


Modern construction of refrigerated display cases owes
many advances to Linde.

In the early 1960s, Linde was the first
manufacturer in the world to substitute
steel for wood in refrigerated display
cases, coining the definition of all-
steel construction. The panels were
insulated with rock wool, using tar for
sealing

Anocther Linde first in the middle of
that decade was the introduction of
sandwich construction in refrigerated
display cases, employing poly-
urethane rigid foam as a structural
material to reinforce the case body
and as insulation.

To the present day, the high
compression strength and low thermal
conductivity of PUR rigid foam are
unmatched by any other material.

An essential factor in the guality of
polyurethane rigid foam is the
composition of the blowing agent
used in the foaming process.

Chlorofluorocarbons (CFCs), the
original blowing agents, have since
been found to be detrimental to the
earth’s ozone layer and climate.

This immediately prompted Linde to
systematically explore alternatives in
a search for environmentally friendly
foaming agents usable in production
of refrigerated display cases.

The goal of completely replacing
halogen-containing substances was
achieved in three steps:

Reduction of the R11 content
in PUR rigid foam by 50%

1891

1993 Introduction of an R22/R142b
mixture as a foaming agent
possessing significantly lower
ozone depletion potential
(ODP) and global warming

potential (HGWFP).

Linde was the first manu-
facturer of commercial
refrigerated and freezer
cases, to commence
production with cyclopentane
a foaming agent

with zero ODP

and zero HGWP.

1995

Polyurethane rigid
foam as structural
and insulating
malerial in
refrigerated display
cases



Relative ozone depletion potential
and global warming potential of
HFC 22/142b and cyclopentana
compared to CFC 11
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The Linde pentane processing
and safety system.

Previously, the flammability of
hydrocarbons — which includes
cyclopentane — prevented them from
being considered as possible
alternative foaming agents. Because
cyclopentane is ecologically
advantageous and the results of
foaming tests were so convincing,

Linde engineers applied all their
ingenuity to solving the problems of
applying it in production,

Several years of research and
development work was completed

with Linde's design of a closed-circuit

processing and safety system which
meets the highest safety standards

and complies with all legal require-
ments. The pentane-containing PUR
rigid foam that comes out of the
foaming and production process does
not constitute any heightened fire risk.




Storage tanks for PUR starting
materials and

Safety Zone1:

Pentane storage tanks

Safety Zone 2:
Mixer and working tank for
polyol-pentane foam mix

Safety Zone 3:
Foam mix feeder

Safety Zone 4:
Foam mix distributor system

Safety Zone 5:
Foaming moulds

Schematic diagram of stages in
Linde pentane foaming process

The starting materials for polyurethane
resin are stored in special tanks with
the pentane foaming agent confined
within Safety Zone 1. (See diagram
above and illustration on facing
page.)

Special mixers ensure the necessary
dispersion of the pentane in the polyol
Continuous feed of the foam mix can
be maintained from a working tank.

Working and pressure tank for
polyol-pentans mixture




Foam mix of consistent chemical
formula is fed to the foaming moulds
through a leakproof distribution
systemn. It is injected into the space
between the internal and external
steel skin of the case body, where it
forms into rigid foam possessing the
beneficial properties already
described.

Formation of a potentially explosive
pentane-air mixture is prevented
throughout the entire foaming
process.

Should the pentane concentration rise
to a defined maximum safe level at
any point of the process, it will be
detected by sensors that initiate
appropriate safety measures.

The process is automated and
supervised through visual display
monitors.
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Injection end of foaming mould
for refrigerated display cases

Pentane safety control station
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