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The Use of Environmentally Friendly Abrasive Blasting
Media for Paint Removal from Wood Surfaces

Izham Kiling,® Mehmet Budakg1,>* and Mustafa Korkmaz °

This study determined some physical changes that occur on wood
surfaces aged in a marine environment resulting from the removal of
coatings using environmentally friendly media blasting. Scots pine (Pinus
sylvestris L.) wood coated with water-borne and synthetic paints was
exposed to a marine environment for 100 days. The aged paint layers
were removed using five different media (sodium bicarbonate, hazelnut
shell granules, corncob granules, walnut shell granules, and apricot kernel
granules), varying blasting angles (45° and 90°), blasting distances (7 and
10 cm), air pressures (2 and 2.5 bar), and nozzle diameters (0.5 and 0.8
mm) using an automated blasting cabinet. The results showed that corn
cob granules and sodium bicarbonate were less effective than other media
for removing paint layers at the application parameters. The samples were
tested for hardness, gloss, and total color change. Samples exhibited a
remarkable total color change and gloss increase when the blasting
distance was increased from 7 cm to 10 cm, while their hardness
decreased. The highest gloss value was obtained on surfaces blasted with
a nozzle diameter of 0.5 cm. Surfaces blasted with a nozzle diameter of 8
mm, however, yielded the highest total color change and hardest values.
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INTRODUCTION

Wood has been used for centuries in a variety of applications, both indoor and
outdoor. It is a natural building material that is frequently preferred for its durability and
aesthetic appeal (Cragg et al. 2001; Bilgin 2009; Uzuner 2020). Abiotic and biotic pests
can cause damage to unprotected wood materials, especially in outdoor conditions (Hon
and Feist 1986; Budake¢1 and Atar 2001; Van Acker et al. 2003; Williams 2005; Ali et al.
2007; Panek and Reinprecht 2014). Chemical, physical, mechanical, and microscopic
changes can also occur in wood materials due to outdoor conditions. It is reported that these
changes are caused by the deterioration of the chemical structure of wood extractives,
polysaccharides, and polyphenolics (Feist and Hon 1984; Feist 1990; Anderson et al. 1991;
Budake1 2006; Kilig and Hafizoglu 2007; Sivrikaya et al. 2011). Wood materials used in
the construction of watercraft and marine structures are often used as food and host by
marine pests. Because of this situation, the material surfaces are subjected to severe
deformations, resulting in substantial economic losses (Bobat 1994; Doruk et al. 2019).
Mollusc species destroy the inner parts of wood, while crustacean wood borer species
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destroy the surface (Maclean 1954; Eaton 1985; Doruk et al. 2019). These pests reduce
both the resistance and the service life of the material used in marine conditions.

To protect the wood material from the effects of the marine environment, different
preservatives, impregnations, paints, or film-forming varnishes are applied to its surfaces
(Dillon et al. 2006; Cetin 2009; Ozgeng et al. 2013). The pigments and ultraviolet light-
absorbing additives in these preservatives stabilize the color and gloss of the wood material
and reduce the deterioration caused by outdoor conditions. In addition, these preservatives
often have anti-insect properties (De Meier 2001; Schaller and Rogez 2007; Gobakken and
Lebow 2010; Sivrikaya et al. 2011; Forsthuber et al. 2013; Reinprecht and Panek 2013;
Panek and Reinprecht 2014). To reduce photodegradation and provide resistance to aquatic
pests, it is imperative to apply a protective layer to wood surfaces (Deka and Petric 2008;
Ozgeng et al. 2013). Nevertheless, the protective layers applied to the wood surfaces lose
their protective functions over time due to factors such as UV light, rain, sea salt, and
mechanical rubbing (Feist 1990; Budakg¢1 and Karamanoglu 2014).

Removing the old protective layer and re-applying a new one is not only necessary
from an aesthetic point of view but also from a long-term use perspective. However, it is
an extremely troublesome process (Weeks and Look 1984). These defective layers can be
removed from small surfaces using a variety of tools including scrapers, wire sponges, and
sandpapers. However, on large-scale surfaces, such as structural members or watercraft,
these tools require tremendous labor and time. It is also known that they are not effective
enough to achieve the desired results on the grooved or curved surfaces (Saloni et al. 2006;
Wynne et al. 2010). The inefficiency of these tools has led to the emergence of newer and
more technological techniques. As a result of the developments experienced in the
chemical industry since the early 1900s, paint removal chemicals have started to be
developed (Riley and Fischbeck 2000). Because chemical paint removal methods, which
aim to degrade the chemical structure of the protective layer on a surface, have negative
effects on the environment and human health, researchers are developing environmentally
and human-friendly methods (Chen et al. 2010).

In terms of affecting human health and the environment, removing paint with
pressurized systems has attracted increased attention. This method involves spraying only
water or micron-sized media on the surface with compressed air, either dry or mixed with
water. In the early 1980s, the method began to be widely used in the paint removal process
for composite materials used in aircraft (Foley and Weaver 1981; Madl et al. 2010;
Zulkarnain et al. 2021). It is possible to effectively remove paint layers with different
properties by modifying parameters such as media type, blasting distance, nozzle diameter,
air pressure, and blasting angle using this method (Foster et al. 1995; Rudawska et al.
2016).

Sodium bicarbonate is commonly used in the paint removal industry as a medium
for removing aged paint layers from wood surfaces with air pressure. Furthermore, a
number of alternative media, both artificial and natural, have been evaluated for their paint
removal performance (Lemaster et al. 2005). Agricultural wastes obtained from plants are
particularly useful as blasting media because they are low in density and have organic
structures. After these wastes are reduced in size with the help of grinders, they can be
converted into efficient blasting media for pressurized systems (Hansink 2000). Surface
cleaning with pressurized systems often uses media such as silica sand, mineral sand,
garnet, zircon, and others, but these materials contain high levels of silica, which can be
harmful to health (Hansel 2000). Furthermore, media such as silica sand, glass, spheres,
and steel balls have very high hardness levels compared to agricultural waste, so using
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these media for cleaning wood surfaces can cause roughness and discoloration. This is
because the hard media can damage the wood material, causing it to lose its original color
and texture. As an alternative, using media obtained from agricultural wastes to remove
old paint and varnish layers may be a safer and more reasonable option. As a result of this,
studies in recent years have focused on using recyclable agricultural wastes as alternatives
to sodium bicarbonate (Sharmin et al. 2012; Qi et al. 2021).

The purpose of this study was to investigate the physical effects of paint removal
on painted and aged wood surfaces with different blasting media (hazelnut shell granules,
corncob granules, walnut shell granules, apricot kernel granules, and sodium bicarbonate)
using different blasting parameters (distance, nozzle diameter, air-pressure, and angle).
Samples obtained from yellow pine (Pinus sylvestris L.) were coated with synthetic and
water-based paints and aged in natural seawater for 100 days in accordance with CSN EN
927-6 (2018). Using an automated blasting cabinet designed and developed with the project
support (Support No: 2210709) of the Scientific and Technological Research Council of
Turkiye (TUBITAK), the aged paint layers were removed. It is by an innovative method
that this machine offers dust-free cleaning in 3 different directions in the cabin without the
need for an operator, and offers the possibility to adjust the cleaning distance, cleaning
angle and cleaning pressure to the desired levels. For the purpose of determining the
physical changes that occurred on the surfaces after the paint removal process, the
hardness, gloss, and total color change of the samples were measured.

EXPERIMENTAL

Materials
Preparation of wooden materials

Scotch pine (Pinus sylvestris L.) wood that is widely used in Turkiye, especially in
marine (boats, ships, piers) and outdoor conditions (roofing, garden furniture, etc.), was
preferred in the research. To ensure the specimens did not have rot, knots, cracks, or density
differences, attention was paid to their appearance. Flawless wood pieces were cut into
samples with draft dimensions of 330 x 110 x 12 (length x width x thickness) mm from
sapwood parts of the woods. These samples were subjected to technical drying at a
temperature of 20 °C * 2 °C with a relative humidity of 65% + 3% to achieve an air-dried
moisture of 12%, as per TS ISO 13061-1 (2021) standard. The conditioned samples were
cut with a final dimension of 320 x 100 x 10 (length x width x thickness) mm. A sanding
and calibrating machine was used to sand and calibrate the samples using 80 and 100 grit
sandpapers.

Paint

A one-component synthetic and a two-component waterborne wood paint were
used for coating the samples. White was chosen as the color. The samples were primed
with water-borne primer paint before applying the water-borne wood paint. Painting was
conducted according to the manufacturer’s instructions. A precision balance with a
sensitivity of 0.01 g was used to weigh the applied paint. Samples were painted with a
brush in a dust-free and controlled room-temperature environment, and then allowed to dry
for 24 h. Then, surfaces of the samples were sanded equally first with 220-grit and then
followed by 320-grit sandpapers. Sanding dust was removed with a soft bristle brush and
compressed air. Then, a second coat of paint was applied. The painted samples were then
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kept in a conditioning cabinet at a temperature of 20 °C + 2 °C with a relative humidity of
65% + 3% until a constant weight was achieved (TS ISO 13061-1 2021). Properties of the
paints and the parameters used in the application are given in Table 1. When determining
the amount to be applied, the non-volatile matter content of the paints was taken into
consideration (TS EN ISO 3251 2019).

Table 1. Some Physical Properties of Paints

. Solid Content| Density Application
Paint (%) (g/cm?®) pH Color Amount (g/m?)
Aquacool FX
6350 18.88 107 | 9.1 | Cream 100
Water-based | (One-Component
Paint Primer)
Aquacool FX 0980
(Two- Component 19.28 1.07 7.20 | White 100
Topcoat)
Polisan Primera
Synthetic Paint| Synthetic Paint 67.43 1.12 6.06 | White 120
(TopCoat Paint)

Aging process

The samples were aged in a specially designed stainless metal cage at a depth of 10
m from the sea surface and at a height of 1 m from the ground, for 100 days off the coast
of Sinop harbor (42°01'23.3"N, 35°08'46.4"E), Turkiye (Fig. 1). Upon completion of the
aging process, the samples were removed from the sea and stored in the air-conditioned
cabinet at 20 °C and 65% relative humidity until they reached a constant weight.
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Fig. 1. Ageing in natural sea water
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Media
Five different blasting media were used to remove the aged paint layers. Some
physical properties of the blasting media are given in Table 2.

Table 2. Some Physical Properties of Blasting Media

Media Tvoe Specific Gravity Hardness Size Geometric
yp (9/cmd) (Mohs) (um) Shapes
Sodium Bicarbonate 2.2 25 128(;[0 Monoclinic
Hazelnut Shell 200 to
Granules L 3 400 Angular
Corncob granules 1.2 2t0 2.5 22880 Angular
Walnut Shell 200 to
Granules 1.3 3 400 Angular
Apricot Kernel 200 to
Granules 1.4 3to4 400 Angular

Paint removal process

The surfaces of samples were blasted with an automated blasting cabinet designed
and developed for the study (Fig. 2). Surfaces were blasted with five different media
(sodium bicarbonate, hazelnut shell granules, corncob granules, walnut shell granules, and
apricot kernel granules) and varying blasting angles (45° and 90°), blasting distances (7
and 10 cm), air pressures (2 and 2.5 bar), and nozzle diameters (5 and 8 mm).

Fig. 2. Automated blasting cabinet and media blasting process
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Methods
Glossiness and total color change tests

Total color change and gloss values were determined using the BYK — Gardner
Spektro-Guide 45/0 (Spectro-guide sphere gloss meter, model CD-6834; BYK-Gardner
GmbH, Geretsried, Germany) device (Fig. 3). To measure gloss, a 60° light angle was used,
and the tests followed ASTM D523 (2018) regulations. Measurements were taken from the
sample surfaces in the perpendicular and parallel directions to the fibers, and their
arithmetic averages were recorded as a single value.

Fig. 3. Color and gloss measurement of samples

The color values of the untreated samples were obtained and accepted as control
measurements. Then, paints were applied to the surfaces. The samples were then left in the
sea. After the aging process, the media was blasted onto the samples to remove the paints
on their surfaces. In the next stage, the color values were again measured from treated
(painted, aged, and then blasted) samples and the total change in color was analyzed. The
color measurements were conducted according to the ASTM D2244-21 (2021) standard
using the CIEL*a*b* color scheme. The CIEL*a*b* color scheme is shown in Fig. 4.

L*=100
\White
a +b*
Green Yellow
b +a
Blue Red
L*=100
Black

Fig. 4. CIEL*a*b* color scheme (Budakgi et al. 2023)

In the scheme, L* is on the black-white axis (L* = 0 is black, L* = 100 is white), a*
is on the red-green axis (positive values are reddish and negative values are greenish), and
b* is on the yellow-blue axis (positive values are yellowish and negative values are
blueish). The total color change values, AE* were calculated using the Eq. 1,

AE* = [(AL")? + (Aa*)? + (Ab*)? (1)
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where AE* is the total color change after media blasting. As for the other A values, AL*
represents the change in the lightness of the color (L*control - L*treated), A@™ represents the
change in the red-green color line (a*control - @*treated), Ab* represents the change in the
yellow-blue color line (b*control - b*treated). A single value was determined by averaging
three measurements taken from three different regions of each sample.

Hardness test

The hardness values of the samples were determined with a Shoremeter-D hardness
durometer in accordance with ASTM D2240 (2006) after paint removal. Both spring and
summer wood regions were measured, and their arithmetic averages were calculated.
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Fig. 5. Measurement of hardness values

Statistical analysis

The CoStat statistic software (CoHort Software, version 6.45, Berkeley, CA, USA)
was used for statistical analysis. Analysis of variance (ANOVA) tests were performed to
determine the effects of the paint type, media type, blasting parameters, and their
interactions on some surface properties of samples. Duncan's multiple range tests (DMRT)
using the least significant difference critical value (LSD) were used to determine the
significant differences between the variables.

RESULTS AND DISCUSSION

Total Color Change

The arithmetic means obtained to determine the effect of paint removal process on
the total color change values of the samples differed according to the factors of paint type,
media type, and blasting parameters. An ANOVA test was performed to determine
statistical significance of the total color change values in terms of these factors and their
interactions. The results are provided in Table 3.
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Table 3. ANOVA Results of Total Color Change (AE*) Values

Sum of Degrees of Mean .Le.v_el of
Factors Squares Freedom Square F Value Significance
(p =0.05)
Paint Type (A) 1845.553 1 1845.553 97.140 0.000*
Media Type (B) 14608.280 4 3652.070 192.225 0.000*
Blasting Parameters (C)] 1934.962 15 128.997 6.790 0.000*
Interaction (AB) 795.386 4 198.846 10.466 0.000*
Interaction (AC) 716.427 15 47.762 2.514 0.001*
Interaction (BC) 7235.363 60 120.589 6.347 0.000*
Interaction (ABC) 2873.430 60 47.890 2.521 0.000*
Error 21278.796 1120 18.999
Total 272788.929 1280

*Significant at 95% confidence level

Table 4. The DMRT Comparison Results for the Paint Type, Media Type, and
Blasting Parameters of the AE Values

Paint Type X HG
Synthetic Paint 11.95 B
Water-borne paint 14.47 A*
LSD +0.707
Media Type X HG
Sodium Bicarbonate 16.51 A*
Apricot kernel shell granule 13.20 B
Corncob granule 16.64 A*
Walnut shell granule 7.78 D
Hazelnut shell granule 11.93 C
LSD + 0.988
Blasting Parameters
(Angle — Pressure — Nozzle Clearance x HG
Diameter — Distance)
45°-2bar-5-7cm 12.21 DE
45° -2 bar-5-10cm 14.24 ABC
45°-2bar-8-7cm 14.75 AB
45°- 2 bar-8-10cm 13.54 BCD
45°-25bar-5-7cm 12.46 CDE
45°-2.5bar-5-10cm 12.98 BCDE
45°-25bar-8-7cm 12.67 CDE
45°-25bar-8-10cm 11.96 DE
90°-2bar-5-7cm 13.39 BCD
90°-2bar-5-10cm 16.17 A*
90°-2bar-8-7cm 11.8 DE
90°-2bar-8-10cm 12.5 CDE
90°-25bar-5-7cm 13.6 BCD
90°-2.5bar-5-10cm 11.25 E
90°-2.5bar-8-7cm 14.42 ABC
90°-2.5bar-8-10cm 13.48 BCD
LSD + 2.013
X = Arithmetic mean; HG = homogeneity group; and * = the highest total color change value
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The ANOVA results show that all factors and their interactions are statistically
significant (P < 0.05). The DMRT using the LSD critical value was conducted between all
factors to see where the significant differences occurred. The results are given in Table 4.

Samples coated with water-borne paint and media blasted after aging had the
highest AE total color change value of 14.47, according to Table 4. Contrastingly, the
lowest value was determined as 1.95 in samples coated with synthetic paint and blasted
with different media after aging. In terms of media type, corn cob granules (16.64) and
sodium bicarbonate (16.51) produced the highest total color change values. The lowest
value was obtained in samples blasted with walnut shell granules (7.78). The highest value
at the level of media blasting parameters was obtained in the media-blasted samples using
90° blasting angle, 2 bar air pressure, 0.5 cm nozzle diameter, and 10 cm blasting distance.
The lowest value was determined in the samples (11.25) blasted with different media using
90° blasting angle, 2.5 bar air pressure, 0.5 cm nozzle diameter, and 10 cm blasting
distance.

When the paint type data were evaluated, the total color change value of the samples
coated with water-borne paint and blasted with different media after aging was 20% higher
than the samples coated with synthetic paint and blasted with different media after aging.
The reason for this may be related to the degradation of the protective layer over time due
to UV exposure, humidity, and temperature, as well as the negative effects of this condition
on the components of wood. Previous studies stated that polyurethane-based protective
layers turn yellow as a result of their chemical structure or natural aging (S6nmez 2005).
Because the water-borne paint used in the study was originally polyurethane-based, it may
have been effective in causing the higher total color change value. In a different study, the
water resistance and morphological properties of polyurethane varnish were investigated,
and it was reported that fine cracks formed on the surface due to the change in the structure
of hydrophilic groups and therefore the samples coated with polyurethane-based paints
showed high color change (Ozgeng et al. 2013).

When the media type data were examined, the total color change value of the
samples blasted with corn cob granules was 1% higher than the samples blasted with
sodium bicarbonate, 26% higher than the samples blasted with apricot kernel granules,
39% higher than the samples blasted with hazelnut shell granules, and 114% higher than
the samples blasted with walnut shell granules. The reason for the high total color change
values on the sample surfaces blasted with corn cob granules (Zulfigar et al. 2014) and
sodium bicarbonate may be because alkaline soap mixtures are in the structure of the
corncob and sodium bicarbonate is an alkaline salt (Hewitt et al. 2011). It is thought that
these alkaline substances may interact with cellulose derivatives and pigment groups of
lignin and cause changes in the original color tones of the material. Previous studies
reported that acidic and alkaline substances cause discoloration in wood materials
(Stachowiak et al. 2014; Arpaci and Tomak 2020). In addition, because of the low densities
of these media, it was observed that the paint layers were removed relatively poorly, and
paint residues remained after the paint removal process. It is thought that these residues
also affect the total color change values.

Regarding the blasting parameters factor, the highest total color change value was
obtained in surfaces blasted with 90° blasting angle, 2 bar air pressure, 0.5 cm nozzle
diameter, and 10 cm blasting distance (16.17), and the lowest value was obtained in
samples blasted with 90° blasting angle, 2.5 bar pressure, 0.5 cm nozzle diameter and 10
cm blasting distance (11.25). The literature reported that angle, pressure, and distance of
blasting are highly effective on surface roughness (Lawn 1993; Bouzid and Bouaouadja
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2000; Satic1 2004). Some other studies have reported that surface roughness also affects
the total color change values (Sanivar 1978; Lamason and Gong 2007; Pelit et al. 2015;
Ozdemir et al. 2018). Lemaster et al. (2005) blasted uncoated wood surfaces with sodium
bicarbonate and plastic-based media at angles ranging from 10° to 90° and assessed the
erosion wear index of surfaces. They reported that the highest erosion wear index was
obtained in media blasting at an angle of 60°.

Figure 6 presents the results of the DMRT comparison conducted at the level of
interaction between the paint type, media type, and blasting parameters factors.
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Blasting Parameters

SYN: Synthetic paint, WB: Water-borne paint, SB: Sodium bicarbonate, HSG: Hazelnut shell
granule, CG: Corncob granule, WSG: Walnut shell granule, ASG: Apricot shell granule

Fig. 6. The DMRT comparison results for the total color change values with respect to paint type,
media type, and blasting parameters interaction level

At the level of interaction of all factors, the highest total color change value was
obtained in samples (22.38) blasted with corncob granules after being coated with water-
borne paint and aged, using a 90° blasting angle, 2.5 bar pressure, 0.8 cm nozzle diameter,
and 7 cm blasting distance. The lowest value was obtained in the samples (3.49) that were
blasted with walnut shell granules using 90° blasting angle, 2.5 bar pressure, 0.8 cm nozzle
diameter, and 10 cm blasting distance after being coated with water-borne paint and aged.

Gloss

The arithmetic means obtained to determine the effect of the paint removal process
on the gloss values of the samples differed according to the factors of paint type, media
type and blasting parameters. An ANOVA test was performed to determine statistical
significance of the gloss values in terms of these factors and their interactions. The results
are given in Table 5. The results of ANOVA show that all factors and their interactions are
statistically significant (P < 0.05). The DMRT using the LSD critical value was conducted
between all factors to see where the significant differences occurred. The results are given
in Table 6.
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Table 5. ANOVA Results of Gloss Values

Sum of Degrees of Mean Leve | of
Factors Squares Freedom Square F Value Significance
(p=0.05)
Paint Type (A) 3551.15 2 1775.57 9105.65 0.000*
Media Type (B) 28.44 4 7.11 36.46 0.000*
Blasting Parameters (C) 64.60 15 4.30 22.08 0.000*
Interaction (AB) 186.50 8 23.31 119.55 0.000*
Interaction (AC) 82.67 30 2.75 14.13 0.000*
Interaction (BC) 281.90 60 4.69 24.09 0.000*
Interaction (ABC) 578.43 120 4.82 24.72 0.000*
Error 327.59 1680 0.195
Total 20732.22 1920
*Significant at 95% confidence level

Table 6. The DMRT Comparison Results for the Paint Type, Media Type, and
Blasting Parameters of the Gloss Values

Paint Type X HG
Control 4.48 A*
Synthetic paint 1.72 C
Water-borne paint 2.06 B
LSD + 0.098
Media Type x HG
Sodium bicarbonate 1.76 C
Apricot kernel shell granule 1.81 C
Corncob granule 1.77 C
Walnut shell granule 1.95 B
Hazelnut shell granule 2.17 A*
LSD + 0.108
Blasting Parameters
(Angle — Pressure — Nozzle Clearance Diameter — x HG
Distance)
45° -2 bar-25-7cm 1.87 CDEF
45° -2 bar-25-10cm 1.96 CD
45° -2 bar-28-7cm 2.26 A*
45°- 2 bar - 28 - 10 cm 2.23 AB
45° -2 5bar-25-7 cm 1.81 DEF
45°-25bar-25-10cm 1.82 DEF
45°-25bar-28-7 cm 1.93 CDE
45°-25bar-28-10 cm 2.04 BC
90°-2bar-25-7cm 1.77 DEF
90° - 2 bar-25-10cm 1.91 CDEF
90°-2bar-e8-7cm 1.84 CDEF
90° - 2 bar-28-10cm 1.89 CDEF
90°-2.5bar-25-7cm 1.71 F
90°-2.5bar-25-10cm 1.73 EF
90°-2.5bar-28-7cm 1.76 DEF
90°-2.5bar-28-10cm 1.83 DEF
LSD + 0.208

X = Arithmetic mean; HG = homogeneity group; and * = the highest gloss value
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At the media blasting parameters factor level, the highest gloss value was obtained
in the surfaces blasted with an angle of 45°, a pressure of 2 bar, a nozzle diameter of 0.8
cm and a blasting distance of 7 cm (2.26). In contrast, the lowest value (1.71) was obtained
in surfaces blasted using a 90° blasting angle, 2.5 bar pressure, 0.5 cm nozzle diameter,
and 7 cm blasting distance. It is thought that the decrease in gloss values in the treated
samples is caused by the aging conditions as well as the physical and chemical factors that
occur on the surface after the media blasting process. A previous study showed that the
gloss value of Douglas fir and mahogany woods decreased after six months of exposure to
weather conditions (Gorman and Feist 1989). In another study, Scots pine, eastern beech,
sessile oak, and chestnut woods were subjected to natural aging. It was reported that the
highest gloss change occurred in Scots pine samples (Budak¢1 and Karamanoglu 2014).

When Table 6 is analyzed at the paint type level, it becomes clear that the gloss
values of the surfaces after being coated with water-borne paint and aged were 20% higher
than those blasted with different media after being coated with synthetic paint and aged.
Compared to the control samples, the gloss value decreased up to 54% in the media-blasted
surfaces after being coated with water-borne paint and up to 61% in the media-blasted
samples after being coated with synthetic paint. It is thought that the decrease in the gloss
value may be due to the decrease in the intensity of the light hitting the surface due to the
increased surface roughness after the paint removal process, or its reflection at different
angles. In addition, when the polymeric structures of the dyestuffs of the paints are
examined, it is thought that aging conditions may affect the chromophore groups in the
polymer chain of synthetic paint more than those of water-borne paint.

When the media type data were examined, it can be claimed that higher gloss values
were obtained in samples blasted with hazelnut shell granules than those blasted with other
media. The gloss value of the samples blasted with hazelnut shell granules was 20% higher
than the samples blasted with sodium bicarbonate and apricot kernel granules, 11% higher
than the samples blasted with walnut shell granules, and 23% higher than the samples
blasted with corn cob granules. It is thought that the alkali soap and acetone ((CH3)2CO)
extract (Lopez et al. 2012) in the structure of the hazelnut shell interact with the pigment
groups of cellulose and lignin in the Scotch pine wood and may cause changes in the
glossiness of the material.

When the blasting parameters factor was evaluated, the highest gloss value was
obtained in the media-blasted samples with 45° blasting angle, 2 bar pressure, 0.8 cm
nozzle diameter, and 7 cm blasting distance (2.26). The lowest gloss value was obtained in
the media-blasted samples with 90° blasting angle, 2.5 bar pressure, 0.5 cm nozzle
diameter, and 7 cm blasting distance (1.71). This is thought to be related to the increase in
roughness on the surfaces of the samples, which is similar to the total color change. It has
been reported in the literature that the increase in surface roughness value has a negative
effect on gloss values (Panek et al. 2014; Kropat et al. 2020).

A DMRT comparison is presented in Fig. 7 at the level of interaction between paint
type, media type, and blasting parameters. The untreated control samples had the highest
gloss value (4.48), as shown in Fig. 7. When treated samples were examined, the highest
gloss value was obtained in samples (3.39) blasted with walnut shell granules after being
coated with water-borne paint and aged, using 45° blasting angle, 2 bar pressure, 0.5 cm
nozzle diameter, and 10 cm blasting distance. The lowest value was obtained in the samples
(1.12) that were blasted with hazelnut shell granules using 90° blasting angle, 2.5 bar
pressure, 0.8 cm nozzle diameter, and 7 cm blasting distance after being coated with
synthetic paint and aged.
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Fig. 7. The DMRT comparison results for the gloss values with respect to paint type, media type,

and blasting parameters interaction level

Hardness

The arithmetic means obtained to determine the effect of paint removal process on
the hardness values of the samples differed according to the factors of paint type, media
type, and blasting parameters. An ANOVA test was performed to determine statistical
significance of the hardness values in terms of these factors and their interactions. The
results are given in Table 7.

Table 7. ANOVA Results of Hardness Values

Sum of Degrees of Mean _Le_vgl of
Factors Squares Freedom Square F Value Significance
(p=0.05)
Paint Type (A) 5026.107 2 2513.054 1053.080 0.000*
Media Type (B) 7486.349 4 1871.587 784.278 0.000*
Blasting Parameters (C) 239.162 15 15.944 6.681 0.000*
Interaction (AB) 6768.023 8 846.003 354.512 0.000*
Interaction (AC) 306.693 30 10.223 4.284 0.000*
Interaction (BC) 533.851 60 8.898 3.728 0.000*
Interaction (ABC) 510.427 120 4.254 1.782 0.000*
Error 4009.125 1680 2.386
Total 2926121 1920
*Significant at 95% confidence level
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Table 8. The DMRT Comparison Results for the Paint Type, Media Type, and
Blasting Parameters of the Hardness Values

Paint Type X HG
Control 40.68 A*
Synthetic paint 36.79 B
Water-borne paint 36.09 C
LSD + 0.248
Media Type X HG
Sodium bicarbonate 37.92 B
Apricot kernel shell granule 35.21 C
Corncob granule 38.52 A*
Walnut shell granule 35.25 C
Hazelnut shell granule 35.31 C
LSD + 0.378
Blasting Parameters
(Angle — Pressure — Nozzle Clearance Diameter x HG
— Distance)
45°-2bar-5-7cm 36.73 BCD
45° -2 bar-5-10cm 35.13 GH
45° -2 bar-8-7cm 35.96 DEF
45°- 2 bar - 8 - 10 cm 34.94 H
45°-25bar-5-7cm 36.86 BC
45°-25bar-5-10cm 35.76 EFG
45°-25bar-8-7cm 36.23 CDE
45°-25bar-8-10cm 35.21 FGH
90°-2bar-5-7cm 37.18 AB
90°-2bar-5-10cm 37.2 AB
90°-2bar-8-7cm 36.97 BC
90° -2 bar-8-10cm 36.03 DE
90°-25bar-5-7cm 37.89 A*
90°-25bar-5-10cm 36.87 BC
90°-25bar-8-7cm 37.43 AB
90°-2.5bar-8-10cm 36.69 BCD
LSD + 0.775
X = Arithmetic mean; HG = homogeneity group; and * = the highest hardness value

The results of ANOVA show that all factors and their interactions were statistically
significant (P <0.05). The DMRT using the LSD critical value was conducted between all
factors to see where the significant differences occurred. The results are given in Table 8.

According to the results in Table 8, the highest hardness value at the paint type
level was determined in the control samples without any treatment (40.68), while the lowest
value was determined in the media-blasted samples after water-borne paint was applied
and aged (36.09). At the media variety level, the highest hardness value was found in
samples blasted with corn cob granules (38.52), while the lowest value was determined in
samples blasted with apricot shell granule (35.21). At the media blasting parameters factor
level, the highest hardness value (37.89) was obtained in the media-blasted samples with a
blasting angle of 90°, a pressure of 2.5 bar, a nozzle diameter of 0.8 cm, and a blasting
distance of 10 cm. In contrast, the lowest value (34.84) was obtained in samples blasted
using 45° blasting angle, 2 bar pressure, 0.8 cm nozzle diameter, and 10 cm blasting
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distance. It was determined that the hardness values of the coated specimens that were
media-blasted after being aged decreased compared to the untreated control specimens.
This decrease is thought to be caused by the aging conditions and the physical and chemical
factors that occur on the surface after the paint removal process. It is emphasized in the
literature that the outdoor conditions have a decreasing effect on the hardness values of the
wood material (Yalinkilig et al. 1999; Budake1 and Atar 2001; Baysal 2008; Budake¢r and
Karamanoglu 2014; Kiigiiktiivek et al. 2017).

When the paint type data were analyzed, the hardness value of the samples coated
with synthetic paint and media-blasted after aging was 2% higher than the samples coated
with water-borne paint and media-blasted after aging. Compared to the control samples,
the hardness value decreased up to 11.2% in the media-blasted samples after being coated
with water-borne paint and up to 9.5% in the media-blasted samples after being coated with
synthetic paint.

60
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SYN: Synthetic paint, WB: Water-borne paint, SB: Sodium bicarbonate, HSG: Hazelnut shell
granule, CG: Corncob granule, WSG: Walnut shell granule, ASG: Apricot shell granule

Fig. 8. The DMRT comparison results for the hardness values with respect to paint type, media
type, and the blasting parameters interaction level

When the media type data were examined, the hardness value of the samples blasted
with corn cob granules was 2% higher than the samples blasted with sodium bicarbonate,
9% higher than the samples blasted with apricot kernel granules, hazelnut shell granules,
and walnut shell granules. The hardness values of all coated and treated samples decreased
compared to the control samples. The results of the tests suggest that the wear resistance
of surfaces exposed to continuous media blasting with compressed air decreases, thus
resulting in a decrease in hardness. The previous studies argued that there is a linear
relationship between wear resistance and hardness value (Larsen 1983; Feist 1990; Yazici
2005)

When the blasting parameters factor was evaluated, the highest hardness value was
obtained in the media-blasted samples with 90° blasting angle, 2.5 bar pressure, 0.5 cm
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nozzle diameter, and 7 c¢cm blasting distance (37.89). The lowest hardness value was
obtained in media-blasted samples with 90° blasting angle, 2 bar pressure, 0.8 cm nozzle
diameter, and 10 cm blasting distance (34.94). There was a remarkable decrease in the
hardness values of the media-blasted samples compared to the control samples. Figure 8
presents the results of the DMRT comparison conducted at the level of interaction between
the paint type, media type, and the blasting parameters factors.

The untreated control samples had the highest hardness value (40.49), as shown in
Fig. 8. When treated samples were examined, the highest hardness value was obtained in
samples (40.61) blasted with sodium bicarbonate using a 90° blasting angle, 2 bar pressure,
0.8 cm nozzle diameter, and 7 cm blasting distance after being painted with synthetic paint
and aged. The lowest value was obtained in the samples (32.75) that were blasted with
apricot shell granules using 45° blasting angle, 2 bar pressure, 0.8 cm nozzle diameter, and
10 cm blasting distance after being coated with synthetic paint and aged.

CONCLUSIONS

1. The effects of paint removal with abrasive blasting media on wood surfaces aged in sea
water were investigated. For this purpose, aged paint layers were removed with the help
of an automated blasting cabinet using different blasting parameters with sodium
bicarbonate, which is widely preferred in the paint removal industry, and recyclable
agricultural wastes.

2. It was determined that agricultural wastes could be a good alternative to sodium
bicarbonate in terms of total color change and gloss.

3. Asthe blasting distance increased, the total color and brightness values increased, while
the hardness values decreased. Additionally, as the blasting angle increased, the total
color change and hardness values of the samples increased, and also the gloss values
decreased.

4. Itwas observed that the surfaces blasted with corncob granules and sodium bicarbonate
had less deformation and a relatively less effective paint removal than those removed
with other media. However, these media caused paint residues to remain on surfaces
after paint removal.

5. Compared with the control samples, the sand-blasted samples showed a decrease in
gloss and hardness values.

6. Although it was observed that surface cleaning was effective in removing aged paint
layers, it was also observed that the surfaces may require smoothing before a potential
repainting process.

7. The contribution of the study to the state of the art lies in the use of agricultural wastes
for industrial purposes. In addition, the automated media blasting machine designed for
industrial purposes, which allows for the modification of all effective parameters in
media blasting, is also notable as another important outcome of the study.
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