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ABSTRACT

Staining is a process of transparent wood surface colouring. Stains are liquid systems that wet and
penetrate treated surfaces, changing their properties, including their roughness. The article presents research
on the surface roughness change of beech, beech plywood, and beech veneered wood-fibre boards after
treatment with waterborne and solvent-based stains and waterborne stains with PVA resin additive. Before
staining, the surfaces were sanded with P150-grain sandpaper. A contact roughness tester model SJ-210
and a standard Gaussian filter were used to evaluate the roughness. The influence of the substrate structure,
the stain dilution and the type of thinner on the surface roughness were determined. The parameters Ra,
Rpk, Rk, Rvk and the composite parameter Rpk+Rk+Rvk were analysed. The results are presented
graphically and also in tables.
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INTRODUCTION

Staining is a process of transparent surface colouring of wood details and elements
(Kavalov and Angelski 2014). It refers to the operations preceding coating formation.

Stains are low-viscosity liquid systems that wet-treated surfaces and penetrate them,
changing their properties, including their roughness. In recent days, the use of solvent-based
stains has decreased because of the poisonous volatile organic compounds (VOC) included in
their formulation. Their replacement with waterborne stains, when treating wood surfaces, leads
to longer drying times and wood grain raising. Grain raising depends on several factors,
including wood species, surface preparation, substrate type, stain formulation, solids contents
and surface tension of the applying products, amount of stain applied, drying speed, application
method, and ambient humidity and temperature (Landry et al. 2013, Onegin 2015, Yakovlev
2020, Atanasova and Angelski 2023). Wood grain raising is an unwanted effect resulting from
the treatment of wood surfaces with liquid systems. To negate it, additional intermediate sanding
of the surface is required before applying the next coating layer.

The main approaches to limiting wood grain raising are the rationalisation of the process
conditions of the surface preparation for coating (Evans, 2009), and the inclusion of special
additives in the coating system formulation (Landry et al. 2013).

Traditionally, changes in surface roughness are measured using a group of roughness
parameters. A rational approach to assess the wettability of wood surfaces is to measure
parameter values before and after treatment (Magoss et al. 2019, Atanasova et al. 2023).

The arithmetic mean deviation of the assessed profile Ra, in combination with the surface
profiles, gives an accurate overall assessment of the change of the profile as a result of wetting.
A detailed assessment of the influence of the substrate structure is given by the material ratio
curve parameters: core roughness depth Rk, reduced peak height Rpk, and reduced valley depths
Rvk (Magoss et al. 2019, Atanasova and Angelski 2023).



54 KRASIMIRA ATANASOVA, DIMITAR ANGELSKI

The aim of the present study is to establish the change in surface roughness of beech, beech
plywood, and beech veneered wood-fibre boards after treatment with solvent-based stain,
waterborne stain, and waterborne stain with PVA resin additive.

METHODOLOGY

Stains were applied with a brush to beech wood, beech plywood and beech veneered wood-
fibre boards. In the case of the waterborne stain, the excess amount was wiped off with a porous
material.

The beech wood (Fagus sylvatica L.) density was measured to be 763 kg/m3. The
specimens with dimensions of 140 x 70 x 20 mm (L x B x 8) were plane-milled.

The plywood was manufactured by S.C. Cildro Plywood, Romania. According to the
manufacturer, it has a symmetrical structure and density of 760 kg/m3, according to CEN EN
323:1993. The plywood surfaces were sanded with sandpaper P80 and P120 and met quality
11/111 according to CEN EN 635-2:1995. The plywood face layers were made of peeled beech
veneer. The specimens had dimensions of 140 x 70 x 15 mm (L x B x 9).

The veneered detail was made from a wood-fibre board and veneered with radial beech
veneer with a thickness of 0.55 mm and a moisture content of 12+1%. The veneer was
manufactured by Danzer, Germany. Its average density was measured to be 596 kg/m3. PVA
glue was used for veneering. The pressing temperature was 75 C. After pressing, the surfaces
were not sanded. The specimens had dimensions of 140 x 70 x 17 mm (L x B x 9).

All materials were conditioned for 5 months at 20 + 2°C and 50 +5% R.H.

Before staining, the specimens were sanded with P150-grain sandpaper.

The surfaces were treated once with a waterborne stain, a waterborne stain with a PVA
additive or a solvent-based stain. Stains were produced by N.K.N, Bulgaria.

The waterborne stain CWT 4 (concentrate) contains 15% C.I. Acid orange and up to 130 g/l
VOC (https://lakove.bg/).

According to the manufacturer, to limit the wood grain raising of the treated surfaces, it is
recommended to add a minimum of 30-40% PVA resin to the waterborne stain. For the
experiment, 40% PVA resin was added to the waterborne stain.

The formulation of the solvent-based stain TM-T22 (concentrate) includes
Methoxypropanol and pigments. The product contains up to 700 g/l VOC (https://lakove.bg/).

Three series of specimens were prepared for each of the three surface types: stain-
concentrate treatment (100%), thinner-only treatment (0%), and treatment with a 50% stain-
thinner mixture. The measurements were carried out 24 hours after staining.

A weighting method was used to determine the density of the investigated materials and
the amount of stain applied.

The measurements of roughness parameters were made with a contact roughness tester
Mitutoyo SJ-210 with a V-shaped stylus tip of radius R = 5 pm and evaluation length In =15
mm. A standard Gaussian filter with limits ic = 2.5 mm and As = 8 um was applied. The
measurements were taken perpendicular to the wood grain, at the same evaluation lengths, before
and after staining.

The arithmetic mean deviation of the evaluated profile Ra, according to 1SO 4287:1997,
was chosen as the main parameter studied. Additional parameters were selected from the material
ratio curve parameters: core roughness depth Rk, reduced peak height Rpk, and reduced valley
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depths Rvk, according to 1SO 13565-2:2002. The composite parameter Rpk+Rk+Rvk was also
calculated.

The Excel program was used for the data statistical processing and their graphical
presentation.

RESULTS AND DISCUSSION

The results of the experiment to determine the influence of the stain dilution and the type
of thinner on the roughness parameters of the three types of treated surfaces are presented in
Tables 1-3.

A comparative graph of beech surface profiles, before and after staining with concentrated
(100%) waterborne stain, concentrated waterborne stain with PVA additive, and concentrated
soluble-based stain are presented in Figures 1-3.

Stained beech surface profile

| I | |
' | | | Sanded beech surface profile

Figure 1: Beech surface profile change as a result of treatment with a waterborne stain

Stained beech surface profile

' L ’ | |

Sanded beech surface profile

Figure 2: Beech surface profile change as a result of treatment with a waterborne stain with a PVA additive
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Table 1: Average values of the roughness parameters of the beech surfaces treated with waterborne stain,
waterborne stain with PVA additive, and solvent-based stain. Change in the roughness parameter values AR
[%] and accuracy index p [%] for sanded and stained surfaces

Waterborne stain with

Type of stain Waterborne stain PVA additive Solvent-based stains
—_ Average T Agcuracy Average o r_cAgcuracy Average o T Accuracy
S, values N In(?)ex values [um] N¢e mc(i)ex values [um] ‘éindexp[%]
p p [%0] p [%0]
(=] [7 -
g <3 8 8 & 8 8 8 8 8 8 8 g 8
1= < £ 8 8 s & & g g & & g s 8
3 Ss 5 5 5 5 5 5 5 5 5 5 5 5
8 © = 3 B T 8 8 B 32 8 B B 3 B
C ge) = © c he) =) o c o) C k=) c
g G 8 & & §8 8 5 8 & 8 & 8
& » %) %) %] n 7] w b (%] 17} n n
Ra [um] 593 10,35 75 317 2,85 4,95 717 45 326 333 398 675 71 562 682
Rk [%] 14,22 30,95 118 3,31 4,91 14,00 20,07 43 4,31 3,00 11,00 18,84 71 481 7,56
o Rpk[%] 510 12,21 139 523 879 4,84 13,48 179 530 8,08 4,09 14,13 245 841 681
Rk [%] 1851 1922 4 333 6,80 1352 1426 5 9,15 7,85 11,33 11,83 4 10,22 10,86
Ef,g']‘J'Rk*RVk 37,83 62,38 65 3.24 3.10 32,37 47,81 48 2.9 4.10 2643 4480 70 742 176
Ra [um] 561 1350 140 543 6,13 4,79 10,87 127 432 416 546 597 9 7,60 859
Rk [%] 15,11 41,02 171 624 7,45 13,00 31,46 142 3,95 393 1571 1671 6 850 9,25
50 Rpk [%] 534 21,41 300 11,13 5,10 517 15,76 205 7,91 422 496 643 30 6,42 1833
Rk [%] 14,99 1981 32 627 7,86 14,27 18,06 27 9,69 945 14,05 1652 18 599 14,96
F,z']”Rk*R"k 3543 8223 132 551 5.76 32,45 6528 101 6.17 3.50 34,73 39,67 14 5.93 10.46
Ra [um] 388 7,16 84 301 2,33 6,63 1300 96 3,88 339 427 550 29 3,70 3,89
Rk [%] 11,34 21,41 89 2,76 321 17,89 39,27 120 513 3,46 12,13 16,40 35 3,65 4,53
100 Rok [%] 3,60 13,04 262 4,75 2,69 8,85 21,05 138 9,36 579 413 797 93 7,88 601
Rk [%] 947 1032 9 424 507 18,25 19,71 8 4,65 515 11,28 1292 15 7,30 9,35

F)Z']”Rk*R"k 2041 4476 83 321 1.71 44,99 80,03 78 443 2,70 27,54 37,29 35 480 532

From the presented results, it can be concluded that after staining, the values of all
investigated roughness parameters increased. The greatest change was found for surfaces treated
with waterborne stain, while the smallest was for surfaces treated with solvent-based stain. The
most significant change was in the values of the parameter Rpk. A similar trend of parameter
change was established when beech surfaces were treated with a single-layer low-viscosity
waterborne varnish system (Atanasova and Angelski 2023), but Ra, Rk, and Rpk+Rk+Rvk were
less affected.

The stain dilution affected the roughness parameter values. The change in the values of the
stained surface parameters was influenced by the presence of a PVA additive in the waterborne
stain. The values of the parameter Rvk were the least affected.

When the surfaces were treated with thinner alone, the variation in parameter values was
much greater than when treated with stain (concentrate or diluted). An exception was the Rvk
parameter.
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Stained beech surface profile

Sanded beech surface profile

Figure 3: Beech surface profile change as a result of treatment with a solvent-based stain

Table 2: Average values of the roughness parameters of the veneered surfaces treated with waterborne stain,
waterborne stain with PVA additive, and solvent-based stain. Change in the roughness parameter values 4R
[%] and accuracy index p [%] for sanded and stained surfaces

Waterborne stain with PVA

Type of stain Waterborne stain additive Solvent-based stains
— Average Accuracy Average Agcuracy Average Agcuracy
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Ra [pum] 6,96 845 21 400 308 619 992 60 569 482 616 651 6 053 249
Rk [%] 16,82 22,56 34 2,57 3,65 15,79 27,89 77 4,67 4,73 16,02 1610 0 2,24 1,96
0 Rpk[%] 6,20 10,35 67 9,20 10,25 5,90 13,57 130 5,76 552 575 575 0 7,31 6,77
Rvk [%] 2055 2161 5 4,18 540 16,88 20,05 19 8,25 10,05 15,85 17,89 13 3,36 3,11
F,ZI](+RK+RVK 43,57 5452 25 2.73 505 3858 6151 59 535 4.87 37,62 39,74 6 266 216
Ra [%] 8,14 1024 26 325 347 626 7,34 17 6,16 2,70 7,29 6,81 -7 4,15 4,14
Rk [%)] 19,55 27,48 41 595 4,73 1459 19,68 35 573 4,67 17,72 17,24 -3 3,99 4,80
50 Rpk[%] 6,12 11,20 83 943 1589 435 835 92 888 681 592 506 -15 9,84 6,62
Rvk [%] 2164 2303 6 4,01 396 1865 1959 5 543 540 21,10 19,86 -6 4,22 2,09
F,ZI](+RK+RVK 47,31 61,71 30 420 505 37,58 47,62 27 5.60 2.84 44,74 42,17 -6 4.19 3.28
Ra [um] 771 916 19 484 258 515 691 34 239 266 593 556 -6 224 2,75
Rk [%] 18,43 24,36 32 4,64 3,02 1251 19,04 52 1,76 1,78 1557 1477 -5 258 2,76
100 Rpk [%] 6,09 10,12 66 7,22 6,69 4,05 10,01 147 9,08 8,66 504 502 0 537 516
Rvk [%] 21,09 22,06 5 420 340 1516 1596 5 461 595 1531 1544 1 350 4,26
Rpk+Rk+Rvk

[%] 45,60 56,54 24 4.09 227 31,71 4501 42 191 2,01 3592 3523 -2 283 2.68
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From the results presented in Table 2, it can be concluded that after treatment with a
waterborne stain, the roughness parameter values increased. The greatest change was in the
parameter Rpk. The Rvk parameter was the least affected. The stain dilution affected the
roughness parameter values.

As a result of treatment with a solvent-based stain, the values of the roughness parameters
decreased or increased slightly. Dilution affected the change of the parameters Rpk and Rvk to
the greatest extent.

The PVA additive presence affected the roughness parameter values. In the case of water
presence in the stain composition, the PVA additive limited the surface profile change.

A comparative graph of veneered surface profiles, before and after staining with
concentrated (100%) waterborne stain, concentrated waterborne stain with PVA additive, and
concentrated soluble-based stain are presented in Figures 4-6.

Stained veneered surface profile

Sanded veneered surface profile

Figure 4: Veneered surface profile change as a result of treatment with a waterborne stain

m Stained veneered surface profile
|

Sanded veneered surface profile

Figure 5: Veneered surface profile change as a result of treatment with a waterborne stain with a PVA
additive
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Stained veneered surface profile

Figur 6: Veneered surface profile change as a result of treatment with a solvent-based stain

Table 3: Average values of the roughness parameters of the plywood surfaces treated with waterborne stain,
waterborne stain with PVA additive, and solvent-based stain. Change in the roughness parameter values AR
[%] and accuracy index p [%] for sanded and stained surfaces

Waterborne stain with
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RK [%] 3265 3966 21 549 329 30,53 44,10 44 3,98 3,83 31,80 33,34 5 557 5,18
0 Rpk[%] 6,29 17,40 177 7,07 8,18 8,16 22,86 180 5,70 7,95 873 7,93 -9 564 6,95
Rvk [%] 2875 2621 -9 560 562 25632603 2 3,48 4,47 26,28 27,15 3 6,15 523
Rpk+Rk+Rvk [%] 67,69 8327 23 266 356 64,32 9299 45 147 4,17 66,81 68,42 2 4,29 4,40
Ra [um] 11,11 1455 31 331 1,86 11,78 16,21 38 2,77 2,79 10,89 11,26 3 4,20 4,47
Rk [%] 27,74 4296 55 360 191 33,08 4862 47 533 3,24 26,83 27,71 3 3,56 2,74
50 Rpk[%] 7,30 18,65 155 7,62 7,85 7,37 21,28 189 7,62 7,79 7,48 6,63 -11 9,58 7,48
Rvk [%] 27,17 2661 -2 627 823 24232709 12 4,70 6,47 27,19 28,02 3 6,47 6,95
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Rk [%] 33,13 4725 43 281 261 30,20 44,68 48 6,12 3,34 30,52 31,33 3 5,75 5,14
100 Rpk [%] 910 17,95 97 1532 7,83 7,34 20,21 175 8,83 7,37 7,92 9,85 24 7,06 537
Rvk [%] 23,67 2423 2 462 278 27982786 0 4,18 4,69 27,81 27,25 -2 5,04 5,18
Rpk+Rk+Rvk

[%] 6590 89,43 36 2,61 2,35 65529275 42 3,53 3,22 66,24 68,42 3 4,46 4,38
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The results presented in Table 3 show an increase in the values of the investigated
roughness parameters for the surfaces treated with waterborne stains. The change in Rvk is
insignificant. A similar trend of parameter change was established when beech plywood was
treated with a single-layer low-viscosity waterborne varnish system (Atanasova and Angelski
2023), but the changes in Ra, Rk, and Rpk+Rk+Rvk values exceeded 100%.

The stain dilution affected the parameter values.

The change in the parameter values is insignificant for the surfaces treated with a solvent-
based stain. In some cases, the values decrease.

For all surfaces, the Rpk parameter values changed the most.

The change in the parameter values of the stained surfaces was influenced by the presence
of PVA additives in the waterborne stain. The parameter Rvk values were the least affected.

A comparative graph of plywood surface profiles, before and after staining with
concentrated (100%) waterborne stain, concentrated waterborne stain with PVA additive, and
concentrated soluble-based stain, are presented in Figures 7-9.

U o o

Sanded plywood surface profile

Figure 7: Beech plywood surface profile change as a result of treatment with a waterborne stain

Stained plywood surface profile

Sanded plywood surface profile

Figure 8: Beech plywood surface profile change as a result of treatment with a waterborne stain with a PVA
additive
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Stained plywood surface profile

Sanded plywood surface profile

Figure 9: Beech plywood surface profile change as a result of treatment with a solvent-based stain

CONCLUSION

The presented research investigates the change in roughness of surfaces of beech wood,
beech plywood, and beech veneered wood-fibre boards after treatment with waterborne stain,
waterborne stain with PVA additive, or solvent-based stain. Surface changes after treatment with
concentrated stain, with thinner only, or with a 50% stain-thinner mixture are presented. The
arithmetic mean deviation of the assessed profile Ra and material ratio curve parameters, core
roughness depth Rk, reduced peak height Rpk, and reduced valley depths Rvk were investigated.
The measurements were carried out with a contact roughness tester Mitutoyo SJ-210 with a
standard Gaussian filter and an evaluation length In =15 mm. The results showed that the
roughness of the surfaces after staining is mainly influenced by their structure, the stain
formulation, and the type of thinner.

Significant wood grain raising was found when the surfaces were treated with waterborne
stains. Profiles were last modified in the area of the Rvk parameter. When stained with a solvent-
based stain, wood grain raising was negligible for the veneered and plywood surfaces. For the
beech surfaces, the grain raising was less pronounced compared to the surfaces treated with
waterborne stains.

For all investigated surfaces, the parameter Rpk changes to the greatest extent.

For all surfaces, the dilution of the waterborne stains affects the roughness parameter
values.

When treating beech and veneered surfaces with thinner alone, the change in parameter
values was much more significant than when treated with stain (concentrate or diluted). An
exception was the Rvk parameter.

Adding PVA resin when beech surfaces and surfaces veneered with beech veneer are
treated with waterborne stains is recommended.

The present study can serve to rationalise the staining processes and increase the quality of
stained beech furniture surfaces.
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