Executive Summary

Thisreportoutlines theoverarching aimsmethoalogy, and resultérom the National

Institute for Forest Products Innovation (NIFPipjectt i t | e d : 6l ncreasing t|
other material characteristics BAsmanian hardwood&\NT014/NIF0781819)! This

nationalresearch project wa-funded by the Australian and Tasmanian Governments, with

cash and irkind contributions from various timber industry and research collaborators. The

project was led by Britton Timbers, with the University of Tasmasishe principal

researcher.

The primary objective of this project was to research, develop, test, and eypabciieal
methods of preservative and firetardant treatments or modifications for refractory
Tasmanian hardwood species. Specifically, the aim was to impiesmanian hardwood

1 durability, for use in exterior cladding applications (outside, abovengipwr H3
compliance according to AS 1604.1:2021; and

1 bushfre-resistancefor use in zones withisk of bushfire attack (BAE29), 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 methodologycindedbackground literature review and development of a series
of strategicexperimentatrials conducted by collaborative research teams dttineersity of
Tasmania, the Queenslabepartment of Agriculture and Fisheries, the University of
Melbourne,andthe University of Queensland

The materials under investigation in each trial were primaalymaniar26-yearold thinned
and pruned plantatioshining gum Eucalyptus nitendnd 6680 year old regrowth
Tasmanian oakHucalyptus spf.3], including: E. obliqua, E. regnanandE. delegatens)s
Some other specié€s.g. Tasmanian blue gufi. globulu$, spotted guniC. maculaté,
blackbutt[E. pilularig], and radiata pinfP. radiatd) were included as comparatans
controlsbut were not th@rimaryfocus of tle research.

Theabovementionedspeciegexcept spotted gumind blackbuitare not naturally durable or
fire resistantThe heartwoodor true wood)f the Tasmanian speciesalsorefractory,
meaning that it i@xtremely difficult to treat using conventional treatment metlaods
chemicalsTo overcome these challengdse folowing strategies were trialled:

Trial 1 Dual treatment system

Trial 2 Vacuum pressure impregnation

Trial 3 Pretreatment with vacuum pressure impregnation
Trial 4 Non-chemical

Trial 5 Fire retardants

B

Significant autcomes from the researticlude:

1 Theresearch relates directlgasecond NIFPprojectt i t | ed 6 New met hods of reliabl
durability in commer (NTOA7V/NIF$081818) Semmeaohthereservatiee tréatmanne s 6

work and analysigonducted as part ®fIF108is of direct relevance to the aims and outcomehisfproject. It

is advised that the final reports be read together.



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

o Further work usin@dditional species, e.gasmaniarplantationshining gum
and blue gunveneerbased products recommended

o0 Furtherresearctonthinner dimensionethminated elements (e.g. LVLs, GLT)
and potential gluéne treatment is recommended

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

Successful fireretardant treatment of Tasmanioak 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
availablefire retardants

o Further work usingd asmaniarmplantationshining gumand blue gunveneers is
recommended

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

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

Successful, novehethodfor treatingseasonedawn plantation Tasmanidardwood
boardssuitablefor exterior wall cladding thahe the penetratiorrequirements foH3
compliance according to AS1604.1:2021

o0 The method usedralling compressiompre-treatment system to increase the
pathways for fluid flow within each board, followed byacuum pressure
impregnatiortreatmentusing an optimised charge (schedule lengths and
pressuresandcombininga known preservative chemicaith acommercially
availablepenetration enhanciredjuvant additive

0 Using this optimised treatment method, 15¢#asoned Tasmaniaak
samplesand #¥/15 dining gum sampleachievel total cross section
penetrationhigh uptakes and theoretical retentions that pass the requirements
outlinedin AS1604.12021

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

o Further R&D is panned to refine the desigri the pretreatment system

Over 50% of samples passing the penetration requiremiets treatedising
vacuum pressure impregnation with optimised pressurebagdrschedulinganda
combination ofadjuvant aditivesandconventionapreservativeehemicals (ACQ and
MCA)

o With furtherrefinementto optimise the solution strengths and schedule
lengths this method couléventuallyeliminate the need fa rolling
compressiompre-treatmento achieve H3 compliance according to
AS1604.1:2021

o Further R&D is recommended

Significantfindings on the controllability of springack, set recovery, colour change,
adhesionandability to gluethermemechanicallydensifiedplantation shining gum
andnative regrowth Tasmanian qakith further research already underway
Significantsteps towards development opedictive model for boron diffusion rates
through select barriers in support di@onbaseddual treatment system plantation
shining gum and native regrowth Tasmanian oak



Because the research resulted in some successfidome promisingutcomes for both
durability treatments and fireetardant treatments in Tasmanian hardwoods, the following
report includes a summary of the major research projects, elgbtedkey information
redactedn consideration opotentid commercial opportunitie€ach of he trials have also
been tabulated on pagéa 75to provide a quick guide to the key opportunities and
suggestions for industmgsulting fromthis research.
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Standards referred to in this rep

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

AS 3959:2018 Construction of buildings in bushfifgrone 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 furetardantreated wood for fire testing

AS 5637.1.2015 Determination bfire 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 Comstruction Code, Australia

AS/NZS1080:2012 Methods of test for moisture content determination

ASTM D2395i Standard test methods for density and specific gravity

AWPA - American Wood RitectionAssociation, annual book of standards

AWPCT Australasian Wood Preservation Committee / Protocols for assessment of wood
preservatives

Gl ossary

ACQ - alkaline copperquaternary

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

ASET 1 available safe egress time

BAL i bushfire attacklevel

BAE 1 boric acid equivalent

Blackbutti Eucalyptus pilularis

Blue Gumi Eucalyptus globulus

Boroni generally used in this document to refer to disodium octoborate tetrahydrate (DOT),
or interchangeably used to refer to a bebased preservative treatment

CLT 1 cross laminated timber

Cone calorimeter used to assess fire performance of timber

CSAW:' Centre for Sustainable Architecture with Wood

DAF i Department of Agriculture and Fisheries

GLT 7 glued laminated timber

GOSi green offsaw

Group numbef interior fire performance rating (e.Group 1)

HRRT heat release rate

LOSPT light organic solvent preservative

LVL 1 laminated veneer lumber

Kop-Coati a commercially availabl&ank blend solution of Approved/aterBased
Azole+permethrirwith typical process chemicals and small amounts of a boron tracer
Koppersi Koppers Performance Chemicals

MCA i micronizedcopperazole

NCC1 nationalconstructioncode

NIFPIT National Institute for Forest Products Innovation

NTO14/NIFQ78i shorthand eference number for this project

NTO47/NIF108i shorthand reference number for an affiliated project on durability titled:
New methods of reliably demonstrating species durability in commercially relevant
timeframes

PANT preservative indicator-12-pyridylazo)2-napthol



Radiata pinég Pinus radiata

RSETT required safe egress time

UM T University of Melbourne

UQ 1 University of Queensland

UTAS 1 University of Tasmania

Schedule/Charge/Cycleall refer to the combination of vacuum and presswy@es totalling

to the length of time required in a treatment cylinder. These terms are used interchangeably.
Setrecoveryi a type of swelling deformation that occurs after densified timber is exposed to
and absorbs moisture

Shining gumi Eucalyptus Nitas

Spotted gum Corymbiaspp.

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

SRFi Salisbury Research Facility

Tasmanian oak collective term for three specielSucalyptus regnan€ucalyptus
delegatensiandEucalyptus obliqua

TM i thermemechanical densification

VPI'T vacuum pressure impregnation

Vi
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|l ntroducti on

AustralianEucalyptusspeciecommonly grown in Tasmania, includisigining gum(E.

nitensH. Deane and Maidgnblue gum(E. globulus]. Labillardier¢ and Tasmanian oak

(three specie<€. obliquaL 6 H ®.megnang$-. Muell, E. delegatensik 6 H,@&rme fast

growing and have good physiaaid aesthetiproperties for use as building materials. They
are an important source of timber both for export and domestic maCketently, the timber
industry ismostlylimited to sellingthese speciesither for woodchip production dor indoor
applicatiors. One of the reasons for this is that tlaeg not naturally resistant tongi or

insecs, and do not exhibit natural fire retardant properfiesexpand thenarketpotentialfor
these timber species é&xteriorbuilt environmengpplications, they must lgeservative
treatedaccording tcstrictcriteria outlined by relevant Australian and New Zealand standards.

However, he heartwood (also called true wood) cfsa Tasmanian hardwood species is
extremely resistant to fluid chemical treatments that are commonlyiruséaer low

durability timbers like pineMostsawn boards have a high percentageefsctory

heartwood which presents a challenge to producers who wish to expand their product range
into exterior appearanggrade applications likesall cladding.

With a focus on the needs and practicalities of timber industry piogessd capacityn
Tasmaniathis research pjectinvestigatedgreservative treatmenmethodgo improve the
durability andbusHire-resistance of Tasmanian hardwoods so that they may be safely used as
exterior claddings. A secondary aim was to improve the material fasiserior linings or

for other indoor applications.

Background dhallenges and sategiesfor wood preservation

Australia is renowned for its aggressive decay fungi, insects, and bushfires, making it one of
the worl déds most c ha lldingwthgwoodWoedmpreservatiomme nt s f o
generdly involvesprotecting timber fronsuchdestructive hazards increasets longevity in
service as a building materi&isk levelcan vary significantly depending on the

environmental and climatic context where the timber is expddesteare many different

species of fungumcludingvarious types omould fungi, which tend to generate relatively
superficialand appearanegaseddamage, and decay fungi which tend to cause more
problematic structural damage in timber. A commonality is that most fungi require oxygen,
andmoistorganic matteas a food source to flourigh.g. timber, at around 25%0%

moisture content or more). Difkent fungiare likely to attackdifferent species of timber and
some of the most aggressive decay fungi occtirartop 250mm of saiLike decay fungi,
insectssuch agermitesgenerally attack from the ground up and prefer to eat moist wood as
well, although some will also cause damage under dry condjtiortsertain speciesan fly.

With sufficient oxygen and heat, timber acts as an excellent fuel source f@tdel and

Morrell, 2020)

Sometrees have heartwodtat is resistant tboth busHire and biological organisnthat

cause deterioration (Australian Standard3$59:2018; Australian Standard 5604:2005).
Natural durability is commonly the result of a combination of naturally occurring extractives
thatare toxic to fungi and insects, and low permeability (Archer and Lebove) 200ile fire
performancas often correlated witthe density of the timbgAS 3959:2018. Somenon
Australian native hardwoods, like teak or merbaunaterallyresistanimore so to decay

fungi than fire) it environmental and economic realities inéhgldiminishing supply of
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rainforest and native resourceslatively unknovableforest practices standards in other
countries, carbon mileage, and unreliable and often highrtatmmn costs, meathey are
less desirable to use than certain Australian hardw&@mise Australian hardwoods like
spotted gum and blackbutt are also considered naturally resistant to decay fumgskingl,
but againpld growth native forest resourcagseless andess obtainableThere is also
increasingevidence to suggesitat plantation timber of the same spegclesvested around
16-30 years oldgdo not necessarily have the same durabalitfire performance
characeristics(Beadle, et al., 200&rancis 2029 as material which is much older at the
time of harvest

Unfortunatelythe heartwood of some of the most abundant aneyfasting Australian
hardwood species like shining gum, blue gum and Tasmanian oakhbanatural fire
resistance and very low natural durability

In Australia, the natural durability of different species of timber are classified in the
Australian Standard A5604:2005 by their probable life expectancy in different exposures.
AS 5604 rates shining gunk( niten$ 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 géimdlobulu$ is classified as a Class 2 timber

for above ground (16 40 years) and Class 3-ground (5 15 years). Tasmanian oak
comprises three different species, which rate differently to each otheg witgnansandE.
delegatensislassified as Class 3 above ground and Classyaand, andE. obliqua

classified as Class 3 above ground and ClassyBannd

Given their low durability ratings thegaustralianhardwood species need topreservative
treated or modified in some way to provide acceptable longevitywésitbuilding
applicatiors. The Australian Standard AS1604.1:2021 identifies six primary hazard classes
for timber and outlines different levels ciemicalpreservative treatent required for the
heartwood and sapwood of hardwood and softwood in each hazard class. Exterior cladding
(the focus of this research projefdlls into hazard class 3 (H&)relatively broad category
thatalsoincludes fencingnaterial decking, soffi linings, and anything else that is to be used
outside but not in contact with the sdilheAustralian Standardood protection

requirements fohardwood sawn timber in af3 exposure includeomplete sapwood
penetratiorandeither 8mm of penetration of heartwood in timber >35mm thick or 5mm for
timber <35mm thick (AS604.12021). Alternatively,unpenetrated heartwomday be

allowed but it cannot exceed 20% of the cross section nor extend more than halfway through
the sawrboard nor exceed 50% of the width of the surface on which it occurs

In terms of fire, thAustralian Standard AS959:201&ulfils a dual purpose: (1} defines

the potentiatisk andseverity of a bushfire at a building site, based on the bhiraate or fire
danger indexvegetation, and topographical conditipasd(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), whicbntains, BALLOW (no
requirements for building elements), BAI2.5, BAL-19, BAL-29, BAL-40 and BAL-FZ
(flamezone). Each BAL is associated with the maximum expected exposure heathkilux
that a structural element might experience during a bushfirdB@ke-29 anticipates a
maximum exposure heat flux of 29 kWAmIn addition, higher BALs also anticipate the
accumulation of embers or contact with flames.

Althoughinteriors werenot the primary focus of this research projecteptable safety of

occumnts 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 reachhlateoaditions 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 Numbersanging from 1 (highest performingoncombustiblg to 4 (poorest
performing)are one of multiple methods to classify building matet@ategulate their
acceptable use iterms of the fire performance bildings.

To be able to utilise some of the abundant, low durability andlsifire resisting
Australian hardwood timber in a broader range of applications, smnmeof preservative and
fire-retardant treatmems needed. However reservativeand fireretardantreatmeniof the
species outlined above ia angoingchallenge whiclthetimber industryandvarious
researchers have beeying to addresfr many yearsvith varying degrees of succe3$e
most common method for protecting wood is to apply a coating or paint that protects the
wood from excessive moiseiuptake, thus limiting the likelihood of decay fungi causing
damage Similarly, various intumescent or other figtardantcoatingsarepromotedo
improve fire performanceédowever, coatingalone do not offer sufficient protection from
decay fungi and@hsect attack, andre only useful so long as they remain intheick of
maintenanceyweathering, and human interference (ewglding contractors drilling, cutting
or rip sawing timber elements on a construction siga) quickly render coatings redundant.

Other methods that penetrate the wood more deeply than a coating, like using vacuum
pressure to impregnate the wood watfiuid chemical preservatiegliscussed further in Trial

2 below) are the most effective means of preserving timber in thetkxng However,
conventional treatment processksnot workconsistentlywith the Eucalyptusspecies that

form the focus of tis researchlhe challenge with treatingucalyptugo improve its

durability and fire resistance mostly lies in the structure of the wood at a microscopic level.
Wood et al., (2020) outline the problemith regard taa representativEucalyptusspecies
(shining gum)as follows:

OFluid flow in wood is | argely dictated b
at a cellular level (Nicholas and Siau, 1973; Siau, 1971). The cell structure of hardwoods

is composed of vessels, fibres andgpahyma. 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 withres representing ~60% of the total section.

Vessels can become occluded with tyloses that block flow and these are common in
Shining gum heartwood. OPitsdéd are general
they essentially act as a channel or conbeefitveen 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 ot he

Many methods have been trialléolentance the treatability dbw durability eucalypts using
preservative chemicals, includimgcising, presteaming/boiling, pressure variations in

vacuum pressure impregnation, ammoniacal solutions, diffusion, and supercritical fluid
treatments (Cookson 200®Mowever, so far, the literature has not revealed any treatments for
Australian hardwoods that are able to properly satisfy the requirefoet8 applications

that areoutlined in AS1604.1:2021.

Research design and progression

What cannot beverstated about this researgtoject is that it was a national, collaborative
effort involving multiple partnersthe 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 @ollaborative research planning meeting and subsequent literature review
co-authoredby the lead researchers across both projectd thishelped establish the most
viable potatial strategies to achieve tpeojectgoals(Wood et. al., 2020)The project

research team collaboratively established a serisgategidrials that werghenundertaken

at the University of Tasmania, the Queensland Department of Agriculture svetiEs, 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 CQ/ID-19 pandemic, thproject was initially beset by variations to the overall research

strategy and slow sutontract negotiations which significantly delayed the start of the

research. Major research trials began approximately a year and a half bekihaesch

Ongoing challenges caused delays throughout the project, including interstate travel

restrictions, healtelated absences of key researchers, and short and often delayed supply of

ti mber, along with unti mel y ddausedubyatrdlocationt o CS
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 outpuBsoject 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 projecBrogress was also reporteackto industry partners through a sesriaf
milestone meetings, during which financial obligations were also reported on and signed off.

Document structure

This document is a compilation of work lgiriousresearch team Final reportsletailing
methods and resultgere provided bygachresearch team who collaborated on the pr@ect
these reportsan be made available on request. Sheuermaries of the associated waule
provided in the body of this repo&ome sgments of the wiing from collaborator reports
have beemlirectly extracted and included in the main body a$ tkeport, and the
authors/contributors are properly acknowledgegrasary co-authors of this documeirt
full.

Strateesgeiacr ch tri al s: met haddl ogi e:s
di scussi ons

This research project involved literature review, collaborative research design with national
research teams, and largeale replicated scientific experimentatid.initial planning

meeting thestrategiesliscussedncluded trialling greenoff-saw (GOS) and seasoned

materialof various Tasmanian timbergeneetbased products and sawn boards; physically
preconditioning or préreating the timber to increase pathways for preservativeffadvia
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 (VPI) process; iteratively impgothe 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; thermanechanical densification; aning VPI for fire retardant treatments.



Following the research planning discussions held at the collaborativeistaxteting,

strategies outlined by Wood, et al. (2020), and the results from some initial preservative VPI
treatment trials that were de in theaffiliated NIFPIproject(refer toNT047/NIF108final

report for more detailfive major research trials were established for pinggecteach withits

own subset of research trials which involved systematic experiments with thousands of
sampledeing 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 hae 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), howevemanyof 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 reshtiseofrials

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 stital components that were conducted under the auspices of the
NIFO78project. 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-baseddip-diffusion with leach
preventing overcoat

Boron-based timber treatments ateeap, readily availablandhave excellentungicidal and
insecticidalpropertieqFindlay, 1985; Archer and Lebow, 2006.gp317; Cookson et al.,
1998. Boratediffuse easily into wood, even refractory heartwood, when it is wet
(unseasoned), and do not alter the appearance of the timber sti@gare also a known
chemical component in many firetardant treatments (LeVan and Tran, 1990)lzordn
based tremnentsoften include a chlorinated phenol to help control mould fungi dunmier
air-drying. The key challenge with boremased treatments is that whilst they are relatively
easy to getinto refractory timband significantly improve its durabilityhey leach out just
as easily when the timber is exposed to water over time.

To overcome the leaching issue, this trial investigated a dual treatiediffusion witha

vacuum pressure impregnated (VPI) coasggtem Dipping wood in a boron solutiormf 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 simpénd feasiblevay to get boron into wooamblyn, 1985;

Findlay, 1985) This research aimed to test whethéhia, vacuum pressure impregnated

(VPI) envelopeor other coating systemsing 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 treatmendlip-diffusion methods have been proposed by various researchers and
effectively employedn the United Stateis 1985 (Amburgey and Sande2§07;2009 to

treat railway crossties made framn-durablerefractory timber\yhite oak, red oakrad gunj

by dipping boards imifferent commercially available borate solutions for one minute,
allowing them to diffusdor four weeks and theair-dry, followed byanovercoatreatment

with two differentoil-borne preservatisgcreosote and copper napttate) Althoughoil-
bornecreosoteand copper napthenate will protect timbeHi® exposureshey arenot

available foruse in domestiapplications in Australidue to concerns about toxicity.

However, copper napthenate is sometimes used in a light organic dobwveatpreservative
solution, and this oother VPI preservative types may be able to provide enough of a barrier
to prevent leaching.

Canadian woodcgentists at FPInnovatioradsoinvestigated the use dPI borontreated

timber elements with brushexh or sprayeen transparent coatings to prevent leaching. After
being subjected to accelerated artificial weathering tests, a-based twepart, twaestep

film was found to be the most effectige preventingeaching of boratekom the wood

(Morris et al., 2008). Thisesearctwas followed by a longerm field trial, and results from

eight years of exposure indicated that whereas untreated contfgesamere experiencing
moderate to advanced levels of decay, the bdratged 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).

Thesepromising results indicate that a simiduattreatmensystem may ba suitableand
effective way to treat refractory Australian hardwodidse subset of trialsdiscussed below,
aimed to develop various aspects of this approach.

The research forfial 1 was primarily undertaken @/PhD candidate and other researchers
and technical stafiit the University of Tasmania, using the laboratory equipment at the
Centre for Sustainable Architectur eandwi t h
access to facilities wi ChamistryglepartmentNatenthattieer s i

Wo o
ty



resarch 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.

Boronbased treatments used in this trial were pregidy KPC and AsadaAG (formerly
Lonza Specialty Ingredientsand reagents were purchased from Ace Chemical Company.

Trial 1.1 Treatability of Eucalyptusvia boron-based dipdiffusion

Concept:Boron-basedpreservative treatments are already use@riousEucalyptusspecies,
butcommonlythe process aims to treat thenrefractorysapwood of speciasith naturally
durable heartwoodike spotted gum or blackbuibr H1 or H2 applicationsgCookson et al.,
(1998) describé&reatingrefractoryTasmanian hardwoods (blackwood and messmate) with
boronbased chemicals viaoth Bethell VPI anddip-diffusion, but the treatment was intended
to protect the sapwoaabainst lyctil beetles, athno mentioris madeof theeffectiveness of
thetreatment in heartwood.hereis a gap in the&knowledgeregardingthe effectiveness of
using dipdiffusion to treat refractorfzucalyptusheartwoodusing thedip-diffusion method
Therehas beettittle needfor a test that looks specifically at how to tréarefractory
heartwood ofhining gumor otherEucalyptusspeciedecause the Australig@iandards do

not consider borotased preservatiieeatments suitable for exterior (H3+) applicatiofs.
premise for te dual treatment hypothesis, is that a simple bdrased dipdiffusion

treatment is an effective way to treat the heartwood of Australian hardwoods, but little is
known about the most ppopriate dipping times, solution concentrations, drying times, etc.
for the species under investigation.

Aims To test the efficacyf treatinggreenoff-saw (GOS)rasmanian hardwoospecies/ia
dip-diffusion with a boronbased preservatiyand establistheappropriate dipping ting
solution strengtl) anddiffusion period for different thicknesses of timber.

Materials and rathods GOSTasmanian T
plantationshining gum andegrowth - 1 m . | '
Tasmanian oakamplef varying i  \ “ 1 3

thicknesswvere used for this experimefsee
Tablel for dimensions)Initial moisture |
content and densitywasassessely cutting
a 20mm biscuifrom five boards of each
thickness and weighing the samples befor
and afteroven dryng following themethod
outlined inAS10801:2012andASTM
Standard D2395A test to determine the
average percentage of heartwood vs
sapwood for each speciemas also
undertaken before the &ement by

sprayirg amethyl orangesolution ona cross
sectiors of GOS and dried wood\ separate
pilot trial was also undertaken to establish
the optimal dipping time for the samples i
the boronbased solutionby establishing
net water uptake at diffent dipping _
intervals In thepilot trial, GOS shining \ g &

gum and T_asman'an oak samples were Figurel. Samples being dipped in a borbased |
immersed in wateand extracted aine preservative solutionPhoto. Ros Ghani




minute two minutes, three minutes, four minutes, five minutes, ten minutes, one hour, three
hours, six hours antiventy-four hoursandthe preservativaiptake measured at egabint

From statistical analysis, dipping at three minutes consideredufficient to have

significant water uptake for both wood speci@ipping for one hour or more significantly
increasd the uptake, but as this project aimed to remain relevant for industrial timber
processing, longer periods were ruled out.)

After these initial characterisation tesbsestablish a methodamples weredipped(Figurel)
for three minutegnto one oftwo different commercially available bordrased preservatives
(Timbor and Diffusol) at two different concentrations (10% BAE and 15% BREdher than
block stacking and covering with a plastic wrap as per a typical diffusion prd@sdlyn,
1985 Archer and Lebow2006, samplesverearrangedvith spacergrack stickspetween
each layeto mimic a typicalyard dryingrack configuratiorthat allows airflow between the
boardsas is likely to occur in an Australian hardwood drying procgamplesvereextracted
from thedmini-rackbat four intervals throughout the drying peridd,assess theegreeof
boronpenetration

Assessment was done by calculating boric acid equalent (BAE),net boron uptake (I/8),
andtheoretical retentionsing the following formulae:
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Penetration was visually assessed usingircuminbased indicator spray on sample cross
sections Statistical analysis was performed using the egaurce statistical package which is
RStudio. The statistical analyses that were carried out were: (1senafywariance

(ANOVA) i to determine the overall significance of the data and (2) Tukey's post hoc test
to find the specific group of the significant means.

Table 1. Boron-based preservative treatment of Tasmanian oak and shining gum of varying
thicknesses
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) (WxHXxL) (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. - .
regnans, E. Timbor 10% 5 5 5
delegatensis) 15% 5 5 5
Total samples: 120




Resultsthe detailedresults are not provided here as a publication by the PhD student on this
subject iscurrently in draff however, irsummary, a short dipping time of three minutes was
found toresultin a suitable concentration of boron within ti@rtwood of 22nm shining
gumboard following atenweekdiffusion periodBoron retention was still low in the other
shining gum thicknesses andTimsmanian oak boards, but increasing the solution strength
couldresult insignificantly higher retentiond/isual assessment revealed thaisn22mm

boards showed complete penetratiorough the cross section. Althoug8mm and 42nm
boardswere not completely penetrated, they dlad not yet reached fibre saturation point
(FSP) by the end of thenweekdiffusion period, meaning that boron would continue to
diffusethrough 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 andrpgag in the heartwood

of refractory Tasmanian hardwoods using a bdrased dipdiffusion 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 bebased treatments for interior
applications due to the leaching isgoeentionedabove) As such there is no Australian
standard outlining the retention amotimat would berequired for boron to be used a
fungicide or insecticiden exterior applicationdnterior applications (HH2, inside above
ground in Australia require aespectivaetenton amount 00.047% and.35%m/m,
(AS1604.1:202) It is likely thatfor exterior applicationa higher retention amount would be
requireddue tothe greaterisks posed by aggressive fungi or termites, @nallow for
potential losses chemicalconcentratiorthat might occur during the production process
noted in trial 1.1 abovéo improve retentiomesults the concentration of a chemical solution
can be increasedut borontends tacrystalise at high concentratiomfiich could prevent it
from properlypenetrating the surfae® diffusing throughhe wood The American Wood
Preservers Association (AWPA) Standard-20.for sawn timber and crosstigsovides a
usefulnon-Australianbenchmarkor the use o& boronbased timbepre-treatmenifollowed

by overcoat of some kind) anexterior applicationsuggesting that a minimum of 2.7kd/m
is neededFindlay et al., (1985pg. 6§ recommendhat the average retention of boric acid
equivalent (BAEXhat isneeded to
effectively protect timber is 0.4%/m based ——
on the dry weight of the wood, with 0.1% oo BT |
m/m concentration in the core of the board. - oyl
Before refining the process to better
understanavhat an appropriate concentratig
level of boron should be in Australian
Eucalyptuswe first needed to know how
high we could push the concentration of the
(unheated¥olution before causing
crystallisation.

Aim: To establisithe highest possible
concentration of boron thaanbe retained in
Tasmanian hardwood species.

Materials and rathods GOSplantation

shining gum boards 108m x 25mm x 250 §&
mm wereselected as a representative
refractory Tasmanian hardwood adigped ™ =

into anunheatedoronbasedsolutionat Figure2. Samples being weighed after dipping.
Photo Ros Ghani
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different concentrations, increasing from 15% BAE to 30% BAE in 1% increr({fents
samples were used for each level concentrat®aiples werend sealed, angeighed
(Figure 2)before and directly after dipping to determine gross retentions. Theoretical
retention wagalculatel and converted from %/m to kg/n?for easy compason with other
standardsising the following formula:
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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.

Resuls: The detailed results are not provided here as a publication by the PhD student on this
subject is still pending, however, in summahge highestheoreticalretention achieved at a
concentration of 30% was around 0.6%m or 3.30kg/n? assuming an avega density of

550kg/n# for the shining gumThis is greater than the amount required by the Australian
Standard for H2 applicatior{®.35%m/m) and is alsanuchhigher than the amount required

in the AWPA U120 for a dual treatment approach in railway citiess(2.7kg/n?). Further

research is needed to determine analysed retention of selected baatksse retention

amounts ar@romising for the proposed duatatment approach.

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

Concept To supportthe hypothesis that a bortrased dual treatment system may dme
effectiveway to treat refractorfzucalyptusheartwood, wdirst nee@d to understand theate

at which bororbased preservatives move (or leach) through different materials under high
moisture regimesThe rate at which borebased preservatives move througttreated and

barrier treatedasmanian hardwoogdsr the diffusion coefficient (Ra, et al., 200tay be able

to be mathematically quantified data can be collected that estahks how long it takes for

boron to move through saturated wood (i.e. stestdte diffusion accor ding to Fic
of diffusion). This can be done experimentally usiagliffusion cup methodTarmian et al.

2020) A diffusion cup is designed taccommodate two solutions in two chambers: for
example, a borobased preservative solution in one end; and distilled water in the other end.

Boron chamber Distilled water

.T‘—v—’T

Male Connector

o Ring<: <—| Sample

|

Female Connector

L |

Figure3. Diffusion cup apparatus schematic
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The two chambers are separated by a piece of wood sarthaolution 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 anested for the boron concentration, and this process
continues until the boron concentration in distilled water side reaches a steady state.

Aims To collect diffusionrate data for boromovement through untreated Tasmanian
hardwoods and Tasmanian hambas coated with selected preservative barriers and to develop
a predictive model for leaching rates over time.

Materials and methodsThe 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 del 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 conn@éigures 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 paraffikxpetc.,). In the diffusion cup apparatus, one
chamber was filled with distilled water and the other chamber with a Hxaeed preservative
solution. A small access point at the distilled water end was used to extract a 2ml sample every
few days and reptzd with an equivalent amount of distilled water. The samples of solution
were then analysed for boron concentration using the AWPA2A6&andard method using a

UV spectrophotometer, and AzomethiHereagent(Figure 5). This extraction and analysis
process will continue until the boron concentration in the distilled water end of the diffusion

Figure4. Diffusion cup apparatus2hoto:Kyra Figure5. Solution used for boron content
Wood. determination test.Photo Ros Ghani

Resultsthe detailed results are not provided here as the data collectogoing. A
publication by the PhD student on this subject will follow.
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Trial 1.4 Treatability of Eucalyptusvia
boron-based dipdiffusion: UPSCALED

Concept Industrydrying practices and
processing of Tasmanian hardwoods invol
several stages that may undermine the
viability of a boronbasedreatment option.
For examplethe inclusion ofa process
whereby freshly sawn, racked timber is
subsequently block stacked and covered fq
a periodof 3-4 weeks (a critical step
according to most diffusion theory, see
Findlay et al., 1985,.g. 53) before being
separated with raegticks for the akdrying
periodis a doublehandlingthat isunlikely
to be wellreceived in the Australian
hardwood drying industrylesting the
proposed dual treatment systatra larger
scale and simulating certain stages of timb
production may help to establish whether
this process is viable.

Aims To test and evaluate the borbased
treatment approach outlined in Trial 1.1,
using a larger sample size and scale, and  Figure6. Unshelteredrack of boron treated shining
simulding and considering industry standar gum boards air dryingt T4Q with leachate collection
practices like air dryingacks of timber set up undemeathPhoto Kyra Wood.

spaced with rack stickshelteredgind i _ 1 ‘ e
unshelteredl The timber will then be ~ : - —
reconditioning and dried as per industry
practice, then dressed and the waste
recovered for preseative analysis and
disposal as per regulatory requirements

Materials and rethods This trial used
thinned and pruned 2¢earold plantation
shining gum dipped in a commercially
available bororbased treatmentVork (so
far) hasincluded: dipping larger sample
sizes (500mm x100mm x 25mm) and
guantities (~1.5@) following thetimes and
solution conentrations outlined in Trial 1;1
weighing to determine uptakescking and
airdrying in the yard at T40 (covered and
semishelteredFigures6); collecting
leachate from under the adrying timber to
establish whether unsheltered air dryargl
exposure to the elemerdignificantly affects
the amount of boron in the wooahndchecking the sapwood vs heartwood content of boards
to establish thefeect of sapwood content on uptake amouhtgther tests will include:
reconditioning the wood in a commercial reconditioning proaressing and finishing the
wood before VPI or hot wax dip as per the best performing barriers shown by the PhD
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researcloutlined in Trial 13; and finallytesting the durability of the proposed system with
weathering tests, field trial and laboratory decay analysis.

Results:This component of the research is ongoimgwever initial results indicate good
penetration andiffusion through the board cross sections in both sheltered and unsheltered
racks during th@ine-monthdrying perod (Figure?). At the time of reporting, the boards are
being reconditioned and dried by an industry partngguBlication on this subjeaetill

follow.

Benefits for industry?

If a boronbased preservative treatment solution can be reliably prevented from leasimgg
anovercoat or envelope barrier treatment, it could provide one of the most effective, simple,
environmentally responsible, and economically feasible preservative treaforentfsactory
Tasmanian hardwoods.

At this stage, the research is ongoing. H i®latively theoretical project with modelling of

the diffusionrate data of boron through selected barriers as the primary focus of the research.
However, when combined with the more practical research focus in jahé.results from
thislong-termtrial could prove extremely useful to the timber indyst

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 indusfrtake. It is &0 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 deemfedor purpose, for example using Codentark
certification.

2To know more about Codemark certification you can read about it itgps://www.abcb.gov.au/aboeut
codemarkor herehttps://saiassurance.com.au/codenakificationscheme

13
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Trial 2 Vacuum pressure impregnation (VPI)

The simplest and most readily available preservative treatment systédmstralia use
vacuumandpressuren large cylindergo impregnatevhole packs ofimber witheither
waterborne or oitbornechemicals that are toxic to decay fungi and insédis. Bethell (full
cell) method(Findlay, 1985)is widely used to treat softwood species like plantation pine,
which have a high ratiof permeablesapwood in each boar@imber is commonly block
stacked and rolled into thesatmentylinder on a carriagédepending on the requirements of
the intended application, different chemicalsthenforced into the timber usingitherwater

or oil as a carrier and solvehising vacuum to draw the air out of tbginder and out of the
wood,a preservative solution is drawn into the cylinder and hydraulic pressure is applied for
varying periods of timeAfter treatment, the solution is drach&om the cylinder and stored.
Thecapital costs of setting up a VPI treatment cylindereasonablhhigh, but some timber
producersn Australiahavealreadyinvested in this infrastructurevhile others can send their
product to be treated by specsajpreservative treatment companiesnost 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 Standdiitie a
preservative penetration is also limitddhis has been shown by the research in this project
andin the affiliated NIFPI projec(see final report foNT047NIF108). Another drawback is
that timber is normally already seasoned before treatmerthdtiteatment procesdten
involves significant rewetting of the wo@specially in watebased formulationas fluids are
usal to transport the biocideBor many Australian hardwoods, drying is not a simple matter
of putting the timber in a kilas thehigh temperatures and air flow can result iyiray-

related defects like collapse, checking and splittive@ycause major losseBroperlydrying

VPI treated timbewithout defect potentially requiresdoublehandling that maynake the
process unfeasible.

The research in Trial 2 wasibcontracted tthe QueenslanDepartment of Agriculture and
Fisheries primarily undertaken by researcheiSalisbury Research Facility using their
laboratorybased seratommercialscale treatrant cylindes, with some additional treatment
and analtic work done at-tred, QLD, andAgriSolutions. The research ifrial 2 extenéda
preliminary VPI trial that was carried out by researchers on the affiliated NIFPI project (see
NTO047NIF108final report for more detail).

In the NTO47NIF108preliminary VPI trial] treatment schedules were identified that led to
adequate copper penetatin more than 50% odhining gum timber samples as per the
penetration requirements of AS1604ial 2 in this projecturther refined thosereatment
schedules with a focus on reducing the schedule length totmatkeatmers more
commercially viablealthough some longer schedule times were investigated after previous
trials indicatedpenetrationmprovementsvith longer schedulesMost commercial treatment
schedules run for a maximum of 2 hours and the initial trial treatment sclaachelé to
matcha commercial schedul@rial 2 also explored the addition off-the-shelfadjuvants to
common preservativeslkaline copperquaternary (ACQ)micronizedcopperazole (MCA)
and areadyto-use Ight organic solvent preservative (LOS#®Jution weresupplied by
Koppers Performance Chemicals (KPEhally, Kop-Coat a commercially available, tank
blend solution of APVMA Approved Water Based Azolgermethrin with typical process
chemicals and snlaamounts of a boroiased tracewas also included in the trial
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Trial 2.1 Adjuvants

Concept Adjuvants are compoundsaditionallyused in the agriculture industry to enhance
dispersion of insecticides and herbicides and have been trialledtimtiex industry to aid
preservative penetration in refractory (hard to treat) hardwoodseTgenetration enhancing
agentseffectively alter the wood permeability through a combination of dissolving
encrustations that block fluid movement in the wood @lkular level, and also swelling the

cell structurgWood et al., 2020 Using vacuum pressure impregnat{®l) 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 anadfjreaw (GOS)
shining gum to testcertaincommercially available preservative treatmeantsnbined with
three differing treatment schedules and three diffevemtmercially availabladjuvans; to
refine the methods for subsequent use withtpgratmentsTrial 3.1); andto establish @best
b e treédtment optiotased on these iteratiofl&ial 3.2)

Materials and rethods Large scaleterative trials were undertaken in a VPI treatment

cylinder atDAF (Figures 9 and 1Pto ascertain the best performing combinations of two

known waterborne preservatives (micronized copper azole, MCA [0.65%] and alkaline copper
guaternary, ACQ [1.0%]) usinstandard commercial solution strengths. Three adjuvant
additives were trialled (deidentified and named as B, S, and V). Three diftbeges were
trialled (100mins, 130 mins190mins)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

GOSand seasoned plantation shining gum were triadidsamples across Trial 2 were cut
from matchegarentboardg19mm x 100mm)using two cut patterns (Figu&. Shining

gum was selected as a representative species of Tasmanian hardwood, while regrowth/native
Tasmanian oak wamly includedn thefinal 6 b e s trial @@ak 3&)and veneebased

trials (Trial 2.4)to reduce unnecessary waste. In total, over 53@@ples were treated
(including the LOSP and Ke@oat trials outlined in sections 2.2 and 2.3 bgloWwfull report
detailing precisenethods, results and discussion from this triaMailable on requeséfter
treatment all individual samples were weaghrandmeasured to determine the solution
uptake After the treated samples were partially air difEdyure11), they were cut in half and
conditioned to 12% EMC in a constant environment chamb&0 mm wide biscuit was cut
for penetration testing frotine centre cross sectiaf everytreatedsample 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

Figure8. Parent board cut patterns for charge 1 (top) and charges 2 and 3 (bottom).
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Figure9. Samples awaiting treatment in théPIcylinder at the Salisbury Research Faciktyoto
Rhianna Robinsan

Figurel0. Samples before treatment (left) and after treatment (righRhoto. Stuart Meldrum
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Figurell Samplesair-drying following treatmentPhota 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 |l onger charge and pr g

Charge | Charge | Charge Charge | Charge | Charge
GOS 1 2 3 GOS 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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Figurel2. Penetration images of treated shining gum from charge 3+ACQ+adjuvants, left to right,

showing copper penetration of ACQ, ACQ ABQ + S and ACQ +PYiota 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 a AvgA | 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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Figurel3. Penetration images of treated shining gum from charge 3+MCA+adjuvants, left to right,
showing copper penetration of MCA, MCA + B, MCA + S and MUZhet® 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 a AvgA | 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 ~=

the crosssectionabiscuits using the Figure7. Samples selected from the unsheltered

L stack at the end of the outdoor drying period and
preservative indicator PAN {12- sprayed with a borosreactive indicator showing

pyridylazo}2-napthol)to confirm the good penetration and diffusion through th&oss
presence of copper toSANZ 1604.3:2021 section Photo Stuart Meldrum.

(Figures 12 and 13)ndividual biscuits were

evaluated for pegtration using a grid analysisr ImageJ softwareggnd 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. Whilsiddleore
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.

Results This method did not result inraliable successful H3 treatment, fiimdings from tle
trial providel critical knowledge angbroceduralrefinement towards making the use of VPI
with refractory Tasmanian hardwood species an effective treatment option that meets the
Australian Standardriteria.

Increases in average uptakes were observed as the charge length increased for all treatments for
both GOS and seasoned shining giiade3). MCA + V charge 3 recorded the highest average
uptake of all for seasoned timber at 261 £/dCQ + S clarge 3 recorded the highest uptake

for (ACQ treated) seasoned timber at 2403. 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 penetragquirements outlined in AS1604 being samples from

MCA + V charge 3 and ACQ + S chargéTables 4 and 5)

In terms of theoretical retentiosgasoned timber withdjuvant S + ACQ €tharge3 recorded
10out of 15 passes; arsgasoned timber withdjuvant V + MCA +charge3 recorded out
of 15 passes for theoretical retentidiables 4 and 5MCA was deemed to have better
environmental credentials, cause less change in colour after treatmeistskgtuly cheaper
than ACQ so it was selected for further testing with verAgased products, piteeatments
and f bestbetttbe tGd i al MChamdvACQpenformieasimilay.

MCA + V and MCA + S charge 3 had the highest uptake of all for GOS timber at 140 L/m

ACQ + V schedule 2 had the highest uptake for (ACQ treated) GOS timber at 135Ndm
penetration passes were recorded for GOS ACQ. In ge& material did not perform well

(i.e. seasoned shining gum recorded higher average uptakes in comparison for GO

ACQ, MCA and GOSnaterial significantly deformed while it was dryirgy) it was not pursued

in the final iterat i o-bedtrial @nmal 3R)omtle dirgratadantd vy f or
trial (Trials 5.1 and 5.2)

The samples used in trstudy were relatively short in length (approx. ZEDmm) when

compared with actual board lengths that range up 6.1 length but all samples were

end sealed before treatment to b.éMostatthe repr es
materialthat was seasoned before it was VPI treated did not collapse or deform during post
treatment drying, but questions remain as to how thetpeaiment drying phase would affect
largerscale timber elements.

Benefits for industry?

If conventional and readily available equipment and chemicals with known preservative
capability carbe used t@ffectively treat Tasmanian hardwoods, ttesild be one of the
simplest options for industry to take up. Sofasmaniarsoftwoodsawmillsalreadyoperate

their own VPI treatment cylinders, but capital costs for setting up equipment would likely be
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expensie for smaller scaled operations. Howevbkeré arealsoexisting commercial
treatment plants and providers within Australia where material catlidr be sold, csent
for treatment.

What still needs to be done?

Investigating the effectiveness of longer schedule lengths and altering soltgiogttss could
seefurtherimprovements inuptakesand penetratioand 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 longehedules and different solution

strengths would also be advisald@d a trial using full scale boards would be of interest.

further consideration is thatiiber treated with waterborne chemical preservatives requires

time following treatment for air d¢iln 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 indtry 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 viaracuum pressure Seasoned GOS
impregnationjs a solverdborne, lowuptake 145 228
treatmenprocess. As it does not introduce 53 191
excess moisture to the wood through the 75 26.2
pressurémpregnation process, little to no 10.0 28.7
drying time is required after treatmetfitis 13.6 36.3
commonlyused to treat nerefractoy species 8.1 44.8
like Pinus radiata generallyfor H3 9.3 20.8
applications 7.2 20.0

7.9 17.0
Aims To treatrefractoryTasmanian hardwood 8.3 34.8
samplesausingLOSP via VPlaccordingto the 103 15.8
required benchmarks set out in the Australiai 7.4 13.2
Standard criteria. 5.5 14.4

7.3 29.8
Materials and rethods:Sample sizes and 108 219 |

8.87 24.37 a Avg

species were the same as for Trial 2.1.
Treatmentvas performed at DAF in a
modified set up using a wet vacutracuum
only and a readyo-use solution of OSP,
Limited information was providedn the
required schedule arsblution strengthso
calculating theoret.i
possible, buthe preservative contained trace
amounts of copper so thagnetration
assessntd could be doneising the copper
reactive PAN indicator spray on sample cros:
sections.

Penetration assessments were completed or
biscuits (oven dried) using the preservative
indicator PAN (% (2-pyridylazo)2-napthol)
(Figure 14) Individual biscuits were evaluatec
for penetration using a grid analysis and
assessed against penetration criteria outlinec
AS1604.

The LOSP solutiorused for treatment was .
ready to use solution supplied by Koppe
Performance Chemicals (KPC). Copper a
zinc are common tracers added to LOSP
enable penetration testing. Zinc tracers can
more difficult to detect than copper with typici
indicatorsprays, therefore copper naphthen*-

was selected. Copper naphthenate was ac Figu_re14. Penetration images dfOSRreated
) shining gum (LHS seasoned), (RHS GO&:
at 0.5% to the LOSP solution.
Stuart Meldrum

Results LOSP treated samples recorded ve
low uptakeswith ssasoned samples recigl
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an average uptake of 8.87 fifTable6). Thetypical targeted uptake when treating with LOSP
for softwood is 35 40 I/m3. Shining gum has a higher density than softwood so an uptake
between 40 451/m3is theorised to meé¢he H3 requirement.

GOS samples recorded significantly highetakes (24.37 I/&) in comparison to seasoned
sampleskKPC did not provide the solution strength however to meet retention requirements a
minimum uptake of 3%¥m?3 is required (based on a softwood comparison).

Penetration assessment on sample esesions demonstrated almost no visible penetration
in LOSRtreated sample@igure14). These samples would not pass penetration or retention
requirements outlined in AS504.

Benefits for industry?

If this proceszould be improved LOSPs would offer a treatment alternative tesnot

requirea drying period for thémber after treatment. Given the known difficulties of drying
certainEucalyptusspecies without collapse or other distortions, this could be of great benefit
to the industry. It wouldlso potentiallympart less colour than some of the waterborne
chemicals (although most LOSP still leaves a slight greenish tinge to the.Wbedis at

least one local pine production company in Tasmania operating their own treatment cylinder

What still needs to be done?

Further research explorirmifferentschedules ansolution strengths might improve the
performance of this treatment, so it altbnot be discreditedin addition, this treatment might
work well with a rolling compression ptteeatment (described further in Trial 3.2 below).
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Trial 2.3 Kop-Coat

Concept:Kop-Coat is a commercially _I
available treatment that has been

CodemarK certified for use with certain Uptake L/m3
species of refractory Australian hardwooc Seasoned GOS
(e.g. Victorianash). If it can meet the 20.8 29.6 (4)
Australian Standard requirements for H3 227 23.9
with Tasmanian hardwoods this has 21.6 35.7
potential as a very simple, readily availab 274 38.7
and promising treatment option. 28.1 (1) 419 (5)
Aims:To test a commercially available 19.7(2) 46.9
preservativeoption that is already being 21.5 32.2
used in Australia to treat refractory specie 23.0 (3) 27.1
of hardwood against the Australian 20.7 22.1
Standard criteria 20.3 32.2
24.9 29.6
Materials and rathods:Sample sizes and 27.1 22.0
species were the same as for Trial 2.1 20.0 16.9
Matched samples from the same parent 7.3 40.7
boards used in Trials 2.1 and 2.2 were se 10.8 18.7 (6)
to I-Treat in Narangba, which is a 18.73 28.24 4 Avg

commergal treatment facilityThe Kop

Coat solution used for treatment was a ta
blend solution of APVMA Approved

Water Based Azole permethrin with typical
process chemicals and small amounts of a
boron tracerAs Kop-Coat is a patented
product no further datls of the solution
were providedFollowing treatmenta subset
of samples were sent to Agrisolutions, a Gl
compliant testing lab in Brisbane, for
preservative retention analysis courtesy of
Kop-Coat (sedlable8).

ResultsFor the KopCoat samples, uptakes
were known(Table 7). However,sathere is
no copper in the treatmentwas impossible
to visually assess the penetration results of
the treatment using PAN or chroraeurolS
indicator sprays. Theoretical retentiaas
also unable to be calculated as the solutior
strengthwas unknownTreated samples wer¢
penetration tested for borarsing a boron
reactive indicatospray(Figure 15) and
showeda strong distribution of the boron _ o
tracer.Information provided by a Kegoat ~ F'9urels. Penetration images dfop-Coat

. treated shining gum (LHS seasone#iS GOS).
representative suggested the presence of t Photo Rhianna Robinson

3 To know more abou€odemark certificatioyou can rea@dbout it herehttps://www.abcb.gov.au/about
codemarkor herehttps://saiassurance.com.au/codemeekificationscheme
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tracer relates to the preservative actives propiconazole, tebuconazole and permethrin.

The retentionanalysis showed that somSsamplegpassedhe required retention targes

a %m/m per the requirements in A04 for H3(Table 8) Analytical results for KogCoat

treated samples for seasoned and GOS samples is associated to the uptake of preservative.
While these results are limited, there is potential for improgezhtion if uptake can be
increased or if there is an increase in solution strength. GOS samples were highly distorted
post treatment and despite promising results this distortion and collapse could make this
option potentially unviable.

Target retention: 0.08 % m/m) (AS1604 H3 Hardwoods)
Sample type 0.030 0.030 0.020 : Result
PCZ TBZ Permethrin

E nitens seasoned (1) 0.022 0.021 0.020 Fail
E nitens seasoned (2) 0.023 0.018 0.021 Fail
E nitens seasoned (3) 0.022 0.018 0.018 Fail
E nitens GOS (4) 0.031 0.032 0.021 Pass
E nitens GOS (5) 0.09 0.074 0.061 Pass
E nitens GOS (6) 0.029 0.028 0.022 Fail
Measurement uncertainty +10%.
Highlighted cells indicate required retention against targeted %.

Benefits for industry?
This product has potential for industry as a simple and available treatment option with
Codemark certification.

What still needs to be done?

Further research to improve the performaotthis treatment optiom Tasmanian
hardwoods in terms amprovingretention analysis and uptakes. Long term durability
analysis in field trials (there are some already underway through the National Centre for
Timber Durability and Design Life in QLD)
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Trial 2.4 Veneer-based

Concept:To overcome the challenges of tiagtrefractoryEucalyptusheartwood one option

is to use thinner sawn dimensions or veneers as the feedstock for treatment. These can then be
glued to create larger elements. While using thinner dimensioned boards or veneers does not
alter wood permeabilt it is more likely to result in a high@roportionof the timber element
receiving acceptabl@mounts opreservative treatment

Aims: The aim was t@stablishvhetherveneers or plywood could be treated successfully for
use in H3applications.

Materials and rethods:A large, replicated trial was conducted at DAF using 300mm
300mm Tasmanian oak veneers vgtlotted gumveneerdor comparison. Veneers were
either treated as single sheets and then glued to féikm E@mella plywood, or glued into a
five lamella ply and then treated asvholetimber element. A total dixty samples were
treatedusingthecharge 1 #MMCA + V combination(describedn Trial 2.1abovg. Samples
were weighed before and after treatment to determine upfBikiety. untreated controls were
included for the subsequent durability analysis.

Penetration assessments were completed on the biscuits (oven dried) using the preservative
indicator AN (1- (2-pyridylazo)2-napthol)(Figure 17) Individual biscuits were evaluated

for penetration using a grid analysis and assessed against penetration criteria outlined in AS
1604. Using the uptake results, sample density and solution strength, theoeediteon 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.

ResultsThistrial successfully developed a vendzrsed H3 product for Tasmanian oak.

Tasmanian oakeneers recorded high uptakes averaging at 653.3(Fig8re 16, Table9)

and 15/15 penetration passes (Table These samples also recorded an average theoretical
retentionof 0.423 %m/m (Table9) and would pass the Hinetration andetention
requiremerg outlined in AS1604. Spotted gum veneers recorded relatively lcakept
averaging at 192.87 I/m3. Spotted gum average theoretical retention is Or@84.%hese
samples would pass the AS1604 requirement because they meet the natural durability
requirements for H3.

Seasoned Tasmanian aakd spotted gum plywood samplesrealsotreated withcharge 1 +
MCA + V. Tasmanian oaglywood recorded high uptakes averaging at 602.6 (Fiture

16, Table10). These samples also recorded an avetfzagmretical retentionf 0.23 %om/m

and half would pass the requiremeatitiined n AS1604(Table10). Spotted gunplywood
recorded uptakes averaging at 310.27 I/m3. Spotted gum average theoretical retention is
0.09 %m/m. These samples would pass thel&84 criteria because they meet the natural
durability requirements for H3.

Veneer treated Tasmanian oak shows promise for commercial production as veneers treated
with ease and with reliable retentions and penetrations that meet the requirementd ioutline
AS 1604. Veneers appeared to have successfully glued with a commercially available
adhesive however it is recommended that bond quality assessments be performed before
recommending this product.
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Tasmanian oak and Spotted gum Veneer (Charge 1 MCA + V)
Theoretical retention and uptake
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Figurel6. Veneeruptakes andtheoretical retention following treatment witltharge HMCA +V

Charge 1 + MCA + V. Retention % m/m as per the AS1604 requirement of 0.229% m/m H3 hardwood

Tasmanian oak (55) Veneer Spotted gum (55)
Uptake I/m3 Theoretical retention Uptake I/m3 Theoretical retention
653.926 0.423 a AvgA 192.866 0.084

Highlighted cells indicate a pass against the relevant requirements outlined in AS 1604.

Charge 1 + MCA + V. Retention % m/m as per the AS1604 requirement of 0.229% m/m H3 hardwood
Tasmanian oak Plywood Spotted gum

Uptake Theoretical retention Uptake Theoretical retention

729.73 0.274 345.69 0.102

737.61 0.276 356.31 0.107

750.16 0.281 298.26 0.091

727.72 0.278 278.14 0.084

759.18 0.291 224.54 0.069

598.37 0.226 264.71 0.079

560.60 0.214 327.51 0.102

567.45 0.220 391.57 0.121

585.27 0.227 382.14 0.117

484.35 0.201 224.60 0.068

511.52 0.214 414.63 0.126

526.03 0.210 404.51 0.124

522.23 0.212 220.26 0.068

479.73 0.196 242.83 0.074

499.24 0.203 278.31 0.085

602.61 0.23 | a@ AvgA 310.27 0.09

Highlighted cells indicate a pass against the relevant requirements outline in AS 1604.
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SPG T ply SPG i plywood SPG 1 veneer | Tasoaki ply Tas oak - Tas oak 1
untreated treated treated untreated plywood veneer treated
control control treated

15/15 pass 15/15 pass 15/15 pass 0/15 pass 0/15 pass 15/15 pass

Figurel?7. Penetration images of venediased samples followirtgeatmentwith charge 1+
MCA +V spotted gum plywood; treated spotted gum plywood; veneer treated spotted gum;
untreated Tasmanian oak plywood; treated Tasmanian oak plywood; and veneer treated
shining gumPhoto: Rhianna Robinson.

Benefits for industry?

Veneer treated Tasmanian oak shows promise for commercial production as veneers treated
with ease and with reliable retentions and penetrations that meet the requirements outlined in
AS1604. Veneers appeared to have successfully glued with aercralty available

adhesive.

What still needs to be done?

Whilethis product meets the required retentions and penetrations, adhesive performance
testing and bond quality assessments to relevant standards have not been explored. It is
recommended that fisize panels arenanufacturedand NATA accredited bond quality
assessments are performed to correctly classify how this product can be used. Additionally,
exploring diffeentadhesives fell outside the scope of this project. Work to investigate
preservéive, adjuvant and adhesive combinations on bond performance is recommended.
This work was completed ohasmanian oak, artie performance ahining gum remains
unknown. It is recommended that this H3 trial is replicateehaming gum.
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Trial 3 Pret r eat ment with VPI (including 6be

Vacuum pressure impregnatiqiyPl) is an economically feasible and readilgvailable
preservative treatment optidor softwoodsin Australia and Tasmaniddoweverthe results
from Trial 2 demonstratethat despite marked improvements with the inclusion of additives
and longer schedulggeatment offasmanian hardwoodsing this method was unsuccessful
except in veneebased products.

Trial 3 investigatedhe effectiveness ddpplyingvarious pretreatmentso sawn boardsand
combining thiswith subsequenyPI. Pretreding timberessentiallyneansanodifyingit in a
physical way that will increasthe uptake of preservative fluids in a VPIgaess. Three
different pretreatment methodsereinvestigatedincison, microwaving, andtompression.

Incision involves puncturing thesurfacesof a timberelementwith lots of small holesthus
increasing the treatable surface arBadial and tangentialvater movemenin timber is
significantly slower than longitudindlow, so incisinga boardincreases the preservative
penetration depth (radially/tangentially) to just beyond the deptheoincision(Morrell and
Winandy, 1987; Anderson et al., 1997; Chandler and Morrell, 1%98kervative penetration
around each incision is limitedlowever applying a high incision densitgatmentan create

a uniform penetratiothat acts as an enwepe or shell treatment around a potentially untreated
core The process is relatively simplend ths method islreadyusedcommerciallyin the USA
and Australigorimarily for treating softwood landscaping timbéFke main objection to using
this metha for something nostructural like cladding, is the appearance of the incisions
however there may be ways in which to overcome this drawback by employing newer
technologies or good design (Wood et al., 2020).

Microwavingandcompressiomoth work by rupuring the internal structure of the timber, using
force or high heat levels to generate mifire internal checking, which enables preservative
fluids to flow more freely through the wood.

Microwaving hasalreadybeen thoroughly trialled in a varietyf imber speciesincluding

shining gumthrough research thatitially aimed to reduce drying timesnd dryingrelated
collapse(Vinden, 1986; Torgovnikov and Vinden, 2DQ, iy Yang and Liu, 2018 In this pre

treatment approach, microwaeeergy is focussed on timber with a high moisture content to
generate targeted steam pressure that causes pit membranes between cells, tyloses in vessels
and ray cells to rupturgvhich can significantly increasehemical uptake capacitguring
subsequent VPI treatment. The main drawbacks with this approach for cladding areahat it
significantly change the appearance of the widod et al., 202Q}he success of the process

is highly sensitive to variability n the wood particularly moisture contentnd density
(Torgovnikov and Vinden, 2009and the process not yet commercially available

Like microwaving,compression wouldormally be done owet orunseasoned (green) timber,
while the cell walls arestill saturated to prevent structural deformat{@ech and Huffman,
1971, Sanders et al., 2000; Kumar, 20&khjch is a drawback considering the complicated and
invested nature of the hardwood timber drying prac8t&sic compression is als$ionited by

the potential associated sgt costsandthe cost of slow productiotHowever, f seasoned
timber could be used instead of green, anfhster,industrial compression systemere
designed this process would be an effective greatment for VPI treatmerdf cladding
materials.

The pur p bestbe todf ttrhiealé was t o t r-treatmentntethodini ghe s
combination with the highest performing preservative, adjuvant and schedule. The treatment
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schedule, adjuvant, preservative and-fpeatment method were identified in previous
replicated trial{Trial 2 above; and the affiliated NIFPI project, NTO47/NIF1881 showed
promise for improved uptake, penetration and theoretical retention. Additionally, thinner
dimension samples were includtle this trial, as a smaller cross section also showed promise
for improving penetrationFinally matched samples of both shining gum and Tasmanian oak
were treated with the Ke@oat (water based azole + permethrin) systentraak, Narangba.
Tasmaniamak veneers (both sliced and peeled) were included in the treatment charge for visual
comparison and future durability assessments.

Research for Trial 3 wasubcontracted tohe Queensland Department of Agriculture and
Fisheriesand primarily conducted by researchers at the Salisbury Research Fadihtyhe
blade incisions done at PSR Machinirigser incision outsourced to Verge Laser, and
manufacture othe novel rolling compression system Hgcal Queensland engineeringdan
metal fabricatiorcompaniesChemicalsfor the VPI treatment werprovidedby KPC,as in
Trial 2.

Trial 3.1 Pre-treatment comparison trial

Trial 3.1.1 Incision

Concept:ncision is already usecbmmerciallyin Australia to pretreatcertain timber
landscaping materials, which arenVPI treated witha known preservative likeopper
chromateearsenic (CCA)Although this method is known to work wigline, questions
remained around its potential effectivenes3 asmanian hardwoodsndthe effectivenessf
usinga lower toxicity chemical treatmeastiitable for claddingwasalso unknown.

Aims: To establish the most efficiergffective, and aesthetincision method by
investigating aange of suitable incision depths and spacing radiod toidentify the optimal
replication and treatments to pursue inshbsequentp-scaled trial (Note: two commercial
incision facilities were approached to incise the timber using their industuugdment, but
they were unable to accommodate the sartidknessebeing trialled inthis research
projectontheir industrial processingquipment

Materials and rethods:Five custom incision methods were trialladd compared using 300
mm X 100mm x 19mm seasoned and GOS shining gum boadviégshodsincludeda blade
incisor, a nail bed press plata spiked rollera nail plate pressind the use of a laser
Samples were thaneated using VPI charge 1 + MCA + adjuvant V following the methods
established in Trial 2.The advantages and disadvantages of each incision method were
tabulated, and thieest performing systems (laser and nail pext3 were selected fahe pre
treament comparison VRreatmen{Trial 3.1.4)

Blade incisions were completed on a custo
built jig that can house up to 20 cutting
knives(Figure18). The blades were
separated with spacers at approximately 1
mm apart. The jig fitted with the blades was
mounted into a milling machine with an
automated driving bed and the samples we
incised as the bed moved. This system
achieved a maximum 2 mm depththe
blades were prone to breakage. There are
few machine designs capable of handling

Figurel8. Blade incision setip. Photo: Rhianna
Robinson
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the draggindorce and for
this reason this incision

method was not progresse
into further trials.

The nail bed incisions wers¢
completed on a novel
custombuilt jig (Figure
19). The jig was designed |\
to attach to a 10 ton o

Universal Testing machine Figure19. Nail bed incision setip. Phota RhiannaRobinson

(Shimadzu) where the

depth and other parameters could be precisely monitored. The Shimaithe tepacity to
compress and withdraw the incision nails when the sampéstabilised. The system used
concrete nails for their high stiffness properties aaitswere arranged in a 10 mm square
grid. The nails had a diameter of 2.5 mm and were presseddpth of 8 mm. This system
was highly effective in achieving the intended incisions. Despite slight imperfections in
appearance this methpdrformed welldduring treatment and was selected to trial furthee Th
nail bed square incision method was latedified toa 10 mm triangulapattern and pursued
in Trial 3.1.4

Spiked roller incisions were performed using
a rolling spiked wheel designed for
perforating tyres in higperformance racing
(Figure20). A number of methods and
machinery were trialled to mount the roller &
however acustombuilt piece of machinery B
with large hydraulic compressive foraad

to automate this proceds. this trial, he
incisions were made manually whilstthe §

samples were mounted in a frame. The g L s LR
spikes are positioned in a 6.5 mm square
grid with a maximum depth of 4 mm. Whils

Figure20. Spiked roller incision satp. Phota:
the ingsion density was desirable the deptl rhianna Robinsan

of incision limited performance during
treatment and for this reason this method
was not selected to progress to further trials.

Nail plateincisions were completed using a‘*= : e
common nail plate (Multinail) attached to a
novel jig (Figure2l). The jig and nail plate
were pressed into the samples using a
hydraulic press to a depth of 8 mm. The
teeth were positioned in a pdetermined 10
mm triangdiar grid pattern. The nail plate
and jig werethen manually removed and thg
process was repeated along the length of t
sample. This method was simple and _ ) o T
effective for achieving incisions however Flgu.re21. Nail plate incision setip. Photo Rhianna
the nail plate teeth become malleable afte R°P"s°"

repeated inciag and the plate needed to b
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replaced frequent| yERe
there was potenti al +'4,-'-5—-
become embedded in the timber and forth . . . .
reason the method was not selected to be‘ » L'_;
progressed in further trials. _

l_l‘.“tl<
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e 4 o
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Verge Laserwho specialise in laser
engraving and cutting’ he laser system  ofefetetet == x : =
usedwasa CO2 laser. Two patterns of las¢ Figure22. Laser incision patternsquare (top) and
incising were trialleda 10 mm square grid triangular (bottom) Phota Rhianna Robinson

to a depth of 8 mpanda 10 mm triangular
grid to a depth of 8 mr(Figure22). The
square grid improved uptake and penetrati
butthere were visible areas of untreated
timberwhere there were no incisions
present. The triangular grid staggdthe
incisions along the grain and a clear
improvement in uptake and penetration w.
seenfollowing treatmen{Figures 23 and

24). A limitation of laser incisingvasthe
interaction between the laser and the varia
properties of timber. A uniform deptiras

difficult-to achéeve b.ased -on the moisture a” I ' z 'm “ lm

content of the timber and the changes in

density betwee-n the earlywood and Iat(-a'wo ﬂm’" ”b III“ l “ HWl

across the sample (up te43nm varation

TR
across the sample). Despite the cost and L VST '

Vana:tl.on Irlll de?tth' Itqser In(;:ISII Ifgﬂrz;he I Figure24. Penetration images o@ker incisiorpatterns
mostvisually altractive and perioredwe following treatment Phota Rhianna Robinson

duringinitial VPI treatmentests (Figure
22), so itwas chosen to progress in furthei
trials.

Finally, laserincisions were completed by ; -

’

Figure23. Penetration images ofker incision patterns
following treatment Phota Rhianna Robinson
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Trial 3.1.2 Microwave

Concept:High intensity microwave energy =
can heat timber from the inside out, causin
ray cells,vesselsand pit membranes to
rupture, essentially causing miefioe
checking that increases pathways for fluid
flow but does not drastically alter the ‘ :
appearance dhe timber from the outside. | ks = Mt R
This approach has already been trialled in |# v By, i
other refractory speci€3orgovnikov and ‘.Mm_‘“& " _ "
Vinden, 20@ a, b; Torgovnikov and Vinden, 5‘
2009, althoughas noted aboveyrimarilyit || microwave % microwave 7] microwave |

was intendedo help with drying the timber. SR

M H r}-....‘ ARER . i . S,
Refiningthe approach for refractory Figure25. Internal checking infninggumsamples
Eucalyptusspecies in terms of the optimal after differentlengths of timeunder microwave
timber moisture content, length of time to  Photo Rhianna Robinson

microwave, and intensity may result in

improved permeability of the product without excessively damaging or changing its
appearance.

Aims:To establish a method to investigate microwpxeetreatment of timber and how it
might assist in increasing preservative penetration; and to assess the influence of the board
temperature at the time of treatmentpreservative uptakes

Materials and rethods:In preliminary work, matchegeasoned an@OS $ining gum
samplesvere microwaved individually fagither three, fourfjve, six, sevenand eight
minutedurationg(Figure25) at varying power intensities. Samples weren cut in half to
compare the amount of internal rupture, and five minwidsa medium power levelas

selected as the preferred amount of time. Subsequaatlysamples were microwaveadr

five minutesin the time immediately preceding?It r eat ment at a Omedi umb
Matched ntrowaved samples were either kept in an oven atCq8o that all samples

entered the treatment cycle at the same tempejatnieowaved then cooled to room
temperature, omicrowaved then immediately treated in comparison temmmowaved
unheated controlgsing VPI charge 1 + MCA + adjuvant V following the methods established
in Trial 2.1.
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Trial 3.1.3 Compression

Concept:Severakesearchers have
investigated the potential cbmpressing
wood to improve its permeabilityith
promising results (Gunzerodt et,dl986
Deng 1990 Kumar, 202). Kumar (202)
demonstrated significant improvements in
southern pine preservative uptake as the sti |
compression ratio increased and found that * =
compression beyond 30% of the original @&
dimensions caused rupturing and damage t =
the timber. Howeer, the approach has not Fig_ure26. Sta'_[ic compression testPhoto
been commercialised yet, and its Rhianna Robinson

effectiveness on already seasoned Tasmar
hardwood is unknowrStatic compression IS s
unviable due to the significant force require ‘
to press large surface areas. Fhatic a
compression approaahso requires timeo
compress the timbeavhich couldmake it
unfeasible inndustrial timbemprocesmg. A \
more efficientrolling compression method | %
with the potential to be applied to pre ‘ :
eX|st|n_g sy_stems used in md_l_JSWUId_ Figure27. Static compression set uphota:
potentially improve the gsibility of this Rhianna Robinson

approach.

Aims:To investigae two forms of
compressiorgstatic and rollingand establish
an appropriate method feeasoned
Tasmanian hardwoods.

Materials and rethods:Staticcompression
(Figure 26)was completedsing an
accredited Shimadzor bothGOSand
seasonedhining gum to a compression dep
ratio of 2830%. Static ®mpression was
applied at approximately I™m/min and
held under full compression for 10 seconds
(Figure27). Samples were released slowly
from compression. F@300 mm x 100 mm .
x 19mmsample length it took an average o~ ’ N
29 tons to compress the samples to a :
compression depth ratio of 308bthe
original board Static compressed samples
were then treated using VPI charge 1 + MC&
+ adjuvant V following the methods
established in Trial 2.1.

Figure28. Customdesigned andbuilt rolling
compression set ug?hoto Rhianna Robinsan

For therolling compression, rgineering and
metal fabrication companies were consulte
to construct a rolling compression system

.t Y
Figure29. Customdesigned andbuilt rolling
compression set u@?hota Rhianna Robinsan
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that wasdesignednd engineered by Rhianna Robinsonthis project The rolling
compression systewonsisedof paired rollers with high dynamic load rated bushes that are
pushed together via a dual hydraulic ram tensioljFHigures28 and29). The timber samples
were pulled through using the traverse length of the tension rig sysgtéethe rollers
remainedstationary. After trialling and refining the methodology for compression rolling the
matched samples were compressed at a rate of approxn#fin and theisubsequently
treatedusingVPI charge 1 + MCA + adjuvant ¥llowing the methods established in dlri

2.1

3.1.4 Vacuum pressure impregnation of pteeated boards
Aim: To compare the best performing gireatment methodsith each other

Materials and method€ight matched 300nm x 100mm x 19mm samples were cut from

fifteen boards of seasongthntationshining gumthe same number of samples fr@®S

shining gum werealso trialled, but the method and results are not presented here as they did
not outperform seasoned material. After machinatigsamples were end sealed then weighed
and measured. The average moisture content of the samples was determined using the oven
dry method from small samples cut from several parent boards. Samples were {neatpde
using the methods outlined abowetiials 3.11 (nail bedincision and laser incision), B2
(microwaving)and 31.3 (static and rolling compressiarfollowing pretreatmentall pre-
treatedsamples were included in a vacuum pressure treatmgngthe commercial

treatment methods datbed in Trial 2.1charge 1 (the shortest treatment cycle) + MCA+
adjuvant V. Samples were weighed post treatment to determine uptakes, amthabTuit

was cut from the middle of each sampleet@aluatepenetrationand sprayeavith PAN (1- (2-
pyridylazo)-2-napthol)indicator(Figure 3). Individual biscuits were evaluated for

penetration using a grid analysis 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 eadample. 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.

Control | Control | Static _ Laser Nai_l _ Plate Microwaving Rolling . Control

1 2 Compression | Incisions | Incisions Compression | 3
1 324 282.1 449.5 301.6 300.8 361.7 249.6 241.2
2 293.5 233.9 393.3 257.3 345.1 409.1 387 229.8
3 147.8 139.3 227.2 202.8 205.5 219.7 322.5 117.6
4 156.5 157.8 294.4 202.6 212.1 107.2 239.2 124.1
5 326.8 277.8 423.1 331.7 317.4 472.6 360.4 223.1
6 96.5 90.3 113.8 1195 139 103.4 211 71.8
7 143.7 139.6 297.9 162.7 164.6 125 236.9 114.8
8 135.3 118.7 167.4 133.9 1211 196 228 122.1
9 156.8 106.8 205.6 124.2 257 217.4 228.1 112.6
10 119.5 66.8 227.4 108.1 152.1 87.9 229.5 112.7
11 431.3 373.2 566.7 436.2 416.5 443.6 443.4 294
12 164.7 161.8 161.5 195.8 188.7 252 246.4 134.7
13 116 95.1 157.7 139.9 148.5 138 369.5 213
14 162.5 136.5 351.2 198 206 123.1 322.2 159.7
15 218 197.3 273.3 214.3 225.8 156.4 272 160
AvgA 199.5 171.8 287.3 208.6 226.7 227.5 289.7 162.1
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Seasoned Shining gum pre-treatment uptake comparison

600.0
M Controls 1
200.0 M Controls 2
’,-g 400.0 I Static Compression
o [ Laser Incisions
e 300.0
© B Nail Plate Incisions
(=1
> 2000 B Microwaving
100.0 M Rolling Compression
B Controls 3
0.0

Figure30. Comparative chart showing thamge of uptakes for all prreatment options trialled.

g:erjtmll(no Control 2 Static Laser Nail Press Microwave Rolling Control 3
treatment) Compression Incision Incision Compression
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Figure3l. Pretreatment comparison pnetration images foshining gunsamplegreated with charge 1 + MCA + V
Photo Rhianna Robinson
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. Nail .
i:ontrols gontrols Corr?;?:gsion Inlt_:?ssig;ls :Dnlleitseions Microwaving Egmﬁession gontrols
1 0.293 0.26 0.381 0.276 0.281 0.353 0.232 0.233
2 0.219 0.158 0.288 0.172 0.258 0.295 0.287 0.177
3 0.117 0.105 0.163 0.165 0.164 0.18 0.255 0.093
4 0.137 0.139 0.239 0.174 0.187 0.096 0.208 0.108
5 0.266 0.224 0.318 0.266 0.248 0.414 0.288 0.187
6 0.073 0.07 0.087 0.09 0.107 0.08 0.16 0.056
7 0.111 0.107 0.223 0.122 0.121 0.102 0.193 0.094
8 0.098 0.088 0.126 0.095 0.075 0.161 0.172 0.099
9 0.115 0.077 0.148 0.09 0.191 0.162 0.17 0.084
10 0.094 0.048 0.182 0.077 0.119 0.068 0.172 0.088
11 0.415 0.368 0.51 0.43 0.417 0.465 0.454 0.297
12 0.119 0.106 0.11 0.142 0.128 0.198 0.157 0.092
13 0.096 0.079 0.124 0.117 0.123 0.12 0.318 0.191
14 0.137 0.112 0.303 0.167 0.177 0.11 0.281 0.142
15 0.163 0.15 0.196 0.162 0.168 0.125 0.21 0.124
AvgA | 0.164 0.139 0.227 0.17 0.184 0.195 0.237 0.138
3 pass 2 pass 6 pass 3 pass 4 pass 4 pass 7 pass 2 pass
Highlighted cells indicate a pass against the requirements outlined in AS 1604.

Controls | Controls Static Laser SI‘:\Iie Microwaving Rolling Controls
1 2 Compression | Incisions o Compression | 3
Incisions
1 79 77 86 70 71 70 86 72
2 89 74 88 73 77 84 87 61
3 17 23 60 35 26 18 74 23
4 25 32 64 43 37 11 61 30
5 89 82 46 88 78 88 90 82
6 6 0 4 11 12 13 37 8
7 35 16 62 30 30 15 50 10
8 24 20 43 7 23 37 43 28
9 42 12 37 21 74 54 66 29
10 7 2 34 9 14 9 60 12
11 95 90 97 100 75 81 92 82
12 27 41 38 26 25 45 74 49
13 10 5 23 18 14 17 85 61
14 32 36 68 41 32 12 74 61
15 55 47 47 33 39 23 47 65
AvgA | 42.13 37.13 53.13 40.33 41.8 38.47 68.4 44.87
0 pass 0 pass 1 pass 1 pass 0 pass 1 pass 3 pass 0 pass
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Resultqincision) In the preliminary trial to establish effectivenessyi deegriangular
patternlaser incised boards showed extremely promising uptake and penetration results
following treatmen{Figures 23 and 2}), but the second trial was less convincfRgyures 30

and 3), which speaks to the potential sensitivity of the laser incision process to moisture
content and density variations in the timber. The incisions were shallower and more variable
in the second treatment, approx8 5m, which means thaeturning to a deeper incision

depth could see improved performance like the results from the first iteration. A limitation of
laser incising is the interaction between the laser and the variable properties of timber. A
uniform depth is difficult to achiesbased on the moisture content of the timber and the
changes in density between the earlywood and latewood across the sample4upno 3
variation across the sample). Although laser incision was still a high performer in terms of
uptakestheoretical reention andpenetration(Tables12, 13 and14), it was not selected for

the Obest betd trial because of the cost of
lower uptakes and retention rates, and were too distorted after drying to be assessed for
penetration, so they werenodét pursued in the 0

Resultgmicrowave) Performance improvements were seen in uptake and theoretical
retention(Tables12 and13) however a large range was observed between the samples
(Figure30). Penetrabn samples showed treated areas or pockets immediately adjacent to
untreated zones irrespective of earlywood and latewood bands. This is likely due to the
moisture gradients within the timber that respond unpredictably when microwaved.
Preliminary resulténdicated that the temperature and moisture loss was a greater contributor
to preservative uptake than just microwaving.

Resultdcompression)As a pretreatment option, static and rolling compression recorded the
highest uptakes for seasoned shining gum with averages of 287 &hldn289.7 I/
respectivelyTable12). This was an improvement of approximately 11limcomparison

to controls Theoretical retention was calculated for each sample and assessed against the %
m/m requirement outlined in AS1604. Static compression and rolling compression had 7/15
pass theoretical retentigable 13). The average theoretical retention for statimpoession

and rolling compression are 0.227 and 0.237 respectively in comparison to controls (1,2, and
3) (0.164, 0.139 and 0.138 respectively). Despite relatively low penetration peasiesl4)

large increases in percentage penetration were obsehetdcompared with contro($able

14 and Figure30), even though the shortest treatment charge was used for the VPI treatment.
As noted in previous trials (Trial 2, and in the affiliated NIFPI project, NT047/NIF108) longer
charges result in better uptakee with a longer charge the uptakes would likely improve
considerably Additionally, compressed penetration samples showed improved latewood
treatment in comparison to controls and earlier treatn{€rgare31). Therefore, this is the
pretreatmentmethd t hat was sel ected to pr.ogress to

Benefits for industry?

Incision is possibly one of the most commercially feasibletigatment approaches for wall
claddings, because it is an approach that is already well undesstdadgsed in industrial
settings. But getting the incision patterns to appear more uniform, designerly or intentional,
for example by using lasers, proved costly even in the initial trial research and development.
The benefits at this stage are knowing feticularly in the preliminary work, laser incised
material(with a 10 mm incision depthjeated well, and with some refinement, it has definite
potential as a dual treatment strategy for refractory timber.

The use of microwaving to dry refractoryntoer species has been well documented and

although the method can be effective it has yet to be taken up by any commercial operators.
Exploring the potential use of microwaving to improve preservative uptake is another step
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towards understanding the potehadvantages of the microwaving process, but it appears to
suffer from the same sensitivity to variability in the wood that makes it one of the less robust
potential treatment options.

Static compression is currently commercially unviable due to tve sature of the process
and specialised equipment that is required to meet the significant loads. Rolling compression
shows promise as a process that could be adopted into industrial production systems.

What still needs to be done?

Although this research may not be of immediate interest to industry, a-engemore
specific incisionfocussed préreatment project that focuses on improving the design
aesthetic, for example by increasing or changing the hole sizes or simplifyiimgigien
process and equipment, has great potential.

If microwaving pretreatment were to be pursued further, exploring mid to low range energy
intensity levels for rupturing the wood without causing visible degradation would be of
interest.

Further schdule refinement could improve penetration and retention in compressed boards.

(This method was selected to inyestigate furt
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Trial 3.26 Be s t

ConceptT h e

bet 6
O0best

bet 6

tri

al

c o nstard pretréatneht e

best

approaches with the best performing VPI charge as identified in the iterative replicated trials.

Aims:To see if a significant or successful H3 treatnfentladdingcould be achieved in

shining gum and Tasmanian os&wn boardby adopting the best performing approaches
from all the VPI treatment trials.

Materials and rethods:The trial included matched sampfesm fifteen parent boards each
of seasoned shining gum and Tasmanian Bakh board was cut to obtdimno thinner

dimensioned samples (Bm thick),two controls(nornrcompressedpnerolling compression
sample and asample folKop-Coattreatment (Figure32). Two 150mm offcuts from each

parent board weralso cut from the same board arsgd to determine initial moisture content
via theoven dry methodeach allocated treatment changed location on the parent board to
avoid any potential influences of positiof2d®@nm from both endsf each board as
trimmed and discarded to avoid any potential influence on treatment

Offcut 1 P1 P2 P3 P4 P5 Offcut 2

MC% Control1 | Rolling Thin (2 x 5 mm) | Kop-Coat | Control2 | MC%
Compression

150 mm 500 mm 800 mm 500 mm 500 mm 500 mm 150 mm

Final 500 x 100 500 x 100 x 5 500 x 100 | 500 x 100

Dimensions | x 19 500x100x19 | 500y 100x5 | x 19 x 19

Figure32. Parent board cuingLJl G 6 SNY T2 NJ WoSad o0SGQ GNAIFE &

Samples werend sealed, weighed and labelled, then (except theGtap samples)

subjected to a VPI process based on charge 3 + MCA + adjuvant Vr{ge2.1) Samples
treat ment

werewe i ghed
from the centref each samplafter air drying. Penetration assessments were completed on

the biscuits (oven dried) using the preservative indicator PARR{fryridylazo)-2-napthol)

post

and

a penetration

(Figures 3 and ®). Individual biscuits were evaluated for penetration using a grid analysis
and assessed against penetration criteria outlined h688%. Using the uptake results,
sample density and solution strength, theoretical reteniganable to be calculated for each
sample A subset of representative matched samples (boards 4 and 143seased for
preservative retentioby an independent laboratory against requirements outlined 684

For the retention analysig/t addition&

Obi

scuitsb©o

wer e

cut

(20

each sample adjacent to the penetration sample to assess preservative retention in the
penetration zone of thell cross section anih theinner 1/9.

A i

nal

Obest

b e t Gsingthe Kop-Coatereatmenarmimethadht $teeat,d o n e
NarangbaFor theKop-Coattreatment evaluation, similar toal 2.3, treated samples were

penetration tested for boron using a boron indicator sprayretention analysis performed
by an independent laboratory on selected boards.

Results This trial successfully developed an H3 sawn board product for stgaimgand
Tasmanian oak.

Rolling compressiowombined with charge 8 MCA + adjuvant Vsignificantly improved
uptakes for both shining gum and Tasmanian o&lg(res33 and34). Penetration was also
visibly improved with 14/15 shining gum and 15/15 Tasmamiak samples meeting the
requirements of A3604.1:2021Tablesl5 and16, Figures35 and36). In addition,14/15

shining gum and 15/15 Tasmanian oak samples passed the theoretical retention evaluation
(Tablesl7 and18).
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Seasoned shining gum charge 3 + MCA + V uptake comparison
800.00

700.00

600.00
M Control 1

>00.00 M Rolling Compression

400.00 ¢ M Control 2

300.00 [[] Thinner Dimension A
M Thinner Dimension (B)

uptake (I/m3)

200.00

100.00

0.00

Figure33.UptakeO2 YLIJ NR a2y F2NJ Fff aKAyAy3d IJdzy MEASWA I

Seasoned Tasmanian oak charge 3+ MCA + V - uptake comparison
700.00
600.00

500.00 M Control 1

[ ]

) . .

g 400.00 M Rolling Compression

E M Control 2

[

g- 30000 [ Thinner Dimension (A)
200.00 M Thinner Dimension (B)
100.00

0.00

Figure34.! LJGF 1S O2YLI NRA&2y F2NI Ftf ¢l ayYl yAl yM@M]
V.
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Rolling Thinner Thinner
Compression Control 2 Dimension A Dimensigﬁn (B)

Control 1
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Figure35.W. S& (i coMprasonipéikttation images fehining gum sampleseated with
charge 3 + MCA + Photo Rhianna Robinsan

Rolling Control 2 Thinner Thinner
Control 1 Compression Dimension A | Dimension (B)
= S ; = — - gt ex g ey
R >
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Figure36.W. Sa i ocopagsonipéhktiation images fdiasmanian oak samplégated with
charge 3 + MCA + Photo Rhianna Robinsan
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Rollin Thinner Thinner
Control 1 Comgres%ion Control 2 Dimensign A Dimensio(; (B)
1 28.2 90 234 86.3 90.9
2 46.4 85 27 83.8 80.3
3 4.6 91.2 24.4 83.3 87.8
4 15.1 98.1 0 84.8 87.8
5 68.1 95 70.3 96.9 95.5
6 4.3 99.5 45.8 96.9 98.5
7 90 98.9 80.2 100 100
8 20.3 86.4 38.5 77.2 89.4
9 55 82 2.5 97 96.9
10 43.9 96 53.1 78.7 71.2
11 20.3 86 10.1 98.5 93.9
12 67.6 97 75.7 100 93.9
13 27 83.7 13 74.2 81.8
14 8.9 96.3 3.1 83.8 72.7
15 88 100 80.2 98.4 100
| AvgA [ 35.88 92.34 36.49 89.32 89.37
1 pass 14 pass 0 pass 6 pass 6 pass

Control 1 Coriglrlg;,%ion Control 2 DmTwzlr?sr:gL A Dim-l;ehr:gir:)ir ®)
1 6 99.4 80 69.1 69.6
2 56.5 98.4 92.7 95.5 97
3 87.3 100 93.7 100 100
4 27.2 96.8 11.9 72 71.2
5 32.3 98.5 375 80 84.8
6 17.6 98.9 15.6 91.2 80.8
7 77.8 100 88 100 100
8 2 98.9 59.3 77.9 80.3
9 2.6 90.4 15.6 94.1 92.6
10 81.3 100 91.6 100 100
11 2.5 99.4 22.9 84.8 100
12 0 98.9 0 79.4 97
13 81.3 98.9 48.9 94.1 95.4
14 14.1 95.9 22.9 63.6 83.8
15 26.2 99.4 375 59 81.8
| AvgA [ 34.31 98.25 47.87 84.05 88.95
0 pass 15 pass 0 pass 4 pass 6 pass

43




Control 1 Conﬁglrlcleggion Control 2 Dir;l;z:r?s?g; A Dimlhrlg%?r(s)
1 0.195 0.360 0.108 0.212 0.202
2 0.181 0.324 0.124 0.209 0.205
3 0.087 0.330 0.102 0.198 0.214
4 0.181 0.400 0.088 0.205 0.217
5 0.298 0.413 0.248 0.394 0.346
6 0.161 0.440 0.204 0.340 0.332
7 0.333 0.428 0.281 0.394 0.404
8 0.147 0.303 0.139 0.216 0.200
9 0.064 0.207 0.043 0.239 0.272
10 0.147 0.308 0.173 0.167 0.195
11 0.121 0.309 0.130 0.274 0.252
12 0.163 0.307 0.196 0.285 0.319
13 0.152 0.341 0.120 0.190 0.223
14 0.127 0.365 0.088 0.213 0.198
15 0.407 0.430 0.246 0.386 0.267
AvgA | 0.184 0.351 0.153 0.261 0.256
3 pass 14 pass 3 pass 7 pass 7 pass
Highlighted cells indicate a pass against the requirements outlined in AS 1604.

Control 1 Corﬁs:?aggsion Control 2 Dir:glr?sr;sa A DimTerEQEir(B)
1 0.063 0.355 0.093 0.147 0.158
2 0.172 0.297 0.158 0.205 0.231
3 0.164 0.273 0.153 0.270 0.266
4 0.134 0.326 0.099 0.188 0.199
5 0.167 0.399 0.143 0.219 0.205
6 0.138 0.408 0.105 0.218 0.188
7 0.216 0.409 0.276 0.383 0.387
8 0.090 0.297 0.081 0.158 0.150
9 0.043 0.269 0.055 0.125 0.171
10 0.247 0.344 0.225 0.257 0.267
11 0.068 0.415 0.134 0.236 0.254
12 0.091 0.303 0.081 0.164 0.182
13 0.357 0.402 0.203 0.252 0.284
14 0.085 0.264 0.109 0.160 0.177
15 0.155 0.430 0.137 0.219 0.284
| AvgA [ 0.146 0.346 0.137 0.213 0.226
2 pass 15 pass 1 pass 5 pass 7 pass
Highlighted cells indicate a pass against the requirements outlined in AS 1604.
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. . Result Result
Species Sample Board Allocation CuAZ > Tr >0.66 X Tr
Shining gum | Full Section 4 Thinner Dimension 0.082 Fail No
Shining gum | Full Section 4 Control 1 0.05 Fail No
Shining gum Inner 1/9t 4 Control 1 0.028 Fail No
Shining gum | Full Section 4 Rolling compression 0.221 Fail Yes
Shining gum Inner 1/9™ 4 Rolling compression 0.235 Pass Yes
Shining gum | Full Section 11 Thinner Dimension 0.132 Fail No
Shining gum | Full Section 11 Control 1 0.062 Fail No
Shining gum Inner 1/9% 11 Control 1 0.042 Fail No
Shining gum | Full Section 11 Rolling compression 0.188 Fail Yes
Shining gum Inner 1/9t 11 Rolling compression 0.19 Fail Yes
Highlighted cells indicate a nominal pass against the requirements outlined in AS 1604.2, however sample
sizes were too small to be truly representative or verified (a minimum of ten is required and only two were
tested)

Result Result
Species Sample Board Allocation CuAz > TR >0.66 X Tr
Tas Oak Full Section 4 Thinner Dimension 0.104 Fail No
Tas Oak Full Section 4 Control 1 0.052 Fail No
Tas Oak Inner 1/9t 4 Control 1 0.031 Fail No
Tas Oak | Full Section 4 Rolling compression 0.192 Fail Yes
Tas Oak Inner 1/9t 4 Rolling compression 0.21 Fail Yes
Tas Oak | Full Section 1 Thinner Dimension 0.107 Fail No
Tas Oak Full Section 11 Control 1 0.014 Fail No
Tas Oak Inner 1/9t 11 Control 1 0.038 Fail No
Tas Oak Full Section 11 Rolling compression 0.248 Pass Yes
Tas Oak Inner 1/9 11 Rolling compression 0.211 Fail Yes
Highlighted cells indicate a nominal pass against the requirements outlined in AS 1604.2, however sample
sizes were too small to be truly representative or verified (a minimum of ten is required and only two were
tested)

For shining gum, two boards that were analysed for copper azole concentration/retention
showed that onsample (inner 1/9 of rolling compression met the AS1604 requirements of
CuAz retention for H3 exposures, recording 0.235 % m/m (TE)IeOther rolling
compression samples (both inner1#hd full cross sections) demonstrated retentions of
0.188- 0.221 % m/mwhich is more than 66 % of the target retentibine number of samples
used in this analysis was too small to draw any conclusions fromrtfissmanian oak, one
rolling compressiosample {ull section)met the requirements of CuAz retention recording
0.248 % m/m(Table20). Other rolling compression samples (both innei"&8d full cross
sections) demonstrated retentions of 0.102111 %am/m which is more than 66 % of the
target retentionAgain, the number of samples used in this analysis was too small to draw any
conclusions from thiRetention analysis with a greater number of samples would help to
strengthen these results.

Altering concentration strength fell outside tlv®ge of the projeds the primary aim was to
improve penetration performandéthe solution strength was increased from 0.45 % to 0.6%
all samples would confidently meet the retention requirements (calculated using analysed
retention resuls however, withen increase to 0.6 % solution strengphensure that all
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samples meet the required retentiargets
as an H3 produdhere would also be a
preservative cost increase

Shining gum hinner dimensioned samples
did not perform as well as rolling
compression samplgecording a comblned
average uptakef 342.31/m3, which was
higher than the controls which recorded ar
average uptake of 210n3. Thinner
dimensions improved the average
theoretical retention with 7/15 samples
meeing the retention requirements in both
treatment groups, however no samples
passed the analysed retention requiremeny,
for CuAz. Similarly, Tasmanian oak thinner
dimensioned samples recorded an averag
uptakeof 306.87/m3, and again this was
higher than theiptakes in the controls,
which averaged 19610m3. Thinner
dimensions improved the average
theoretical retention, with 7/15 samples
meeing the retention requirements when
averaged across the two treatment groups
No samples passlithe analysed CuAz
retention requirement of 0.23%h/m for

hardwood. Figure37. Penetration images fokop/ 2 I (4 W
0 S i Qsarniiphe® dprayed with borereactive
For the KopCoat samplegjptakes were indicator spray(RHS shining gurhHS Tasmanian

known Figure 3B), but & there is no copper ©aK. Phota Rhianna Robinson

in the treatment it was impossible to visualy

assess the penetration results of the treatment using PAN or chrome azurol S indicator sprays.
Treated samples were penetration tested for boron using a boron reactive irsgiGator

(Figure 37) and showdareasonablelistribution of the boron tracelinformation provided by

a Kop-Coat representative suggested the presence of the tracer relates to the preservative
actives propiconazole, tebuconazole and permethrin.

Theoretical retentiomasalsounable to be calculated due to the unknown solution strength of
Kop-Coat A subset of matched samples was analysed for propiconazole, tebuconazole and
permethrin concentrations. Two Tasmanian oak samples (full cross sections only) met the
requiraments for retention however the paired and matched innédidnot meet the

required retentioifTable21). Tasmanian oak samples recorded higher retention in
comparison to shining gum. The full cross sections had consistently hegéetions than

their paired and matched inner @/ unterpartsndicating a gradient in retention from the
outside of the board to the cdifeigure 3). Other KopCoat Tasmanian oak samples ranged
from 0.0670.111% m/mwith most samples achieving 66 %tbe target retentiarAs noted

for the shining gum and Tasmanian oak rolling compression treated material, the number of
samples analysed was too small to be able to provide a verified result
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- - 0
Target retention (TE| :))’ tg;a:ld v?/boosd s/o m/m per AS1604 0.03 0.03 0.02 Resul :i)eggu;lt(
Species Sample Board Allocation PCz TBZ | Permethrin > Tr Tr
Nitens Full Section 4 Kop-Coat 0.019 | 0.02 0.016 Fail Yes
Nitens Inner 1/9t 4 Kop-Coat 0.015 | 0.016 0.012 Fail No
Nitens Full Section 11 Kop-Coat 0.028 | 0.032 0.025 Fall Yes
Nitens Inner 1/91 11 Kop-Coat 0.02 | 0.022 0.016 Fail Yes
Tas Oak | Full Section 4 Kop-Coat 0.033 | 0.037 0.029 Pass Yes
Tas Oak Inner 1/9t 4 Kop-Coat 0.023 | 0.025 0.019 Fall Yes
Tas Oak | Full Section 11 Kop-Coat 0.036 | 0.041 0.034 Pass Yes
Tas Oak Inner 1/91 11 Kop-Coat 0.026 | 0.029 0.023 Fail Yes
Measurement uncertainty +10%.
Highlighted cells indicate a nominal pass against the requirements outlined in AS 1604.2, however sample
sizes were too small to be truly representative (a minimum of ten is required and only two were tested for
each species)

Kop-Coat uptake comparison
100
90 = .
80
70

M Shining Gum
50
o M Tas Oak
40

20

10

Uptake (I/m3)

Seasoned Shining Gum and Tasmanian Oak anaylsedd&ip
retention

= 0.05
0.04
0.03

0.02
oo [0 wme MR T AR DN I

Full Sectioinner 1/9thFull Sectioinner 1/9thFull Sectiomner 1/9thFull Sectiommner 1/9th

o

Retention (%om/m

Nitens Nitens Nitens Nitens Tas Oak Tas Oak Tas Oak Tas Oak
H PCZ m TBZ ®m Permethrin

Figure38 (top) and Figure 8 (bottom). Kop/ 2 I i Wo Sa (i o(t6pj and analked feterdidnlii |
(bottom).
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The shining gum sampldsill section and inner 1fwereall below the required amount.
Retention analysis with a greater numbesaples is recommendea provide a verifiable
result Proportions of propiconazole, tebuconazole and permethrin were highly consistent
across all analysed samples so an increase in either solution strength oswptd@dkely

see increased retentioagses.

Benefits for industry?

The penetration, uptake and theoretical retentEsults from the rolling compression pre
treatment combined with VPI charge 3 + MCA + adjuvant V are exceptional and provide a
significant step towards making H3 treent acommercial option forefractoryEucalyptus
speciesKop-Coat treatment also shows promise $hming gum andasmanian oak if
retentions can be increased.

What still needs to be done?

While the results from the rolling compression-psatment with VIPcharge 3 + MCA +
adjuvant V are significant and show the most promise out of all the treatments trialled in this
project, there is still a lot of research and development work that needs to be completed before
this method can become a commercial realtgostbenefit analysis and further research and
development on the design and engineering of the rolling compression system is needed to
improve its suitability for an industrial process.rolling compression pr&reated samples,
analysed retention recded concentrations slightly below the required levels, with the lowest
concentration meeting 82% of requiremertsalysing a greater number of samples would
help determine whether this treatment could nevertheless meet the requirements for a
conditionaly verified pass within a batciltering concentration strength fell outside the

scope of the project, however if the solution strength was increased from 0.45 % to 0.6% all
samples would confidently meet the retention requirements (calculated using analysed
retention results)Trialling an increase to 0.6 % solutievould likely see shining gum

samples meeting all targets as a H3 prodoat a feasibility study on this is recommended
Retention analysis on a larger number of samples is needeterwork on the effect of the
rupturing process on the mechanical properties of the wood should also be undertaken.
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Trial 4 Non-chemical

Densification has been used since the early 1900s to make amedsnsity woodspecies
strongerharder and more resistant to surface abrasion hasdhore attractive as furniture or
flooring material. In some cases, it has had the added benefit of also making the wood more
resistant to fungal attack. It might al so
species are associated with impedwesistance (AS959:2018). Some abundant Tasmanian
hardwoods, like plantation shining gum, have a relativelydewsity profile when compared
with other hardwoods, and increasing their density could open new market opportunities.

During thedensification process, wood is softened and compressed, resulting in densification
without fracturing the cell walls. Compression takes place in a hot press between 120 to

180 °C by carefully controlling the pressing conditions (Rautdaail, 2011). Themoisture

in cell walls induces a mechasorptive effect and further softens the wood, enabling
mechanical compression of wood without cell wall fracture (8aal, 2017). The degree of

cell wall plasticization during compression is a key factor becaladequately plasticized,

wood cells can be compressed without fractures as they deform instead of breaking when
buckled. For this reason, the compression step is mainly performed at temperatures exceeding
the glass transition temperature (Tg) of woodstituents and reaching temperatures at which
these constituents decompose (Navi and Sangbetd).

If the deformations during the densification process are large, the result is the viscous
buckling of cell walls without major fracture taking placeldhe strength and stiffness of the
wood material are increased approximately in proportion to the increase in density @€utnar
al., 2008).The heat treatment can also improve resistance to decay (duahd@012),
decrease hygroscopicity (Metsartelainenet al, 2006 Kariz et al, 2017), and improve
dimensional stability (Esteves al, 2007 Kariz et al, 2017).

The main challenge associated with this type of densification is the fixation of the
compressive deformation when the densified waoekiposed to moisture. Studies found that
wood with the highest degree of compression shows the highest potential for compression
deformation recovery or seécovery (Blombergt al, 2006 Kutnaret al, 2009). The set
recoveryor thickness swellingffect occurs because internal stresses introduced during
compression are relieved when the wood is exposed to moisture. Several approaches to fixing
setrecovery of densified wood are viable, including impregnation with a syntiesiic,

mechanical fixation, or thermloydro-mechanical (THM) treatments at high temperature and
moisture (Navi and Hege2004). Another challenge is spring back, or immediate set

recovery following the release of pressure or load in the prégseHtemgrature enables
relaxation of the inner stress and even minor thermal degradation of the cell wall components
takes place, leading to a more stable state after compression éLain014). By contrast,

with lower temperatures, there is very littleests relaxation, and thus, the deformation is

mainly elastic. The elastic energy is stored in the cell walls, and as the load is removed, the
stress is released, causing immediate sgvack deformation (Navi and Heg&004).

Most research regarding defication ha been conducted on wood from coniferous species
and in close systems, and scarcely on wood from hardwood species whose anatomical
structures are more complex and have a greater influence on the result of the process (Navi
and Heger2004).Although Tasmanian oak species have average hardwood densities,
plantation shining gum is relatively low density for a hardwdaigen the potential

additional benefits of improved abrasion resistance, durability and fire resistance that
researchers have exenced with other species, the densification process may help to
improve some of theecharacteristicen Tasmanian hardwoodBalasso et al., (202®)ed
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densifyingcertain species dEucalyptus however the focus of their research washen

mechanical performance of small samples that had been compressed from 8mm to 5mm, and
there was no additional refinement of the process to improve outcomes in relation to spring
back or set recovery. This research extends their work, by investitgiyeg sample

thicknesses, different compression ratens] evaluating the effects of varying temperatures,
compression times on various properties (outlined below) that may be relevant for outdoor or
indoor cladding or lining applications.

The researclor this trialsubcontracted tthe University of Melbourngas primarily
conducted by researchers in the School of Ecosystem and Forest S¢iauitesport
available on requestin affiliated trial tested the durability and figerformance of a small
number of samples from this trial using laboratory decay tests anecatorameter tests (see
the finalreportfrom NT047/NIF108or more detail).

Trial 4.1 Thermo-mechanical densification

Aims: This trial aimed to densify shining gum and Tasmanian oak udingrenomechanical
densification process and evaluate the effects of varying temperatures, compression times and
ratioson setrecoverythicknessswelling (including: immediate recovery aftepening the

presc al | ed 0 ssptrecomegy fobosiagka®&oaking and oven drying cycle; and set
recovery following moisture cycling in a temperature and humidity chamtmoyr change,
machineability, coating adhesion, and delamination. Thedsistance and durability of

densified material were also evaluated in a separate trial affili@ted NIFPIproject(see

Final Report foNT047/NIF10§.

Materials and rethods:(Note: a preliminary
trial was undertaking to establish the
strategy for this upscaldédal method, and
some of the methods and results from that _
trial are mentioned here but the majority of
the methods and results discussed herein §
refer to the upscaledial. (Full report on the o
preliminary trialavailable on reque$t.

Seasoned Tasmanian oak and shining gur ‘
boards were conditioned, then cut to size :
and compressedrigure40), perpendicular
to the grainwith or without a steamingre-
treatment using a variety of parameters. Tl
densification process consisted of three
stages adapted from Tenorio and Moya
(2021):
1) preheating at 15%C or 175°C forten
minutes
2) compression perpendicular to the grailg
until reaching the target thickness of 12 =4
mm (compression ratio: Z& or 37%) "
for tenor twentyminutes at the
temperature maintained in stagee;

Figure40. Tasmanian hardwoods under
compressionPhoto Benoit Belleville
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3) cooling where the lamellas were kept goassed
but without heat (platens temperature <°6( for
an additionatenminutes

Delamination 1/2

Ten or five replicates per combination of parameters (70 mm x 70 mm)

were prepared fashining gumand Tasmanian oak for
a total of 120 densified lamella®ote, the three
different species from the Tasmanian oak were

Set Recovery Cycling

identified by the suppliers, andainimum ofthree (30x70)
replicates for each of the species composing cesbersnnnssnn s S,
Tasmanian oak were densified per comaltion of PULCE T
: (40x 70)
sanfammnan s an s R EnnE R E R

parametens

Set Recovery Oven

The postdensification assessment of densified (30 70)

lamellas for theupscaledrial included spring back
(immediate recovery after opening the pressjour
change set recoveryia direct exposure to wateset
recovey via temperature and humidithangespull-

Delamination 2/2

NS s EESEEEEEEEEEEEEREEEEEEEEE R

. : (70 mm x 70 mm)
off strength test to testlhesionof coatings and
delamination.

F v

To evaluate spring bagcthickness measurementere « o >
taken at three different points on each lamella before 90 mm
densification anafter opening the press to determine
spring back or immediate recovety the Figure4l. Sample cut pattern
preliminary iterations of this Trial, nminute following densification.

cooling period was trialled, where the temperature
the plattens was reduced to < ®without releasing
pressure on the lamellas.

Colour measurements were taken at four =
different points (C1, C2, C3 and C4) on theg
surface of each lamella (4 x 4 nbefore ;
and after the densification procefw a total
of 640 measurement$o ensure that all the
colour readings were taken in the same spc
before and after the treatment, a colour
measurement template was usgke colour
measurement was undertaken using a BYK

Gardner digital colour apparat(Bigure 42) =" - -
The ClIELab colour S Figure 42BYKGardner digital colour apparatus

oL * | pa * and @b*) a Phota Benoit Belleville
specifications were used:

1 Light source type D65

1 Observation angle of 10

i Calibration withstandards

1 Sample averaging n=4

51

ww /g



Following densificatiorand the evaluation

. 100 — — 55
of spring back and colour changemellas 95 - N
were reconditioned for two weeks28°C ¥ 39 o 1 a5
. g H ] [ HP
and 65% RH, and then machineit Z 8 -l bz 1740
prepare sampléesr theremainingtests S - [ -35
(Fi E 65 -3 @
gure 4). 5 % =
T - Sy I p— [ __. 25 4§
- - S 50 "0 g
The set recovergvaluationconsisted of S 2 L5 o
two tests to assess the suitability of < gg - 10 E
densified wood for specific use in defined * 33 -5 F
environmental conditions 25 0
§ dry-use or capable gfroducing 0 7 14 21 28 35 42 49 56
sufficient dimensional stability to Time (d)

make the densified wood
serviceable under conditions in whict g re43. set recovery desorption/adsorption
the equilibrium moisture content cycles.
(EMC) does not exceed 2%; and
1 wet-use or capable of producing
sufficient dimensional stability to
make the denBed wood serviceable
under conditions in which the EMC
may be 16% or higher.

The set recovery was first measured by soakimghundred and twen80 mm x 70 mm
densifiedsamples in water fawo hours otwenty-four hoursand measuring the ovetried
samples (0 °C, twenty-four hourg thickness and weight before and after soaking following
the procedure described in Laieeal. (2016). Thickness was measured from each specimen
using callipes.

Set recoverywasnextmeasured by exposirgghtydensified 30 mm x 70 mm samples to

different ambient conditions via two desorption/absorption cy&legire43). The test

simulatel conditions which densified material may encounter in semige humid ¢timate

(85% RH, 23¢ C) , moder a%RH 23¢ Cmatand 66%RH, 65 iCnmat e ( 3
Thickness measurementgreobtained evergevendays for a totafifty -six days

The effect of thalensification process on the

adhesion property of densified material was | o heancHING
evaluated using a puliff strength test. An I

oil-based polyurethane coating system was

applied threecoats) with a brush on the

surface obne hundred and twendensified ()
40mm x70 mm sampleand eighteen

controls The bare densified surface was

lightly sanded using 180 grit sandpaper prio

to applying the first coat. The surface was BASE e
again lightly sanded prior to application of thcoarin _,. z

secondandthird coats using 240 grit R
sandpapetOne week after the application ¢ rigyres4. pultoff test set up.

|~ CENTRAL GRIP

LOADING
/ FIXTURE

ADHESIVE -
A ANNULAR RING

-<SUBSTRATE

52



thethird coat, a metallic dolly (20 mm in diameter) was glued to the surface of each sample
with an epoxy adhesive and tested using aqiffilest(Figure44).

Finally, the effect of densification on thgerformance of glued joints was assessed in various
environmental conditions as part of a delamination test where a gradient was introduced in the
moisture content of the wood to build up internal stresses, resulting in tensile stresses
perpendicular to # glue line Eighty individual 70 mm x 70 mm densified sampéesl

eighteen controle/ere face laminated using a liquid ec@mponent polyurethane adhesive

for structural wood bondin@ he specimens were then trimmed down to 65 mm x 65 mm to
remove the gla excess. The specimens were first placed in a pressure vessel and completely
submerged in water. A vacuum of 70 kPa (20 in. Hg) was first drawn and héhkfor

minutes Then, samples were pressurised at 500 kPa (72.5 psidbpur. This vacuum

pressire cycle was repeated once more. The samples were finally dried for atpenmnbyg

two hoursin air at 60°C and < 1% RH. After the cycle, the specimensreevaluated for
glueline delamination

ResultsBoth shining gum and Tasmanian oa’
were densified successfully, showing no sign
of spring backi(e., 0% recoveryswelling
immediately after opening the prgssing

both 25% and 3®%6 compression ratios.
Steaming instead of preheating prior to
pressing was found to have a negative effect
on spring back and swelling, so this approac!
was abandoned after the preliminary trial.
rare circumstances, irreversible damage Figure4s. Example of gring backirom
following the densification process was preliminary trial Photo Benoit Belleville
observedn Tasmanian oakFigure 4).

Results (gring back: Results from this
research indicate that spring bgske Figures
45 and 4% for example from preliminary trigl &
wasentirely controllable by introducingten
minutecooling period directly after
densification while the lamellas are still in the
pressfor 25 %, 37 % and 50% compression
ratios If a cooling periodvas notintroduced, _ ‘
there wasvidence oskignificant spring back Figure4s, Examle of gring backrom “

observed irall densified sample§-igure 48). preliminary trial Phota Benoit Belleville

Results (colour changeT:here was low colour
change (@EL*a*b*) or
shining gum across all the pressing condition.
(Table 2). Colour change increased slightly e -
a function of pressing time and temperature |/ il '
although not enough to be perceived by the /' iy 15 iR Rl i -
naked eye (i.e., @EL "N : z i an
oak samples showed low colour change or Figure47. Irreversible damage following

stable colour at a pressing temperature of densification of Tasmanian odRhota Benoit
Belleville
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o0 Springoack®:”: = Swelling 17%RH%b)
80%
70%
60%
50%
40%
30%
20%
10%

0% = — -

250 175°Q25% 150°25% 150°C  25% 95°C 50%150°C  50%  50% BSO%Y5°C 50% 175°C50% 150°C
10minw/ 10 minw/ 20minw/  10minw/  10minw/ Steaming Steaming  1omin  10min 10 min
Cooling Cooling Cooling Cooling  Cooling 95°C 10 min 95°C 101 /ot w/out w/out

wiout  w/Cooling cooling  Cooling  Cooling
Cooling
Figure 48. Graph from preliminary trial showing percentages of spring back with and without a cooling pe
in the press, and percentages of set recovery after exposing densified samples to 17% relative humidity
led to decisions to reduce the compressiratio from 50% to 30%, and eliminate ps&aming samples.

150°C and goressing time of ten or twenty minutes. Colour change increased as a function of
pressing time and temperature. More significant colour change was perceived@t 175
(pEL*a*b* of 6.17 and 6.92 after ten minutes
gererally considered that a colour change above 5 can be perceived by the naked eye and
depending on the application the change could be more or less significant. Colour change
variability also tended to increase as the pressing temperature increased.raldrend
observed with both species was a shift in oL
samples became slightly darker after the densification process. The second component of the
overall colour change was samplesbscaneishgltly b * whi
yell ower after the densification process. Th
colour change was a negative @a* which means
following the densification process. There wadighs but insignificant increase in gloss

when going from a pressing temperature of 3G@o 175°C.

Pressing temp. (°C) 150 175
Pressing time (min) 10 | 20 10 | 20
Shining gum
. 1.84 1.82 3.21 4.10
PELab (0.73) (0.41) (0.87) (0.89)
oLt -1.18 -1.26 -2.49 -3.24
(0.76) (0.37) (0.68) (0.74)
. -0.06 0.12 0.05 0.19
a (0.19) (0.15) (0.33) (0.35)
ob* 1.15 1.24 1.98 2.33
(0.52) (0.38) (0.54) (0.85)
Gloss 0.4 0.4 0.5 0.5
(0.3) (0.1) (0.2) (0.2)
Tasmanian oak
_ 1.71 2.11 6.17 6.92
PELab (0.30) (0.54) (1.94) (1.75)
oLt -1.18 152 -5.73 -6.53
(0.26) (0.49) (2.11) (1.88)
oat -0.64 -0.74 -1.09 1.22
(0.43) (0.22) (0.35) (0.17)
b 0.76 1.05 1.49 1.44
P (0.49) (0.57) (0.79) (0.90)
0.4 0.3 0.4 0.2
Gloss (0.1) (0.1) (0.2) (0.2)
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After 2 hours in water After 24 hours in water Set Recovery
Species Water Thickness Water Thickness
Absorption Swelling Absorption Swelling
Shining gum 7.9 (2.4) 1.9 (1.1) 26.8 (7.1) 10.2 (4.9) 8.2 (13.6)
Tasmanian oak 4.6 (0.9) 1.2 (0.3) 20.4 (7.2) 9.3 (6.0) 7.6 (15.3)
E. delegatensis | 5.6 (0.4) 1.5(0.2) 28.4(7.0) 14.2 (8.4) 19.7 (22.6)
E. obligua 4.2 (0.8) 1.0 (0.2) 17.5 (4.2) 8.4 (3.2 5.1 (5.3)
E. regnans 4.2 (0.5) 1.1 (0.2) 16.4 (2.9) 6.0 (1.0) -0.4 (1.5)

After 2 hours in water After 24 hours in water Set Recovery
Species Water Thickness Water Thickness
Absorption Swelling Absorption Swelling
Shining gum 5.5 (1.1) 1.8 (0.8) 21.3 (6.0) 11.1 (5.1) 5.3(7.2)
Tasmanian oak 3.6 (0.6) 1.7 (0.7) 15.7 (3.3) 10.9 (4.5) 6.2 (5.5)
E. delegatensis 3.7 (0.5) 1.8 (0.6) 17.5(2.5) 12.8 (5.6) 7.6 (7.8)
E. obligua 3.8(1.1) 1.9 (0.7) 15.0 (2.9) 12.6 (3.0) 7.5(3.6)
E. regnans 3.5(0.4) 1.6 (0.8) 14.2 (3.2) 8.2(1.1) 4.2 (1.8)

Pressing temp. (°C) 150 175

Pressing time (min) 10 20 10 20
Shining gum 9.4 (8.8) 8.4 (13.7) 8.5 (13.9) 8.7 (14.0)
Tasmanian oak 8.4 (15.9) 5.3 (14.4) 11.0 (17.7) 5.5 (11.6)

Highlighted cells indicate best parameters for reducing set recovery at 25% CR

Pressing temp. (°C) 150 175

Pressing time (min) 10 20 10 20
Shining gum 10.5(6.1) 8.5(8.9) 2.0(3.0 0.0 (1.9
Tasmanian oak 10.3 (4.2) 9.2 (4.7) 2.6 (3.7) 2.7 (4.3)

Highlighted cells indicate best parameters for reducing set recovery at 37% CR

Results (st recovery: oven dry and water soak tedis samples with @ompression ratio of

25% the overall thickness swelling was mprenouncedn shining gum after two hours
than Tasmanian oak (198 versus 1.26) because of faster water absorption ¢&.9ersus
4.6 %) (Table 3B). Thickness swelling in shining gum remadhslightly higher than

Tasmanian oak after twenfgur hours (10.26 versus 9.36) againdue tohigher water
absorption (26.86 versus 20.46). Set recovery of densifiehsmanian oak (7.%) was
slightly lower than shining gum (8%) across altested densification parametéigable 22)

There was significant set recovery variability between the species forming the Tasmanian oak
group.More specificallyE. obliguaandE. regnansappeaed to besignificantly more stable

thanE. delegatensigthenexposed to watdiTable 2, Figure 4). However, further analysis

is needed to better understandsiesults (e.g., between board variability, anatomical

features, heartwood and sapwood proporteto). E. regnansvas the most stable species
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Figure49. Overall thickness swelling in shining gum and Tasmanian oak at a compression rat¥.of 25
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Figure50. Overall thickness swelling in shining gum and Tasmanian oak at a compression rat¥.of 37

following the soaking in water araendrying test, whileE. delegatensig/as the least stable
species following the set recovery test.

For the 23% compression ratio, overalvater was picked up faster in densified shining gum
than indensified Tasmanian oddut water absorptiolevelled outaftertwenty-four hoursof
soaking in water. Thickness swelling was slightly higher in shining gum than Tasmanian oak
aftertwo hours andwenty-four hours in water.

In samples with aampressionatio of 37%, thickness swellingvas slightly moresignificant
in shining gum aftetwo hours than Tasmanian oak (28versus 1.P0) due tofaster water
absorption (5.86 versus 3.686) (Table 2). Thickness swelling ishining gunremaired
slightly higher than Tasmamaoak aftetwenty-four hours (11.26 versus 10.96) again as a
result of higher water absorption (22@versus 15.%6). Set recovery of densified
Tasmanian oak (6.%) wasslightly higher tharshining gum(5.3%) across all tested
densification paramete($able 21).
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Looking specifically at the Tasmanian oak spediegbliquawas significantly more stable
when exposed to watarhen compared to thesults fothe compression ratio of 2%. E.
regnanswas the most stable specieddaving the soaking in water and owelnying test
across both compression rat{@sgure50).

For the 3% compression ratioverall, wateiwaspicked up faster in densifieshining gum
than indensified Tasmanian oak. Thickness swellivagslightly higher inshining gum than
Tasmanian oak aftéwo hours andwenty-four hours in waterThe observed set recovery
variability between the species forming the Tasmanian oak graupanhpression ratio of
37 % wasclearly less pronounced.

In terms of how the other densification parameters (i.e. pressing times and temperatures)
affected set recovery, a longer pressing time at’Coinproved set recoveryesults(i.e.

reducel swelling)for bothshining gumand Tamanian oakwhereas éonger pressing time at
175°C significantlyimproved set recovery for Tasmanian oak but sleining gum(Tables 5
and B). A pressing time ofwenty minutes at a pressing temperature of 15@4Sthe most
efficient densificatiorsettingin terms of reducing swellinfpr bothshining gumand
Tasmanian oalith a 25% compression ratid-or 37 % compression ratio, a pressing time of
ten minutes at a pssing temperature of 17& was the most efficient densification setting
acrosdoth shining gum and Tasmanian pakhough shining gum on its own appeared to
respond better to the higher temperature.

As observed previousl¥. delegatensidid notseem to respond as wellBsobliquaandE.
regnansacross all the densification conditions tested iattinal but further analysis is needed
to better understand why.

Results (strecovery:moisture contentycling test: The overall average setcovery

following moisture content (MC) cyclinggas more significann shining gumthan

Tasmanian oak across all tested conditigingure 3). Densified materialeactedo moisture
like solid wood i.e., swelling enexposed t@mbienthigh humidity conditions and

shrinking when exposed to dry conditiofifie sorption hysteresis effect naturally observed in
woodwasclearly noticeable with the densified material i.ee MC washigher if equilibrium
wasreached by desorption than ifwes reached by absorption under the same ambient
climate conditions.

A comparison of the average set recovery results following cycle #1 and cycle #2 sdggest

that all studied speciegere stable following the densification process (e.g., set recovey of
regnansafter cycle #1 and cycle #2 was 0@and 0.3%, respectivelyFigure 3).
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Figure51. Average set recovery (%) of densified shining gum and Tasmanialupag moisture content
cycling at a compression ratio of 25%.

Thereforejt is possible to assume traéegnsified Tasmanian oak asdining gunmwood

would be suitable for druse environrantal conditions i.e., capable of producing sufficient
dimensional stability to make the densified wood serviceable under conditions in which the
equilibrium moisture content (EMC) does not exceedal This test would be strengthened

by the inclusion of nowlensified control sampled the same speciés compareswelling.

Results (dhesion of a coatig Extending the densification pressing time fre@anto twenty
minutesand increasing the pressirgperature from 158C to 175°C hada negative effect
on the puloff strength of densified samples across all tested combinations of parameters
except forshining gumwith a compression ratio of 3% (Table B). A compression ratio of
25% reduce the pultoff strength for bottshining gumand Tasmanian oak when comgear

to the contras. A compression ratio of 3% d d @affie¢t the puHoff strength of Tasmanian
oak when compadwith the contro(Table Z), but negativelympacedthe pulloff strength

of shining gumwhen compaedwith the control(Table B).

Compression ratio 25% Compression ratio 37%
150/10 150/20 175/10 | 175/20 Control 150/10 150/20 175/10 175/20
Avg 3.82 3.57 3.76 3.27 4.32 4.65 4.05 4.31 4.25
Std 0.48 0.22 0.33 0.47 0.30 0.43 0.49 0.32 0.65
Min 3.13 3.15 3.33 2.50 3.95 4.21 3.40 3.84 3.29
Max 4.61 3.77 4.46 4.43 4.90 541 4.74 4.75 5.22
Highlighted cells indicate top two scores for Tasmanian oak

Compression ratio 25% Compression ratio 37%

150/10 150/20 | 175/10 | 175/20 Control 150/10 | 150/20 175/10 175/20
Avg 3.22 3.05 3.33 3.15 4.07 3.50 3.63 3.40 3.60
Std 0.70 0.56 0.45 0.48 0.37 0.35 0.37 0.40 0.60
Min 1.56 1.72 2.50 2.33 3.46 2.93 2.92 2.80 2.96
Max 4.46 3.85 4.11 3.88 4.57 3.99 3.93 3.81 4.72
Highlighted cells indicate top two scores for shining gum
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Results (dlamination): The pressing time
and compression rativada negligible effect
on total delamination fashining gumat a
pressing temperature of 180 compared to
the control(Table B). Increasing the
temperatureseemedo havea negative effect
although all samples pressed at 2C5or
twentyminutes using aompression ratio of *
37 % showed no sign of delaminati¢hable
29). A pressing temperature of 176 and a
compression ratio of 3% appear to have a
positive effect on total delamination for
Tasmanian oak. Thergasno significant
difference between ctmols and samples
densified using a compression ratio of%7
and a pressing temperature of ¢ Where
a higher temperature appedto improve
total delamination of Tasmanian oak
samples, it is important to mention that spli
and cracks occurring oude the gludine
were notincludedin the total delamination

results. Such cracks suggest that buckling —

Tasmanian oak species could not be

Figure52. Eucalyptus delegatenssample

preventedbased on selected studied following the delamination testGompression
conditions (Figure§2 and54). A similar ratio: 37%;pressing temperaturel50°C pressing
patternwasobserved on songhining gum time: 10 min; total delamination13.0%).
densified samples althoug¥th less Photo: Benoit Belleville.

frequency and intensity (Figufs). Most

shining gumandalpine astsamples

performed surprisingly well considering the
robustness of the vacuupressure and ovetlrying test

Species, 150°C 175°C

compression Control 10 min 20 min 10 min 20 min
ratio

Shining gum 0.0%

control (0.0% - 0.0%)*

Shining gum, 2.0% 0.3% 3.7% 9.7%
25% (0.0% - 8.1%) (0.0% - 0.9%) (1.3% - 7.3%) (6.2% - 13.3%)
Shining gum, 1.0% 1.5% 4.4% 0.0%
37% (0.0% - 2.9%) (0.0% - 4.5%) (0.0% - 16.9%) (0.0% - 0.0%)
Tas oak, 2.7%

Control (0.0% - 10.6%)

Tas oak, 32.2% 32.1% 14.6% 7.7%
25% (7.0% - 65.0%) (1.0% - 48.4%) (0.0% - 53.1%) | (3.0% - 10.3%)
Tas oak, 36.3% 9.8% 1.8% 3.2%
37% (1.7% - 94.1%) (1.9% - 14.6%) (0.0% - 3.0%) (0.0% - 5.8%)
*range presented in parentheses

Highlighted cells indicate top two scores for both species

Benefits for industry?
This process is not@ommercial reality yet, and there are still many stages need to get
products to a point where they can be reliably reproduldeel research this trial
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considered many aspects of the densificat
process antias show that generally
speaking a highesompression ratio, higher
temperature and longer pressing time
seemed to improve setcovery results, but
that densified material is not likely to remal
dimensionally stable in an outdoor
environmentAlthough this trial was largely
focused on better uedstanding densified
hardwood for interior applications, some
material from this trial was subsequently
tested ira durability and firgperformance
test as part of the affiliated NIFPI trial (see
final report for NTO47/NIF108) and finding:
from that reseah corroborated the
suggestion that densified material is likely
better used in interior applicatiorReasons
for pursuing densification might be fits
appearance quality, or engineered and
composite wood products (e.g. wall panels

What still needs to be done?
If densification is to be a motaroadly Figure_53. _Eucayptusnitenssqmple _following the
adopted treatment option for Tasmanian gf;igﬁ,nga:f,ﬂ;if;ﬁ??lgéfés.g’rgsrgﬂf;:ﬁ’;. 2
_appearance .hardWQOdS’ furthe_r investigatl min; total delaminatior0.0%S. Photo: Benoit
into feasible industriascaleequipment, Belleville.

systems and applicatiswould be of

interest.Although this trial was looking at P
nonstructural uses for the materialther —
investigation into the mechanical propertie® e ) SRS

of densified Tasmanian hardwoadsalso
necessaryo better define the optimal
processingparameterdn addition,a trial
investigating the termite resistance of
densified material would also be of interes
given that there is a broadly assumed
correlation between timber density and
improved termite resistancbut no
literature on the subjedtinally, there is a
lot of confusion around different definitions
of densification in the literature and
potential for misinterpretation.

Figure54. Eucalyptusegnanssample following the
delamination test Compression ratio37%;
pressing temperaturel75°C;pressing time: @
min; total delamination5.8%). Photo: Benoit
Belleville.
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Trial 5 Fire retardants

To qualify as bushfirgesisting, timber must either have inherent properties, or be
impregnated with a chemical retardantoating. Shining gum and Tasmanian oak do not
have inherenbustiire resisting properties, however the fire safety of Tasmanian timber
cladding in bushfires may be improved by the addition of arétardant treatment.

For the completion of fire testing there are a number of relevant standards that need to be
adhered toBushfire Attack Level (BAL) is a method of quantifying the severity of a

buil dingsd potential exposure t otactimber attac
bushfire. It is expressed in kilowatts/iaind in Australia there are five categories ranging

from 12.5kW.m2 (lowest tolerance) to >40kW/m2 (direct exposure parameters). These

differing categories are outlined in the National Construction Co@C)Nind detailed in AS
3959:2018. Building materials to be used in these classified zones rEsesttoertain

requirements when exposedrédevant heat fluxes and comply with the building and

construction standards.

Exterior huilding products can be glified for use in a respective BAtone via testing
specified in AS1530.8.1 or 1530.8.2.hese tests assess a building product as a finished
assembly at full scale. This testing procedure is costly and thus infeasible to characterise a
range of differentmaterials or material treatments. For use of timber in 28la material
level test is specified in AS 39590 achieve a classification as bushfiesisting timber,
samples must fulfil two criteria that are specified in AS 3959:

1 The peak heat releasdeger unit area (HRRPUA) must be less than 100 kwW/m2.

1 The mean HRRPUA must be less than 60 kw/m2 for 10 minutes after ignition.

This test is intended to qualify timber as bushfesisting through (1) the inherent properties
of the tested timber, (2npregnation with fireretardant chemicals, and/or (3) application of
fire-retardant coatings or substrates.

Interior Group fire ratings refers to fire performance testing for building and construction
products to be used in interior settings. The intequirements for fire performance are
stringent and various standards are used for differing products based upon their targeted in
service use. These include (but are not limited to) AS 1530.1i188thods for fire tests on
building materials, componé&nand structures Combustibility test for materigl A\S
5637.1:201Petermination of fire hazard properties Part 1: Wall and ceiling liningS
ISO9705:2003Fire testsi Full-scale room test for surface produetsd AS/NZS 3837:1998
Method of test fordat and smoke release rates for materials and products using an oxygen
consumption cone calorimetekdditionally, there a number of other detailed requirements
specified for structural building products to be used in interior seti@gaip ratings range

from 1-4 with Group 1 being the most difficult to achieve. To achieve a Group 1 fire eating
materi al must not reach 6é6flashoverdé when exp
exposure to 300 kW for 600 secondspscifiedn AS 5637 Alternatively the producinust

be noncombustible as determined by AS 1530. Timber products are naturally combustible
and areusually assigned @roup 3rating when untreated herefore, treatment with fire
retardants can increase the potential applicatadriimber.

Exterior and interiofire-retardant treatments were sourced by researchers at DAF, and the
material treatment for this trial was conducted at DAfe fire-retardant manufacturers
expressed their desire to keep treatments anonymous sesu#bk are reported using-de
identified codes (e.qg interior A, exterior Lamples targeted for exterior purposes reqguire
an extended weathering cy@ad thiswas completedt the University of Melbourne in a
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modified QUV weathering system in accordamwath ASTM D2898 Thefire testing of both
interior and exterior products was performed at University of Queensland according to
relevant standards focusing primarily on AS/NZS 3837:19@8tingfor heat and smoke
release ratesf the treatedanaterials ad productsvas done using nonNATA certified
laboratoryoxygen consumption cone calorimeter

The research in Trial 5 was subcontracted to the Queensland Department of Agriculture and
Fisheries, and the University of Queensland, and was primarily akdarby researchers at
Salisbury Research Facility using their laboratscgle treatment cylinder, and researchers in
the School of Civil Engineering using their cone calorimeter. Weathering was done by
researchers at the University of Melbourne, usimgy tmodified QUV.

Trial 5.1 Exterior

Concept:Tasmanian hardwoods under investigation in this project haveustiire

resistance properties and need to be treattda fire retardanif they are to be used for

exterior cladding ircertainbushfire zone. Fire-retardant treatments range from treating the
woodds surface vi a-ceapng,dut somsplutiondare@lpoi suitgbledor f | o w
vacuum pressure impregnatjar combire VPI with an overcoat to improve the longevity of

the protective systentHowever, given therefractory characteristicg was not known

whether such systems would be effectnith the Tasmanian hardwood species under

investigation in this project

Aims:To treat Tasmanian hardwoodsa VPI usingcommercially available fire retardants to
improve theirsuitahlity for use as cladding ibushfire exposure zonémrgetingBAL -29),
and to test theifire performanceising cone calorimeter tests beable to make
recommendations to industfgr future certification work.

Materials and rethods:Samples included Tasmanian oplgntationspotted gum and
plantationshining gum sawn boar@®0 mm x 100 mm x 19 mpTasmanian oak and
plantationspotted gum veneers that were treated and then laminated it plywood
300 mm x 300 mmand Tasmanian oak apthntationspotted gum plywood that was glued
and then treate800 mm x 300 mmAlthough not a Tasmanian hardwood, spotted gum was
included as a comparator due todistifiedbushfire resisting properties (see AS392d)er
machining all samples were numbered, labelled, cut to length and end sealed. All individual
samples were weighed and measured immediately prior to treatmentstarasaiculating

the uptakePlywood was edge trimmed and cut into 150 mm x 300 mm dimensions before
treatment to be of comparable size to sawn counterpdirtgeneers, plywood and boards
were treated with fire retardants using a commercial vacuumuypeesgclefollowing a
sequencdike that used irtharge 1 for the VPI preservative treatment outlined in section 2.1
above A total of thirty-eightexterior samples were fire performance tested. A number of
sampleghat had been manufacturegre not fire testeh the enddue to delamination of
gluelines or other performance reasons.

Exterior samples, including controls, underwent an intensive weathering cycle in a modified
QUV weathering system in accordance with ASTM D2&8nplesvere ar dried after

treatment and weathering (exterior samples oilif)samples were tested in a cone

calorimeter, which is a standardised fire testing apparatus that imposes a uniform constant
heat flux onto a sample surface. It is equipped with a sparergniinduce ignition, a mass
balance, and the means to sample exhaust gases to measure oxygen, carbon dioxide and
carbon monoxide. The cone calorimeter was calibrated to impose an irradiance of 25 kW/m2
onto the sample surface, as specified within A39%e samples were tested according to
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specifications in AS 3837 using piloted ignition. The heat release rate throughout testing was
determined from oxygen consumption calorimetry. The moisture content (MC) was measured
before testing using a haield conductivity-basednoisture meter.

Samples were rated with a$s or fail according to the requirements for exterior usBAdur-
29. Limited information regarding solution strength and product active ingredients were
provided by the suppliers which disalled theoretical product retention. Additionally,
products were not provided with a tracer/penetration indicator which disallowed visual
assessment of penetration.

Results:For exterior fire retardants, product D was the highest performing, achieving2BAL
for all veneetbased products and two out of three sawn shining gum sa(iplels 3).

Product E achieved BAR9 on one spotted gum plywood sample however the batch did not
pass. Product D contained additionalovercoat, andt is unclear whether thicontributed to

the fire performance and/or the minimisation of accelerated weathering/product leaching

Average uptakes (L/m3) Exterior D Exterior E Control F
Seasoned shining gum 63.73 161.08 | n/a
Seasoned plantation spotted gum 109.41 99.7 | nla

Tas oak veneer 493.17 519.87 | n/a

Spotted gum veneer 157.31 194.83 | n/a

Tas oak plywood 414.06 437.26 | nla

Spotted gum plywood 248.03 190.43 | n/a
Highlighted cells indicate treated samples that achieved BAL-29 performance.

Following VPI treatment, the average uptakes were highest in Tasmanian oak veneers and
plywood (Table30), with product E showing the highest uptakes at 520 imTasmanian

oak veneersThe presence ofhe additionatoatingin addition to the VPI treatentwith

product Dwas found tdhave some correlation with tleéassification of bushfir@esisting
timberhowever it is not clear whether there was any causation Mexs samplesreated

with product Dand only one sampieot treated witht achieved tk required thresholds to be
classified as bushfireesisting timber. The bulk density of the samples was found to improve
performance, although above average density alone was not sufficient to achieve the required
thresholdsThe key variables from eacbst are summarised irable31. The values for

moisture content (MC) show markedly higher valuegpfaduct Dcompared tather

samples. This indicates that the measuremamikl have beemfluenced by thevercoating,

and may not reflect the actuahber moisture content; thus the moisture content valezs

not considered for further analysis below.

The result§Table31) show that only one sampit treated with product passed as

bushfire resisting timber, while the majoritytbe product Bsamples achieved the necessary
criteria for bushfireresisting timber. Tasmanian oak was the only species for which all

product Dsamples achieved a pass, but it also displayed the worst performance of all species
for untreatedsamples. The best ieatedperformance was achieved by the plantation spotted
gum and it was the only species for which ongaatedsample achieved a pashkis was not
unexpected, since spotted gum is already classified as a bushfire resisting species in AS 3959.
However, the fact that moef the plantation spotted gum samples failed to fulfil the
performance conditions calls into question to what exdesgeciedpased classification is
applicable across all spotted gum populatiégnsaveat to this finding is thalhé testing done
herein was not in a NATA accredited laboratory, was performed with a focus on research and
the testing outcomes do not const legally valid classifications of bushfiresisting timber.
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Shining gum sawn board samples had the worst performaraditio¢ fireretardantreated
samples, with alfreatedsamples igniting.

Laminated specimens were found to
delaminate and ednd towards the heat
source during initial tests. Subsequently aj= =
retainer frame with a grid was used to testi
laminated samples (FiguBb). Due to the |
issues with delamination, there are some |
doubts as to how these samples would
perform in a fullscaleassembly.

Someof the product Bsamples showed a
sparking behaviouduring the cone tege.g. =
sample # D50)This may have been cause¢
by the overcoat treatmenrithe sparking did

the test criteria, but the potential implicatio ™
from this occurrence of sparks should still
considered. BAE29 conditions are describe
in AS 3959 as: AThe
ember attack and burning debris ignited b
windborne embers and a likelihood of
exposure to an increased level of radiant
heat 0. Sp avekostedftimbem _
once |gn|ted. couldead to ignition of Figure55. Grid used to prevent sample from

near_b_y debris, however, BA29 _al_r_eady delaminating during conealorimetertest. Photo:

explicitly accounts for the possibility of Wenxuan Wu

ember caused ignition of nearby debris. It

can therefore be reasoned that the

occurrence of embers from prodizt

treated materiahat passedtherequne nt s f or &6 Bushfire resistant
additional risk factors beyond those already envisaged in AS 3959 for2BAhowever, it

does increase the risk for potential ember induced ignition and thetie®should be

considered in compimon to any equally effective treatmetitat do not cause sparkghich

maybe given preference when considering their application on external timber F28AL

areas.

The appearance of thvarioustreatedsamplesare indicated ifFiguress6 through58,

however these sample sizes are relatively small and full scale samples would provide a better
impression of the treatment appearance.

64



Exterior fire retardants Emﬁotr? HRFI)?eISlI_(J A* M;aRn Density | Outcome
Prgi”‘“ Species Form [s] [kW/m2] [kw/m2] | [kg/m?]
D49 Shining gum Sawn 870 78 36 660 pass
D50 Shining gum Sawn 508 91 42 644 pass
D51 Shining gum Sawn 88 247 34 597 fail
D52 | Spotted gum Sawn 621 130 41 1005 te;t‘ir;i;a'
D53 Spotted gum Sawn 522 153 47 921 fall
D54 Spotted gum Sawn 0 2 0 1014 pass
D55 Tas oak Tr;’;t’;%eé,ly 0 12 1 882 pass
D56 Tas oak Tr:a/:tr;%e}gly 0 5 0 845 pass
D57 Tas oak Tr\e/aetréile;’Iy 0 6 2 819 pass
D61 Tas oak Plywood 0 4 0 960 pass
D62 Tas oak Plywood 0 3 0 969 pass
D63 Tas oak Plywood 0 3 1 894 pass
D64 Spotted gum Plywood 0 4 2 1038 pass
D66 Spotted gum Plywood 0 5 1 1088 pass
E67 Shining gum Sawn 168 142 53 677 fail
E70 Spotted gum Sawn 284 157 76 937 fall
E71 Spotted gum Sawn 326 149 68 902 fail
E72 Spotted gum Sawn 201 168 73 835 fall
E73 Tas oak Tr\e/aetr;%e;w 369 186 84 806 fail
E74 Tas oak Tr\e/aetréf:le;’Iy 358 166 80 833 fail
E79 Tas oak Plywood 365 248 110 900 fall
E80 Tas oak Plywood 401 248 108 900 fail
E81 Tas oak Plywood 415 242 98 902 fail
E82 Spotted gum Plywood 436 98 39 1006 pass
E83 Spotted gum Plywood 431 132 47 995 fail
E84 Spotted gum Plywood 379 130 72 979 fall
F85 Shining gum Sawn 194 180 70 566 fail
F86 Shining gum Sawn 176 184 62 564 fail
F87 Shining gum Sawn 170 196 69 519 fall
F88 Spotted gum Sawn 192 173 77 823 fail
F89 Spotted gum Sawn 216 180 74 959 fail
F90 Spotted gum Sawn 157 167 66 873 fall
FI1 Tas oak Plywood 286 272 126 812 fail
F92 Tas oak Plywood 254 233 119 818 fail
F93 Tas oak Plywood 290 255 119 797 fail
F94 Spotted gum Plywood 373 122 62 1006 fail
F95 Spotted gum Plywood 366 126 53 985 fall
F96 Spotted gum Plywood 372 103 53 1024 fail
*peak heat release rate per unit area **mean heat release rate; F = untreated controls.
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Product

Material

D Sawn shining gum

D Sawn spotted gum

D Tasmanian oak veneer treated ply
D Spotted gum veneer treated ply
D Tasmanian oak plywood treated
D Spotted gum plywood treated

Figure56. Indicative appearance of product D on various sample substrBtesto:Rhianna

Robinson
Control Material Exterior
F Sawn shining gum -
F Sawn spotted gum
F Tasmanian oa untreated plywood
F Spotted gum untreated plywood

Figure57. Indicative appearance of untreated control samplekoto:Rhianna Robinson

Exterior

Product Material
E Sawn shining gum
E Sawn spotted gum
E Tasmanian oak veneer treated ply
E Spotted gum veneer treated ply
E Tasmanian oak plywood treated
E Spotted gum plywood treated

T

Figure58. Indicative appearance of product E on various sample substrBteso:Rhianna

Robinson

66




Trial 5.2 Interior

Concept:Tasmanian hardwoods under investigation in this project have lopefifermance
properties and treatment with a fire retardant may extesid utilisation in interior
applications. Unlike exterior applications, interior fnetardant treatments do not have to
withstand extreme weather testing, so spray, dip or-float treatments may be suitable,
however vacuum pressure impregnation astill improve longevity.

Aims To treat Tasmanian hardwoods using VPI and commercially available fire retardants to
improve their suitability for use in interior applications, to test their material efficacy using
cone calorimeter tests, and to be @blenake recommendations to industry regarding
treatment options for future certification work.

Materials and methodssamples were
prepared as for the exterior trial (5.1 abovs
except for a weathering tegt.total of forty
interior amples were fire performance
tested. A number of samples were not fire
tested due to delamination of glliges or \f
other performance reasor®pecimens were;
placed in a temperature and humidity
controlled environment with temperatures
between 23+2C and relative humidity of
5045 %. Before testing the specimens wer;
wrapped with aluminium foil, leaving only v
the side facing the cone heater exposed, H OB N\
ensure onalimensional heat transfer in the Figure59. Interior fire-retardant treated sample

cone calorimetefFigure 59) being tested in conealorimeter,backwrapped in
foil. Photo: Wenxuan Wu.

Fire performance testingag done using

cone calorimeter material tests (i.e. not-full

scale assembly tests as requiredtitgrior productertification). Samples were rated with a
pass or fail according to the requirements for interior use (Group rataggs)rding to

calculatons in AS 5637.1The fireretardant manufacturers have expressed their desire to
keep treatments anonymous (as described above) and trial results are reported using de
identified codes (e.g interior A, exterior D). Limited information regarding solutremgth

and product active ingredients were provided by the suppliers which disallowed theoretical
product retention. Additionally, products were not provided with a tracer/penetration indicator
whichmeantvisual assessment of penetratwm s n 6t .possi bl e

Results:Only veneerbasedsamples achieved the required thresholds to be classified as
Group 1 materia{Table 3). Product A was the highest performing interior product which
achieved Group 1 for all venebased samples assessed. Interior product B achieved Group 1
for Tasmanian oak plywood only. No sawn samples achieved Group 1.

Following VPI treatment, the avega uptakes were again highest in Tasmanian oak veneers
and plywood (Table 3, with product B showing the highest uptakes at 4%4 il

Tasmanian oak venednterestingly, Tasmanian oak plywood also recorded relatively high
uptake in product A, at 42nh8. As noted above, laminated samples were tested with a grid
in accordance with specification in AS 3837. This was implemented after delamination was
observed for initial tests afeneerbasedsamples without the grivhensamples

delaminatd in the cone calameter, their surface moudeloser to the cone heater ands
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therefore exposed to higher heat flux values; thus thengisdused to ensure uniform testing
conditions. This is permissible within the context of AS 3837, however, it poses a problem for
theinterpretation of results within AS 5637 Within this standard, cone testing according to
AS 3837 is specified to test lining materials askernative test method to more costly

testing in AS 1ISO9705vhich details a full room test and estimates timetto flashover for
lining materials. In this scenario there are no practicable measures to prevent delamination
with a grid. Thus, while somteeatedveneerbasedsamples satisfied the numerical thresholds
for Group Number 1, they could possibly not béable due to the practical implications of
thedelamination of these products. This issue of application of the results is not clearly
defined in the code. Technically only materials that do shrink or melt away from the
irradiation of the cone heater arassified asinsuitable materials according to AS 5638d
materials that delaminate and warp towards the haatéechnically speaking, code

compliant however their effectiveness remains to be seen witksfalle testing.

The appearance of the various treated samples are indicated in Figures 60 through 62,
however these sample sizes are relatively small and full scale samples would provide a better
impression of the treatment appearance

Average uptakes (L/m3) Interior A Interior B Control C
Seasoned shining gum 103.52 113.95 n/a
Seasoned plantation spotted gum 57.41 113.1 n/a
Tas oak veneer 350.24 453.8 n/a
Spotted gum veneer 143.81 160.41 n/a
Tas oak plywood 429.13 355.56 n/a
Spotted gum plywood 233.35 185.53 n/a
Highlighted cells indicate samples that achieved Group 1 performance.
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Pr;d#ct Species Form Density MC Thickness ASEA* Group #
[kg/m?] [%] [mm] [m?/kg]
Al Shining gum Sawn 561 16.6 19 27 3
A10 Shining gum Sawn 570 12 20 28 3
Al13 Shining gum Sawn 554 15.3 20 11 3
Al4 Spotted gum Sawn 938 151 23 18 3
Al15 Spotted gum Sawn 872 15.2 25 30 3
Al6 Spotted gum Sawn 923 15 26 30 3
Al7 Tas oak Veneer treated ply 681 18.7 10 41 1
A18 Tas oak Veneer treated ply 691 154 10 45 1
A2 Tas oak Veneer treated ply 671 125 10 28 1
A3 Spotted gum Veneer treated ply 1026 121 17 31 3
A4 Tas oak Plywood treated 835 17.9 10 24 1
A5 Tas oak Plywood treated 813 17.2 10 27 1
A6 Tas oak Plywood treated 832 175 10 16 1
A7 Spotted gum Plywood treated 1009 12.6 18 1 1
A8 Spotted gum Plywood treated 986 12.8 18 2 1
A9 Spotted gum Plywood treated 1079 17 2 1
B19 Shining gum Sawn 576 11.6 19 15 3
B20 Shining gum Sawn 595 114 20 11 3
B21 Shining gum Sawn 565 15 19 3
B22 Spotted gum Sawn 974 15.1 23 18 3
B23 Spotted gum Sawn 1012 16.7 25 3
B24 Spotted gum Sawn 861 11.6 25 15 3
B31 Tas oak Plywood treated 798 16.1 10 1
B32 Tas oak Plywood treated 787 17.2 10 5 1
B33 Tas oak Plywood treated 835 16.3 10 1
B34 Spotted gum Plywood treated 813 9.7 22 1
B35 Spotted gum Plywood treated 1018 11.2 17 2 3
B36 Spotted gum Plywood treated 1015 135 18 3
C37 Shining gum Sawn 521 9 19 26 3
C38 Shining gum Sawn 548 9.2 19 29 3
C39 Shining gum Sawn 615 9.3 19 23 3
C40 Spotted gum Sawn 862 9.1 26 17 3
Cc41 Spotted gum Sawn 899 105 26 12 3
C42 Spotted gum Sawn 913 10.4 23 28 3
C43 Tas oak Blank plywood 736 8 10 13 3
C44 Tas oak Blank plywood 734 8.7 10 16 3
C45 Tas oak Blank plywood 698 8.5 10 62 3
C46 Spotted gum Blank plywood 1009 8.2 17 14 3
C47 Spotted gum Blank plywood 1018 8.4 17 18 3
C48 Spotted gum Blank plywood 954 9.1 17 22 3
*Average specific extinction area; C = untreated controls
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Product A

Material

Interior

A Sawn shining gum

A Sawn spotted gum

A Tasmanian oak veneer treated ply
A Spotted gum veneer treated ply
A Tasmanian oak plywood treated
A Spotted gum plywood treated

Figure60. Indicative appearance of product A on various sample substrtesto: Rhianna

Robinson
Product C Material Interior
Control Sawn shining gum
Control Sawn spotted gum
Control Tasmanian oak untreated plywood
Control Spotted gum untreated plywood

Figure6l. Indicative appearance of untreated control samplekoto:Rhianna Robinson

Product B Material
B Sawn shining gum
B Sawn spotted gum
B Tasmanian oak veneer treated ply
B Spotted gum veneer treated ply
B Tasmanian oak plywood treated
B Spotted gum plywood treated

Interior

L

Figure62. Indicative appearance of product B on various sample substrBtesto: Rhianna

Robinson
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Benefits for industry?

While furtherresearch is still required to determine the effect of product scale and the
influence fireretardant treatment on bond performanhe,guccessful products trialled in this
research are commercially availabled the suppliers are willing to be contadtedfurther
research and developmenit is of interestto our industry partners. Please contact the
principal researcher to discuss.

What still needs to be done?

Given that these were material tests and were not carried out in a NATA certified lajgorato
a recommended next step would be to undertake ddhascaleassembly tests.

It is also recommended that a replicate trial is carried out w8inghg gum veneetased
products as this could highlight a significant product opportunity using alesddilished
products and methodologies. Additionally, schedule length, solution strength and pre
treatments for improved fireetardant uptake fell outside the scope of this project. Method
enhancement in both spaces saw dramatic improvements for treatmderduld be applied to
increase fire retardant uptake. This is especially important for danmg gum having

almost achieved BAL29 with 2/3 samples passing. Simple schedule adjustments and/or
modifications to solution strength could see saining gum achieve BAL29 and create a
new product opportunity.

To combine a firaetardant treatment option, with a suitable durability treatment remains a
key challenge fothe global preservative industry, and more specificallyldardurability,
nonfire-ressting timber like shining gum or Tasmanian oak to be used safely as material for
exterior claddings.
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Communicati on

Industry Engagement Workshop

To communicate the results of the research trials to our industry partners, an industry
engagement workshop was developed and run for NIFO78 and its affiliated research project,
NIF108, at the Centre for Sustainable Architecture with Wood in Launcestbia)ir2022.

The workshop ran over the course of a day, with research partners trafreliminterstate to
present and discuss their work with interested timber industry collabofBiguses63 and

64). The workshop wakeldfaceto-face,at the T40 workshop in Newnhamith the

opportunity for people to handle treated material dinectly interact with researchers
throughout the day. A small handbook was provided to particgigre 63).

Figure63. Launceston NIFPI durability projects Industry Engagement Workshop at CSAW in Newnf
(left) and printed workshop booklets (righfphotos: Donna Jackman (left) and Kyra Wood (right).

Figure64. Lead researchers presenting during the Industry Engagement Workshop including: Rhia
Robinson (left), Benoit Belleville (middle) and Stuart Meldrum (rigtitptos: Kyra Wood.
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