Degradation and Regeneration of Palladium on Alumina Catalyst used for Hydrogen Peroxide Production
ABSTRACT
               Palladium catalyst used for the production of hydrogen peroxide is degraded with the passage of time. This degraded palladium catalyst loss its activity  and activity of palladium regenerated with the help of its washing with boiling water and hydrogen peroxide .Boiling water is helpful in removing the surface contamination  of palladium catalyst and because the hydrogen peroxide is oxidizing agent it open the blocked pores or active sites of palladium catalyst .
INTRODUCTION
Hydrogenation of working solution in auto oxidation process is also carried out in fixed bed reactor for the production hydrogen peroxide .Sudden plants shut down and high hydrogenation efficiencies with new palladium catalyst results in decrease of catalyst activity, because at high efficiencies there is formation of byproducts or impurities occurred. 
These impurities deactivate the palladium catalyst and are of two types: 
1. Poisoning 
2. Fouling. 
Poisoning of palladium on alumina catalyst caused by carbon dioxide, sulfur compounds, chloride etc. These were from raw material used for the production of hydrogen peroxide like Hydrogen, TMB, TOP and EAQ. Because of efficient control on the raw material the poisoning is not the main reason of decreasing activity of palladium on Alumina Sphere catalyst used for the production of hydrogen peroxide until there is sudden rise in carbon monoxide contents more than 10ppm .
 There are two type of Poisoning :
 a) Reversible  
b) Irreversible 
Reversible Poisoning is due to adsorption of water on palladium catalyst active sites and responsible of 30% catalyst activity loss within 1 or 2 days of operations.

Irreversible Poisoning   is much slower due condensation of anthraquinone with aromatic ring on palladium on alumina catalyst surface.
Fouling is major reason of palladium catalyst deactivation. As hydrogenation is   continuous process there are active anthraquinone and byproducts precipitations on   the surface palladium catalysts to clog the palladium, plug the pores and reduce the active surface. 
Fouling of palladium catalyst can be reduced by treatment of palladium catalyst with boiling water, with stripping and drying of catalyst.
EXPERIMENTAL 
Deactivated or spent  palladium on alumina sphere  catalyst is segregated with the help of mesh and after removing dust particles put in  boiling water ,Hydrogen Peroxide ,Boiling water and Hydrogen Peroxide. The sample was named as  S1, S2 , S3, S4  and  S5 respectively   and then sent for drying  in open atmosphere .Impurities collected during palladium catalyst washing are dissolved in Tetra Butyl Urea .
After drying of palladium catalyst, Hydrogenation is carried out in the presence of Hydrogen of purity 99.999% and working solution mixture of Ethyl anthraquinone (EAQ), Trimethyl Benzene (TMB) and Trioctyl Phosphate (TOP) to check the activity of each washed deactivated palladium on alumina sphere catalyst . 
           Table: 1

	SAMPLE #
	TREATMENT
	HYDROGENATION

	S1
	Boiling water 
	3.16g/l

	S2
	Hydrogen Peroxide 
	2.18g/l

	S3
	Boiling water + Hydrogen Peroxide 
	4.36 g/l

	S4
	Unwashed Palladium
	2.15g/l

	S5
	Fresh Palladium
	5.41g/l


RESULTS AND DISCUSSIONS

As per result of Table: 1 of hydrogenation reactivity of palladium on alumina sphere catalyst. Fresh palladium catalyst S5   has no deposition of organic byproducts and blockage of active sites of catalysts .Treatment of palladium catalyst with boiling water S1 remove the all deposition of catalysts and thus it reactivity is higher than that of treatment of palladium on alumina sphere catalyst with hydrogen peroxide  S2 .   Treatment of palladium on alumina sphere catalyst S3   with boiling water and after drying again treatment with   hydrogen peroxide   of concentration less than 10 % , remove all the surface contamination or deposition of byproducts and also open the active sites of palladium catalyst because of oxidation of hydrogen peroxide on palladium catalyst .
CONCLUSIONS:

1. Hydrogenation reactor catalyst steaming should be done when reactor outlet temperature reaches to above 65 OC. (current cond.)
2. To avoid the poisoning of palladium catalyst   testing of sulfur contents of   TMB should be done.  
3. Plant shutdown minimized because sudden rise in activity, enhance the byproducts formation and ultimately clog the palladium catalyst surface.

4. There should be followed proper steaming process along with drying of after palladium catalyst to avoid reversible poisoning.
5. Treatment of palladium catalyst should be done out side the reactor  to remove clogging of catalyst ,if treated inside the reactor then there is a chance of steam to pass the same route as in case of channeling.
6. Atleast one treated palladium catalyst bed should be available and ready for use.
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