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Aquafeeds

Twin-screw extruders outperform
simpler single-screw machines

1 January 2008
By Eugenio Bortone, Ph.D., PAS, Dpl. ACAN  and Anne-Sophie Le Corre

They deliver on the requirements of process productivity,
�exibility and quality
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The aquaculture feed industry is moving at a fast pace toward more sophisticated manufacturing
technologies, with more extruders being introduced for the production of high-quality shrimp and �n�sh
feeds. Extrusion technology and setups using twin screws, in particular, have advanced considerably in
the last few years, with the development of machines that can produce several tons of highly water-
stable shrimp feed per hour.

For achieving water stability, nutritional value, and desired physical attributes in feeds, the extrusion
process is much more e�cient than pelleting. In the pelleting process, it is not easy to have short start-
ups, and it is common to have several stoppages during a run, which increases down time and
introduces variable product quality. In contrast, the extrusion process can have very short start-ups and
long uninterrupted runs that yield high e�ciency with very consistent product quality.

Two different technological concepts are currently available for extrusion: single-screw and twin-screw
extruders. Both are composed of a thermally regulated barrel in which one screw or two intermeshing
screws turn. Most new advances in extrusion have been developed for twin-screw machines.

Single-screw extruders
Single-screw extruders usually have a one-piece screw with a channel of variable depth and constant
pitch, or a splined shaft that accepts modular screw sections with a constant channel and variable
pitch. The screw barrel assembly is normally composed of three sections: a feed section with high
transport capacity for solid raw material; a compression section where material is squeezed under the
compressive effect of the screw in a channel of decreasing depth or pitch, and heated by
interparticulate friction and conductive heat transfer until melting occurs; and a metering section with
screw elements of small channel depth or pitch, where the material is strongly sheared in laminar
conditions.

The mechanical energy dissipated is transformed into thermal energy and used to modify the material
physically and chemically into a rheological state compatible with shaping. The metering section is
also known as the pumping section.

Single-screw extruders are the simplest and most economical extruders in the market. But their process
functions are limited, particularly when formulations become complex and require, for example, a high
degree of mixing, or when �exibility and high-quality products are desired.

Advances in twin-screw extruder technology are quickly leading to
greater control and �exibility in aquafeed manufacturing. Photo
courtesy of Clextral Inc.
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Twin-screw extruders
Twin-screw extruders have established themselves because they deliver on the requirements of process
productivity, �exibility and quality. Their main features are similar to those of single-screw machines,
including a feed and conveying section with large pitch screw elements and a compression section
where the screw elements are of decreasing pitch.

At the output of the compression section, the dense material enters a working section where special
dedicated screw elements orientate the features according to the required goal. For example, counter
threads with reverse pitches accomplish shearing, and monolobe or bilobe mixing disks provide intense
mixing. The intensity of shearing and mixing is then governed by the geometric characteristics of the
screw elements.

The pressure pro�le down the barrel length of twin-screw extruders can be varied to allow different
process functions (mixing, shearing, venting, partial cooling) designed in series according to process
purposes. In the case of shrimp feeds, twin-screw machines are in practical terms converted into two
extruders. One section of the extruder is con�gured to cook and the next does the forming.

Such a succession of work zones in series brings a high level of process �exibility when compared with
single- screw extruders. Although single screw technology offers venting ports, it is important to note
that their poor conveying characteristics are more di�cult to control.

Twin-screw advantages
When compared with single screw extruders, twin-screw technology makes it possible to more
e�ciently handle the processing conditions of mixing, heat transfer, residence time distribution, and
consequent shear time-temperature history in the screw barrel assembly. More uniform temperature of
the material translates to better �ow properties.

Twin-screw technology has determinant process advantages, including micromixing of ingredients,
extensive choice of raw materials and formulations, and high tolerance to fat content and variations in
raw material quality. Twin-screw machines also offer better control of energy input, higher heat transfer

Simpler and less expensive than twin-screw designs, single-screw
extruders offer a lesser range of functionality.
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coe�cients, greater process �exibility, better end product consistency and overall consistent quality of
the end product feed.

(Editor’s Note: This article was originally published in the January/February 2008 print edition of the
Global Aquaculture Advocate.)
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