
Introduction

Rapid prototyping (RP) defines a set of technologies
that retain as a common characteristic the building of
3D physical prototypes via a process involving material
addition in thin layers obtained from the material’s
analogical, virtual prototypes. RP makes use of
organic polymers to build computer-designed parts [1].
RP machines take virtual designs from computer
aided design (CAD); transform them into thin, virtual,
horizontal cross-sections; and then create each
cross-section in the physical space one after the other,
until the 3D solid is complete [2]. The cross sections
are built by the action of a laser beam, ink jet or
extrusion heads on the target materials, which are in
the form of powder, liquid, wire or sheet. Construction
of a new cross-section and its adhesion to the previous
one occur simultaneously. All these techniques lead
to the preparation of pieces with complex geometries.

The sol–gel process allows one to obtain coatings
for the coverage of complex 3D structures, and the
target compound is deposited on the surface of the
substrate from a colloidal suspension (sol). The sol–gel
route directly influences the properties of the substrate.
The sol–gel process is based on the hydrolysis and
polycondensation of alkoxide precursors in solution
at low temperature leading to the formation of a
polymer network that allows for the incorporation of
a variety of compounds [3–13]. It is an alternative for
the production of stable multicomponent oxide materials

displaying chemical, physical and thermal properties
that cannot be obtained by other processes [14–17].
This method is utilized to obtain materials with
optical applications, which is based on the inorganic
polymerization of molecular precursors involving the
evolution of a polymer through a colloidal (sol)
suspension with the formation of a net and passing
through the continuous liquid phase (gel). The mole-
cular precursor used in the sol–gel process is essen-
tially M(OR)z alkoxide, where M is silicon or a metal
and R is an alkyl group [18]. Different combinations of
alkoxides and organo-alkoxide silanes have been
prepared to produce materials with better mechanical
properties such as abrasive strength and/or high
chemical stability [19]. The reactivity of alkoxides
depends strongly on the nature of the central ion
(silicon or metal). Alkoxides and their organic deri-
vatives, for example play an important role in the
synthesis of glasses, ceramics and hybrid organic-
inorganic materials [20] in which the materials
present a high degree of purity that is preserved
throughout the production phase [21].

In this work multicomponent oxide coatings were
deposited by the dip-coating technique on the organic
polymers ABS and Nylon, obtained by RP. The goal
by use the sol–gel method is due to this process can
work at low temperature and the precursors in solution.
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Experimental

Sample preparation

Four different sols were prepared by the sol–gel process
by dissolving the ethanol (EtOH) as solvent. SOL 1 was
obtained from hydrochloric acid (HCl), acetic
acid (HAc) and aluminium (isoAl), vanadium (isoV)
and titanium (isoTi) isopropoxides, and tetraethylortho-
silicate (TEOS) as source of silicon.; SOL 2 was pre-
pared from acetic acid, titanium isopropoxide and
silicon alkoxides; SOL 3 was produced from calcium
nitrate (Ca(NO3)2) and silicon alkoxide; and SOL 4 was
obtained from calcium nitrate, phosphoric acid (H3PO4),
ethanolic ammonia (NH3) solution and silicon alkoxide
(molar ratio are shown in Table 1). For all samples the
aging time was 1 h. These sols were deposited on Nylon
and ABS by the dip-coating technique using
150 mm min–1 speed submersions for 20 min.

Characterization

Thermal analysis (TG/DTA) was carried out in a thermal
analyzer (TA Instruments – SDT Q600 – Simultaneous
DTA-TG) in nitrogen atmosphere, at a heating rate of
20°C min–1, from 25 to 1000°C, 10 mg of samples
with size of 3×3 mm were used. The morphology of
the system was investigated by scanning electron
microscopy (SEM) using a Jeol JSM-T330A microscope.

Results and discussion

Thermal analysis (TA) was carried out in order to
verify the thermal properties of the materials. There
was an increase in the thermal stability of the material
after it was coated. The coatings were well adhered to
the substrate mainly to the ABS samples. TA revealed
that the coated materials decomposed at higher
temperatures. In case of the organic polymer ABS
there was no significant difference in the initial
decomposition temperature when the non-coated and
coated materials were compared. However, changes
in the maximum and final decomposition tempera-
tures reached 20°C, as depicted in Figs 1–3.

The DTA and DSC curves obtained for the ABS
samples revealed that an endothermic process takes place
in the 450°C region ascribed to sample decomposition.
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Table 1 Chemical composition of the prepared sols (in molar ratio)

SOL EtOH TEOS isoTi isoAl isoV Ca(NO3)2 HAc HCl H3PO4 NH3

1 10 1 1 1 1 – 1 0.1 – –

2 10 1 1 – – – 1 – – –

3 10 1 – – – 1 – – – –

4 10 1 – – – 1 – – 0.1 0.1

Fig. 1 Thermoanalytical curves of the organic polymer ABS
before coating

Fig. 2 Thermoanalytical curves of the organic polymer ABS
after coating with SOL 1

Fig. 3 Thermoanalytical curves of the organic polymer ABS
after coating with SOL 4
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For the Nylon samples there was an endothermic peak
at 100°C indicating the loss of water molecules adsorbed
in the porous structure of the samples. Results of the
thermal analysis are summarized in Table 2.

Thermal measurement was carried out under
oxidative atmosphere (in air flow) for the sample
ABS+SOL 1(oxi), the difference appears in the maximum
of decomposition and in the more one event. This event
occurs from 510 to 575°C can be due to metal-oxide.

SEM clearly showed the coating on the substrate
surface (Fig. 4a) coating SOL 1 (Fig. 4b) and coating
thicknesses SOL 1 (Fig. 4c) were larger on ABS,
approximately 30 �m, and thinner on Nylon,
approximately 5 �m. The presence of cracks (Fig. 4b)
can be due to shrinkage effect during gelling and
aging steps or a poor anchorage of the sol–gel layer
on the sample surface due to low affinity. By
dip-coating procedure thin films of 0.1–1 �m, but in
this case the high thickness is due to the time of
immersion substrate (20 min).

Conclusions

The materials prepared in this work display interesting
properties for future application as complex 3D geometries
that require low density and large resistance. Coating
consisting of different components can promote

changes in the physical, chemical and thermal properties
of the ABS and Nylon samples. The 30 �m thickness
corresponds to a 3% increase, being probably responsible
for the 20°C rise in the degradation temperature.
The heating ratio shown difference between the initial
and final temperature of decomposition but the tem-
perature interval is the same (20°C).

The sol–gel method is an efficient process for the
preparation of substrates with new properties and
thermal analysis is an important tool for studying
changes in sample properties. Several parameters can
be studied to obtain sol–gel coating, such as molar
ratio of reagent, viscosity and others.

Acknowledgements

The authors acknowledge FAPESP, CNPq and CAPES (Brazilian
research funding agencies) for financial support of this work.

References

1 N. Volpato, Prototipagem Rápida – Tecnologias e
Aplicações, Edgard Blücher, S�o Paulo 2007.

2 C. C. Kai, L. K. Fai and L. C. Sing, Rapid Prototyping:
Principles and Applications, World Scientific,
2003, p. 448.

3 J. D. Wright and N. A. M. Sommerdijk, Sol–Gel
Materials: Chemistry and Applications, Gordon and
Breach Science Publishers, Amsterdam 2001.

4 J. D. Wright and N. A. J. M. Sommerdijk, Sol–Gel
Materials Chemistry and Aplications, Vol. 4, Taylor &
Francis, 2001.

5 C. J. Brinker and G. W. Scherer, Sol–Gel Science,
The Physics and Chemistry of Sol–Gel Processing,
Academic Press, 1990.

DEPOSITION BY THE SOL–GEL PROCESS ON MATERIALS

Table 2 Decomposition temperature of coated and non-coated samples

Samples
Initial decomposition

temperature/°C
Maximum decomposition

temperature/°C
Final decomposition

temperature/°C)

ABS 368 415 489

ABS+SOL 1 368 436 500

ABS+SOL 1 (oxi) 370 425 460

ABS+SOL 2 363 431 506

ABS+SOL 3 368 433 492

ABS+SOL 4 366 437 503

Nylon 345 448 500

Nylon+SOL 1 362 439 503

Nylon+SOL 2 350 442 522

Nylon+SOL 3 359 445 511

Nylon+SOL 4 359 448 506

Fig. 4 SEM of ABS a – before coating, b – with SOL 1
coating and c – thickness



J. Therm. Anal. Cal., 97, 200970

6 M. A. Aegerter and M. Menning, Sol–Gel Technologies
for Glass Producers and Users, Kluwer Academic
Publishers, 2004.

7 L. L. Hench, Sol–Gel Silica, Noyes Publications, 1998.
8 J. E. Mark, C. Y. C. Lee and P. A. Bianconi, Hybrid

Organic-Inorganic Composites, American Chemical
Society, Washington DC 1995.

9 G. Cerveau, R. J. P. Corriu, C. Lepeytre and P. H. Mutin,
J. Mater. Chem., 12 (1998) 2707.

10 R. J. P. Corriu, Polyhedron, 17 (1998) 925.
11 R. J. P. Corriu and D. Leclerq, Angew. Chem. Int. Engl.,

35 (1996) 1420.
12 K. J. Shea, D. A. Loy and O. Webster, J. Am. Chem. Soc.,

114 (1992) 6700.
13 C. L. Jackson, B. J. Bauer, A. I. Nakatami and

J. D. Barnes, Chem. Mater., 8 (1996) 727.
14 L. R. Avila, E. C. de O. Nassor, P. F. S. Pereira,

A. Cestari, K. J. Ciuffi, P. S. Calefi and E. J. Nassar,
J. Non-Cryst. Solids, 354 (2008) 4806.

15 E. J. Nassar, P. F. S. Pereira, K. J. Ciuffi and P. S. Calefi,
‘Recent Development of Luminescent Materials Prepared
by the Sol–Gel Process’, Chapter 9, Nova Science
Publishers 2008, pp. 265–285.

16 A. Cestari, L. C. Bandeira, P. S. Calefi, E. J. Nassar and
K. J. Ciuffi, J. Alloys Compd., in press (2008).
DOI: 10.1016/j.jallcom.2008.04.053.

17 E. J. Nassar, E. C. de O. Nassor, L. R. Ávila,
P. F. S. Pereira, A. Cestari, L. M. Luz, K. J. Ciuffi and
P. S. Calefi, J. Sol–Gel Sci. Technol., 43 (2007) 21.

18 A. Lobnik, N. Majcen, K. Niederreiter and G. Uray,
Sensors Actuators B, 74 (2001) 200.

19 M. Ararsu, H. Sayilkan, S. Sener, F. Sayilkan and
E. Arpa�, Turk J. Chem., 27 (2003) 477.

20 D. Hoebbel, T. Reinert and H. Schmitd, J. Sol–Gel Sci.
Technol., 10 (1997) 115.

21 M. Locher, V. Romano and H. P. Weber, Opt. Laser Eng.,
43 (2005) 341.

ICTAC 2008

DOI: 10.1007/s10973-008-9689-4

BANDEIRA et al.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


