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ABSTRACT

The aim of this research work was to prepare the efficient catalyst to purify pollutant output
gases such as SO,, NO, and CO. This catalyst ,lanthanum cobaltat (LaCoO3) was prepared by
the proper method in the analysis laboratory of Tabriz Oil .The first materials were chosen through
calcination operation and the temperatures of operation related to the Tamman temperature,
therefore the basis for the first material of catalyst was nitrate and aqueous and since we had no
availability to lanthanum nitrate, lanthanum oxide was used to prepare the nitrate one. Before all
else, the first materials of catalyst were mixed together with the equal mole proportions and then,
at the lower and upper temperatures of Tamman temperature, calcination operation was performed.
To determine the molecular structure, the XRD analysis was utilized and specified that prepared
lanthanum cobaltat was sixth aqueous and had the crystal structure type Triclinic.

Key words: Catalyst preparation, XRD analysis, Tamman temperature, Calcination operation.

INTRODUCTION

LaCoO, has presented a vast interest
because of its special electrical, magnetic and
catalytic properties'. The catalyst LaCoO, can be
prepared by means of several methods such as
spray drying, freeze drying and also co-
precipitation®'2. Some methods including
hydrothermal, sol gel and citrate'® This material
usually has been synthesized by ceramic method
and certainly the high temperature for the
calcination operation™. Lanthanum catalysts have
been researched because of having such an active
state’® . One of the unique properties of this catalyst
is the simultaneous conversion of pollutant
elements. Nowadays CO oxidation has important
applications in environment protection, such as
indoor air cleaning and automotive exhaust
treatment. LaCoQ, is one of the most important
catalysts for CO oxidation. It has been reported that
the properties of the catalyst could be improved
effectively by controlling its morphology'®'”. There
are a lot of applicable properties show the
significance of catalyst LaCoO, '"#'. According to
these useful properties, we tried to prepare this

catalyst by the method described below. XRD
analysis was utilized to characterize the prepared
catalyst.

MATERIAL AND METHODS

Preparing precursor

In fact in this step, by mixing proper
chemical compounds, structure of final catalyst
would be obtained. Precursor, in microscopic scale
has sufficient tissue for ultimate catalyst. To prepare
the precursor, the first materials of catalyst LaCoO,,
lanthanum nitrate (La (NO,),.6H,0) and cobalt
nitrate (CO (NO,),.60) were used. The reasons of
using aqueous and nitrate states of lanthanum and
cobalt for preparing precursor were the elimination
of water molecules and oxidation of nitrate ions
(NO,) in the solid analysis stage through the
calcination operation and finally making pores in
the bulk of catalyst. The used lanthanum nitrate in
this project was obtained through the reaction of
nitric acid solution with weight fraction 0.7 and purity
percent 99.9% and lanthanum oxide with purity
percent 99.99%. To make sure about happening
perfect reaction between nitric acid and lanthanum
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oxide, nitric acid was used 20 percent more than
the stoichiometric value. The reaction of preparing
lanthanum nitrate was:

La,0,+6HNO,—2La(NO,),+,H,0

For the next step, separating lanthanum
nitrate from the solution, the crystallization operation
was performed, for this purpose we used
evaporation and supersaturating methods. So the
solution of reaction was heated for 4-5 weeks slowly
until separation of lanthanum nitrate by evaporation
and supersaturating methods. Then the prepared
crystal was put in the strainer at 100-120 Celsius
degrees for 12 hours till separation of the unbonded
water. After drying of the lanthanum nitrate, it was
milled in the miller type” Ball Mill” until preparing
the 300 meshed particles. For preparing the first
mixture of LaCoO3 catalyst, after milling, the
aqueous cobalt nitrate  (CO (NO,),.6H,0) with the
purity percent 0.99 was mixed with aqueous
lanthanum nitrate (La (NO,),.6H,0) with the same
mole proportions and consequently the next
operation would be begun.

Calcination operation
The desirable aims for calcination operation
are:
’ Obtaining the specific structure for active
agents or catalyst-based.
Simultaneous controlling of tissue, surface
and porous volume.
Achieving proper mechanical resistance.

The next step for preparing catalyst was
the calcination operation. Because this step was so
significant for plasticizing final catalyst s structure,
comprehensive investigations were executed about
the optimum temperature, and finally the desirable
temperature for the calcination operation were
chosen by measuring the Tamman temperature.
Among the assumptions we had, the plasticity of
tissue and catalyst s structure was happened by
mass transfer phenomena in or on the surface of
particle or passing through the gas film. These
transfers were the driving force for sintering and
important around the Tamman temperature. As we
knew the Tamman temperature is equal to half of
solid melting absolute temperature?.
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For measuring the Tamman temperature,
cobalt nitrate (CO (NO,),.6H,0) and lanthanum
nitrate (CO (NO,),.6H,0) were mixed in the ceramic
crucible and heated in the electric furnace. The
melting point of catalyst mixture was determined
1900 °c and therefore Tamman temperature was
obtained approximately:

1900, 373
2

Tamman temperature = =1086°k =813 °c

After obtaining the Tamman temperature,
the calcination operation was prformed in two
separable steps and two temperatures more and
less than Tamman temperature in about the same
range. The first calcination operation was done at
750° ¢ and the second at 850 °c. Hence, three
separate samples of catalyst mixture were
transferred to the ceramic crucible after accurate
weighing and calcination operation was executed
in the electric furnace. Choosing of three mixtures
with the same compositions was for eliminating
probable errors through the experiments and the
same operation was performed to all of these
samples. Thorough the calcination operation, the
weight of samples dwindled, and it was because of
losing the bonded water molecules and the nitrogen
of nitrate ions oxidation (NO,).

RESULTS AND DISCUSSION

Catalyst Characterization

The XRD analysis was employed to test
the prepared lanthanum nitrate and the result showed
that product was aqueous lanthanum nitrate type (La
(.60). As we compared the figures we simply realized
that the prepared catalyst had the Triclinic structure.
The figure of lanthanum nitrate obtained from the
XRD analysis was shown by Fig. 1:

The data and experimental results were
given. As we see, the proportion of weight loss for
calcinated catalyst to the first mixture was about
0.37 that determined the preparing of LaCoO,
catalyst. To confirm this theory, some of the prepared
catalyst was analyzed with XRD test after milling so
that we could simply recognize the prepared
catalysts structure. The XRD pattern showed that
the prepared catalyst had the molecule structure of
LaCoO, and also had the high crystallinity. These
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Fig. 1: XRD pattern of lanthanum nitrate

properties demonstrated that this operation was
efficient and proper for preparing the catalyst.

After the calcination operation, the
process of preparing catalyst completed and the
catalyst could be used after reduction. The XRD
pattern of the prepared catalyst was given by Fig. 2:

The steps of preparing the catalyst were
brought briefly
A) Preparing lanthanum nitrate (La
(NO,),6H,00) from the reaction of nitric acid
with La,O,.
Crystallization
Drying of the crystals (La (NO,),.6H,0)
Milling
Preparing the mixed catalyst and adding
cobalt nitrate (CO (NO,),.6H,0)
Two different calcination operations at two
different temperatures.
G) The final product.

LR R

J

The Data and Experimental Results of
Preparing (La (NO,),.6H,0) and Catalyst LaCoO3:
=25 gram
The volume of nitric acid 70%= 36 cc
Consumed distillate water = 120 cc
Prepared (La (NO,),.6H,0) after drying = 65.32
Calcination Operation:
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Fig. 2: XRD pattern of the prepared catalyst

Sample 1

Consumed (La (NO,),.6H,0) = 9.39 gram

Consumed (CO (NO,),.6H,0) = 10.66 gram

Catalyst s weight after calcination operation = 7.50

gram

The proportion of catalyst after calcination to the
7.50

938 +1066 el

same mixture before calcination =

Sample 2

Consumed (La (NO,),.6H,0) = 7.05 gram

Consumed (CO (NO,),.6H,0) = 8.00 gram

Catalyst s weight after calcination operation = 5.50

gram

The proportion of catalyst after calcination to the
5450

T05+8@M a3

same mixture before calcination =

Sample 3

Consumed (La (NO,),.6H,0) = 4.70 gram
Consumed (CO (NO,),.6H,0) =5.33 gram
Catalyst s weight after calcination operation =3.70
gram

The proportion of catalyst after calcination to the

370

4704533 037

same mixture before calcination =
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CONCLUSIONS

This project concentrated on preparing the
efficient catalyst to purify pollutant output gases from
“incinerator” furnace .The prepared catalyst could
be able to convert the gas elements SO,, NO,, and
CO with the proper reductive gases such as NH,,
CO and H,to the inactive mixtures of sulfur, nitrogen
and carbon dioxide. The active materials for catalytic
converter consisting of LaCoO3 were prepared by
means of a systematic method in the laboratory. By
choosing right chemical materials and series of unit
operations, preparing the desirable catalyst that
could have ability to eliminate the output pollutant
gases, would be done. To confirm the molecular
structure, XRD test was done. The result of test
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showed that the prepared catalyst was LaCoO3
and had crystal structure. The calcination
temperature was obtained, based on Tamman
temperature. With respect to XRD analysis, it was
determined that using Tamman temperature was
proper for calcination operation and catalyst s
character satisfied our aims.
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