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Abstract. Complex perovskites oxide ceramics based on tengse highly inert to hostile environmental coiatis
For this reason, these types of ceramics have guetdntial for use in the petroleum industry whére corrosive
environment is a constant problem for the manufactd parts and components. We are working ondbedation of
temperature sensors encapsulated in ceramics ferptroleum industry. In this context, we produ@sAIWG; 5
ceramic by thermo-mechanical process using highrggnéall mill and aluminum balls. GAIWGss ceramic
components were manufactured through normal simgerof ceramic compacts. Sintering was carried out in a
temperature range of 1200 to 1350°C during 24 hadargir atmosphere. Fabricated through thermo-megbal
process, the ceramic compacts showed high homdgeimeiterms of size and distribution of the pasi&land
presented desired mechanical properties requireccévamic encapsulation for the conservation of atiiet parts in
highly hostile crude petroleum environment.
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1. INTRODUCTION

There is increasing requirement for materials afidivle systems for operation in hostile environteesuch as high
temperature or chemically aggressive environmemtt ss the oil petroleum industry. Ceramics arecad class of
materials whose main features, that make themdsti@g materials for various purposes, are highnthé capacity,
resistance to corrosion, the fact that they mayitmylating, conducting or superconducting, magnptoperties or
absence of magnetism and to be hard and resibtantragile. Thus, many of the new technology iparate ceramic
components due to their extremely versatile andnjsiog structural, chemical, electrical, mechanieald thermal
properties.(Schwartz 1985, Tejuca and Fierro 1993)

We are working on search of new ceramic mater@atesist hostile environment of petroleum indusfriyapa et al
2005, Leonardo et al 2005, Yadava and SanguinettieFa 2008) in this work were produced a new demgubic
perovskite ceramic, GAIWOs s to fabricate ceramic components for encapsulatiometallic temperature sensing
devices, used in the petroleum extraction,AD&O5 5 ceramics were produced by thermo-mechanical psougsising
high energy ball mill and then sintered throughmalr solid state sintering route. Their propertiesevstudied by X-
ray diffraction, scanning electron microscopy androanalysis and Vickers micro-hardness tests. rAfies sintered
ceramic components were submerged in crude petroteuing 45 days with periodical observation didde periods
of 15 days. To observe possible changes in miarcstral features of ceramics subjected to crude avedyzed by
optical microcopy. This article reports these ressund discusses its implications on applicatioabiity of
CaAIWOs 5 as ceramic components for the fabrication of cezamcapsulated temperature sensing devices tedue u
in petroleum extraction industry.

2 EXPERIMENTAL PROCEDURE

The CaAIWOs sceramic powder has been prepared by conventiolidtstate reaction route. High purity (99.99%)
constituent oxides CaO, &; and WQ were mixed in stoichiometric ratios, compacted @MPa and calcined at
1200°C for 24h. After calcinations, materials wmmace cooled to room temperature and were exahiyeX- ray
powder diffractometry (XRD) using a Shimadzu X-giffractometer, equipped with Cu -oKradiation § = 1.5406 A)
to determine the structural characteristics andgl@entification.

For the study of sintering behavior, B88NOs 5 ceramic powders were produced in a typical batek sif 100
grams. These ceramic powders were thoroughly mifiea ball mill model MA-50, Marconi Equipments, GRaulo,
Brazil, equipped with an stainless steel millinguetber and alumina balls, for a period of 24 h.

Thoroughly milled and homogenized B#NOss powders were uniaxially compacted in a metallic dou
fabricated from abrasion resistant AlSI A2 steeRE58) to form circular discs with 30 mm of diamed®d 5 mm
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thickness. A pressing load of 1000MPa has beenieapfior powder compaction, using a hydraulic prégs. every
compaction process pressure was applied for 5 esrotstabilize the pressure distribution in thessped compact.

The green compacted £2dWOs s ceramic bodies were subjected to the sintering gg®a@t a temperature of
1300°C, for 24h. Sintering process of the samplas warried out in ambient atmosphere in high pualtymina
crucibles, using a high temperature muffle furn@eag 0614).

Microstructures of the sintered ceramics were slidiy a scanning electron microscope and microaisa(yEOL
6460). To observe the microstructure the sampdesred with thin carbon coating. The mechanicalabar of the
sintered CAIWOs sceramics was studied by measuring micro-hardneeg ¥sckers hardness indentor model HVS-5
No. 0021. For the measurement of Vicker's microhesd, samples were polished with #220, #400, #0200,
#1500 grade sand papers and diamond paste with granularity.

After the mechanical characterization, four samplese submerged in crude petroleum, two samplesrude
petroleum extracted from the ocean petroleum waatid the other two in crude petroleum extracted ftbe earth
petroleum wells. The samples stayed there for 45 @are monitored by optical microscopy analysésrafach 15
days.

3. RESULTS AND DISCUSSION
3.1. Strucrural characterization

X ray Powder diffraction studies were carried onttbe sintered ceramic sample. The samples presanteell-
defined ABB"Og type complex cubic perovskite structure for,AI8/Os s ceramics. The XRD spectrum of a typical
CaAIWOs 5 ceramic, sintered at 1380 for 24h, is shown in Fig. 1. XRD spectrum of ,8&VOs s consists of strong
peaks characteristics of primitive cubic perovsldteucture plus few weak reflection lines arisimgnii the super-
lattices. No evidence for a distortion from théicusymmetry is observed in the XRD spectrum. Duthé ordering of
B and B’ on octahedral site of the AB@nit cell there is a doubling in the lattice paeden of the basic cubic
perovskite unit cell. Thus, the whole XRD pattefrCa,AIWOs scan be indexed in a,BB'Og cubic cell with the cell
edge a = 2awhere g is the cell lattice of the cubic perovskite. ThRIX spectrum of GAINbOg is similar to other
A-BB’O¢ type complex cubic perovskite oxides e.g. YO, ErBaSbQ;, DyBaNbO; etc reported in JCPDS files.

The basic perovskite composition is ABQvhere A is a large ion suitable to the 12-coaathd cube-octahedral
sites and B is a smaller ion suitable to the 6-@imated octahedral site. Complex perovskite withadispecies on a
site (particularly the B site) may be representgdriultiples of this formula unit and a larger ucdll, e.g. ABB’Og,
A3B,B’Og etc.Presence of the superstructure reflection lineg)(1and (311) in the XRD spectrum of B&NOs s is
the signature of an ordered complex cubic perogsititucture. (Glasso et al 1961)
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Figure 1. X-rays diffraction spectrum of £24WQO5 5

In a substitutional solid solution BB’, there isandom arrangement of B and B’ on equivalent latpositions in
the crystal structure. Upon suitable heat treatptéetrandom solid solution rearranges into a #recin which B and
B’ occupy the same set of positions but in a regway, such a structure is described as supersteicin the
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superstructure, the positions occupied by B an@m’'no longer equivalent and this feature is exdtbin the XRD
spectrum of the material by the presence of supetste reflection lines. (wells 1989)

For double cubic perovskite of the formulaBB'Og the intensity, in particular of the (111) and/@11)
superstructure reflection, is proportional to tliffedence in scattering power of the B and B’ atpmbken all the atoms
are situated in the ideal position. A disordere@mgement of B and B’ should result in zero intgnstherefore Af*
and W* cations ordering in GAIWOssin B and B’ positions is clearly distinguished Ing tpresence of the significant
intensity of (111) an@311) superstructural reflection lines. Based oovabdiscussion we have now indexed the XRD
peaks of CaAIWOs s as an ordered complex cubic perovskite witBBB'Og crystal structure. The lattice parameter of
CaAIWOs s, calculated from the experimental XRD data Tab.4.4,= 8.1209 A. This value is in good agreement with
theoretical lattice parameter value7a2092 Aof CaAIWO5 5.

Table 1. XRD data of G&WNbGO:s 5

20 d(A) /g hkl

17.2 5.1513 24 111
29.86 2.9898 86 220
34.6 2.5903 39 311
35.42 2.5322 15 222
45.38 1.9969 11 400
48.92 1.8604 12 311
50.2 1.8159 48 420
58.6 1.5740 22 333
81.68 1.1779 13 533

3.2. Microstrucrural characterization

Production and functional ability of polycrystalliteramic products are highly dependent on thesrosiructural
features, which in turn are highly influenced bwptering kinetics. (Reed 1988, Richardson 1982) btmuctural
features define the final product quality of theaseic products and their mechanical strength. éngtesent case we
were able to sinter GAIWOs5 sceramics by normal solid state sintering processeatemperature we used.

To examine the microstructure of complex cubic pskie CaAIWOs ssintered ceramics we used the technique of
scanning electron microscopy, using secondaryrelest This characterization was to assess the ardetation to the
microstructure homogeneity, size and distributiblgmins, porosity and the presence of phasesremdes. A typical
SEM micrograph of G&AIWOs s sintered polished ceramic is shown in fig.2. Asaaa verify from this micrograph,
ceramic presents a highly homogeneous microstriend particle size distribution.

Figure 2. Scanning Electron Micrograph ob\Wes ssintered ceramic
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To study mechanical properties of the,&l8VOs ssintered ceramics we carried out Vickers microhass (MHV)
tests and we applied a load of 200 gf for 15 sdsdor these tests.

Table 2. Vickers microhardness values of the @&AIWO 5 sceramic disc sintered at 13w

Isi 2nc 3rd 4th 5th 6th 7th
identation identation identation identation identation identation identation
D1 363.69 35.56 31.33 32.19 28.88 35.75 29.1
D2 29.06 31.94 36.56 31.00 31.00 25.19 33.8
HV 0.2 376.76 325.60 322.06 371.53 413.74 399.47 4.5%7

The average hardness is MHV 369.09. It can be sbddrom these results that the ceramics achievedsonable
degree of hardness structural ceramic applicationspnfirmation of a high degree of homogeneitytted grains and
grain size distribution as observed scanning edeatnicroscopy results.

3.4. Optical microscopy analysis

After the mechanical characterization, we submerfyent samples in crude petroleum. Two of them irat
petroleum and the other ones in earth petroleuneyT$tayed there for 30 days and we analyzed it fyca
microscopy every 15 days Figs. 3, 4, 5, 6, 7, 8@nthis analysis was made to observe the micrctstrel of samples
before and after submersion in crude petroleum amalyze if they suffered any change due to hostilemical
environment of the crude petroleum. . As we careolesfollowing figures the ceramics submerged dthktype off
petroleum didn’t suffered any microstructiral chasg

Figure 3. Ceramic before submerged in crigteofeum (Magnificatio 200X)
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Figure 4. Ceramic submerged in ocean petroleurhJatays (Magnificatio 200X)

Figure 5. Ceramic submerged in ocean petroleurBdatays (Magnificatio 200X)

Figure 6. Ceramic submerged in ocean petroleum3atays (Magnificatio 200X)
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Figure 7. Ceramic submerged in earth petroleunifodays (Magnificatio 200X)

Figure 8. Ceramic submerged in earth petroleun3@odays (Magnificatio 200X)

Figure 9. Ceramic submerged in earth petroleurdfodays (Magnificatio 200X)
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4. CONCLUSIONS

In this work, we have produced polycrystalline,8I8VO5 s ceramics using solid-sate reaction process andestud
its structural characteristics, in detail, usinga¥-powder diffractometry. Presence of superstrattines in the XRD
spectra reveals that @dWOs s have an ordered complex cubic perovskite structuks.our aim of this study is to
evaluate potential of these ceramics for ceramimpmnents application for temperature sensors fdroleeim
industries, where microstructural characteristicsl @jood mechanical strength are of vital importanoeramic
components fabricated through solid state sinteminge presented a reasonable degree of thesectdvéstics. It was
found through analysis, that the B8NVOss ceramics showed a reasonable value of microhasdaed a very
homogeneous microstructure for structural ceramieations. Our studies also showed that thessnues are stable
in crude petroleum originated from earth and ogestroleum petroleum wells. So, 28V O5 ssintered ceramics could
be potential candidates for the fabrication of nécacomponents for temperature sensors for temyreratonitoring in
petroleum wells.
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