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Introduction
The aim is to produce 1.75mm diameter filament with the equipment available at Arcada production
laboratory. To achieve a good quality filament by testing and monitoring the diameter of the resulting
product. To test the end product in 3D printers and detect variations from commercial filaments.
In order to be feasible to print with the filament should have diameter of 1.75mm ± 0.05 mm. The
feeding element, plunger pins and drive gear of the 3D printer need to properly grip the filament
otherwise the filament width inconsistence could lead to jamming of the printer or slipping. [1]

Method
Materials
The following materials were used:
Polypropylene Homopolymer (PP), 2.5 % violet color, supplied by Sabic, MRF 2g/10 min. (230°C/2.16
kg).

Equipment
°
°
°

A single screw Eco Ex model extruder made by KFM
Puller and spooler and distributer of filament
Mitaten Extrusion plastometer

Drying
PP Sabic was provided as pristine material in pellet form. “PP are carrying moisture on the surface of
their pellets as a result of temperature and humidity. These materials can normally be dried by using
only hot air.” [2] PP Sabic was not dried prior extrusion.

Extrusion
4mm lace filament die was attached to extruder. In the first trial, air cooled system was used for PP
filament. In the second trial, a water bath to cool down the extrudate was used. A setup for air extrusion
process was used as in Magnum ABS extrusion.
In the third trial, a different setup for water bath extrusion was introduced. The puller, spooler and
distributer of filament were set up as shown in Picture 1. In addition, a dam was made to prevent a
filament to touch a bath’s bream and secure 90 degree entry to water as shown in Picture 2.
Align cooled bath with a die could help with a stable size production, roundness of filament and prevent
frequent filament breaks during parameters adjustment of the extrusion process.

Picture 1. Align cooled bath set up for extrusion process

Picture 2. A dam of water bath

The temperatures zones on the extruder were set as shown in table 1 for all three cases. Zone 1 heating
element is soon after the hopper and zone 6 is at the die.
Table 1. Temperatures of various extruder’s zones PP Sabic

Zone 6
185 °C

Zone 5
205 °C

Zone 4
195 °C

Zone 3
195 °C

Zone 2
190 °C

Zone 1
180°C

During the extrusion process various extrusion and pulling speeds were used in order to achieve
1.75mm diameter filament. References process parameters for PP Sabic can be seen in table 2 below.
Table 2. Process parameters for PP Sabic

Trial
Extrusion speed [rpm]
Pulling voltage (V)
Coiler voltage (V)
Cooling

2nd
10
9.5
Water bath

3rd
4
3.6
Water bath aligned
with the die

Results
The first trial
The result was not satisfactory. The filament did not have enough time to cool down with the air cooling
setup. During extrusion process, the filament collapsed under its own weight.
The filament was not consistent it had bumps and a rough surface. It also had a matte surface finish as
show in Picture 3. The filament did not contain air bubbles, but had contaminates on its surface as show
in Picture 4.

Picture 3. The first trial PP filament

Picture 4. Microphotograph of the first trial PP filament

It was chosen to not assess the diameter or the tolerances of the first trial as the result was so clearly
out of scope.

The second trial
The filament was an oval shaped and had some manufacturing defects such as line in the middle of the
filament. It had better results than those obtained with air cooling. The filament did not contain air
bubbles and had a clear straight borders (not lumpy) as shown in picture 5 and 6.

Picture 5. The second trial PP filament

Picture 6. Microphotograph of the second trial PP filament

The filament was not a round shaped with deviation in diameter. Therefore measurement of the
diameter was done twice at one point of measure, dimensions of length “a” and “b” was taken as shown
in figure 1 and table 3 below.
The measurements were done manually therefore the numbers could be inaccurate.

Figure 1. The filament cross-section

According to the results, the filament had an apparent deviation in diameter. The average of the sides
“a” and “b” were 1.45 and 1.95, difference was ± 0.50 mm. Maximum and minimum numbers of the
sides “a” and “b” were 1.74/2.05mm and 1.35/1.81mm with variance of ± 0.40mm .

Total length [mm]
Points measure

50000
50

Table 3. Measurements of the “a” and “b” sides of the second trial PP Sabic

Average ø [mm]
Median ø [mm]
Average Deviation ø [mm]
The % of average deviation from average
Max ø [mm]
Min ø [mm]
Max difference in ø [mm]
The % of the max difference from the average

the second trial
a
b
1.45
1.95
1.44
1.95
0.0438
0.0430
3.02
2.21
1.74
2.05
1.35
1.81
0.39
0.24
26.90
12.31

The third trial
The filament had a smoother surface compared to the second trial filament and did not have any visible
defects. It did not have air bubbles and its surface was clean from contaminants as show in Picture 7 and
8.

Picture 7. The third trial PP filament

Picture 8. Microphotograph of the third trial PP filament

According to the results, the filament had a consistent diameter with a required 1.75mm ± 0.05
thickness. The average of the sides “a” and “b” were 1.74 ± 0.02 mm. Max and min numbers of the
sides “a” and “b” were 1.90±0.04 and 1.57±0.03 mm as show in table 4.

Total length [mm]
Points measure

50000
50

Table 4. Measurements of the “a” and “b” sides of the third trial PP Sabic

Average ø [mm]
Median ø [mm]
Average Deviation ø [mm]
The % of average deviation from average
Max ø [mm]
Min ø [mm]
Max difference in ø [mm]
The % of the max difference from the average

the third trial
a
b
1.72
1.76
1.72
1.75
0.0610
0.0616
3.54
3.51
1.9
1.94
1.57
1.59
0.33
0.35
19.17
19.94

Table 5. The difference in measurements of a and b at each point of measure.

|a-b| [mm]
The Second Trial
The Third Trial
Commercial (ABS)

min
0,1
0,03
0,02

max
0,58
0,05
0,03

Table 5 above shows the results of an assessment of the difference between the values of a and b as
measured at each point. It should be noted that the measurement points were exactly 1 meter apart
from each other and not chosen according to an apparent point of good or bad quality. This entails that
the maximum difference of a and b measurement does not actually represent the lowest quality point in
the filament but just the lowest quality point measured. The difference in roundness achieved by the
use of 90 degree entrance point to the cooling water is distinctive. For comparison, values for
commercial ABS filament are shown in the table as well.

MFI (Melt Flow Index)
The test was done according to ISO 1133:2005 standard. The method is defined as the mass of polymer,
in grams, flowing in 10 minutes through a capillary by an applied load of 2.16 kg for temperature 230 °C.
Interval time was 10 seconds.

𝒈

The MFR (melt mass-flow rate) [𝟏𝟎𝒎𝒊𝒏] is calculated according to the following equation
𝑀𝐹𝑅(𝑇, 𝑚𝑛𝑜𝑚 ) =

600𝑚
𝑡

Where
𝑇 = 𝑡ℎ𝑒 𝑡𝑒𝑠𝑡 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 [°𝐶]
𝑚𝑛𝑜𝑚 = 𝑛𝑜𝑚𝑖𝑛𝑎𝑙 𝑙𝑜𝑎𝑑 [𝑘𝑔] (𝑡ℎ𝑒 𝑚𝑎𝑠𝑠 𝑜𝑛 𝑡ℎ𝑒 𝑝𝑖𝑠𝑡𝑜𝑛)
𝑚 = 𝑡ℎ𝑒 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑚𝑎𝑠𝑠 [𝑔]𝑜𝑓 𝑡ℎ𝑒 𝑐𝑢𝑡 − 𝑜𝑓𝑓𝑠
𝑡 = 𝑐𝑢𝑡 − 𝑜𝑓𝑓 𝑡𝑖𝑚𝑒 𝑖𝑛𝑡𝑒𝑟𝑣𝑎𝑙 [𝑠]

PP pristine (pellets)
PP pristine (filament)

MFI (230°C/2.16 kg)
6.19 g/10 min
7.58 g/10 min

Table 5. MFI results of PP

MFR of the filament PP is 7.58 g/10 min has a lower viscosity than the pristine PP. The higher the MFI
value corresponding to the low the viscosity rate.

Discussion
There are few possible reasons for the filament quality obtained in poor roundness and measurable
deviation in diameter. It could be spare moisture on the granules, because the material was not dried
prior to extrusion. There were not any visible defects and air bubbles inside the filament which usually is
the case in humidity present in the process.
Another possible reason could be an unsuitable setup for the extrusion process, especially the cooled
bath temperature and die distance set up. According to different sources, the water bath temperature

has a main effect on filament roundness due to an enormous temperature difference between the
filament (molten plastic) and the water. [3] It causes the bottom of the filament to cool faster, with
potentially a heavier wall and the top wall will be thinner because it will keep drawing-down longer. [3]
“The initial contact of the tube and the cooling water produces the most dramatic effect on tube
diameter, ovality, and wall concentricity.” [3]
On the other hand, the third trial cooling set up has been most successful up till now even without bath
temperature change. The average of the sides “a” and “b” of the filament were 1.74 ± 0.02 mm. The
effective set up was to prevent filament to touch a bath’s bream and securing 90 degree entry by
aligning cooling bath with the die exit. It helped with stable size production and roundness of the
filament diameter.
A two axis laser micrometer would be very useful for filament line quality control. [4]
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