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Abstract. Complex perovskites oxide ceramics based on tumgst highly inert to hostile environmental conalits. For this
reason, these types of ceramics have great potdatiase in the petroleum industry where the caregnvironment is a constant
problem for the manufacture of parts and componéns are working on the fabrication of temperatsemsors encapsulated in
ceramics for the petroleum industry. In this cohtexe produced BAIWG; s ceramic by thermo-mechanical process using high
energy ball mill and aluminum balls. BEWGO; s ceramic components were manufactured through nosimaéring of ceramic
compacts. Sintering was carried out in a temperatarege of 1200 to 1350°C during 24 hours in air aspleere. Fabricated
through thermo-mechanical process, the ceramic emtspshowed high homogeneity in terms of size astlitdition of the
particles and presented desired mechanical propentequired for ceramic encapsulation for the covaon of metallic parts in
highly hostile crude petroleum environment.
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1. INTRODUCTION

Nowadays, there is an increasing demand for sudilimmaterials and systems to operate in hostii@@ments
such as high temperature or chemically aggressivedranments of petroleum extraction industry. Theatnics are
parts of a broad class of materials whose extrema$y characteristics such as: high thermal capa@sistance to
corrosion, the fact that they may be insulatingndieeting or superconducting, they have magnetiqgnties or
absence of magnetism, and to be hard and resistafagile make them interesting for various teabgical purposes.
Thus, many of the new technology incorporate ceramomponents in their activities due to these \iesa
characteristics.(Schwartz 1985, Tejuca and Fierro 1993) We arekiwg on fabrication of ceramic encapsulated
temperature sensor for petroleum extraction inglusthich present high degree of hostile environmértapa et al
2005, Leonardo et al 2005, Yadava and Sanguinettelfa 2008) in As tungustate ceramics presentl gesistant to
hostile environment, in the same context, in thisrkvwe have produced tungustate basedAREOss ceramics
through thermomechanical processing using highgsneall mill and subsequent thermal treatment.u@trral phase
characterization was carried out using X-ray ddfien technique. Microstructural characteristicdd anechanical
properties of sintered BAIWOs s ceramic powder compacts using scanning electramostopy and Vicker's micro-
hardness tests. This article reports these resottgliscusses its implications on application Vighof Ba,AIWOs s as
ceramic components for the fabrication of tempeeagensors encapsulated in ceramics for the petrokxtraction
industry.

2. EXPERIMENTAL DETAILS

In the present study, B&IWOs sceramic powder has been prepared in a batch of@0fs from the stoichiometric
mixture of constituents chemicals: Ba2C0O3, Al20d 803 through following relationship:

2Ba2C03 + Al203+ 2W03 = 2Ba2AIWO05,5 + 2C02

These components were mixed in a high energy billinmodel with MA - 50, Marconi Equipments, Sdo Rau
Brazil equipped with a stainless steel milling clh@mand alumina balls for a period of 24 h. For éfficient ball
milling we had to analyze the number of aluminalsh#iat are required to use in the mill of onerlitapacity for
milling 200gms of ceramic powder. The numbereaafuired balls for grinding was obtained by thedading formula:

P(Kg) =V/(L)xd, (Kg/L)x px 06

where P = amount of ball (kg), db = specific weighthe balls (kg / L), V = net volume of the bailnfL), p =
apparent occupancy rate of the balls (0.50 to 0.5&)ich made us conclude that the number of alanhialls to be
used should be 31.
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Ceramic mixture taken out from the ball mill wasrgeacted as circular discs of 30mm diameter withiekhess of
about 50mm. Powder compaction was carried outhigdxaulic press and hard steel mould made of almassistant
AISI A2 steel (HRC 58) at a pressure of 5ton/cm2e Tompacted discs were taken to muffle furnacg dumdel 0614
and calcined at a temperature of 1200°C for 24 houambient atmosphere. After calcination, samplese furnace
cooled to room temperature.

Calcined material was subjected X-ray powder difian analysis for structural characterization guithse
identification studies. After the structural anadyand identification of Ba2AIWO5,5 single phasenfiation, calcined
Ba2AIWO5,5 powder compacts were again subjectduddgb energy ball milling for 24h for grinding itn& particles
and homogenization of particle size distributionfetbrication of ceramic components through norsitiering route.

Circular ceramic components of 10mm and 30mm diamahnd 1 - 3mm thickness were fabricated by uniaxia
pressing technique using the same above refferaddnand a hydraulic press at a pressure load ainl®in2. For
better compression, each fraction of pressure wpBeal for 5 minutes to stabilize the pressure Idetribution in the
chip and homogenize the necessary pressure loadcdihpressed ceramic components were subjectée fordocess
of normal solid state sintering process in a temfoee range 1200 - 1300°C for 24h. Process ofrgigtef the samples
was performed in high purity alumina crucibles mkaent atmosphere, using the same above reffegddteimperature
muffle furnace.

To evaluate the process of sintering, it is neggsteadetermine the structural characteristics @nedlong - range
ordering of the lattice constituents and identifythe phase of sintered samples. The samples wegstigated by X-
ray diffraction technique using a Shimadzu, X-rgppwder diffractometer, equipped with equipped with - Ka
radiation (A = 1.5406A). The analysis of microstructure of esietl ceramics were carried out by scanning electron
microscopy(MEV) (model JEOL JSM-5900), using se@mgcdelectrons. To observe the microstructure, Hrapdes
were placed in a metal coating device to receithéralayer of gold, since they aren’t conductirggetting the MEV.

Mechanical properties of the sintered ceramics wsttelied through Vicker's micro-hardness testingr the
indentation in Vicker's micro-hardness tester,gamples were polished with # 220, # 400, # 60®GH1# 1500 grade
sand paper in granularity followed by mechanicdighing using diamond paste with 1 micron partiilee. For micro-
hardness testing a Vicker’'s hardness indentor mdi&-5 No 0021 was used.

3. RESULTS AND DISCUSSION

Among the various techniques for characterizatibrmaterials, the technique of X-ray diffraction tise most
appropriate in determining the crystalline phasesgnt in ceramics, as well as quantitatively arealgnd determine
the unit cell parameters and consequently, detasnine crystalline structure, measuring the parstte, determines
the existence of defects or disorder in the strectand is a short-range order in non-crystallivléds. This is possible
because in most solids (crystals), the atoms aem@ed in crystalline planes separated by distabeeseen them in
the same order of magnitude of a wavelength of rabrmmatic X-rays.

The X-ray diffraction (XRD) spectrum of a typicab\IWOs sceramic sintered to 1300°C for 24 hours is shawn i
Figure 1. The XRD spectrum presents characteristica complex cubic perovskite structure, becatismmsists of
strong peaks characteristics of the primary culdoopskite and few weak lines arising due to theesstpucture
network.(wells 1989)
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Fig.1. X-ray diffraction spectrum of BAIWOs 5
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The basic crystal structure of the perovskitaB£3, where A is a large ion placed in the 12 coordigaif the
cube and octahedral B is placed on a lower casgt@hedral site of the cube. The complex perovskith different
species in a place (especially the B site) carepeesented by multiples of this formula unit (AB@nd a larger unit
cell, for example, ABB'Os and AB,B'O,. The Presence of the superstructure reflectioeslifi1l) and (311) in the
XRD spectrum of BfAIWOs sis the confirmation of an ordering of a complexicyterovskite structure . (Glasso et al
1961). Due to the ordering of B and B 'in the oetéfal positions of ABgXxell, occurs a doubling of the parameter of
the base of the network unit cell of cubic peroteskihus, all the XRD pattern of BEWOs scan be indexed in a cubic
cell with an edge /BB'Os = 2ap where gis the parameter of the network base of the wiitaf cubic perovskite. The
XRD spectrum of Ba#AIWOss is similar to other complex cubic perovskite oxidesving ABB'Og type crystal
structure, shown in Figure 2, taking as an examfa,NbQs, ErBgSbQ;, DyBaNbOs;, among others.

@ e

Fig. 2: Complex cubic ordered perovskite crystgBB Osstructure

Before being sintered, the ceramic is composed sblid solution with random arrangement of B andnB
equivalent positions in the crystal structure. Afi@ appropriate heat treatment, the random soligtien rearranges
into a structure in which B and B 'occupy the saositions, but on a regular basis, that such &tsire is described as
superstructure. In the superstructure, the positamtupied by B and B 'are no more equivalent hisdf¢ature appears
in the XRD spectrum of the material by the presesfdnes of superstructure reflections.

A disordered arrangement of B and B 'should resultero intensity. Therefore the cations*Aand W°* in
concerned B#\IWOs 5 in positions of B and B 'is clearly distinguisheglthe presence of significant intensity of (111)
and (311) of lines of superestruture reflections@&@hon the above discussion, we have now indexedRD peaks of
Ba,AIWOs sas a ordered complex cubic perovskite A2BB'O6 atysitucture.. The unit cell parameter a of A% Os,

s calculated from the experimental XRD datacig a 8.4524 A

With following relations,

2(RA+ RO)
A=———mF——= 1
AN W)

aB=RB+RB'+2RO (2)
acal=(aA+aB)/2 3)

We can calculate the parameter of network theoi@AR) Ba2AIWO5.5 the compound under study. Where RS,
RB'and RO are ionic radii, as A, B, B' are a catiod oxygen anion. The network parameters aA andraBalculated
based on the cations A and B. The switch netwoet mcobtained from the relations above. Thus #dius of the
barium, aluminum, tungsten and oxygen are 1.38 85 ®, 0.65 A and 1.35 Aespectively and the parameter of
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network theory is calculated acal peroveskite = &al = 7.76A. Data from XRD of BAlWOs s are obtained in the
Table(1).

Table 1 - Experimental XRD data of BdWOs 5

20 d&) Int hki
19.57 45325 11.15 111
26.48 3.3633 100.00 220
27.82 3.2043 28.68 311
42.96 2,1036 19.66 400
48.49 1.8759 13.25 420
53,64 1.7073 13.47 422
57.84 1.5929 5.67 440
69.00 1.3560 6.88 620
79.33 1.2068 2.85 642

We also analyzed the density of sintered cerarhiesriethod of Archimedes. In general, the high demsramics
are produced at sintering temperatures of betweeitn.8 TF TF (TF = temperature of melting) (2}fee ceramic in
question. For density by Archimedes method wasutaied as a = 29.9392 g, b = 30.0747 g, ¢ = 79.23y6@ =
79.1992g. Using the formulas of densities:

Density:
(b-a)
b-a-c+d
Density Fixed:
Dcorrigida = M D’
b-a-c+d

Where: D = density or specific mass of solid péetis, a = dried e empty specific gravity bottle; §pecific gravity
bottle mass plus sample mass, ¢ = specific grdbat{le mass plus sample and distilled hatter, specific gravity
bottle mass fulled of hatter, D’ = hatter specifiass in ambient temperature (for 22°C, D = 0,99y8&13).

It was obtained D = 5.7612 g/émnd D '= 5.7487 g/cin

The production and functional capacity of polycajlate ceramics are highly dependent on their nsicractural
characteristics, which in turn are highly influedcby sintering kinetics. (Reed 1988, Richardson2)98The
microstructural characteristics define the quabifythe final product of ceramics and its mechansaéngth. The
process of sintering of ceramics B&VOss was made by the normal process of solid-state rgiigte The
microstructure, morphology and surface distributafrnthe particle size of the sintered ceramics,ABAOss, were
studied using scanning electron microscopy (SEv8sented in (figure 3), and the elemental microgsiwas carried
out by energy dispersion spectrometry (EDS), presein figure 4. This SEM characterization was carried out to
evaluate the microstructure homogeneity, size aisttilsution of grains, porosity and the presencepbfses in
ceramics.
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Fig 3. SEM microstructures of Ba2AIWO5.5 ceramiicgesed at 1300°C (a) increase of 5000x (b) ineeeaf 5500x

150 Al
140
130
120
Da
16
1 a0
[~ 9
- an
"
v o ]
= Da
60 Ba
=G (8 ]
“a 4 ma
a0
“ e Ca I] .
ol bipipod At Wl
“ ute|
1 2 =] -4 = L] -
[ Erergy LkeVi
249
mi 166
2z Al
159
peliliy 1
12a 139
140
1692 110
] 140 c 1004 Hi
> - an
0 120 Ca u e
Lo r =
6o
P o Ua
5o o Ba
Kzi (]
2] 40 A
40 N | +o Ca ‘
J e 20
. ] ]
0 Ca 10
gt Y l\ P
ol o Nl LYY
1 Ed B3 "1 L+ L3 - 1 2 El 4 s & -
B Frargny Ckavd
rednis Cierpg (ke¥>? TR

Fig 4. EDS energy dispersion spectrometry of B&2@b.5 ceramics sintered at 1300°C
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For examining the sintered ceramics we had to siepothin layer of gold on a metal coating dewdsich
creates a vacuum for a half-time of thirty secoadd a current of 40 mA (model BAL-TEC SCDO050), hessaour
material is not conductive, then put in the equipmémodel JEOL JSM-5900), to make the SEM studies.

Mechanical properties of the sintered ceramics ben studied my measuring Vicker’s microhardness. T
perform Vicker's microhardness tests sintered ceratiscs were polished by # 320 to # 1500, graated papers
successively, followed by mechanical polishing ggdimond paste of 1 micron granularity.

The value of Vickers hardness (Hv) is calculatedhgyratio of applied load by the area of the irspien left in the
body tested, which gives us the following equatidost and Bigot 1996)

Hv(Kgf / mne) = 1854.4xw
d’(mne)

Where: HV = Vicker's microhardness, P = applieddiod = average of diagonal indentation The micrdhass was
performed with a load of 200 grams for 15 secomu$ an increase of 40x of indentation mark was lgeethe

microscope. Vicker's microhardness test resultspaesented in Table 2 and Table 3. The averagenbasdof the 1st
sample is HV 425.96 and average hardness of theainple is HV 449.00. It can be observed that #ramics

achieved a reasonable results in the hardnessote phat there is a good homogeneity of the grantsthe sintering
behavior of BgAIWOs5 s ceramics.

Table 2. Vickers microhardness values of the B&®AIWO s sceramic disc sintered at 13

Ist 2nc 3rd 4th Sth
identation identation identation identation identation
D1 28,13 30,59 31,52 28,72 28,31
D2 31,28 28,84 32,91 27,81 28,00
HV 420,31 420,03 357,37 464,23 467,87

Table 3. Vickers microhardness values of the se&maIWO- s ceramic disc sintered at 13

Isi 2nc 3rd 4th 5th
identation identation identation identation identation
D1 29,83 28,73 26,06 27,80 31,44
D2 28,69 28,69 26,89 30,45 26,44
HV 433,20 402,64 529,13 437,22 442,83

4. CONCLUSION

In this work we have produced and studied stragtonicrostructure and mechanical properties atahgstate
based BaAIWOs 5, ceramic through thermo-mechanical processing »Ridlies showed that it has a complex cubic
perovskite structure, with lattice parametexp = 8.4524 AMicrostructural characteristics of sintered,B&VOs 5
ceramics, studied by scanning electron microscaping secondary electrons, we verified that théesdd ceramics
presented high microstructural homogeneity withfama particles and particle distribution. Mechamhipaoperties
were studied through Vicker’s micro-hardness tgstpresented a good hardness, sufficient for theidation of
ceramic components. Results of these studies, eshdwat the fabricated through thermo-mechaniaatgssing better
results than the same ceramics produced throughai@olid state reaction process. These charatitsrisnakes the
Ba,AIWOs 5 ceramics a strong candidate to be used in the faetowe of encapsulated temperature sensors for the
petroleum industry.

5. ACKNOWLEGEMENTS

Authors acknowledge CNPq for the financial supparthis study in the form of research project.



Proceedings of COBEM 2009 20th International Congress of Mechanical Engineering
Copyright © 2009 by ABCM November 15-20, 2009, Gramado, RS, Brazil

6. REFERENCES

Aguiar, Leonardo. A. Rangel; Lapa, Camila. M.; @ainetti Ferreira, Ricardo A; Aguiar, J. Albin&ilva , Charles L.
da; Souza, Dulcina P. F.; Mater. Sci. Forum 498-2005) PP 523-528.

Galasso, J.R. Borrante F. and L. Katz, J. Ameraf@eSoc. 83 (1961) p. 2830.

Lapa, Camila. M.; Sanguinetti Ferreira, RicardoAguiar, J. Albino; Silva , Charles L. da; Soudaicina P. F.;
Yadava Yogendra P; Mater. Sci. Forum 498-499 5200 529-534.

lost ,A. and R Bigot,; ldentation size Effect: Riyeor Artefact? J. Mat., 31 (1996) p. 3573.

Reed, J., Principles of Ceramic Processing, JoHayeind Sons, NY, 1988.

Richerson, D. W.,Modern Ceramic Engineering, Mafekker, Inc., NY, 1982.

Schwartz M. M., (editor),Engineering Applications@eramic Materials, American Society for Metalsetslls Park,
OH, 1985.

Tejuca L. G. and Fierro J. L. G., (Eds.) “Prosrand applications of Perovskite type oxides”rdé¢aDecker Inc.
New York, 1993

Wells, A. F. ;Structural Inorganic Chemistnbth ed. Clarendon Press Oxford, U.K. 1986 p.279

Yadava Yogendra P. . and Sanguinetti Ferreiraad@ A., Mater. Sci. Forum 591-593 (2008) PP 488:4

Yadava Yogendra P. . and Sanguinetti Ferreiraafd@ A., Mater. Sci. Forum 591-593 (2008) PP 666-6

7. RESPONSIBILITY NOTICE

The authors are the only responsible for the pdimaterial included in this paper.



