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APPLICATION NOTE

Use of melt pump to produce filaments for additive
manufacturing (3D printing)
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Executive summaryExecutive summaryExecutive summaryExecutive summaryExecutive summary
3D printing is a form of additive manufacturing technology
in which three-dimensional objects are created by deposit-
ing successive layers of material until the object has reached
the desired shape. 3D printing gives product designers the
ability to print parts and assemblies with materials of different
mechanical and physical properties using a single manu-
facturing process. With this technology, solid 3D objects
can be created from a digital plan that is created on a
computer (i.e.., CAD drawing) or scanned with a 3D
scanner. Thus, 3D printing enables the development of a
prototype in a fraction of the time and at a lower cost
compared to conventional machining.

This application note describes a process for compounding
a polymer formulation and producing a filament for 3D
printing in a single manufacturing run. This process saves
time and labor during end-product development and
reduces the thermal stress on the compounded filament
by minimizing heat-cool cycles.

From simple filament production ...From simple filament production ...From simple filament production ...From simple filament production ...From simple filament production ...
While a variety of raw materials can be used in the 3D
printing process, including concrete, human cells and metal,
polymers are the most common. The “inks“ for these 3D
printers are polymer filaments with a defined and very
constant diameter. Simple single-screw extruders are used
to make these filaments from a base polymer. Single-screw
extruders have high pressure build-up and constant output,
which is important for maintaining a constant filament
diameter. A limitation of using single-screw extruders is
that they are inefficient at mixing or compounding multiple-
component formulations for creating the 3D filament.

If advanced polymer compounds or custom formulations
are needed, twin-screw extruders must be used. Twin-
screw extruders allow for a much more flexible setup to
compound multiple ingredients into a homogeneous blend
for creating the filament.
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... to customized compounds... to customized compounds... to customized compounds... to customized compounds... to customized compounds
The nature of the twin-screw extrusion process results in
a slightly pulsating output, making it difficult to maintain a
constant filament diameter. For the use of these filaments
in a 3D printer, however, a constant filament diameter is
mandatory as it determines the shape quality  and stability
of the final printed product. Therefore, a constant output of
the extruder is necessary to achieve the desired filament
specification. The solution to this challenge is the use of a
melt pump located between the end of the extruder and
the filament-forming nozzle.

As shown in Figure 1 the Thermo Scientific™ Process 11
Melt Pump uses two closely meshing gears that rotate and
then separate on the inlet side of the pump. This creates
a cavity and a suction that is filled by the melt. The melt is
transported by the gears to the outlet side of the pump,
where the meshing of the gears displaces the melt. Since
the mechanical distances are very small, the melt is
effectively prevented from leaking backwards. The rugged
construction of the gears and the housing allows the
construction of very high pressures (up to 700 bar) and
the ability to pump high-viscosity melts.

FigurFigurFigurFigurFigure 1:e 1:e 1:e 1:e 1: Thermo ScientificTM Process 11 Twin-Screw Extruder with
attached Thermo ScientificTM Process 11 Melt Pump.
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By controlling the speed of the Process 11 Melt Pump,
a very accurate pulsation-free output can be maintained,
resulting in a constant diameter filament being extruded.

Materials and MethodsMaterials and MethodsMaterials and MethodsMaterials and MethodsMaterials and Methods
For this study, 3D printing filaments were made using
LDPE (Lupolen® 1800H low-density polyethylenen resin;
LyondellBasell Industries Holdings, B.V.) with different
extrusion setups. The filament production systems used
included:

1) Single-screw extruder (Thermo Scientific™ HAAKE™
Rheomex 19/25 OS Extruder)
2) Co-rotating twin-screw extruder (HAAKE Rheomex
PTW16/40 Extruder)
3) Co-rotating twin-screw extruder (HAAKE Rheomex
PTW16/40 Extruder) with a melt pump.

For all tests the same spooler unit was used to wind the
filament. This spooler unit is equipped with a laser-based
diameter measurement, which allowed a continuous on-
line measurement of the filament diameter.

Figure 3 shows the result of the 3D filament diameter
measurement over a measuring time of 50 minutes. Clearly
it can be seen, that the diameter fluctuations of the filament

Figure 2:Figure 2:Figure 2:Figure 2:Figure 2: Process 11 Extruder with attached Process 11 Melt Pump,
water bath and filament spooler unit (right to left).

FigurFigurFigurFigurFigure 3:e 3:e 3:e 3:e 3: Results of the 3D filament diameter measurement with the single-screw extruder, twin-screw extruder and twin-screw extruder with
attached melt pump.

produced by the twin-screw extruder without a melt pump
is significantly higher than the fluctuations of the strand pro-
duced by the single-screw extruder, and the one produced
by the twin-screw extruder with the attached melt pump.
Setpoint for the filament diameter was 1.7 mm.

Figure 4 compares the diameter fluctuations of the fila-
ments produced by the single-screw extruder and the
twin-screw extruder with attached melt-pump. The
variability with both setups is very low, and both filaments
are showing a similar, very high level of quality.

This can also be seen when checking the statistical data
from three diameter measurements (Table 1).

ConclusionConclusionConclusionConclusionConclusion
Three 3D filament production methods were assessed for
consistency of filament diameter; single-screw extruder
system, twin-screw extruder system and twin-screw
extruder with attached melt pump. The use of the melt
pump does significantly reduce the pulsation of the output
of a twin-screw extruder, and thus improve the consistency
of the diameter of an extruded filament.

Using a Process 11 twin-screw extruder with an attached
Process 11 Melt Pump gives the opportunity to transform
newly compounded polymer formulations directly into a
precise filament that can be used for 3D printers.

Alternative methods of production without melt pumps
include a pelletization step of the cooled down compound
and use this pellets in a subsequent single-screw extrusion
process to manufacture the filament.

Very similar results as presented in this study can be 
achieved when working with an 11 mm twin-screw extruder 
with a setup as shown in Figure 2.
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Visit thermofisherthermofisherthermofisherthermofisherthermofisher.com/extruders .com/extruders .com/extruders .com/extruders .com/extruders to learn more.
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Figure 4:Figure 4:Figure 4:Figure 4:Figure 4: Results of the diameter measurement with single-screw extruder and twin-screw extruder with attached melt pump.

TTTTTable 1: able 1: able 1: able 1: able 1: Statistical results of the diameter measurement with single-screw extruder, twin-screw extruder and twin-screw extruder with
attached melt pump.

Average

Minimum

Maximum

Deviation

Dev. in %

Std. Dev:

FilamentFilamentFilamentFilamentFilament Single-screw ExtruderSingle-screw ExtruderSingle-screw ExtruderSingle-screw ExtruderSingle-screw Extruder TTTTTwin-scrwin-scrwin-scrwin-scrwin-screw Extruderew Extruderew Extruderew Extruderew Extruder TTTTTwin-scrwin-scrwin-scrwin-scrwin-screw Extruderew Extruderew Extruderew Extruderew Extruder
DiameterDiameterDiameterDiameterDiameter      with Melt Pump     with Melt Pump     with Melt Pump     with Melt Pump     with Melt Pump

1.699 mm

1.631 mm

1.773 mm

0.142 mm

4.2%

0.0227

1.699 mm

1.334 mm

2.089 mm

0.755 mm

22.2%

0.1135

1.694 mm

1.648 mm

1.798 mm

0.150 mm

4.4%

0.0231

The above mentioned setup of Process 11 twin-screw
extruder with attached Process 11 Melt Pump helps to
significantly reduce time and labor in development of
such filaments. Also the thermal stress of the material is
reduced by eliminating unnecessary heat-cool cycles
that occur if compounding and filament production is
separated.

www.thermofisher.com/extruders


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




