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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.

Method
Materials
The following materials were used: Acrylonitrile butadiene styrene (ABS), Magnum 3904, supplied by
Trinseo, MRF 4.5g/10 min. (220 °C/10kg); Acrylonitrile Butadiene Styrene (ABS), ABS-175 3D filament
supplied by miniFactory.

Equipment
°
°
°
°
°

A single screw Eco Ex model extruder made by KFM
Puller and spooler and the distributer of filament
Flexible Modular Drying Unit, FMD-MM-25-40-v, Labotek
miniFactory and MakerBot 3D printers
Mitaten Extrusion plastomer

Drying
ABS Magnum was provided as pristine material in pellet form.
ABS is hygroscopic (moisture absorbing material). ABS should be dried prior to processing to avoid
surface defects such as voids, bumps, lines, craters or chicken tracks. [1] Target dryness for extrusion is
0.02% residual moisture in the granules. [1]
ABS Magnum was dried at temperature 85 °C for 2.5 hours. The drying parameters were taken from
Maiju Holm’s notes. [2]

Extrusion
During extrusion and 3D printing ABS creates fumes while being extruded. Fumes are tolerable, but may
be dangerous for a long period of time, especially for people with respiratory difficulties. A working area
should be well-ventilated.
Water bath cooling was not implementing in this extruder method.
An air cooling system was introduced: puller, spooler and distributer of filament were set up as shown in
picture 1. An air gun position is shown in picture 2, only 50% of its capacity was used. A 2 mm filament
die was attached to the extruder.

Picture 1. Set up for air cooled extrusion line

Picture 2. The air gun positioning

The temperatures zones on the extruder were set as shown in table 1. Zone 6 was not active and was
therefore set to room temperature. Zone 1 heating element is soon after the hopper and zone 5 is at the
material inlet point from the screw to the die, at the breaker plate.
Table 1. Temperatures of various extruder‘s zones for ABS

Zone 6
20 °C

Zone 5
200 °C

Zone 4
215 °C

Zone 3
215 °C

Zone 2
215 °C

Zone 1
230 °C

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

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

ABS Magnum
7
6.5
Room temperature

3D printing
ABS-175 3D filament supplied by miniFactory was used as a reference. Extruder temperature (3D
printing) was 230 °C and 90 °C for the heated bed.
Various 3D models were used in order to compare different filaments. The 3D models were downloaded
from Pinshape [3] and Thingiverse [4].

Results
Quality of the filament
The end product of air cooled extrusion was examined for indications of manufacturing defects. The
filament did not have visible flaws. It had a matte surface appearance rather than glossy and did not
break when bent as shown in Picture 3. The filament did not have air bubbles or surface contaminants
as can be seen in Picture 4.

Picture 3. The ABS filament, air cooled

Picture 4. Microphotograph of air cooled ABS filament

Tolerances and roundness
The filament was a round shaped with some deviation in diameter. The 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

The filament was extruded twice with the same processing parameters. The result can be seen on the
table 3 below. According to the results, the filament had a consistent diameter with a required 1.75mm
thickness. The average of the sides “a” and “b” were 1.74 ± 0.02 mm. Maximum and minimum numbers
of the sides “a” and “b” were 1.82±0.02 and 1.66±0.05. For comparative reference point, the
commercial ABS filament was also measured and assessed.

Total length [mm]
Points of measure (measurement taken every 1 m)

80 000
80

Table 3. Measurements of the “a” and “b” sides of ABS Magnum filament made by air cooling

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

1st attempt
a
b
1.76
1.74
1.76
1.74
0.028
1.60

0.032
1.85

1.82
1.66
0.16
9.11

1.81
1.64
0.17
9.78

2nd attempt
a
b
1.77
1.75
1.76
1.75

Commercial ABS
a
b
1.74 1.71
1.73 1.71

0.018 0.0190
1.03
1.09

0.022 0.021
1.31 1.24

1.82
1.72
0.1
5.66

1.8
1.69
0.11
6.30

1.8
1.69
0.11
6.32

1.77
1.68
0.09
5.25

Table 4. The difference in measurements of a and b at each point of measure.

|a-b| [mm]
First Attempt
Second Attempt
Commercial

Min Max
0,01
0,02
0,01
0,02
0,02
0,03

Table 4 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.

Trouble shooting during air cooled extrusion ABS
In the beginning of the process the filament was contaminated by leftover material inside the die as can
be seen in Pictures 5 & 6 below. For that case, a die cleaning is recommended.

Picture 5. The burned ABS filament

Picture 6. Microphotograph of burned ABS filament’s surface

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 10 kg for temperature 240 °C.
Interval time was 15 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]
Table 5. MFI results of ABS

ABS pristine (pellets)
ABS pristine (filament)
ABS commercial filament

MFI (240°C/10 kg)
3 g/10 min
5 g/10 min
14.10 g/10min

3D printing
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. [5]
The ABS Magnum filament (air cooled) was tested on the miniFactory and MakerBot 3D printers. A
geometric vase design was used to assess the filament quality and the adhesion between the layers of
filament. In addition to this, as the walls of the vase are thin one can well assess the filament quality, the
printing is relatively fast. The rigidity of the material used can also be assessed with this design by flexing
the printed vase. The jamming incidents did not occur during the 3D printing process.
There were no visual differences between the vase made from the experimental filament and the vase
made from commercial ABS. But the commercial ABS had a smooth surface and glossy surface as shown
in Picture 7.

Picture 7. The geometric vase: Commercial ABS (orange) and Magnum ABS (white)

3D objects with a large contact area (see pic. 8) with the print bed were printed without any issues with
immobility during the printing process.

Picture 8. Commercial ABS (orange) and Magnum ABS (white)

It was challenging to print 3D models with ABS Magnum filament which had small area of a contact.
Magnum ABS filament did not properly stick to the anti-slip tape. It could be due to lack of some
additives.
Adding wood glue to the glass surface of the heated bed made some improvement in the printing
process as can be seen in Pictures 9.

Picture 9. A multiple shell vase: commercial ABS (orange) and Magnum ABS (white)

3D prints with a small of contact area could be printed with brims as show in picture 10.

Picture 10. A root vase: ABS Magnum (white)

Discussion
The commercial ABS filament could have some additives for better quality prints, because it was
warping less during printing process and had a glossy finish compared to that of the ABS Magnum
filament.
An atmospheric air cooling has been a better option than the water bath cooling for the ABS Magnum
extrusion process. The result showed that the filament had roundness and a minor deviation in
diameter with average of 1.76mm, maximum 1.82 and minimum 1.69 mm values for both cases. The
Magnum was measured to have a more round cross section in comparison to the commercial filament.
MFI of ABS has a high melt flow rate matching to low molecular weight. MFI of commercial ABS filament
is 14.10 g/10 min which is significantly higher that MFI of pristine ABS of 5 g/min. The commercial
filament had a lower viscosity than the pristine ABS.
3D printer jams with commercial ABS filament happened rarely compared to air cooled ABS filament.
Jamming can occur because the teeth of the drive gear were not able to bite into the filament and
driving it through the extruder's hot end. It stopped a whole printing process which leads to repeating it.
[5]
Optimization of 3D printer parameters for ABS Magnum may provide a smooth surface and glossier
appearance.
ABS would be impossible to print without a heated build platform and anti-slip tape, because it does not
stick to cold surfaces and has a tendency to warp off the build platform. ABS will stick to acrylic at low
temperatures though. [6]
A two axis laser micrometer would be very useful for filament line quality control [7].
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