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Abstract. The mechanical and tribological performance of red clay ceramic tiles uncoated and
coated by oxy-fuel thermal spraying process from fly ash powders was evaluated. The ceramic
tile substrates were manufactured by uniaxial pressing at 26.17 bar pressure, and sintered at
1100 °C.  The coating thickness  was  determined  based  on the  number  of  projection-cycles
oxyacetylene  flame  over  substrate.  Coal  fly  ash  coatings  were  deposited,  with  average
thickness  of  56.18±12.18  µm,  180.42±20.32  µm,  and  258.26±25.88µm.   The  mechanical
resistance to bending and wear by abrasion deep, were studied using ISO 10545-4 standards
and ISO 10545-6 respectively; adhesion was measured using Elcometer equipment Type III
according to ASTM D-4541-02 and the average roughness (Ra) was found according to ASTM
standard  D7127-13,  using  the  profilometer  Mitutoyo  SJ  201.  The  surface  morphology
presented the heterogeneous molten or semi molten splats with average size of 35.262±3.48
micrometers with good adhesion, justifying increased mechanical resistance to bending by 5%,
as  well  as  wear  by abrasion deep.  These  results contribute to the development  of  ceramic
products with added value, to be used in various technological applications.
Keywords: Ceramic tiles, fly ash coatings,  thermal spray,  Mechanical  resistance to flexion,
deep abrasion wear, adherence, rugosity.

1. Introduction
In thermal power plants for energy production, fly ash are generated, which have applications in the
construction  industry and  applications  such  as  glass-ceramic  materials[1-5].  Fly ash  is  composed
mainly of mineral matter (70-80%) as glassy particles with a small proportion of crystalline phase and
unburned coal.  The most  important minerals found in fly ash are mullite,  magnetite,  hematite and
Silicas [5-9]. Fly ash contains amorphous spheres called cenospheres or plerospheres. Its low cost,
light  weight  and low thermal  conductivity,  make them suitable for applications such as insulating
blocks and as coatings for thermal protection of substrates [9-13].
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Surface treatments are considered important to improve the durability of a piece, either increasing
its  thermal  resistance,  corrosion  and wear,  providing  material  durability  improving  their  physical
appearance and their application [14]. Oxyacetylene thermal spraying (PTO) is a technique used in the
recovery of worn parts, and consists of projecting small molten particles, semi-molten, hot or even
cold (cold spray)  which are  successively deposited to  a  surface.  The aim is  to  provide a  surface
treatment  to  parts  which  are  going  to  be  subjected  to  extremes  of  friction,  wear,  heat  and  /  or
mechanical stress. Choosing the coating material, the process for coating and its thickness [14], is one
of the most difficult decisions for both; the manufacturer and responsible for maintenance. In addition,
the PTO can cover parts of various dimensions thanks to its versatility [14-22]. 

Studies related to the coating of fly ash on ceramic substrates paste by the technique of PTO, were
not found in the literature review of the last decade, therefore, it broke the results of studies made
previously as reference studies for the determination of some working conditions, as well as previous
laboratory tests.

2. Materials and Methods
The substrates were made from a paste of atomized red clay supplied by the company Ceramics Italia
SA, (Cucuta, Colombia), with approximate dimensions of length L = 10 cm, width A = 5 cm, and
thickness H = 0.8 cm, which they were manufactured by the uniaxial pressing, using hydraulic press,
with average pressure bars 26,17 (≈30,6 Kgf / cm2), and humidity between 5 and 9% by weight; heat
treatment (baking) was conducted using brand muffle furnace Ney D-130® with a firing curve at a
maximum temperature of 1100 ° C, with a speed of 5 ° C / min.

For  the  preparation  of  coatings  fly  ash  supplied  by  the  central  Termotasajero  SA (Norte  de
Santander-Colombia) were used, which were sieved through sieve No. 270 (53 µm) and retained mesh
sieve No 325 (45 µm) according to ASTM E-11-09.

Figure   1.  Sample   holder,   pyrometer   and   Terodyn   2000   TM   torch.
Source: University of Antioquia group GIPIMME.
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The development of the coatings was carried out using the ARESTE I chamber containing the torch
Eutectic Castodin Terodyn 2000 ™ and sample holder hexagonal seats six (6) samples (see Fig. 1). For
the  screening,  it  was  not  necessary to  apply anchor  layer  (both  coat)  between the  substrate  and
projected powders, because the substrates have optimal roughness that allow adhesion of the molten
particles. The projection parameters were determined by simulation using the Jets et Poudres software
and pilot tests. Preheating three passes, a distance (sample-torch) of 8 cm, rotation speed of 116.0 rpm
holder, vertical speed torch 0.72 cm / s, pressure and nitrogen flow of 40 psi were used and 16 L/min,
respectively, while the pressure and flow of oxygen was 50 psi and 94 L/min, finally 12 psi and 22
L/min were used for the pressure and flow of acetylene, and a constant flow of powder 6 g / min.

These  parameters  were  similar  to  those  reported  in  reference  [23,  24],  for  alumina  and silica
coatings. Three projections 5, 9 and 14 passes oxyacetylene flame on the substrates, values found by
pilot tests and following reported by Araque et al were performed, for alumina powders on the same
type  of  substrates  [23].  The  samples  obtained  in  each  projection  were  coded as  5P,  9P and 14P
respectively. 
The test for resistance to abrasion was performed according to ISO 10545-6, using the equipment
Gabrielli®-CAP-3. The modulus of rupture and flexural strength was carried out according to ISO
10545-4, using equipment brand Gabrielli, Flexi-1000 LX-650 model. Adhesion test for the Pull-off
type  was  applied,  using  the  Elcometer  Type  III  equipment  according  to  ASTM  D-4541-02.
Microindentation hardness  Vickers  was performed  according to  standard ASTM C1327-08,  which
employs as diamond penetrator indentor quadrangular pyramid shaped. The average roughness (Ra)
was found according to ASTM D7127-13 standard, using the profilometer Mitutoyo SJ201, for which
10  measurements  and  randomly  oriented  in  different  directions,  with  a  sweep  of  12.5mm  was
performed. The test water absorption was realized according to the UNE-EN ISO 10545-3.

3. Results and discussion
Table 1 shows the Modulus of rupture by flexural, volume footprint deep abrasion, roughness and

adhesion to the substrate and the three coatings 5P, 14P and 9P. It is observed that the modulus of
rupture has similar behavior for the three coatings, and increases by approximately 6% compared to
the  modulus  of  rupture  of  the  substrate.  Furthermore  these  values  comply  with  the  technical
characteristics  required for  wall  coverings industrial  level  [25,  26],  and are  very similar  to  those
reported  by Araque  et  al  [23],  for  alumina  powders.  It  was  found  that  as  the  number  of  passes
increases the thickness increased from 56.18 ± 12.18 µm, 180.42 ± 20.32 µm and 258.26 ± 25.88 µm,
for  5P samples,  9P and  14P respectively,  this  is  consistent  with  deep  abrasion  wear,  because  it
decreases with the increasing in the number of passes, protecting the substrate up to 23.54%, since
greater  film thickness  is  better  anchoring it  provides to the substrate.  It  is  also observed that  the
projected amount of fly ash influences the microhardness, being smaller as the number of passes or
amount  of  fly ash increases projected.  By comparing the results  of  the  microhardness with those
reported in the literature, we found that are very similar to those found in reference [24] where Vickers
microhardness values are reported between 509.85 kgf/mm2 and 713.80 kgf/mm2. On the other hand,
Adhesion results are very close and range between 3.6 and 5.5 MPa, presenting cohesive failure type,
showing detachment substrate and not the coating, and such values are in the range of those reported
by Araque et al.  [23], who reported that this parameter should be greater than 2 MPa and can be
increased by heat treatment at high temperatures. 
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Table 1. Modulus of rupture by flexural, the average volume of footprint by deep abrasion,
adhesion. Microhardness and roughness to the substrate and the three coatings 5P, 14P and 9P.

SAMPL
E
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ROUGHNES

S
Ra (µm)

VICKERS
MICROHARDNE

SS (Kgf/mm2)

ADHERENC
E (MPa)

DEEP
ABRASION

(mm3)

MODULUS
OF

RUPTURE
(N/mm2)

WATER
ABSOR
PTION

%
Substrat

e
4.73±1.27 140.00±19.89 -

357.55±9.4
0

12.20±0.42
12,54

5P 15.84±0.96 616.00±95.29 4.80±0.1
128.90±2.6

9
12.95±0.78

12,69

9P 17.60±0.98 602.00±59.79 5.50±0.2 89.10±2.55 12.90±0.89 14,34
14P 20.44±2.41 571.00±45.3 3.60±0,3 84.15±8.69 13.05±0.92 13,77

Figure 2, shows the image of Scanning Electron Microscopy (SEM) of the surface and at Figure 3,
the picture shows the SEM of a cross section for the sample 9P, to 20kV and 500X presented in these a
heterogeneous morphology and molten semimolten starting powders of particles and porosities due to
stacking of particles as the number of passes increases. It can be stated that as fly ash powders are
deposited,  its  roughness  is  increased,  protecting  the  substrate  by  deep  abrasion  wear,  improved
mechanical and tribological properties. It was found that the coating projection 2 with 9 passes, is the
one with the best mechanical and tribological behavior.

Figure 2. SEM micrograph surface, 9P 
projection.

Figure 3. SEM micrograph cross, 9P projection.

4. Conclusions
PTO technique was  applied,  to  produce  powder  coatings  fly  ash on  substrates  of  atomized  paste
prepared by uniaxial pressing, in conditions of constant thermal spraying, selected by pilot tests. The
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ceramic substrate does not require any preparation because this has the characteristic of being porous,
rough and chemically compatible with fly ash powders.  Therefore the technique PTO on red clay
substrates is viable because they allow direct anchor, getting good percentages of glassy material being
the porous substrate mechanically and chemically compatible;  also good results  were achieved in
improving  the  mechanical  and  tribological  properties.  Due  to  the  homogeneity  on  the  surface  of
samples no preparation was not performed. It only was made a verification that the test surface was
parallel to the surface of the base or support. For the samples used, the water absorption % showed an
increment of 10%, indicating that according to the UNE-EN ISO 10545-3, for tile dry pressed ceramic,
are categorized within the group BIII and ISO 10545-4 according to the standard module breakage or
bending strength of  12 N /  mm2  (equivalent  to  122.40 kgf  /  cm2),  the  suggested application for
covered tiles is wall covering. These results give way to future trials, which could be exploited surface
porosity,  it  could be thinking of adding oxides to these coatings and thus provide safety features,
hydrophobicity and antibacterial qualities to the samples. Finally, it is concluded that, with Projection
2 (9 passes) coating the best mechanical and tribological properties of the substrate-coating system
was obtained. It is the coating having the most irregular surface topography.
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