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Improving upon final-stage mixing process
Executive summary

Internal mixers and batch-by-batch mixing is still the mainstay of today’s
mixing technology. However because this batch process is inherently discontin-
uous, a separate second stage “final mix” is often necessary where the curing
chemicals are usually added at low mixing temperatures.

Batch-to-batch compound variation is very common, and additional handling
between the mixing steps, such as storing, weighing and cutting of the master
batch, is required.

VMI-AZ Extrusion GmbH has developed a superior final mixing process us-
ing a transfermix single screw extruder mixing technology (MCTD) in conjunc-
tion with a gear pump. 

By Olaf Skibba and Dave Grepp
VMI-AZ Extrusion GmbH

The total output control of VMI-AZ’s
Shark system is provided by the volu-
metric operating gear pump, while the
final mixing is accomplished by the
transfermix extruder. 

Thanks to the variable screw speed of
the MCTD extruder, mixing parameters
can be easily optimized for each com-
pound with chemical dosing provided by
a gravimetric loss-in-weight feeder (see
Fig. 1).

VMI-AZ’s new cold feed mixing
process reduces the first-stage mixing
variations by blending several batches
together at the same time (see Fig. 1). 

Furthermore, the Shark system will
accommodate wide rubber strips from
the first stage mix because of its
unique hydraulically driven feed roll
(see Fig. 2).

Two machines (as shown in Fig. 1)
have been in production since 2008 at a

custom rubber mixing plant. 
As reported by our customer, VMI-

AZ’s new process has significantly im-
proved the compound quality (vulcan-
ization characteristics) as compared to
the old style batch mixing process. 

Furthermore, the complete line in-
cluding the VMI batch-off (Fig. 1) only
requires one operator. This leads into a
significant reduction of production
costs.

Also because of the gear pump tech-
nology, a strainer can be added at the
outlet end of the gear pump thereby pro-
viding continuous inline compound
straining.

Feeding: rubber masterbatch
Rubber can be fed as a strip or slab

depending upon the size of the extruder.
Weighing of the feed rubber strips is not

required (Fig. 1) because the simple feed-
ing operation is the same as utilized in
standard single-screw extruders.

Furthermore, weight output control of

the rubber masterbatch slabs also is not
required during feeding because the
gear pump technology provides a consis-
tent and predictable output (see also
chapter output control). 

By being able to feed multiple strips
and slabs, inherent compound varia-
tions are significantly reduced through
the blending of several batches at the
same time.

VMI-AZ’s Shark MCTD system will
accommodate wide rubber strips from
the prestage mix because of its unique
hydraulically driven feed roll (Fig. 2). 

The system utilizes adjustable hy-
draulic feed roll pressure, which allows
automatic optimization of the applied
forces based on the strip size and com-
pound viscosity. 

Rubber leakage in the feed zone is
minimized because the hydraulic feed
roll reduces its rotational speed if there
is not enough available free volume in
the screw as can be the case when the
screw flight is directly in front of the
feed roll. 

Thus the hydraulic driven feed roll ac-
commodates the changing screw geome-
try along with the screw rotation by au-
tomatically adjusting its speed according
to the size and characteristics of the ma-
terial that is being fed into the Shark
MCTD extruder. 

speed of the feed screw and maintain
the set point for the mass flow that is
needed. 

A computerized controller unit (with a
display) gives the opportunity for easy
changes in mass flow when a new
throughput value is required. 

Such dosing units are well proven and
have been successfully used in the plas-
tics industry. 

The precision of very low mass flows
can be achieved via a feed screw with a
significantly reduced conveying capacity
per revolution of the screw. 

This makes the feeding of chemical
premixes with such a dosing system pos-
sible. These units can run in a total au-
tomatic mode until a prescribed mini-
mum amount of material is left in the
storage tank. 

When this happens, the refilling of the
storage tank also can be automatically
achieved by an additional chemical stor-
age tank that is located above the LIW
feeder.

Mixing with MCTD 
The transfermix extruder, a single

screw cold-feed type, has established it-
self as an effective mixing, homogeniz-
ing and plastification system for rubber
extrusions for a wide range of rubber
compounds. 

This can be attributed to its unique

Fig. 2b. Shark 120 feed zone with hy-
draulically driven feed roll.

Fig. 2a. Shark 120 feed zone with hy-
draulically driven feed roll.

Additionally this reduces the trans-
mitted feed roll torque when it is not re-
quired and in turn increases the expect-
ed life span of the feed roll.

Feeding: vulcanization chemicals
Because the vulcanization chemicals

have free-flowing properties, it is possi-
ble to use a high-precision gravimetric
loss-in-weight feeder. The special feed-
ing system is depicted in Fig. 3.

The feeding system basically consists
of a storage tank for the chemicals and a
single-flighted feed screw to transport
the chemical granules from the tank to
the extruder feed zone. 

For the weight control, a gravimetric
weight scale is installed to control the
loss-in-weight per unit time. 

This makes it possible to regulate the

Fig. 1. iCOM final mixing process complete line including batch-off.
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barrel and screw configurations. 
Extruders of this type have a geome-

try which, by means of reducing and in-
creasing flight depths in the screw and
barrel, transports the compound out of
the rotating screw into the stationary
barrel having concentric opposite-hand-
ed threads and back into the pressure
build-up section of the screw.

The receding flights of the screw in-
teract with the increasing channels of
the barrel in such a manner that the ex-
trudate is partially forced out of the

screw into the barrel and hence sheared
to the material flow that has already
been transferred into the barrel (see
Fig. 4). 

This configuration enables effective
mixing of the compound in a very short
section (about 2 L/D) of the extruder
compared to conventional single-screw
extruders, allowing for a very compact
overall L/D ratio. 

If the transfermix extruder is used in
combination with a gear pump, the
length of the entire extruder can be re-
duced to about 9 L/D.

Mixing: process optimization
Because an extruder gear-pump sys-

tem is used, the pump operates at a con-
stant speed. 

The resulting value of the inlet pres-
sure is determined by the settings of the
single-screw extruder only. When in-
creasing the revolutions of the extruder
at approximately constant feed condi-
tions, the pump inlet pressure is in-
creased as illustrated in Fig. 5.

Because of the increase of the inlet
pressure, the differential pressure of the
gear pump is decreased. 

Furthermore, the specific energy in-
put of the feed extruder is increased si-
multaneously with the increasing inlet
pressure. 

Therefore, an increase of the inlet
pressure (achieved by increasing the
speed of the extruder at a constant out-
put) transmits more drive power to the
compound raising the specific energy in-
put of the extruder and thereby improv-
ing mixing.

The extruder gear pump system al-
lows easy adjustment of the mixing effi-
ciency in the transfermix extruder by

simply increasing or decreasing the P1
inlet set pressure.

The new iCOM continuous final mix-
ing process can thus be optimized for
each individual compound.

The complete set-up of the Shark sys-
tem for the iCOM process is very com-
pact as shown in Fig. 6. Major compo-
nents of the system are the single-screw
MCTD.

Shark extruder coupled with the gear
pump, an extrusion head and an option-
al hydraulic screen changer as illustrat-
ed in Fig. 11. 

At initial start-up, the gear pump and
MCTD extruder is run at a low speed in
order to fill the system with rubber.

However, even at start-up, the vul-
canization chemicals are still able to
be fed based on the speed of the gear
pump. 

Even if no inlet pressure is present
during start-up, the Shark extruder will
still provide mixing because the MCTD
zone is a pressure consumer capable of
mixing the compound from the begin-
ning. 

After a certain minimum inlet pres-
sure is achieved, the system automati-
cally speeds up to production settings as
stored in the PLC compound recipe. 

For each separate compound, the best
start-up settings can be found very
quickly by doing some preliminary test-
ing and then storing each individual
recipe in the PLC. 

The recipe function of the PLC system

thus provides the possibility of optimiz-
ing each start-up condition for every
compound so that sufficient mixing is
provided even during the start-up
phase.

Total output control by
volumetric operating gear pump

The gear pump’s operating principle
is schematically depicted in Fig. 7.

The material flow delivered by the
gear pump is dependent on the chosen
rotor speeds and the displacement vol-
ume per revolution. 

To ensure the uniformity and dimen-
sional accuracy of the throughput, a
constant delivery of homogeneous plas-
ticized material is vital to ensure that
the gear teeth cavities are completely
filled at the pump inlet, which is why
an extruder is used to feed the gear
pump. 

In this manner, equalized volumes of
material are transported along the gear
pump housing and displaced into the
outlet by the meshing of mating gear
teeth. 

With the complete filling of the gear
teeth cavities on the inlet side, pressure
fluctuations are greatly reduced.

By driving the gear pump and extrud-
er separately, a high degree of flexibility
is attained. 

In VMI-AZ’s extruder-gear pump sys-

tems, the extruder is driven as a slave to
the gear pump. 

The extruder screw speed is controlled
by the chosen inlet P1 set point pressure
via a Proportional-Integral-Differential
controller, which regulates the control
loop. 

When changing the throughput of the
system by adjusting the gear speed of
the pump, the extruder speed is auto-
matically regulated to deliver the set P1
inlet pressure and the corresponding re-
quired mass flow to the gear pump. 

This configuration enables the gear
pump to always deliver a constant out-
put.

Fig. 8 shows the results of a gear
pump fill test for different compounds.

These tests were done without an ex-
trusion head so that the P2 outlet pres-
sure was at ambient pressure. 

During this test, the P1 inlet pressure
was slowly increased while the output of
the gear pump was continuously meas-
ured. 

Once the gear pump was completely
filled, the output remained constant. 

Such a simple test can verify the re-
quired P1 minimum inlet pressure in or-
der to ensure 100-percent filling of the
gear pump for each individual com-
pound.

In practice, the minimum P1 inlet
pressure to completely fill the gear

Fig. 3. Loss-in-weight feeder position
at extruder feed zone.

Fig. 5. Easy process optimization provided by adjustable inlet pressure, P1.

Fig. 4. Schematic of the Shark extruder gear pump system with transfermix single-
screw extruder.

Fig. 6. Shark 150 extruder gear pump system for continuous final mixing and
straining.

Extrusion
Continued from page 17
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pump should be set to a higher value. 
This is done because the P1 inlet pres-

sure can vary because such items as
feed fluctuations. 

However, P1 inlet pressure changes
have very little influence on the output
consistency because the inlet pressure is
permanently above the necessary mini-
mum fill pressure of the gear pump. 

As a result, each individual pump gap
always transports the same amount of
rubber and therefore always discharges
the same amount of rubber at the pump-
outlet. 

As depicted in Fig. 9, the observed
pressure fluctuations on the inlet side

(P1) of the pump did not have any influ-
ence on the filling of the pump thereby
explaining the constant discharge pres-
sure.

An additional advantage of the gear
pump is the fact that the output is di-
rectly related to the speed of the pump
rotors and is only dependent upon the
specific compound density. 

The output of a gear-pump can be eas-
ily calculated using Equation 1.

Furthermore, Fig. 10 illustrates re-
sults carried out when combining a sin-
gle-screw extruder with a gear-pump. 

When plotting the measured outputs
versus the pump speed, it can be clearly
seen that the output is linear according
to the pump speed.

Therefore, the use of a gear-pump en-
ables the operator to predict the neces-
sary pump speed to obtain the required
output for a particular extrusion appli-
cation. 

It can be assumed that by using a gear-
pump, an extrusion system achieves a
linear output characteristic that is inde-

pendent of the rheological properties of
the compound. 

The output only depends on the com-
pounds specific density and the chosen
pumpspeed.

Summary
VMI-AZ’s new iCOM process for con-

tinuous final mixing during extrusion
has been in production since last year
and has proven to offer many advan-
tages as compared with final mixing us-
ing an internal mixer.

Major cost savings advantages that
provide a quick return on investment
are:

● one operator can be utilized for the
complete iCOM process

● reduced power consumption
● low investment (particularly when

compared to the cost of a new internal
mixer)

● less space requirement
A further significant advantage is the

quality improvement of the final mixed
compound. 

The compound vulcanization charac-
teristics are greatly improved as com-
pared to the old discontinuous batch-by-
batch mixing technology. 

These quality enhancements are
achieved by blending multiple batches
together by using our new iCOM process. 

Another important quality advantage
is the precise output control provided by
the gear pump and the LIW feeder for
the vulcanization chemicals. 

Because the PLC controls the settings
for both the gear pump and the LIW
feeder, compound recipe mistakes and
“human error” can be greatly reduced.

In addition to the iCOM mixing
process, the Shark system can also han-
dle compound straining. 

Fig. 11 shows our iCOM system
equipped with a hydraulic screen chang-

Fig. 7. Gear pump volumetric operating principle.

Fig. 10. Linear and predictable output,
single-screw extruder with gear pump.

Fig. 9. Inlet pressure fluctuations
above pump-fill pressure.

Equation 1. Output of a gear pump.

Fig. 8. Required inlet-fill pressure of a
gear pump for different compounds.

Fig. 11. Shark 150 with LIW feeder and screen changer.

Technical

The authors
Olaf Skibba is product manager

for extrusion systems at VMI-AZ,
where he has worked since 2002. 

He studied mechanical engi-
neering with a focus on processing
in Hanover, Germany. Skibba ad-
vanced to the German Institute
for Rubber Technology and later
attended Coventry University in
England, where he studied contin-
uous mixing of rubber compounds.

Skibba can be reached at oskib-
ba@vmi-az.com.

David Grepp has more than 35
years of rubber product sales and
marketing experience and is re-
sponsible for the North American
business sales development of VMI-
AZ Extrusions.

er for inline compound straining. This
inline straining option makes the new
process even more attractive and re-
duces the time frame for return on in-
vestment.

Kneader receives patent
Taiwanese mixing equipment special-

ist Kneader Machinery Co. Ltd. has
been issued a U.S. patent for its inter-
meshing rotor technology.

The patent covers its closed kneader
mixing machine, including a tilting mix-
ing chamber and a pair of counter-rotat-
ing intermeshing rotors mounted within
the chamber. Each rotor is a hollow cylin-

der with a spiral wing, and the counter-
rotating intermeshing rotors may be syn-
chronous, the patent abstract said.

Jacques Mortimer, vice president of
manufacturing and sales engineering
for U.S. arm Kneader Machinery USA
Ltd., based in Stow, Ohio, is one of the
inventors cited on the patent, along with
Shiro Hanada and Wan I. Chang.

Kneader markets its now-patented
technology under the “MXI” brand.

IN BRIEF
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