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Semiconducting SR materials have been present in various'industries, especially in
OPG, for almost 50 years. Electrical self-regulating heat tracing technology based on
semiconductive polymers is based how molecules behave in .a semiconductor
substrate in reaction to temperature changes. Most consumers might refer to this as
an intelligent system. This however, is scientifically incorrect.

® EEECE M © mearmace s s b

May. 2024 ‘ bl o BODEC 4y e 31 (3 plis g 5ol g atd (R wwwoistaoil,com \E IODECISTAN [inl lODEC




&www.istaoil.com

ISTA
Cler LE g{l.‘; l-l!..' I.-'\'..‘:'Ii'lif.iﬂ'p'i..'ﬂf

Engineering Company Science and observation Articles / NO, 3

PN iy ka9 Sl e go il 135 o oW dwi i3
N, Polymer semi conductive BEHAVIOR in molecular arrangement
N of self-regulating electrical heating cables

\\
%

b p 9wyl Jlil Juall Yoo gles cazleyd (s0 dazllo Vb jiguali 3 a5 jghilan
) Jliw (lod wisleo (63Lj A= 35 (4lg3 (50 v SUPER CONDUCTOR yolg—5 as 015
Djal 3 S d o plS 455 o | iled eslwlus] ddawlgs S legil e yguan

S pasly izl j> Tz wlals ¢l (19)5 ceoss ) gm0 wnllsleo ol lao o S
g Adgi bohs 3 walife glo Jluww (sled j53¢5 aaais )5 oslaiwl (gl (53l das
el 03D .. g (Souiigy g B s il

Cold - More Electron Flow
Power = Current x Current x Resistance

Power = (Volts x Volts) / Resistance

Hot- Less Electron flow

Per the picture above and based on looking at the properties of superconductors, the
temperature of the heat transfer junction and thus the temperature equations of the fluid can
be controlled automatically due to the individual temperature sensations of each section of

cable.
The control and containment of these equaticns has become the focus of using these heat

losses in the structure of semi-conducting polymers, for use in automatic temperature
regulation of fluids such as oil, gas and petrochemicals in their respective production and

transmission lines.
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In order to better grasp the concept, here is another easy but unscientific example.

We point to the dissipation of heat generated in semiconductors such as transistors where
a heat sink compound is used to get rid of this generated heat which we label as thermal
loss. However, in heat tracing, the intended output is exact same heat we previously labeled
as thermal loss, which here, according to the needs of the industry, has been labeled as
thermal work. If we look at this process from a scientific point of view, when the temperature
of the fluid in a pipe, to which the self-requlating cables are attached, rises, temporary
connections are formed between the polymer chains, which increases the electrical
resistance and subsequently reduces the power of the cable. These changes in the
arrangement of polymer semiconductor molecules are called conformational separation.
Therefore, the polymer molecular structure of this semiconductor is based on controlled heat
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Nickel-plated Polymer Semi-conductive Fluoropolymer
copper bus wire Molecular Structure inner jacket

__ Fluoropolymer

e — outer jacket

Self-regulating Tinned-copper braid

conductive core
Finally, it can be seen that in this system, design and engineering play a fundamental and
very important role in achieving the expected cutput of the process unit of the production line
of industries such as OPG.
So, design and engineering appear in two stages, raising the flag of this technology in the
following order of importance:
1. Engineering the restraining of molecule movements in different temperature conditions in
the semiconductor substrate, originating from the state of impurity in the semiconductor
polymer substrate in each centimeter of length which causes a change in the molecular
arrangement in the output of the total length; thus, consequently changing the resistance
and temperature of the cable appear in the power variable. This matter is constantly being
researched and new products are under development in R&D departments based on
molecular arrangement and maximum heating ability of polymers.
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2. Designing and engineering projects that the environmental temperature conditions of the
production line (oil, gas, petrochemical, etc.) in different seasons and the temperature and
transfer conditions of each fluid inside the pipes, fittings, or tanks and the type of the type of
insulation, etc. The calculation according to the law of thermodynamics will be decisive. In
fact, the designer must predict the behavior of each meter length of the semiconductor cable
of the desired type based on the conditions of the semiconductor production in each
production line for the purpose of its installation.

| hope that in this short explanation we have communicated the importance of
understanding and recognizing the behavior of semiconductors in selfregulating electric
heating cables in order to utilize it in meeting the needs of the industry. Efforts will be made
to publish the above materials in a series of more comprehensive articles.
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