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ARTEC – successful
commissioning of the
prototype for the CASCADE
product line in Japan

projects

CASCADE simplifies recycling of
materials with varying characteristics and levels of contamination.
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ince the spring of 2010, the new innovative
product line CASCADE has been included in
the ARTEC machinery GmbH portfolio. The first
manufactured and delivered plant of this type
has now been commissioned (at the beginning
of October) by ARTEC technicians in Japan. The
plant was ordered by the Ishizaka Group and
has been installed at Kumamoto on Kyushu, the
southernmost island on the Japanese chain of
islands.
Saving energy through flexibility
The main advantages of the CASCADE type of
plant lie in its capability to process a broad
range of materials and its high flexibility since
only those parts of the plant are operating that
are necessary for processing of the material.
Whilst the proven ARTEC recycling plants are
designed as single screw extruders, the CASCADE design has two extruder stages in series,
with an intermediate filtering stage. The first
extruder serves to melt the material whilst the
second extruder incorporates a dual de-gassing
stage (DV) for de-gassing the material. Downstream of the filter unit, the process features
a melt junction where the melt can be routed
either to the second extruder (cascade operation) or sent directly for granulation. This process allows the customer to save considerable
energy by not heating or operating the second
extruder stage if the particular material does
not require de-gassing.

If, however, the materials to be processed con-

Low development costs

tain substances which emit gas during melting,

despite high innovation

which must be extracted, the melt junction is
switched to route the material through the second extruder and its dual de-gassing stage. A

lthough conventional processes for the
treatment of waste water can remove the
waste water load simply and at low cost, it is
not generally possible to recover and re-use the
substances removed from the waste water. It is
a different matter, however, with selectively
operating membrane methods such as those
used in the Süd-Chemie AG Heufeld plant since
2005. The waste water is cleaned here using
state-of-the-art reverse osmosis technology
with the result, firstly, that the cleaned water
is returned to the production cycle and, secondly, that pure sodium nitrate is recovered for
commercial use.
The Nitrea® project
Nitrea® is a combination of membrane technology and concentration, with downstream
crystallisation, patent-protected by Süd-Chemie AG. Based on its sustainable combination
of processes, the project was supported by
the German Federal Ministry for the Environment, Nature Conservation and Nuclear Safety.
The construction of the membrane plant was
awarded to OSMO Membrane Systems, who had
supplied the pilot plant already and guided the
pilot processes.
The installation of the high pressure reverse
osmosis system at Süd-Chemie was a first for
OSMO since a plant with these technical dimensions had never been implemented before.
The pre-treatment and cleaning process stages
initially strictly separate all the substances
contained in the water which may be undesirable in the re-use of the sodium nitrate. The
purpose of reverse osmosis here is to increase
the concentration to a maximum since the energy effectiveness of the membrane technology
is about an order of magnitude better than that
of the evaporator. Against this background, the
cost-effective tape-wrapped module technology has been developed further to achieve operating pressures up to 120 bar.
Another function of the plant is to remove the
nitrogen loading whilst maintaining strict infeed criteria. Especially with low ion concentrations, conventional membrane technology
often reaches its limits because the molecular

CADE concept were kept low by designing in
existing ARTEC components, tried and trusted

downstream of this extruder.

in many installations worldwide. ARTEC sees an

ate either the “short line” comprising cutterextruder-filter-melt

junction-granulation

or

the “long line” comprising cutter-extruder-

enormous market potential for CASCADE, especially for companies recycling different materials with varying characteristics and levels of
contamination. This expectation has been con-

filter-melt junction-cascade extruder-dual de-

firmed following the highly positive reaction

gassing-granulation – in short, a machine that

from customers to whom the system has been

adapts to the material!

introduced already.
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OSMO – optimal utilisation of resources
A

The development costs for the innovative CAS-

second, separate granulation unit is arranged

To summarise therefore, it is possible to oper-
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Selectively operating membrane
processes enable recovery and
re-use of substances contained in
water.

structure of especially nitrate and ammonium
makes these substances very difficult to separate. With the installed technology, however,
the generated permeate after the last reverse
osmosis stage is of such good quality that it is
used as feed medium for the existing VE water
plant. The remaining conductivity is less than
50 µS/cm which is clearly below the conductivity of the well water currently used.

Reverse osmosis is used to separate salts, or
ions, from mainly aqueous solutions. Reverse
osmosis is used to increase the concentration of
solutions or to separate aqueous components.

Nitrea® is convincing – based both on
ecological and economic considerations

Semi-permeable membranes are solution diffusion membranes. Contrary to the porous membrane used for microfiltration or ultra-filtration,
the solution diffusion membrane has no holes.
Here, the separation effect is due to the charge
carriers in the membrane and resultant attraction or repulsion by the electrical charge. This
basically transports the permeating component
through the membrane in three steps:

Deploying the Nitrea® process also makes sense
in terms of business economics, as was demonstrated in a direct comparison with competing
treatment processes.
Although the conventional biological treatment
of waste water clearly requires lower investments, the lack of the carbon source in the
waste water would have resulted in comparatively higher operational costs. A purely thermal
treatment could be excluded considering both
the investment and operating cost aspects.

Nitrate concentration feed

1 - 100

Nitrate-nitrogen concentration in the permeate

< 50

mg/l

Ammonium-nitrogen con< 25
centration in the permeate

mg/l

g/l

> 99,9

%

Nitrate concentration, high > 180
pressure reverse osmosis

g/l

Working pressures

bar

40 – 120

Semi-permeable membranes are used for this
purpose. These have the property of letting
through the aqueous component whilst blocking a large portion of most ionic components.

1) Absorption at the membrane
2) Diffusion through the membrane
3) Desorption from the membrane

Key data for the waste water treatment
plant (reverse osmosis plant)

Sodium nitrate retention

Recycling plant CASCADE
Start up

The technology can be transferred to other
inorganic substance systems

The charge on the other hand repels (equally)
charged ions. This means that polar substances
such as water or other polar solvents exhibit a
high through-flow, whilst large charged ions are
mostly held back.
Depending on the membrane used, the rejection for table salt, for instance, is 97% - 99.5%.
The rejection therefore varies with both the
membrane used and the medium to be separated. For many mixtures of substances, it is
imperative to carry out laboratory tests and
possibly even tests in a pilot plant before large
scale implementation.

Reverse osmosis
Reverse osmosis is a pressure-driven osmosis process. Membrane separation processes are physical
processes which selectively separate small particles, molecules or ions by means of a membrane.
The sizes of the separated particles are in the region of some microns down to one nanometer.
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