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NIKOM KLOMKLIANG : MODELING OF NON-LINEAR BEHAVIOR IN
A CSTR-SEPARATOR-RECYCLE SYSTEM PRODUCING LDPE. THESIS

ADVISOR : TERASUT SOOKKUMNERD, Ph.D. 129 PP.

LOW-DENSITY POLYETHYLENE (LDPE)/RECYCLE/DECOMPOSITION/

BIFURCATION

The simulation of low-density polyethylene (LDPE) in high pressure CSTR-
separator-recycle polymerization systems was investigated in this thesis. In order to
analyze the non-linear behavior when ethylene and acetylene decomposition kinetics
were included in the model, a comprehensive mathematical model of an industrial
LDPE plant was developed. The effect of bifurcation parameters such as feed
temperature, residence time, and inlet initiator concentration on reactor temperature
and its stability and overall conversion were also investigated. The overall
mathematical model comprises both differential and algebraic equations. The steady-
state model was solved numerically with Newton methods while the unstable steady-
state was identified from the evaluation of eigenvalues and validated by the
simulation of unsteady-state models. From steady state solution and eigenvalue
analysis, the bifurcation diagram was constructed.

When both ethylene and acetylene decomposition was considered, the effect
becomes more significant. The acetylene decomposition would unstabilize the reactor
and yield the undersirable results because the middle stable steady state disappeared
completely even at low recycle ratio (0.20) due to acetylene presence in the inlet of an

autoclave reactor. From further investigation, it was found that the high efficiency
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(100%) of acetylene separation yields the much improved bifurcation in which middle
stable steady states resurfaced. However, the lower efficiency acetylene separation
(even at 95%) could not remediate the problems.

During LDPE production, it is often necessary to change the reactor operating
conditions to produce a different grade polymer since reactor temperature can
significantly affect the polymer molecular structure and subsequently the physical
properties. When the recycle ratio is increased, the range of reactor temperature at
stable is wider over the longer operating parameters range. Consequently, if ones
operate at high recycle ratio, they could produce a variety of different-grade polymers
with acceptable overall conversion. However, at the higher recycle ratio, a larger
amount of acetylene can be produced and these phenomena could lead to
disappearance of middle stable branch and lower overall conversion. Nevertheless, if
all of acetylene could be separated from the recycle stream, there would not pose a
problem. A numerical bifurcation and stability analysis were performed in order to
predict the region of stable operation. The models are useful for the design of optimal
reactor, selecting the best operating conditions, and tuning the feedback controls of

the LDPE plant in order to obtain the maximum polymer productivity.
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