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Abstract
Today’s plastic production plants can have a yearly
capacity of more than 400,000 t. New catalysts enable
them to produce a great variety of increasingly softer
product grades in the same reactor. Together with logistic
concepts that increase conveying distances, the polymer
industry has reached the limits of traditional dilute and
dense phase pneumatic conveying systems.
This paper presents a new concept to convey plastic
pellets as water slurry to overcome the limitations of
pneumatic conveying. A further benefit of this technology
is the gentle handling of attrition sensitive plastics like
Polycarbonate and Polyester.

Background
In general dilute phase conveying with high capacity
over long distance is technically possible. Due to the
resulting large pipe diameter and therefore high conveying
velocity there will be substantial attrition of polymer dust
(1). This dust reduces the final product quality, has to be
removed and will be lost production. With softer polymers
there will be the formation of streamers that can cause
production and of course quality problems as they are
difficult to separate. Single line dense phase low velocity
conveying systems have definite limitations in distance as
well. Pipe diameters have to stay below 300 mm in order
to keep the pipe shock forces, resulting from the moving
product slugs, within a manageable range. Figure 1 shows
the limits for product mass flow versus conveying distance
for today’s bandwidth of Polyethylene pellets. Basis for
this graph is a 315 mm pipe and a conveying pressure of
6 bar which is the practical limit of available rotary
feeders. This graph shows that the conveying capacity for
softer LLDPE grades and a typical conveying distance of
200 m is limited to 50 t/h. With extruder capacities of 70
t/h and still increasing demand this will be the ideal
application for hydraulic conveying.
The benefit of using water instead of air as the
transport medium is that the specific density of the
polymer is relatively close to the specific density of water.
The pressure loss is calculated as pressure loss of the
conveying medium without product plus the additional
pressure loss due to the product. In both, pneumatic and
hydraulic conveying, the pressure loss due to the
conveying medium is a smooth function of the conveying
velocity (Figure 2). The additional pressure loss due to the
product in a horizontal pipe is caused by friction or better
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called “slip”, which is defined as the difference between
the medium and the pellet velocity. The “slip” in water
slurry and therefore the additional pressure loss due to the
product is a much smaller portion of the total pressure loss
compared to pneumatic conveying. Figure 2 shows this
relationship from test data taken in a 65 mm pipe. This
physical effect also helps to make hydraulic conveying
more tolerant for product grade changes than pneumatic
transport, which normally is a serious influencing factor on
pressure loss and therefore system performance especially
with softer grades.
Air as the conveying medium in pneumatic conveying
systems is a compressible gas. As the conveying pressure
decreases from the pickup point towards the terminal
point, the gas velocity increases. In a hydraulic conveying
system the medium water is not compressible. The water
velocity will therefore be constant throughout the entire
length of the conveying pipe. This constant low velocity
and the small “slip” are the reason for an up to 65% lower
energy consumption of the hydraulic conveying.
Typical slurry velocities in hydraulic conveying
systems are in the range of 2.0 – 4.5 m/s. They are related
to factors like minimum required conveying velocity and
residence time of the product in water. The minimum
velocity depends on the polymer density similar to
pneumatic conveying (1) and is increasing with increasing
density. Table 1 shows feasible capacities in various pipe
sizes for LLDPE and a volumetric concentration of pellets
in the slurry of 25%. Figure 3 shows the relationship of
pellet mass flow versus conveying pipe diameter for
hydraulic, dilute and dense phase conveying. Even when
reaching the technical limits with the pneumatic
conveying, the hydraulic conveying needs just 50% of the
pipe diameter.

Hydraulic Conveying Concept
Figure 4 shows a typical hydraulic conveying concept.
The pellets are removed from the pelletizing water loop
either by a dryer or a dewatering device. The pellets then
enter the agitator bin, where a rotating paddle creates a
controlled, homogeneous mixture of pellets and water. The
slurry passes through the conveying pump to the
concentrator. Here a controlled volume flow of water is
drained from the slurry, to create the desired volumetric
pellet concentration for the conveying. It is important to
note that the concentrator is controlling the velocity and
the concentration in the conveying line independent of the
conditions at the slurry pump. The resulting slurry is

conveyed to the dryer inlet at the terminal point. Pellets are
separated from the slurry and dried. The water passes
through a filtration device into a storage tank, and is then
pumped back to the storage tank in the pelletizing area.
From the storage tank water is fed by gravity to the
agitator bin. The water temperature in the return line is
controlled. This is necessary since typically a temperature
of 50 - 60°C must be maintained at the dryer inlet in order
to ensure drying results (2).
A further concept is to combine the water return loops
of the pelletizer and the hydraulic conveying system, thus
sharing the water filtration and water storage tank. The
obvious benefit is to eliminate one filtration system and
one storage tank to reduce capital investment and
maintenance cost. A second benefit is the saving of energy.
The pelletizing loop is continually cooled to remove the
heat introduced by the polymer melt. The conveying loop
on the other hand is continually heated to satisfy the dryer
inlet conditions. By combining both water streams the
conveying system can assist in cooling the pelletizing loop
and therefore conserve energy. Temperature and
conveying pressure are influencing the pelletizer
performance and have to be considered in this concept.
To gain the most benefit from the hydraulic conveying
system it is important to look into the overall plant layout
concept. A typical finishing area can be divided into
extrusion and logistics area. Figure 5 shows a concept,
where the hydraulic conveying system is directly following
the pelletizing loop. The blending silos are located in the
logistics area next to the storage silos. The advantage of
this arrangement is, that only one pellet dryer is required.
On the other hand, it is a disadvantage that the overall
pneumatic conveying distance, which includes the
recirculation around the blenders, can be quite long. There
might still be the need for pellet cleaning equipment or the
final product quality will be reduced.
Figure 6 shows a second possible plant concept. In
this concept, the hydraulic conveying system is located
downstream of the blenders, which offers several
advantages:
• The dust that is created during pneumatic
conveying to and recirculation around the
blenders will be removed by the hydraulic
conveying system. It washes the pellets clean.
• The required conveying rate downstream of the
blenders is typically higher than directly
downstream the pelletizer. In using hydraulic
conveying at this point we take advantage of its
strength to be more efficient with high capacities
over long distances.
• The overall pneumatic conveying distance after
the blender and the hydraulic conveying system
dryer is minimized, which improves final product
quality.

•

The concept includes moving the blending silos
directly next to the extrusion area. This simplifies
quality control and product rework during grade
change periods where transition grade product is
normally conveyed back to the extrusion area.

The disadvantage of this concept is that it requires two
pellet dryers: one for the pelletizing loop and one for the
hydraulic conveying loop.

Product Attrition
Product attrition is not only a quality issue but also a
loss in production. Table 2 shows how much product waste
in form of fines and streamers is created when using
different pneumatic conveying modes (3). Assuming a
250,000 t/y LDPE plant running with just average grades
in regards to attrition, has a overall conveying distance
including blending of 1000 m. With an attrition rate for
dilute phase conveying of 250 ppm/100m this will result in
a yearly product loss of 625 t.
Measurements taken in a test plant and in large-scale
applications have proven, that no measurable quantity of
fines or streamers are generated during hydraulic
conveying. There are only two locations in the concept that
have the potential for product damage. First the slurry
pump that could shear product. But through a special pump
wheel design and clearances between pump and housing
this has been eliminated. Second the centrifugal dryer,
which creates a small amount of fines due to its physical
principle. Depending on the product type and pellet
quality, this is in the range of 15 – 30 ppm. But as both
pneumatic and hydraulic conveying use a centrifugal
dryer, it is considered to be no point of discussion.

Water Absorption
The polymer pellets are fed back into water, which is
the conveying medium and remain in the slurry for a few
minutes until they reach their destination area. Therefore it
is interesting to know how much water the pellets will
absorb at operating temperature within a typical time span.
All common measurement methods for moisture
content in polymer pellets measure the total moisture
content. The standard final moisture content of a
centrifugal dryer normally is less than 500 ppm if the
pellets enter the dryer with 60 °C (2). This is the
temperature a hydraulic conveying system will operate at.
The total “under water” residence time of the pellets in the
system can be calculated from the average residence time
in the agitator bin plus the time in the conveying pipe.
Agitator bins are designed for 30 – 45 s residence time. A
700 m conveying pipe at 3.5 m/s slurry velocity adds
roughly 3.5min. The typical overall residence time is
therefore less than 5 min. Figure 7 shows the water
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absorption for different polyolefin pellets that were kept
for 5 min at 60°C in the hydraulic conveying loop and then
ran through a centrifugal dryer. The moisture content was
measured with Karl-Fischer titration, where the pellets
were heated in an oven. The most critical product tested
absorbed less than 90 ppm in 5 min. Compared with the
500 ppm, pellets leaving the centrifugal dryer can have,
this result is just a fraction. Water absorption in polyolefin
pellets should therefore not be a point of concern. Even
under worst-case conditions (we tested 2 h at 60°C), the
most critical product absorbed less than 300 ppm. There is
a general tendency that the higher the particle density, the
less water will be absorbed. Of course, additives and fillers
will influence the results as well and these polymers have
to be tested.

Summary
As polymer plants are getting larger and pneumatic
conveying systems are reaching their limits, hydraulic
conveying will play a more important role in the future.
Systems for PE and PP have already been successfully
installed and systems for PC have proven their potential to
handle ultra clean optical grades.
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Product Density: 900 kg/m3
Concentration:

25%

Nominal Pipe
Diameter (mm)
54.8
66.9
82.8
108.2
134.6
161.6
187.7
211.6

2,0
3,9 t/h
6,4 t/h
8,9 t/h
15,1 t/h
22,7 t/h
33,5 t/h
44,8 t/h
57,8 t/h

2,5
4,8 t/h
8,0 t/h
11,1 t/h
18,9 t/h
28,4 t/h
41,9 t/h
56,0 t/h
72,2 t/h

Conveying Velocity (m/s)
3,0
3,5
4,0
5,8 t/h
6,8 t/h
7,7 t/h
9,6 t/h
11,2 t/h
12,8 t/h
13,4 t/h
15,6 t/h
17,8 t/h
22,7 t/h
26,5 t/h
30,3 t/h
34,1 t/h
39,8 t/h
45,5 t/h
50,3 t/h
58,7 t/h
67,0 t/h
67,2 t/h
78,4 t/h
89,7 t/h
86,7 t/h 101,1 t/h 115,6 t/h

4,5
8,7 t/h
14,4 t/h
20,1 t/h
34,1 t/h
51,2 t/h
75,4 t/h
100,9 t/h
130,0 t/h

Table 1. Capacity in different pipe sizes
Dense-Phase

Dilute-Phase

Conveying

<==>

Conveying

250,000

250,000

250,000

t/y

Extruder capacity

32

32

32

t/h

Attrition @ 60°C

20

50

250

ppm/100 m

1,000

1,000

1,000

m

50

125

625

t/y

Plant capacity

Conveying distance
Product loss

Table 2. Attrition in pneumatic conveying
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Figure 1. Limits of pneumatic dense phase conveying
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Figure 2. Pressure drop in a horizontal D=65mm pipe
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Figure 3. Capacity of hydraulic vs. pneumatic conveying
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Figure 4. Hydraulic conveying concept

Figure 5. Plant concept with hydraulic conveying downstream of the pelletizer

Figure 6. Plant concept with hydraulic conveying downstream of the blender
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Figure 7. Water absorption in pellets 5 min @ 60 °C
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