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Chemical Apparatuses for Processing Highly Viscous Materials
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In polymer industries, especially in manufacturing and forming processes of engineering
plastics, there are several technical difficulties in handling highly viscous materials. Require-
ment for improving the process equipment is increasing the technical fusion in the mixing
operations by agitators, solid mixers, kneaders and extruders.

The basic *method to improve these apparatuses is to measure and analyse viscous flow
behaviour in them quantitatively. Various informations obtained from flow patterns and
relevant phenomena could suggest what is to be improved and the possibility or extent of
the improvement as well as indicate some characteristics useful to predict performance of

the apparatuses.
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. 1 Technical fusion in four operations
related to mixing

(_): Ordinary rotation,

{_J: Oscillatinh rotation, <—>: Reciprocation

in axial direction.
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Fig. 2 Relativity in blade shapes and blade motions
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Fig. 4 Velocity distribution of
Helical ribbon
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Kneading mixers & extruders
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Batch wise Continuous

* Roll mills
+ Banbury mixer
* Double-arm kneader

Single-axis type
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- FCM (Farrel)
- KCM (Kobe steel)
« CIM (Japan steel works)
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- ZSK (Werner & pfleiderer)
- MP mixer (Baker perkins)
« KRC kneader (Kurimoto iron works)

. Ko-Kneader (Buss)

« TEM (Toshiba machine)
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Fig. 3 Various type of machines effective to kneading
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« KCK (KCK Industry)
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Table 1 Flow patterns as engineering informations
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Operations of ‘ Examples

imformations

] Usefulness

1. Original (Raw) |+ Distributions of vr,vs and v.

« Better way to know what is to be
improved.

2. Integral » Circulation rate

i:] v; ds
8

« Characterize the mixing by bulk motion
of fluid

3. Differential I+ Energy dissipation

v \2
i=j extension rate

i i=¢j shear rate

« Characterize the mixing by deformation
of fluid element.

T |

4. Converted . » Surface renewal rate

i Circulation time distributions.

« Prediction of mass transfer
« Effective to diagnose the circulation
' circuits.

5. Simulation !

i * Numerical simulation of viscous flow

» Prediction of performances.
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(® Helical ribbons
[] Screws or propellers in draft tube
A Paddles, propellers, turbines

& Others
+ Cross paddle (rotation and reciprocation)
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Stagnant zone

Flow at B
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Fig. 8 Flow through baffle plate in pipe reactor
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Fig. 9 Ratio of stagnant zone and quantity of linear baffles
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