cryogenics

Cryogenic grinding: an
Independent voice

A new test centre for cryogenic size reduction will provide impartial advice,
better technology and lower grinding costs, reports Charles Butcher

RYOGENIC grinding is a proven
‘ technology that is extremely

effective, especially for plastics
and rubbers, according to Frank
Burmester, an engineer with industrial gas
supplier Air Products in Germany. But as
he pointed out: “Unfortunately, all too
often it’s put in a box marked ‘too
expensive”. Now a new independent
pilot plant and consultancy service
dedicated to cryogenic grinding is set to
change engineers’ perceptions of this
method of size reduction.

Based at Oberhausen in the Ruhr area
of Germany, the facility is run by
Fraunhofer Umsicht, a research institution
specialising in environmental, safety and
energy technology that forms part of
Germany's Fraunhofer Gesellschaft. The
200 kg/h pilot plant, which is equipped
with six different mills, was started up on
10 November.

“This plant is unique — no university or
company in the world has such a
wonderful facility for cryogenic grinding,”
said Burmester. Air Products is supporting
the project along with several
manufacturers of grinding equipment, and
Burmester has been closely involved.
Notable features, he says, are the use of
mechanical refrigeration alongside liquid
nitrogen, and a control system based on a
neural network.

Jurgen Bertling is a researcher at
Fraunhofer Umsicht who has been
responsible for much of the design of the
new plant. Like Burmester, he thinks that

Table 1: Applications of cryogenic grinding

better education can help to
popularise cryogenic
grinding (Table 1), but he
also argues that for many
applications the technology
is currently still too
expensive. By providing
better understanding of the
fundamentals of cryogenic
grinding, he says, the new
plant will reduce refrigerant
consumption while
improving product quality
and increasing throughput.

Firal 5%

CraraTed
=2 =y L]

Arinbsant ennpsambire

B eaburs Sonbenk

Filler 2red pipsescr b
SIsoof mw rakknial

Froducton rak

Siop ard 9o
Opseration

“Of course it depends on
the product,” said Bertling,
“but | would say that in
conventional cryogenic
grinding we should be able
to cut liquid nitrogen consumption by
20-40%. To cut costs even further,
mechanical refrigeration can replace
some or even all of the liquid nitrogen —
and in the latter case that means total
operating costs, including capital charges,
of just 15-20% of the cost of an
equivalent cryogenic mill.”

Probing the fundamentals
Conventional cryogenic grinding uses
liquid nitrogen to cool the material to be
ground, making it brittle and so reducing
the amount of energy required by the
mill (see box on page 20). It also
increases throughput — often by 100% or
more for the same particle size
distribution — or enables finer grinding at

Size range (um)  Market (tly)

Adhesives
Lubricants
Recycling rubber
Recycling plastics
Recycling blends

Waxes

uPVvC
PE and rubber

Application Material

Powder coatings Polyester, acrylics,
PU, PA, PVC

Plastisols (rotomoulding) PVC, PE, PP, PA

Textile coatings PA, PE

Carpet backing PE, EVA

Polyester, PU, EVA

Tyres, EPDM, NBR, SBR

40-50 300,000 (Europe)

<500
20-300
<500
<100

*150,000 (Europe)

<200 40,000 (Germany)

<30

*The market figure for plastisols and textile coatings are combined

Source: Fraunhofer Umsicht

A Figure 1: Many factors affect liquid nitrogen consumption in
cryogenic grinding. As a result, consumption in very similar plants
can vary by a factor of three or more

the same throughput, and it tends to
narrow the product particle size
distribution.

Liquid nitrogen consumption varies
from around 0.7 kg for every kg of
material ground, for low-value products
such as recycled rubber, right up to
20 kg/kg for difficult, high-value products
that cannot be ground by any other
method. Figure 1 shows some of the
factors affecting liquid nitrogen use.

One reason liquid nitrogen
consumption figures are so hard to pin
down, says Bertling, is that different users
get different performance from similar
equipment: “One plant may use 1 kg of
liquid nitrogen per kg of product, while
another may use three or five times as
much for the same product in an identical
mill. At the moment we are working on
different ideas for optimising the process.
Up to now there is not very much know-
how in this area; mills are an old
technology, but at the theoretical level
they are quite poorly understood,
especially in cryogenic service.”

Neural networks are a good way to
understand processes that are hard to
model analytically, so the new pilot plant
is controlled by a commercial neural-net
software package. “The hard part has
been not in the software but in deciding
what to measure and what weighting
factors to use,” said Bertling. “A
conventional cryogenic grinding process
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