
DOCTOR FILAMENTS
a Guide for 3d printing materials



“Here at TreeD Filaments we think that the 
progress is easier to reach if we all share a bit 
of the knowledge we own and make it available 
for the others.”



This compact guide intends to provide information for the optimal use of 
polymer-based filaments produced by us in the 3D printing industry. 

Through this information, we hope to give you all of the necessary information 
needed to choose the ideal material required for the specific application. This 
guide will lay out specific characteristics of the most widely used polymers in the 
industry, offering a quick and comprehensive look at each 3D printing material.

what is this guide for?



The considered material data refers to filaments produced by the 3D printing 
filament company TreeD, The data was borrowed from industrial production and 
is commonly used in industrial fields. 
The guide does not consider any materials that are uncertain or non-existent in 
the industrial market. Some materials may consist of small additivities to enhance 
the 3D printing process. 
Therefore, the following information comes from both major plastic materials 
manufacturers data-sheets, as well as our own manufacturing experience and 
practice, which was aided by top-notch research laboratories.

Please note:
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3D printing technology is one of the most innovative creations of the last few decades, giving every person the 
capability to produce an object at any place and time. 
This technology allows users to produce prototypes, which are first created in a 3D digital model created in a CAD/CAM 
software or scanned using special 3D scanning equipment. Creating these 3D printed models with CAD results in 
reduced errors and can be corrected and modified before printing, allowing alterations to the object’s design before it 
is printed.

This CAD software process functions through an ordered stack of layers. The virtual 3D object is subdivided into 
transverse portions of equal height, and are subsequently sent to the 3D printer to be reproduced through a vast array 
of technologies and materials.

Stereolithography (SLA) technololgy was the first 3D printing technique to be developed. It utilizes liquid resin materials, 
primarily monomers, which are hardened into the shape of the 3D model by a high-powered laser. This particular 
process is called photopolymerization, causing chains of molecules to link together form polymers.

Selective Laser Sintering (SLS) technology also utilizes a laser as the power source, but sinters powdered material 
instead of resins. The laser binds the powdered material together to create a solid 3D structure. The powders used to 

1) Development of the model with CAD
2) Development CAM to translate the model slice
3) The liquid which polymerizes (switch in the solid state) 
in the presence of laser light
4) Mechanics which, guided by the computer, lowers the 
support table (tray), and then the prototype construction 
and made in succession in the slice ("slices") higher
5) The laser light generator that is driven by the computer 
to generate, for polymerization (make solid the liquid), the 
prototype layer by layer

Source: Wikipedia

1.1 technologies
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produce these 3D models are generally obtained from the micronization of polyamide 11, 12 or copolyester elastomer.
There are also other 3D printing technologies, such as PolyJet or Multi Jet Modeling (MJM). These technologies are 
capable of producing parts with great precision and in a full range of colors. In these processes, the resins are carried 
from cartridges to the printer head and then hardened to form the desired shape. These are proprietary technologies, 
and are still very expensive and not as common in the industrial market.

Though all of these 3D printing technologies provide their own 
unique benefit, none is more popular and accessible process 
is the Fused Filament Fabrication (FFF).

FFF technology, also known as Fused Deposition Modeling 
(FDM), uses a continuous strand of filament of a thermoplastic 
material, which is melted and forced out of a heated nozzle. 
This nozzle is called the printer extruder head, depositing the 
material upon the formulating object. Increasingly economic 
and performing, FFF 3D printers are becoming more and 
more creatively integrated with production processes of small 
and medium-sized enterprises around the world, not only in 
the field of rapid prototyping, but also in the industrial design 
sector, especially in regards to construction engineering, the 
automobile and aerospace industries, architectural design, art, 
clothing, jewelry, medicinal purposes and scientific research.

The FFF Technology - Image source: www.studiodagiacomo.it

1.2 fff technology
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The most common material used in FFF 
technology is PLA, polylactic acid, a 
biodegradable thermoplastic derived from 
renewable resources, such as corn starch. This 
polymer has good dimensional characteristics 
and is resistant to ultraviolet rays, but also lacks 
from the mechanical and thermal resistance 
point of view. 
In order to overcome these glaring deficiencies, 
modified versions of PLA were developed, 
many of which provide superior technical 
characteristics compared to the original PLA 
material, but not always keeping the benefit of 
being compostable.

The truth is that the world of polymers offers a 
very wide range of 3D printing materials, each 
formulated with the characteristics required by the industrial and creative sector.
This expansive range of materials gives the designer the capability to meet the needs of each application.

There are different types of materials used for FFF 3D printing. These can be divided into two main areas: aesthetic 
materials and technical materials.

The first gives the possibility to have unique surface finishes, such as the stone effect or wood effect. These materials 
can even contain additives that allow oxidation and rust on the printed product.
These types of filaments are generally a blend of more than one material, which come together to obtain the desired 
aesthetic effect.

PLA vs Flexible material - Image source: www.creative-tools.com

1.3 FFF MATERIALs
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The latter, however, are mainly composed of industrial origin materials, and are purely processed to maintain 
unchanged and provide the most optimal technical characteristics possible.

Depending on the application of the material, you can search for the most suitable starting from the required features, 
which include:
- Polymers with high mechanical characteristics;
- Materials with high resistance to fatigue and wear;
- Filaments capable of withstanding extreme temperatures, down to -40 ° C and up + 100 ° C, as well as atmospheric 
agents and ultraviolet rays;
- Elastic filaments formulated with different degrees of flexibility;
- Medical grade materials, suitable for contact with food, implantable within the human body;
- Composite materials, alloys and much more.
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Thermoplastic polymers are polymers formed from long linear chains, 
and are able to be increased to the temperature beyond a certain level 
called the glass transition temperature or TG, which either brings them 
to a viscous or plastic state. These plastic materials can have different 
molecular structures depending on how the chains of the atoms are 
arranged. This feature, known as the degree of crystallinity, has a major 
influence on some material properties, such as transparency or rigidity.

Viscous materials are characterized by a disordered molecular 
structure, in other words, the chains of atoms are arranged randomly 
within the material. 
The amorphous polymers 
are characterized by a poorly 

defined melting temperature and transparency. Some examples of amorphous 
polymers are HIPS, ABS, PMMA, PC.
The materials in the semi-crystalline structure, however, have a partially ordered 
molecular structure that coexists within areas of an amorphous structure. They 
are generally rigid and opaque plastics, characterized by a well-defined glass 
transition temperature. This includes the PE, PP, PLA, PET, PA materials.

The degree of crystallinity within these materials depends on the cooling of the 
polymer during the 3D printing phase, which, if performed is too suddenly or 
inadequately, can reduce the mobility of the molecules before they can stabilize 
in a neat condition, causing debilitating cracks or delamination. Because of this 
fact, it is recommended that a these materials are 3D printed in a controlled 
environment.

2.1 physical properties

Amorphous vs Semicrystalline structures. - Image source: Wikipedia

Polymer behaviour. - Image source: Wikipedia
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The density, also called specific gravity, is the specific measure of the mass per unit volume, and is usually expressed in 
kg /m3, in accordance to the ISO 1183 standard.
An object 3D printed using a denser polymer will weigh more and utilize more meters of filament. On the contrary, a 
spool of lower density filament will often contain more meters of material (weight for weight), which enables you to print 
more objects overtime.

The Melt Flow Index ( MFI) indicates the fluidity of a polymer material. This value, usually expressed in g / 10min, follows 
the standard ISO 1133, which applies different methodology depending on the polymer type.
The higher the value, the higher the fluidity rate of the material passing through the printer nozzle, allowing for higher 
print speeds.

The Mold Shrinkage indicates the withdrawal of the material into a mold, and is expressed in percentage (%), according 
to ISO 294.
This parameter is quite difficult to apply with 3D printing given the different reference conditions, but may function as an 
indication of the warping that the material will have on the printing plane.

Hygroscopic refers the amount of moisture absorbed by a material, and is also expressed as a percentage.
In fact, most polymers tend to absorb moisture in the air, leaving each material susceptible to different consequences, 
in special cases also to degradation such as to render it unusable.

In regard to hygroscopy, you can divide materials into two groups: low absorption, where the presence of moisture 

2.1.2 Melt Flow Index

2.1.3 mold shrinkage

2.1.4 hygroscopy

2.1.1 density
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does not have a significant impact on the final manufactured article; or high absorption, 
which is when the amount of moisture has a considerable impact on the resulting 
material.
It ‘s extremely helpful to know more about hygroscopic materials, and even more, 
to visually recognize the absorption of moisture effects. In fact, 3D printing filament 
undergoes a thermal stress during printing, which leads to the release of excessive 
moisture that the polymer reabsorbs after its transformation. 

This phenomenon is actualized with various recognizable effects:
- Crackling of the newly extruded filament from the nozzle 
-Formation of small bubbles and smoke accentuated.
-Rough surface

A good environment to store unused filament spools is within a hermetic container, 
which acts to reduce the moisture absorption as much as possible. An excessively 
brittle material with rough surface can be a unwanted symptom of high absorption 
levels, which could potentially render the filament it unusable.

The mechanical properties of a material relate to its ability to a number of critical 
properties, including strength, ductility, hardness, impact resistance, and fracture 
toughness. The knowledge of the mechanical characteristics in each individual 
material helps to find the optimal choice for the specific application.

2.2 mechanical properties

Material Hygroscopy (%)

Low water absorbtion
PE 0,2
PP 0,2
TPA 0,5
HIPS 0,5
PA 11 and 12 0,8
PA CF 0,85
ASA 1,01
PMMA 1,05
PLA 1,1
PC 1,1
ABS 1,3
PC-ABS 1,35
TPU 1,6

High water absorbtion
PETG 3,1
PA 6 4
PA 6/6 5
PA 6/10 9

Polymer hygroscopy
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Mechanical strength is the ability to withstand stresses and strains. In 
essence, it indicates the maximum stress that a generic material is able to 
withstand before reaching its breaking point.

The resistance of each material is dependent on several intrinsic factors, 
such as the quality of the polymer, as well as manufacturing and storage 
conditions. As previously stated, a material that is preserved or stored poorly 
will have mechanical strength characteristics even worse than the original 
material.

The mechanical strength of the materials can be measured with various 
types of stress tests, and therefore the specific resistance can be classified 
according to the test:
- Bending strength, expressed in MPa, flexural strength, ISO 178.
- Tensile strength, expressed in MPa, tensile strength, ISO 527.
- Compressive strength, expressed in MPa, compression strength, normally 
604.

These properties greatly influence the success of your functional 3D printed 
object. This particular material characteristic will be the difference maker 
between a functional object and an object prone to breakage.

The resiliency of a material is its ability to resist dynamic forces, what the elastic limit is before creating a permanent 
deformation in the printed object.
A Charpy impact test can be used to determine the amount of energy absorbed by a material during fracture. This 

2.2.2 Resilience

2.2.1 Resistance

Traction test. - Image source: Wikipedia
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method uses a pendulum swing to strike the material in question and test the elastic limits.
An object printed with a material with low resilience will be extremely fragile, and will be much more susceptible to 
breakage.

The hardness is the property that indicates the plastic deformability of a material. This characteristic is defined by its 
resistance to permanent deformation.
Hardness tests specifically determine the material resistance to being struck by an object in a concentrated area.

There are different scales for measuring the hardness of materials. The most popular tests are Brinell, Vickers, Rockwell 
and Mohs.
Printing with materials that provide high hardness will enable 3D printed objects to be highly resistant to compressive 
deformation.

The fatigue resistance defines the material’s ability to resist stresses over an extended period of time.
This value is one of the main indicators of an object that is practical and useful in everyday life. A material subjected 
to varying loads over time, even if below the limit of elasticity, can still damage the object to the point of mechanical 
failure.
3D printing materials with great resistance to fatigue will ensure objects that can serve a function for an extended 
period of time.

The thermal properties of a material deserve special attention in the case of polymers. 
They include critical factors such as the heat capacity, the thermal conductivity, the coefficient of expansion, the 
thermal shock resistance and the phase change temperature.

2.2.3 hardness

2.2.4 fatigue

2.3 Thermal properties
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One of the values widely observed and used in product design is Heat Deflection Temperature (H.D.T.).

This characteristic indicates the temperature limit beyond which 
a manufactured object is deformed under a specified load. The 
standards adopted for this testing (such as ISO 75) refer to well-
defined conditions at a known temperature.

In the case of the PLA, which has a relatively low H.D.T, this limit is 
reached when the 3D printed artifact softens and begins to deform.

When FFF technology is used to fulfill this requirement, it’s 
recommended to keep a prudent position on thermal properties, 
keeping a comfortable degree of difference between the H.D.T. 
and the actual temperature that will be applied to the product. The 
reason for this is because the adhesion between the layers of a 
printed object do not always guarantee a completely homogeneous 
surface.

The data provided by TreeD Filaments for their materials have 
already showed lower H.D.T compared to the figures provided 
by the material manufacturer, the latter of which provides can 
guarantee more functionality to users.

2.3.1 h.d.t.

TreeD 
Name

Chemical 
Name

H.D.T. min 
(°C)

H.D.T. max 
(°C)

Rigid Materials
Ecogenius PLA 50 55
Shogun PLA mod. 78 90
Stiron HIPS 58 72
Architectural N/A 61 78
GPET PETG 65 71
Morphy Bio Polyester 55 61
Performance ABS 68 88
UV 729 ASA 85 97
HIRMA PMMA 88 97
TENAX PC-ABS 93 102
Longcahin PA 92 135
Carbonium PA CF 98 149
P51 PC 104 122

Flexible Materials
Kyotoflex Bio Polyester 48 61
FlexMark 7/8/9 TPU 57 89
Ultraflexx TPE C 65 71
Ultraflexx + TPE C 69 82
Flexability TPA 65 93
Flexability + TPA 69 98

H.D.T. Temperatures - Source: Internal
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By elastomer is meant a polymer with high flexibility.

The elastomers are classified according to their hardness via a dimension the Shore,which can be in type A and type D. 
The higher the lower value will be its elasticity.
The most popular elastomers are easily recognizable by the initials, TPE, which stands for Thermo Plastic Elostomer.

A fourth letters as a suffix identifies the polymeric group, for example TPE-U, Termoplastic Elastomer PoliUrethan. 
To be fast the letter E is deleted.

TPE-U, thermoplastic polyurethane, elongation up to 500%, good elastic memory, high 
resistance to break, good wear resistance, good printability at low speed.

TPE-E, copolyester, high toughness, resistance to UV rays, does not react to oils and 
fuels, good printability at average speed.

TPE-A, polyamide, high impact strength from -50 ° and above, low elongation (up to 
150%), good abrasion resistance, good printability, average speed.

TPE-O, polyolefins, high tear and impact resistance, weather-resistant, difficult to print.

TPE-S, styrenics (sbs, sebs), high elongation, good abrasion resistance, medium 
printability, low speed.

2.4 elastomers

Scale A Scale D

100 58
95 46
90 39
85 33
80 29
75 25
70 22
65 19

Shore A to shore D comparison chart



16

www.treedfilaments.com - unconventional filaments

In the next episodes:

Part 3 - A FILAMENT FOR EVERY NEED

3.1 The materials available for FFF Technology
3.2 Diameters: 1,75mm Vs 2,85mm
3.3 Differences between 3d printing and traditional 
molding
3.4 How to identify a well made filament

Part 4 - INSIGHTS

4.1 Bio Materials
4.2 Polymer Alloys and Blends
4.3 Additives and charges
4.4 Composites
4.5 Multi-material molding process

Part 5 - CASE STUDY - PROSTHETIC MATERIAL



17

www.treedfilaments.com - unconventional filaments

This work is licensed under a 
Creative Commons 

Attribution-NonCommercial 4.0 
International License.



PArt 3
a filament for every need



Part 3 - A FILAMENT FOR EVERY NEED

3.1 The materials available for FFF Technology
3.1.1 Biopolymers
3.1.2 Olefin
3.1.3 Styrene
3.1.4 Acrylic
3.1.5 Polyesters and Polyurethanes
3.1.6 Polyamides

3.2 Diameters: 1,75mm Vs 2,85mm 

3.3 Differences between 3d printing and traditional 
molding

3.4 How to identify a well made filament

table of contents



20

www.treedfilaments.com - unconventional filaments

As mentioned before, FFF 3D printing technology strictly utilizes thermoplastic materials.
They provide complete malleability, softened under the action of heat and molded or formed into a finished object, only 
to be cooled again. This process can be repeated many times.

Because of this reason, FFF technology has a wide variety of usable materials that are far superior to other 
manufacturing technologies.

These can be divided into families, depending on their characteristics:
-Biopolymers: PLA, PHA
-Olefin: PE, PP
-Styrenics: HIPS, ABS, SB, ASA
-Acrylics: PMMA
-Polyester: PET, PET-G, PC, TPE-E
-Vinyl: PVC
-Amide: PA 6.6, PA 11, PA 12, TPE-A
-Urethane: TPE-U

Biopolymers include PLA and PHA.

They are produced using raw natural materials, and by principle are generally easy to print with and typically 
compostable. But they do have some limitations in external exposure and low mechanical strength characteristics.

The most common uses for these polymers are compostable containers and a majority of general objects produced 
with 3D printing.

3.1.1 Biopolymers

3.1 The materials available for FFF Technology
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The generic term polyolefins indicates a group of plastics that are comprised of polyethylene (PE), low density (LDPE), 
linear low density (LLDPE) and high density (HDPE), and polypropylene (PP). Together, these polyolefins account for 50% 
of the total consumption of plastics, making it the most widespread polymer.

They have excellent insulation properties and chemical stability, but they are not yet widespread in the 3d printing 
industry due to adhesion problems.

The most common uses for these polymers include bottles, bags, packaging films for foods, pipes for water and gas 
tubes, parts of household appliances and motor vehicles, luggage, packaging, and plates and pipes for the building.

Styrene polymers are an important family of plastics that consists of styrene as a basic component. These polymers 
offer a number of advantages: they are light, waterproof and provide exceptional thermal insulation. If necessary, they 
can be made unbreakable, transparent, can be conveniently processed and colored, and is easily recyclable.

This family of material products includes:
- PS or polystyrene: This material is primarily used to produce components for electrical appliances or a wide range of 
finished products. In transparent form it represents the coffee palette.

TreedD recommend printing with High Impact Polystyrene as the inside consists of an elastomer that improves impact 
resistance. It’s extremely easy to 3D print with and is normally used for removable media due to its solubility.

- ABS or Acrylonitrile-Butadiene-Styrene. ABS is a celebrated material that is resistant and durable even at low 
temperatures, and also has high resistance to heat and chemicals.

However, the downside is that it has a low resistance to ultraviolet rays. This is because the primary component 
butadiene tends to migrate.

3.1.3 styrenE

3.1.2 olefin
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In the world of 3D printing, ABS is used as a mechanically stronger alternative to PLA. However, it’s important to note 
that this polymer needs to be utilized in a heated and controlled environment in order to minimize shrinkage through 
cooling.

- ASA or Acrilo-Nitrile-Stirene-Acrilato. ASA can be considered a compromise between ABS and PMMA. This polymer is 
equipped with excellent UV resistance and a high quality toughness in regard to impact resistance.
These mechanical features are why the material is widely chosen for external applications , such as profiles, elements 
installed on roofs, parabolas, industrial bodywork parts, and other applications that require high weather and 
mechanical resistance.

- PMMA or Polymethyl methacrylate. This material is utilized for multiple applications, providing a number of beneficial 
characteristics, including transparency, excellent light transmission and excellent resistance to UV rays. It is primarily 
used in lighting industries, cosmetics, and medicine. Though it is equipped with some exceptional mechanical 
properties, they are not durable over the years.

When using PMMA with 3d printing technology, it is possible to obtain products with high level of transparency and 
clarity.

- PC. The polycarbonate is a polymer of military derivation, it has in fact been developed to fabricate the domes of 
US hunting during the second world war, given its lightness, transparency and at the same time very high impact 
resistance. The PC is an extremely tough material, but has a low resistance to the aggression of chlorine and oils. It is 
also self-extinguishing.

- PC-ABS. This material is a formulated mix between styrenics and polyesters. Polycarbonate is merged with ABS 

3.1.4 ACRYLIC

3.1.5 polyesters and polyurethanes
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in specified percentages to develop a tough material that is highly resistant to impact. PC-ABS is widely used in the 
automotive industry, particularly for its ease of processing and the ability to be finished in chrome. However this 
polymer concoction is not very resistant to chemical and ultraviolet rays.
In light of 3D printing, PC-ABS represents a step forward in mechanical strength when compared to traditional ABS. On 
top of that, it’s relatively easy to print as well.

- PET-G. Polyethylene terephthalate-glycol is an highly resistant material that allows the 3D printing user to obtain 
robust and long-lasting prints that are transparent. The low proneness to shrinkage makes this material ideal for 3D 
prints that contact larger surfaces. PET-G has high resistance to chemicals and is 100% recyclable. When coupled with 
3D printing, this material allows you to create highly resistant objects with PLA-like ease. It doesn’t tend  to delaminate 
and is quite hygroscopic.

- TPE-E. Copolyester elastomer is a flexible material with exceptional performance-driven properties. Known for its 
expectional resistance to chemicals and good elasticity, TPE-E is ideal for use in the automotive field, especially for 
the production of dust bellows. The material is a very easy to use with 3D printing, and provides an exceptionally high 
hardness. In addition, with particular attention, It can also be utilized with Bowden printers..

- TPE-U. Thermoplastic polyurethane is an extremely elastic and resistant material, capable of deforming and returning 
to its original state repeatedly over time. It has excellent flexibility at low temperatures, high wear and is extremely 
resistant to abrasion, tensile and tear. It also has excellent damping characteristics, making it especially useful in the 
footwear industry, as well as the lining of special cables, due to its high resistance to abrasion and oils.

When used with 3D printing technology, small adjustments must be made to correctly load the filament inside the 
extruder. This generally requires the material to be extruded at a low printing speed.

Polyamides, also known as nylon, are materials that are used for multiple applications. The material properties provide 
high resistance to impact and wear, even at low temperatures. Polyamides are also equipped with high toughness and 
post-workability with other machine tools. They generally have a high resistance to chemicals, solvents, oils, greases 
and fuels, making nylon an ideal material for machine parts.
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In the market there are different types of polyamides, including PA 6, PA 6.6, PA 11, PA 12, TPE-A
The individual types of polyamide differ much in terms of moisture absorption.

In TreeD Filaments case, the producer only uses high-quality raw materials, consistently selected and developed to 
have low hygroscopic and maximized print quality.

We recommend the use of special adhesion, as well as printing in a temperature controlled environment.

Polyamides can be combined with other materials, like carbon fibers, to achieve superior performance in terms of 
lightness, mechanical resistance and impact.

These composite materials are widely used in areas that require high levels of performance, such as extreme sports.

Another important factor to consider when researching 3D printing materials is the diameter of the filament. There are 
typically two schools of thought among 3D printer manufacturers, those who prefer 1,75mm filament and others who 
prefer 2,85mm.
As a matter of fact, the case of direct drive printers, which has the motor mounted directly on the print head, is allowed 
the use of both of the diameters. In the case of Bowden printers (where the engine is disconnected from the printing 
head) the 2,85mm filament diameter provides high-grade rigidity, helping to distribute filament from the extruder 
faithfully. This larger diameter is most noticeable in the use of elastic filaments, as the size tends to flex less, enabling 
the material to be printed through a long Bowden.

Still, it’s important to know that the diameter also impacts the mechanical result that is looking to be achieved, and 
some of the time, certain technical materials are essential the object be printed. The 2,85mm requires more time to 
melt per millimeter in comparison to the 1,75 mm filament, requiring a higher nozzle temperature since there is a greater 

3.2 Diameters: 1,75mm vs 2,85mm

3.1.6 Polyamides
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quantity plastic. In the case of 1,75mm, the filaments result in a greater homogeneity in the case of extrusion of 1,75mm 
and very small nozzle diameters, ensuring the best features for a 3D printed object.

The biggest differences between products made with FFF 3D printing and traditional manufacturing technologies is 
that the mechanical properties the physical ones as intrinsic to the polymer itself.

As mentioned, some of the elements referenced on TreeD’s technical sheets and the material manufacturer refer to 
laboratory tests based on the following international standards: DIN, ISO, ASTM. 

These tests involve the use of traditional techniques to obtain specimens that will later be tested in the laboratory.
For instance, the samples that follow the EN 61 standard, which is used for tensile, bending and impact, are produced 

through injection molding.

In injection molding, the polymer is gelled or melted, then compressed into the 
mold where it then solidifies.
In 3D printing, the material is only deposited onto the previously laid layer. This 
lack of pressure to which the polymer is subjected to with additive manufacturing, 
coupled with the low area of contact between the various layers, results in the 
manufactured article being much more mechanically deficient.

 
Another element that influences the final result of the object concerns the 
surround 3D printing environment, more formally known as the printing room. A 
heated temperature controlled chamber allows a more homogeneous material 
shrinkage and a reduction of tensions between the layers, both of which can 
ensure better final quality.

Printers that are closed press room or thermostatically controlled are preferable. 

3.3 Differences between 3d printing and traditional molding

Injection molding scheme. -Source KAEMaRT
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The fact remains that even open chamber printers can give good 
results, but it certainly does not allow for the proper use of a 
number of technical materials.

N61 Test. - Source: PublitecOnline

Comparative example between injection molded specimens and 
specimens produced with FFF technology.

3d print setting for the specimen: 
Nozzle 0.4 mm 
Layer 0.2 mm
3 external perimeters
2 top 100% infill layers
2 bottom 100% infill layers
Infill disposed at 45° angle from the x axis
Print speed 45 mm/min
100°C buildplate
Dimafix buildplate adhesive

Source: Internal

Properties

ABS GP22
Terluran 
(Ineos)

from pellet

ABS GP22
Terluran (Ineos)
from filament

Injection 
Moulding

3d Printing
25% 50% 100%

Notched 
Charpy 
impact 
ISO179 
[KJ/m2]

22 8,65 8,44 13,5

Flexural 
Modulus 
ISO178 
[N/mm2]

2300 1466 1373 1670

Traction at 
break 

ISO 527
[MPa]

19,60 19,54 33,35

Elongation 
at break

[%]
10 3,12 4,35 3,40

Enervation
[MPa] 45 20,39 21,12 35,50

Elongation 
at 

enervation
[%]

2,6 3,12 4,35 3,40

MFI 
[g/10’] 13,62

MVR 
[cm3/10’] 19 14,58
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To define a high quality filament, there are certain elements to be achieved:
• A dimensional tolerance contained within +/- 0.05mm on the axes X and Y.
• A dimensional tolerance contained within +/- 00:04 on roundness.
• A constancy of the melt on the whole product. The filament should be as homogeneous as possible in its interior, and 
must not have areas to a greater or lesser density.
• The filament must be totally free from pollutants or waste.
• Observe the relevant industrial standards, ensuring quality material for your specific application.

All strands of Treed Filaments range are designed and manufactured to comply strictly with these standards.

Non homogeneous filament vs homogeneous filament - Source: Internal

3.4 How to identify a well made filament
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This episode of Doctor Filaments serves to focus attention on some insights on varying themes, but which we believe 
are useful to those who print in 3d. 

IThe first study conducted relates to the term BIO.
This term is now widely overused and oftentimes inappropriately identifies materials as friends of nature. 
It’s important that we need to separate the relative use the compostable bio-materials and bio-compatible ones.
• Bio compostable defines a material that can be collected in the waste and then converted to the composting cycle. 
The only biocompostable polymers that are in effect around the 3D printing market are PLA and PHA. These materials 
result from the synthesis of plant materials and not from hydrocarbons, making them completely absorbable in nature.
Other polymers, such as PCL and PBS, can bear the Bio-term as easily degradable but, unlike PLA and PHA, they do not 
actually come from renewable sources. Even the addition of other materials to a non-compostable material voids the 
material of its compostability certification.

The European standard that addresses biocompostability materials is the EN 13432
.
• The term biocompatible, also called medical grade, indicates that a certain polymer could be employed to produce 
external artifacts that will come in repeated contact with the human body. Certain polymers are particularly suitable for 
implanted in the human body, notably not causing rejection by the internal organs. This was made possible thanks to 
the low presence of monomers.

Biocompatible materials and certificates used in this guide includes PE, PP, PLA, PS, ABS, PC, PEEK, and PEI.

It’s important to note that the materials are either certified by the material manufacturer or in some cases, by the 
filament manufacturer.
Each material produced will be equipped with a certification by the producer of the final product before being used in 
specific conditions, such as the food industry, the contact with the skin, or for implants.

4.1 Bio Materials
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Polymer alloys are defined by the union of two or more polymers that form a material consisting of features from both 
parent polymers, which helps to enhance aspects like mechanical strength or workability.

There are polymers that generally have a good compatibility with one another, such as polycarbonate and ABS. 
Polymers that are less compatible with are not recommended.

Even the percentage of the polymer alloy in the material affects the usability of it. Not all the polymer alloys are 
applicable in the world of 3D printing. For example, the limitations of 3D printing technology prevent the optimal use of 
materials like a PC-ABS with a PC content of more than 50%, which is normally used in a number of industrial fields.

With FFF 3D printing, the union of PLA and other low percentages of polymers allow the final product to contain 
improved mechanical, physical or thermal resistance compared to the orginal PLA material.
In the specific case of the PLA, that the addition of other polymers that non-compostable voids the material’s 
compostability certification.

There are different types of additives that are capable of offering the material specific characteristics, some of which 
are commonly used, others less common. These include:
• Dyes, the most common additives are pigments that can give infinite shades of colored filament.
• Lubricants, which allow an optimum flow independently from the index of fluidity of the polymer.
• Stabilizers, which allow the maintenance of the processing temperature within an optimal range.
• Filters for Ultraviolet, which slow down or even prevent the degradation afflicted by the ultraviolet rays.
• Carbon black, which is used as a UV filter.
• Antistatic, which significantly lowers the level of surface static, so as not to attract dust and micro particles on the 
surface.
• Flame retardants, which reduce the ignition of combustion and smother potential flames.
• Blowing agents, which allows the decrease of the specific weight while increasing insulating power.

4.3 Additives and charges

4.2 Polymer Alloys and Blends
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However, for charged elements, it means an additive to a polymer of a different nature.
These charged particles are small and short fibers or beads that is rooted in both organic materials, such as cellulose 
fibers, hemp, cotton, and wood, as well as inorganic materials like mineral flour, calcium carbonate, talc, balls and glass 
fibers, and carbon fibers. Generally speaking, the smaller the particle size, the better its ability to be dispersed into the 
polymer.

Some fillers are commonly used to conserve resin, such as calcium carbonate, other to improve the mechanical 
properties, such as glass and carbon fibers, to recover still other plant materials such as natural fibers.

There are other types of fillers, such as graphite and PTFE (Teflon), both of which greatly improve the sliding properties 
by reducing surface friction.

A special note on wood flour: the combination of wood flour and polymer has been known since the early 80s as WPC, 
Wood Polymer Composite. The resulting material is highly effective in 3D printing, but you should always take the high 
level of hygroscopic of the filament into account before using it.

Composite materials are created through a union in which at least one integrated materials is made from fibers.These 
types of materials have the specific purpose of increasing thermal and mechanical performance, as well as rigidity.

In fact, the composite material now used most often in the industrial field is the polyamide with glass fiber. But, to 
achieve these unique values, this composite requires a percentage of more than 50% fiber.In the case of FFF 3D 
printing, this heavy fiber composite leads to a poorly 3D printed object, both from an aesthetic point of view and from 
the mechanical point of view.
To overcome this limit, you can switch to a composite based more on polyamide and carbon fibers, which are able to 
ensure high performance even with lower percentages.

In case of filaments of composite materials, it has to take into account the high level of abrasion the material inflicts on 

4.4 composites
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the sliding nozzle. We therefore recommend the use of nozzles produced from an adequate metal alloy or high 
abrasion resistance coatings.

Co-molding normally entails the realization 
of an artifact that is comprised of several 
distinct plastic materials. This adhesion can 
occur in two distinct ways, by mechanical 
gripping or adhesion chemical.
In the case of mechanical gripping there 
are several applicable techniques, but it 
mainly revolves around fitting different parts 
together.

The chemical adhesion, on the other hand, 
is obtained with ionic bonds between the 
molecules of the polymer. Still, just because 
it’s meant to bind materials together at 
the molecular level, it is important to note 
that not all polymers are compatible with 
one another. In fact, if the materials are not 
compatible, the ionic bond created will be 
weak and the 3D printed artifact will be 
extremely fragile.

In 3D printing, we can compare co-molding to printing with multiple materials. For example, you may happen to need to 
manufacture a product that is composed of both rigid material and flexible parts. In this case, it is necessary to ensure 
an effective adhesion solution.

4.5 Multi-material molding process

TreeD Name FlexMark 
7/8/9

Ultraflexx / 
Ultraflexx+

Flexability /
Flexability+

Kyotoflex

Ecogenius PLA - - - Good
Shogun PLA - Poor - Good
Performance ABS Good High - -
Tenax PC ABS Good High - -
UV 729 ASA Good High - -
Gpet PETG - Good - -
HIRMA PMMA - Good - -
Stiron HIPS Poor High - -
Longchain PA - Poor High -
Carbonium PACF - - Good -
Architectural Poor High - -
Morphy Poor High - -
P51 PC Poor High - -

Flexible-rigid material compatibility chart. - Source: Internal
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A simpler example is the printing with soluble supports. 
Today, you can use materials such as PVA, polyvinyl alcohol 
soluble in water but with high hygroscopic, and HIPS, 
soluble in hydrocarbon limonene.

Co-molding pictures:

The case on the right exploits the chemical compatibility 
between materials, see previous tab, overlapping the 
various material layers.

In the case on the left it is used a mechanical bond, 
obtained by an overhang, for an adhesion without equal.
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The previous introduction delivers the basics of what differentiates certain polymers are the mechanical, physical and 
thermal properties. From there, you can then formulate some general guidelines to determine the best material for your 
application.

A good way to identify which material to use can be discovered through the following parameters:
- Type of mechanical stress to which the object will be submitted
- Operating temperatures
- Possible exposure to UV rays and weathering
- Any chemical impact
- Types of contact with other materials, such as the skin of food products
- Durability of the object

The case study reported here is the design of an assistive 
prosthetic device for the disabled.

This is an example that illustrates the ultimate goal of this 
guide, which is to find the right material for each application.

Modified Carbonium-printed Prothesys - Image source: Digital orthopedie 4.0

5.1 Case Study - Prosthetic material
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The clients detailed in the case study made the following 
requests for the prosthetic:

- Produced from a material able to withhold heavy stress 
load.
- A good seal to twist.
- Easily printable with excellent repeatability characteristics.
- Operating temperature between -10 ° to + 50 °.
- The insertion of mechanical fasteners in the printed piece.
- Resistant to UVA rays.
- Resistant to a slight chemical aggression, such as highly 
diluted acids and alkalis.
- Easy post-treatment of the molded part.

With that information, we were able to select a polyamide 
(nylon) reinforced with carbon fibers,
which was subsequently modified to enhance some 
mechanical and workability characteristics.

Credits Eng. Marco Avaro, exclusive partner.
3d Printer used: WASP Delta 2040.

Modified Carbonium-printed Prothesys - Image source: Digital orthopedie 4.0
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