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A B S T R A C T

Wettability is a crucial surface feature of polymers due to their numerous interaction-destined applications. This 
study focuses on the application of sand blasting process for investigating the wettability of polymeric materials 
to produce hydrophobic behavior. Four different polymeric materials, Acrylonitrile Butadiene Styrene (ABS), 
Poly(methyl methacrylate) (PMMA), Polypropylene (PP), and Polycarbonate (PC) underwent sand blasting with 
varying process parameters, following a comprehensive plan for the design of experiments. Subsequent analyses 
included surface roughness measurement and wettability tests, supplemented by scanning electron and confocal 
microscopy observations to gain deeper insights into the blasted surfaces. A predictive model based on a machine 
learning algorithm was developed using the backpropagation technique to correlate the surface treatment pa
rameters to surface roughness and wettability indexes. From the experimental results sand blasting proved to be 
efficient in creating hydrophobic surfaces on all the tested materials. The developed neural network demon
strated high fitting degrees between the predicted and measured values. ABS exhibited the most hydrophobic 
behavior and emerged as a strong candidate for further investigations.

1. Introduction

Surface wettability is one of the key properties for establishing the 
application of engineering materials. Wettability is defined as the 
interaction of a solid and a liquid in contact [1,2]. Depending on the 
application, solid substances can be subjected to measure the wettability 
with different liquids such as water, oil, etc. In the case of ‘water 
wettability’, the corresponding evaluation index is water contact angle 
(WCA). WCA is a geometrical value depicting the stabilized state of 
water droplets on a surface, taking a value in the range of 0◦− 180◦ [3]. 
The 90◦ angle acts as a threshold between the wettability states of hy
drophilicity and hydrophobicity.

The main contribution to the wettability of a surface relies upon its 
chemical composition [4]. The other factor influencing wettability is 
considered to be the surface physical structure [5]. The wettability 
phenomenon has been investigated mainly based on two models. Wen
zel’s model [6] considers the interaction as a sole contact between solid 
(specimen) and liquid (water). Cassie-Baxter’s model [7] further con
siders the gas state (air entrapped beneath the water droplet) which 

exists due to the roughness of the free surface. Depending on the surface 
morphology, the surface state behaves in accordance with one of these 
models [8].

Surface roughnening is known as a valid strategy for introducing 
hydrophobicity on a surface [5]. Polymeric materials offer modifiable 
and reconstructable surfaces and grant a promising option for altering 
wettability, which has gained significant attention in both scientific and 
industrial applications [9]. Several surface treatments have been uti
lized for controlling the wettability of the polymers through surface 
morphology manipulation including plasma surface treatment [10–17], 
laser surface texturing [18,19] and sand blasting (SB), that will be more 
specifically detailed in this paper. Chan et al. [20] mentioned polymers 
to be suitable candidates for surface treatments because of their initially 
poor surface characteristics but great chemical and physical properties 
combined with low cost and availability. They treated polymeric ma
terials with plasma to redefine the surface state in favor of the required 
level of wettability. Youngblood et al. [21] applied radio frequency 
plasma treatment on Polypropylene (PP) together with plasma etching 
of Polytetrafluoroethylene (PTFE – Teflon). The results showed that with 

* Corresponding author at: Mechanical Engineering, Polytechnic University of Milan, Via La Masa, Milan, Italy.
E-mail address: sara.bagherifard@polimi.it (S. Bagherifard). 

Contents lists available at ScienceDirect

Applied Surface Science Advances

journal homepage: www.sciencedirect.com/journal/applied-surface-science-advances

https://doi.org/10.1016/j.apsadv.2024.100633

Applied Surface Science Advances 23 (2024) 100633 

Available online 28 August 2024 
2666-5239/© 2024 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ). 

mailto:sara.bagherifard@polimi.it
www.sciencedirect.com/science/journal/26665239
https://www.sciencedirect.com/journal/applied-surface-science-advances
https://doi.org/10.1016/j.apsadv.2024.100633
https://doi.org/10.1016/j.apsadv.2024.100633
http://crossmark.crossref.org/dialog/?doi=10.1016/j.apsadv.2024.100633&domain=pdf
http://creativecommons.org/licenses/by/4.0/


a roughened surface of PP, a high level of hydrophobicity was retrieved, 
reaching the level of 170◦, which was referred to as ultrahydrophobicity. 
Another plasma treatment done with argon and oxygen plasma over 
Polystyrene (PS) and Polyethylene (PE) showed that the increased mi
crowave power led to a decrease in WCA [22]. The effect of final surface 
roughness on controlling the wettability of the surface was investigated 
by Sun et al. [23] and it was shown that with the proper control of 
surface geometry, switching between hydrophilicity and hydrophobicity 
regimes was addressed on poly(N-isopropylacrylamide) (PNIPA). Nils
son et al. [24] applied sandpaper on Teflon to induce super
hydrophobicity with a WCA of 151◦ In another study by Song et al. [25] 
on the same material and with the same treatment, abrasive grit size was 
varied between 120 and 600. The optimum conditions for wettability 
were obtained with 240-grit size, which was considered as the threshold 
between Cassie-Baxter and Wenzel states. Menga et al. [26] applied 
sodium-bicarbonate (NaHCO3) blasting, also referred to as “soft blast
ing” or “soda blasting”, on Teflon as a more autonomous surface treat
ment. The best state of wettability was obtained with the highest 
pressure and the lowest stand-off distance (SoD) implemented in the 
investigation.

Specifically, the technique of SB is identified to be an efficient, cost- 
effective, and less complex process for altering wettability characteris
tics. Surface activation of polymers by SB treatment in favor of better 
functionalization has been the subject of several studies. Chen et al. [27] 
showed an increase in the tin coating thickness deposited over Acrylo
nitrile Butadiene Styrene (ABS) and Polyetheretherketone (PEEK) sub
strates upon surface roughening using SB. Successful surface activation 
of PEEK was achieved using SB treatment to increase its osseointegration 
to bone capability [28] as well as improve its biological performance in 
dentistry [29]. Rocha et al. [30] conducted SB treatment on PEEK using 
45-micron-sized alumina media at a pressure of 2.8 bar, a SoD of 10 mm, 
and an exposure time of 15 s. The outcomes revealed improved adhesion 
among PEEK, resin cement, and dentin following the treatment, iden
tifying PEEK as a promising material for dental prostheses. Xu et al. [31] 
analyzed the tensile response of SB treated polyimide (PI) specimens 
coated with a thin copper (Cu) film and showed that the increased 
roughness of polyimide by SB led to a decrease in tensile stresses in the 
Cu films, which in turn reduced the density of surface cracks and 
increased the ductility of the PI/Cu structure. Zafar et al. [32] investi
gated the effect of the induced surface roughness using SB on denture 
fitting surfaces for Poly(methyl methacrylate) (PMMA), with the 
conclusion that not a very prominent effect was found. Lampin et al. 

[33] explored the effect of different surface roughness induced on 
PMMA using SB with varying sizes of aluminum oxide media 
(50–125–250 μm). The enhanced roughness was found to improve cell 
adhesion for vascular and corneal explants in correlation with enhanced 
hydrophobicity.

Although surface functionalization and wettability characteristics of 
polymeric materials through mechanical surface treatments, particu
larly SB, have received some attention in the literature, it seems inevi
table to conduct systematic research more inclusively, targeting 
multiple materials highly commercialized in the industry. Furthermore, 
the chain-like relation among the intrinsic properties of the material, 
processing parameters of surface treatment, final surface morphology, 
and wettability leads to an undeniable demand for developing an 
appropriate predictive model using machine learning (ML) techniques 
such as artificial neural networks (ANN). Developing predictive models 
is a strategic approach to optimize costs by significantly reducing the 
number of experiments and material consumption [34–37].

In this study, SB surface treatment was conducted on several poly
mers with varying process parameters to induce different levels of sur
face roughening. Such a variety of final surface roughness was targeted 
for providing insights regarding the effect of roughness on the wetta
bility of the material as an objective of the current study. SB using 
alumina media was selected due to its better recyclability and less risk of 
contamination in the case of polymers compared to soft blasting. The 
performance of the treated surfaces was explored using consecutive 
surface roughness measurements and wettability tests. The outcomes 
were utilized to discuss the suitability of SB treatment for realizing hy
drophobic surfaces on polymers. Furthermore, the study was also 
motivated by observing the wetting behavior of different polymers such 
that promising candidates can be opted for future research on the topic. 
Experimental results were used as datasets to analyze the wettability of 
the treated surfaces by developing an ANN model, which was con
structed based on the SB process parameters as inputs and surface 
roughness (Ra, Rq) and final WCA as outputs. The model parameters 
were optimized using the backpropagation technique. The predictability 
of the developed model was discussed using separate experimental tests.

2. Materials and methods

2.1. Materials and sand blasting

Thermoplastic polymers, namely ABS, PMMA, PP, and 

Fig. 1. Schematic illustration of the SB process and the main process equipment: regulator & solenoid valve used to control the pressure of the flow through 
the nozzle.

E. Oranli et al.                                                                                                                                                                                                                                   Applied Surface Science Advances 23 (2024) 100633 

2 



Polycarbonate (PC), were selected as the substrate material in this study 
for their high plastic deformability at room temperature with minimum 
risk of damaging the surface, together with relatively high ultimate 
tensile strength and low cost. The samples of all the materials were cut 
into squares of 40 mm x 40 mm. SB was done with a Guyson Formula 
F1600 cabinet-type blasting machine. Aluminum oxide (Al2O3) with an 
average particle size of 1 mm was used as the blasting media. High 
hardness and better mechanical properties of the media compared to 
substrate materials ensured a reliable treatment with high recyclability. 
A schematic of the SB process together with the main process equipment 
is depicted in Fig. 1. A pressure-adjustment valve was used to control the 
pressure of compressed air provided through a central system with a 7- 
bar input value. Further details on the process can be found in a previous 
study [38]. The main processing parameters were considered to be the 
pressure, exposure time (t), and SoD. Three levels of air pressure, three 
levels of exposure time, and four levels of SoD were considered to 
differentiate the effect of each variable, considering a full factorial 
design of experiments (DoE) plan. Table 1 summarizes the selected 
levels for each process parameter. The blasted surfaces were cleaned 
with ethanol in an ultrasound-cleaning system for two min to remove 
possible contamination from SB on the treated surface.

2.2. Roughness measurement

Blasted samples were cut into 20 mm x 20 mm squares for the sub
sequent measurements. Mahr PGK Perthometer – Surface Probe MFW- 
250 was used for measuring the surface roughness profile. A cut-off 
wavelength of 0.25 mm was used to exclude the waviness from the 
primary profile and 2 μm was selected as the diameter of the measuring 
probe. To address the variability of the roughness, it was evaluated at 3 
independent regions of the sample far from each other. Measurements 
were done in accordance with the standard ISO-4288 [39].

2.3. Wettability tests

WCA measurements were conducted with a Rame-Hart model 
I00–00 230 contact-angle goniometer. Distilled water was used as the 
droplet and the volume of each droplet was kept at ~8 µl. An average 
WCA was calculated over 8 measurements using four droplets (on both 
sides) to characterize the overall state of wettability. One separate 
droplet was put at the center of the specimen to visually confirm the 
level of wettability between the edges and the center. A representative 
image for WCA measurements can be seen in Fig. 2.

2.4. Characterization of surface morphology of the blasted surfaces

A Zeiss EVO-50 scanning electron microscopy (SEM) was utilized to 
examine the top-surface morphology of the specimens. The high irreg
ularity of the impacting media in addition to the quick and intense 
deformation of polymers under even low exposure times increased the 
randomness of the surface roughening. Surface digitalization was done 
using Alicona InfiniteFocus G4 in order to make a comparative analysis 
of different materials treated by SB treatment.

2.5. Predictive model with ML algorithm

Based on the experimental results for each material, a Matlab sub
routine was developed to train a feedforward neural network (FNN). 
Within this function, both feedforward and backpropagation methods 
were employed. The traincgf network training function was used, which 
is based on a conjugate gradient method with Powell-Beale Restarts. 
This particular algorithm incorporates the Powell-Beale restart strategy 

Table 1 
SB process parameter levels for the design of experiments (DOE).

Airflow pressure (bar) Exposure time (s) Stand-off distance (mm)

4 3 90
5 6 120
6 9 150
– – 180

Fig. 2. Wettability test configuration: a) four droplets on different positions of the specimen surface b) a visual confirmation with a droplet in the center.

Fig. 3. Inputs and outputs of ML algorithm.

Table 2 
Line profile roughness parameters according to ISO 4288 standard.

Parameter 
notation

Description Formula

Ra Arithmetical mean of absolute values of entire 
roughness data over evaluation length

=
1
L
∑L

i=1
|Zi|

Rq Root mean square of entire roughness data over 
evaluation length

=
̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
1
L
∑L

i=1
Zi

2
√
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to enhance the efficiency of the gradient descent algorithm.
The model’s inputs included SoD, airflow pressure, and exposure 

time, while the outputs consisted of surface roughness metrics (Ra, Rq) 
and surface WCA. During the training steps, to get the best performance 
of the FNN, a grid search was employed, and the training process was 
conducted for varying numbers of hidden layers and different numbers 

of neurons of each layer. Considering the computational efficiency, the 
number of neurons per layer commenced at 6 during the grid search. 
Each time after network training and evaluation, the R2 value showing 
the quality of fitting was recorded. Fig. 3 shows the methodology fol
lowed for the construction of the ML algorithm. The steps followed for 
building the ML algorithm are summarized below:

Fig. 4. Surface roughness (Ra) as a function of stand-off distance after sand blasting at air pressure levels of 4, 5, and 6 bar for PMMA, PP, ABS, and PC.
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1. Extraction of the experimental data, taking the cosine of the 
contact angle value and then normalization.

2. Separation of the data sets. In this study, out of 36 samples for each 
material, 25 were used as the training set (70 %), 6 as the validation set 
(15 %), and 5 as the test set (15 %).

3. Selection of appropriate network parameters (training function, 
learning rate, the index of training data, validation data, and test data).

4. Analysis of the performance of the network with different numbers 
of hidden layers (1, 2, 3, 4, 5) and selection of the optimal network 
framework by comparing the correlation coefficient R2. The number of 
neurons per layer was retrieved starting from 6 and increasing by 6 each 
time until it reached 54.

5. The R2 values were obtained for each training and the maximum 
R2 value was recorded. The corresponding network with the highest R2 

was recorded for further exploitation.
6. Analysis was conducted based on the model.

3. Results and discussion

3.1. Surface roughness results

The surface roughness parameters considered for evaluation here are 
decided to be the global parameters, i.e., the average of absolute values 
of the roughness profile Ra and the root mean square of the roughness 
profile Rq, as formulated in Table 2. The roughness profile is represented 
with Z and the total length of the measurement is L. Other roughness 
parameters characterized by local features such as maximum peak-to- 
valley distance, the height of the longest peak, and the height of the 
deepest valley are not considered, especially considering the highly 
irregular geometry of the blasting media.

Fig. 4 depicts the surface roughness Ra parameter as a function of 
SoD at three levels of air pressure (4, 5, and 6 bar) and exposure times (3, 
6, and 9 s) for PMMA, PP, ABS, and PC polymers. For the sake of brevity, 
only Ra values are plotted since similar trends were observed between 
the two examined statistical outcomes (Ra, Rq) of the final surface 
roughness states. One sample was blasted per each combination of 
process parameters with the corresponding pressure, exposure time and 
SoD variables. For each sample, 3 roughness measurements were con
ducted on different linear profiles. Standard error was calculated and 
demonstrated out of three measurements using the error bars in Fig. 4. 
The average Ra values fall roughly in the relatively wide range of 1 to 
4.5 µm for the investigated material-processing parameter combinations 
starting from a roughness close to zero (Ra values in the range of 
0.05–0.15 ± 0.02 µm) on the untreated materials. The wide range of 
roughness values obtained after SB was induced by the multiple com
binations of process parameters as they were able to generate such a 
diverse range of surface roughness. Due to the intrinsic features of the 
sand blasting process, fluctuations of roughness are inevitable. The re
ported error values are mostly lower than 0.5 µm. Lampin et al. [33] also 
reported Ra values of 3.34 ± 0.54 µm on PMMA after sand blasting with 
0.25 mm Alumina particles and a pressure of 4 bar.

Furthermore, the induced surface roughness is an interplay between 
the processing parameters of the SB process on one hand and the ma
terial properties of each polymer, especially its dynamic deformation 
characteristics under SB, on the other hand. In general, no unique trend 
is observed between the Ra parameter as a property defining the 
topography and the main SB process parameters. This is explainable 
regarding the competing factors that influence the surface morphology 
and roughness. As with any other surface peening method, the media 
characteristics, its flow intensity and surface coverage of the SB process 

Fig. 5. Wettability (WCA) vs. surface roughness (Ra) for PMMA, PP, ABS, and PC.
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define the contribution of the processing parameters to the induced 
roughness. Considering that the same media was used in all cases, as a 
general behavior, a higher flow intensity and coverage can lead to 
higher surface roughness [40]. However, sometimes, the roughenss may 
saturate with a further increase in the intensity or coverage [41]. The 
flow intensity (also known as Almen intensity) is governed by the media 

velocity and size. The media velocity is dependent on the SoD, usually 
increasing immediately after the nozzle exit, reaching a maximum, and 
then falling slightly at larger SoDs [42–44]. The surface coverage, on the 
other hand, depends on many factors such as substrate material prop
erties, the exposure time, and the media mass flux which, in turn, is a 
function of the SoD. As an instance, an increasing SoD may vary the 

Fig. 6. 3D images of the untreated and sand blasted surfaces having the highest roughness for PMMA, PP, ABS, and PC.
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intensity and coverage in the opposite direction, increasing the first one 
and reducing the second one such that the overall influence on the 
roughness may not be easily anticipated.

Another observation in Fig. 4 is on the effect of the material on the 
complexity of prediction. By examining the plots, it is found that in some 
cases there can be realized a maximum Ra at a certain air pressure 
within the applied SoD span. For instance, in the case of PMMA blasted 
at an exposure time of 9 s, this maximum moves to lower SoDs with 
increasing air pressure. Instead, for PP and ABS, the maximum Ra at the 
same exposure time occurs at larger SoDs with increasing pressure while 

for PC, there seems to be no relevant maximum Ra since either the 
roughness does not change so much or fluctuates a lot with increasing 
SoD. The relatively high variation in the induced surface roughness and 
the complex interplay of the SB process parameters is evident from the 
plots in Fig. 4 and motivates further the development of a predictive 
model, able to consider the intricate interaction of the most affecting 
parameters on the output roughness.

Fig. 7. SEM images of untreated and sand blasted surfaces having the highest roughness for PMMA, PP, ABS, and PC.
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3.2. Wettability results

The wettability results in terms of WCA are reported in Fig. 5 as a 
function of the surface roughness parameter Ra. It is noted that a 
separate marker type is presented for each air pressure level since it will 
be designated as the major process parameter affecting the wettability in 
the later sections of this study. WCA measured on PMMA are observed to 
mostly fall close to the initial WCA (~ 80◦), fluctuating between higher 
and lower hydrophilicity conditions with less predictable trends. It is 
also noted that only a few of the processing conditions provided hy
drophobicity, passing the threshold of 90◦. For the PP material as evi
denced by WCA results (Fig. 5), the initial WCA (~80◦) exceeded in 
almost all the blasting conditions and the hydrophobicity was also 
achieved by a maximum average WCA of ~115◦.The ABS has the highest 
WCA results on average, as observed in Fig. 5. While all the final WCA 
values exceeded the initial wettability angle (~73◦), the general ten
dency is also observed to be hydrophobic in the final state. Among the 
examined materials, ABS is one of the materials with relatively low 
mechanical properties (yield strength of 30 MPa [45]) and low initial 
WCA (73◦). Relatively lower yield strength allows more severe defor
mation under the same SB process conditions, which might have 
contributed eventually to the lower wettability. As regards PC material, 
almost all blasting conditions resulted in a WCA higher than the initial 
WCA (72◦). In this case, the SB process was able to induce hydropho
bicity with the maximum average WCA of 105◦.

The comparative trends of wettability and roughness against the air 
pressure are investigated according to the least squares fitting lines in 
the plots (Fig. 5). Although the data scatter is large, it still can help 
assessing the trends for different materials comparatively. The fitting 
lines for different pressure levels indicated approximately similar trends 
(decreasing or increasing) for each corresponding material. The exam
ination of the trends suggests that the roughness has a negligible effect 
on the wetting behavior of PMMA. The trend lines of PP have mostly 
decreasing wettability with increasing roughness even if most of the 
results are observed to be above the 90◦ threshold. This suggests that in 
the range of the applied pressure, the WCA of PP already provided a 
maximum value, and a further increase in the pressure is not expected to 
bring any benefit in favor of higher hydrophobicity. ABS seems to be the 
most rewarding material not only in terms of remarkable WCA results, 
but also on the overall trend of such behavior as all the trend lines have 
the highest slopes when compared to the rest of the materials. 
Furthermore, the WCA results would be expected to increase, possibly 

beyond the level of superhydrophobicity (>150◦) with more deforma
tion induced on the surface. PC showcased a roughly increasing trend, 
which led the results to remain in the window between the initial state 
and the threshold for wetting behavior change.

3.3. Surface morphology of blasted surfaces

The 3D images taken with Alicona InfiniteFocus G4 microscope are 
reported in Fig. 6 for the untreated and treated surfaces. For a more clear 
presentation of the surface morphology, images are presented with 3X 
magnification. A much rougher and more irregular surface morphology 
is induced upon the application of SB with respect to the initially flat 
surfaces for all the studied materials, as discussed in Section 3.1. By 
examining and comparing the initial and the treated morphologies, it is 
found that the initial morphology in the untreated condition is very 
homogeneous over the entire sample’s surface. The roughened surfaces 
indicate a less homogenous morphology which is dependent on the level 
of stability of the process, and irregular treating media, peculiar to 
peening-based treatments [40]. This can explain, to some extent, the 
relatively large variability observed in the surface roughness and the 
resultant wettability as indicated in Fig. 4 and Fig. 5.

SEM observations performed on the untreated as well as sand blasted 
surfaces having the highest surface roughness are reported in Fig. 7. 
While the untreated surfaces show a high degree of homogeneity and 
regularity, the blasted conditions are characterized by irregular and less 
homogeneous surfaces for all the examined materials.

Highly irregular final surface morphology is observed for all cases, 
falling in the expected trend after SB treatment with geometrically 
heterogeneous impacting media. A degree of surface contamination by 
the blasting media can also be assumed even after cleaning. It is known 
that the risk of contamination has a negative correlation with the par
ticle size and with increased media size, this risk can be reduced. [46] In 
this regard, SB treatment with an average particle size of 1 mm was not 
expected to bring a high risk of contamination. Alumina contamination 
from SB media is highlighted in Fig. 7 which was found to be negligible 
in amount and thus, no appreciable effect can be imagined on the wet
ting performance. Even if this contamination could affect the final 
wettability characteristics, it is considered a dependent variable to the 
processing parameters, and thus, will not be examined deeply here.

3.4. ML results

Fig. 8 depicts the correlation coefficient R2 values of the ANN model 
trained with different numbers of hidden layers (nHs). Since there are 
three different outputs, each characterized by its individual R2 value, the 
minimum R2 value among the three was adopted as the benchmark for 
assessing the network’s performance capability. As observed, the R2 

values exhibit an increasing trend with the growing nHs. For a single 
hidden layer, the R2 values for ABS, PC, PMMA, and PP were 0.64, 0.44, 
0.61, and 0.68, respectively. Subsequently, with an increase in nHs, the 
R2 values experienced a sharp initial rise, followed by a gradual in
crease, eventually reaching 0.91, 0.89, 0.84, and 0.95, respectively. 
Upon comparing the R2 values under nHs of 4 and 5, minimal differences 
were observed. Considering the computational efficiency, here we opted 
for nHs to be 4.

Under the condition of nHs being 4, four ANNs with hidden layer 
structures of [36 42 42 6], [30 42 36 30], [54 12 30 18], and [24 48 24 
12] were established. Fig. 9 illustrates the regression coefficients of 
these FNN models, while Fig. 10 presents a comparative analysis be
tween the model predictions and experimental data for WCA, Ra, and 
Rq. As shown in Fig. 9, almost all data points are distributed near the 
dashed line, which represents the equality of experimental and pre
dicted results. In addition, the test sets exhibit high R2 values, with R2 

values for ABS and PP surfaces reaching 0.99938 and 0.99569, respec
tively. These results indicate that the developed models have excellent 
predictive accuracy for WCA, Ra, and Rq on the treated surfaces of the 

Fig. 8. Correlation coefficient R2 values of the networks with different numbers 
of hidden layers for different materials.

E. Oranli et al.                                                                                                                                                                                                                                   Applied Surface Science Advances 23 (2024) 100633 

8 



Fig. 9. Regression coefficient (R2) of the model: R2 values calculated via the train data set are marked as train R2, and those calculated via the test data set are 
marked as test R2. The dashed line represents the equality of experimental and predicted results.
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studied materials. The scatter plots in Fig. 10 compare the experimental 
data with the prediction results of the FNN models, demonstrating the 
efficacy of the proposed model in predicting the results closely aligned 
with experimental values. Furthermore, the results observed in Fig. 10
indicate that experimentally derived Ra and Rq exhibit similar trends, 
with the predictions closely corresponding to the experimental results.

Fig. 11 shows the 2D contour plots generated based on the FNN 
model obtained from training for PMMA, PP, ABS, and PC, respectively. 
Examination of the obtained plots leads to a way for evaluating the air 
flow pressure as the largest influencing factor. The plots are arranged in 
a systematic order to investigate the coupled effects of air pressure – SoD 
(top), air pressure – exposure time (medium), and exposure time – SoD 
(bottom). The evaluation indexes of Ra, Rq, and WCA are given, 
respectively, from left to right.

As regards PMMA, the roughness parameters Ra and Rq increase 
with an increase in pressure, but the WCA decreases up to the level of 5.2 
bar and then increases with an increase in pressure. Furthermore, Rq 
initially increases and then decreases with exposure time. However, its 
WCA is not significantly correlated with either exposure time or SoD. 
Conversely, for the blasted PP surfaces, both roughness parameters (Ra 
and Rq) decrease with increasing pressure. Since the WCA shows a close 
trend, it can be deduced that surface roughness and wettability had 
similar responses to the treatment. The effect of the remaining param
eters can also be realized such that WCA increased with exposure time 
and decreased with SoD. In the case of ABS and PC materials, the Ra, Rq, 
and WCA gradually increased with an increase in pressure. For ABS, a 
larger SoD and longer exposure time correlate with higher WCA, Ra, and 
Rq. For PC, both WCA and Ra increased with exposure time. However, as 
the SoD increased, Ra showed a decreasing tendency. In summary, it is 
deduced that during SB treatment, pressure has a greater effect on WCA, 
Ra, and Rq, while the complex effects of SoD and exposure time on the 
surface characteristics of various polymers investigated here can be 
attributed to the differences in the original material properties.

In this study, the number of data points to be used for the ML algo
rithm is constrained by the experimental conditions and available 

resources; however, while recognizing the limitations of the developed 
ML algorithm, we have tried to ensure its predictive efficacy by con
ducting a comprehensive assessment, evaluating the R2 of the training 
set and the testing set, comparing the testing set results with the actual 
results, and performing heat value analysis to assess grid performance. 
Thus we believe that this research can yield valuable insights into 
analyzing the effects of sand blasting processes on the roughness and 
wettability of various polymer materials.

4. Conclusions

In the light of the industrial tendency to the surface functionalization 
of polymeric materials, an experimental campaign was created and 
followed where PMMA, PP, ABS, and PC polymers were subjected to 
sand blasting. The study has been conducted systematically, comprising 
the selection of suitable materials and varying the effective process 
parameters concerning a full-DoE plan. The evaluation indexes were 
regarded as the final surface roughness and wettability evaluated 
through water contact angle (WCA) tests. A machine learning algorithm 
was built and optimized to act as a predictive interface. The concluding 
remarks are listed below:

• Sand blasting process proved to be an efficient method for generating 
hydrophobic surfaces on the selected polymeric materials. Only in 
the case of PMMA, some process parameter combinations contrib
uted to more hydrophilicity than the initial state.

• ABS was identified as the strongest candidate for generating hydro
phobic surfaces (WCA of 133◦) among the investigated materials. 
This particular response was attributed partly to the relatively lower 
yield strength of the material, which granted more severe de
formations at room temperature.

• The FNN model was applied to the performance analysis of sand 
blasting and the model with a high correlation coefficient (R2) was 
obtained by optimizing the framework. The model correlation co
efficients obtained from shallow neural networks (comprising one or 

Fig. 10. Comparison of FNN predictions with experimental data for Ra (a), Rq (b), and WCA (c); 1–6 for PMMA test group, 7–12 for PP test group, 13–18 for ABS test 
group, and 19–24 for PC test group.
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two hidden layers) were low, whereas increasing the number of 
hidden layers optimized the prediction results of the model, and the 
R2 value was increased to levels higher than 90 %. Evaluation of the 

model with regard to further expanded experimental tests helped 
optimize the model effectively.

• Based on a developed feedforward neural network (FNN), the rela
tionship between the blasting process parameters, surface roughness, 

Fig. 11. 2D contour plots regarding the influences of the effective parameters of the SB process for a) PMMA, b) PP, c) ABS, d) PC.
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and WCA was successfully examined. The factor having the highest 
influence on WCA and surface roughness was identified to be air flow 
pressure.
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