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ABSTRACT
Sulfonation of Para Nitro Chloro Benzene (PNCB) is performed traditionally using oleum. In that the material to be sulfonated is added with 23% oleum The reaction proceeds gradually. The heat evolved is large and in order to take care of this large circulation of cooling water in jacket is provided. In the current work, it is planned to investigate the kinetics of sulfonation using SO3.As acetic medium is required, the salt is initially dissolved in acid and then it is planned that SO3 will slowly sparge into the mixture. For that, design of reactor is proposed. Kinetic data for sulfonation using oleum is taken as basis and anticipating some relationship of this kinetics with kinetics of sulfonation by SO3, the design is done. Since large quantity of heat is generated, dilution of reactant and increased heat transfer area is considered. The probable sudden evolution of gases and consideration for runaway reaction is also taken into account. The final design is proposed to be used for performing experiments at laboratory scale, the results of which will be applied on industrial scale.
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INTRODUCTION
The present work is to perform the sulfonation of PNCB using SO3 instead of oleum. This is interesting to reduce generation of waste acid, relative time of reaction, improve quality of product and do environmental benefits.
MATERIAL AND METHOD

The entire work is classified in following.

Definition of Problem, Kinetic study of sulfonation process of PNCB using SO3
1. Study of kinetics of liquid PNCB using SO3
2. Kinetic study of PNCB in acidic media (concentration yet to be decided)
3. To determine the heat of reaction of sulfonation using SO3 theoretically
4. To determine the heat of reaction using Semi batch reactor.
PNCBOSA Manufacturing Process,  1. Manufacturing process of PNCB using oleum, 2. Manufacturing process of PNCB using SO3
1. Manufacturing process of PNCB using oleum
Raw material 
23% Oleum, 65% oleum 
Para nitro chloro benzene (PNCB)
Reaction 
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Process description
In the process para nitro chloro benzene (PNCB) is taken as a raw material.23% oleum is used as a sulfonating agent. It is necessary to use a large excess of acid to maintain a sufficiently high acid concentration to carry the reaction near enough to completion. It is necessary to keep the temperature of the reaction mixture at 80 to 85°C. Again 65% oleum is charged and applies heating to take temperature at 120 °C. Total time required to carry out the reaction is 6 Hrs. This process is cheaper comparing to other and commonly used in dye industry.
Advantages
1. Sulfuric acid (H2SO4) and oleum (SO3 • H2SO4) are widely used as sulfonating agents as they are easily available. Handling and storage of oleum and sulfuric acid is comparatively easy then the SO3 gas.
2. Exothermic heat at reaction temperature is comparatively low. 

Disadvantages
1. Sulfonation reaction stops when the acid concentration in the reaction mixture drops to less than approximately 90%.
2. Requires excess quantity of oleum in sulfonation reaction.
3. Large quantity of spent acid is generated which leaves large quantities of un-reacted sulfuric acid.



2. Manufacturing process of PNCB using SO3
Raw material
Air/SO3
PNCB
Reaction
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Process Description
The air/SO3 sulfonation process is a direct process in which SO3 gas is diluted with very dry air and reacted directly with the para nitro chloro benzene liquid.
Advantages
1. The reaction of gaseous SO3 with organic is rapid and stoichiometric.  
2. The air/SO3 producing very high quality products. 
3. It is a continuous process best suited to large production volumes.

 Disadvantages
1. It requires expensive precision equipment and highly trained operating personnel.
2. Effective cooling of the reaction mass is essential because high temperatures promote highly exothermic reaction.

As discussed we will,
1. First study corrosion experiment to choose the right Material of Construction.
2. Find out time required for sulfonation of PNCB using SO3
3. Find out the Heat generation data & heat of reaction for reaction temperature,
4. Design the laboratory reactor using above equation.
5. Finalize the Design of reactor then start the fabrication of equipment.

1. Corrosion study experiment to choose right MOC
In order to design reactor , first step is to select right MOC relevant data are not available, so we have perform experiment to choose right MOC. In this known dimension & weight was dipped into the solution and its effect was observed and considered as follows
The result obtained will guide us for choosing right MOC. From the results we choose SS as our MOC.

2. Find out the time required for sulfonation of PNCB using SO3.
Time for sulfonation reaction is found and assuming that sulfonation using SO3 would be three times faster than that using oleum, we will find out the time required for sulfonation of PNCB using SO3 
Assume Reaction temp for PNCB and SO3  is at 40  [4] and order of reaction is 2nd order[4]  
Time required for sulfonation of PNCB using oleum is 6 hr.
From the Study of  PNCB and Oleum reaction we have find the rate constant for PNCB and Oleum reaction is,

K   = 7.48  X 10-6     
The rate constant for PNCB and SO3  Reaction is
K = 2-3 times of k of PNCB and Oleum

K = 2.2442 X 10-5   
From the kinetic study of sulfonation in Semi batch reaction operation, the time find out for sulfonation reaction is 
                            t     = 3 hr
3. Calculating Heat generation data for PNCB and oleum reaction[10,4] 
Heat of reaction at 40  = - 315  KJ/mol at 40
4.Design the laboratory semi batch reactor 
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Fig. 1 Tentative sketch of Experimental set up of sulfonation reaction

RESUL AND DISCUSSION
We have found out the time required for sulfonation of PNCB using SO3 is 3 hr which is two times faster than the time required for sulfonation of PNCB using H2SO4/oleum. The temperature is kept at 40  and data is calculated and heat of reaction for sulfonation reaction with organic compound is found out to be - 315 KJ/mol. The total volume of reactor using ellipsoidal head is 6.58 liter. Diameter of shaft is approximately 2 inch and the diameter of an agitator calculated is an approximately 3 inch.

Mechanical design of semi batch reactor provides following data.


Table 1: Mechanical design of reactor

	No.
	Name of Equipment
	Symbol
	Measurements

	1.
	Reactor design measurements
	Reactor Shell:- 
	
	

	
	
	1. Reactor ID  
	DR

	8"


	
	
	2.Thickness 

	TR

	5 mm


	
	
	3.Total Height 

	HR

	10"


	
	
	Jacket Shell:-
1.Shell ID 

	
DJ

	
10.5"


	
	
	2. Shell  Height 

	HJ

	7"


	
	
	3. Shell Thickness 

	TJ

	3mm


	
	
	4.For Water circulation 1.5*pi*D size ring is provided in helical shape
	
	44.76"

	2.
	Type of Agitator[7]
	For Gas application
	Turbine type

	3.
	Paddle agitator type design






	1.Dia of agitator 
	Da
	Appx. 3 in

	
	
	2.Power requirement [7]
	P 
	821.20 hp

	
	
	3.Torque on the agitator shaft
	Tc  
	588141.2 kg/cm2

	
	
	4.Diameter of shaft
	   D
	1.5 in.

	
	
	5.No of blades
	
	3

	4.
	Sparger design
	Pipe 
 
ID 
OD 
	     

Di
Do
	

5mm,
7mm

	
	
	No of holes - 
	N
	20

	
	
	Distance between 
two holes 
	 
	1"

	
	
	Dia. of Hole - 
	 d
	2 mm

	
	
	Diameter of circle formed by sparger
	Ds
	6"

	5. 
	Nozzle
	1.Inlets and Outlets of reactor & jacket 
	
	1"


	
	
	2. Collar dia 
	
	8.5"

	6.
	Flange design[14]
(as per standard design)
	1. No of bolts
	
	8"

	
	
	2. Bolt diameter
	
	0.5"

	7.
	Support for reaction vessel  
	1.Base plate thickness
	T1
	150mm*150mm

	
	
	2.Base plate thickness
	T2

	2 mm

	
	
	3.Gusset plate thickness
	t
	0.002 mm

	
	
	4.Base plate column
	

	2 mm

	
	
	5.C channel design
	
	150mm*75mm

	
	
	6. Height of C channel
	Hc
	1.2192m



Liquid sulfur trioxide storage tank is also designed to store 10 kg of liquid SO3 having 4 kg/cm2 pressure with the detail of connection with the highlights of  key lock system for cylinder.

CONCLUSION
No kinetic data are available for sulfonation of PNCB using SO3 gas. Hence it is suggested that considering the kinetics of other similar sulfonating agent and based on practical data available for the PNCB we have design the experimental set up and prepare the  strategy of experiment and perform the experiments with due consideration to the safety , hazard and environmental issues.
        SO3 requires special arrangement for transfer. SO3 storage tank is designed with outlet precision for gas with valve and connection for opening. Also it requires low pressure pipe line with flow rate requirement of 2.04 liter/ hr; hydraulic tube line is required till the inlet of sparger.  The inlet of sparger need suitable threading, pressure gauge & SO3 cylinder requires special key lock system. According to various jobs done during experiment its various causes are found out and remedies are suggested.


NOMENCLATURE
	K
	Rate constant for PNCB and Oleum reaction

	t
	Time find out for sulfonation reaction

	DR

	Reactor ID  

	TR

	Thickness 


	HR

	Total Height 


	DJ
	Jacket Shell ID 

	HJ

	Jacket Shell  Height 


	TJ

	Jacket Shell Thickness 


	Da

	Dia of agitator 

	P

	Power requirement 

	Tc
	Torque on the agitator shaft

	D
	Diameter of shaft


	      Di

	Sparger Pipe ID 

	Do

	Sparger Pipe OD 


	d

	Dia. of Hole 

	Ds
	Diameter of circle formed by sparger

	T1
	Support Base plate thickness

	T2

	Support Base plate thickness

	t
	Support Gusset plate thickness

	Hc
	Support Height of C channel
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