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Abstract. The development and characterization of the ceralhiO; - ZrO, (Alumina- Zirconia) reinforced with rare
earth oxide for use in oil industry will be preseditin this academic work. For the tests were pregdour types of
samples containing Alumina added with graduallyréasing percentages of Zirconia (5%, 10%, 15% a@éb3by

weight)) and 2% fixed rare earth oxide. The cerapowders were weighed, mixed in low-energy ball, miessed by
uniaxial pressing and sintered at high temperatiunmace. For characterization of the samples weeefgrmed tests
of Optical Microscopy (OM), Scanning Electron Miscopy (SEM) and X-ray Diffraction (XRD). The sarapiere

immersed in crude oil, oils from land and from seaming from wells in the state of Sergipe, andr thehavior was
analyzed after immersion in oil environment. Afteat, the samples were reanalyzed by optical maopg and were
not observed cracks or defects on the materiabserfindicating stability of the composite in crualeenvironment.
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1. INTRODUCTION

In the petroleum industry it is common that therage and transportation tanks of crude oil are sggdo high
temperatures and chemically aggressive environmdtits surface degradation of these storage tanksbban an
guestion that requires close attention, requirglgable materials and systems for operation inghesstile conditions.
An alternative to solve this problem is to useetgf inert coating to this corrosion.

At the last decades, new advanced ceramic mataviais introduced in the oil industry as coatingvgs, 1990)
One of the main advantages in the use of advanessmics is their resistance to these hostile enments, but the
intrinsic fragility (low toughness) by this kind ofaterial, makes it susceptible to crack propaga(Becher, 1991)

To reduce the brittleness and increase mechanitaigith and improve the toughness of the matevislially
ceramic are improved with the incorporation of @memore ceramic additives. The addition of rargteaxides can
greatly enhance the toughness of these ceramioag(@.; Miao, H.; Zhao, Z., 2001)

This paper wants to develop and characterize argereoating Alumina reinforced with Zirconia (A); - ZrO,) and
rare earth oxides (L@&s). In the development of these materials were pegpdour types of samples of Alumina
containing percentage of 5%, 10%, 15% or 20% (bgshaf Zirconia and 2% (fixed) of Lantania. The azaic
powders were weighed, mixed in low-energy ball milessed by uniaxial press and sintered at 1350PGhe
characterization were performed optical microscmsys, scanning electron microscopy and X-ray alitfon.

2. EXPERIMENTAL
The production of the ceramic &; - ZrO, - LaO; consists of the following steps: weighing the peved

respecting the proper proportions, grinding in dl Iaill, press by uniaxial compaction and sinteriing high
temperature furnace.
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The first step consists in mixing the compoundslaminum oxide (AIOs, Elizabeth with 99% purity), zirconium
oxide (ZrQ Acros, 99% purity) and lanthanum oxide {0g, VETEC 99.9 % purity), which were added to Alumina

5%, 10%, 15% and 20% Zirconia (by weight) of to R&htania, according to Table 1.

Table 1. Composition of the four samples

Sample AJO3 (Wt-%) ZrO; (wt-%) La,O3 (Wt-%)
01 93 5 2
02 88 10 2
03 83 15 2
04 78 20 2

Each sample was mixed in ball mill with jar madestainless steel containing 31 alumina balls, dugi# hours, for
homogenization of grain and grain size reduction.

Then the samples were subjected to uniaxial corigraptocess (press SCHIWING SIWA, ART6500089 modtkel)
give tablets in the form of circular discs withiamdeter of 230mm, under load of 12 tons, for 5 n@awand without the
use of binder. The pellets were sintered at higiptrature oven at 1350° C for 24 hours.

For the characterization of this material have bemmied tests of X-ray Diffraction (XRD), OpticMicroscopy
(OM) and Scanning Electron Microscopy (SEM). Thengkes had the surface prepared using sanded (abiagives
of different meshes) and polished (with diamondgas

After sintering, some tablets were broken to doXR®. With optical microscopy, were analyzed thfieéds of the
each sample, each field with magnifications of 5080x and 200x. To obtain the SEM images, the sesnplere
covered with a thin layer of conductive materialtsgring unit (Coater BAL-TEC SCDO050).

After this period, samples were removed from imnogrsand the excess oil removed with felt. Then theyre
again reanalyzed by optical microscopy.

3. RESULTS AND DISCUSSION
3.1 X-Ray Diffraction — XRD

Seeking information about the structure of thisaodcs was realized tests in the compounds indiVigaad then
in the four samples produced. Therefore were obtaihe following diffractograms.
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Figure 1. Diffractograms of the constituents of posite ceramic ADs-ZrO,-La,03

and of Sample 04 (78/D5-20Zr0,-2La,05 (Wt-%))
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From the XRD patterns obtained from samples thae lpssed through thermomechanical treatment,stfewand
that the constituent materials unreacted, whichattarizes the composite formation.

3.2 Scanning Electron Microscopy - SEM

Part of the composite microstructure analysis wased on the images obtained from the SEM testjgingvrapid
morphological information of samples.

The results obtained with the SEM, done in sanaedpmlished surface, it can be seen that with grbidigrease in
the ZrGQ content there was a microstructural modificatiolmere it was found that there is a considerable gdan
grain size and in distribution and homogeneityisagated in the following figures.

Figure 3. SEM of the Sample 02 (Composite cerar@isl £5-10Z2r0,-2La,05 (Wt-%))
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Figure 5. SEM of the Sample 04 (Composite cerar@isl J0s-20Zr0,-2La,05 (Wt-%))

3.3 Optical Microscopy - OM

Still about the analysis of the surface of the mecacomposite, OM were performed at all tablets @ambefore to
immersion in crude oil and also after 30 and 60sdayimmersion, allowing a comparison between tligal and the
final state of the surface of the pellets.

The images obtained by OM exhibit good homogengatyicles for the four samples ZrQAl,Os- La,O3 studied.

Analyzing the behavior and stability of the ceramitenvironmental crude oil coming from Sergipelsvef land
and sea, after periods of 30 and 60 days of stosageples were reanalyzed by OM and showed no ftavesacks on
their surfaces indicating good inertia particulairshis chemically hostile environment.

Figures 6-9 show the results of tablets before insiog, after 60 days of immersion in crude oil aed land of the
samples with 5, 10, 15 and 20 (wt%) Zirconia, resigely.
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Before immersion

Land oil: 60 days

Figure 6. Optical microscopy (x100) of the Sampleb@fore immersion and after 60 days of immersio&ergipe
oil from sea and from land
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Figure 7. OM (x100) of the Sample 02 before andra80 days of immersion in Sergipe oil from sea fiadh land
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Figure 8. OM (x100) of the Sample 03 before andrad0 days of immersion in Sergipe oil from sea faorh land
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Figure 9. OM (x100) of the Sample 04 before andradD days of immersion in Sergipe oil from sea faorh land

4. FINAL CONSIDERATIONS

The ceramic composite AD; - ZrO, - La,05 achieved good results micro structural and chemsiedility of crude
oil environment.



B. Constantino, R. Sanguinetti and Y. Yadava
Study by stability of Al,O3-ZrO, reinforced with rare earth oxide to coating of metal matrix of industry of petroleum

With the analysis microscopy seen that the advarmmerdmic showed good homogeneity of particles amd a
improvement in its distribution, with the additiohZirconia.

Finally, it was also observed that the compositertit react to contact with the crude oil environinduring this
study period, indicating that the composite ceraimiquestion has a good applicability for proteetpurposes coating
metal matrix.

At the moment, remains ongoing execution of theenialt deposition techniques on the metal surfac¢hbymal
hypersonic spray.
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