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Executive Summary

This report outlines the overarching aims, methodology, and results from the National
Institute for Forest Products Innovation (NIFPI) project titled: ‘Increasing the durability, and
other material characteristics of Tasmanian hardwoods’ (NT014/NIF078-1819). This
national research project was co-funded by the Australian and Tasmanian Governments, with
cash and in-kind contributions from various timber industry and research collaborators. The
project was led by Britton Timbers, with the University of Tasmania as the principal
researcher.

The primary objective of this project was to research, develop, test, and evaluate practical
methods of preservative and fire-retardant treatments or modifications for refractory
Tasmanian hardwood species. Specifically, the aim was to improve Tasmanian hardwood:

e durability, for use in exterior cladding applications (outside, above ground), or H3
compliance according to AS 1604.1:2021; and

e Dbushfire-resistance, for use in zones with risk of bushfire attack (BAL-29), according
to AS 3959:2018

A secondary aim was to research and develop treatment or modification systems for interior
linings in terms of improving durability, fire performance, and dimensional stability.

The research methodology included background literature review and development of a series
of strategic experimental trials conducted by collaborative research teams at the University of
Tasmania, the Queensland Department of Agriculture and Fisheries, the University of
Melbourne, and the University of Queensland.

The materials under investigation in each trial were primarily Tasmanian 26-year-old thinned
and pruned plantation shining gum (Eucalyptus nitens) and 60-80 year old regrowth
Tasmanian oak (Eucalyptus spp. [3], including: E. obliqua, E. regnans and E. delegatensis).
Some other species (e.g. Tasmanian blue gum [E. globulus], spotted gum [C. maculata],
blackbutt [E. pilularis], and radiata pine [P. radiata]) were included as comparators or
controls but were not the primary focus of the research.

The above-mentioned species (except spotted gum and blackbutt) are not naturally durable or
fire resistant. The heartwood (or true wood) of the Tasmanian species is also refractory,
meaning that it is extremely difficult to treat using conventional treatment methods and
chemicals. To overcome these challenges, the following strategies were trialled:

Trial 1 Dual treatment system

Trial 2 Vacuum pressure impregnation

Trial 3 Pre-treatment with vacuum pressure impregnation
Trial 4 Non-chemical

Trial 5 Fire retardants

Significant outcomes from the research include:

1 The research relates directly to a second NIFPI project titled ‘New methods of reliably demonstrating species
durability in commercially relevant time frames” (NT047/NIF108-1819). Some of the preservative treatment
work and analysis conducted as part of NIF108 is of direct relevance to the aims and outcomes of this project. It
is advised that the final reports be read together.



Successful preservative treatment of Tasmanian oak veneer-based products that meet
the requirements for H3 compliance according to AS1604.1:2021 using vacuum
pressure impregnation with optimised pressures and scheduling combining
commercially available preservative chemicals with commercially available adjuvant
additives

o Further work using additional species, e.g. Tasmanian plantation shining gum
and blue gum veneer-based products is recommended

o Further research on thinner dimensioned laminated elements (e.g. LVLs, GLT)
and potential glue line treatment is recommended

o Further work including larger sample sizes, sample numbers and analysed
retention results is recommended

Successful fire-retardant treatment of Tasmanian oak and spotted gum plywood and
veneer materials that meet the requirements for Group 1 (interior) and BAL 29
(exterior) compliance using vacuum pressure impregnation with commercially
available fire retardants

o Further work using Tasmanian plantation shining gum and blue gum veneers is
recommended

o Further work to optimise the solution strengths and VVPI pressures and schedule
lengths for sawn shining gum boards is also recommended

o Further work including larger sample sizes and sample numbers is
recommended

Successful, novel method for treating seasoned sawn plantation Tasmanian hardwood
boards suitable for exterior wall cladding that met the penetration requirements for H3
compliance according to AS1604.1:2021

o The method used a rolling compression pre-treatment system to increase the
pathways for fluid flow within each board, followed by a vacuum pressure
impregnation treatment using an optimised charge (schedule lengths and
pressures) and combining a known preservative chemical with a commercially
available penetration enhancing adjuvant additive

o Using this optimised treatment method, 15/15 seasoned Tasmanian oak
samples and 14/15 shining gum samples achieved total cross section
penetration, high uptakes and theoretical retentions that pass the requirements
outlined in AS1604.1:2021

o Further work including longer length samples and analysed retention is
recommended

o Further R&D is planned to refine the design of the pre-treatment system

Over 50% of samples passing the penetration requirements when treated using
vacuum pressure impregnation with optimised pressures and longer scheduling and a
combination of adjuvant additives and conventional preservative chemicals (ACQ and
MCA)

o With further refinement to optimise the solution strengths and schedule
lengths, this method could eventually eliminate the need for a rolling
compression pre-treatment to achieve H3 compliance according to
AS1604.1:2021

o Further R&D is recommended

Significant findings on the controllability of spring back, set recovery, colour change,
adhesion, and ability to glue thermo-mechanically densified plantation shining gum
and native regrowth Tasmanian oak, with further research already underway
Significant steps towards development of a predictive model for boron diffusion rates
through select barriers in support of a boron-based dual treatment system in plantation
shining gum and native regrowth Tasmanian oak



Because the research resulted in some successful and some promising outcomes for both
durability treatments and fire-retardant treatments in Tasmanian hardwoods, the following
report includes a summary of the major research projects, with selected key information
redacted in consideration of potential commercial opportunities. Each of the trials have also
been tabulated on pages 72-75 to provide a quick guide to the key opportunities and
suggestions for industry resulting from this research.
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Standards referred to in this report

AS 1604:2021 - Australian and New Zealand Standard for Preservative-treated wood-based
products inclusive of Part 1: Products and treatment, Part 2: Verification requirements and
Part 3: Test methods

AS 3959:2018 - Construction of buildings in bushfire-prone areas

AS/NZS 3837:1998 - Method of test for heat and smoke release rates for materials and
products using an oxygen consumption cone calorimeter

ASTM D2898 - Accelerated weathering of fire-retardant-treated wood for fire testing.

AS 5637.1.2015 - Determination of fire hazard properties

AS 1S09705.2016 - Fire tests - Full-scale room test for surface products

AS/NZS 3837.1998 - Method of Test for Heat and Smoke Release Rates for Materials and
Products Using an Oxygen Consumption Calorimeter

NCC 2019 — National Construction Code, Australia

AS/NZS 1080:2012 — Methods of test for moisture content determination

ASTM D2395 — Standard test methods for density and specific gravity

AWPA - American Wood Protection Association, annual book of standards

AWPC — Australasian Wood Preservation Committee / Protocols for assessment of wood
preservatives

Glossary

ACQ - alkaline copper quaternary

Adjuvant (Adj) - a substance that is added to a pesticide product or pesticide spray mixture to
enhance the pesticide's performance

ASET - available safe egress time

BAL — bush fire attack level

BAE — boric acid equivalent

Blackbutt — Eucalyptus pilularis

Blue Gum — Eucalyptus globulus

Boron — generally used in this document to refer to disodium octoborate tetrahydrate (DOT),
or interchangeably used to refer to a boron-based preservative treatment

CLT - cross laminated timber

Cone calorimeter - used to assess fire performance of timber

CSAW — Centre for Sustainable Architecture with Wood

DAF — Department of Agriculture and Fisheries

GLT — glued laminated timber

GOS — green off saw

Group number — interior fire performance rating (e.g. Group 1)

HRR — heat release rate

LOSP — light organic solvent preservative

LVL — laminated veneer lumber

Kop-Coat —a commercially available tank blend solution of Approved-Water-Based-
Azole+permethrin with typical process chemicals and small amounts of a boron tracer
Koppers — Koppers Performance Chemicals

MCA — micronized copper azole

NCC — national construction code

NIFPI — National Institute for Forest Products Innovation

NTO014/NIF078 — short-hand reference number for this project

NTO047/NIF108 — short-hand reference number for an affiliated project on durability titled:
New methods of reliably demonstrating species durability in commercially relevant
timeframes

PAN — preservative indicator 1- (2-pyridylazo)-2-napthol



Radiata pine — Pinus radiata

RSET — required safe egress time

UM — University of Melbourne

UQ — University of Queensland

UTAS — University of Tasmania

Schedule/Charge/Cycle — all refer to the combination of vacuum and pressure cycles totalling
to the length of time required in a treatment cylinder. These terms are used interchangeably.
Set-recovery —a type of swelling deformation that occurs after densified timber is exposed to
and absorbs moisture

Shining gum — Eucalyptus Nitens

Spotted gum — Corymbia spp.

Spring back — immediate recovery (swelling) in timber after the release of pressure in plattens
following densification

SRF — Salisbury Research Facility

Tasmanian oak — collective term for three species: Eucalyptus regnans, Eucalyptus
delegatensis and Eucalyptus obliqua

TM — thermo-mechanical densification

VPI — vacuum pressure impregnation
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Introduction

Australian Eucalyptus species commonly grown in Tasmania, including shining gum (E.
nitens H. Deane and Maiden), blue gum (E. globulus J. Labillardiere) and Tasmanian oak
(three species: E. obliqua L’Hér, E. regnans F. Muell, E. delegatensis L’Hér), are fast
growing and have good physical and aesthetic properties for use as building materials. They
are an important source of timber both for export and domestic markets. Currently, the timber
industry is mostly limited to selling these species either for woodchip production or for indoor
applications. One of the reasons for this is that they are not naturally resistant to fungi or
insects, and do not exhibit natural fire retardant properties. To expand the market potential for
these timber species to exterior built environment applications, they must be preservative
treated according to strict criteria outlined by relevant Australian and New Zealand standards.

However, the heartwood (also called true wood) of these Tasmanian hardwood species is
extremely resistant to fluid chemical treatments that are commonly used in other low-
durability timbers like pine. Most sawn boards have a high percentage of refractory
heartwood, which presents a challenge to producers who wish to expand their product range
into exterior appearance-grade applications like wall cladding.

With a focus on the needs and practicalities of timber industry processing and capacity in
Tasmania, this research project investigated preservative treatment methods to improve the
durability and bushfire-resistance of Tasmanian hardwoods so that they may be safely used as
exterior claddings. A secondary aim was to improve the material for use as interior linings or
for other indoor applications.

Background challenges and strategies for wood preservation

Australia is renowned for its aggressive decay fungi, insects, and bushfires, making it one of
the world’s most challenging environments for building with wood. Wood preservation
generally involves protecting timber from such destructive hazards to increase its longevity in
service as a building material. Risk level can vary significantly depending on the
environmental and climatic context where the timber is exposed. There are many different
species of fungus including various types of mould fungi, which tend to generate relatively
superficial and appearance-based damage, and decay fungi which tend to cause more
problematic structural damage in timber. A commonality is that most fungi require oxygen,
and moist organic matter as a food source to flourish (e.g. timber, at around 25%-30%
moisture content or more). Different fungi are likely to attack different species of timber and
some of the most aggressive decay fungi occur in the top 250mm of soil. Like decay fungi,
insects such as termites generally attack from the ground up and prefer to eat moist wood as
well, although some will also cause damage under dry conditions, and certain species can fly.
With sufficient oxygen and heat, timber acts as an excellent fuel source for fire (Zabel and
Morrell, 2020).

Some trees have heartwood that is resistant to both bushfire and biological organisms that
cause deterioration (Australian Standard AS 3959:2018; Australian Standard 5604:2005).
Natural durability is commonly the result of a combination of naturally occurring extractives
that are toxic to fungi and insects, and low permeability (Archer and Lebow, 2006), while fire
performance is often correlated with the density of the timber (AS 3959:2018). Some non-
Australian native hardwoods, like teak or merbau, are naturally resistant (more so to decay
fungi than fire) but environmental and economic realities including diminishing supply of

1



rainforest and native resources, relatively unknowable forest practices standards in other
countries, carbon mileage, and unreliable and often high importation costs, means they are
less desirable to use than certain Australian hardwoods. Some Australian hardwoods like
spotted gum and blackbutt are also considered naturally resistant to decay fungi and bushfire,
but again, old growth native forest resources are less and less obtainable. There is also
increasing evidence to suggest that plantation timber of the same species, harvested around
16-30 years old, do not necessarily have the same durability or fire performance
characteristics (Beadle, et al., 2008; Francis, 2022) as material which is much older at the
time of harvest.

Unfortunately, the heartwood of some of the most abundant and fast-growing Australian
hardwood species like shining gum, blue gum and Tasmanian oak have no natural fire
resistance and very low natural durability.

In Australia, the natural durability of different species of timber are classified in the
Australian Standard AS 5604:2005 by their probable life expectancy in different exposures.
AS 5604 rates shining gum (E. nitens) as a Class 3 timber for above ground applications and
Class 4 for soil contact, equating to an estimated service life of 7 to 15 years above ground
and 0 to 5 years in the soil. Southern blue gum (E. globulus) is classified as a Class 2 timber
for above ground (15 — 40 years) and Class 3 in-ground (5 - 15 years). Tasmanian oak
comprises three different species, which rate differently to each other, with E. regnans and E.
delegatensis classified as Class 3 above ground and Class 4 in-ground, and E. obliqua
classified as Class 3 above ground and Class 3 in-ground.

Given their low durability ratings these Australian hardwood species need to be preservative
treated or modified in some way to provide acceptable longevity for most building
applications. The Australian Standard AS1604.1:2021 identifies six primary hazard classes
for timber and outlines different levels of chemical preservative treatment required for the
heartwood and sapwood of hardwood and softwood in each hazard class. Exterior cladding
(the focus of this research project) falls into hazard class 3 (H3) a relatively broad category
that also includes fencing material, decking, soffit linings, and anything else that is to be used
outside but not in contact with the soil. The Australian Standard wood protection
requirements for hardwood sawn timber in an H3 exposure include complete sapwood
penetration and either 8mm of penetration of heartwood in timber >35mm thick or 5mm for
timber <35mm thick (AS 1604.1:2021). Alternatively, unpenetrated heartwood may be
allowed, but it cannot exceed 20% of the cross section nor extend more than halfway through
the sawn board, nor exceed 50% of the width of the surface on which it occurs.

In terms of fire, the Australian Standard AS 3959:2018 fulfils a dual purpose: (1) it defines
the potential risk and severity of a bushfire at a building site, based on the local climate or fire
danger index, vegetation, and topographical conditions; and (2) it specifies construction
requirements according to the expected bushfire severity on a building site. The bushfire
severity is classified by Bushfire Attack Level (BAL), which contains, BAL-LOW (no
requirements for building elements), BAL-12.5, BAL-19, BAL-29, BAL-40 and BAL-FZ
(flame zone). Each BAL is associated with the maximum expected exposure heat flux risk
that a structural element might experience during a bushfire (i.e. BAL-29 anticipates a
maximum exposure heat flux of 29 kW/m?2). In addition, higher BALs also anticipate the
accumulation of embers or contact with flames.

Although interiors were not the primary focus of this research project, acceptable safety of

occupants inside buildings is achieved through the provision of sufficient egress times. The
governing principle is that the available safe egress time (ASET) is larger than the required
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safe egress time (RSET). The former is defined by the time to reach untenable conditions due
to smoke and fire, while the latter is defined by building geometry and occupant group. The
choice of interior materials can influence the fire growth and therefore influences ASET.
Group Numbers ranging from 1 (highest performing, non-combustible) to 4 (poorest
performing) are one of multiple methods to classify building materials to regulate their
acceptable use in terms of the fire performance of buildings.

To be able to utilise some of the abundant, low durability and low bushfire resisting
Australian hardwood timber in a broader range of applications, some form of preservative and
fire-retardant treatment is needed. However, preservative and fire-retardant treatment of the
species outlined above is an ongoing challenge which the timber industry and various
researchers have been trying to address for many years with varying degrees of success. The
most common method for protecting wood is to apply a coating or paint that protects the
wood from excessive moisture uptake, thus limiting the likelihood of decay fungi causing
damage. Similarly, various intumescent or other fire-retardant coatings are promoted to
improve fire performance. However, coatings alone do not offer sufficient protection from
decay fungi and insect attack, and are only useful so long as they remain intact. Lack of
maintenance, weathering, and human interference (e.g. building contractors drilling, cutting
or rip sawing timber elements on a construction site) can quickly render coatings redundant.

Other methods that penetrate the wood more deeply than a coating, like using vacuum
pressure to impregnate the wood with a fluid chemical preservative (discussed further in Trial
2 below), are the most effective means of preserving timber in the long-term. However,
conventional treatment processes do not work consistently with the Eucalyptus species that
form the focus of this research. The challenge with treating Eucalyptus to improve its
durability and fire resistance mostly lies in the structure of the wood at a microscopic level.
Wood et al., (2020) outline the problem with regard to a representative Eucalyptus species
(shining gum) as follows:

‘Fluid flow in wood is largely dictated by the diameter of the smallest pores or openings
at acellular level (Nicholas and Siau, 1973; Siau, 1971). The cell structure of hardwoods
is composed of vessels, fibres and parenchyma. Fluid flow occurs most easily through
open vessels and becomes progressively more difficult through the fibres, while
parenchyma cells mainly act as storage units. Eucalypts tend to have vessels uniformly
distributed across the growth rings with fibres representing ~60% of the total section.
Vessels can become occluded with tyloses that block flow and these are common in
Shining gum heartwood. ‘Pits’ are generally the smallest openings in wood cells and
they essentially act as a channel or conduit between different wood cell structures where
fluid is stored or transported. Hardwood pits can become blocked by an accumulation
of debris made up of extractives and other mineral deposits that restrict fluid flow.’

Many methods have been trialled to enhance the treatability of low durability eucalypts using
preservative chemicals, including incising, pre-steaming/boiling, pressure variations in
vacuum pressure impregnation, ammoniacal solutions, diffusion, and supercritical fluid
treatments (Cookson 2000). However, so far, the literature has not revealed any treatments for
Australian hardwoods that are able to properly satisfy the requirements for H3 applications
that are outlined in AS 1604.1:2021.

Research design and progression

What cannot be overstated about this research project, is that it was a national, collaborative
effort involving multiple partners. The project was directly linked to another Launceston-



based NIFPI research project which aimed to shorten the testing timeframes for durability
analysis, using the material generated from this project.

Work began with a collaborative research planning meeting and subsequent literature review
co-authored by the lead researchers across both projects, and this helped establish the most
viable potential strategies to achieve the project goals (Wood, et. al., 2020). The project
research team collaboratively established a series of strategic trials that were then undertaken
at the University of Tasmania, the Queensland Department of Agriculture and Fisheries, and
the University of Melbourne, with subsequent durability analysis commenced by the
University of Tasmania and the University of the Sunshine Coast.

Due to changes in staffing and capacity at UTAS, DAF, Koppers, and UM, and the onset of
the COVID-19 pandemic, the project was initially beset by variations to the overall research
strategy and slow sub-contract negotiations which significantly delayed the start of the
research. Major research trials began approximately a year and a half behind schedule.
Ongoing challenges caused delays throughout the project, including interstate travel
restrictions, health-related absences of key researchers, and short and often delayed supply of
timber, along with untimely disruption to CSAW’s research operations caused by a relocation
to Newnham because of the Northern Transformation Program at UTAS.

Despite the delays and initial challenges, the research trials have produced some significant
successes and outputs. Project teams met regularly to discuss progress and decide on next
steps for the research as the iterative trials revealed new challenges and opportunities over the
course of the project. Progress was also reported back to industry partners through a series of
milestone meetings, during which financial obligations were also reported on and signed off.

Document structure

This document is a compilation of work by various research teams. Final reports detailing
methods and results were provided by each research team who collaborated on the project and
these reports can be made available on request. Shorter summaries of the associated work are
provided in the body of this report. Some segments of the writing from collaborator reports
have been directly extracted and included in the main body of this report, and the
authors/contributors are properly acknowledged as primary co-authors of this document in
full.

Strategic research trials: methodologies, methods, results and
discussions

This research project involved literature review, collaborative research design with national
research teams, and large-scale replicated scientific experimentation. At initial planning
meetings the strategies discussed included: trialling green-off-saw (GOS) and seasoned
material of various Tasmanian timbers; veneer-based products and sawn boards; physically
preconditioning or pre-treating the timber to increase pathways for preservative fluid flow via
methods like incision, compression rolling, microwaving, and heating the wood followed by
dipping into a cold solution; adding penetration enhancing adjuvants to the standard chemical
vacuum pressure impregnation (\VVPI) process; iteratively improving the suitability of VPI
treatment cycles for Tasmanian hardwoods by changing the pressures, times and chemicals
used; using a boron dip and diffusion process followed by a hard preservative overcoat to stop
leaching; thermo-mechanical densification; and using VPI for fire retardant treatments.



Following the research planning discussions held at the collaborative start-up meeting,
strategies outlined by Wood, et al. (2020), and the results from some initial preservative VPI
treatment trials that were done in the affiliated NIFPI project (refer to NT047/NIF108 final
report for more detail) five major research trials were established for this project each with its
own subset of research trials which involved systematic experiments with thousands of
samples being tested and analysed across the project overall.

The efficacy of treatments or modifications trialled in this project were evaluated against
Australian Standard criteria as much as possible. Where the research was dealing with novel
methods that have no Australian benchmark, international standards or theoretical measures
were used. In most cases, treated or modified material generated by this project has
subsequently been included in durability analysis trials in the affiliated NIFPI project
(NTO47/NIF108), however many of the results from that analysis are still pending given the
lengthy time frames required to produce data. Some complementary preservative treatment
trials were also conducted as part of the NT047/NIF108 project, and the results of those trials
are discussed in the final report for that project.

The following sections and subsections of this document provide a summary of each of the
major research trials and sub-trial components that were conducted under the auspices of the
NIF078 project. Each summary outlines the primary concept, aims, methods, and results, and
provides a brief discussion of the potential benefits for industry with some suggestions for
what still needs to be done or areas for further research and development.



Trial 1 Dual Treatment System: boron-based dip-diffusion with leach-
preventing overcoat

Boron-based timber treatments are cheap, readily available, and have excellent fungicidal and
insecticidal properties (Findlay, 1985; Archer and Lebow, 2006, p.g. 317; Cookson et al.,
1998). Borates diffuse easily into wood, even refractory heartwood, when it is wet
(unseasoned), and do not alter the appearance of the timber surface. They are also a known
chemical component in many fire-retardant treatments (LeVan and Tran, 1990) and boron-
based treatments often include a chlorinated phenol to help control mould fungi during timber
air-drying. The key challenge with boron-based treatments is that whilst they are relatively
easy to get into refractory timber and significantly improve its durability, they leach out just
as easily when the timber is exposed to water over time.

To overcome the leaching issue, this trial investigated a dual treatment, dip-diffusion with a
vacuum pressure impregnated (VPI) coating system. Dipping wood in a boron solution for a
few minutes when it is green and allowing it to diffuse through the wood as it air dries over a
period of months, is a simple and feasible way to get boron into wood (Tamblyn, 1985;
Findlay, 1985). This research aimed to test whether a thin, vacuum pressure impregnated
(\VPI) envelope or other coating system using a second preservative type may be enough to
stop the boron leaching out and simultaneously satisfy the Australian requirements for an H3
suitable timber application.

Similar dual treatment dip-diffusion methods have been proposed by various researchers and
effectively employed in the United States in 1985 (Amburgey and Sanders, 2007; 2009) to
treat railway crossties made from non-durable refractory timber (white oak, red oak and gum)
by dipping boards in different commercially available borate solutions for one minute,
allowing them to diffuse for four weeks and then air-dry, followed by an overcoat treatment
with two different oil-borne preservatives (creosote and copper napthenate). Although oil-
borne creosote and copper napthenate will protect timber in H3 exposures, they are not
available for use in domestic applications in Australia due to concerns about toxicity.
However, copper napthenate is sometimes used in a light organic solvent-borne preservative
solution, and this or other VVPI preservative types may be able to provide enough of a barrier
to prevent leaching.

Canadian wood scientists at FPInnovations also investigated the use of VVPI boron-treated
timber elements with brushed-on or sprayed-on transparent coatings to prevent leaching. After
being subjected to accelerated artificial weathering tests, a water-based two-part, two-step
film was found to be the most effective at preventing leaching of borates from the wood
(Morris et al., 2008). This research was followed by a long-term field trial, and results from
eight years of exposure indicated that whereas untreated control samples were experiencing
moderate to advanced levels of decay, the borate-treated material with a simple overcoat
appeared to remain sound after six years and only showed a very small amount of decay at
eight years exposure (Ingram and Morris, 2015).

These promising results indicate that a similar dual-treatment system may be a suitable and
effective way to treat refractory Australian hardwoods. The sub-set of trials discussed below,
aimed to develop various aspects of this approach.

The research for Trial 1 was primarily undertaken by a PhD candidate and other researchers
and technical staff at the University of Tasmania, using the laboratory equipment at the
Centre for Sustainable Architecture with Wood’s T40 facility, and with support from and
access to facilities withing the University of Tasmania’s Chemistry department. Note that the



research for this trial is incomplete for two reasons: due the length of the PhD candidacy; and
due to unforeseen delays caused by an ongoing and serious health condition experienced by
the PhD candidate.

Boron-based treatments used in this trial were provided by KPC and Arxsada AG (formerly
Lonza Specialty Ingredients), and reagents were purchased from Ace Chemical Company.

Trial 1.1 Treatability of Eucalyptus via boron-based dip-diffusion

Concept: Boron-based preservative treatments are already used in various Eucalyptus species,
but commonly the process aims to treat the non-refractory sapwood of species with naturally
durable heartwood, like spotted gum or blackbutt for H1 or H2 applications. Cookson et al.,
(1998) describe treating refractory Tasmanian hardwoods (blackwood and messmate) with
boron-based chemicals via both Bethell VVPI and dip-diffusion, but the treatment was intended
to protect the sapwood against lyctid beetles, and no mention is made of the effectiveness of
the treatment in heartwood. There is a gap in the knowledge regarding the effectiveness of
using dip-diffusion to treat refractory Eucalyptus heartwood, using the dip-diffusion method.
There has been little need for a test that looks specifically at how to treat the refractory
heartwood of shining gum or other Eucalyptus species because the Australian Standards do
not consider boron-based preservative treatments suitable for exterior (H3+) applications. A
premise for the dual treatment hypothesis, is that a simple boron-based dip-diffusion
treatment is an effective way to treat the heartwood of Australian hardwoods, but little is
known about the most appropriate dipping times, solution concentrations, drying times, etc.,
for the species under investigation.

Aims: To test the efficacy of treating green-off-saw (GOS) Tasmanian hardwood species via
dip-diffusion with a boron-based preservative, and establish the appropriate dipping times,
solution strengths, and diffusion periods for different thicknesses of timber.

Materials and methods: GOS Tasmanian R
plantation shining gum and regrowth O by T | ” '
Tasmanian oak samples of varying A | P &9 )

thickness were used for this experiment (see
Table 1 for dimensions). Initial moisture
content and density was assessed by cutting
a 20mm biscuit from five boards of each
thickness and weighing the samples before
and after oven drying following the methods
outlined in AS1080.1:2012 and ASTM
Standard D2395. A test to determine the
average percentage of heartwood vs
sapwood for each species was also
undertaken before the treatment, by
spraying a methyl orange solution on a cross
sections of GOS and dried wood. A separate
pilot trial was also undertaken to establish
the optimal dipping time for the samples in
the boron-based solution, by establishing
net water uptake at different dipping
intervals. In the pilot trial, GOS shining
gum and Tasmanian oak samples were
immersed in water and extracted at one
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Figure 1. Samples being dipped in a boron-based I
preservative solution. Photo: Ros Ghani



minute, two minutes, three minutes, four minutes, five minutes, ten minutes, one hour, three
hours, six hours and twenty-four hours and the preservative uptake measured at each point.
From statistical analysis, dipping at three minutes was considered sufficient to have
significant water uptake for both wood species. (Dipping for one hour or more significantly
increased the uptake, but as this project aimed to remain relevant for industrial timber
processing, longer periods were ruled out.)

After these initial characterisation tests to establish a method, samples were dipped (Figure 1)
for three minutes into one of two different commercially available boron-based preservatives
(Timbor and Diffusol) at two different concentrations (10% BAE and 15% BAE). Rather than
block stacking and covering with a plastic wrap as per a typical diffusion process (Tamblyn,
1985; Archer and Lebow, 2006), samples were arranged with spacers (rack sticks) between
each layer to mimic atypical yard drying rack configuration that allows airflow between the
boards as is likely to occur in an Australian hardwood drying process. Samples were extracted
from the ‘mini-rack’ at four intervals throughout the drying period, to assess the degree of
boron penetration.

Assessment was done by calculating the boric acid equivalent (BAE), net boron uptake (I/m3),
and theoretical retention using the following formulae:

(Weight after - Weight before)

Net boron uptake (l/m3) = (Board dimensions before / 1000000)

Theoretical retention (Kgs preservative actives/m3) = Concentration (Kgs preservative actives/
) x Uptake /Absorption (I/m3)

(Uptake x Solution strength)
Density

BAE (% m/m) =

Penetration was visually assessed using a curcumin-based indicator spray on sample cross-
sections. Statistical analysis was performed using the open-source statistical package which is
RStudio. The statistical analyses that were carried out were: (1) analysis of variance
(ANOVA) — to determine the overall significance of the data and (2) Tukey's post hoc test —
to find the specific group of the significant means.

Species Treatment | Solution No. of samples | No. of samples No. of samples
Concentration 100 x 22 x 100 x 28 x 100 x 42 x
300mm 300mm 300mm
(WxHxL) (WxHxL) (WxHXL)
Shining gum Diffusol 10% 5 5 5
(E. nitens) 15% 5 5 5
Timbor 10% 5 5 5
15% 5 5 5
Tasmanian oak | Diffusol 10% 5 5 5
(mixed spp. E. 15% 5 5 5
obliqua, E. - S
regnans, E. Timbor 10% 5 5 5
delegatensis) 15% 5 5 5
Total samples: 120




Results: the detailed results are not provided here as a publication by the PhD student on this
subject is currently in draft, however, in summary, a short dipping time of three minutes was
found to result in a suitable concentration of boron within the heartwood of 22 mm shining
gum boards following a ten-week diffusion period. Boron retention was still low in the other
shining gum thicknesses and in Tasmanian oak boards, but increasing the solution strength
could result in significantly higher retentions. Visual assessment revealed that most 22 mm
boards showed complete penetration through the cross section. Although 28 mm and 42 mm
boards were not completely penetrated, they also had not yet reached fibre saturation point
(FSP) by the end of the ten-week diffusion period, meaning that boron would continue to
diffuse through the cross section as the board continued to dry. In summary, the results from
this trial indicate that it is possible to achieve good retention and penetration in the heartwood
of refractory Tasmanian hardwoods using a boron-based dip-diffusion method. Further
research to refine the solution strengths suitable for the proposed application is needed.

Trial 1.2 Maximum retention of boron at high concentrations

Concept: Currently, the Australian standard only allows boron-based treatments for interior
applications due to the leaching issue (mentioned above). As such, there is no Australian
standard outlining the retention amount that would be required for boron to be used as a
fungicide or insecticide in exterior applications. Interior applications (H1-H2, inside above
ground) in Australia require a respective retention amount of 0.047% and 0.35% m/m,
(AS1604.1:2021). It is likely that for exterior applications a higher retention amount would be
required due to the greater risks posed by aggressive fungi or termites, and to allow for
potential losses in chemical concentration that might occur during the production process. As
noted in trial 1.1 above, to improve retention results, the concentration of a chemical solution
can be increased, but boron tends to crystalise at high concentrations which could prevent it
from properly penetrating the surface or diffusing through the wood. The American Wood
Preservers Association (AWPA) Standard U1-20 for sawn timber and crossties provides a
useful non-Australian benchmark for the use of a boron-based timber pre-treatment (followed
by overcoat of some kind) in an exterior application, suggesting that a minimum of 2.7kg/m?3
is needed. Findlay et al., (1985, pg. 68) recommend that the average retention of boric acid
equivalent (BAE) that is needed to
effectively protect timber is 0.4% m/m based =
on the dry weight of the wood, with 0.1%
m/m concentration in the core of the board.
Before refining the process to better
understand what an appropriate concentration
level of boron should be in Australian
Eucalyptus, we first needed to know how
high we could push the concentration of the
(unheated) solution before causing
crystallisation.

Aim: To establish the highest possible
concentration of boron that can be retained in
Tasmanian hardwood species.
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Materials and methods: GOS plantation
shining gum boards 100 mm x 25 mm x 250
mm were selected as a representative
refractory Tasmanian hardwood and dipped

into an unheated boron-based solution at Figure 2. Samples being weighed after dipping.
Photo: Ros Ghani
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different concentrations, increasing from 15% BAE to 30% BAE in 1% increments (four
samples were used for each level concentration). Samples were end sealed, and weighed
(Figure 2) before and directly after dipping to determine gross retentions. Theoretical
retention was calculated and converted from % m/m to kg/m?for easy comparison with other
standards using the following formula:

retention (% m/m)x oven dry timber density (kg/m3)
100

Retention (kg /m3) =

Following treatment, samples were then stacked and left to air dry to allow diffusion to occur,
and further tests will be carried out in due course to ascertain penetration through the cross
section. A subset will be analysed for actual retention.

Results: The detailed results are not provided here as a publication by the PhD student on this
subject is still pending, however, in summary, the highest theoretical retention achieved at a
concentration of 30% was around 0.6% m/m or 3.30kg/m? assuming an average density of
550kg/m3 for the shining gum. This is greater than the amount required by the Australian
Standard for H2 applications (0.35% m/m) and is also much higher than the amount required
in the AWPA U1-20 for a dual treatment approach in railway cross-ties (2.7kg/m?3). Further
research is needed to determine analysed retention of selected boards, but these retention
amounts are promising for the proposed dual treatment approach.

Trial 1.3 Predicting the diffusion rate of boron-based preservative treatments through
different species and selected barrier systems

Concept: To support the hypothesis that a boron-based dual treatment system may be an
effective way to treat refractory Eucalyptus heartwood, we first needed to understand the rate
at which boron-based preservatives move (or leach) through different materials under high
moisture regimes. The rate at which boron-based preservatives move through untreated and
barrier treated Tasmanian hardwoods, or the diffusion coefficient (Ra, et al., 2001), may be able
to be mathematically quantified if data can be collected that establishes how long it takes for
boron to move through saturated wood (i.e. steady-state diffusion, according to Fick’s first law
of diffusion). This can be done experimentally using a diffusion cup method (Tarmian et al.,
2020). A diffusion cup is designed to accommodate two solutions in two chambers: for
example, a boron-based preservative solution in one end; and distilled water in the other end.

Boron chamber Distilled water

T — = —
f —

Male Connector

o Ring<: <—| Sample

|

Female Connector

Figure 3. Diffusion cup apparatus schematic.
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The two chambers are separated by a piece of wood so that any solution movement from the
high concentration chamber (boron) to the low concentration chamber (distilled water) must go
through the wood piece (i.e. a process that mimics leaching). Samples are regularly collected
from the distilled water chamber and tested for the boron concentration, and this process
continues until the boron concentration in distilled water side reaches a steady state.

Aims: To collect diffusion-rate data for boron-movement through untreated Tasmanian
hardwoods and Tasmanian hardwoods coated with selected preservative barriers and to develop
a predictive model for leaching rates over time.

Materials and methods: The full description of materials and methods of this experimental
diffusion cup set up are not provided here as they form part of an ongoing PhD investigation
which will be published in due course. However, in summary, small discs of seasoned
Tasmanian oak and shining gum were prepared to fit into a PVC pipe apparatus, with two
chambers at either end joined by a male/female connector (Figures 3 & 4). The timber discs
were either dry or soaked prior to installation in the diffusion cup apparatus. Some discs were
untreated, while others were treated with selected preservative barriers (e.g. vacuum pressure
impregnated ACQ or LOSP, hot dipped paraffin wax, etc.,). In the diffusion cup apparatus, one
chamber was filled with distilled water and the other chamber with a boron-based preservative
solution. A small access point at the distilled water end was used to extract a 2ml sample every
few days and replaced with an equivalent amount of distilled water. The samples of solution
were then analysed for boron concentration using the AWPA A65-21 standard method using a
UV spectrophotometer, and Azomethine-H reagent (Figure 5). This extraction and analysis
process will continue until the boron concentration in the distilled water end of the diffusion
cup reaches a steady state. In total (so far) seventy diffusion cups have been installed.

Figure 4. Diffusion cup apparatus. Photo: Kyra Figure 5. Solution used for boron content
Wood. determination test. Photo: Ros Ghani.

Results: the detailed results are not provided here as the data collection is ongoing. A
publication by the PhD student on this subject will follow.
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Trial 1.4 Treatability of Eucalyptus via
boron-based dip-diffusion: UPSCALED

Concept: Industry drying practices and
processing of Tasmanian hardwoods involve
several stages that may undermine the
viability of a boron-based treatment option.
For example, the inclusion of a process
whereby freshly sawn, racked timber is
subsequently block stacked and covered for
a period of 3-4 weeks (a critical step
according to most diffusion theory, see
Findlay et al., 1985, p.g. 53) before being
separated with rack-sticks for the air-drying
period is a double-handling that is unlikely
to be well-received in the Australian
hardwood drying industry. Testing the
proposed dual treatment system at a larger
scale and simulating certain stages of timber
production may help to establish whether
this process is viable.

Aims: To test and evaluate the boron-based
treatment approach outlined in Trial 1.1,

using a larger sample size and scale, and Figure 6. Unsheltered rack of boron treated shining
Simuiating and Considering industry standard gum boards air drying at T40, with leachate collection
practices like air drying racks of timber set up undemneath. Photo: Kyra Wood.

spaced with rack sticks (sheltered and _ _ e

unsheltered). The timber will then be
reconditioning and dried as per industry
practice, then dressed and the waste
recovered for preservative analysis and
disposal as per regulatory requirements.

Materials and methods: This trial used
thinned and pruned 26-year-old plantation
shining gum dipped in a commercially
available boron-based treatment. Work (so
far) has included: dipping larger sample
sizes (1500 mm x 100 mm x 25 mm) and
quantities (~1.5m3) following the times and
solution concentrations outlined in Trial 1.1;
weighing to determine uptakes; racking and
air drying in the yard at T40 (covered and
semi-sheltered, Figures 6); collecting
leachate from under the air-drying timber to
establish whether unsheltered air drying and
exposure to the elements significantly affects
the amount of boron in the wood; and checking the sapwood vs heartwood content of boards
to establish the effect of sapwood content on uptake amounts. Further tests will include:
reconditioning the wood in a commercial reconditioning process; dressing and finishing the
wood before VPI or hot wax dip as per the best performing barriers shown by the PhD
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research outlined in Trial 1.3; and finally testing the durability of the proposed system with
weathering tests, field trial and laboratory decay analysis.

Results: This component of the research is ongoing, however initial results indicate good
penetration and diffusion through the board cross sections in both sheltered and unsheltered
racks during the nine-month drying period (Figure 7). At the time of reporting, the boards are
being reconditioned and dried by an industry partner. A publication on this subject will
follow.

Benefits for industry?

If a boron-based preservative treatment solution can be reliably prevented from leaching using
an overcoat or envelope barrier treatment, it could provide one of the most effective, simple,
environmentally responsible, and economically feasible preservative treatments for refractory
Tasmanian hardwoods.

At this stage, the research is ongoing. It is a relatively theoretical project with modelling of
the diffusion-rate data of boron through selected barriers as the primary focus of the research.
However, when combined with the more practical research focus in Trial 1.4, the results from
this long-term trial could prove extremely useful to the timber industry.

What still needs to be done?

This project requires a lot more research and development before the proposed system may be
considered appropriate for commercialisation or industry-uptake. It is also unlikely that the
proposed system would meet the Australian requirements for preservative treatment without
changes to the Australian Standards, so if the approach is successful it would likely require an
alternative form of certification to be deemed fit for purpose, for example using Codemark?
certification.

2 To know more about Codemark certification you can read about it here: https://www.abcb.gov.au/about-
codemark; or here: https://saiassurance.com.au/codemark-certification-scheme;
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Trial 2 Vacuum pressure impregnation (VPI)

The simplest and most readily available preservative treatment systems in Australia use
vacuum and pressure in large cylinders to impregnate whole packs of timber with either
water-borne or oil-borne chemicals that are toxic to decay fungi and insects. The Bethell (full
cell) method (Findlay, 1985) is widely used to treat softwood species like plantation pine,
which have a high ratio of permeable sapwood in each board. Timber is commonly block
stacked and rolled into the treatment cylinder on a carriage. Depending on the requirements of
the intended application, different chemicals are then forced into the timber using either water
or oil as a carrier and solvent. Using vacuum to draw the air out of the cylinder and out of the
wood, a preservative solution is drawn into the cylinder and hydraulic pressure is applied for
varying periods of time. After treatment, the solution is drained from the cylinder and stored.
The capital costs of setting up a VVPI treatment cylinder are reasonably high, but some timber
producers in Australia have already invested in this infrastructure, while others can send their
product to be treated by specialist preservative treatment companies in most parts of
Australia.

The major drawback when using a standard hardwood vacuum pressure impregnation cycle
and solution strength is the amount of preservative retained in the refractory Eucalyptus
heartwood is usually far less than what is required by the Australian Standards and the
preservative penetration is also limited. This has been shown by the research in this project
and in the affiliated NIFPI project (see final report for NTO47/NIF108). Another drawback is
that timber is normally already seasoned before treatment, but the treatment process often
involves significant rewetting of the wood especially in water-based formulations as fluids are
used to transport the biocides. For many Australian hardwoods, drying is not a simple matter
of putting the timber in a kiln as the high temperatures and air flow can result in drying-
related defects like collapse, checking and splitting that cause major losses. Properly drying
VPI treated timber without defect potentially requires a double-handling that may make the
process unfeasible.

The research in Trial 2 was subcontracted to the Queensland Department of Agriculture and
Fisheries primarily undertaken by researchers at Salisbury Research Facility using their
laboratory-based semi-commercial scale treatment cylinders, with some additional treatment
and analytic work done at I-treat, QLD, and AgriSolutions. The research in Trial 2 extended a
preliminary VPI trial that was carried out by researchers on the affiliated NIFPI project (see
NTO47/NIF108 final report for more detail).

In the NTO47/NIF108 preliminary VPI trial, treatment schedules were identified that led to
adequate copper penetration in more than 50% of shining gum timber samples as per the
penetration requirements of AS1604. Trial 2 in this project further refined those treatment
schedules with a focus on reducing the schedule length to make the treatments more
commercially viable, although some longer schedule times were investigated after previous
trials indicated penetration improvements with longer schedules. Most commercial treatment
schedules run for a maximum of 2 hours and the initial trial treatment schedule aimed to
match a commercial schedule. Trial 2 also explored the addition of off-the-shelf adjuvants to
common preservatives. Alkaline copper quaternary (ACQ), micronized copper azole (MCA)
and a ready-to-use light organic solvent preservative (LOSP) solution were supplied by
Koppers Performance Chemicals (KPC). Finally, Kop-Coat, a commercially available, tank
blend solution of APVMA Approved Water Based Azole + permethrin with typical process
chemicals and small amounts of a boron-based tracer was also included in the trial.
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Trial 2.1 Adjuvants

Concept: Adjuvants are compounds traditionally used in the agriculture industry to enhance
dispersion of insecticides and herbicides and have been trialled in the timber industry to aid
preservative penetration in refractory (hard to treat) hardwoods. These penetration enhancing
agents effectively alter the wood permeability through a combination of dissolving
encrustations that block fluid movement in the wood at a cellular level, and also swelling the
cell structure (Wood et al., 2020). Using vacuum pressure impregnation (\VVPI) and combining
adjuvants with known preservative chemicals may improve preservative uptake and retention
for Tasmanian hardwoods.

Aims: To assess and improve the preservative uptake in seasoned and green-off-saw (GOS)
shining gum; to test certain commercially available preservative treatments, combined with
three differing treatment schedules and three different commercially available adjuvants; to
refine the methods for subsequent use with pre-treatments (Trial 3.1); and to establish a ‘best
bet’ treatment option based on these iterations (Trial 3.2)

Materials and methods: Large scale iterative trials were undertaken in a VVPI treatment
cylinder at DAF (Figures 9 and 10) to ascertain the best performing combinations of two
known waterborne preservatives (micronized copper azole, MCA [0.65%] and alkaline copper
quaternary, ACQ [1.0%]) using standard commercial solution strengths. Three adjuvant
additives were trialled (deidentified and named as B, S, and V). Three different charges were
trialled (100 mins, 130 mins, 190 mins) were trialled (Table 2).

Table 2. Vacuum and pressure schedules
Charge Initial Vac | Time | Hold Vac | Time | Pressure | Time | Final Vac | Time scﬁgtdalﬂle
1 (commercial) -85kPa 30 +1400kPa | 60 -85kPA 10 100 mins
2 -85kPa 60 +1400kPa | 60 -85kPA 10 | 130 mins
3 -85kPa 60 -70kPA 60 +1400kPa 60 -85kPA 10 190 mins

GOS and seasoned plantation shining gum were trialled. All samples across Trial 2 were cut
from matched parent boards (19mm x 100mm), using two cut patterns (Figure 8). Shining
gum was selected as a representative species of Tasmanian hardwood, while regrowth/native
Tasmanian oak was only included in the final ‘best bet’ trial (Trial 3.4) and veneer-based
trials (Trial 2.4) to reduce unnecessary waste. In total, over 1300 samples were treated
(including the LOSP and Kop-Coat trials outlined in sections 2.2 and 2.3 below). A full report
detailing precise methods, results and discussion from this trial is available on request. After
treatment all individual samples were weighed and measured to determine the solution
uptake. After the treated samples were partially air dried (Figure 11), they were cut in half and
conditioned to 12% EMC in a constant environment chamber. A 10 mm wide biscuit was cut
for penetration testing from the centre cross section of every treated sample and oven dried.

300mm 300mm 300mm 300mm 300mm 300mm 300mm 300mm 300mm 300mm

ACQ +| ACQ+ | ACQ+ MCA + | MCA + | MCA + | Kop-
ACQ Adjl Adj 2 Adj 3 MCA Adj1 Adj 2 Adj 3 Coat LOSP

300mm 300mm 300mm 300mm 300mm 300mm 300mm 300mm

ACQ + | ACQ + | ACQ + MCA + | MCA + | MCA +
ACQ Adj 1 Adj 2 Adj3 MCA Adj1 Adj 2 Adj3

Figure 8. Parent board cut patterns for charge 1 (top) and charges 2 and 3 (bottom).

15



Figure 9. Samples awaiting treatment in the VPI cylinder at the Salisbury Research Facility. Photo:
Rhianna Robinson.

Figure 10. Samples before treatment (left) and after treatment (right). Photo: Stuart Meldrum.
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Figure 11. Samples air-drying following treatment. Photo: Rhianna Robinson.

Shining gum (15 samples per treatment)

Charge | Charge | Charge Charge | Charge | Charge
Seasoned 1 2 3 Seasoned 1 2 3
MCA 140 192 231 ACQ 200 206 200
MCA + B 187 176 231 ACQ+B 194 198 215
MCA + S 187 204 239 ACQ+S 169 196 240
MCA +V 223 226 261 ACQ+V 186 217 213

*Green highlighted is the commercial charge and preservative that was selected for the pre-treatment trial,
blue highlighted is slightly longer charge and preservative that was later selected for the ‘best bet’ trial.

Charge | Charge | Charge Charge | Charge | Charge
GOSs 1 2 3 GOSs 1 2 3
MCA 107 104 107 ACQ 107 104 107
MCA + B 108 102 106 ACQ+B 108 102 106
MCA + S 97 138 141 ACQ+S 97 102 65
MCA +V 123 114 141 ACQ +V 107 115 111
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Figure 12. Penetration images of treated shining gum from charge 3+ACQ+adjuvants, left to right,
showing copper penetration of ACQ, ACQ + B, ACQ + Sand ACQ + V. Photo: Stuart Meldrum.

Percentage of penetration* Theoretical retention as % m/m**

ACQ ACQ+B | ACQ+S | ACQ+V ACQ ACQ+B | ACQ+S | ACQ+V
77 80 80 75 0.41 0.40 0.39 0.28
69 77 75 68 0.35 0.39 0.42 0.34
70 76 76 86 0.39 0.45 0.52 0.47
36 40 50 49 0.24 0.26 0.35 0.37
92 92 89 89 0.62 0.55 0.61 0.51
24 19 21 29 0.19 0.16 0.15 0.17
82 90 98 95 0.50 0.54 0.80 0.67
70 80 77 83 0.23 0.32 0.36 0.34
45 45 39 37 0.14 0.20 0.19 0.19
92 90 88 87 0.44 0.43 0.49 0.35
76 81 76 79 0.42 0.48 0.48 0.37
42 43 40 36 0.23 0.22 0.21 0.20
90 90 89 90 0.60 0.64 0.69 0.67
76 90 88 85 0.37 0.51 0.51 0.46
75 80 81 88 0.34 0.30 0.44 0.38
68 72 71 72 <Avg-> | 0.37 0.39 0.44 0.38
0 pass 0 pass 1 pass 0 pass 7 pass 9 pass 10 pass 5 pass
*Minimum 5 mm penetration for timber <35 mm thick. Alternatively, unpenetrated heartwood may be
allowed, but it cannot exceed 20% of the cross section nor extend more than halfway through the sawn
board, nor exceed 50% of the width of the surface on which it occurs.

*Minimum requirement for ACQ is 0.39% and MCA is 0.229% for H3 in AS 1604 Table 4.3(A).
Highlighted cells indicate a pass against relevant requirements outlined in AS 1604.
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Figure 13. Penetration images of treated shining gum from charge 3+MCA+adjuvants, left to right,
showing copper penetration of MCA, MCA + B, MCA + S and MCA + V. Photo: Stuart Meldrum.

Percentage of penetration* Theoretical retention as % m/m**

MCA MCA+B | MCA+S | MCA+V MCA MCA+B | MCA+S | MCA+V
56 60 52 68 0.13 0.13 0.12 0.13
48 39 45 81 0.13 0.12 0.17 0.25
67 79 63 61 0.25 0.27 0.20 0.24
49 46 45 40 0.21 0.14 0.13 0.14
86 90 95 98 0.30 0.29 0.31 0.32

5 30 15 25 0.07 0.08 0.07 0.08
94 94 90 92 0.30 0.29 0.26 0.29
55 50 40 54 0.14 0.12 0.11 0.13
10 56 49 55 0.09 0.14 0.12 0.17
68 77 64 96 0.15 0.15 0.27 0.30
50 71 85 83 0.17 0.18 0.26 0.24
25 58 40 54 0.09 0.17 0.11 0.15
81 82 83 92 0.31 0.27 0.31 0.32
77 81 75 81 0.24 0.25 0.26 0.23
85 75 81 90 0.19 0.19 0.22 0.21
57 66 71 62 <Avg~> | 0.18 0.19 0.20 0.21

0 pass 0 pass 0 pass 1 pass 5 pass 5 pass 6 pass 8 pass
*Minimum 5 mm penetration for timber <35 mm thick. Alternatively, unpenetrated heartwood may be
allowed, but it cannot exceed 20% of the cross section nor extend more than halfway through the sawn
board, nor exceed 50% of the width of the surface on which it occurs.

*Minimum requirement for ACQ is 0.39% and MCA is 0.229% for H3 in AS 1604 Table 4.3(A).
Highlighted cells indicate a pass against relevant requirements outlined in AS 1604.
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Penetration assessments were completed on
he cross-sectional biscui ing th
the cross-sectional biscuits us g the stack at the end of the outdoor drying period and

preservative indicator PAN (1- (2- sprayed with a boron-reactive indicator showing

pyridylazo)-2-napthol) to confirm the good penetration and diffusion through the cross
presence of copper to AS/NZ 1604.3:2021 section. Photo: Stuart Meldrum.

(Figures 12 and 13). Individual biscuits were

evaluated for penetration using a grid analysis (or ImageJ software) and assessed against
penetration criteria outlined in AS1604. Using the uptake results, sample density and solution
strength, theoretical retention was able to be calculated for each sample. Whilst theoretical
retention is different from calculated/analysed retention, it can be used as a predictive tool to
scope the success of a treatment and aid in determining required solution strengths.

Figure 7. Samples selected from the unsheltered

Results: This method did not result in a reliable successful H3 treatment, but findings from the
trial provided critical knowledge and procedural refinement towards making the use of VPI
with refractory Tasmanian hardwood species an effective treatment option that meets the
Australian Standard criteria.

Increases in average uptakes were observed as the charge length increased for all treatments for
both GOS and seasoned shining gum (Table 3). MCA + V charge 3 recorded the highest average
uptake of all for seasoned timber at 261 L/m3. ACQ + S charge 3 recorded the highest uptake
for (ACQ treated) seasoned timber at 240 L/m3. Increasing charge length and adjuvant addition
made visible improvements to penetration for both MCA and ACQ based treatments but only
two seasoned samples met the penetration requirements outlined in AS1604 being samples from
MCA + V charge 3 and ACQ + S charge 3 (Tables 4 and 5).

In terms of theoretical retention, seasoned timber with adjuvant S + ACQ + charge 3 recorded
10 out of 15 passes; and seasoned timber with adjuvant V + MCA + charge 3 recorded 8 out
of 15 passes for theoretical retention (Tables 4 and 5). MCA was deemed to have better
environmental credentials, cause less change in colour after treatment, and is slightly cheaper
than ACQ, so it was selected for further testing with veneer-based products, pre-treatments
and for the ‘best bet’ trial, however both MCA and ACQ performed similarly.

MCA + V and MCA + S charge 3 had the highest uptake of all for GOS timber at 140 L/m?3,
ACQ + V schedule 2 had the highest uptake for (ACQ treated) GOS timber at 115 L/m3. No
penetration passes were recorded for GOS ACQ. In general, GOS material did not perform well
(i.e. seasoned shining gum recorded higher average uptakes in comparison to GOS for both
ACQ, MCA and GOS material significantly deformed while it was drying) so it was not pursued
in the final iterations nor subsequently for the ‘best-bet’ trial (Trial 3.2) or the fire-retardants
trial (Trials 5.1 and 5.2).

The samples used in this study were relatively short in length (approx. 200-300mm) when
compared with actual board lengths that range up to 5.5-6m in length, but all samples were
end sealed before treatment to better represent ‘longer length’ timber treatment. Most of the
material that was seasoned before it was VVPI treated did not collapse or deform during post-
treatment drying, but questions remain as to how the post-treatment drying phase would affect
larger-scale timber elements.

Benefits for industry?

If conventional and readily available equipment and chemicals with known preservative
capability can be used to effectively treat Tasmanian hardwoods, this could be one of the
simplest options for industry to take up. Some Tasmanian softwood sawmills already operate
their own VPI treatment cylinders, but capital costs for setting up equipment would likely be
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expensive for smaller scaled operations. However, there are also existing commercial
treatment plants and providers within Australia where material could either be sold, or sent
for treatment.

What still needs to be done?

Investigating the effectiveness of longer schedule lengths and altering solution strengths could
see further improvements in uptakes and penetration and negate the need for the pre-
treatments which were used to successfully reach the H3 benchmark in sawn boards (see Trial
3.2 below). A study of the economic feasibility of longer schedules and different solution
strengths would also be advisable, and a trial using full scale boards would be of interest. A
further consideration is that timber treated with waterborne chemical preservatives requires
time following treatment for air or kiln drying and this has the potential to result in drying-
related defects if not done in ways that are suitable for the individual species.

Some further refinement of this approach by a treatment company in collaboration with an
interested timber industry partner is highly recommended.
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Trial 2.2 Light organic solvent preservatives

(LOSP)
Concept: Light organic solvent preservative Uptake I/m?
(LOSP) treatment via vacuum pressure Seasoned GOS
impregnation, is a solvent-borne, low-uptake 145 228
treatment process. As it does not introduce 53 191
excess moisture to the wood through the 75 26.2
pressure impregnation process, little to no 10.0 28.7
drying time is required after treatment. Itis 13.6 36.3
commonly used to treat non-refractory species 8.1 44.8
like Pinus radiata, generally for H3 9.3 20.8
applications. 7.2 20.0
7.9 17.0
Aims: To treat refractory Tasmanian hardwood 8.3 34.8
samples using LOSP via VPI according to the 103 15.8
required benchmarks set out in the Australian 7.4 13.2
Standard criteria. 5.5 14.4
7.3 29.8
Materials and methods: Sample sizes and 108 21.9
species were the same as for Trial 2.1. 8.87 2437 | €AV9

Treatment was performed at DAF in a
modified set up using a wet vacuum-vacuum
only and a ready-to-use solution of LOSP.
Limited information was provided on the
required schedule and solution strength, so
calculating theoretical retention wasn’t
possible, but the preservative contained trace
amounts of copper so that penetration
asses