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In order to preser ve and protect
wood aga inst f i re , insects and funga l
infestat ion, one can impregnate i t
with a bio log ica l wood preser vat ive
conta in ing abiet ic ac id , potass ium
carbonate, s i l i cate so lut ion, ce l lu lose ,
l ign in , and starch . However, how are
the mater ia l propert ies af ter such
preser vat ion t reatments?

Wood is a bio log ica l mater ia l with a complex wel l -
organized microstructure . The “honeycomb” ce l lu lar
structure can be div ided into ear ly and late wood.
To loca l ly probe the mater ia l microst ructures l ike the
found in wood, Ol iver and Pharr [1 ] proposed a
technique known as nanoindentat ion . Neverthe less ,
extremely f lat surfaces with low roughness are needed
to perform indentat ion campaigns .

Early Late

24 cubes of Norway spruce ( P icea abies ) with dimens ions of
approx imate ly 2x2x2 cm³ were har vested from 12 di fferent
boards by means of severa l c i rcu lar saws. 12 samples were then
treated with wood preser vat ive, whi le 12 were let in a “natura l”
state . Next , the sur face perpendicu lar to the gra in direct ion was
pol i shed by means of a n ult ra -mi l ler with a diamond t ip attached
(Le ica Microsystems GmbH, Germany) . Subsequent ly, the samples
were kept in a c l imate chamber at 21 cent igrade and 35% relat ive
humidi ty. F ina l ly, the roughness (approx imate ly 20 nm) were
examined by means of l ight microscope and a Tr ibo indenter.
Damages A B C , such as cracks , ce l l fa i lure , and delaminat ion,
were obser ved as a resul t of the pol i sh ing protocol .

We f i tted the elast ic modulus and hardness histograms with a
l inear combinat ion of log-normal Probabi l i ty Dens i ty
Funct ions (PDF) . The obta ined resul ts sug gest a phys ica l
interpretat ion of 3 di f ferent mater ia l phases : a i r, damaged,
and undamaged .

Attacks from insects and fung i on
wood can be prevented by apply ing
bio log ica l preser vat ion treatments .
Furthermore , obser v ing the
stat i st ica l d i st r ibut ion of e last ic
modulus , the volume fract ion of
undamaged mater ia l doubles
values . F ina l ly, the mean va lue of
hardness i s a lso increased, and a
th ird h igh performance mater ia l
phase is detected by the f i tt ing
automat ic a lgor i thm .

L o a d - p e n e t r a t i o n  c u r v e
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𝐹 …  load
𝑈 …  penetrat ion  depth
𝑆 …  in i t ia l  un loading
𝐸 … indentat ion  modulus
𝐴𝑐 …  contact  area
𝐻 …  hardness

2 locat ions at the ear ly wood
and 2 locat ions at the late
wood were se lected from the
12 “natura l” and 12 “treated”
cubes . Indentat ion gr ids of
10x10 were performed at each
of the locat ions , resu l t ing in a
tota l of 9600 indiv idua l
indents . A l l the campaign was
performed in a Tr ibo indenter
(Hys i t ron Inc . , USA) , equipped
with a three-s ided pyramid-
shaped t ip (Berkov ich type) .
Addit iona l ly, the re lat ive
humidi ty was regulated to 35%
by means of a regulator
attached to a ni t rogen gas
source .


