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�x What manufacturing methods and binders are used for similar products in the 
industry that could be incorporated into the panel-making process? 

�x What certifications and standards need to be met to be viable for New Zealand 
homes?  

�x What tests must be done to meet these certifications and standards, and how will 
they be performed? 

�x What can be done to improve these panels further after the scope of this research is 
finished? 
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Figure 1: Paper manufacturing process (Gas IR Paper Drying Technologies, 2015). 
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2.3 Fibres and Composites 

2.3.1 Fibre Usage and Disposal 

Fibres can be used to improve materials' physical and mechanical properties (Mohajerani et 
al., 2019). A diverse range of natural and synthetic fibres are available, each with associated 
advantages, disadvantages, and environmental impacts.  

There is an extensive range of natural fibres, such as soft and hard wood fibres, cereal straw 
fibres, and leaf fibres (Mohajerani et al., 2019). Natural fibres are relatively low-cost and 
have good thermal insulation, adhesion, and biodegradability properties. Bast fibre types 
like flax and hemp have high tensile strength properties. Palm fibres have high water 
absorption properties but low tensile strength. Coir fibres are extracted from coconut and 
have high strength, fire resistance, and fungi growth resistance. Also, coir fibre breaks down 
slowly due to the high lignin content. Synthetic fibres such as steel, glass, and plastic are 
manufactured. The purpose of these fibres is typically as reinforcements to improve the 
structure of materials. Fibres are disposed of by either recycling or repurposing them for 
other uses (such as reusing steel or rubber and extracting the fibre or using it in concrete) or  
sent to landfill which is the most common end of life outcome. There is ongoing research 
into sustainable alternatives to synthetic-based composites by replacing them with natural 
fibres in applications such as biopolymers and textiles (Kurien, Maria Anil, Sharan Mohan, & 
Anna Thomas, 2023). Other uses include automotive linings, construction materials, 
furniture, and packaging (Thyavihalli Girijappa, Mavinkere Rangappa, Parameswaranpillai, & 
Siengchin, 2019) (Peças, Carvalho, Salman, & Leite, 2018). According to (Bartl, Hackl, 
Mihalyi, Wistuba, & Marini, 2005), fibres may be recycled and used in asphalt mixtures or 
other concrete reinforcements. The pavement asphalt mixture contains fibre additives such 
as Arbocel ground cellulose, which increases the mixture's temperature resistance and load 
capacity. The fibres from waste tyres may be used as an alternative. 

Some examples of New Zealand fibres include KiwiFibre, which utilises Harakeke fibres 
(KiwiFibre, 2023), Hemprino which makes clothing products from hemp and merino wool 
blends (Hemprino, 2023), and Hemptastic which uses hemp for plastic applications and 
composites (Hemptastic, 2016). 

A table provided by (Mohajerani et al., 2019), compares properties of different fibre types, 
including cellulose, bast, hemp, hair, wood, leaf, and more. Of the natural fibres, the one 
with the highest tensile strength was hemp fibre, with a tensile strength of 900-1077MPa. 
The table also shows the properties of cellulose fibres, which will be of great importance to 
this project. These cellulose fibres include lignocellulose, and lignin fibres. Lignocellulose 
fibres have a tensile strength of 475 MPa, a length of 0.21 mm, and a melting temperature 
of 160 °C. Lignin fibre is said to have an average length of 1.1 mm, a diameter of 0.045 mm, 
and a melting temperature of 200 °C. The tensile strength properties of lignin fibre are not 
listed in the table. 

Other fibres, such as synthetics, have a higher upper limit for tensile strength (Yurtseven, 
2004). While there are lower performers like acrylic at a tensile strength of 210-420 MPa, 
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there are much stronger fibres such as glass at 1050-3850 MPa, carbon at 1800-2600 MPa, 
and steel at 280-2800 MPa. 

2.3.2 Composites Usage and Disposal 

One of the most commonly found composite materials similar to the panels is MDF, a wood 
product used for many applications, including buildings and furniture. A general outline of 
the manufacturing process of MDF is as follows (United States Environmental Protection 
Agency, 2002): preparing wood by debarking, chipping, and washing, mechanical pulping, 
multiple stages of drying, blending with resins such as urea-formaldehyde and other 
additives (sometimes other resins are blended like phenolic, melamine, and isocyanates), 
hot pressing, and finally, cutting to its final dimension specifications. 

A common method overseas for disposing of composite materials, such as carbon fibre from 
wind turbine blades, involves pyrolysis to recover the fibre source for reuse (Mason, 2021). 
Other more sustainable methods that reduce the costs, regain more of the original fibre, or 
lower the carbon footprint are being investigated. One such method in the Netherlands is to 
recycle thermoset composites by shredding the composite parts with a waterjet before 
running through a specialised pultrusion process. The traditional pultrusion process involves 
pulling the fibres through a resin bath before into a die to be moulded. This specialised 
pultrusion method adds another step at the entrance of the die. The reused composite 
flakes from the shredding are extruded into the hollow centre of the part. This results in a 
virgin outer shell to make up the shape of the part, with the insides being composed of 
reused composite material. The carbon footprint is lower by reusing composite material in 
the part as opposed to all virgin material. 

2.4 New Zealand Certifications and Standards 

This section will cover relevant New Zealand Building Code sections to outline what key 
requirements are needed for building materials. Relevant standards will also be discussed to 
provide guidance for testing panels to determine viability and performance. 

2.4.1 New Zealand Building Code Requirements 

Potential use cases of the materials made from waste fibre as either panelling or an 
insulative product mean they likely need to be fire-safe, durable, and perform to insulation 
requirements, so these will be looked into in the building code. 

Manufacturer or Supplier Requirements 

Sections from the Building Regulations 1992 (Parliamentary Counsel Office, 2021b) discuss 
building material requirements in New Zealand. Relevant sections of importance to this 
project are the product manufacturer or supplier responsibilities outlined in the Building Act 
2004 (Parliamentary Counsel Office, 2021a) section 14G. If installed to specification, this 
section says products should comply with relevant sections of the building code. Also, 
building products should be supplied with product information and requirements covering 
installation, warnings, contact, etc. 
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Structure and Durability Requirements 

The Building Regulations 1992 (Parliamentary Counsel Office, 2021b), section B1, says that 
building materials should withstand loads they are likely to undergo throughout their 
lifetime without failure. Section B2.3.1 covers the durability of the building materials across 
their lifespan. The durability of walls or flooring is dependent on the intended lifespan of the 
building. This means that if the building is intended for a lifespan greater than 50 years, the 
building materials must comply with the building code for its intended lifespan if they are 
structural, hidden, hard to access, or hard to maintain. This requirement is not as strict for 
15-year or 5-year buildings as they only must last the building's lifespan if they are 
moderately difficult to maintain and see or easy to maintain and see, respectively. 

Mechanical tests (found in the standards shown below in 2.4.3) can be performed on the 
panels to gauge how durable they are and how they perform against destructive tests. 

Moisture Requirements 

The Building Regulations 1992 (Parliamentary Counsel Office, 2021b) discusses moisture 
requirements for buildings. Section E3 addresses internal moisture requirements. Fungal 
growth must be prevented, and areas with a high potential for moisture to develop should 
provide adequate thermal resistance and proper ventilation. Floor and wall surfaces must 
not allow water to pass through and be capable of being cleaned with ease. 

The behaviour and performance of the panels produced in this project could be assessed 
through a series of experiments by exposing them to different moisture levels in a 
controlled manner. 

Insulation Requirements 

A table provided by (South Peak Homes, 2022), identifies the requirements for different 
parts of the household for the six climate zones in New Zealand following H1 of the Building 
Code. The reproduced table of R-values is shown below: 
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Table 2: R-value requirements for building elements in New Zealand climate zones - table remade from (South Peak Homes, 
2022). 

Building 
element 

Climate 
Zone 1 

Climate 
Zone 2 

Climate 
Zone 3 

Climate 
Zone 4 

Climate 
Zone 5 

Climate 
Zone 6 

Roof R6.6 R6.6 R6.6 R6.6 R6.6 R6.6 
Wall R2.0 R2.0 R2.0 R2.0 R2.0 R2.0 
Floor (Slab-on 
ground flooring) R1.5 R1.5 R1.5 R1.5 R1.6 R1.7 

All other 
Flooring R2.5 R2.5 R2.5 R2.8 R3.0 R3.0 

Windows and 
Doors R0.46 R0.46 R0.46 R0.46 R0.50 R0.50 

Skylights R0.46 R0.46 R0.54 R0.54 R0.62 R0.62 
 

The climate zones of New Zealand are shown in figure 2 from (South Peak Homes, 2022). 

 
Figure 2: Climate zones obtained from (South Peak Homes, 2022). 
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This shows that the South Island has slightly higher requirements due to its colder climate. 
These R-values will be compared against in the testing to determine how the panels 
perform. 

Fire Prevention Requirements 

Building Regulations 1992 (Parliamentary Counsel Office, 2021b) section C2 discusses the 
requirements around the prevention of fire occurring. An important performance 
requirement for building products is that combustible building materials must not have a 
maximum surface temperature greater than 90°C when subject to controlled combustion. 

Building Regulations 1992 (Parliamentary Counsel Office, 2021b) section C3.4 identifies fire 
safety criteria for internal surface linings such as walls and ceilings and the criteria for 
flooring. This is shown in Tables 3 and 4 from (Department of Building and Housing, 2012) 
below.   
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Table 3: Internal wall and ceiling surface material fire requirements �t table remade from (Department of Building and 
Housing, 2012). 

Area of the building 

Performance determined under 
conditions in ISO 9705: 1993 

No automatic fire 
sprinkler system 

Automatic fire 
sprinkler system 

Wall/ceiling materials in sleeping areas with 
care or detention 

Material Group 
Number (MGN) 1-S MGN 1 OR 2 

Wall/ceiling materials in exits MGN 1-S MGN 1 OR 2 
Wall/ceiling materials in occupied areas in 
importance level 4 buildings MGN 1-S MGN 1 OR 2 

Internal surfaces of ducts for HVAC systems MGN 1-S MGN 1 OR 2 
Ceiling materials in crowd and sleeping units 
except household units, care, or detention 
areas 

MGN 1-S OR 2-S MGN 1 OR 2 

Wall materials in crowd and sleeping units 
except household units, care, or detention 
areas 

MGN 1-S OR 2-S MGN 1,2, OR 3 

Wall/ceiling materials in occupied spaces in 
all other areas in buildings and household 
units 

MGN 1,2, OR 3 MGN 1,2, OR 3 

External surfaces of ducts for HVAC systems MGN 1,2, OR 3 MGN 1,2, OR 3 
Acoustic treatment and pipe insulation 
within airhandling plenums in sleeping uses MGN 1,2, OR 3 MGN 1,2, OR 3 

 

Table 4: Floor surface material fire requirements �t table remade from (Department of Building and Housing, 2012). 

Area of building Minimum critical radiant flux when tested to 
ISO 9239-1: 2010 

 No automatic fire 
sprinkler system 

Automatic fire 
sprinkler system 

Sleeping areas and exits in buildings 
with care or detention 4.5 kW/m2 2.2 kW/m2 

Exit ways in all other buildings 2.2 kW/m2 2.2 kW/m2 
Firecells accommodating more than 50 
people 2.2 kW/m2 1.2 kW/m2 

All other occupied spaces except 
household units 1.2 kW/m2 1.2 kW/m2 

 

The Material Group Number in Table 3 refers to the combustibility of the material. Group 
Number 1 has the lowest combustibility, and Group Number 4 has the highest (Goode, 
2015). The "S" refers to the criteria that the smoke growth rate index does not exceed 100 
(Building Performance, 2015). The methods for determining the Material Group Number is 
done by either an ISO 9705 full-scale room corner fire test or an ISO 5660 bench fire cone 
calorimeter test (Building Performance, 2015). 
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In Table 4, the critical radiant flux refers to the minimum radiant energy for a fire to sustain 
its spread across the floor (Armstrong Flooring, 2019). This is tested by measuring the 
distance the floor burns until extinguishment and is converted into W/cm2. A higher W/cm2 
value occurs for a more flame-resistant floor and vice versa. 

Due to the scale of equipment required for fire related testing, this will not be performed at 
this stage of development. These tests will have to be outsourced, so it makes more sense 
practically and economically to wait until the later stages of product development and 
certification. 

2.4.2 BRANZ Certification 

BRANZ CodeMark certification (BRANZ, 2022b) lets people know that a certified product 
meets the New Zealand Building Code or Building Code of Australia requirements. 

CodeMark certifications are most beneficial to new and/or innovative products and 
products that are potentially hazardous under failure. The CodeMark certification provides 
registration for compliant products and enables them to use the CodeMark brand for 
advertising purposes to increase marketability. 

According to (Building Performance, 2016a), the NZ CodeMark scheme was derived from 
the Building Act 2004 and the Building (Product Certification) Regulations 2008. The 
CodeMark certification requires evidence and technical information regarding the product's 
compliance with the Building Code and annual inspections and audits. 

To apply for CodeMark, specific requirements need to be met. These include details about 
the product, such as its name, technical literature, specifications, the product uses, the 
quality control plan, and the Building clauses being met (BRANZ, 2022c). 

Other BRANZ-related schemes include appraisals, which are more technical opinions based 
on performance that can be used for partial evidence of compliance, though not for legal 
standing (Building Performance, 2016b), and testing reports. These are way more common 
than full CodeMark certification, as shown by the number of products on their website 
(BRANZ, 2023) listed under these alternate methods. It is worth noting that the first 
CodeMark listed was in 2019, so it is a relatively new scheme compared to other methods, 
which were 2005 for the first Appraisal and 2011 for the first testing report, respectively. 
CodeMark had merely 18 listings, whereas Appraisals had 507, and testing reports had 407. 
Products like GIB opted to do testing reports on their products, as shown when filtering 
under Winstone Wallboards Ltd. 

A phone conversation with BRANZ indicated tests that may be of interest for the panels. 
(BRANZ, 2022a) supported the requirements found in the New Zealand Building Code and 
identified other tests that could be valuable, such as R-value for insulation, impact 
resistance, P21 bracing primarily for earthquakes, and moisture resistance. 

BRANZ testing for fire resistance and other requirements is done at their Judgeford site near 
Wellington (Reed, 2018). The standards that are tested here include material reaction to fire 
(they have both the cone calorimeter test and room corner test for finding the rate of heat 
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Table 7: A list of insulation materials used in New Zealand homes (Ministry Of Business, n.d.-a). 

Insulative 
Material Form Usage 

Glass and 
mineral 
wool Blanket, loose fill, segment 

Ceilings, walls, under-
flooring 

Polyester Blend 
Ceilings, walls, under-
flooring 

Wool Blanket, loose fill, segment 
Ceilings, walls, under-
flooring 

Polystyrene 
Rigid sheet or plank. Also mixed with fire retardant in 
manufacture. 

Under-flooring, walls, 
ceilings, cladding 

Paper-
based 

Paper or cardboard loose fill. Mixed with fire retardant 
in manufacture (up to 35% of the insulation mixture. 

Ceilings where blanket 
insulation is hard to 
install 
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In Table 7, similar products show that it is worth looking into insulation, durability, fire 
resistance, and acoustics.  

2.5.3 Plasterboards 

Manufacturing Process 

Plasterboards are a common building material used for internal walls and ceilings. These 
products help create partitions, wall linings, and provide smooth finishes. Also, they help 
meet fire, acoustic, moisture, and thermal regulations (Siniat, 2024). Common overseas 
plasterboards include Siniat and Gyproc. 

A New Zealand plasterboard manufacturer is Winstone Wallboards, which manufactures the 
plasterboard GIB® and has a large product range of different thicknesses and applications. 
Some of their products include Fyreline (Winstone Wallboards Limited, 2024b), which 
provides ½ hr to 4 hours of fire protection, or Aqualine (Winstone Wallboards Limited, 
2024a), which resists moisture and prevents steam and moisture penetration. 

Most plasterboards are primarily composed of gypsum which is sandwiched between two 
layers of paper. Gypsum occurs naturally and is a mineral composed of calcium sulphate 
dihydrate with the chemical formula CaSO4.2H20. Other internal components of gypsum 
plasterboards include vermiculite, fibreglass and other materials, depending on te 
manufacturer (Thomas, 2002).  

According to (Jiménez Rivero, Sathre, & García Navarro, 2016), following the mining and 
extraction processes, the gypsum is heated (calcined) to partially dehydrate the compound. 
Water and additives are added to create a gypsum slurry. Paper is added to both sides of 
the gypsum slurry by uniformly spreading the mixture on the bottom layer before applying 
the top. This paper provides the majority of the tensile strength support to the 
plasterboard. Primarily recycled paper is used for the linings, along with the following 
additives (Jiménez Rivero et al., 2016): 

�x Starch, 
�x Lignin, 
�x Perlite, 
�x Vermiculite, 
�x Soap foam, 
�x Retarders, 
�x Accelerators, 
�x And Shredded Paper. 

The mixture rehydrates and solidifies into the hardened final product before post-
processing which involves cutting to the required dimensions and drying in a kiln. This 
process suggests that the additives should be applied in the slurry/pulp stage of the 
manufacturing process before spreading and drying. 
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Plasterboard Testing 

According to (Erbs et al., 2021), the tests done to determine the properties of plasterboards 
include axial compressive strength, splitting tensile strength, surface hardness, longitudinal 
and transversal flexural strength tests, and adhesion resistance. This shows the tests on 
plasterboards are very similar to those of wood products shown in 2.4.3. 

Some Types of Plasterboards and General Pros and Cons 

�x GIB/Winstone Wallboards 
�x Elephant Plasterboard 
�x ProRoc 
�x USG Corporation/Knauf 
�x Gyproc 
�x Georgia Pacific Gypsum 

The bulleted list shows some different plasterboard brands for different applications such as 
internal cladding. Plasterboards also provide good fire resistance due to their non-
combustible gypsum and have other favourable properties including water resistance, ease 
of use, a good finish, durability, and competitive pricing (All Dry USA, 2024; Erbs et al., 
2021). An example of their good durability is in ceilings; GIB can support loads up to 3.0 
kg/m2. 

Some disadvantages of plasterboards include mould growth and water damage after heavy 
exposure to moisture, poor durability when installed in areas with curves or where the 
plasterboards are made to bend, can be dented after impact, and have  poor end-of-life 
outcomes (All Dry USA, 2024). 

Other problems in the plasterboard industry are primarily around the market. Winstone 
Wallboards, the manufacturer of GIB, holds a 95% market share in New Zealand. This 
resulted in supply issues when demand increased (Mandow, 2022). 
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At 96°C, the gelatinisation phase has been completed, and as the mixture cools, it thickens 
before becoming a gel at 38°C. 

One method for making cornstarch glue, according to (Burch, 2014), is by mixing cornstarch 
with ¼ cup of water and stirring before adding a further 2 ¾ cups of water to the mixture. 
This is placed into a pan and cooked while continuously stirring until the mixture boils. The 
heat is removed at this point, and as the mixture cools, it will thicken. A similar method to 
this shall be used in trials for starch glues. 

Further research into casein glue 

According to (P., 2023), low or non-fat milk should be used when making casein, as higher 
fat content prevents the casein from undergoing polymerisation. As for its moisture 
resistance, while casein is water resistant, the microorganisms in the water can eventually 
break down the glue.  

Other methods for making casein glue are discussed by (Zinski, n.d.), which will be followed 
for testing. The method is discussed in section 3.2.3. Another method for making casein glue 
is by (Forest Products Laboratory & U. S. Department of Agriculture, 1961). Similarly, this 
will be followed, tested, and discussed in the same section. 
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3.0 Manufacturing Methods 
An overview of the completed process flow is shown in figure 3. 

 
Figure 3: Process Flow Diagram of Manufacturing Process. 

The development of the process is documented below. 
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Figure 4: Wet disintegrator make and model. 

 



31 
 

 

Figure 5: Wet disintegrator (before putting paper towels in) 
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Figure 6: Filled wet disintegrator bucket before pulping. 
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Figure 7: End of pulping in wet disintegrator. 

 

The pulp was then drained through a cheesecloth to remove excess water. The cheesecloth 
was squeezed manually to remove further water. The average pulp yield and moisture 
content after squeezing with the cheesecloth were determined in the second prototype, so 
this is discussed in 3.1.2. This process was repeated twice so there was enough pulp to fill 
the 181 mm x 150 mm x 55 mm mould (small mould). The pulp was pressed by hand into 
the mould, as shown in Figure 8. 
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Figure 8: Inserting pulp into small mould manually. 

The mould was put in a hydraulic press (manufactured by Hansen Engineering Co. Ltd.), and 
19.6 kN  of force (two tons of mass) was applied to the mould to compress the pulp and 
remove more water. This process produced homogeneous boards 38 mm thick that were 
stable enough to be held by hand, even while still wet. Figure 9 shows the panels after being 
pressed. 
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Figure 9: Panel formed after press. 

Finally, the panels were placed into an oven at 60°C for 48 hours until dry (figure 10). Figure 
11 shows the first prototype finished. 
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Figure 10: Panels drying in the oven. 
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Figure 11: First prototype panel completed after oven drying. 

 

3.1.2 Standardising the Regular Panels 

Following the success of the first prototype, the process used to create it was standardised 
to ensure future panels would have similar properties to each other. This standardised 
process is as follows: 

�x 230 g of paper towels that were autoclaved in bags, and 3.62 kg of water are placed 
into the wet disintegrator. 

�x The wet disintegrator is run for 45 s to convert into pulp. 
�x The pulp is then filtered through a cheesecloth and hand-squeezed to remove excess 

water. Filtering and squeezing resulted in an average of 1134.5 ± 180.8 g of pulp with 
an average moisture content of 70.6 ± 4.3%. This is shown in Appendix 7.1. 

�x 1500 g to 2000 g of pulp are placed into the small mould. 
�x The mould lid is placed onto pulp in the mould base and aligned to be centred for 

the hydraulic press ram. 
�x The hydraulic press is pumped until 19.6 kN of force (2 tons of mass) is applied and 

held on the gauge. 
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the dried panels. After measuring the moisture content, the panels were found to be very 
similar in moisture content to both each other and the samples, with minimal variation. This 
is shown by their moisture content percentages from the pulp stage to oven dry in the range 
of 82.9 ± 1.6% to 85.9 ± 1.2% (note that this moisture content measures from wet pulp in 
the mould to oven dry whereas the cheesecloth moisture content listed above was from 
paper towels to wet pulp). This is discussed in section 5.1 of the thesis and Appendix 8.2. 
This shows that the variation in the moisture content of the panels is minor, so it can be 
determined that the regular panels are consistent with each other. The variation in test 
results will be caused due to additives and other factors. 

It was found that the difference in pulp fibre when running the wet disintegrator at forty-
five seconds versus one minute or two minutes was minor based on appearance and 
texture, so the run time was set at forty-five seconds for all boards from this point onwards. 
Less than this time could result in unblended paper towels in the wet disintegrator. 

The amount of compression on the hydraulic press was initially done to constant depth to 
keep panels relatively the same height. However, this was changed to be compressed to 
19.6 kN of force (unless otherwise stated as a different amount) to keep panels consistent. 
The constant force was easier to keep consistent due to the gauge, while constant height 
required using a ruler to check the compression depth and was not as accurate. 

To ensure complete drying and consistency of the panels, panels in the 60°C oven were 
weighed every 24 hrs until a constant mass was reached (<1% change in mass after 24 hrs).  

3.1.3 Other Developments of Regular Panels 

A larger mould plate (figure 12) of the dimensions 290 mm x 290 mm x 24 mm was made to 
create larger panels, using more pulp (figure 13). These panels were better for cutting more 
test samples per panel and seeing how a larger-scale panel would perform. It was found 
that when compressed with 19.6 kN of force (2 tons of mass), it created a uniform, thick 
panel (figures 14 and 15). With 98.1 kN of force (10 tons of mass), the resulting thinner 
panel was less uniform as the panel flexed when drying. This could have been mitigated by 
drying in a mould, as done with the glue panels (see section 3.2).  
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Figure 12: Large mould used for making big panels (before painting). 
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Figure 13: Large panel formed after press. 
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Figure 14: Removing large panel from mould, ready for drying. 
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Figure 15: Drying large panel. 

The oven temperature for drying was changed from 60°C to 103°C to follow standards for 
testing wood products which tests were modelled after. Panels were then placed into 
humidity rooms at 20°C and 65% relative humidity following the oven dry stage to bring 
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them to room conditions at constant mass, as per standards. This is discussed in section 4.1 
of this thesis. 

3.2 Adhesive Panels 

Pulp made using the standardised process outlined in 3.1.2 was mixed with adhesives to see 
how the properties were improved (figure 16). Initially, small trial batches of pulp were 
mixed with some common adhesives used in the construction industry, outlined in section 
2.6. Also, water-based glues were trialled due to their use with cellulose products and their 
usage in similar products, as discussed in section 2.5. The trial blends included pulp with the 
following: 

�x epoxy 
�x gorilla glue (polyurethane-based) 
�x tapioca starch 
�x potato starch 
�x corn starch 

 
Figure 16: Epoxy mixed with pulp (black sample), and Gorilla Glue mixed with pulp (light-coloured sample). 
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3.2.1 Synthetic Glue Samples 

The epoxy glue (black sample) took up a large portion of the pulp/glue mixture, so the 
resulting sample was more glue mixed with pulp than vice versa. The mechanical properties 
from manually feeling its strength were quite strong, though the amount of glue was the 
primary cause, not the pulp. Less glue could have been tried in a mix, but epoxy was found 
to be quite expensive anyway, which was not desirable. Also, its synthetic nature defeated a 
significant benefit of having organic panels. 

The gorilla glue was used in a better pulp/glue ratio and had good mechanical strength, 
though, like the epoxy, the inorganic nature and cost were undesirable.  

3.2.2 Starch Adhesives 

Starch glues were made using recipes from various sources such as (Burch, 2014), and (Uys, 
2012).  

Tapioca, potato, and corn starch were all used as an adhesive. To make the starch glue, 40 g 
of one of the starch variants was put in 200 g of water and cooked for approximately 15 
minutes at 300°C until boiling (figure 17). While cooking, constant stirring was performed to 
remove lumps. After boiling, this was removed from the heat and allowed to cool (figure 
18). 

It was observed that the starch was hard to mix due to its non-Newtonian fluid nature. As 
the mixture boiled, the starch became lumpy and thick as it gelatinised. After removing from 
the heat, the glue remained in a hot, sticky, liquid form for about 30 mins before solidifying. 
This method was followed for the other starch glues. All acted similarly while boiling, though 
the appearance of the glues was different, as shown in the figures 19, 20, and 21 below.  
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Figure 17: Potato starch and water after being boiled. 
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Figure 18: Potato starch glue cooling and beginning to set. 
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Figure 19: Potato starch after cooling formed into a solid gel. 
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Figure 20: Solidified corn starch glue. 
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Figure 21: Solidified potato starch (left) and solidified tapioca starch (right). 

All starch glues showed promise by forming a sticky, solid gel after being allowed to set. The 
corn and potato starches were particularly interesting as they formed slimy, rock-like 
structures, whereas tapioca maintained a similar form while it was boiling, though still 
hardened, and remained sticky. 

First starch attempt 

As the starch glues showed promise due to their sticky nature, the test samples of starch 
glue were combined with the standardised pulp to make pulp-adhesive panels. The research 
into plasterboards, shown in the literature review (section 2.5.3), indicated that glues 
should be mixed while in the slurry/pulp stage before spreading and drying. Therefore, the 
starch glues were poured into the wet disintegrator, which was an excellent method for 
mixing the glues with pulp. The pulp used to do this was made using the standardised ratio 
shown in section 3.1.2 of 230 g of paper towels with 3.62 kg of water blended for 45 s in the 
wet disintegrator. Multiple batches of pulp were made to create a large portion of pulp. 200 
g of this pulp was used with 160 g of starch glue. This ratio was followed for each of the 
types of starch products. While the starch glue was shredded and mixed with the pulp, as 
the batch was already close to room temperature, the glue was mostly set. Lumps of glue 
were apparent throughout the mixture rather than nicely blended, so for the next batch, the 
starch glue was added to the pulp while still hot and in liquid form. 
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Second starch attempt 

The tapioca starch glue was made by cooking 100 g of starch with 800 g of water until 
boiling. This starch glue was then added to 1100 g of pulp and blended in the wet 
disintegrator immediately, so it was still hot. Blending was done until the mixture had the 
consistency of mashed potato (Figure 22). 
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Figure 22: Tapioca starch glue mixed with pulp (mashed potato consistency). 

This worked much better as there were no lumps throughout the mixture, except at the 
bottom of the wet disintegrator, where there was some unmixed pulp. This is likely due to 
the more viscous pulp-starch mixture not being well mixed or agitated under the impeller at 
the base of the bowl. 
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1500 g of this pulp and starch mixture were put in the mould and compressed. Compressing 
this mixture did not work as a fluid-like mixture squirted everywhere when under 
compression. This caused a large portion of the pulp-starch mixture to be lost, and only a 
small layer remained in the bottom of the mould. Also, the top mould plate adhered to the 
base due to its stickiness, so it had to be pried off. While this method was not ideal, the fact 
that the glue caused resistance between the metal plates was very promising as a potential 
adhesive. 

Third starch panel attempt 

Following this, another glue batch was tried with ratios of 100 g of tapioca starch with 600 g 
of water and cooked before mixing with 1000 g of pulp in the wet disintegrator. 200 g less 
water was used in this batch to have a more viscous mixture, which could be handled easier 
with less wastage. The glue in the wet disintegrator was half poured in before any pulp to 
try and blend with the bottom of the bucket, followed by all the pulp, and finally, the rest of 
the glue. After blending, the pulp/glue mix was not compressed due to the spurting issue 
but instead placed into a foil baking tray of dimension 200 mm x 140 mm x 27.5 mm and 
dried in the oven at 103°C.  
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Figure 23: Tapioca starch panel after removal from foil baking tray. 

The dried panels came out of the oven with a more rigid outer layer than the regular panels 
(figure 23). The foil stuck to the panel after drying and broke apart when removed. The 
panel-forming process was repeated as described, but a rectangular, non-stick cake tin was 
used. 

Optimising the mould used for the tapioca starch panel  

This starch-pulp mixture formed a consistent-looking panel from the outside. A panel was 
cut to assess the inside structure, as shown in figure 24. 
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glue in at once for another panel. The drying must, therefore, cause the shell to form and is 
likely caused by gelatinisation, which causes the mixture to thicken, as discussed in the 
literature review. As the outer layers are exposed to more heat than the inner layers in the 
oven, these may go through gelatinisation at 85°C to 96°C, whereas the inner layers may 
just dry. This is just a hypothesis; further research is needed to determine this and is outside 
the scope of this project. The potato and corn starch panels similarly had a thick outer layer; 
however, the inside had lots of air gaps, as shown in Figures 25 and 26, so the panels were 
not consistent throughout. Air gaps could be reduced through compression, however, losses 
of the mixture would occur due to the pulp mixture being forced out at the edges of mould. 

 

 
Figure 25: Cross section of the potato starch panel, showing lots of air gaps in its internal structure. 
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Figure 26: Lots of air gaps in corn starch panel. 

As this was not ideal for its end use case, where the panels would likely have to be cut to be 
fitted, or for testing purposes, where test pieces would have to be cut from the panels, the 
potato and corn starch glues were discontinued. The tapioca adhesive panel, however, was 
taken forward for more testing.  
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As the cake tins used were rectangular with a tapered wall, this created ingot-shaped panels 
(Figure 27).  

 
Figure 27: Tapioca panel made from rectangular cake tin. 
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A square, non-stick cake tin with releasable sides was used to be closer to what was 
required for a product and for creating test specimens. After drying, the panel got stuck in 
the bottom of the tin. Even with the removable sides, the adhesion from the glue stuck to 
the walls, so upon removal, portions of the panel ripped apart and had to be scraped off the 
tin. The glue was so strong that even some of the non-stick lining of the cake tin was 
removed along with the panel. To fix this problem, both silicon release spray and baking 
paper methods were tried separately in the tin before placing it in the glue mix. The baking 
paper worked well at preventing the glue from sticking to the sides of the tin once dried but 
caused some of the edges of some samples to not be completely flat due to lumps in the 
baking paper. Silicon spray did not help with the sticking issue, so it was not used following 
this. The baking paper method was sufficient at this project stage to create usable samples 
for testing, as when cutting cross sections, the undesirable parts were not used anyway.  

Standardising the process to fit the square cake tins for testing purposes 

The tapioca glue was scaled up to have the ratio of 320 g of starch with 1500 g of water and 
then mixed with 2000 g of pulp in the wet disintegrator. More water was used for this final 
batch to thin the tapioca glue out more, as the glue was still thicker than needed. The glue 
was still cooked for 15 minutes, which is the approximate time to bring it to a boil. The 
glue/pulp mix was run in the wet disintegrator for 30 s, as this was enough time to blend the 
pulp and glue together. The resulting mixture provides enough mass to cover multiple 
sample panels. A typical panel used around 620 g of this mixture to fill the cake tin. This was 
then dried in the oven at 103°C. See Appendix 8.2.2 for the final versions of starch glue 
quantities used. 

3.2.3 Casein Adhesives 

Casein glue was another trialled adhesive due to its organic and moisture-resistant nature. 
Initially, a quick test was performed to create casein glue from skim milk and other 
household ingredients. This was done loosely following the process documented by (Zinski, 
n.d.).  

First test batch 

The process was as follows: 

�x 300 g of skim milk was poured into a cooking pot and heated for five minutes, 
without reaching its boiling point. 

�x 46 g (about 15% of the milk mass) of vinegar was then mixed in to break down the 
milk into curds (milk solids) and whey (liquid portion). After completing this process, 
the pot was taken off the heat. 

�x The next stage involved taking a cheesecloth to filter the curds from the whey, as the 
curds would be used for the casein adhesive. 

�x After filtration, the curds were rinsed with a small amount of water and 15 g of 
baking soda to neutralise any vinegar still present. 

This process made about 104 g of runny solution (figure 28). 
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Figure 28: Runny solution made from first attempt. 

Second test batch 
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Other variations were tried, such as using casein powder obtained from the Massey pilot 
plant instead of starting from the milk phase. Only 40 g of powder was used, as no whey 
needed to be separated in this case. The process for this was the same, except it did not 
have a filtration stage as this was not needed due to already being casein. The powder was 
cooked for five minutes and had 50 g of vinegar added to it, followed by rinsing with water 
and adding 15 g of baking soda. This created 67 g of casein glue that was very sticky and 
hardened into solid rocks (figures 29 and 30). 
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Figure 29: Very sticky casein glue formed that started to harden quickly. 
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Figure 30: Hardened casein glue. 

The casein powder was taken forward over the milk method due to its super strong nature 
and the fact that the separation of curds and whey process could be skipped as it was 
already in its desired form. 
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Third test batch 

Another source provided a more in-depth method of creating casein glues and had a variety 
of recipes listed with different benefits (Forest Products Laboratory & U. S. Department of 
Agriculture, 1961). 

The generic recipe for casein glue is listed as follows in parts by weight (PBW): 

�x 100 PBW casein powder soaked in 150 PBW water for 15 to 30 minutes 
�x Add 11 PBW Sodium hydroxide to a further 50 PBW water, then mix with the 

powdered solution and stir until lumps are removed. 
�x Finally, add 20 PBW Calcium hydroxide (hydrated/slaked lime) to a further 50 PBW 

water and then add to the rest of the mixture and stir until the glue becomes well 
mixed. 

This recipe was replicated for testing, but made with a double quantity of the given recipe, 
e.g., 200 g of casein powder with 300 g of water, etc. Two times was used to create enough 
glue to make multiple samples. The first stage of using the casein powder and water 
included cooking and stirring until it was observed that the powder and water had blended 
together. While this was taking place, the other ingredients to be added were prepped. 22 g 
of sodium hydroxide pellets were dissolved in a beaker containing 100 g of water, and in a 
separate beaker, 40 g of calcium hydroxide dissolved in 100 g of water. After cooking at 
300°C for approximately 15 minutes, the mixture became more resistant to stirring, so the 
sodium hydroxide solution was mixed in. As per the literature, stirring was performed until 
lumps were removed. Finally, the calcium hydroxide solution was poured in as well. The 
mixture of casein glue was taken off the heat and was later added to 1000 g of pulp in the 
wet disintegrator and blended for 30 s. The first batch of casein glue was made alongside 
the first starch glues, and the same issue of drying too quickly occurred, so hard rocks 
formed that did not break up well in the wet disintegrator. 

Fourth test batch 

The above process was repeated for a second attempt, though this time, the casein glue was 
poured into the wet disintegrator while it was still hot. This fixed these issues, and the glue 
mixed well with the pulp. As this was successful, the pulp/casein-glue mix was poured into 
the ingot-shaped cake tins and placed in the ovens at 103°C. After a few days, the tin was 
removed from the oven. The casein glue had adhered pretty strongly to the sides of the tin, 
so it needed to be prised out. The panel structure appeared very strong and had a distinct 
orange colour from the casein drying (figure 31). Cutting open the panel showed a nice 
cross-section with some holes scattered throughout, which was potentially promising for 
future insulation testing (figure 32). Pouring this into the big mould and pressing it was also 
attempted; however, similarly to the starch glues, the casein glue squirted everywhere and 
even flooded between the mould joints, so it required cleaning to not glue the mould joints 
together. 
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Figure 31: Casein panel in ingot shaped cake tins. 










































































































































































