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For the evaluation of surface roughness impactdivesion properties, the samples of dried Bsax{nus excelsior [.and
birch Betula L) wood were used. Before wood finishing, the s@$aaf the samples were sanded. In order to getretiff
surface roughness the abrasive material of P8@),FA150, P180, P220 and P240 grit was used. Thenpsers of surface
roughnes$R,, R, andR,,,were measured in three directions: along the weaith gacross the grain and in the angle of 45°.
Comparison of the results showed the non-lineaeniggncy of roughness parameters. Afterwards thel wadace was
coated with three different acrylic-polyurethanatany systems (1 layer of varnish without primetayter of primer and

1 layer of varnish, and 1 layer of primer and 2etayof varnish). The adhesion strength was assessegl the pull-off
method. Also the nature of the fracture was evatlidt was determined that the peculiarities ofeger roughness, coating
system type and wood species signally resultsahees of the adhesion strength.
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INTRODUCTION along the surface to be measured. The diamondssty/the
main component of the profilometer. This method esai
Cﬁossible to evaluate the main parameters of théacar
roughness in different directions of wood grain-f].
Adhesion strength of coating film can be measured i
several methods — using cross-cut, tape-peel drofful
tests. Using these techniques a number of adhssiemgth
researches were carried out. The adhesion streofyth
bleached, stained and treated with preservativelesnof
spruce Picea orientalis L), yellow pine Pinus sylvestris
L.), beech FFagus orientalis L). and chestnutGastanae
%ativa L) was measured [11]. Also the surface roughness
was evaluated. It was found that wood bleaching thad
greatest influence on surface quality, and stainedd
samples showed the highest adhesion strengthelottter
research samples of Scots pine, Eastern beech akd o
(Quercus petraea ). wood were coated with
nitrocellulose, two-part polyurethane and waterlorn
polyurethane varnishes in order to evaluate tHeeénte of
moisture content on adhesion strength [12]. Théndsy
adhesion strength showed oak wood with moisturéecdn
of 8 % coated with two-part polyurethane varnishrkish
Rientists determined, that increase of wood dayiiiin

coatings has a great influence on coating perfoceam

many cases, the surface coating fails due to deibgn
from the surface of the wood. The chemistry of wand

surface and the chemistry of the coating systerdsyeebe
understood to determine the important factors guoagr
surface coating performance. The properties ofwbed

surface, its texture, anatomy, species all affecfase

coating performance [1].

As known, wood is not a homogeneous material. F
coating adhesion strength it is particularly impattearly-
and latewood ratio in the wood growth-ring. Earlpdois
more porous than latewood, thus coating penetratiorthe
earlywood zone is higher, as coating penetratiomainly
subjected to its ability to flow into capillarie§wood [2, 3].
Also penetration is influenced by coating bindeyetysolid
content, pigmentation and drying speed. In thiskwybrid
acrylic-polyurethane coatings were used. Thesengsatare
expected to provide the advantages of polyurethsuels as
toughness, durability, good adhesion, fast dryimg euring
and also the advantages of acrylic polymers such

resistance 1o chemical exposure, gloss, hardness, oisture content from 7.5% to 14.5% significantly

weatherability [4, 5]. . )
. . L reduces adhesion strength and surface quality.y®Bmid

fAnother gnportagt f?ctor daffetctlng adhte|5|ocr&1|s_woodwet adhesion of several types of waterborne agrylic
,[S#racef roug neis [6]. ? or Zr _:)_agcurateyt er!Te waterborne alkyd-emulsion, high solid alkyd andveat
e surface roughness of wood, it is important priypio alkyd coatings it was obtained that waterborneingathad

select suitable roughness measurement devices aﬂ)‘é/verwet adhesion than solventborne coatings [ABp it

methodolc;)%y [7]. WOde ?uriaced roughnes{s tcanthb as determined that the highest adhesion strengthimv
measured by means of contact and non comtact Metnog,q, ;4neg of earlywood of pine wood. In the otherkithe

Thg first typ?_ inclut?]ez co(r;tact ??ﬂus tip,ttacﬁkalwsi[[ijor:h influence of beech wood surface roughness and ngetti
and pneumatic methods. ne ot the most popularads properties on adhesion strength after aging weatuated
is to register the profile of the surface usingydus drawn [14]. For the research two different processing hoes
were chosen (helical planning and face millinghedl as
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obtained that the highest impact on surface quality systems were used in evaluation of the strengtivarid
herewith on wetting properties had feed speed. coating adhesion: type A — 1 layer of varnish, tfpe-

The main purpose of this research is to evaluage thprimer (thinned varnish) and 1 layer of varnistpeyC —
dependence of ash and birch wood surface roughoress primer and 2 layers of varnish. Subsequently fimistvood
the adhesion strength of three different acrylicwas cut into samples of (50x50x15) mm. In total i@@d

polyurethane coating systems. samples were used for the experiments (20 sampieme
wood surface roughness and coating system type).
MATERIALSAND METHODOLOGY Adhesion strength of the coating was evaluated

carrying out the pull-off test [15]. For the teatsminium-
faced dollies with a rigid, flat faces with nomirdihmeter
of 20 mm were used. The dollies were glued permereali
to the coating surface of the dry coating film bgans of
fast-hardening cyanoacrylate adhesive. When thesiah
cured, 20 mm hole saw was used to cut around thie @f
the dolly through to the wood substrate. All of 8smples
Wvere initially conditioned at temperature Z3+2°C and
relative humidity of 50 % +5 % for 20 hours.

Adhesion strength was tested in the universalrgsti
machine P-05 with across-head speed of 30 mm/ntie. T
tensile strength was applied perpendicularly toplame of
the coated substrate. After each test the natur¢hef
fracture was evaluated visually.

Tangential planed defect free kiln-dried aBhakinus
excelsiorL) and birch Betulal) wood samples
(270%x215%15 mm) were used for this research. Theitge
of ash wood was 649 kgfmwhereas the density of birch
wood — 614 kg/rh Growth-ring width was around 2.6 mm
for ash and 2.9 mm for birch. Moisture content bé t
samples was 101 % +1 %. Then samples were sandied
random-orbit sander (eccentric motion speed 6800'mi
sanding stroke 5 mm, sanding time 1 min.) usingdsed,
commercially manufactured, open-type abrasive nater
with different-sized grits P80, P120, P150, P1&RWPand
P240 (grading system by FEPA).

Surface roughness parameters roughness av&age
average maximum height of the profik and maximum
roughness deptR.x were measured using contact stylus,
profilometer Mahr Marsurf PS1, whose a diamondusty RESULTSAND DISCUSSION
tip radius is 2um, measurement angle 90°, and evaluation Wood surface roughnessR{ R, and R.,,) was
length 17.5 mm. All measurement results were pimes evaluated in three directions: along the grainps&rthe
using a digital Gaussian filter. The measuremerdresf grain and in the angle of 45° The results of swfa

unevenness did not exceed +10 %. roughness measurements of ash and birch wood avensh
The samples were coated with commercially availabléin Table 1.
clear acrylic-polyurethane varnish (viscosity — -Z8! Table 1 shows that compared to the parameters

(Ford viscositycup, 4mm), density- 0.92 kg/l +0.03 kg/l, obtained along the grain, the surface roughnesmpeers
solid content — 24 9% +1 %, hardener — 20 %, diluent of ash wood across the grain are higher (deperafinthe

20 %—30 % by weight) using an industrial low-pressuregrit size of the abrasive papdR) — up to 2.8R, — up to
spray gun at a spread rate of 120gAnd cured in the 3.6, Rnax Up to 5.2 times, and in the angle of 45° — up to
convection drying chamber. Three different coating 2.7, 3.0 and 3.9 times respectively.

Table 1. Mean values of ash and birch wood surface roughnes

Parameters of Roughnegsn
Grit Size . .
(FEPA) Along the Grain Across the Grain In the angle df 45
Ra|| Rzu Rma)ﬂ Rat ReL Rinaxt Raas Reas Riaxas
Ash wood
P80 3.92 27.33 37.34 6.04 51.39 76.44 5.82 46.87 7766
P120 3.13 22.54 33.53 8.64 77.45 107.6p 8.04 63.27 96.14
P150 2.34 17.12 26.35 4.59 43.29 68.91 4.97% 40.17 8.036
P180 1.67 12.65 15.85 4.73 46.03 82.13 4.19 34.16  3.005
P220 1.63 12.63 17.42 4.06 41.59 71.14 4.43 37.85 7.536
P240 1.53 11.42 18.24 3.88 38.71 58.44 3.69 34.11 5.345
Birch wood
P80 7.77 49.46 61.08 8.43 59.67 74.9( 8.47 57.65 .3569
P120 4.18 28.67 36.78 5.14 39.74 51.84 5.45 40.71 1.925
P150 3.38 23.33 32.02 4.34 38.98 49.7( 4.3 35.31 5.974
P180 3.52 25.82 35.61 4.40 43.59 54.43 4.33 37.37 7.374
P220 3.09 22.95 33.91 3.68 38.31 48.34 3.47 33.41 4.9%4
P240 3.03 21.95 31.87 3.87 39.54 48.77% 3.8§ 35.75 5.574

R, — arithmetic average of the absoliute values efrtughness profile ordinateR; — arithmetic mean value of the single roughness
depths of consecutive sampling lengtRs;,— the largest single roughness depth with theuati@n length.
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While the surface of birch wood is more even arel th
differences between surface roughness parameteng,al
across the grain and in the angle of 45° sigaificantly

Fig. 1 shows that in the case of ash wood the @oihes
strength and surface roughness has quite goodivgosit
correlation, ie. with the decreasing of surface roughness,

lower. Roughness parameters along the grain aretabdhe adhesion strength tends to decrease also. Roufzite

1.3-1.8 times lower than across the grain and enatingle
of 45°, Also it can be seen, that with the incnegf grit

size of abrasive paper from P80 to P240, the sarfac

roughness parameters of ash and birch wood decffaise

increases the area of physical contact, thus apdtatiter
adheres to wood substrate [68].

When the surface becomes smoother, coating looses
mechanical interlocking with the substrate, thusakens

ash wood R,) — along the grain 2.39 times, across the graithe adhesion. Besides, it may be that surface sgndi

— 1.33 times and in the angle of 45° — 1.37 tirfasbirch
wood [R,) — 2.25, 1.51 and 1.61 times respectively).

causes damage to the walls of wood cells, which are
particularly weak in the tangential direction argpecially

Surface roughness parameters of birch wood comparea the earlywood area. For wood coating it is muobre

to ash wood along the grain are higher almost 24jm
while across the grain and in the angle of 45° welp
respectively 0.480.98 and 0.540.89 times. The
obtained data can be related to the measuremeatidoc
on the specimen and wood structure. As ash isgargus,
and birch — diffuse-porous deciduous tree, consatjue
ash wood vessels are located mainly in the earlgwoo
whereas in the birch wood — throughout cross-sectio

difficult to penetrate through the layer of crushwsls or
capillaries clogged with dust [17, 18]. As a regstiits area
foremost looses adhesion. As can be seen in Fa. 1,
adhesion strength of ash wood decreases 25.6 % for
coating system A, 31.9 % for coating system B, 20.@ %

for coating system C, when surface roughness isesa
about 60 %. That can be explained by obtained eatfir

the failure also (Table 2). Tables 2 and 3 preennature

of the fracture as the percentage of cohdsilere of

° l l wood substrate and the percentage of failure betvlee
§ l | wood substrate and first coat. All other failurpeg are not
- |
£ 51 |
g ! Table 2. Adhesion strength and nature of the failure (asbdy
3
o 44 . . .
8 Adhesion Coef(')f:‘uent Cohesive bFea:\l/l\;Jer:n
2 Grit Size| Strength Variation Failure of Wood and
3 ‘ ‘ ‘ o (MPa) % " | Wood, % First Coat.%q
10 15 20 25 30 '
Surface Roughness Rz, pm Coating Type A
¢ Coating Type A o Coating Type B
X  Coati C i Coatil
7. Cinear (Conting Type B)  — — Linear (Coating Type O) P80 54 13.5 26 L
a P120 4.9 10.8 53 46
P150 4.8 12.2 19 80
6 ; P180 4.9 16.6 14 82
© IR’ =0.173
% y Re? = 0.006 P220 4.4 25.8 23 71
5 °1 P Ret = 0.367 P240 4.0 17.8 20 76
[ |
s Coating Type B
S 4
g ) P80 5.0 12.9 42 56
<3 | P120 4.5 85 47 52
20 25 30 35 40 45 50 P150 5.3 16.5 33 65
Surface Roughness Rz, um P180 5.1 21.2 24 69
¢ Coating Type A o Coating Type B
X  Coating Type C Linear (Coating Type A) P220 3.6 23.8 17 78
- - - -Linear (Coating Type B) — — Linear (Coating Type C) P240 34 20.3 17 76
b Coating Type C
Fig. 1. Dependence of surface roughness (along the ggiron
the adhesion strength: a — ash wood, b — birch wood P80 53 9.6 43 55
. P120 4.7 12.2 50 47
Subsequently, the adhesion strength was evaluatpet
depending on the coating system and substrate csurfd P150 4.4 13.9 25 [
roughness. Dependencies of surface roughness peram¢ P180 4.4 8.5 30 69
R, along and across the grain on the adhesion stremgt P220 4.3 15.6 29 77
presented in Fig. 1. In addition, the nature offdikire is 5240 37 177 0 57
given in Tables 2 and 3. i i
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Table 3. Adhesion strength and nature of the failure (birciod)

Adhesion Coefficient Cohesive Failure
Grit Size| Strength .Of. Failure of between
o (MPa) Varl(;ltlon, Wood, % FWOOd ancl
0 irst Coat, %
Coating Type A
P80 3.9 14.7 97 2
P120 4.7 10.6 85 15
P150 4.0 18.8 46 53
P180 4.1 21.9 70 27
P220 4.7 14.5 62 38
P240 4.1 17.5 86 14
Coating Type B
P80 4.1 18.8 65 34
P120 4.3 10.5 76 24
P150 3.5 19.5 44 54
P180 3.5 18.9 21 75
P220 4.7 14.4 31 69
P240 4.0 21.8 43 56
Coating Type C
P80 4.0 16.7 82 15
P120 4.3 12.0 77 21
P150 4.4 15.2 62 38
P180 5.1 12.9 65 35
P220 4.4 12.4 62 37
P240 4.9 13.2 69 31

included in the table. Analysis of the data in Eabl

showed that the percentage of cohesive failure astm
cases is the highest of rougher ash wood surfagetqu

53 %), while becoming smoother the percentadailire
between the wood substrate and first coat incredsas
ash wood cohesive failure of wood substrate obseowny
in the areas of earlywood with big round vesselsoAhe
earlywood cells have much thinner walls compareth&
latewood, consequently coating easier reaches lopsns
and penetrates deeper [1].

can result from the distinct wood structure. As tiwered
before, on the contrary to ash wood, vessels ithbivood
are arranged throughout cross-section, besides wood
structure is more even, that results good coating
penetration into wood capillaries in the whole area
Comparing the adhesion strength subjected to the
chosen coating system and wood species, it was
determined, that in the case of one layer of varnis
adhesion strength for ash wood was higher fronf4 @
28.1 % than for birch wood, when wood substrate was
treated with abrasive material grit size from P8QPtL80,
however when wood was sanded with the abrasiveriahte
grit size P220 and P240 the adhesion strength ifch b
wood was higher about 2.394.0 % compared to ash
wood. The same dependence is observed when wood was
coated with one layer of primer and one layer ahish —
the adhesion strength of wood treated with abrasive
material P80-P180 for ash wood was higher about
4.9 %-32.7 % than for birch wood, still when treatedhwit
paper P220 and P240, the adhesion strength fdr hiood
was 16.9 %-29.2 % higher compared to ash wood.
However in the case of coating system C, there was
observed completely different tendency — highereadin
strength for ash wood was obtained only for P80 Rh&0
sanding (about 8.7 %23.8 %), later higher adhesion
strength for birch wood was observed (about
1.2 %-32.7 %). These tendencies could be explained by
the different wood structure and variation of scefa
roughness.

CONCLUSIONS

Examination of adhesion strength showed that the
effect of surface roughness to the adhesion prigiseis
significant. With the increasing of surface rougtse
increases the area for the mechanical interlockitgveen
coating and wood substrate, consequently the aathesi
strength also increases. This tendency is very étgaash
wood, while for the birch wood is not so well-defth —
surface roughness and adhesion strength are
interdependent. Due to diffused distribution of seds in
birch wood, significant part of failure has cohesivature
(up to 64 % of all cases of failure), while for aslood
cohesive failure was observed only in the earlywaosh
(up to 29 % of all cases of failure).
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