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Annotatsion.

This paper investigates the automatic temperature control system of a high-pressure
autoclave reactor of the DC-2101 type used in Sclairtech technology. In autoclave reactors, the
ethylene homopolymerization process is strongly exothermic; therefore, temperature stability
is of critical importance for ensuring product quality and technological safety. Within the scope
of the study, the dynamic behavior of the reactor temperature was described using a
mathematical model based on heat balance equations, and a computer model was developed in
the MATLAB/Simulink environment. Automatic temperature regulation was implemented
using a closed-loop control system with a proportional-integral (PI) controller. Simulation
results obtained for various PI controller parameter settings enabled analysis of the reactor
temperature transient responses and assessment of stability and control performance. The
results demonstrate that, with optimal PI controller tuning, the reactor temperature can be
maintained smoothly, rapidly, and without oscillations around the specified operating setpoint.
The findings provide a scientific and practical basis for the design and industrial application of
automatic temperature control systems in high-pressure autoclave reactors.
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Introduction.

In high-pressure polymerization processes, stable and accurate control of technological
parameters plays a crucial role in ensuring the continuity of industrial production and
maintaining product quality. In particular, ethylene homopolymerization processes carried out
in autoclave-type reactors are characterized by high energy release and exhibit strong
sensitivity to the temperature regime. For this reason, the application of automatic temperature
control systems in such processes is considered essential from the standpoint of technological
safety and operational stability.

Under practical industrial conditions, ethylene homopolymerization in high-pressure
autoclave reactors is conducted within a temperature range of 150-300 °C. This range is
selected depending on the required grade of the product and the conditions necessary for stable
process operation. At elevated temperatures, the probability of thermal degradation of polymer
chains increases; therefore, in industrial practice, 300 °C is adopted as the maximum allowable
temperature limit. Under these conditions, maintaining the reactor temperature within
specified bounds directly depends on the effectiveness of the automatic control system.

The polymerization process in autoclave reactors is strongly exothermic, and the heat
released inside the reactor can lead to rapid temperature fluctuations. In such situations,
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manual control methods are unable to provide sufficient accuracy and may pose a threat to
technological safety. Consequently, closed-loop automatic control systems are widely
employed in industrial practice to regulate reactor temperature.

Due to the large thermal capacity and relatively slow dynamic response of high-pressure
autoclave reactors, the use of proportional-integral (PI) and, where necessary, proportional-
integral-derivative (PID) controllers is considered appropriate for automatic temperature
control. PI controllers demonstrate high reliability in eliminating steady-state error and
ensuring stable operating conditions, whereas PID controllers offer the capability to
compensate for abrupt temperature changes in advance. The selection of the controller type is
based on the thermal characteristics of the reactor, the efficiency of the cooling system, and
specific technological requirements.

In this study, issues related to automatic temperature control in the DC-2101 autoclave
reactor are examined. The general structural configuration of the DC-2101 autoclave reactor is
presented in Figure 1. The results of the study are intended to contribute to maintaining stable
reactor temperature conditions, improving product quality, and ensuring the safety of the
technological process.

Materials and methods.

In this study, a high-pressure autoclave-type reactor of the DC-2101 model was selected
as the control object. The reactor is designed for the industrial implementation of the ethylene
homopolymerization process and operates continuously under high temperature and pressure
conditions. In industrial practice, ethylene homopolymerization is typically carried out within
a temperature range of 150-300 °C. To ensure process stability, optimize the physicochemical
properties of the product, and limit the risk of thermal degradation, an average operating
temperature of 225 °C was adopted as the main technological regime in this study. The general
structural configuration of the DC-2101 autoclave reactor is shown in Figure 1.

Figure 1. DC-2101 Autoclave Reactor
Reactor temperature control was implemented using a closed-loop automatic control
system. The controlled variable was the temperature of the reactor internal medium, while the
manipulated variable was the flow rate of the cooling agent. The temperature was measured
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using high-accuracy industrial sensors and continuously transmitted to the automatic
controller. This control configuration enabled effective compensation of the heat released by
the strongly exothermic polymerization reaction occurring inside the reactor and ensured
stable maintenance of the temperature around the specified operating setpoint.

Due to the large thermal capacity of the autoclave reactor and its relatively slow dynamic
temperature response, a proportional-integral (PI) controller was employed for automatic
temperature control. The choice of a PI controller was justified by its high stability when
applied to thermal processes, its ability to completely eliminate steady-state error, and its
effectiveness in providing smooth transient responses. Controller parameters were selected by
taking into account the static and dynamic characteristics of the reactor, using experimental
tuning methods.

The dynamic behavior of the reactor temperature was modeled based on simplified heat
balance equations. In accordance with commonly applied approaches in industrial automation,
the control object was represented as a first-order aperiodic system with time delay. After
linearization, the transfer function of the controlled object was expressed as:

K
G(s) = e’
S

where K represents the static gain of the controlled object, T denotes the time constant,
and t corresponds to the transport delay. The transfer function of the PI controller used for

automatic temperature regulation is given by:
1
G(s) =K,(1+ ﬁ
and was expressed in the above form. The mathematical model of the control system was
developed by taking into account the reactor heat balance and its dynamic characteristics and
was implemented in the MATLAB/Simulink software environment. The model represents a
closed-loop automatic control system in which the controlled object, the PI controller, the
measurement chain, and the cooling circuit are interconnected. During the simulation, the
transient responses of the reactor temperature were analyzed under various initial conditions
and external disturbances, and the system stability, transient duration, and steady-state error
were evaluated. The obtained results demonstrate that the PI-controller-based control system
is capable of maintaining the reactor temperature stably around the specified operating
setpoint and contributes to ensuring process safety. The computer model of the automatic
temperature control object developed in the MATLAB/Simulink environment is shown in

Figure 2.
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Figure 2. Computer model of the controlled object
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To ensure the reliability of the simulation results, the physical meaning of the model
parameters was verified, and the response characteristics of the temperature control loop were
compared with the expected dynamic behavior of the technological process. The evaluation
criteria included maximum deviation during the transient response, settling time, steady-state
error, and stability margins. Based on these criteria, the PI controller parameters were
optimized. In addition, taking into account the thermal inertia of the reactor and the
effectiveness of the cooling circuit, the conclusions derived from the model were assessed in
terms of their applicability under real industrial conditions. This methodological approach
establishes the necessary computational and modeling basis for the design and practical tuning
of an automatic temperature control system for the DC-2101 autoclave reactor.

Results.

Within the scope of this study, modeling and simulation activities carried out in the
MATLAB/Simulink environment enabled a comprehensive evaluation of the dynamic
characteristics of the automatic temperature control system for the DC-2101 high-pressure
autoclave reactor. Using the developed model, the time evolution of the reactor temperature,
the shape and duration of transient processes, and the sensitivity of the control system to
external disturbances were analyzed. In particular, the effects of additional heat loads arising
from the exothermic nature of the polymerization process and variations in cooling conditions
on the temperature regime were assessed through simulation.

The results of the simulations focused on assessing the capability of the PI-controller-
based automatic control system to maintain the reactor temperature stably around the
specified operating setpoint. Based on the transient response plots obtained under various
initial conditions and disturbance scenarios, system stability, smoothness of the control action,
response time, and steady-state deviation were evaluated. These analyses made it possible to
determine the impact of the selected PI controller settings on process stability and to
substantiate the practical effectiveness of this control approach for automatic temperature
regulation in high-pressure autoclave reactors.
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Figure 3. Transient response of the reactor temperature under aggressive Pl controller
settings (gain K = 0.9, integral time Ti = 0.009)

In the graph shown in Figure 3, the PI controller is configured with a relatively low
proportional gain and a very short integral time. As a result, the system responds rapidly to
temperature variations; however, due to the insufficient proportional action, the control signal
is unable to fully compensate for the large thermal inertia of the reactor. As can be observed
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from the graph, the reactor temperature approaches the desired setpoint gradually, exhibiting
a smooth increase in the initial phase, while the overall settling time remains relatively long.
Although this controller setting ensures stable operation, it does not provide sufficient dynamic
performance for the technological process and is therefore considered limited from the
standpoint of maintaining the reactor at an optimal operating regime.
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Figure 4. Transient response of the reactor temperature under aggressive Pl controller
settings (gain K=1.15, integral time Ti = 0.0156)

In the graph presented in Figure 4, the proportional gain is increased and the integral time
is slightly enlarged. Under these conditions, the PI controller responds more actively to
deviations in the reactor temperature. As observed in the graph, a slight overshoot beyond the
setpoint occurs, after which the temperature decreases and stabilizes around the operating
value. This behavior can be attributed to the strengthened integral action of the controller.
Overall, the system exhibits improved responsiveness; however, the onset of oscillatory
behavior becomes noticeable, which should be carefully evaluated for thermal processes where
excessive temperature fluctuations may be undesirable.
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Figure 5. Transient response of the reactor temperature under aggressive Pl controller
settings (gain K = 1.94, integral time Ti = 0.0189)

In the graph shown in Figure 5, the PI controller is tuned in a more aggressive manner. A
significant increase in the proportional gain causes the reactor temperature to reach the
desired setpoint very rapidly. However, the graph clearly indicates that this increased
responsiveness is accompanied by a pronounced overshoot and noticeable oscillations. The
temperature rises well above the specified setpoint before subsequently decreasing, and the
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stabilization process requires a longer time to settle. Such a tuning configuration may be
hazardous for the reactor, since in a high-pressure, strongly exothermic autoclave process,
excessive temperature excursions can adversely affect technological safety.
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Figure 6. Transient response of the reactor temperature under aggressive PI controller settings
(gain K = 1.96, integral time Ti = 0.02267)

In the graph presented in Figure 6, the PI controller parameters represent a tuning
condition close to an optimal balance. Despite the relatively high proportional gain, the
sufficiently increased integral time smooths the integral action of the controller. As a result, the
reactor temperature approaches the desired setpoint rapidly, without oscillations and with
negligible overshoot. As can be seen from the graph, the settling time is short and the steady-
state error is practically zero. This behavior indicates that the selected PI controller parameters
are well matched to the thermal inertia and dynamic characteristics of the reactor.

Conclusion.

In this study, the automatic temperature control system of a high-pressure autoclave
reactor of the DC-2101 type used in Sclairtech technology was modeled based on a PI controller,
and comprehensive simulation studies were carried out in the MATLAB/Simulink environment.
The strongly exothermic nature of the ethylene homopolymerization process in the autoclave
reactor, together with its large thermal capacity and slow dynamic response, demonstrates that
accurate and stable temperature control represents a critical technological task.

The modeling and simulation results confirmed that the selection of PI controller
parameters has a significant influence on the quality of the reactor temperature transient
responses. In cases where a low proportional gain and a very short integral time were applied,
the system remained stable; however, the process of reaching the desired operating
temperature was relatively slow. As the proportional gain increased, the dynamic response of
the system became faster, but in certain cases excessive overshoot and oscillations were
observed, which are undesirable for high-pressure and potentially hazardous autoclave
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processes.
Analysis of the simulation graphs showed that a PI controller tuned with K = 1.96 and
T; = 0.02267 provides the most favorable balance for automatic reactor temperature control.

Under these settings, the reactor temperature approaches the specified operating value of
225 °C rapidly, smoothly, without oscillations, and with negligible steady-state error. The
control signal varies without abrupt changes, thereby limiting excessive loading of the cooling
circuit and enhancing overall process safety.
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Overall, the results of this study demonstrate that a PI controller represents a sufficiently
effective and reliable solution for automatic temperature control in high-pressure autoclave
reactors. The proposed mathematical model and PI controller tuning can contribute to
maintaining stable reactor temperature conditions in Sclairtech technology, ensuring
consistent product quality, and reducing the risk of emergency technological situations. The
findings provide a solid scientific and practical basis for the design and industrial
implementation of automatic control systems in real high-pressure reactor applications.
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