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Abstract. One of the main uses of catalysts in the oil industry is in Fluidized Catalytic Cracking-FCC process, which
generates large quantities of waste material after use and regeneration cycles. In this research the deactivated FCC
catalyst was characterized before and after the electrokinetic remediation process, in order to assess modifications of
its structure and possible adsorptive capacity. The electrokinetic remediation process consists of applying an electric
field on the material to be treated through electrode plates. The contaminants are then transported by migration as
charged species and removed out of system. It was performed analyses of X-ray Microtomography, Scanning Electron
Microscopy and BET Surface Area measurement. The analyses showed no structural change due to the process applied
and that electrokinetic remediation has recovered 40% of adsorption capacity of the material, by removing almost all
heavy metals previously adhered in the catalyst surface.
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1. INTRODUCTION

The remediation techniques provide for the recoeémgontaminated areas by removing, reducing anighting the
concentration of the contaminant. But in some adegesto soil structure, the conventional degradadibcontaminants
becomes inefficient or even unfeasible.

Several studies (Acar et al., 1995; Yang and L&88L Alshawabkeh et al., 1999; Pamukcu et al., 200dng et al.,
2007; Guaracho et al., 2009; Ma et al., 2010) edlaio electrokinetic technique have proven its Nitgband
effectiveness in treating soil in situ, without hayto remove it from the site, providing cost retion when compared
with other methods. However, it must indeed beizedlin the area as it is acknowledged that soseesneed to be
taken into account such as soil characteristiosy flate applied, depth of contaminant, metal cotraéion and removal
time, among others, so someone can evaluate theitee adequately different types of situations andditions
(Pedrazzoli, 2004; Baptista, 2005; Guaracho €tGi)9).

The catalysts used in the process of thermal atalytia cracking of petroleum accelerate chemiealctions by
promoting the breakage and rearrangement of thegulas, so as to generate new product fractiorter Affew cycles
of use and regeneration, the metals present irptbeess, mainly nickel and vanadium accumulate hencitalyst
surface and cause its deactivation by coke formati@versible and must be replaced. Thus, largmtities of waste
contaminated with metals are generated (about @88 per month) and classified as Class | (hazaradwmste),
justifying the research in new technologies thatbdm the reduction of hazardous waste producedydid that they
become a source of environmental and human congaimm

This research intends to apply the electrokinetimadiation technique in the treatment of petrolezracking
catalyst deactivated by removing heavy metals fitsnsurface and measuring the efficiency of thecpss through
analytical techniques such as X-ray microtomography

1.1. Catalytic cracking catalyst

The fluidized catalytic cracking (FCC) is one ofetlmajor processes of refining industries (Biswa390},
converting oil fractions of low value, such as hegas in high-value products and market demand) as@utomotive
gasoline and liquefied petroleum gas.

The catalytic cracking uses heat, pressure, andcah catalyst to affect the breaking up large hgdrbon
molecules into smaller molecules and lighter. Ténese conditions of reaction and specially regei@raause a rapid
aging of the catalysts, being necessary to regulatioduce new catalytic reactor. Thus, accordm@osta (2009), the
cracking reactions are catalyzed by a mixture tdlgat particles with almost no use (low-pollutiagd high activity)
and most commonly used catalyst particles (higlcailtent and low activity ) which come from the eagrator. The
catalyst is called catalyst disposed in balande pofexhausted thermodynamically stable, havingaeisted its catalytic
activity.
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In the study of Creplive (2008) it was determinbdttthe FCC catalyst deactivated evaluated atrédssarch is
composed of zeolites and it has three-dimensidnadtsire of the faujasite type, as shown in Fig: (1
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Figure 1. Deactivated catalyst obtained by scaneiegtron microscope

The structure of zeolites is commonly called alussilicates and consists of Si and Al atoms linkgdokygen
bridges. After use, especially in petrochemicalnida such catalysts become potential pollutantg (@hthe worst
contaminants from the oil refinery) due to thresibdactors according to Afonso et al. (2003): leavy metal content,
the presence of highly carcinogenic compounds faundoke deposits that lodge on its surface anth laigidity of
these materials, far superior to the soil.

Considering the amount of catalyst used in the B8C units worldwide, about 1400 tons per day adogrdo
Costa (2009), there is the importance of studyiotdp bhe use of new material on treatment of theen@talready used.

1.2.Electrokinetic remediation

According to Acar (1995), electrokinetic remediatiowhich is also called electrokinetic processing,
electromigration, electrokinetic decontaminationedectro-correction may be used to separate (déxtraetals and
some types of organic waste saturated or unsatusait sludge and sediment.

The technique consists of applying a direct curodribw intensity or an electrical potential diféerce on the order
of a few volts per centimeter, through the intraductof electrode plates, as Baptista (2005). Tdr@aminants are then
mobilized in the form of charged species or pagticlSome variations of this technique involvesdinect extraction of
metal ions already in the form of metal and othiev®lving the extraction of metal ions using a tapeocess of ion
exchange resins. According Pedrazzoli (2004), teetrekinetic remediation can also be used to shovprevent the
migration and / or diffusion of contaminants, direg them to specific points and diverting thennfrgroundwater.

A representative scheme of the electrokinetic raatieah technique is shown in Fig. (2):
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Figure2. Electrokinetics remediation technique
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The main driving forces for the removal of contaamits from the pores of the material during the ted&netic
remediation process are, according Alshawabkeh9(198e electroosmosis and electromigration, aedcitions move
toward the cathode and anions toward the anodaghra combination these two forces.

2. METODOLOGY

The material under study consists of a Fluid Cétal@racking catalyst with its catalytic activitkleausted. The
catalyst was obtained by President Getulio VargenBry - PETROBRAS / REPAR, being composed prilpaof
oxides of alumina and silica, being saturated Wwehvy metals - mainly nickel and vanadium - ane&io#iements such
as coke.

The electrochemical reactor used for the electetidgrremediation following the model developed uvig (1997)
and adapted by Baptista (2005) and Creplive (2088 Fig. (3):

Figure 3. Electrokinetic reactor

The letter A represents the source potential, Besgnts the peristaltic pump, C represents therelge, D
represents the anode chamber, E represents tteleathamber and F represents the body of the el@uétic reactor.

The studies of Baptista (2005) and Creplive (2G@8jcate that the best removal of heavy metalscigesved by
using sulfuric acid 1M as electrolyte, with flow@@nL/h and potential application from 10 to 11dr #8 hours.

After this treatment, the material was washed wittilled water inside the reactor, without applatential.

The catalyst deactivated and remedied was subntdtadalysis of X-ray microtomography and scanralegtron
microscopy for evaluation of the process employee.

The microtomography equipment used was a SkyScateln072, with the following acquisition parameters
80KV Power, 124A current, copper filter (1 mm) with an average2ofmages per acquisition, 1475 ms integration
time per frame, 360° overall rotation angle witB°Ostep size of rotation angle. It was reconstadi@47 images of
sample slices with 5.78 um spatial resolution. ™ating was used for the two acquisitions in ortdecompare the
results across gray levels in the reconstructegéma

3. RESULTS

The analysis of scanning electron microscopy irtditdahat the remediation process of the deactivea¢alyst did
not affect his morphological aspect, accordingitp &, i.e., remained its external morphology.

b) after electrokinetic remediation

a) befre

Figure 4. Scanning electron microscopy of the gatal
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With respect the surface area available for adsnrpthe BET tests demonstrated effective recoeényores after
remediation. The new catalyst showed 300 ri2sgrface area, the catalyst deactivated 148 thargl the catalyst
remedied 208 m2. Y i.e., there was a recovery of 40% of surface aoeaparing the material deactivated.

It can be seen in Fig. 5 two images obtained byayx4microtomography. Figure 5a represents the deseti
catalyst. The arrows indicate the presence of nietifis sample. Having higher density than thalgat, the metal has
more shades of gray near the white than the retstecofample. Figure 5b represents an image ofdtadyst remedied.
Note the absence of tones close to white indicdtimgamounts of metal.

Figure 5. X-ray microtomographic section: a) deattd catalyst b) remedied catalyst

The analysis results of X-ray microtomography eairin the deactivated and remedied catalyst arevrsho
qualitatively in Fig. 6, after the reconstructiohimages in three dimensions and subsequent taggétreshold gray
levels. Each edge of the reconstructed cubes s@@vsm in length.

Figure 6. X-ray microtomography: a) deactivatedlyst b) remedied catalyst

Comparing the two images in Figure 6, it appeas #iectrokinetic remediation has promoted the raxhof
material of higher density, metals, indicated by tolor red. In Figure 6b, the arrow indicatesah®unt of remaining
metal.

4. CONCLUSIONS

The electrokinetic remediation technique, thouglatieely new, was efficient in decontaminating tbetalyst,
without damaging its structure. The removal of aomhants was indicated by the results of X-ray otmmography
and BET, the latter showing an increase in surfaea occurred probably by the release of blockedspby metal
particles.

The results showed that the use of images microgoapdics for characterization of complex structusea non-
destructive method advantageous and effective feterthining the presence of metals in the materials.
Thus, the results of the research indicated thatébhhnique was satisfactory regarding to bestofitke deactivated
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catalyst remainder of oil cracking process. Soctalyst that although disabled for catalysis,a® a noble material
which can be reused in a different purpose.
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