-sulphuric acid digestion pressure vessel: design

and analysis
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ILMENITE-SULPHURIC ACID DIGESTION
PRESSURE VESSEL: DESIGN AND ANALYSIS

Dr. Uday Aswalckar
Department of Mechanical Engineering
Vidyavardhini's College of Engineering and Technology
Palghar, India
uday.aswalekar@vcet.edu.in

Abstract — Pressure vessels are containers used for
containment of Gases, Liquids at substantially higher pressure.
This paper deals with the sizing and mechanical design of a
chemical reactor used for the Digestion of Ilmenite and Sulphuric
Acid. The mechanical design of the components of the Pressure

_ vessel has been achieved using the ASME code and engineering

design formula. The maximum principal stress theory has been
used as the yield criteria for designing the components of the
vessel. The stress variations across the length of the shell has been
found using analysis in Ansys and stiffening rings of suitable
dimensions have been provided to prevent buckling of the vessel.
Hydrostatic pressure has been found within the allowable limit
which proves that the vessel can withstand the applicd pressure,
The results obtained in ANSYS has been optimized by varying
the element size, shape of elements and number of clements in
ANSYS.

Keywords — Ilmenite- Sulphuric acid, ASME, ANSYS, Mecsh
sensitivity, Boundary Condition.

I. INTRODUCTION

A pressure vessel is to be designed for Ilmenite- Sulphuric
acid digestion process. The process involves digestion of
Ground Ilmenite with 93-98% H,SO. for 3 hours. Mechanical
agitation is given at the initial stage of the reaction and the
mixture thickens and a dough like mass is formed. After
allowing the mass to cool and on adding 4.5 cubic meters of
dilute sulphuric acid having acidity of 6-7 N is added to the
reacted mass. The slurry having a density of 1.5 g/cc is pumped
to a settling tank and allowed to settle for about 8 hours and the
clear liquor is collected.

II. PROBLEM DEFINITION

A pressure vessel is to be designed for llmenite- Sulphuric
acid digestion process. The process involves digestion of
Ground Ilmenite with 93-98 % H2SOs for 3 hours. Mechanical
agitation is given at the initial stage of the reaction and the
mixture thickens and a dough like mass is formed. After
allowing the mass to cool and on adding 4.5 cubic meters of
dilute sulphuric acid having acidity of 6-7N is added to the
reacted mass. The slurry having a density of 1.5 g/cc is pumped
to a settling tank and allowed to settle for about 8 hours and the
clear liquor is collected.

" 'Ms. Apurva Pendbhaje
Department of Mechanical Engineering
Vidyavardhini's College of Engineering and Technology
Palghar, India
apurva.pendbhaje@vcet.edu.in

.

The operational requirements of Pressure vessel for
Ilmenite-Sulphuric acid digestion process is

Table 1: Operational requirement of pressure vessel

Sr. No. Parameters Values
1 Maximum Temperature 300°C
2 Operating Pressure 1.01 bar
3 Bulk Density 1800 kg/cm’
4 Heat Supply Steam

ITII. LITERATURE REVIEW

B. S. Thakkar, S. A. Thakkar [1] conducted a series
of hydrostatic tests to determine the performance of pressure
vessel under pressure to examine the ability of the structure to
withstand various pressures. The pressure vessel was designed
using ASME codes & standards. FEA analysis was done to
verify the above design procedure. This aspect of design
greatly reduces the development time of new pressure vessel,
allows the designer to keep free from multiple prototypes for
pressure vessel before finalizing the design.

Dinesh U Parmar, Ashwin D Patel [2] developed a
double walled tank of SS304 material using ANSYS. The
analysis was carried out on ANSYS all the parts of storage
tank where stresses were induced. The storage tank thus
designed was found to be fit for use in Industries.

Qayssar Saced Masikh, Dr. Mohammad Tariq (3]
analysed thin and thick-walled pressure vessel for different
material. The optimization of the thickness of pressure vessels
on the basis of its thickness variation has been applied and the
results obtained are verified using Maximum normal stress
theory and Maximum shear stress theory.

Merlin J. Thattil, Chitaranjan Pany [4] designed a
pressure vessel with different end domes (tori spherical and
hemispherical) subjected to internal pressure and for a volume
of 1000 litres which will be useful for space applications. The
analysis has been carried out on ANSYS software to estimate
the stress in dome and cylindrical shell of pressure vessel.
Stresses at the junction of tori spherical head to cylindrical
shell were found to be lower than hemispherical domes.
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