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Abstract — A theoretical analysis is carried out to study the performance of a plug flow reactor producing
low density polyethylene under the high pressure condition. The model takes the pseudo-steady state
assumptian for the free radicals. Under various operating conditions the reactor temperature, the initiator
and monomer conversions, and the number average molecular weight are investigated by the method of
numerical analysis. This provides useful information for the operation and control of high pressure poly-
ethylene tubular reactors. The reactor performance appears to be the most significantly affected by the heat
transfer coefficient and becomes more sensitive to changes in various parameters as the heat transfer coef-
ficient takes lower values. The reactor length required becomes shorter as the heat transfer coefficient takes
higher values. It is noticed that the reactor performance is very scnsitive to changes in the heat transfer
coefficient, the jacket temperature, and the feed initiator concentration and less sensitive to changes in the
feed temperature. The number average molecular weight of polyethylene produced is also examined under
various operating conditions, It turns out that the molecular weight is closely related to the monomer
conversion,
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Table 1. Parameters for the reaction rate cons-

tants.
Rate Frequency Activation Activation
constant  factor energy, E (cal , volume,
' mO]lA\"* ( cal
mol —atm~
ka 8.2x10'"(1/sec) 25000 0.17
k, 1. 25x10°% (! /mol-sec) 7800 -0.5
k, 2.2x10"(!/mol-sec) 2460 -0.34
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Table 2. Numerical values for various

parameters.

Parameter Symbol Unit Value

Initiator efficiency € - 0.75

(—AH) 4 cal/mol 35000

Heat of initiator
decomposition

Heat of propagation (- AH), cal/mol 22500

reaction

Reactor length - m 1525
Reactor diameter D cm 5.08
Pressure p atm 2500
Fluid density 0 g/cm® 0.72
Heat capacity C» cal/g’K 0. 85
Linear velocity v cm/sec 1295
Ethylene throughput  — kg/hr 68040
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Table 3. Conditions for the reference system.

Parameter Symbol  Unit Value

Heat transfer U cal/hr- 98. 25
coefficient cm®-°K

Feed initiator C,o mol/fem® 1,15x10°°
concentration

Feed monomer Cuo mol/ecm® 0.0257
concentration

Feed temperature T, °K 353

Jacket temperature T, °K 383
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Fig. 1. Reactor temperature and conversion

profiles for various jacket temperatures.
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Fig. 2. Comparison of reactor performance bet-
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coefficients.
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NOMENCLATURE

concentration (mol/cm3)
heat capacity (cal/goK)
reactor diameter (cm)
activation energy (cal/mol)
defined by Eq. (7)

defined by Eq. (8)

: heat of initiator decomposition (cal/mol)

. heat of propagation reaction {cal/mol)

initiator

reaction rate constant

frequency factor

monomer

number average molecular weight

weight average molecular weight

pressure (atm)

dead polymer of chain length i

n-th moment of total dead polymer
concentration

n-th moment of total free radical con-
centration

gas constant

free radical of chain length i

initiator fragment

reaction rate (mol//-sec)
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T reactor temperature (OK)
T, jacket temperature (OK)
T, feed temperature (OK)
U overall heat transfer coefficient (cal/hr-
2 0
cm®-"K)
v : linear velocity (cm/sec)
AV*:  activation volume (cm3/mol or cal/mol-
atm)
X axial distance (cm)
Greek Letters
€ initiator efficiency
p density of fluid (g/cm)
Subscripts
d initiator decomposition
i initiation
o feed condition
P propagation
t termination
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