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An eco-friendly time indicator (TI) was developed using cellulose-based 
materials. The TI comprises a dye, copy paper, nanofibrillated cellulose 
(NFC) film, and filter papers coated with NFC slurry and/or paraffin-free 
biowax. A suitable dye and its conditions were determined by observing 
the dye solutions and the migration pattern at the different concentrations. 
Commercial filter papers were prepared, and the dye migration rate, 
depending on physical properties, was evaluated. NFC was coated to 
control the dye migration rate of filter paper. In addition, biowax was used 
to impart hydrophobicity to filter papers used for supporting NFC films, 
storing the dye, and allowing the migration of dye. Finally, a TI was 
fabricated using those components. Methylene blue was selected as a dye 
for the TI due to its deep color and high solubility. The results showed that 
the key property of filter paper affecting the dye migration rate was the 
pore size. The migration rate could be reduced when NFC was coated on 
both sides of the filter paper. Since biowax modified the hydrophobicity of 
filter paper surface, it was used to make the NFC film-supporting paper, 
location for dye storage, and bottom-layer. In conclusion, a multilayered TI 
could be assembled using cellulose-based materials.  
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INTRODUCTION  
 

As the demand for food safety and home delivery increases, the packaging market 

is growing, and related packaging technologies are being developed (Arunan and Crawford 

2021). Interest in smart packaging technology, which is evaluated as the next-generation 

packaging technology, is increasing. Smart packaging encompasses active and intelligent 

packaging (Bambang et al. 2020). Active packaging technology preserves product quality 

and maintains freshness, while intelligent packaging technology provides products through 

intelligent functions such as detection, recording, and tracking (Rukchon et al. 2014). It 

monitors the status of the product or provides information according to the storage 

environment to the consumer (Puligundla et al. 2012; Dodero et al. 2021; Rodrigure et al. 

2021). 

Intelligent packaging technology includes devices such as pH sensors (Ding et al. 

2020; Lu et al. 2020; Alizadeh-Sani et al. 2021), gas indicators (Zhai et al. 2020), and 

biosensors (Park et al. 2015) that detect changes in a product state, and time-temperature 
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indicators (TTI) that provide information according to changes in time and temperature 

(Guiavarc'h et al. 2004). The pH sensor can react to volatile basic nitrogen such as 

ammonia and amine groups generated during food storage, and the gas indicator is affected 

by carbon dioxide and ethylene gas (Hu et al. 2016). These sensors work inside the 

packaging and can provide consumers with information about changes in the condition of 

the product. However, unlike the freshness sensor, which shows color changes under the 

influence of the type of gas or the surrounding environment, such as humidity, the time 

indicator (TI) or TTI is used to check the progress of distribution time; therefore, it does 

not need to be positioned inside the packaging box. 

The TTI can be classified as a chemical, biological, or physical TTI according to 

its operating principle (Guiavarc'h et al. 2004; Jafry et al. 2017). A physical TTI provides 

information using the absorption pattern of fluid (fluid flow), according to the properties 

of the material. Among physical TTIs, a diffusion-based TTI can monitor the distance 

traveled by the absorption of a mobile-phase fluid into a porous matrix, which is a 

stationary phase (Kim et al. 2016; Firouz et al. 2021). Several studies are underway to 

develop TTI devices using this diffusion-based principle, and 3M's Mark and Timestrip are 

examples of commercialized diffusion-based TTI. However, most of the materials used to 

manufacture diffusion-based TTI are made of synthetic high-branch-based plastic 

materials such as polyester and polyethylene terephthalate (PET); thus, their recyclability 

is poor. It is necessary to develop TTI manufacturing technology using eco-friendly 

materials. 

Cellulose is an eco-friendly and biocompatible natural material (Chen et al. 2021). 

When cellulose-based paper is used as a porous matrix for diffusion-based TTI production, 

the fluid can move by capillary flow; thus, it does not require an external pump (Park et al. 

2006; Jafry et al. 2017) and it is easy to operate. Because the paper has excellent flexibility, 

it can be attached to various packaging materials. It is recyclable, and thus, it is a useful 

material for the manufacture of eco-friendly indicators because of its high eco-friendliness 

(Carstens et al. 2017). However, because cellulose-based paper material has high 

hydrophilicity, a hydrophobization method must be applied for diffusion-based TTI 

production, and dimensional stability due to heat is low, which limits its use as an indicator 

that can reflect temperature. Therefore, when a cellulose-based material is used, it is 

possible to manufacture a diffusion-based TI rather than a TTI, and the development of 

various element technologies for manufacturing TI is required. 

In this study, a multilayered TI technology was developed using a dye, copy paper, 

filter papers, cellulose nanofiber (NFC), and biowax. A dye with high visibility of TI was 

selected, and a NFC film was manufactured. A surface coating technology with NFC and/or 

biowax was derived for stable diffusion of the dye, and these element technologies were 

applied to complete an eco-friendly TI.  

 

 

EXPERIMENTAL 
 
Materials 

Methyl red (JUNSEI, Osaka, Japan), methylene blue (Sigma Aldrich, St. Louis, 

MO, USA), and bromothymol blue (Sigma Aldrich) were used to select a suitable dye for 

manufacturing a TI. All three types of dyes were in powder form, and an appropriate 

solvent was selected according to the dye (Table 1). A biowax emulsion (Topscreen Bw200, 
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SOLENIS, Gimcheon, Korea) was used as a coating agent for imparting hydrophobicity to 

the filter papers. 

Five commercial filter papers with different properties were used as a porous paper 

matrix, which is the stationary phase in a time sensor. The specifications of the filter papers 

are shown in Table 2. The bleached hardwood kraft pulp (HwBKP), supplied by Moorim 

Paper (Jinju, Republic of Korea), was used to make the nanofibrillated cellulose (NFC) in 

a laboratory. A copy paper, with a basis weight of 75 g/m2, supplied by Hankuk Paper 

(Ulsan, Republic of Korea), was used as a cover of a TI.  A glue stick (GSW22, AMOS, 

Hwaseong, Republic of Korea) was used to bond each component of TI. 

 

Table 1. Specifications of Chemicals  

Chemical Concentration Solubility (at 25 °C) 

Methyl red GR (Guaranteed reagent) ≥ 1 mg/mL (in ethanol) 

Bromothymol blue 95.0 % ≥ 2 mg/mL (in ethanol) 

Methylene blue ≥ 82.0 % ≥ 43.6 g/L (in water)  

 

Table 2. Specifications of Commercial Filter Paper  

No. 
Basis Weight* 

(g/m2) 

Pore Size* 

(㎛) 

Thickness 

(㎛) 

Density 
(g/cm3) 

1 87.0 11.0 185.2 0.5 

2 97.0 8.0 202.5 0.5 

4 92.0 25.0 220.9 0.4 

5 100.0 2.5 212.6 0.5 

6 100.0 3.0 190.1 0.5 

* Specifications of filter papers by the suppliers’ data sheets 

 

Methods 
Dye selection for manufacturing a TI 

Methyl red, bromothymol blue, and methylene blue were dissolved in ethanol and 

water, respectively, and the color change was investigated. Because  the sensor could be 

identified with the naked eye, three types of dyes were tested according to the concentration 

to investigate a condition with a clear color development at 20 °C. The dilution 

concentration was adjusted to 0.025%, 0.25%, 1.00%, and 4.00%, and then the dye 

solutions were stirred using a magnetic stirrer for at least 1 h so that no residue was left. 

Next, 20 mL of each concentration of the prepared dyes was placed in a petri dish, and the 

prepared filter papers with a size of 0.5 cm × 5.0 cm were placed vertically to analyze the 

dye migration pattern and color expression of each dye. At this time, filter paper No. 4, 

with the largest pore size, and  filter paper No. 5, with the smallest pore size,  were used to 

check the difference in the dye migration pattern, depending on the physical properties of 

the filter paper.  

 

Evaluation of dye migration rate of filter paper   

The effect of the physical properties of the filter paper on the dye migration rate 

was evaluated. The migration distance and time the dye moves in 5 types of filter papers, 
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prepared in a thin- and long-form by cutting them to 3 and 80 mm in width and length, 

respectively, were measured. The dye was used in the experiment after filling 0.6 mL of a 

small cylindrical tube with a diameter of 3 mm, and the filter paper sample was immersed 

in the cylindrical tube with a wetted length of 5 mm. At the same time, an absorption 

experiment was started to measure the migration distance depending on time. Because it is 

difficult for the dye to be absorbed in the form of an accurate straight line in the area of the 

paper, the point where the straight line is expressed from the measurement starting point 

was measured as the moving distance. Figure 1 shows the evaluation of the dye migration 

rate of the paper matrix (filter paper).   

 

 
 

Fig. 1. Evaluation of dye migration rate of the paper matrix (filter paper) 
 

NFC slurry preparation and NFC film manufacture 

The NFC was made by refining and microgrinding. The HwBKP with 1.57% was 

soaked in tap water and then refined to 450 ± 5 mL CSF using a laboratory valley beater.  

The refined pulp slurry was diluted to 1.0% consistency for fibrillation. The pulp slurry at 

1.0% solid content was then fibrillated using a Super Mass Colloider (MKZA6-2, Masuko 

Sangyo Co., Ltd., Kawaguchi, Japan) at 1,500 rpm. The pulp slurry was fed into the grinder, 

and the final number of fibrillation was 9 times. The morphology of prepared NFC is shown 

in Fig. 2 and the average fiber width was 45.1 ± 12.5 nm. After adjusting the consistency 

of the prepared NFC slurry to 1.0%, it was used for surface coating of filter paper and for 

manufacturing transparent NFC film of TI, respectively. 

NFC film was made from the NFC slurry using a pressure dehydration tester 

(Pressure dehydration tester, Quro, Yangju, Republic of Korea). The NFC slurry at 1.0% 

solid content was diluted to 0.5% using distilled water and dispersed for 5 min using an 

ultrasonic cleaner. The NFC slurry was weighed to obtain the NFC film with a basis weight 

of 40 g/m2. A 400-mesh screen and filter paper No. 5 were  laid in the container of the 

pressure hydration tester, and the weighed NFC slurry was placed there. Dehydration was 

conducted for 10 min under a pressure of 7 bar. The wet NFC film was wet-pressed at 345 

kPa for 5 min and dried at 120 °C using a laboratory wet press (model 326; Wintree 

Corporation, Osaka, Japan) and a cylinder dryer (Daeil Machinery Co. Ltd, Daejeon, 

Republic of Korea), respectively. 
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Fig. 2. SEM image of NFC 

 

Surface coating of filter paper for the use of middle-layer component 

In this study, a paper was used as the main component of TI. Four papers were used 

as TI cover, NFC film support, dye storage, and dye transfer. General paper products can 

be used for TI cover paper; however, the other three papers require high hydrophobicity 

because they come in direct contact with the dye solution. In this session, the 

hydrophobization method of NFC-film support and dye storage paper is explained, and the 

coating method of paper serving as dye migration is mentioned in the next session.  

To impart hydrophobicity to the surface of the hydrophilic filter paper No. 5, the 

coating was conducted with biowax emulsion using a laboratory bar coater (AUTO BAR 

COATER, HanTech Co., Ltd., Daejeon, Republic of Korea), and the filter paper was then 

dried in an air dryer using hot and cold air. The biowax emulsion produced by 

TopScreenTM technology is composed of polystyrene maleimide (SMI) with vegetable oil 

(Triantafillopoulos and Koukoulas 2020); therefore, it can provide the solution to consumer 

demand for paraffin-free, environmentally friendly, paper packaging, and the packaging 

paper can be recyclable. Bio wax-coated filter paper was used for TI manufacturing after 

cutting the middle part to the same size as the dye migration path. To determine the degree 

of hydrophobization, the initial contact angle and the change in the contact angle during 

the dye migration were measured using a contact angle goniometer.  

 

Surface coating of the paper matrix for controlling the migration of dye  

To control the dye migration rate and prevent the dye from leaking to the side of 

the migration path, the surface of the filter papers was coated with NFC slurry and/or 

biowax emulsion (Fig. 3).  

NFC coating was performed to control the dye migration rate of the filter papers. 

The prepared NFC slurry at 1.0% consistency was used to coat the filter paper surface using 

a laboratory bar coater (AUTO BAR COATER, HanTech Co., Ltd., Daejeon, Republic of 

Korea). The top side of the filter paper was coated, and the filter paper was air-dried for 

150 s. After the top side of the filter paper was coated, the bottom side of the filter paper 

underwent the same treatment. The coat weight was controlled at 2.4 to 2.5 g/m2 for each 

side. The surface coated filter papers were conditioned at 23 ℃ and 50% RH, and then the 

dye migration rate in the surface-coated filter paper was measured (Fig. 1). 
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To prevent the dye from spreading while moving in a straight line at regular 

intervals on the surface of the filter paper, the filter paper must have hydrophobicity, except 

for the area where the dye moves. The bottom side of filter paper surface-coated with NFC 

was coated with the biowax emulsion using a laboratory bar coater, and the filter paper was 

air-dried with hot and cold air. The top side of the filter paper was coated with the same 

biowax emulsion, after the bottom side of the filter paper was coated. Another filter paper, 

which was cut as much as the area to which the dye was migrated, was attached on the top 

side of the filter paper before the coating was conducted using the same method as the 

surface coating of the bottom side. After both sides of the filter paper were coated with 

biowax emulsion, heat treatment was conducted in an oven dryer for 1 min to ensure that 

the hydrophobicity of filter paper by the biowax layer could be modified.  

 

 
 

Fig. 3. Surface coating of filter paper for the modification of dye migration rate and hydrophobicity 
of the filter paper 

 

Design of TI with many components 

To manufacture a TI prototype, the sensor structure consisting of three layers was 

designed (Table 3). The top-layer is the cover part where the consumer can check the 

passage of time, and the image can be printed, and it is composed of printing paper. For 

the middle-layer, a NFC film and filter paper were used so that the color change could be 

observed while protecting the dye from touching the top-layer. For the bottom-layer, a 

surface-coated filter paper was used to act as a bottom and a matrix function to absorb and 

migrate the dye. A space for storing the dye was prepared between the middle- and the 

bottom-layers, and the dye case was also made of filter paper coated on both sides with 

biowax emulsion. When assembling the TI, a glue stick was used to bond the components 

of each layer. 

 

  



  

PEER-REVIEWED ARTICLE  bioresources.com 

 

 

Jo et al. (2022). “Fabrication of time indicator,” BioResources 17(1), 1120-1135.  1126 

 

Table 3. Composition and Roles of Each Layer of TI  

Layer Composition Role 

Top-layer Copy paper  
• Indicator cover  

• TI’s surface design printing 

Middle-layer 

NFC film  • Dye protection 

Biowax coated filter 
paper  • NFC film supporting paper 

Bottom-layer 

Biowax coated filter 
paper  • Dye case 

NFC and biowax 
coated filter paper  • Paper matrix to migrate dye 

 
 
RESULTS AND DISCUSSION 
 
Dye Selection for Manufacturing a TI  

To determine the type and concentration of the dye suitable for manufacturing a 

TI, two types of filter papers, with different pore sizes, were used. The solubility of the dye 

is an important factor when it is absorbed and applied to the paper matrix. If there is an 

undissolved residue, the dispersibility of the dye decreases, preventing uniform absorption 

or migration (Chakraborty 2014). The dye should exist in a molecularly dispersed form in 

a solvent to penetrate the matrix (Grishanov 2011). However,  the dye must has a high 

concentration because it is necessary to express sufficient color. Therefore, it was 

important to select the type and maximum concentration of dye that can exhibit a clear 

color and uniform migration in the filter paper.  

 

 

 
 

Fig. 4. Dye solution appearance depending on the concentration of (a) Methylene blue, (b) 
Bromothymol blue, and (c) Methyl red 
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As shown in Fig. 4, dissolution was not achieved at 0.025% for methyl red and 

1.0% for bromothymol blue, whereas methylene blue showed the maximum dissolution 

level at 4.0%. The undissolved residue was observed in the methyl red and bromothymol 

blue solution as their concentration increased. Figure 5 shows the migration pattern of dyes 

in the filter paper depending on the type and concentration of the dye. The upper images 

show the migration pattern of dyes when the filter paper was immersed in the solution, and 

the lower images show the filter paper images that were oven-dried after immersing the 

filter paper in the dye solutions. Bromothymol blue and methyl red had a translucent light 

color, and methylene blue showed a dark color at a high concentration. When the color 

expression, depending on the type and concentration of the dye, was compared, the color 

of methylene blue with a concentration of 4.0% was expressed and showed a uniform color 

even after drying. Therefore, the final dye condition for manufacturing a TI was selected 

as methylene blue with a concentration of 4.0% 
 
 

 
 

Fig. 5. Dye migration pattern in filter paper immersed in the dye solutions and dried filter paper 
after immersion test depending on the concentration of (a) methylene blue, (b) bromothymol blue, 
and (c) methyl red solutions 
 
 

Effect of Filter Paper Property on the Dye Migration Rate  
To investigate the physical properties of the filter paper affects the dye migration 

rate in the paper matrix, the correlation between the physical properties and the dye 

migration rate was analyzed. The dye migration rate in the filter paper was determined by 

measuring the moving distance at a given moving time. Figure 6 shows the migration 

distance of methylene blue with a concentration of 4.0% in five filter papers for 30 min. 

The migration distance differed depending on the filter paper type, which suggests that it 

is necessary to select an appropriate stationary phase when designing the TI according to 

the distribution time of each package.  

Figures 7 and 8 show the correlation between the basis weight and thickness of 

the filter paper and the dye migration rate. Both properties showed a low correlation with 

R2 of less than 0.5%. The pore size of the filter paper showed a relatively high correlation 

with the dye migration rate (Fig. 9). Therefore, a customized TI can be manufactured by 

selecting a stationary phase with a small pore size to manufacture a TI with a long target 

time, and another one with a large pore size to manufacture a TI with a short time. 
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Fig. 6. Effect of the type of filter paper on the migration distance of dye 
 

 
 

Fig. 7. Relationship between basis weight of filter paper and dye migration rate 
 

 
 

Fig. 8. Relationship between the thickness of filter paper and dye migration rate 
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Fig. 9. Relationship between the pore size of filter paper and dye migration rate 
 

NFC Coating of Filter Paper for Controlling the Dye Migration Rate 
Because the dye migration rate varies according to the pore size of the filter paper, 

which is the stationary phase of a TI, it is important to modify the pore size of the paper 

matrix as small as possible to manufacture a commercial TI. However, there is a limit to 

lowering the pore size of the porous paper matrix; a surface coating process is required to 

control the pore size of the filter paper.  

Surface sizing or pigment coating have been conducted to lower the pores of paper 

in a paper mill (Lehtinen 2000; Lee et al. 2002; Bhardwaj et al. 2019). However, these 

processes have a limit to filling the pores in the paper. NFC, which was known as an 

effective barrier coating agent for packaging paper or film, was selected as a coating agent 

of the filter paper, and the NFC coating of filter paper No. 6 and 5 with the smallest pore 

size was carried out to control the dye migration rate. 

Figures 10 and 11 show the effect of NFC coating on the dye migration rate of filter 

paper No. 6 and 5, respectively. The initial dye migration rate in the filter papers coated 

with NFC only on one side was higher than that on untreated filter paper respectively; 

however, after 30 min, there was no significant difference in the dye migration rate 

depending on whether NFC was coated or not. The difference in the dye migration rate of 

the filter papers coated on both sides using NFC became larger as the migration time passed. 

When filter paper No. 6 was coated on both sides with NFC, the migration rate decreased 

by 21.8% after 30 min and when filter paper No. 5 was coated on both sides, the migration 

rate decreased by 28.1% after 30 min. This was attributed to the fact that the pores of the 

filter paper No. 5 were filled with NFC, and a NFC layer was formed on the surface at the 

same time (Fig. 12). In addition, the dye transfer rate of filter paper No. 5, which was coated 

on both sides, was 29.3% lower than that of filter paper No. 6 coated on both sides because 

the pore size of the filter paper No. 5 was lower than that of filter paper No. 6.  

Therefore, it is effective to select the proper pore size of the filter paper and use 

NFC double-sided coating technology for meeting consumer needs for the time range of 

TI.  
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Fig. 10. Effect of NFC coating on the dye migration rate of the filter paper No. 6 
 

 
 

Fig. 11. Effect of NFC coating on the dye migration rate of the filter paper No. 5 
 

 
 

Fig. 12. SEM images of the surface of filter paper No. 5 coated with NFC (a) uncoated filter 
paper, (b) NFC coated filter paper 
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Biowax Coating of Filter Paper Coated with NFC for Hydrophobicity 
The filter papers used for NFC film supporting and dye storage were coated with 

biowax emulsion for imparting hydrophobicity, and the contact angle of filter paper was 

measured using a contact angle meter for 30 min. Figure 13 shows the contact angle of 

biowax coated filter paper, depending on the migration time. The initial contact angle was 

more than 110°, which indicated that the filter paper surface was hydrophobized. Moreover, 

the contact angle was maintained during the dye migration time of 30 min. Therefore, 

biowax was effective in stably hydrophobizing the filter paper.  

 

 
 

Fig. 13. Contact angle of the filter paper coated with biowax depending on contact time 

 

When the dye moved on NFC-coated filter paper used for the bottom-layer, the dye 

bled sideways (Fig. 14 (a)). This was because the filter paper and NFC were hydrophilic 

materials; thus, they could not suppress the spreading of dye. Therefore, the coating was 

performed using biowax emulsion after NFC coating to prevent the dye from spreading 

while moving in a straight line at regular intervals on the surface of the filter paper. Biowax 

coating was conducted on the NFC coated filter paper No. 5. 

 

 
 

Fig. 14. Images of both sides: (a) NFC coated filter paper, (b) NFC and biowax coated filter paper 
 

Figure 15 shows the surface and the thickness direction SEM images of filter paper 

coated with NFC and biowax. In the area coated with biowax, the surface was coated so 

that no fibers of the filter paper were observed, and a biowax layer was formed on the 

surface of the filter paper even toward the thickness. Thus, even if the dye was absorbed 
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into the filter paper after TI started to operate, the dye did not spread to the hydrophobic 

region outside the moving path (Fig. 14 (b)). 

Therefore, it is important to coat the paper surface, which is an absorber of the dye, 

with NFC and biowax, which are eco-friendly materials, to control the dye migration rate 

and prevent the dye from spreading to areas outside the migration path.  
 

 
 

Fig. 15. SEM images of filter paper coated with NFC and biowax: (a) surface (b) thickness  
 

Assembly of a TI Prototype Using Cellulose Based Materials  
Commercially available TTI or TI are manufactured using petrochemical or 

synthetic polymer materials. However, if the demand for TTI or TI increases in the future, 

the demand for TI performance, as well as environmental friendliness, will increase. 

Therefore, the development of eco-friendly TI using cellulose-based materials is required, 

thus, in this study, a prototype of TI using cellulose-based materials was designed.  

 

 
Fig. 16. Prototype of environmentally friendly TI composed of three layers 



  

PEER-REVIEWED ARTICLE  bioresources.com 

 

 

Jo et al. (2022). “Fabrication of time indicator,” BioResources 17(1), 1120-1135.  1133 

 

Figure 16 shows the detailed structure of TI, which was composed of three layers. 

The top-layer is a cover part where consumers can check the passage of time and can use 

the desired image by printing. The printing time on the top-layer can vary according to the 

needs of consumers who use TI. For the middle-layer, a transparent NFC film with a basis 

weight of 40 g/m2 was placed so that the color change could be observed while protecting 

the dye from touching the top-layer. The NFC film supporting filter paper coated with 

biowax was placed between NFC film and the bottom-layer. For the bottom-layer, it was 

manufactured by coating the same as the previous experimental results using NFC and 

biowax so that it could act as a bottom and a porous matrix that absorbed the dye. A space 

for storing the dye with a height of 3 mm was prepared between the bottom-layer and the 

middle-layer. In addition, the dye case was also made of filter paper No. 5 coated on both 

sides with the biowax to manufacture a prototype. 

 

 

CONCLUSIONS 
 

1. Methylene blue was found to be suitable for a mobile phase dye considering the deep 

color with excellent visibility and high solubility. Since the pore size of the filter paper, 

which is a stationary phase of the time indicator (TI), correlated highly with the dye 

migration rate, the pore size of the filter paper should be adjusted according to TI 

consumers’ needs. 

2. A nanofibrillated cellulose (NFC) coating on the filter paper made it possible to modify 

the pore size of the filter paper to control the dye migration rate. The both-sided coating 

was more effective than the one-sided one.  

3. Biowax, as a coating agent, was effective for NFC-film supporting paper and dye cases 

by imparting hydrophobicity on the filter paper surface. Biowax coating on the NFC 

coated filter paper prevented the dye from spreading to areas outside the dye migration 

path in the filter paper used for the bottom layer of TI.  

4. The three-layered TI prototype could be fabricated using dye, copy paper, cellulose 

nanofiber (NFC) film and filter paper coated with NFC slurry and biowax emulsion.  
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