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SCOPE & LIMITATIONS

1. The study was done taking into consideration only one reactor, and that also was considered a Constantly Stirred Tank Reactor (CSTR). 

2. The process was assumed to be Pseudo-Steady State.

3. In the flash calculation, as it involves polymer phase, the problem has to be solved by using Flory – Huggins theory, but for simplicity, the polymer phase is neglected and Raoult’s law is applied for the system. 

INTRODUCTION

Polyethylene of density ranging between 0.91 to 0.94 g/cc is broadly classified as LDPE. Polyethylene is a thermoplastic polymer and a partially crystalline solid. Its properties are influenced by its crystalline and amorphous phases. The crystalline phase provides rigidity and high softening temperature, whereas the amorphous phase provides flexibility and high impact strength. 

Chemical Structure: 
(-CH2-CH2-)n

n = 500 to few lakhs.
Polymers have varying molecular weight over a range. Thus they are classified according to number average, weight average, polydispersity index, molecular weight distribution, melt index, melt flow index, density, viscosity and average molecular weight.

The different routes to manufacture LDPE are:

1. Gas phase polymerization.
2. Slurry phase polymerization.

3. Solution phase polymerization.    

Comparison between manufacturing processes of LDPE:

	Process
	Temp. (°C)
	Press. (Pa)
	Conversion (Xa)

	Gas phase polymerization
	100
	7 x105 – 2 x106
	--

	Slurry phase polymerization
	150 – 350
	7 x106 – 3.4 x108
	>90%

	Solution phase polymerization
	150 – 200
	2.8 x106 – 4.1 x106
	>95%


Process selection:

The solution phase polymerization of ethylene by Dupont process has the maximum conversion (>95%).


Advantages:

1. Low viscosity of solution, therefore pumping and handling cost is low.

2. Precise temperature control.

3. Better heat dissipation.

4. Narrow molecular weight distribution.

Disadvantage:


Suitable only for low molecular weight polymers.
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PROCESS DESCRIPTION
Solution phase polymerization by Dupont process:

The Dupont process was cited as the true solution process; both the catalyst and the product were soluble.  The reaction conditions are given as 140 – 150 0C at 80-atm pressure and a few minutes of residence time. 

The catalyst used in the Dupont process is the Ziegler – Natta catalysts. When an aluminum trialkyl is used in combination with TiCl 4, VCl 4, or VOCl 3 the residence time is reduced proportionally. Molecular weight is controlled by hydrogen concentration and temperature.

In the Dupont process the reactor used for the polymerization of ethylene is a continuous stirred tank. The Ethylene is the reactant and cyclohexane is the solvent required in this process. The unreacted ethylene, solvent and the polymer produced are fed to the flash tank. In the flash tank the unreacted ethylene and cyclohexane are separated from the polymer and are recycled back to the reactor. The polymer along with the remaining solvent is then fed to an extruder where the polymer and the solvent get separated. The polymer from extruder is in the form of pellets of specific size. The solvent recovered from the extruder is then sent to the separation columns, to separated heavies, before being recycled back to the reactor. The recycle streams adds with a fresh solvent input stream. 

In the process there are two heat exchangers used to remove the heat generated during the reaction. 

MATHEMATICAL MODELING & SIMULATION

The reactions taking place during the polymerization of ethylene to produce polyethylene are as listed below,

1. Initiation reactions          

2. Propagation reaction

3. Chain transfer reactions

4. Chain termination reactions

 After the mathematical analysis of the system it was found that concentration of dead polymer is dependent upon:

1. Chain length n.

2. All rate constants.

3. Concentrations of solvent, monomer, initiator and chain transfer agent (in this case H2).

4. Initiator efficiency f.

RESULTS

The effect of these variables on concentration of dead polymer can be seen from following table:

	Sr. No.
	VARIABLE
	EFFECT

	1
	Conversion
	Lower conversion gives higher concentration of higher MW polymer chains.

	2
	Initiator Concentration
	Has no significant effect


	3
	Propagation Rate Constant & Operating Temperature
	Increase in these increases concentration of higher MW polymer chains.

	4
	Termination Rate Constant
	Lower value gives higher concentration of higher MW polymer chains.

	5
	Chain Transfer Rate Constant
	Lower value gives higher concentration of higher MW polymer chains.


SCOPE FOR FURTHER WORK

This work provides a basis for further research, which can be done as follows:

1. In practice there are at least two reactors in series. Using this framework, the reactor analysis can be extended to number of series CSTRs.

2. Knowing the method of analysis, the work can be carried out for PFR, as PFR is generally used to increase mechanical properties of polymer.

3. The most important part of polymers is their MWD. The effect of chain transfer agent on MWD can be studied in detail, using this model.  
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