the complex system and different parameters that may 

affect the system, the sample collection needs to be extended further for a more precise 

conclusion. Such as how the dye responds to longer shuts and addition of polymers. 

Apart from what influenced the optical changes in the white water system and may have 

affected the paperboard, when the top coating from the production is applied, no changes or 

variations cannot be seen. Therefore giving the conclusion, that the changes of the optical 

properties do not influence the paperboard as a final product. 

 

 



     

     

 

 

 

 

 
 

Sammanfattning 

Kartong är bland de vanligaste materialen att använda vid paketering. Den optiska egenskapen 

hos kartong är viktig för att den ska se tilltalande ut, samt vara mottaglig för tryck. 

Användning av färg är vanligt förekommande inom pappersindustrin för att förbättra de 

optiska egenskaperna i obelagt papper och belagt papper. Färgen tillsätts vanligen direkt i 

pappersmassan och vid bestrykning av beläggningen. Dock kan det leda till övermättnad i 

bakvattnet när man tillsätter färgen direkt i massan, vilket i sin tur kan påverka och även 

förändra de optiska egenskaperna. Bakvattnet recirkuleras i processen tillbaka till massaflödet 

då vattnet fortfarande innehåller användbara kemikalier, färg och fibrer som kan ansluta sig till 

massaflödet igen. Skulle det ske förändringar av de optiska egenskaperna behöver doseringen 

av färgen förändras vid beläggningen, vilket i sin tur kan leda till överdosering av färgen.   

 

Tidigare studier gällande bakvattensystemet vid Iggesund Paperboard Workington Ltd. mill 

har gjorts. Förändringar i de optiska egenskaperna från samlade prover från bakvattnet 

resulterade i misstankar av en potentiell ökning av färg i systemet. Detta utmynnade i 

antagandet att den ökande koncentrationen av färg i bakvattensystemet, i slutändan orsakar 

optiska förändringar.   

 

Syftet med detta projekt var därför att undersöka denna potentiella färgökning i 

bakvattensystemet vid Iggesund paperboard Workington Ltd. Mill. Bakvattensystemet har 

analyserats för att se en ökad färgkoncentration och om dessa optiska förändringar påverkar 

slutprodukten, samt hur snabbt färgens koncentration ökar.  

 

Denna rapport innehåller en teoretisk bakgrund för bland annat bakvattensystemet samt de 

optiska egenskaperna hos kartong. Metodiken för projektet var att samla prover från 

kartongmaskinens bakvattensystem och att analysera dessa prover. Insamlad data presenteras i 

diagram och trender undersöktes, för att validera antaganden modellerades trender. 

Doseringen av färgen undersöktes genom försök, för att kunna bekräfta om det är möjligt att 

upptäcka en optimal doseringspunkt. 

Analyserna visar att det sker förändringar i dem optiska egenskaperna över tid, som ett resultat 

av en ökad koncentration av färg. Då systemet är komplext och olika parametrar kan ha 

påverkat, behöver denna undersökning förlängas för en säkrare slutsats. Till exempel hur långa 

stop och hur addition av polymerer påverkar processen.  

Bortsett från vad som påverkar de optiska förändringarna i bakvattnet och kan påverka 

slutprodukten, när kartongen bestryks med beläggning, kan inga förändringar/variationer ses. 

Därför ges slutsatsen, att förändringar i de optiska egenskaperna i bakvattnet inte påverkar 

kartongen som slutprodukt. 
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1. Introduction 

One of the most common and most widely used packaging materials is paperboard. It is often 

specifically engineered and treated to provide a combination of various properties, including 

the appearance of the paperboard which is an important part for the paper production (Page, 

2009) 

In the paper industry the appearance and optical performance of coated and uncoated 

paperboard is important, therefore colour dyes are widely used to enhance the paperboard. In 

order to enhance the appearance paper products, the dyes are added directly into the pulp 

and/or in the coating. This dosage to the pulp can lead to dye buildup in the white water 

system. A general assumption is, when the concentration of dyes builds up in the system, it 

can lead to changes of the optical properties.  

Then in turn would require dosage adjustment of dye in the coating formulation and can lead 

to over dosage and influence the coated paperboards optical performance. Coatings are used to 

enhance the paperboard for printing and barriers, which are different in nature and it is 

challenging to achieve the desired result with more dye addition. (Mesic, 2018)  

Previously studies have been made to investigate the white water system at Iggesund 

Paperboard Workington Ltd. mill. Suspicion of a potential dye buildup in the system arise 

because of notable changes in the optical properties from the white water. When a dye buildup 

occurs, the optical property’s will increase or decrease (Philips, 2018), this knowledge leads to 

much focus and comparing with the optical properties and relevant data. 

1.1  Iggesund paperboard Workington Ltd. mill 

Iggesund Paperboard Workington Ltd. mill is located in northern England. (Holmen, 2017) It 

manufactures folding box board from mechanical bleached pulp and chemical bleached pulp. 

The mechanical pulp together with the chemical pulp, make up paperboard with several layers. 

The combination results in a paperboard with stiffness and thickness. (Iggesund Holmen group 

[D]) The product is used for packaging of graphics & pharmaceuticals and tobacco (Holmen 

2017).   

1.2  Problem 

An assumption is, when the concentration of dye builds up in the system, it has lead to 

changes of the optical properties. There is not enough data to conclude if/how the potential 

dye buildup occur in the white water system and if so, does it influences the optical properties 

of the paperboard as a final product.  
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1.3 Purpose 

The purpose of this project is to investigate if/how potential dye buildup occur in the white 

water system at Iggesund paperboard Workington Ltd. Mill. The system was analyzed for dye 

buildup to see if it influences the optical properties of the coated paperboard as a final product 

and to observe how quickly it builds up in the system.  

1.4  Methods  

The methodology for this project was to Collect samples from the boardmachines’ white water 

system and analyze the samples with brightness pads, data trends and modelled trends to 

validate assumptions. Data from laboratory trials will be compared with each other and 

Iggesund Workington Paperboard Ltd mill operative system to see potential trends. The dye 

dosage point was be analyzed through experimental trials, to confirm or deny whether it is 

possible to achieve the preferred dosage point and control the optical properties of the coated 

paperboard. 

1.5  Limitations 

The white water samples have been collected at the same point in the paperboard process. The 

samples were collected daily, meaning that there are circa 24 hours between each collected 

sample. The white water were only analyzed for optical properties.  

 

2. Theoretical background 

It is crucial to know the optical properties of paperboard when developing and producing 

paperboards in the paper industry. Different factors influence the optical results and a few of 

these will be presented below with theories and definitions within the subject.   

One of the important parts of the papermaking process is the wet-end on the paper machine 

where the white water system passes through. The white water system contains many 

components/fragments, such as fibers, chemicals and dye. Together they influence the 

appearance of the paperboard and therefore a tiny change can be difficult to find in the white 

water system, this is due to all the components within the system itself. (Moring, 2018)(Cross, 

2018).      
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2.1 Paperboards 

The paper industry is a worldwide business and has a wide reach in several areas, such as 

books, money and food packaging. Paperboard is often used for packaging and is the most 

common packaging material. (Kirwan, 2005) Because of the widespread use of paperboards as 

packaging it is important that the product meets the requirements of each customer. These can 

include printable surface, right physical properties, optical properties and right moisture 

barriers the product should have. (Mesic, 2018) Therefore the manufacturing of paperboards 

has several parameters that can vary in the pulp, water systems and the machine adjustment. 

(Kirwan, 2005).  

The paper and paperboard making process can be implemented differently, depending on the 

desired final product. Either it is achieved using a mechanical or chemical pulp, sometimes the 

product is produced using a combination of both (Bajpai, 2010).   

When manufacturing paperboards and papers, it is important that the system is clean from 

unwanted particles that will affect the system and quality of the product. Therefore the logs are 

usually debarked in a drum to separate particles that may harm the system, additionally this is 

done to facilitate the right whiteness due to the difficulties of bleaching bark. A simplified 

overview can be seen in figure 1. The difference between chemical and mechanical treated 

pulp is how the lignin is treated. When chemically pulping the wood chips and chemicals are 

digested together in a vessel, this process breaks the bond between the cellulose and lignin in 

the fiber. When mechanically pulping, the wood chips are fed in to a refiner. Due to the high 

temperature within the refiner process, the lignin will soften and the bonds between the fibers 

will break. To clarify, the lignin is removed in the chemical pulping whereas it is not removed 

in the mechanical pulping. The difference between the products properties is the stiffness and 

whiteness. The lignin influences the pulp with a brown wooden colour, therefore the chemical 

pulping achieve a high whiteness when dissolving the lignin. The lignin gives a good strength 

and stiffness, therefore the product from mechanical pulping achieves a high stiffness. (Bajpai, 

2018 [A])   

Iggesund Paperboard Workington Ltd produce folding box board comprising of 5 layers.  The 

outer layers are made up of purchased chemical pulp, whilst the 3 middle layers are made from 

mechanical pulp produced on site. (Iggesund Holmen group [A]) (Iggesund Holmen group 

[B]) The outer layers of the chemical pulp result in a high whiteness and the paperboard is 

coated to achieve a smooth surface for potential printing. The middle layer of mechanical pulp 

gives the product thickness and it´s stiffness (Iggesund Holmen group, C).  
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Figure 1. A general schematic flow diagram over the pulping process. Process A for chemical pulping and 

process B for mechanical pulping. (Bajpai, 2010) 

Producing paper or paperboard is rather complex, the same manufacturing process may result 

in products with different properties, regardless of the mill or machine that produces the 

product. A development engineer at Iggesund Workington repeatedly said the following quote: 

“Producing paper products is not science, it is art. Sometimes everything is in the right place 

and sometimes there is not a logical reasons for a significant value” (Moring, 2018). 

2.2 Optical properties of paperboards 

The paperboard´s appearance determines its optical properties, although it is not easy to 

achieve the desired physical properties of the paperboard. The appearance is a result of both 

the material and how the human eye experiences the material. Therefore the paperboard´s 

appearance is complex as there are several factors that influence the results, such as the raw 

material and the manufacturing process (Feller and Norman, 1998).  

When a paperboard is exposed to light, the paperboard both reflect and absorbs light 

simultaneously. The optical properties are directly related to the materials absorption and 

reflection of light (Feller and Norman, 1998). The chapters below will give a deeper 

understanding of the optical properties.  

2.2.1 Kubelka-Munk Theory 

The Kubelka-Munk theory is based on light absorption as well as scattering and presents 

mathematical equations to predict the reflectance of a material. This theory can be used on 

papers diffuse reflectance (Mesic, 2018). This theory shows the overall light that appears 

through a translucent and opaque material by using two different light sources from opposite 
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directions. The light will then be absorbed and scattered, in both directions. To achieve light 

reflection upwards, a background is placed beneath the material (Bajpai, 2018). The Kubelka-

Munk theory is useful when one needs to predict the reflectance of paper when dye is added 

(Bunkholt and Kleiv, 2013). If the optical properties are known in the pulp, dye and filler, then 

the optical properties can be calculated and predicted for the product (Bajpai, 2018)       

2.2.2 CIELAB colour space 

The CIELAB (International Commission on Illumination L*a*b*) is a colour map with three 

dimensions. CIELAB is commonly used because the maps colour system “closely 

approximates the way the human eye perceives colours.” The three dimension colour space 

defines L*, a* and b* axis. L* is for lightness (0=darkness, 100=lightness), a* is for red to 

green (a*
+
=red, a*

-
=green) and b* is for yellow to blue (b*

+
= Yellow, b*

-
=blue) (R. McGrath; 

Beck and E. Hill Jr, 2017). See figure 2.  

For paperboard making at Iggesund Workington Ltd. mill, the L* value is supposed to be 

“closer” to 100, the a* value more positive and the b* value more negative (Mesic, 2018).   

 
 

Figure 2. CIELAB colour space (Kusumaningrum, R; Manurung, H. M.; Arymurthy, A. M. 2015) 

2.2.3 Whiteness 

Whiteness is rather complex to discuss. There are no existing surfaces that have the perfect 

reflectance to achieve white, although snow, for example, is close. High whiteness on the 

other hand, is defined as a surface that appears very white for the human eye. The physical 

white and whiteness are therefore quite different from each other (Iggesund Holmen group, E). 



     

     

 

 

 

6 
 

Whiteness can be seen when the surface of the material reflects the wavelengths with a high 

light from the visible spectrum. A high light with a “slightly blue-ish shade”, appears whiter 

than the natural white colour. Therefore the paper industry produces paper and paperboards 

with a high whiteness containing the optical properties towards a slightly blue-ish colour. 

Different methods are used to reach high whiteness, such as bleaching with filler pigment 

(Norberg, 2007), or addition of an optical brightness agent with blue dye addition (He; Zang; 

Ni and Zhou, 2009).  

The paperboards does not necessary need to obtain a high whiteness, some customers prefer a 

lower whiteness, and in the same manner other customers prefer higher whiteness due to e.g. 

highlighting their print contrast on the paperboard (Mesic, 2018). 

2.3 Paper machines white water 

The paper machines’ white water system as most paper machines is a complex system. Exactly 

what occurs in the system is still unknown as no extensive research has been made of the area. 

The function for a white water system is often the same, but due to the addition of chemicals, 

dyes and the raw material, every white water system is unique (Moring, 2018)(Cross, 2018). 

At the Workington mill, a closed water system is used, meaning that no freshwater is being 

added into the system, i.e. the water is being reused (Moring, 2018)(Cross, 2018). It is 

important that the white water is continuously cleaned from solids, dissolved and colloidal 

particles. Save-all is a cleaning system for the solids, using either a disc filter, sedimentation 

or flotation (Neimo, 1999).The cleaned white water is then referred to as clarified water and 

can be used for showers in the process or for stock dilution (Bajpai, 2018 [B]). Due to the 

closed system, the chemical buildup requires a controlled system to keep it stable. When the 

amount of chemicals and particles increase the system becomes more sensitive to variations 

and disturbances. The save-all cleaning system cannot control the buildups adequately enough, 

these problems need support in the form of a chemical water cleaning system, some possible 

solutions may be the use of flocculation or ultrafiltration (Neimo, 1999) At Iggesund 

paperboard Workington Ltd. mill there is a filter that separates the solids from the white water 

(Cross, 2018).  

In general, the white water system consist of two loops, the short and long circulation, see 

figure 3. The short circulation contains fines, fibers, fillers chemicals and dye in the wire 

section, the water from the wire section are dissolved into a wire pit by dewatering and 

recycling it back to the thick stock to dilute the thick stock. The dye is added to the thick stock 

just before it is diluted with white water.  See figure 3 for a better understanding of the short 

circulation of white water and the dye addition point. The long circulation contains water from 

the forming section and dissolved water from both the suction and press section (Bajpai, 

2018). 
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To achieve the desired strength and sheet formation on the final product, there are a few 

chemical additions to the wet-end, such as filler and sizing agents (Neimo, 1999). During this 

project there were a few chemicals that increased in interest as they could influence the finding 

of this report. Therefore those chemicals get more focus in this report, see chapter 2.4-2.6 for 

the chemicals.  

Other factors that affect the white water apart from chemicals and the cleaning system, is fresh 

water and broke. Broke is board that has not met full quality specifications and so is repulped 

to be stored or fed back to the paper machine. As mentioned before, fresh water is not added in 

the white water system, but if there is a great addition of fresh water in the paperboard process, 

it will affect the rest of the water systems. The broke system can also affect the white water 

and the optical properties. Broke can be used to increase the optical properties, for example 

brightness and whiteness. The reason the optical properties reach a more desirable level with 

broke, is because broke itself contains top coating. Top coating is used as a finish on the 

paperboard, to make the final product obtain high brightness and whiteness (Pauluapuro, 

2000). Disturbance in the system can also affect the white water system, a longer shut in the 

process can lead to a more cleaned system. Because when the paper machine starts again, the 

water levels needs to be restored and the lost water will be replaced with fresh water (Cross, 

2018). 

The purpose of the white water systems is to reuse the water with fibers to decrease the water 

and material consumption. There are both economic and environmental advantages to reusing 

water and materials within the system, to avoid the use of fresh water and useful material in 

the drainage (Feller, 1998).    

 
Figure 3. Schemat flow over the white water system. The short and long circulation is shown. The dye 

is added at the “Additives” point and the “fiber recovery” represent the save-all cleaning system. 

(Komulainen, 2018) 
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2.4 Optical brightener agent 

The bleached mechanical pulp´s optical properties compared with the chemical pulp gives a 

significantly lower brightness and the b value is more positive (yellow). To change the optical 

appearance, the optical brightener agents, also called OBA, can be used in conjunction with 

blue dye (He; Zang; Ni and Zhou, 2009). OBA is a fluorescent chemical, which means it 

absorbs ultraviolet light of the electromagnetic spectrum and transmits it to blue light part of 

the visible spectrum. This will reduce the yellow appearance of the paperboard and make it 

appear brighter (Wang; Wang Zhe andWen Xia, 2012).  

Both brightness and whiteness can be improved by adding OBA. The OBA is added at the 

wet-end of the paper machine, the molecules from OBA will then create a hydrogen bond with 

cellulose in the fibers through an absorption. OBA’s effect can decrease because of pulp 

increases in the system, the white water recirculation may help maintain the effect. The OBA 

molecules that did not adsorb cellulose from the fiber will transform to a cis configuration 

from trans and the fluorescent property will disappear (He; Zang; Ni and Zhou, 2009).  

2.5 Starch 

Starch is used as strength agent in papermaking because of their hydroxyl groups that can form 

bonds with the fibers. Starch is normally added in the wet-end of the paper machine, where it 

absorbs into both filler and fiber surfaces (Neimo, 1999). Cationic charged or amphoteric 

starches are used because the pulp furnishes are negatively charged and therefore negatively 

charged starch will manage better in the system. The starch can cause problems in the white 

water system if the retention is not controlled, e.g. accumulation of the non-retention starch 

such as stickiness, slime and pitch (Yan; Liu, Deng and Ragaskas, 2004).  

2.6 Polymers 

Polymers are added in the wet-end to improve the retention of fiber and fines for the sheet 

formation. For papermaking the polymers would preferably be cationic, because they easier 

absorb and resist the anionic cellulose fiber. The hydrogen bond between fibers and fibers are 

important for the sheet formation, the polymers contribute to the strength of the formation. 

Between the polymer and cellulose fiber, the polymer creates a covalent chemical bond which 

is more “resilient” to disturbance (Neimo, 1999).   
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3. Experiments 

In this section the different methods for investigating the influence white water have on the 

paperboard, are presented. The methods used for this project are the same as the company use. 

The white water samples are collected from one point on the paper machine, which is referred 

to as the wet end. See appendix 8.1 figures 4 and 5 for collected white water. 

3.1  Brightness pad 

The brightness pads are made with white water and a standard chemical pulp. This standard 

pulp (untreated pulp) is the starting point for the optical properties and together with white 

water, the impact white water has is shown.  

From the collected water sample, 2 liter are stored with 20 g of the standard pulp in a jug for a 

minimum of 30 minutes. When the standard pulp has soaked in the white water, everything is 

disintegrated in a pulp disintegrator with 3000 rpm speed. At the same time the vacuum pump 

and filter papers are prepared for brightness pads making. See the formation in appendix 8.2 

figure 8. A filter paper is placed between the strainer plate and the high edged ring of glass, 

and the suspension of standard pulp and white water is poured on the filter paper. When the 

vacuum pump starts, all the water is sucked away and the brightness pad is made. Another 

filter paper is placed on top of the pad and the brightness pad between two filter papers is 

placed between blotters. Two blotters on each side which are then placed between two 

brightness plates (black plastic plates). This brightness pads sandwich’s is subjected to 

pressure in a consistency press. After the pressure is used to remove excess water from the 

pads, they are to be placed in a dark room at 23 ˚C and 50% humidity to dry overnight.     

The brightness of the pads are measured using Elrepho for optical properties, see 3.4 for 

Elrepho.  

3.2  Dye addition 

To model a potential dye buildup in the white water system, different increasing dosage of dye 

have been added to the collected white water and then measured as brightness pads. Adding 

dye to the brightness pads can show if and how the optical changes are compared with 

brightness pads without dye. The white water is collected at the same sample point as before 

and the steps making the brightness pads are still the same, see 2.1.  

First the weight of the concentrated dye is calibrated; 10 drops of the concentrated dye are 

weighed and that quantity was divided by 10 to get a more accurate weight of one drop. 

10 𝑑𝑟𝑜𝑝𝑠 = 0,344𝑔 →
0,344𝑔

10
= 0,0344𝑔 → 0,0344𝑔 = 1 𝑑𝑟𝑜𝑝 
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Initially, three different dose of concentrated dye were used, one drop, two drops and four 

drops. The white water and dye where left to soak for five minutes, to make sure the fibers in 

the white water has soaked the dye. The optical properties of the pads were measured with 

Elrepho. See appendix 8.5 figures 15 and 16 for the colour difference of dye addition. 

To test lower doses/amounts of dye (less than one normal droplet), the dye needs to be diluted 

with deionized water. Two different amounts were measured. The first solution was made up 

of 5 g of dye with 50 g of deionized water. The second solution was comprised of 1 g of dye 

with 50 g of deionized water. See chart 1.  

Dye (g) Deionized water (g) The amount of 1 drop 

1 50 0,02 

5 50 0,1 

Chart 1. The amount of diluted dye with deionized water.  

One droplet from each solution was then added in each jug containing 2 liters of white water. 

Letting the dye soak for five minutes with the white water fibers and then measure the 

brightness pads, see 2.1. for measurement of brightness pads. The optical properties of the 

pads were measured with Elrepho.  

To easier correlate the dye amount with the production process dye addition amount, all the 

drops amount were converted to percent dye addition. Assuming the weight of 1 drop of dye 

(0,0344 g) is the same in milliliter (density is not known).  

Drops added ml dye ml white water % dye addition 

1 0,0344 2000 0,00172 

2 0,0688 2000 0,00344 

4 0,1376 2000 0,00688 

0,1 0,00344 2000 0,000172 

0,02 0,000688 2000 0,0000344 
 Chart 2. Illustrates how the dye in drops were converted to percent. The weight of the amount drops divided with 

the amount of white water they were added to and multiplied white 100 to achieve percent.  
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3.3  Treating paperboards with white water 

Paperboards were treated with white water to see if it influences the optic properties of the 

paperboard. The white water used is also the same collected sample when brightness pads 

were made. Four paperboards were treated on eight different occasions, in total there were 32 

paperboards treated with white water. The aim of treating (coating) boards with white water 

samples collected on different occasions, was to create the trends that could explain if/how 

white water influences the optical properties of the board. Assuming that the dye quantity in 

the white water increases with time. The 32 paperboards were produced on the same day with 

the same quality standard, and therefore they have the same optical properties before treating 

them.     

For the white water treatment (coating) of the board the RK303 bench rod coater was used. 

The paperboard was mounted on the bench coater with a piece of nonabsorbent (plastic 

coated) paper on top on one side of the paperboard and in the front of the application rod. 

Nonabsorbent paper was used to prevent unwanted white water absorption to the board before 

the white water treatment (coating) of the board. The white water was then carefully drawn 

down in the front of the application rod and evenly distributed over the boards’ surface. See 

the formation in appendix 8.4 figure 14. Rod 2 giving 10 gsm coat weight was used in order to 

give sufficient whitewater coverage. 

The treated paperboard is first left to touch dry on the work bench, then placed in a 105 ˚ C 

oven for 90-120 seconds for a last dry section. After the paperboards are dry and have cooled 

down for about 1 hour, they are placed in a black plastic bag to avoid optical changes from the 

surrounding lights. To look for brightness and whiteness the paperboard can be examined 

immediately, but for other analyses, for example grammage, it needs to be ventilated in a 

conditioner room (23 ˚C, 50% humidity) for a minimum time of 48 hours.      

The white water treated paperboards was measured using Elrepho to see the optical properties, 

brightness and whiteness, see 2.4. 

In order to resemble actual production, the paperboards were coated once with a top coat used 

in the production. This step is done to see if potential changes in the optics can still be seen 

with top coating. Two different rods were used, for both a high and low grammage, 10 gsm 

and 25 gsm. The difference is that the rod with high grammage applied more coating than the 

rod with low grammage, they are both used to see if the amount of coating matters in relation 

to the optical properties. Grammage is defined as the number of grams per square meter.  

To calculate the grammage of the paperboard, the coated paperboard was cut into circles using 

a special guillotine on a sample area of 100 cm
2
 from a coated part and an uncoated part of the 

paperboard. The samples are then weighed on a scale in grams. To achieve the same units as 

the production, g/cm
2
 needs to be transformed into g/m

2
, the resulting gram difference is 
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therefore multiplied by 100. The equation below shows how the grammage can be calculated 

and compared with the production grammage. Which in turn makes it possible to see which 

rod is most suitable for coatings in the lab. It was also relevant to compare the optical 

properties and visual differences between the rods. High brightness and whiteness are 

preferable with a smooth surface and no marks in the coat from the rod.   

     (𝐶𝑜𝑎𝑡𝑒𝑑 − 𝑈𝑛𝑐𝑜𝑎𝑡𝑒𝑑) ∗ 100  

The top coated paperboards were measured with Elrepho to see the optical properties, 

brightness and whiteness.  

3.4  Elrepho 

Elrepho is a commonly used spectrophotometer in the paper industry. With Elrepho the 

brightness pads and paperboards can be analyzed to measure brightness, whiteness and optical 

properties.   

The sample is placed between the sample holder and aperture plate, the sample must 

completely cover the aperture plate to avoid light. The sample is measured with a pulsed 

xenon flash lamp. The values from the measured sample can be seen on a computer screen. 

See appendix 8.3 figure 13 for Elrepho.  
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4. Results 

The results of this study are shown in diagrams below. To adequately see how the optical 

properties have changed in the white water system over time, each optical property value has 

its own diagram. 

4.1 Brightness pads 

The brightness pads results are presented in diagram 1-8, shows two periods of potential dye 

buildup in the white water system. These periods are marked with a blue transparent block for 

the increasing period to clarify it. Based on the results, starting from a clean system (after a 

long shut), the dye concentration will increase within a week. Whether the increasing periods 

are a result of dye buildup or manual dosage can be discussed, from diagram 25 and 26 the a* 

value changes in correlation with the dye and OBA dosage.  

When it is marked “shut” on the graphs it means that the boardmachine was not running, so 

production comes to a standstill (for a short shut chemicals are not being added but generally 

the whitewater is still circulating around the boardmachine, for a long shut there are planned 

cleaning of tanks so after this the system will be re-filled with fresh water). 

The blue trend lines are the result from the brightness pads, the red trend lines represent the 

printed side of the paperboard and the green trend lines represent the reverse side of the 

paperboard. The data for the printed and reverse side are collected from the company’s 

operative system. Chemicals added during this project are also marked. The shuts and 

chemical additions are only marked in the ISO brightness diagrams (diagram 1 and 5).  

 
Diagram 1. Shows how brightness has changed over time. With OBA free qualities. The blue line represents the 

sample from the white water and the red and green line are values from the final product.  
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Diagram 2. Shows how the L* value has changed over time, with OBA free qualities. The blue line represents the 

sample from the white water and the red and green line are values from the final product.  

 

 
Diagram 3. Shows how the a* value has changed over time, with OBA free qualities. A negative value gives 

stronger/deeper/greener colour and a positive value gives stronger/deeper/redder colour. The blue line 

represents the sample from the white water and the red and green line are values from the final product.  
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Diagram 4. Shows how the b* value has changed over time, with OBA free qualities. A negative value gives a 

stronger/deeper/bluer colour and a positive value gives a more stronger/deeper/yellow colour. The blue line 

represents the sample from the white water and the red and green line are values from the final product.  

 

 
Diagram 5. Shows how brightness has changed over time. The blue line represents the sample from the white 

water and the red and green line are values from the final product. 
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Diagram 6. Shows how the L* value has changed over time. The blue line represents the sample from the white 

water and the red and green line are values from the final product. 

 
Diagram 7. Shows how the a* value has changed over time. A negative value gives a stronger/deeper/greener 

colour and a positive value gives a stronger/deeper/redder colour. The blue line represents the sample from the 

white water and the red and green line are values from the final product. 
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Diagram 8. Shows how the b* value has changed over time. A negative value gives a stronger/deeper/bluer 

colour and a positive value gives a stronger/deeper/yellow colour. The blue line represents the sample from white 

water and the red and green line are values from the final product.  

 

Diagram 9. Shows how whiteness has changed over time, with OBA free qualities.  
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4.2 Dye addition 

The complementary experiment with dye addition to the brightness pads modelling of dye 

buildup, to support the theory about dye buildup, gave good results. There are clear signs of a 

dye buildup, see diagram 10-14. When the dye concentration increases, the optical properties 

will change. The turning point for the buildup is between 3,44*10
-5

 and 1,72*10
-4

 percent dye 

addition. Therefore this modeling of dye buildup support the theory and gives a good 

correlation with the buildup trends from the brightness pads diagrams.   

 

 

Diagram 10. Shows how the brightness changes with an increasing addition of dye. The x axis represent the 

dosage point that were used, from low to high concentration. 
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Diagram 11. Shows how the L* value changes with an increasing addition of dye. The x axis represent the dosage 

point that were used, from low to high concentration. 

 

Diagram 12. Shows how a* value changes with an increasing addition of dye. The x axis represent the dosage 

point that were used, from low to high concentration. 

 

Diagram 13. Shows how the b* value changes with an increasing addition of dye. The x axis represent the dosage 

point that were used, from low to high concentration. 
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Diagram 15. Shows how the whiteness changes with an increasing addition of dye. The x axis represent the 

dosage point that were used, from low to high concentration. 

4.3 Treating paperboard with white water 

To investigate if the white water influences the final product, paperboards were treated with 

white water on their uncoated side. The result showed a slight change in the optical properties, 

see diagram 15-19. Why the a* and b* values are trending in the opposite way than 

“preferred”, is because this experiments samples were collected during the period between the 

two dye buildup periods and two longer shuts affected it. The slight changes could also depend 

on variations from the paperboards itself. When the white water treated paperboards were 

coated with top coating from the production, the optical changes could not been seen, see 

diagram 20-24. 

Even if the dye buildup consequently changes in the optical properties of the paperboard, 

when the top coating is applied, the changes will be reverted and therefore do not influence the 

final product. 
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Diagram 15. Shows how the brightness of the paperboards changed when treated with white water on different 

occasions.   

 

Diagram 16. Shows how the L* value of the paperboards changed when treated with white water on different 

occasions. 
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Diagram 17. Shows how the a* value of the paperboards changed when treated with white water on different 

occasions.  

 

 

Diagram 18. Shows how the b* value of the paperboards changed when treated with white water on different 

occasions. 
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Diagram 19. Shows how whiteness of the paperboards changed when treated with white water on different 

occasions. 

 

 

Diagram 20. Shows how top coating influence on the optical changes for the brightness. 
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Diagram 21 Shows how top coating influence on the optical changes for the L* value. 

 

Diagram 22. Shows how top coating influence on the optical changes for the a* value. 
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Diagram 23. Shows how top coating influence on the optical changes for the b* value. 

 

Diagram 24. Shows how top coating influence on the optical changes for the whiteness. 
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Diagram 25. The a* value from the brightness pads compared with OBA dosage at the same date and time the 

white water was collected. The OBA data is taken from the company’s process system. The left axis represents a* 

value from chemical pulp/BWW and the right axis represent OBA addition in l/min. 

 
Diagram 26. The a* value from the brightness pads compared with dye dosage at the same date and time the 

water was collected. The left axis represents a* value from chemical pulp/BWW and the right axis represent 

Backs blue dye addition in percent.  
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Diagram 27. The a* value from the brightness pads compared with starch dosage from the middles at the paper 

machine at the same date and time the water was collected. The left axis represents a* value from chemical 

pulp/BWW and the right axis represent starch addition in l/min. 
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5. Discussion 

Based on the result of this study if/how the dye builds up in the paper machines white water 

system at Iggesund paperboard Workington Ltd. mill. it has been concluded that a dye buildup 

occurs and has been supported/validated by data from the following sources:  

- brightness pads diagram (diagram 1-8) 

- the complementary experiment to support the dye buildup theory (diagram 10-15) 

- comparing the a* value from brightness pads with dye and OBA dosage (diagrams 25-26) 

First, from the brightness pads diagrams (diagrams 1-8) two potential reasons for dye buildups 

periods have been detected during this project, i) the dye buildup due to intentional increased 

dosage and ii) dye buildup in itself (excluding intentional dosage). One interesting aspect to 

keep in mind is that both of these increasing periods occur after a long shut. As 

aforementioned a long shut results in a cleaner system due to the “fresh start” of a production 

run with fresh water that is fed into the system. Within a weeks’ time a peak occurs. The peaks 

are preceded by an increasing period where the values increase, after which the values 

stabilize, the occurrence of these peaks indicate that the cause may be related to manual 

dosages of the dye and OBA. In diagram 26, an optical property the a* value is compared to 

the dye dosage, that same optical property is later compared to diagram 25 with OBA dosage. 

With a high dye and OBA dosage, a* value increases. The diagrams also show that the a* 

value has the same trend as the dye and OBA dosages. These trends correlate with the trends 

from brightness pads treated with white water, where optical properties changes in line with 

dosage increases trends happening after a long shuts. Within production the dye dosage 

increases is intentionally done to achieve the right optical properties. In addition, the result 

from the experiments with increased dye dosage/addition in/on brightness pads also shows 

similar trends, what further supports the hypothesis about dye buildup in the white water 

system. 

The second potential reason for dye buildup in the system, is if the dye buildup in itself 

(excluding intentional dosage).However as of the end of this project and limited of time, I did 

not have the chance to test this hypotheses and therefore it is difficult to confidently state what 

exactly is happening in this case. To establish a definitive answer regarding the sensitive 

turning point where the dye buildup occurs, therefore additional dye addition tests are 

required. By collecting more data and modeling trends, the results should be more conclusive.  

Thirdly the following changes depend on the shuts in the process or chemical additions, the 

system is rather unstable after a long shut and can be the cause for divergent values before it 

stabilizes again. The process contains a lot of different chemicals and at different doses or a 

new chemical addition will affect the system in some manner. Therefore one possible reason 

that explains the more stable periods (flat trend period) could be the polymer addition. The 

polymer addition may help the retention of dye in the paperboard (a better dye bonding to the 
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board) to a degree where the system can stabilize by itself. This could also explain the flat 

trend in the brightness pads diagrams (diagram 1-8), the polymers help the dye absorb onto the 

fibers surface. With a stable system and good retention, it is easier to achieve the right optical 

properties and the dosage of dye can be lowered. Lastly the last three values from the 

brightness pads (diagram 1-8) changed significantly as the starch dosage was lowered 

(diagram 27). This could be interpreted as a sign of correlation, for example the lower dosage 

of starch could not bond the fiber or that the starch itself accumulated.  

In conclusion, when the aforementioned changes occur in the system and affect the optical 

properties, of the untreated paperboard, it brings to concerns whether this will influence the 

paperboard as a final product (coated paperboard). In the diagrams 15-19 showing the optical 

properties of the white water treated paperboard some slight change in the optical properties 

could be noticed. But these slight changes from the treated paperboard could also depend on 

variations in the optical properties of the paperboard. Even though the paperboards were 

collected from the same day with the same quality, potential variations can still be observed. 

As already mentioned previously, when judging these results lets keep in mind that the 

experiment for this part was done when the brightness pads trend lines were flat. Since this 

experiment simulated the real process, some of these treated paperboards were coated with a 

top coating from the production to recreate the process accurately and to see if these already 

demonstrated optical properties of the untreated paperboard influence properties of the final 

coated product. The results presented in diagram 20-24 show flat trends, for both high and low 

grammage of the top coat. This in turn shows that the changes in optical properties of the 

untreated paperboard do not influence the final product and the top coating provides the 

desired standard for the paperboard as a final product.  

6. Conclusion 

The conclusions of this project is that there are changes in the optical properties in the white 

water over time. A dye buildup has and can most definitely occur because of the closed white 

water system, but to be certain of how the buildup occurs, the sample collection needs to be 

extended further for a more precise conclusion.  

After a shut, the system is unstable, making it difficult to achieve the right properties. To 

combat this instability, manual dosage is used. But to decrease the dye dosage and help the 

white water system stabilize due to retention, polymers can be added.  

It is difficult to decisively say whether or not the paperboard as a final product is affected by 

the white water or from quality variations. Apart from what influenced the optical changes of 

the paperboard, when top coating is applied, those variations cannot be seen. 
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8. Appendix 

8.1 White water 

 

 

Figure 4.             Figure 5. 

Figure 4 and 5 show the white water, the right figures shows how the particles slowly sink to the 

bottom.   
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8.2 Brightness pad 

 

Figure 6.          Figure 7. 

Figures 6 and 7 show the stirrer that were used for making brightness pads. 
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Figure 8.              Figure 9. 

The figures 8 and 9 shows the formation for making brightness pads. The solution was poured onto 

filter paper and the water drainage with a vacuum pump, which is shown in the left figure. The right 

figure shows the result from the drainage.  
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Figure 10.         Figure 11. 

 

Figure 12.  

These figures (10-12) shows how brightness pads looks like and the formations with blotters for the 

brightness pads sandwich’s. 
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8.3 Elrepho 

 

Figure 13.  

Figure 13 shows how Elrepho looks like  
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8.4 Bench rod coater (RK303 model)  

 

 

Figure 14. 

Figure 14 show the bench coater that were used for treating and coating paperboards. 
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8.5 Dye addition 

 

Figure 15.          Figure 16. 

Figures 15 and 16 shows the dye addition to white water. The left figure shows when the drops were 

added and the right figure shows the result after stirring around the white water with the dye 

addition. 


