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a b s t r a c t

The usability of polymer films in heat exchangers used in the chemical industry for solvent
condensation was evaluated. The mechanical strength and chemical resistance of two high
performance polymer films (a polyimide film and a PTFE-glass fibre compound) were
investigated at temperatures up to 90�C with constant as well as pulsating pressure loads
of 6 bar. The influence of four organic solvents (toluene, hexane, heptane, tetrahydrofurane
(THF)) and hot water on the mechanical stability was determined. It could be shown that
toluene and THF caused a major weakening of the material, while water, hexane and
heptane barely affected the films. The best results showed the PTFE-glass fibre compound
having a two monthly durability at constant pressure exposure for all the solvents used,
except THF.

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Heat exchangers are one of the most commonly used
system units in all kinds of industry. Apart from their
different application purposes (heat transfer without a
phase change, condensation and boiling), they can be
classified by their design, flow directions andmaterials. The
most preferred material group are without doubt metals,
such as steel, aluminium and copper alloys. These materials
combine very goodmechanical stability with excellent heat
transfer rates. However, for some niche applications metals
are not appropriate, e.g. handling of highly corrosive fluids
such as acids or alkaline solutions. For these cases, the most
commonly used materials are glass, ceramics or polymers.
Their chemical resistance is much higher than that of
metals, but the heat conductivity coefficients are lower. In
the case of polymers, these values are below 0.5 W/m2 K
while for most metals the corresponding values exceed
100 W/m2 K. The low prices of polymers are an additional

advantage compared with glass or ceramics. Since the heat
transfer coefficients in polymers are very low, the material
has to be very thin in order to achieve a competitive heat
exchanger performance. Hence, the proposed heat
exchanger uses a thin polymer film of 75e150 mm as the
heat transfer surface comparable to 1.5 mm stainless steel.
Due to the high flexibility of the films and the presence of
organic solvents, the chemical resistance and the me-
chanical stability have to be proven, such as the combina-
tion of high mechanical stress with the presence of water
and organic solvents at high temperatures. The operating
conditions of the heat exchanger for the specific application
of condensation of organic solvents are given in Table 1.

Most manufacturers of polymers, however, do not pro-
vide appropriate information on the mechanical, chemical
and thermal behaviour of their products. Concerning the
chemical stability, most of the data that can be found only
contains results from testing at temperatures of about 20 to
25�C. (e.g. [2]) Rarely, results for testing at 50�C can be
found [3]. With regard to the tensile strength of the films,
mostly results of tests in dry air and at temperatures of
around 20�C can be retrieved. No testing procedures or test
results for the combination of the impact of an organic
solvent with a high mechanical stress at relatively high
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temperatures of about 100�C could be found. Serban et al.
[7] tested samples of semi-crystalline polymers at a
maximum temperature of 50�C.

Due to the flexibility of the film, it is necessary to have it
stabilised by an appropriate grid-like structure. A simpli-
fied example of a possible construction is given in Fig. 1. It
shows a polymer film heat exchanger module with two
polymer films which separate the fluids. For this applica-
tion, the overpressure on the cooling water side is about
4e6 bar. The width of the milled flow channels can be
varied with respect to the pressure and the mechanical
properties of the film used. The flow channel width used
here was 10 mm and is the basis of the test rig dimensions
described below.

2. Methods and materials

2.1. Tested polymers

Several polymers used for production of films were
considered as possible materials for the developed heat
exchanger. The main criteria for the selection were chem-
ical resistance, mechanical strength and thermal stability
for the given temperature range. After some preliminary
tests and literature research, two high-performance poly-
mers, polyimide (PI) and a polytetrafluoroethylene-glass
fibre compound (PTFE-GF) were selected for detailed
investigation. Because of the very weak mechanical
strength of pure PTFE [4], this film is reinforced by a glass
fibre mesh. The tested thickness of the polyimide films was
75 mm and approx. 150 mm for the PTFE-GF because of the
glass fibre mesh.

Polyimide represents the group of polymers developed
for high temperature applications. The polyimide Kapton®
HN film (supplied by DuPont [5]) used for this work is
synthesised by condensation of pyromellitic dianhydride
and 4,4’-oxydianiline. Common applications for this poly-
mer are the insulation of electronic parts, membranes or
diaphragms. According to the manufacturer, Kapton® HN
has outstanding chemical resistance combined with very
high mechanical stability, as indicated in Table 2.

Polytetrafluoroethylene (PTFE), also often called
Teflon®, which is a trademark of DuPont, represents the
group of fluor containing polymers. These polymers were
also developed for high temperature applications. PTFE has
a very low mechanical stability but very good sliding and
thermal properties as well as a very good chemical resis-
tance [4]. Therefore, it is very often used for plain bearings,
but also for a wide range of applications with aggressive
chemicals and high temperatures.

2.2. Experimental setup

As shown in Fig. 2, the test rig consists of a pressure pipe
with a mounting plug, connected to a compressed air
supply. The pressure in the pipe can be adjusted by means
of a manual pressure regulator to between 0 and 6 bar. A
magnetic valve which is controlled by a time relay is also
attached to the pipe. This enables testing with a pulsating
load. The on-off periods can be set individually from 3 to
300 seconds. The polymer film sample is clamped in a
mounting plug by a lock nut, between a blind plug and an
O-ring, as shown in Fig. 2. The self-sealing screw thread of
the nut ensures the leak-tightness of the system. The blind
plug has a borehole in the centre. On the film sample side
the borehole has either a quadratic opening with a side
length of 10 mm or a cylindrical opening. The various blind
plug openings represent the free film space between the
supporting structure elements depending on the support
type of the heat exchanger.

The temperature in the heating circuit can be adjusted
to up to 90�C with water or, if other heat transfer fluids are
used, even higher temperatures. For the investigation of the
impact of organic solvents, the pressure pipe is filled with
the corresponding liquid, the upside-down position of the
mounting plug ensures the sample stays in permanent
contact with the solvent. The deformation change of the
polymer is determined by measuring the curvature height.

Table 1
Operating conditions for condensation of organic solvents.

Temperature
(organic side)

60�Ce100�C depending on the
solvent used

Pressure
(organic side)

<1 bar

Temperature
(cooling water)

15�Ce23�C depending on weather
conditions

Pressure
(cooling water)

up to 6 bar 4 bar at standard conditions,
6 bar for start-up

Fig. 1. Simplified sketch of a polymer film heat exchanger.

Table 2
Physical data of the investigated polymers [1,4,5].

PTFE (blocks) Polyimide (blocks)

Max. operating
temperature

>400�C >400�C

Glass transition
temperature

127 360�Ce410�C

Tensile strength
at 23e25�C

34.5 MPa 75e100 MPa

Elongation at break 375% 72%
Resistance to water excellent low affection of tensile

strength (<10%)
Resistance to

organic solvents
excellent low affection of tensile

strength (<10%)
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