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1. Summary 

Stora Enso, a big Swedish-Finnish forest industry company, wants to find a substitute for the 

dye that is used in their edge wick analyzes. The dye amaranth, that is used today, is a 

classified substance that is unhealthy and hazardous. It causes irritation to the eyes, skin and 

respiratory system. Edge wick is a method to determine the amount of penetrated liquid into 

the unprotected edges of a packaging board (the surfaces are covered with plastic). It is 

important to analyze liquid penetration to know that the board will sustain the liquids that it 

might be exposed to, for example sterilizing liquid (hydrogen peroxide), juice or wine. The 

dye is used as coloring agent for colorless solutions to enable visual evaluation of the 

penetration. In the present study several colorants were screened and evaluated in edge wick 

tests with the standard test liquids used at Stora Enso. Machine, pilot and handmade boards 

were used in the tests. Surface tension of some test liquids was also determined, as it is 

important to know if the dyes change the liquid properties since this may influence the 

penetration. The result of the tests was that a new dye was found, Allura red AC. It has a 

similar chemical structure to amaranth and seems to act in the same way in different type of 

test conditions. The recommendation is that amaranth be substituted for allura red AC, since 

the latter is less hazardous and is not a classified substance.  
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2. Introduction 

2.1. The aim 

Stora Enso tests the quality of their produced packaging board. For example, a liquid 

packaging board must withstand penetration of the sterilizing liquid (30% hydrogen peroxide, 

H2O2) in the filling process as well as penetration of various liquid products, e.g. milk, wine 

or juice. If the test liquid is colorless, amaranth is used as coloring agent in the edge wick test 

to enable visual evaluation of the penetration. By edge wick is meant that the amount of 

penetrated liquid into the board is determined. Stora Enso wants to substitute amaranth since 

it is an unhealthy substance that causes irritation to skin, eyes and respiratory system. To 

enhance the work environment they want to find an alternative that is less unhealthy. My 

assignment was to find an alternative to amaranth that works for their analysis.  

2.2. Amaranth, the problem 

Amaranth is an unpleasant substance that causes irritation to the skin, serious eye irritation 

and irritation in the respiratory organs. Handling of this substance requires protective 

equipment such as goggles, clothes, gloves, face protection and good ventilation to avoid 

inhalation of dust. Amaranth waste must be sent to destruction [1]. Amaranth is not classified 

as carcinogenic to humans, based on the EPA-classification (environmental protection 

agency) [1]. The chemical structure of amaranth is shown in Figure 1. 

Amaranth is an azo compound and was earlier used as a food coloring agent in many 

countries around the world. However, since 1976 the dye has been banned in the United 

States, Russia, Norway and Austria, as numerous studies have indicated it to cause cancer in 

laboratory animals. It was also suspected to cause birth defects, stillbirths and early fetal 

deaths [3]. In Sweden, it has been forbidden to use most of the azo compounds as food 

coloring agents, and they were only allowed to be used to a very limited extent. Since the 

Swedish EU membership in1999, however the use of azo compounds in several food 

applications is allowed. Some azo compounds are still restricted for use only in certain 

applications, e.g. amaranth is only allowed to be used in caviar and liquor. In food produced 

in Sweden azo compounds are normally not used due to Sweden’s restrictive attitude [4]. 

 

 

Figure 1: The chemical structure of amaranth [1] 

http://www.sigmaaldrich.com/catalog/product/sigma/a1016?lang=en&region=SE
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2.3. Requirements of the new dye 

The replacement dye has to have the same properties as amaranth in edge wick tests and 

should not affect the properties of the test liquids. It is important that it gives a clear contrast 

between the areas where liquid has penetrated and where it has not penetrated to facilitate the 

visual evaluation and image analysis of the samples. A script in the image analysis method 

identifies the colored area and makes an inverse black and white image of the test piece, 

Figure 2 [5]. This maximizes the contrast of the image and, for example, the maximum and 

minimum penetration of the board can be determined. It is thus important to find a dye that 

yields a good coloring contrast. 

 

Figure 2: An edge wick test piece that is inverted to a black and white image in the image 

analysis method [5]. 

Other important requirements were that the handling of the new dye did not require particular 

precautionary measures such as the use of a fume hood, the necessity to wear protective 

clothes, gloves and goggles and the like nor that the substance had to be sent away for 

destruction.   

2.3. Background about packaging board and liquid penetration 

There are different types of pulp that are used in manufacturing of packaging board. Chemical 

pulping and mechanical pulping are two different production methods both of which affect 

the pulp fiber properties and, in turn, the properties of the packaging board. Chemical pulp 

has long, strong, collapsed and flexible fibers, high pulp strength and low porosity. 

Mechanical pulp has short, weak, uncollapsed fibers, low pulp strength and high porosity. 

Chemical pulp is used for its strength qualities and mechanical pulp for its good printability. 

CTMP (chemo-thermo-mechanical pulp) is one type of mechanical pulp and sulfate (or kraft) 

is a chemical pulp [6]. 

The purpose of a packaging board is to protect and preserve a certain product during 

transportation and storing. The packaging board should protect the product from 

contamination caused by impurities, migration and moisture, from mechanical stresses in 

connection with e.g. the packaging of the product or caused by changes in temperature. 

Paperboard cannot protect itself from liquids; it requires a plastic layer on the board surface. 
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One of the most vulnerable parts of the packaging board is the raw edges due to their lack of 

protection, as illustrated in Figure 3. One significant problem is liquid penetration, which 

might occur during both filling processing and end use (see Figure 4). Liquid penetration can 

cause unfavorable structural changes in the packaging board. The raw edges can be seen on 

for example a coffee mug (Figure 5) and liquid packaging (Figure 6). 

 

 

Figure 3: Illustrates the unprotected raw edges on a coffee cup [7]. 

 

  

Figure 4: Illustrates edge penetration that occurs at the end use with liquid packaging [8].   

                                         
                                     

Figure 5: The raw edge on a coffee mug [7] 
Figure 6: Raw edge along the seal of a 

liquid packaging [9].  
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Liquid packaging board (LPB) is used for a variety of liquids such as milk, juice and wine. A 

multi-layered structure is commonly used where each layer is made of different fiber 

materials. The fibers vary depending on which type of board is being made and for what 

purpose. In the example, shown in Figure 7, the middle layer consists of bulky fibers such as 

CTMP which gives the board the bending stiffness. The two outer layers are made from so 

called kraft pulp (sulfate) which gives strength and toughness. Often the top layer should offer 

good printability and a polished appearance, which is why the top layer is made of bleached 

kraft pulp and is frequently coated with pigments. The bottom layer may be made of 

unbleached kraft pulp since it is not visible to the end-user. 

 

Figure 7: A schematic illustration of the different material layers in a liquid packaging board 

[7].  

Paperboard is a multilayered fiber structure containing a lot of microscopic pores. The pores 

are connected to each other forming long, narrow capillary “tubes”. It gives the paperboard a 

very porous structure (Figure 8) which allows liquids and gases to be absorbed by the 

paperboard. Penetration into the porous structure occurs in different ways: by diffusion 

transport of vapor in the pores; by capillary transport of liquid in the pores; by surface 

diffusion in the pores; and by vapor phase transport [10, 11]. The mechanisms are not 

distinctly separated because of their dynamic character, but often one of them may be 

dominating. The magnitude of each transport mechanism depends on temperature, chemical 

composition and the vapor pressure of the liquid. Even the network structure of the paper and 

the chemical properties of the fibers influence the mechanisms [7]. The structural network of 

the board is important for the penetration of liquids. Liquid penetration causes changes in the 

network structure by breaking hydrogen bonds which leads to fiber relaxation and opens up 

the structure. Absorption of the fibers causes swelling and also destroys the structure. The 

swelling of the fiber is affected by the physical and chemical properties of the fiber network 

and the penetrating liquid. Important factors are the pore size distribution, fiber surface area, 

fiber charge, pH and salt concentration [10]. 
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Figure 8: Porous board structure [12]. 

Factors that affect penetration are the properties of the paperboard. It can be the inner 

structure of the paperboard, the structure of the paperboard surface, or the degree and type of 

sizing (hydrophobicity of paperboard). The density of the paperboard affects penetration a lot, 

the higher the density the narrower is the pore size.  

Cellulose and hemicelluloses contain a great number of OH-groups. All of them can form 

hydrogen bonds with water which leads to a strong tendency of wetting and absorption of 

water. The pulp fibers also contain other molecules containing polar and acidic groups which 

also results in a strong tendency of wetting of the board [13]. The chemical structure of 

cellulose is illustrated in Figure 9.  

 

 

 

 

Figure 9: The chemical structure of cellulose [14]. 

To bring about stronger resistance towards liquids, the board has to be made more 

hydrophobic by chemical treatment. A method that is used to make the board more 

hydrophobic is internal sizing. The purpose of sizing is to make the board water-repellant. 

During papermaking, surface-active chemicals are added, which make the board more liquid 

resistant. Internal sizing provides a capillary barrier reducing the liquid penetration through 

the board’s capillary pore system.  

Figure 10 illustrates the sizing process. The sizing molecule is anchored to the hydrophilic 

fiber surface and the tail is orientated outward from the surface which makes it hydrophobic. 

Only a part of the fiber surface is covered by the sizing molecule. The sized board will have 

hydrophobic fiber surfaces which make hydrogen bonding impossible, see Figure 11 [13]. 
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Figure 10: Illustration of how the hydrophilic fiber surface gets hydrophobic by adding 

hydrophobic sizing chemicals [13]. 

 

Figure 11: Illustration of how internal sizing makes hydrogen bonding impossible [13]. 

There are different types of sizing agents. The choice of sizing agent depends on the 

conditions during the board making process. If it is carried out in an acid or pH neutral 

environment, rosin with alum (aluminum sulfate) is used to confer hydrophobicity to the 

surface of the fibers. At neutral or alkaline pH, alkyl ketene dimers (AKD) or alkenyl succinic 

anhydrides (ASA) are used. The final use of the product must be taken into account; 

resistance to one liquid does not guarantee resistance to another one, e.g. water-based 

resistance vs. oil-based. Table 1 shows typical liquids that liquid packaging board and coffee 

cups encounter. It clearly shows that one sizing agent has better resistance against e.g. lactic 

acid than another [7]. 

 

          Liquid 

Effect  

Water H2O2 Lactic acid Coffee 

Excellent AKD Rosin AKD Rosin 

Good ASA ASA   

Average   ASA AKD 

Poor Rosin ASA Rosin ASA 

Table 1: Shows how good penetration resistance internal sizing agents have for various 

liquids [7]. 
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3. Experimental 

3.1. Materials 

3.1.1. Dyes that were chosen for analysis 

Table 2 shows a summary of the dyes that were tested in the study and their side effects and 

Table 3 shows the chemical structures. Risk phrases and safety phrases is a classification 

system used in EU to assess health risks and safety risks of chemical products. Every risk 

phrase and safety phrase is followed by a code that indicates hazard of the chemical product 

[2].   

Dye Classified R-phrases S-phrases Impacts Recommended 

protection 

Amaranth Yes R36/37/38 S36/37/39 Irritate eyes, 

skin, 

respiratory 

system 

Eye/face 

protection, 

gloves, clothes 

Allura red AC No No No - Goggles, 

gloves, clothes 

Irgalite violet 

NZ 

No No No Irritate skin, 

respiratory 

system 

Googles, 

gloves, proper 

ventilation 

Irgalite blue 

R-LW 

No No No Irritate skin, 

respiratory 

system 

Googles, 

gloves, proper 

ventilation 

Pelargonidin 

chloride 

No No No - Goggles, 

gloves, clothes 

Malvidin 

chloride 

No No No - Goggles, 

gloves, clothes 

Cyanidin 

chloride 

No No No - Goggles, 

gloves, clothes 

Red 

household 

colorant 

No No No - - 

Blue 

household 

colorant 

No No No - - 

Epson cyan No No No May cause 

irritation in 

contact 

Goggles, 

gloves, clothes 

Epson 

magenta 

No No No May cause 

irritation in 

contact 

Goggles, 

gloves, clothes 

HP11 

magenta 

No No No Irritate skin, 

eyes 

Goggles, 

gloves, clothes 

Table 2: The dyes that were tested in the study and their side-effects that may affect the body 

[1] [15] [16] [17] [18].  
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HP11 magenta, Epson cyan and Epson magenta are used in inkjet printers. They are 

commonly used colors that are easy to purchase. They have properties that may cause 

irritations upon contact. The inkjet inks contain a lot of different substances like pigments, 

organic materials, glycerols and water. They are all recommended to be sent for destruction 

[15] [16]. 

Red and blue household colorants are also commonly used and easy to purchase. They are 

known as food colors and if they would work in the edge wick tests, it would be very good 

because they are not hazardous. Blue household colorant from Dr Oetker contains water, 

color E133 (brilliant blue FCF), citric acid, sodium benzoate and potassium sorbate and the 

red household colorant contains the same compounds except that brilliant blue FCF is 

substituted for color E120 (carmine) [17]. 

Pelargonidin chloride, malvidin chloride and cyanidin are so called anthocyanins which are 

derived from plants. They are not classified according to directions 67/548/EEC but should be 

handled with gloves, goggles, protective clothes and in fume hood according to the supplier’s 

material safety data sheet. Waste should be sent for destruction [1].  

Irgalite blue R-LW and irgalite NZ are dyes used within the company and were therefore of 

interest to test. They are so called shading colors and are used for coloring packaging boards. 

They cause irritation on the skin and respiratory system and should therefore be handled with 

goggles, gloves and proper ventilation. Waste should be sent for destruction [18].  

Allura red AC was found in the literature study. The dye is used in food, cosmetic and drugs. 

It has a similar chemical structure to amaranth and was therefore very interesting to test in the 

experimental. It is not classified according to directions 67/548/EEC but should be handled 

with gloves, goggles, protective clothes according to the supplier’s material safety data sheet. 

It needs to be handled in fume hood because of the risk of dustiness. Waste should be sent for 

destruction [1]. There are no reports indicating that allura red AC could be carcinogenic, 

according to EFSA (European Food Safety Authority) [19]. 
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Amaranth Allura red AC Pelargonidin chloride 

 
  

Malvidin chloride Cyanidin chloride Carmine 

 

Briliant blue FCF 

Table 3: The chemical structures of the dyes [1] [20] [21]. 

3.1.2. Board samples  

In the experiments different types of board were used (listed below). The different boards 

have different properties (structure, sizing, type of fibers etc) which may have an effect of the 

dyes ability to penetrate. 

 Machine made board (commercial, AKD sized) 

 Pilot machine made board (AKD sized) 

 Blotting paper (unsized, will absorb test liquids very easily) 

 Lab made sheets (formette sheet former) sized with AKD 

- One sheet with 100% sulfate (chemical pulp) 

- One sheet with 100% CTMP (mechanical pulp)   

http://www.sigmaaldrich.com/catalog/product/sigma/a1016?lang=en&region=SE
http://www.sigmaaldrich.com/catalog/product/sial/458848?lang=en&region=SE
http://www.sigmaaldrich.com/catalog/product/aldrich/p1659?lang=en&region=SE
http://www.sigmaaldrich.com/catalog/product/sigma/68120?lang=en&region=SE
http://www.sigmaaldrich.com/catalog/product/sigma/79457?lang=en&region=SE
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3.2. Methods 

3.2.1. pH and water solubility 

After the choice of dyes to be tested, a screening study was made. First it had to be checked 

that the dyes had a strong color at low pH, because one of the solutions that is commonly used 

is one-percent lactic acid, pH 2.8. It was also checked that the dyes were fully water soluble.  

3.2.2. Edge wick 

Edge wick is a method to determine the amount of absorbed liquid of the raw edge of a paper 

board sample under specified conditions. The aim of the method is to evaluate the sample´s 

ability to resist penetration of the test liquid. A sample with plastic covered surfaces and open 

raw edges is put in a liquid bath. The weight of the penetrated liquid is used to calculate the 

wick index. The amount of liquid, which has penetrated into the test piece, is calculated per 

m
2
 of edge surface. To calculate wick index in kg/m

2
, Equation 1 is used. 

lt

WW
EWI




 12   (Equation 1) 

w1 = weight in mg before the bath  

w2 = weight in mg after the bath  

t = thickness in µm 

l = the total open edge length in m for the sample  

The edge wick test can be done in various ways. The test liquid, the sample size, the board 

type and the analysis time can be varied as well as the external pressure. Common test liquids 

are hydrogen peroxide, lactic acid and water [22]. 

3.2.2.1. Edge wick with lactic acid 

A commercial board with low amount of sizing was used; so that the dyed solutions easily 

would penetrate into the raw edges which would make it easier to see the results.  

A sheet of board was cut into four equal pieces (30 x 30 cm), with a guillotine, and 

conditioned in 50 % relative humidity for 24 h before they were analyzed. Thickness was 

measured in five different places on every sheet, with a thickness gauge from “Lorentzen & 

Mettre Sweden”, and an average was calculated. Then the sheets were cut into smaller pieces 

first into 10 x 30 cm cross the machine direction. The test pieces were taped on both sides and 

then cut into the dimensions that were used in the analyses, either 2.5 x 7.5 cm or 5 x 15 cm 

with raw edges. With small pieces, five test pieces represent one sample and with the bigger 

one piece is one sample. The samples had to be prepared on the same day that they were 

analyzed. For each sample a bath was made with one-percent lactic acid and a dye. The test 

liquids were filled up to 2.0 cm on the edge of the plastic box. A dye bath is shown in Figure 

12.  
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Figure 12: Illustrates a dye bath. 

The samples were added to the plastic box and a weight was placed on them to make them 

stay on the bottom. The samples were in the bath for one hour (2.5 x 7.5 cm) or 24 h (5 x 15 

cm) depending on which type of sample that was analyzed. The test pieces were weighed 

before and after the bath. Before they were weighed after the bath excessive test liquid was 

taken away with double blotters and a cob roller that was rolled over the blotters front and 

back, with the sample in between, for 1-2 seconds. The blotter absorbs excessive test liquid 

from the sample after the bath since only the penetrated liquid should be weighed. Cob roller 

and blotters are illustrated in Figure 13.  

 
Figure 13: Illustrates the cob roller and blotter. 

A screening of all dyes was made. Wick index was calculated, for every dye solution to 

establish that the result was not changed compared to pure lactic acid. The preparing of test 

liquids is presented in Appendix A.  
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More penetration was wanted and blotting paper, which is unsized, was tested. Four samples 

(5 x 15 cm) were tested with the dye irgalite violet NZ. The preparation of test liquids is 

presented in Appendix B. 

Since the blotting paper did not give good result (too much penetration) another type of board 

was used. A bigger liquid penetration than obtained in the commercial board was wanted, and 

the pilot board was used. The reason was to see the penetration easier, and to determine if the 

dye follows the water all the way or if it stops earlier than the penetration front. The 

experimental steps were the same as with commercial board but only with the dyes that were 

approved for further tests; amaranth, red household colorant, irgalite violet NZ, irgalite blue 

R-LW and allura red AC. 

A test with prolonged test time was made with the dyes, amaranth and allura red AC, to see if 

the solutions were stable for a longer time and acted in the same way in the edge wick test. 

Commercial board (5 x 15 cm) was used and the test pieces were in the bath for 96 h.  

The sheets that were made with 100% sulfate and 100% CTMP, respectively, were also tested 

in lactic acid in the same way as commercial board and pilot boards. 

3.2.2.2. Edge wick with water 

A water bath with one of the dyes amaranth or allura red AC, was made with the same 

concentration as in Appendix C. The experimental steps are the same as in paragraph 3.2.2.1. 

The sizes of the test pieces were 2.5 x 7.5 cm (1 hour) and 5 x 15 cm (24 hour) and only pilot 

board was used.  

3.2.2.3. Edge wick with H2O2 

The test pieces (2.5 x 7.5 cm) were made with commercial board and sheets made of 100% 

sulfate and 100% CTMP. The thickness was determined in the same way as described in 

paragraph 3.2.2.1. A bath with 30 % H2O2 and a dye, either amaranth or allura red AC, was 

heated to 70 ⁰C. The samples were placed in the bath for 10 minutes. The concentration of the 

solution was unknown; the dye was simply added until the solution had a good color. The test 

pieces were weighed before and after the bath. Before they were weighed after the bath 

excessive test liquid was taken away with double blotters and a cob roller that was rolled over 

the blotters front and back, with the sample in between, for 1-2 seconds. Wick index was 

calculated and the samples were analyzed visually. Figure 14 illustrates the bath that was used 

for H2O2. 

 

Figure 14: The H2O2 bath that was used during edge wick test.  
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3.2.2.4. Pressurized edge wick 

Thickness was measured on ten places on the pilot board sheet, with a thickness gauge from 

“Lorentzen & Mettre Sweden”, and an average was calculated. Test pieces from the pilot 

board were cut into 6.2 x 5 cm and plastic laminated on both sides and all the way out over 

the edges. A sample consisted of 4 test pieces. The raw edge was created by punching a hole 

with a diameter of 12 mm in the middle of the test piece. The test pieces were placed in a 

pressure chamber (bath) with a pressure of 0.15 bars for 20 seconds. The test pieces were 

weighed before and after the bath. Before they were weighed after the bath excessive test 

liquid was taken away with double blotters and a cob roller that was rolled over the blotters 

front and back, with the sample in between, for 1-2 seconds. Wick index was calculated and 

the penetration was analyzed visually. The same test was also made with commercial board to 

see how the dyes interact with more than just one type of board during pressurized edge wick. 

The dyes that were used were allura red AC and amaranth. The preparation of the test liquids 

is presented in Appendix C. 

The sheets that were made with 100% sulfate and 100% CTMP were also tested in the 

pressurized edge wick test in the same way as commercial board and pilot board. 

3.2.3. Determining the liquid surface tension with the pendant drop method 

An instrument called FIBRO DAT 1100 (Figure 15) was used to measure the surface tension 

of water and one-percent lactic acid, with and without amaranth and allura red AC. The 

measurement is based on the pendant drop method. A droplet of the test liquid is formed on 

the tip of vertical tubing (Figure 16). A high speed camera integrated in the measuring device 

captures the shape of the hanging droplet which is used to compute the surface tension [23]. 

The concentrations of the test liquids are presented in Appendix C.  

 

 
Figure 15: The instrument FIBRO DAT 1100 [23]. 
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Figure 16: A captured droplet from the analyses to determine surface tension with the 

instrument FIBRO DAT 1100.  
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4. Results and discussions 

4.1. pH and water solubility  

The results from the pH-control and the water solubility test are shown in Table 4.  

Dye Color in water Color in lactic 

acid 

Water soluble pH in water 

Pelargonidin 

chloride 

Red Red/orange Yes 3.2 

Cyanidin 

chloride 

Brown/red Red Yes 3.5 

Malvidin 

chloride 

None Pink Yes 3.4 

Allura red AC Red Red Yes 6.6 

Amaranth Red Red Yes 6.8 

Epson Magenta Magenta Magenta Yes  8.8 

Epson cyan Blue Blue Not completely 9.0 

HP11 magenta Magenta Magenta Yes 4.1 

Red household 

colorant 

Red Red Yes 6.6 

Blue household 

colorant 

Blue Blue Yes 4.6 

Irgalite violet 

NZ 

Violet Violet Yes 7.2 

Irgalite blue R-

LW 

Blue Blue Yes 6.1 

Table 4: Shows the results from the pH control and the water solubility test of the dyes.  

To determine the pH of the dyes in water is important. The dyes with low pH will penetrate 

more in the board than dyes with high pH. This is due to that solutions with low pH contain 

more hydrogen ions which are harder for the board to withstand since it is naturally 

hydrophilic. It is also important that the dyes are water soluble because all test solutions are 

water-based. 
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4.2. Edge wick with lactic acid 

Table 5 is a summary of the lactic acid edge wick results (1 hour) from the screening study 

with all dyes and the commercial board (2.5 x 7.5 cm). The dyes marked with bold are the 

ones that were approved for the next experimental step. Lactic acid without dye is also 

marked because it is the reference.  

Dye Average Wick index [kg/m
2
] Standard deviation 

Amaranth 0.46 0.03 

HP 11 magenta 0.96 0.05 

Epson cyan 0.87 0.06 

Epson magenta 0.64 0.05 

Pelargonidin chloride - - 

Malvidin chloride - - 

Cyanidin chloride - - 

Blue household colorant 0.66 0.09 

Red household colorant 0.48 0.04 

Irgalite Violet NZ 0.46 0.04 

Irgalite Blue R-LW 0.44 0.04 

Allura red AC 0.42 0.01 

Lactic acid (without dye) 0.45 0.03 

Table 5: Shows a summary of edge wick indexes (1 hour) from the screening study with 

commercial board and all dyes. The bold marked are the ones that were approved for the next 

experimental step. Calculations are shown in Tables 21-30 in Appendix D. 

Lactic acid without dye was used as reference because the dyes should not change how the 

test liquid is absorbed into the board, i.e. the wick index should be the same. When comparing 

all dyes with pure lactic acid, the results show that the following dyes still might work as 

substitute for amaranth; red household colorant, irgalite violet NZ, irgalite blue R-LW and 

allura red AC.  

Three of the dyes did not work at all; pelargonidin chloride, cyanidin chloride and malvidin 

chloride. The solutions were very lightly colored at low pH, and during the test the color 

disappeared and a visual evaluation could not be performed. Wick index was not calculated 

and that is the reason why they do not have any result in Table 5.  

There were some dyes that changed the properties of lactic acid which made it penetrate the 

board more than it should. These were the inkjet dyes and the blue household colorant. They 

all had very high wick index compared to lactic acid which means that the solution has 

penetrated more into the board. The penetration depends on what type of substances the test 

liquid contains. The inkjet dyes contains a lot of substances which may affect the penetration. 

They contain for instance glycol and glycerol which contains OH-groups which may have an 

effect on the density and surface tension of the test liquid which in turn might have affects the 

penetration ability of the test liquid. In the blue household colorant it seems that brilliant blue 

FCF is the substance that changes the properties of the test liquid. Red household colorant 

contains the same substances except for the color pigment. The blue household colorant has 
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high wick index compared to pure one-percent lactic acid, whereas wick index for red 

household colorant does not differ much from lactic acid.   

Table 6 shows a summary of the average edge wick indexes (24 hours) from the second part 

of the screening with commercial board (5 x 15 cm). The approved dyes from the first 

screening were used.  

Dye  Average of wick index 

[kg/m
2
] 

Standard deviation 

Amaranth 3.08 0.11 

Irgalite violet 3.43 0.22 

Irgalite blue 3.30 0.17 

Red household colorant 2.95 0.15 

Allura red AC 3.33 0.09 

Table 6: Showing a summary of the average edge wick indexes (24 hours) obtained in the 

second part of the screening study. Calculations are shown in Tables 31-35 in Appendix D. 

The test pieces were analyzed visually. It was hard to see how the dyes had penetrated inside 

the board due to that the commercial board was too hydrophobic for the purpose of this study. 

The only test liquids that showed a visible penetration were those containing amaranth and 

allura red AC. Allura red AC seems to color the board and penetrate it in the same way as 

amaranth, see Figure 17.  

 

Figure 17: The visual results for commercial board after the lactic acid edge wick tests (24 h, 

5 x 15 cm) with allura red AC (pieces to the left) and amaranth (pieces to the right).  

The visual results of the different dyes were compared with amaranth. The red household 

colorant did not get into the board at all. It seems like the red dye does not follow the test 

liquid. The reason for this may be that the red household colorant did not stay in solution for 

24 hours and could therefore not penetrate into the board. Irgalite violet NZ and irgalite blue 

R-LW seems to be absorbed unevenly. The wick indexes obtained with these, compared to 

amaranth, are similar.  

The unsized blotting paper has too good ability to absorb liquids, which led to no result 

because the samples were destroyed. The visual results are presented in Figure 18.  
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Figure 18: The visual result for blotting paper after a one hour test in lactic acid bath with 

the dye irgalite violet NZ. 

Table 7 is a summary of the results of average wick index from 24 hours tests with lactic acid 

and pilot board (5x15 cm). The dyes that are marked with bold are the ones that still are of 

interest for further analyses. Both the visual and wick index results are compared with 

amaranth. 

Dye Average of wick index 

[kg/m
2
] 

Standard deviation 

Amaranth 4.72 0.53 

Irgalite violet NZ 4.92 0.71 

Irgalite blue r-LW 6.43 0.48 

Red household colorant 5.56 0.25 

Allura red AC 4.66 0.34 

Table 7: Showing the summary of the average wick index from 24 hours tests with lactic acid 

and pilot board (5 x 15 cm). The bold marked are the ones that are approved for further 

analyses. Calculations are shown in Tables 36-40 in Appendix D. 

Wick index for the dyes differed this time. Only two dyes had the right wick index compared 

to amaranth; irgalite violet NZ and allura red AC. The other dyes seem to change the 

properties of the test liquid so that it penetrated more than it should.  

Visually it is only one dye that looks similar to amaranth, allura red AC (Figure 19). No 

difference could be seen between these two dyes.  
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Figure 19: Visual result of amaranth from lactic acid edge wick tests with pilot board (24 h, 5 

x 15 cm). 

The visual result for irgalite blue R-LW and irgalite violet NZ is very similar. The result was 

not good at all, the dye absorbed unevenly (Figure 20). The test liquid penetrated more than 

the dye did. The lines on the test pieces in Figure 21 represent how far the test liquid had 

penetrated.  

 

Figure 20: Illustrates how it looks when the granule had become visible after 24 hours edge 

wick test with pilot board (5 x 15 cm) and lactic acid dyed with irgalite violet NZ. 

 

Figure 21: The lines show how far the test liquid had penetrated without the dye irgalite 

violet NZ after 24 hours lactic acid edge wick test with pilot board (5 x 15 cm). 
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The household colorant did not give any good results, it seems like the dye has not penetrated 

into the board at all. Figure 22 shows the visual result of red household colorant and the lines 

represent how far the test liquid had penetrated. 

 

Figure 22: The result from the edge wick tests with pilot board (24 h, 5 x 15 cm) and red 

household colorant in lactic acid. The blue lines are representing how far the test liquid had 

penetrated.  

The only dye that seems to act in the same way as amaranth, both visually and in wick index, 

is allura red AC. Amaranth and allura red AC are the only dyes that will be compared in 

further analyses.  

A summary of the results from edge wick tests with lactic acid, 96 h with commercial board 

(5 x 15 cm) is shown in Table 8.  

Dye Average of wick index 

[kg/m
2
] 

Standard deviation 

Allura red AC 5.00 0.18 

Amaranth 5.12 0.45 

Table 8: Showing a summary of the results of the edge wick tests with lactic acid and the dyes 

with commercial board (5 x 15 cm) for 96 h. Calculations are shown in Table 45-46 in 

Appendix D. 

This analysis was made to see how the dyes worked in long time bath, both dyes act in the 

same way. The solutions were still homogenous after 96 hours and they gave similar results 

both as wick index and visually. Visual result is shown in Figure 23. 
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Figure 23: The visual result for allura red AC (front) and amaranth (rear) after lactic acid 

edge wick tests with commercial board for 96 h (5 x 15 cm). 

4.3. Edge wick with water 

A summary of the results of the edge wick tests (1 hour) with water and the dyes allura red 

AC and amaranth with pilot board (2.5 x 7.5 cm) is shown in Table 9.  

Dye Average of wick index 

[kg/m
2
] 

Standard deviation 

Allura red AC 3.57 0.13 

Amaranth 3.73 0.12 

Table 9: Showing a summary of the result of the edge wick tests with water and the dyes with 

pilot board, 1 h (2.5 x 7.5 cm). Calculations are shown in Tables 43-44 in Appendix D. 

Table 10 shows a summary of the results of average wick index from the edge wick tests (24 

hours) with amaranth and allura red AC and water with pilot board (5 x 15 cm). 

Dye Average of wick index 

[kg/m
2
] 

Standard deviation 

Allura red AC 9.03 0.32 

Amaranth 9.05 0.41 

Table 10: Showing a summary of the result of wick index with allura red AC and amaranth 

after edge wick tests (24 hours) with water with pilot board (5 x 15 cm). Calculations are 

shown in Tables 41-42 in Appendix D.  

Visually the results are identical; the wick index is also very similar for the dyes. It seems like 

the dyes interact with the liquid and the pilot board in the same way. The dyes have the same 

properties under this type of conditions. Figure 24 shows the visual result of penetrated test 

liquid into the board. The visual result does not differ between test pieces of different size. 
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Figure 24: The visual result of the edge wick tests (24 hours) with water and allura red AC 

(left) or amaranth (right) with pilot board (5 x 15 cm). 

4.4. Edge wick with H2O2 

Table 11 shows a summary of the result of average wick index after edge wick tests with 

H2O2 and commercial board.  

Dye Average of wick index 

[kg/m
2
] 

Standard deviation 

Allura red AC 1.78 0.18 

Amaranth 1.54 0.08 

Table 11: The result of average wick index of the edge wick tests with H2O2 and the dyes 

amaranth and allura red AC with commercial board (2.5 x 7.5 cm). Calculations are shown 

in Tables 47-48 in Appendix D. 

The results for amaranth and allura red AC is similar both as wick index and visually. Even in 

this type of test liquid they have the same abilities and penetrated the board in the same way.  

4.5. Pressurized edge wick 

Table 12 shows a summary of the results from pressurized edge wick tests with amaranth and 

allura red AC with pilot board and commercial board.   

Type of board Dye Average of wick 

index [kg/m
2
] 

Standard deviation 

Pilot board Allura red AC 8.00 0.28 

Pilot board Amaranth 7.75 0.08 

Commercial board Allura red AC 2.53 0.49 

Commercial board Amaranth 2.79 0.12 

Table 12: Showing a summary of wick index with the result from the pressurized edge wick 

tests with both dyes and types of paper. Calculations are shown in Tables 49-52 in Appendix 

D. 

The pressurized edge wick test results show that there is no significant difference between the 

dyes. Both amaranth and allura red AC gives similar wick indexes and visually there is no 

difference. If anything, allura red AC is a bit lighter in its color pigment. The visual results of 

the dyes with both types of boards are shown in Figure 25.   
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Figure 25: Showing how the dyes have penetrated with pressurized edge wick into 

commercial board (samples to the left) and pilot board (samples to the right). 

4.6. Edge wick with lab sheets 

The summary from the results of edge wick tests with lactic acid (1 h, 2.5 x 7.5 cm) and the 

lab sheets made of 100% CTMP and 100% sulfate, respectively, is shown in Table 13.  

Type of sheet Dye Average of wick 

index [kg/m
2
] 

Standard deviation 

100% CTMP Allura red AC 0.26 0.014 

100% CTMP Amaranth 0.24 0.014 

100% sulfate Allura red AC 0.32 0.00 

100% sulfate Amaranth 0.32 0.014 

Table 13: Shows a summary of the results from the edge wick tests (1 hour) with allura red 

AC and amaranth with lactic acid and the sheets made from 100% CTMP and 100% sulfate 

(2.5 x 7.5 cm). Calculations are shown in Tables 53-56 in Appendix D. 

A summary of the results from edge wick tests with amaranth and allura red AC with lactic 

acid and the lab sheets (24 h, 5 x 15 cm) is shown in Table 14.  

Type of sheet Dye Average of wick 

index [kg/m
2
] 

Standard deviation 

100% CTMP Allura red AC 1.06 0.021 

100% CTMP Amaranth 1.06 0.021 

100% sulfate Allura red AC 1.88 0.00 

100% sulfate Amaranth 1.93 0.021 

Table 14: Shows a summary of the results from edge wick tests (24 hours) with lactic acid (5 x 

15 cm) with allura red AC and amaranth with the sheets made from 100% CTMP and 100% 

sulfate. Calculations are shown in Tables 57-60 in Appendix D. 

In the CTMP sheet both wick indexes and visual results for the dyes are similar. In the sulfate 

sheet the visual results differ a bit, but not significantly. It seems like amaranth has penetrated 

a bit more into the sheet made of sulfate, see Figure 26.  
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Figure 26: Shows that amaranth has penetrated more into the board than allura red AC after 

24 hours edge wick tests with lactic acid (5 x 15 cm) with the sheet made of 100% sulfate. 

Amaranth is the rear test piece.  

A summary of the result from the edge wick tests with H2O2 and the lab sheets is shown in 

Table 15.  

Type of sheet Dye Average of wick 

index [kg/m
2
] 

Standard deviation 

100% CTMP Allura red AC 0.74 0.007 

100% CTMP Amaranth 0.81 0.02 

100% sulfate Allura red AC 0.41 0.007 

100% sulfate Amaranth 0.39 0.007 

Table 15: Shows a summary of the results from the edge wick tests with allura red AC and 

amaranth with H2O2 and the sheets made from 100% CTMP and 100% sulfate. Calculations 

are shown in Table 61-64 in Appendix D. 

A summary of the result from the pressurized edge wick tests with the lab sheets is shown in 

Table 16.  

Type of sheet Dye Average of wick 

index [kg/m
2
] 

Standard deviation 

100% CTMP Allura red AC 2.99 0.40 

100% CTMP Amaranth 3.54 1.00 

100% sulfate Allura red AC 0.41 0.064 

100% sulfate Amaranth 0.40 0.00 

Table 16: Showing a summary of the results from the pressurized edge wick tests with allura 

red AC and amaranth with the sheets made from 100% CTMP and 100% sulfate. 

Calculations are shown in Tables 65-68 in Appendix D.  

Wick index differs in the pressurized edge wick with the CTMP sheet. The average value for 

amaranth is higher than for allura red AC but it also has high standard deviation. The wick 
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index of one replicate for amaranth has a value that is similar to that of allura red AC, so the 

difference between the results for the dyes probably depends on an experimental error.  

Figure 27 shows that it was difficult for the dyes to follow the test liquid into the board made 

of 100% sulfate. The drawn lines illustrate how far the test liquid had penetrated. It was the 

same result with both amaranth and allura red AC. 

  
Figure 27: The visual result after edge wick tests with lactic acid for (24 h, 5 x 15 cm) with 

amaranth and the sheet made of 100% sulfate. The drawn line illustrates how far the liquid 

had penetrated. The dye did not completely follow the test liquid into the board, similar result 

with allura red AC. 

4.7. Determining of surface tension 

The pendant drop instrument and software that was used calculated everything automatically. 

The results from the measurements of surface tension are shown in Table 17.  

 Allura red AC 

[mN/m] 

Amaranth 

[mN/m] 

No dye 

[mN/m] 

Lactic acid 65.0 65.2 65.1 

Lactic acid 65.1 65.5 65.3 

H2O 73.5 73.9 72.8 

H2O 73.5 74.0 72.8 

Table 17: The results from the determining of surface tension. 

The results for water with and without dyes are only slightly different. It seems that the dyes 

increase the surface tension slightly for water but not for lactic acid.  
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5. Conclusions 

The important parameters in this work are wick index and color intensity. It is very important 

to get a good visual contrast. If the color is too weak it will be difficult to see how far the test 

liquid has penetrated and the image analysis method will not work. Wick index is important 

because the dye must not change the properties of the test liquid. 

Blue household colorant and the inkjet color were rejected because they differed in wick 

index compared to pure lactic acid. They changed the liquids properties which changed the 

penetration ability. It is important that the liquid properties are preserved; otherwise it does 

not penetrate the board in the right way and give misleading results. These colors did not give 

any useful visual results either. 

The dyes have to be stable in the solutions and not separate during the analysis. Red 

household colorant did not stay in solution for 24 h and therefore did it not give any visual 

result. The dye carmine did not follow the test liquid into the board.  

The two dyes irgalite blue R-LW and irgalite NZ act in the same way. Their functional groups 

seem to interact with the board material which made the granules in the board to become 

visible. The dyes did not follow the test liquid fully into the board and did not give good color 

intensity.  

Allura red AC has properties similar to those of amaranth. It did not change the properties of 

the test liquids, and it penetrated into the board in the same way as amaranth. It gave both a 

good wick index and good visual results.  

The reason that allura red AC worked well in the analyses is likely due to its chemical 

structure. It is structurally similar to amaranth and it has the same reactive groups, indicating 

that the two dyes should interact with the test liquids and board in a similar manner. The other 

dyes that were tested had more different chemical structures. Amaranth and allura red AC 

both contain short hydrocarbon chains which make them more soluble in water than some of 

the other dyes.  

Even though allura red AC needs to be handled in a fume hood, with protective clothes, 

gloves and goggles and the waste has to be sent for destruction it, is still a better option than 

amaranth. Therefore it is recommended that amaranth, which is very toxic to the respiratory 

system, is substituted for allura red AC, the latter being a less hazardous compound that 

works just as good as amaranth for edge wicking test.  
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8. Appendices  

 Appendix A 

All dyes were analyzed at pH 3.8 as the solution with amaranth and one-percent lactic acid 

(1.7 mM) has pH 3.8.   

The preparation of the test liquids that were used for edge wick tests in the first screening are 

shown in Table 18. Some of the dyes did not give any/small color in water and that is the 

reason that only a small amount of water was used, only to solve the powder.  

 

Dye Amount Volume water [l] Volume one-

percentage lactic 

acid 

Amaranth 1 g - 1 l 

HP 11 magenta One packaging inkjet 

color 

Diluted to 1 l Until pH 3.8 was 

reached 

Epson cyan One packaging inkjet 

color 

Diluted to 1 l Until pH 3.8 was 

reached 

Epson magenta One packaging inkjet 

color 

Diluted to 1 l Until pH 3.8 was 

reached 

Blue household 

colorant 

One packaging Diluted to 1 l Until pH 3.8 was 

reached 

Red household 

colorant 

One packaging Diluted to 1 l Until pH 3.8 was 

reached 

Irgalite violet NZ 300 ml Diluted to 1 l Until pH 3.8 was 

reached 

Irgalite blue R-LW 300 ml Diluted to 1 l Until pH 3.8 was 

reached 

Allura red AC 349 mg Diluted to 1 l Until pH 3.8 was 

reached  

Pelargonidin chloride 5 mg A small amount Diluted to 500 ml 

Malvidin chloride 1 mg A small amount  Diluted to 500 ml 

Cyanidin chloride 1 mg A small amount Diluted to 500 ml 

Table 18: The preparations of the test liquids that were used in edge wick with lactic acid in 

the first screening study.  
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7.2. Appendix B 

The preparation of the test liquids used in the second screening is shown in Table 19.  

Dye Portion Volume one-

percentage lactic 

acid [ml] 

Amaranth 1 g 1000 ml 

HP 11 magenta One packaging inkjet 

color 

1000 ml 

Epson cyan One packaging inkjet 

color 

1000 ml 

Epson magenta One packaging inkjet 

color 

1000 ml 

Red household 

colorant 

One packaging 1000 ml 

Irgalite violet NZ 300 ml 700 ml 

Irgalite blue R-LW 300 ml 700 ml 

Allura red AC 500 mg 100 ml  

Table 19: The preparations of test liquids that were used in the second screening in edge wick 

with lactic acid.  

7.3. Appendix C 

The preparation of the test liquids, after the second screening study, that contain the dyes is 

shown in Table 20.  

Dye Portion  Volume water[l] 

Amaranth 1,5 g 5.5 l 

Allura red AC 1.2 g 5.5 l  

Table 20: Shows the preparations of test liquids that were used during some experimental 

steps.  

7.4. Appendix D 

Sample Weight 

before 

[mg] 

Weight 

after [mg] 

∆ Weight 

[mg] 

Board 

thickness 

[µm] 

Length of 

the raw  

edge [m] 

EWI 

[kg/m
2
] 

A 3475 3839 364 375.2 1 0.97 

B 3480 3829 349 375.2 1 0.93 

I 3465 3809 344 371.0 1 0.93 

II 3473 3822 349 371.0 1 0.94 

A 3508 3857 349 372,8 1 0.94 

B 3510 3850 340 372,8 1 0.91 

1 3502 3895 393 373.0 1 1.05 

2 3487 3876 389 373.0 1 1.04 

Table 21: Shows the edge wick index result for commercial board (1 h, 2.5 x 7.5 cm) in water 

and lactic acid dyed with HP 11 magenta. To calculate wick index the equation 1 were used. 

The average wick index is 0.96 kg/m
2
 with a standard deviation of 0.05. 
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Sample Weight 

before 

[mg] 

Weight 

after [mg] 

∆ weight 

[mg] 

Board 

thickness 

[µm] 

Length of 

the raw  

edge [m] 

EWI 

[kg/m
2
] 

A 3434 3745 311 377.2 1 0.82 

B 3439 3764 325 377.2 1 0.86 

I 3496 3799 303 372.6 1 0.81 

II 3499 3797 298 372.6 1 0.80 

A 3461 3794 333 373.0 1 0.89 

B 3449 3778 329 373.0 1 0.88 

1 3511 3867 356 376.6 1 0.95 

2 3522 3880 358 376.6 1 0.95 

Table 22: Shows the edge wick index result for commercial board (1 h, 2.5 x 7.5 cm) in water 

and lactic acid dyed with Epson cyan. To calculate wick index the equation 1 were used. The 

average wick index is 0.87 kg/m
2
 with a standard deviation of 0.06. 

Sample Weight 

before 

[mg] 

Weight 

after [mg] 

∆ weight 

[mg] 

Board 

thickness 

[µm] 

Length of 

the raw  

edge [m] 

EWI 

[kg/m
2
] 

A 3516 3750 234 367.2 1 0.64 

B 3517 3755 238 367.2 1 0.65 

I 3456 3667 211 372.6 1 0.57 

II 3446 3681 235 372.6 1 0.63 

A 3466 3692 226 372.8 1 0.61 

B 3486 3725 239 372.8 1 0.64 

1 3540 3793 253 372.8 1 0.68 

2 3504 3775 271 372.8 1 0.73 

Table 23: Shows the edge wick index result for commercial board (1 h, 2.5 x 7.5 cm) in water 

and lactic acid dyed with Epson magenta. To calculate wick index the equation 1 were used. 

The average wick index is 0.64 kg/m
2
 with a standard deviation of 0.05. 

Sample Weight 

before 

[mg] 

Weight 

after [mg] 

∆ weight 

[mg] 

Board 

thickness 

[µm] 

Length of 

the raw  

edge [m] 

EWI 

[kg/m
2
] 

A 3516 3750 234 367.2 1 0.64 

B 3517 3755 238 367.2 1 0.65 

I 3456 3667 211 372.6 1 0.57 

II 3446 3681 235 372.6 1 0.63 

A 3466 3784 318 372.8 1 0.85 

B 3486 3751 265 372.8 1 0.71 

1 3540 3792 252 372.8 1 0.68 

2 3504 3705 201 372.8 1 0.54 

Table 24: Shows the edge wick index result for commercial board (1 h, 2.5 x 7.5 cm) in water 

and lactic acid dyed with Blue household colorant. To calculate wick index the equation 1 

were used. The average wick index is 0.66 kg/m
2
 with a standard deviation of 0.09. 
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Sample Weight 

before 

[mg] 

Weight 

after [mg] 

∆ weight 

[mg] 

Board 

thickness 

[µm] 

Length of 

the raw  

edge [m] 

EWI 

[kg/m
2
] 

A 3488 3647 159 377.2 1 0.42 

B 3473 3635 162 377.2 1 0.43 

I 3491 3672 181 377.6 1 0.48 

II 3457 3652 195 377.6 1 0.52 

A 3526 3702 176 372.4 1 0.47 

B 3419 3599 180 372.4 1 0.48 

1 3494 3684 190 377.0 1 0.50 

2 3520 3718 198 377.0 1 0.53 

Table 25: Shows the edge wick index result for commercial board (1 h, 2.5 x 7.5 cm) in water 

and lactic acid dyed with Red household colorant. To calculate wick index the equation 1 

were used. The average wick index is 0.48 kg/m
2
 with a standard deviation of 0.04. 

Sample Weight 

before 

[mg] 

Weight 

after [mg] 

∆ weight 

[mg] 

Board 

thickness 

[µm] 

Length of 

the raw  

edge [m] 

EWI 

[kg/m
2
] 

A 3511 3700 189 376.5 1 0.50 

B 3459 3653 194 376.4 1 0.52 

I 3492 3668 176 373.2 1 0.47 

II 3495 3669 174 373.2 1 0.47 

A 3491 3693 202 375.4 1 0.54 

B 3464 3655 191 375.4 1 0.51 

1 3465 3683 218 372.2 1 0.59 

2 3462 3674 212 372.2 1 0.57 

Table 26: Shows the edge wick index result for commercial board (1 h, 2.5 x 7.5 cm) in water 

and lactic acid dyed with Irgalite violet NZ. To calculate wick index the equation 1 were 

used. The average wick index is 0.46 kg/m
2
 with a standard deviation of 0.04. 

Sample Weight 

before 

[mg] 

Weight 

after [mg] 

∆ weight 

[mg] 

Board 

thickness 

[µm] 

Length of 

the raw  

edge [m] 

EWI 

[kg/m
2
] 

A 3498 3657 159 371.6 1 0.43 

B 3499 3659 160 371.6 1 0.43 

I 3476 3622 146 372.8 1 0.39 

II 3496 3653 157 372.8 1 0.42 

A 3480 3640 160 375.2 1 0.43 

B 3415 3579 164 375.2 1 0.44 

1 3408 3609 201 373.2 1 0.54 

2 3438 3612 174 373.2 1 0.47 

Table 27: Shows the edge wick index result for commercial board (1 h, 2.5 x 7.5 cm) in water 

and lactic acid dyed with Irgalite blue R-LW. To calculate wick index the equation 1 were 

used. The average wick index is 0.44 kg/m
2
 with a standard deviation of 0.04. 
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Sample Weight 

before 

[mg] 

Weight 

after [mg] 

∆ weight 

[mg] 

Board 

thickness 

[µm] 

Length of 

the raw  

edge [m] 

EWI 

[kg/m
2
] 

A 3515 3672 157 381.0 1 0.41 

B 3516 3675 159 381.0 1 0.42 

I 3495 3646 151 376.8 1 0.40 

II 3494 3651 157 376.8 1 0.42 

A 3515 3668 153 376.4 1 0.41 

B 3488 3644 156 376.4 1 0.41 

1 3483 3646 163 374.6 1 0.44 

2 3482 3642 160 374.6 1 0.43 

Table 28: Shows the edge wick index result for commercial board (1 h, 2.5 x 7.5 cm) in water 

and lactic acid dyed with Allura red AC. To calculate wick index the equation 1 were used. 

The average wick index is 0.42 kg/m
2
 with a standard deviation of 0.01. 

Sample Weight 

before 

[mg] 

Weight 

after [mg] 

∆ weight 

[mg] 

Board 

thickness 

[µm] 

Length of 

the raw  

edge [m] 

EWI 

[kg/m
2
] 

A 3529 3710 181 375.0 1 0.48 

B 3499 3672 173 375.0 1 0.46 

I 3471 3635 164 376.0 1 0.44 

II 3498 3660 162 376.0 1 0.43 

a 3495 3671 176 378.4 1 0.47 

b 3452 3618 166 378.4 1 0.44 

1 3466 3658 192 371.6 1 0.52 

2 3482 3647 165 371.6 1 0.44 

Table 29: Shows the edge wick index result for commercial board (1 h, 2.5 x 7.5 cm) in water 

and lactic acid dyed with Amaranth. To calculate wick index the equation 1 were used. The 

average wick index is 0.46 kg/m
2
 with a standard deviation of 0.03. 

Sample Weight 

before 

[mg] 

Weight 

after [mg] 

∆ weight 

[mg] 

Board 

thickness 

[µm] 

Length of 

the raw  

edge [m] 

EWI 

[kg/m
2
] 

A 3466 3626 160 377.2 1 0.42 

B 3446 3619 173 377.2 1 0.46 

I 3482 3647 165 374.0 1 0.44 

II 3490 3649 159 374.0 1 0.43 

A 3498 3665 167 374.0 1 0.45 

B 3441 3592 151 374.0 1 0.40 

1 3477 3658 181 376.4 1 0.48 

2 3486 3672 186 376.4 1 0.49 

Table 30: Shows the edge wick index result for commercial board (1 h, 2.5 x 7.5 cm) in pure 

Lactic acid. To calculate wick index the equation 1 were used. The average wick index is 0.45 

kg/m
2
 with a standard deviation of 0.03. 
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Sample Weight 

before 

[mg] 

Weight 

after [mg] 

∆ weight 

[mg] 

Board 

thickness 

[µm] 

Length of 

the raw  

edge [m] 

EWI 

[kg/m
2
]  

A 2785 3228 443 372.3 0.4 2.97 

B 2799 3207 408 372.3 0.4 2.74 

1 2794 3251 457 372.3 0.4 3.07 

2 2792 3241 449 372.3 0.4 3.02 

Table 31: Shows the edge wick index result for commercial board (24 h, 5 x 15 cm) in lactic 

acid dyed with Red household colorant. To calculate wick index the equation 1 were used. 

The average wick index is 2.95 kg/m
2
 with a standard deviation of 0.15. 

Sample Weight 

before 

[mg] 

Weight 

after [mg] 

∆ weight 

[mg] 

Board 

thickness 

[µm] 

Length of 

the raw  

edge [m] 

EWI 

[kg/m
2
]  

A 2792 3272 480 372.3 0.4 3.22 

B 2781 3270 489 372.3 0.4 3.28 

1 2788 3337 549 372.3 0.4 3.69 

2 2802 3325 523 372.3 0.4 3.51 

Table 32: Shows the edge wick index result for commercial board (24 h, 5 x 15 cm) in lactic 

acid dyed with Irgalite violet NZ. To calculate wick index the equation 1 were used. The 

average wick index is 3.43 kg/m
2
 with a standard deviation of 0.22. 

Sample Weight 

before 

[mg] 

Weight 

after [mg] 

∆ weight 

[mg] 

Board 

thickness 

[µm] 

Length of 

the raw  

edge [m] 

EWI 

[kg/m
2
]  

A 2778 3292 514 372.3 0.4 3.45 

B 2771 3279 508 372.3 0.4 3.40 

1 2770 3259 489 372.3 0.4 3.28 

2 2778 3233 455 372.3 0.4 3.06 

Table 33: Shows the edge wick index result for commercial board (24 h, 5 x 15 cm) in lactic 

acid dyed with Irgalite blue R-LW. To calculate wick index the equation 1 were used. The 

average wick index is 3.30 kg/m
2
 with a standard deviation of 0.17. 

Sample Weight 

before 

[mg] 

Weight 

after [mg] 

∆ weight 

[mg] 

Board 

thickness 

[µm] 

Length of 

the raw  

edge [m] 

EWI 

[kg/m
2
]  

A 2767 3276 509 372.3 0.4 3.42 

B 2759 3256 497 372.3 0.4 3.34 

1 2763 3239 476 372.3 0.4 3.20 

2 2781 3283 502 372.3 0.4 3.37 

Table 34: Shows the edge wick index result for commercial board (24 h, 5 x 15 cm) in lactic 

acid dyed with Allura red AC. To calculate wick index the equation 1 were used. The average 

wick index is 3.08 kg/m
2
 with a standard deviation of 0.11. 
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Sample Weight 

before 

[mg] 

Weight 

after [mg] 

∆ weight 

[mg] 

Board 

thickness 

[µm] 

Length of 

the raw  

edge [m] 

EWI 

[kg/m
2
]  

A 2807 3275 468 372.3 0.4 3.14 

B 2827 3263 436 372.3 0.4 2.93 

1 2801 3274 473 372.3 0.4 3.18 

2 2794 3253 459 372.3 0.4 3.08 

Table 35: Shows the edge wick index result for commercial board (24 h, 5 x 15 cm) in lactic 

acid dyed with Amaranth. To calculate wick index the equation 1 were used. The average 

wick index is 3.08 kg/m
2
 with a standard deviation of 0.11. 

Sample Weight 

before 

[mg] 

Weight 

after [mg] 

∆ weight 

[mg] 

Board 

thickness 

[µm] 

Length 

of the 

raw  edge 

[m] 

EWI[kg/m
2
] 

A 2078 3127 1049 461.9 0.4 5.68 

B 2055 3033 978 461.9 0.4 5.29 

1 2063 3065 1002 461.9 0.4 5.42 

2 2101 3180 1079 461.9 0.4 5.84 

Table 36: Shows the edge wick index result for pilot board (24 h, 5 x 15 cm) in lactic acid 

dyed with Red household colorant. To calculate wick index the equation 1 were used. The 

average wick index is 5.56 kg/m
2
 with a standard deviation of 0.25. 

Sample Weight 

before 

[mg] 

Weight 

after [mg] 

∆ weight 

[mg] 

Board 

thickness 

[µm] 

Length of 

the raw  

edge [m] 

EWI 

[kg/m
2
] 

A 2125 3126 1001 461.9 0.4 5.42 

B 2116 2933 817 461.9 0.4 4.42 

Table 37: Shows the edge wick index result for pilot board (24 h, 5 x 15 cm) in lactic acid 

dyed with Irgalite violet NZ. To calculate wick index the equation 1 were used. The average 

wick index is 4.92 kg/m
2
 with a standard deviation of 0.71. 

Sample Weight 

before 

[mg] 

Weight 

after [mg] 

∆ weight 

[mg] 

Board 

thickness 

[µm] 

Length of 

the raw  

edge [m] 

EWI 

[kg/m
2
] 

A 2177 3394 1217 461.9 0.4 6.59 

B 2127 3183 1056 461.9 0.4 5.72 

1 2183 3407 1224 461.9 0.4 6.62 

2 2129 3384 1255 461.9 0.4 6.79 

Table 38: Shows the edge wick index result for pilot board (24 h, 5 x 15 cm) in lactic acid 

dyed with Irgalite blue R-LW. To calculate wick index the equation 1 were used. The average 

wick index is 6.43 kg/m
2
 with a standard deviation of 0.48. 
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Sample Weight 

before 

[mg] 

Weight 

after [mg] 

∆ weight 

[mg] 

Board 

thickness 

[µm] 

Length of 

the raw  

edge [m] 

EWI 

[kg/m
2
] 

A 2128 2942 814 461.9 0,4 4.41 

B 2145 3097 952 461.9 0,4 5.15 

1 2118 2974 856 461.9 0,4 4.63 

2 2126 2944 818 461.9 0.4 4.43 

Table 39: Shows the edge wick index result for pilot board (24 h, 5 x 15 cm) in lactic acid 

dyed with Allura red AC. To calculate wick index the equation 1 were used. The average wick 

index is 4.66 kg/m
2
 with a standard deviation of 0.34. 

Sample Weight 

before 

[mg] 

Weight 

after [mg] 

∆ weight 

[mg] 

Board 

thickness 

[µm] 

Length of 

the raw  

edge [m] 

EWI 

[kg/m
2
] 

A 2128 3097 969 461.9 0.4 5.24 

B 2084 2931 847 461.9 0.4 4.58 

1 2121 3048 927 461.9 0.4 5.02 

2 2096 2843 747 461.9 0.4 4.04 

Table 40: Shows the edge wick index result for pilot board (24 h, 5 x 15 cm) in lactic acid 

dyed with Amaranth. To calculate wick index the equation 1 were used. The average wick 

index is 4.72 kg/m
2
 with a standard deviation of 0.53. 

Sample Weight 

before 

[mg] 

Weight 

after [mg] 

∆ weight 

[mg] 

Board 

thickness 

[µm] 

Length of 

the raw  

edge [m] 

EWI 

[kg/m
2
] 

1 2643 4307 1664 454.3 0.4 9.16 

2 2657 4290 1633 454.3 0.4 8.98 

A 2669 4370 1701 454.3 0.4 9.36 

B 2653 4218 1565 454.3 0.4 8.61 

Table 41: Shows the edge wick index result for pilot board (24 h, 5 x 15 cm) in H2O dyed with 

Allura red AC. To calculate wick index the equation 1 were used. The average wick index is 

9.03 kg/m
2
 with a standard deviation of 0.32. 

Sample Weight 

before 

[mg] 

Weight 

after [mg] 

∆ weight 

[mg] 

Board 

thickness 

[µm] 

Length of 

the raw  

edge [m] 

EWI 

[kg/m
2
] 

1 2672 4384 1712 460.2 0.4 9.30 

2 2675 4367 1692 460.2 0.4 9.19 

A 2641 4194 1553 460.2 0.4 8.44 

B 2687 4393 1706 460.2 0.4 9.27 

Table 42: Shows the edge wick index result for pilot board (24 h, 5 x 15 cm) in H2O dyed with 

Amaranth. To calculate wick index the equation 1 were used. The average wick index is 9.05 

kg/m
2
 with a standard deviation of 0.41. 
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Sample Weight 

before 

[mg] 

Weight 

after [mg] 

∆ weight 

[mg] 

Board 

thickness 

[µm] 

Length of 

the raw  

edge [m] 

EWI 

[kg/m
2
] 

1 2647 4240 1593 459.0 1 3.47 

2 2679 4376 1697 459.0 1 3.70 

3 2685 4367 1682 459.0 1 3.66 

4 2667 4242 1575 459.0 1 3.43 

Table 43: Shows the edge wick index result for pilot board (1 h, 2.5 x 7.5 cm) in H2O dyed 

with Allura red AC. To calculate wick index the equation 1 were used. The average wick 

index is 3.57 kg/m
2
 with a standard deviation of 0.13. 

Sample Weight 

before 

[mg] 

Weight 

after [mg] 

∆ weight 

[mg] 

Board 

thickness 

[µm] 

Length of 

the raw  

edge [m] 

EWI 

[kg/m
2
] 

1 2649 4384 1735 459.2 1 3.78 

2 2672 4383 1711 459.2 1 3.73 

3 2657 4421 1764 459.2 1 3.84 

4 2659 4292 1633 459.2 1 3.56 

Table 44: Shows the edge wick index result for pilot board (1 h, 2.5 x 7.5 cm) in H2O dyed 

with Amaranth. To calculate wick index the equation 1 were used. The average wick index is 

3.73 kg/m
2
 with a standard deviation of 0.12. 

Sample Weight 

before 

[mg] 

Weight 

after [mg] 

∆ weight 

[mg] 

Board 

thickness 

[µm] 

Length of 

the raw  

edge [m] 

EWI 

[kg/m
2
] 

1 2780 3516 736 376.0 0.4 4.89 

2 2772 3492 720 376.0 0.4 4.79 

3 2790 3564 774 376.0 0.4 5.15 

4 2770 3540 770 374.6 0.4 5.14 

Table 45: Shows the edge wick index result for commercial board (96 h, 5 x 15 cm) in H2O 

dyed with Allura red AC. To calculate wick index the equation 1 were used. The average wick 

index is 5.00 kg/m
2
 with a standard deviation of 0.18. 

Sample Weight 

before 

[mg] 

Weight 

after [mg] 

∆ weight 

[mg] 

Board 

thickness 

[µm] 

Length of 

the raw  

edge [m] 

EWI 

[kg/m
2
] 

1 2754 3490 736 373.0 0.4 4.93 

2 2787 3511 724 373.0 0.4 4.85 

3 2800 3534 734 374.6 0.4 4.90 

4 2802 3670 868 374.6 0.4 5.79 

Table 46: Shows the edge wick index result for commercial board (96 h, 5 x 15 cm) in H2O 

dyed with Amaranth. To calculate wick index the equation 1 were used. The average wick 

index is 5.12 kg/m
2
 with a standard deviation of 0.45. 

 

 



 
42 

 

Sample Weight 

before 

[mg] 

Weight 

after [mg] 

∆ weight 

[mg] 

Board 

thickness 

[µm] 

Length of 

the raw  

edge [m] 

EWI 

[kg/m
2
] 

1 3474 3984 510 336.6 1 1.52 

2 3477 4112 635 336.6 1 1.89 

3 3482 4077 595 336.6 1 1.77 

4 3514 4160 646 336.6 1 1.92 

Table 47: Shows the edge wick index result for commercial board (1 h, 2.5 x 7.5 cm) in H2O2 

dyed with Allura red AC. To calculate wick index the equation 1 were used. The average wick 

index is 1.78 kg/m
2
 with a standard deviation of 0.18. 

Sample Weight 

before 

[mg] 

Weight 

after [mg] 

∆ weight 

[mg] 

Board 

thickness 

[µm] 

Length of 

the raw  

edge [m] 

EWI 

[kg/m
2
] 

1 3499 3992 493 338.8 1 1.45 

2 3484 3991 507 338.8 1 1.50 

3 3441 3982 541 338.8 1 1.60 

4 3494 4036 542 338.8 1 1.60 

Table 48: Shows the edge wick index result for commercial board (1 h, 2.5 x 7.5 cm) in H2O2 

dyed with Amaranth. To calculate wick index the equation 1 were used. The average wick 

index is 1.54 kg/m
2
 with a standard deviation of 0.08. 

Sample Weight 

before 

[mg] 

Weight 

after [mg] 

∆ weight 

[mg] 

Board 

thickness 

[µm] 

Length of 

the raw  

edge [m] 

EWI 

[kg/m
2
] 

A 8459 8610 151 459.3 0.15 2.19 

B 8306 8505 199 459.3 0.15 2.89 

Table 49: Shows the pressurized edge wick index result for commercial board in water dyed 

with Allura red AC. To calculate wick index the equation 1 were used. The formula O = 2πr 

were used to calculate the perimeter of the hole The average wick index is 2.54 kg/m
2
 with a 

standard deviation of 0.49. 

Sample Weight 

before 

[mg] 

Weight 

after [mg] 

∆ weight 

[mg] 

Board 

thickness 

[µm] 

Length of 

the raw  

edge [m] 

EWI 

[kg/m
2
] 

A 8459 8646 187 459.3 0.15 2.70 

B 8306 8505 199 459.3 0.15 2.87 

Table 50: Shows the pressurized edge wick index result for commercial board in water dyed 

with Amaranth. To calculate wick index the equation 1 were used. The formula O = 2πr were 

used to calculate the perimeter of the hole The average wick index is 2.79 kg/m
2
 with a 

standard deviation of 0.12. 
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Sample Weight 

before 

[mg] 

Weight 

after [mg] 

∆ weight 

[mg] 

Board 

thickness 

[µm] 

Length of 

the raw  

edge [m] 

EWI 

[kg/m
2
] 

2A 7137 7677 540 459.3 0.15 7.84 

2B 7277 7845 568 459.3 0.15 8.24 

Table 51: Shows the pressurized edge wick index result for pilot board in water dyed with 

Allura red AC. To calculate wick index the equation 1 were used. The formula O = 2πr were 

used to calculate the perimeter of the hole The average wick index is 8.04 kg/m
2
 with a 

standard deviation of 0.28. 

Sample Weight 

before 

[mg] 

Weight 

after [mg] 

∆ weight 

[mg] 

Board 

thickness 

[µm] 

Length of 

the raw  

edge [m] 

EWI 

[kg/m
2
] 

1A 7272 7805 533 459.3 0.15 7.74 

1B 7183 7749 566 459.3 0.15 8.22 

Table 52: Shows the pressurized edge wick index result for pilot board in water dyed with 

Amaranth. To calculate wick index the equation 1 were used. The formula O = 2πr were used 

to calculate the perimeter of the hole The average wick index is 7.98 kg/m
2
 with a standard 

deviation of 0.34. 

Sample Weight 

before 

[mg] 

Weight 

after [mg] 

∆ weight 

[mg] 

Board 

thickness 

[µm] 

Length of 

the raw  

edge [m] 

EWI 

[kg/m
2
] 

1 1797 1860 63 314.2 0.8 0.25 

2 1800 1868 68 314.2 0.8 0.27 

Table 53: Shows the edge wick index result for sheets made of CTMP (1 h, 2.5 x 7.5 cm) in 

lactic acid dyed with Allura red AC. To calculate wick index the equation 1 were used. The 

average wick index is 0.26 kg/m
2
 with a standard deviation of 0.014 

Sample Weight 

before 

[mg] 

Weight 

after [mg] 

∆ weight 

[mg] 

Board 

thickness 

[µm] 

Length of 

the raw  

edge [m] 

EWI 

[kg/m
2
] 

1 1798 1857 59 322.4 0.8 0.23 

2 1798 1862 64 322.4 0.8 0.25 

Table 54: Shows the edge wick index result for sheets made of CTMP (1 h, 2.5 x 7.5 cm) in 

lactic acid dyed with Amaranth. To calculate wick index the equation 1 were used. The 

average wick index is 0.24 kg/m
2
 with a standard deviation of 0.014 

Sample Weight 

before 

[mg] 

Weight 

after [mg] 

∆ weight 

[mg] 

Board 

thickness 

[µm] 

Length of 

the raw  

edge [m] 

EWI 

[kg/m
2
] 

1 1838 1876 38 150.0 0.8 0.32 

2 1837 1875 38 150.0 0.8 0.32 

Table 55: Shows the edge wick index result for sheets made of sulfate (1 h, 2.5 x 7.5 cm) in 

lactic acid dyed with Allura red AC. To calculate wick index the equation 1 were used. The 

average wick index is 0.32 kg/m
2
 with a standard deviation of 0.00. 
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Sample Weight 

before 

[mg] 

Weight 

after [mg] 

∆ weight 

[mg] 

Board 

thickness 

[µm] 

Length of 

the raw  

edge [m] 

EWI 

[kg/m
2
] 

1 1818 1855 37 150.0 0.8 0.31 

2 1809 1849 40 150.0 0.8 0.33 

Table 56: Shows the edge wick index result for sheets made of sulfate (1 h, 2.5 x 7.5 cm) in 

lactic acid dyed with Amaranth. To calculate wick index the equation 1 were used. The 

average wick index is 0.32 kg/m
2
 with a standard deviation of 0.014. 

Sample Weight 

before 

[mg] 

Weight 

after [mg] 

∆ weight 

[mg] 

Board 

thickness 

[µm] 

Length of 

the raw 

edge [m] 

EWI 

[kg/m
2
] 

1 1825 1961 136 326.0 0.4 1.04 

2 1845 1984 139 326.0 0.4 1.07 

Table 57: Shows the edge wick index result for sheets made of CTMP (24 h, 5 x 15 cm) in 

lactic acid dyed with Allura red AC. To calculate wick index the equation 1 were used. The 

average wick index is 1.06 kg/m
2
 with a standard deviation of 0.021. 

Sample Weight 

before 

[mg] 

Weight 

after [mg] 

∆ weight 

[mg] 

Board 

thickness 

[µm] 

Length of 

the raw 

edge [m] 

EWI 

[kg/m
2
] 

1 1810 1951 141 328.0 0.4 1.07 

2 1822 1959 137 328.0 0.4 1.04 

Table 58: Shows the edge wick index result for sheets made of CTMP (24 h, 5 x 15 cm) in 

lactic acid dyed with Amaranth. To calculate wick index the equation 1 were used. The 

average wick index is 1.06 kg/m
2
 with a standard deviation of 0.021. 

Sample Weight 

before 

[mg] 

Weight 

after [mg] 

∆ weight 

[mg] 

Board 

thickness 

[µm] 

Length of 

raw edge 

[m] 

EWI 

[kg/m
2
] 

1 1836 1948 112 149.0 0.4 1.88 

2 1826 1938 112 149.0 0.4 1.88 

Table 59: Shows the edge wick index result for sheets made of sulfate (24 h, 5 x 15 cm) in 

lactic acid dyed with Allura red AC. To calculate wick index the equation 1 were used. The 

average wick index is 1.88 kg/m
2
 with a standard deviation of 0.00. 

Sample Weight 

before 

[mg] 

Weight 

after [mg] 

∆ weight 

[mg] 

Board 

thickness 

[µm] 

Length of 

raw edge 

[m] 

EWI 

[kg/m
2
] 

1 1822 1935 113 148.2 0.4 1.91 

2 1831 1946 115 148.2 0.4 1.94 

Table 60: Shows the edge wick index result for sheets made of sulfate (24 h, 5 x 15 cm) in 

lactic acid dyed with Amaranth. To calculate wick index the equation 1 were used. The 

average wick index is 1.93 kg/m
2
 with a standard deviation of 0.021. 
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Sample Weight 

before 

[mg] 

Weight 

after [mg] 

∆ weight 

[mg] 

Board 

thickness 

[µm] 

Length of 

the raw  

edge [m] 

EWI 

[kg/m
2
] 

1 1791 2008 217 365.2 0.8 0.74 

2 1803 2016 213 365.2 0.8 0.73 

Table 61: Shows the edge wick index result for sheet made of CTMP in H2O2 dyed with 

Allura red AC. To calculate wick index the equation 1 were used. The average wick index is 

0.74 kg/m
2
 with a standard deviation of 0.007. 

Sample Weight 

before 

[mg] 

Weight 

after [mg] 

∆ weight 

[mg] 

Board 

thickness 

[µm] 

Length of 

the raw  

edge [m] 

EWI 

[kg/m
2
] 

1 1810 2042 232 368.4 0.8 0.79 

2 1808 2051 243 368.4 0.8 0.82 

Table 62: Shows the edge wick index result for sheet made of CTMP in H2O2 dyed with 

Amaranth. To calculate wick index the equation 1 were used. The average wick index is 0.81 

kg/m
2
 with a standard deviation of 0.02. 

Sample Weight 

before 

[mg] 

Weight 

after [mg] 

∆ weight 

[mg] 

Board 

thickness 

[µm] 

Length of 

the raw  

edge [m] 

EWI 

[kg/m
2
] 

1 1824 1872 48 149.8 0.8 0.40 

2 1813 1862 49 149.8 0.8 0.41 

Table 63: Shows the edge wick index result for sheet made of sulfate in H2O2 dyed with 

Allura red AC. To calculate wick index the equation 1 were used. The average wick index is 

0.41 kg/m
2
 with a standard deviation of 0.007. 

Sample Weight 

before 

[mg] 

Weight 

after [mg] 

∆ weight 

[mg] 

Board 

thickness 

[µm] 

Length of 

the raw  

edge [m] 

EWI 

[kg/m
2
] 

1 1809 1854 45 149.6 0.8 0.38 

2 1811 1858 47 149.6 0.8 0.39 

Table 64: Shows the edge wick index result for sheet made of sulfate in H2O2 dyed with 

Amaranth. To calculate wick index the equation 1 were used. The average wick index is 0.39 

kg/m
2
 with a standard deviation of 0.007. 

Sample Weight 

before 

[mg] 

Weight 

after [mg] 

∆ weight 

[mg] 

Board 

thickness 

[µm] 

Length of 

the raw 

edge [m] 

EWI 

[kg/m
2
] 

1A 6804 6950 146 360.4 0.15 2.70 

1B 6895 7072 177 360.4 0.15 3.27 

Table 65: Shows the pressurized edge wick index result for sheet made of CTMP in water 

dyed with Allura red AC. To calculate wick index the equation 1 were used. The formula O = 

2πr were used to calculate the perimeter of the hole The average wick index is 2.99 kg/m
2
 

with a standard deviation of 0.40. 
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Sample Weight 

before 

[mg] 

Weight 

after [mg] 

∆ weight 

[mg] 

Board 

thickness 

[µm] 

Length of 

the raw 

edge [m] 

EWI 

[kg/m
2
] 

2A 6709 6862 153 360.4 0.15 2.83 

2B 6872 7102 230 360.4 0.15 4.25 

Table 66: Shows the pressurized edge wick index result for sheet made of CTMP in water 

dyed with Amaranth. To calculate wick index the equation 1 were used. The formula O = 2πr 

were used to calculate the perimeter of the hole The average wick index is 3.54 kg/m
2
 with a 

standard deviation of 1.00. 

Sample Weight 

before 

[mg] 

Weight 

after [mg] 

∆ weight 

[mg] 

Board 

thickness 

[µm] 

Length 

of the 

raw 

edge 

[m] 

EWI 

[kg/m
2
] 

1A 6750 6760 10 148.2 0.15 0.45 

1B 6893 6901 8 148.2 0.15 0.36 

Table 67: Shows the pressurized edge wick index result for sheet made of sulfate in water 

dyed with Allura red AC. To calculate wick index the equation 1 were used. The formula O = 

2πr were used to calculate the perimeter of the hole The average wick index is 0.41 kg/m
2
 

with a standard deviation of 0.064. 

Sample Weight 

before 

[mg] 

Weight 

after [mg] 

∆ weight 

[mg] 

Board 

thickness 

[µm] 

Length of 

the raw 

edge [m] 

EWI 

[kg/m
2
] 

2A 6781 6790 9 148.2 0.15 0.40 

2B 6799 6808 9 148.2 0.15 0.40 

Table 68: Shows the pressurized edge wick index result for sheet made of sulfate in water 

dyed with Amaranth. To calculate wick index the equation 1 were used. The formula O = 2πr 

were used to calculate the perimeter of the hole The average wick index is 0.40 kg/m
2
 with a 

standard deviation of 0.00. 

 

 


