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Abstract— Revolutionary changes to materials and structures 

are now possible with 3D printing, bringing concepts that you 

previously only imagined to reality. In conventional 

manufacturing processes, such as machining, material is 

typically removed. Additive manufacturing (AM), commonly 

known as 3D printing, is a breakthrough technology which 

fabricates components by adding material layer by layer from 

the bottom up. This allows for the creation of highly complex 

and previously unrealizable structures which have radically 

improved performance and capability such as high strength 

and low weight. Additionally, these technologies enable mass 

customization and rapid design iteration. For example, 

medical implants can be designed to fit a specific patient and 

rapidly printed. This research paper focus on properties of 

different 3D printing materials used and how to select a good 

material for specific purpose. 
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I. INTRODUCTION 

Although 3D printing is still in its infancy, the number of 

different materials available are rapidly expanding with new 

options being made available almost every week.  

The specific type of thermoplastic used for 3D 

printing determines the temperature that must be used to melt 

it. Melting temperature, in turn, has an impact on the strength 

of the final object and the type of surface needed to let the 

first layer hold properly through the printing process. In a 3D 

printer, only the final stage of the extruder heats up, with the 

filament remaining at room temperature until it reaches the 

FFF/FDM extruder’s hot-end. 

Ambient air temperature can affect the final 

product’s quality, with some professional printers heating up 

an enclosed build volume (the maximum space a 3D printer 

can fabricate solid objects within) to help each new layer bind 

more completely to the previous layer. The build plate can be 

heated in some printers to help the first layer adhere to the 

plate and limit warping, but the build plate can also be 

covered by a material to assist the plastic’s grip. Some types 

of filament can use common painter’s tape to assist first-layer 

adhesion to keep the object in place during the print process, 

while other types of filament may need a more exotic material 

like the heat-resistant polyimide Kapton tape DuPont 

developed for NASA’s spacesuits. 

Other materials are commonly used to help the first 

layer bind properly, including ABS Cement, hairspray, and 

even scrap filament dissolved in a compatible solvent and 

painted on the build plate to create a thin film. The materials 

simply need to be compatible with the thermoplastic being 

used. 

For other types of 3D printers, layer binders may be 

present in the process itself (SLA, for example, binds the 

liquid to the build platform as it is solidified) or they may be 

unnecessary, as in granular binding where the unbound 

powder stabilizes the object during print. The variety of 

techniques for securing a print at its very start mirror the 

variety of types of materials that can be used in the object’s 

fabrication as well, with different material types available for 

different techniques of fabrication. 

II. MATERIALS AND THEIR PROPERTIES 

First, let’s start with the plastics, the most commonly used 3D 

printing materials according to the state of 3D printing of 

2016. Fused Deposition Modeling (FDM) and Selective 

Laser Sintering (SLS)  technologies are mostly used to 

process plastic materials into 3D models. Relatively 

inexpensive, plastic still is the standard in 3D printing 

materials. 

A. ABS plastic (Arcylonitrile Butadine Styrene) 

Part of the thermoplastic polymers family, this material is 

primarily used as filaments in FDM or FFF 3D printers that 

use material extrusion for its manufacturing process. Its 

advantages are its lightness and impact strength. ABS plastic 

can resist to temperature up to 200°C (392°F). In certain 

cases, ABS is biocompatible. 

ABS plastic is used in a variety of industrial 

applications for extrusion and injection moulding, including 

in children’s toys like the popular Lego bricks, so its 

properties are well known and the quality of filament can be 

more easily controlled during manufacture. ABS plastic 

shrinks as it cools. Thus a heated build plate produces better 

results by limiting the contraction of earlier layers to prevent 

warping of large objects. 

If used in a confined area. ABS has a mild odour 

during extrusion that can affect chemically sensitive birds and 

people. ABS is also said to produce more airborne 

microscopic particles than PLA without adequate air 

filtration. 

But ABS also has some drawbacks. First of all, it is 

a petroleum-based non-biodegradable plastic that can be 

recycled though. Another problem is that ABS does create 

(mild) fumes which may irritate more sensitive persons – an 

installation of the printer in a well ventilated area or even a 

specific fume hood may be necessary. More recently, 3D 

printers with integrated HEPA filters have been hitting the 

market. ABS can also deteriorate by prolonged exposure to 

sunlight. 

 
Fig. 1: ABS filament spools - various colors: natural, silver 

and blue 

https://www.sculpteo.com/en/glossary/selective-laser-sintering-sls-definition/
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B. PLA (Polyactic Acid) 

PLA is a biodegradable thermoplastic which is derived from 

renewable resources, such as cornstarch, sugar cane, tapioca 

roots or even potato starch. This makes of PLA the most 

environmentally friendly solution in the domain of 3D 

printing, compared to all the other petrochemical-based 

plastics like ABS or PVA. PLA is used for example in 

medical suturing as well as surgical implants, as it possesses 

the ability to degrade into inoffensive lactic acid in the body. 

Surgically implanted screws, pins, rods or mesh simply break 

down in the body within 6 months to 2 years. 

But, PLA is also used in food packaging, bags, 

disposable tableware, upholstery, disposable garments, 

hygiene products and even diapers. PLA is therefore 

considered as pretty safe. For those wanting to print PLA 

drinking cups or other recipients destined for food or drink, a 

word of caution though: do not forget that the coloring 

pigments in the filament may not be as harmless as the PLA 

itself. Unfortunately, the notice of use nearly never 

documents the chemical composition of those pigments in 

order to inform about their harmlessness or potential toxicity. 

 
Fig. 2: Various 3D prints, all printed in PLA 

PLA is tough, but a little brittle, once it has cooled 

down. Its temperature threshold is lower than the one of ABS, 

as PLA is normally extruded around 160°C-220°C. A heated 

print bed is not mandatory, but it may (at temperatures around 

50-60°C) be beneficial to the quality of the printed object. 

PLA is quite slow to cool – experts recommend sometimes to 

install a fan pointed at the extruded material in order to speed 

up the cooling process. Once it is heated, PLA does emit a 

slight odour, best described as sweet corn, pancakes or maple 

syrup – but it does not emit fumes like heated ABS. No fume 

hood will be necessary and you may safely print with PLA 

in-house. 

PLA can be sanded down and may be painted over 

with acrylic paint, but some people recommend using a 

primer. Gluing PLA is however not as easy as glueing ABS. 

Most people seem to get some results with cyanoacrylate (i.e. 

super glue), but this does have some disadvantages of its own 

(use of safety glasses and gloves, extreme stickiness to 

fingers and other body parts, very quick hardening, etc.). 

PLA has become a very popular choice in the 3D 

printing community, considering its low toxicity and its better 

environmental friendliness, compared to all the petroleum-

based plastics. Its main drawbacks are that it cannot stand too 

much heat, as standard PLA becomes soft around 50°C (i.e. 

you can re-heat your printed object with a hot air gun, for 

example). On the other hand, one may consider this an 

advantage in order to easily repair, bend or weld printed parts. 

As with ABS, PLA does also attract water molecules 

from the air. PLA is more prone to water absorption than ABS 

and it will become (more) brittle and sometimes difficult to 

print with, as water saturated PLA needs a higher extrusion 

temperature. 

C. PVA (Polyvinyl Alcohol) 

PVA is a special plastic that is water-soluble. It is most 

commonly used as paper adhesive, as thickener, as packaging 

film, in feminine hygiene and adult incontinence products, as 

mold release agent or in children’s play putty or slime. 

Another wide use is in freshwater sport fishing, where PVA 

bags filled with bait are thrown into the water. The bag 

rapidly dissolves, releasing the bait, in order to attract the fish. 

In 3D printing, PVA is sometimes used in printers 

with dual or multiple-extruders, in order to provide a support 

structure to an object with overhang issues. Some complex 

prints involving lots of overhangs (areas where there is no 

support under the upper layers) can be realized only by 

printing such a support structure. Otherwise, the printed 

structure would warp or simply collapse. The finished object 

can be put into water until the PVA has completely dissolved, 

freeing the object of the support structure, without the need 

of any pesky manual post-printing curing. 

 
Fig. 3: The white material (PVA) will be dissolved by water. 

 
Fig. 4: The white material (PVA) will be dissolved by water 

 
Fig. 5: The final result: the PVA support material is 

completely gone. 

PVA is normally extruded a temperature of 190°C, 

but is not very easy to use, as it attracts water so much. 

Ambient air moisture will deteriorate the filament very 
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quickly. PVA needs to be stored in a sealed box or container 

together with a desiccant and may need to be dried before use. 

Another disadvantage of PVA includes its high price and 

quite difficult sourcing. 

 ABS PLA PVA 

Scientific 

designation 

Acrylonitrile Butadiene 

Styrene 
Polylactic acid or Polylactide Polyvinyl alcohol 

Produced from Petroleum Plant starch Petroleum 

Properties 
Durable, Strong, Slightly 

Flexible, Heat Resistant 

Tough 

Strong 

Water-Soluble, 

Excellent Film 

Formation, High 

Bonding Power, Good 

Barrier Properties 

Extruder temp 210 - 250°C 160 - 220°C 190 - 210°C 

Price 14-60$ / kg 19-75$ / kg 80-120$ / kg 

Post-

processing 

Easy sanding, Easy glueing, 

Easily soluble in acetone 
Sanding possible, Limited glueing Soluble in water 

Pros 

Great plastic properties, 

Smooth finish, Solidifies 

quickly, Durable and 

difficult to break, Ideal for 

mechanical parts 

Bioplastic – Good Environmental Properties, 

Good Smell When Heated, Nontoxic, No 

Heated Printbed Necessary, High Print Speed 

and Resolution, Less Warping Or Shrinking 

Issues, Ideal For Small Parts, Hard Or 

Soft/Flexible Variants 

Biodegradable 

Recyclable 

Non toxic 

Cons 

Petroleum-based 

Non-biodegradable 

Heated printbed necessary 

Fumes 

Deterioration through 

sunlight 

Slow cooling down 

Low heat resistance 

Easier to break then ABS 

Needs thicker walls then ABS 

Expensive 

Deterioration due to air 

moisture 

Special storage 

necessary 

Table 1: Comparison Table

From the above stated plastics, the most commonly 

used are ABS (Acrylonitrile butadiene styrene) and PLA 

(Polyactic Acid). 

D. Failure testing for 3D printed stage 

Material Property 

PLA  

(Polyactic 

Acid) 

ABS (Acrylonitrile 

Butadiene Styrene) 

Density ρ (Mg/m3 ) 1.25 1.01-1.21 

Young’s Modulus E 

(GPa) 
3.5 1.1-2.9 

Elongation at break 

(%) 
6 3-75 

Melting (softening) 

temperature Tm (0C) 
160 88-128 

Glass Transition 

Temperature (0C) 
60 100 

Yield Stress σy 

(MPa) 
 18.5-51 

Tensile Strength σts 

(MPa) 
36-55 25-50 

Ultimate Tensile 

Strength UTS 

(MPa) 

35 33-110 

Fracture Toughness 

(Plane strain) KIC 

(MPa√m) 
 1.19-4.3 

Thermal expansion 

(μm/m-K) 
 83-95 

Strength to weight 

ratio (kNm/kg) 
40 31-80 

Shear modulus G 

(GPa) 
2.4  

Table 2: Material properties of PLA and ABS. 

Makerbot 

Material 

Properties 

PLA ABS 

 

Standar

d 

(STD) 

High 

Resolutio

n (MAX) 

Standar

d 

(STD) 

High 

Resolutio

n (MAX) 

Impact 

Strength 

(Un-

notched) 

IZOD* 

(J/m) 

96.1 219 304 331 

Compressi

ve Strength 

(peak) 

(MPa) 

17.9 93.8 7.6 49 

Tensile 

Strength 

(peak) 

(MPa) 

46.8 65.7 34 38.1 

Flexural 

Strength 

(peak) 

(MPa) 

61.8 94.7 36.8 59.6 

Table 3: Makerbot material properties chart for PLA and 

ABS 

*IZOD impact testing is a standard method of 

determining the impact resistance of materials. The results are 

expressed in energy lost per unit of thickness (such as ft-lb/in 

or J/cm) at the notch. 
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III. PROTOTYPE STAGE 

 
Fig. 6: Prototype Stage 

A. Struts across the top of stage. 

These two parallel struts on each side of the diamond during 

translation can be either in tension or compression. As well 

as this there is a twisting that occurs, creating an s shape. The 

strut closest to the inside is longer (~1.5 times) that the 

outside strut so will be affected more. The actual model will 

have a flat stage on the top and so this will not be a problem. 

Fast fracture of the material under tensile strain 

could occur due to crack propagation. The resolution between 

layers is given as up to 20 microns so it can be assumed that 

this would be the minimum crack length that would occur in 

the material. 

Fast fracture will occur due to crack propagation 

when fracture toughness KIC equals [4]: 

KIC = Y σ√πa 

Y=dimensionless constant depending on geometry, 

typically Y~1 

σ=remote tensile strength 

a=crack length (Values obtained online for the 

fracture toughness of PLA and ABS are given above in Table 

2.) 

B. Attachment corners at the bottom of the stage. 

If it is assumed that each small strut acts as a cantilever with 

a weight being applied at the end of it. This can allow for the 

maximum bending moment and shear stress at the wall to be 

calculated. This is the point at which the material is being bent 

and therefore the most likely place of failure. 

C. Screw attachments: screws threads will wear away the 

plastic around it 

1) Experimental Testing 

3point Bending Test carried out on Instron Machine. 

 
Fig. 7 & 8: Test 1 & Test 3 in position within the instron 

machine at the start of loading 

The Instron Machine is a commercial testing 

machine which is widely used in industry for characterizing 

materials. The material is simply supported on rollers and a 

load cell applies a force to its center (fig.1 and 2). A 

continuous force is applied until the material fails under the 

load. A force against deflection (of load cell) graph is plotted 

which allows the Young’s modulus (E) of the material to be 

calculated using equation 1. 

 
 Equation 1:  k=gradient of linear part of force deflection 

graph, L=distance between supports, b=width of sample, 

d=thickness of sample, Beams of length 100mm 

(thickness 3mm, 1mm) and 150mm (thickness 0.8mm, 

1mm and 3mm) were used for a three point bending test. 

 Printing for 100mm beams, Makerbot, PLA 

 Printing for 150mm beams: Ultimaker 2, PLA 

 Infill: 20% 

 Layer resolution: 0.2mm 

 Print speed: 50mm/s 

 Travel speed: 150mm/s 

 Printbed temperature: 72˚C 

D. Results 

 Load measurement accuracy: ±0.5% of reading 

 
Fig. 9: Graph of Applied Force against Crosshead 

Displacement during a Instron three point bend test. 

 Note: error bars are negligible on the graph, the instron 

machine is a standard commercial machine with high 

precision. 

1) Hysteresis 

 
Fig. 10: Region of Hysteresis carried out during three point 

bending test 

2) Failure Surfaces 

 
Fig. 11 & 12: Makerbot sample 1 (t=3mm) and Ultimaker 

sample 1 (t=3mm) at the end of three point bending test 

respectively. 
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E. Table of Results 

Sample 
Length 

(mm) 

Base 

(mm) 

Thickness 

(mm) 

Young’s 

Modulus 

(GPa) 

1: Makerbot, 

PLA 
100 20 3 2.47 

2: Makerbot, 

PLA 
100 20 1 1.55 

3:Ultimaker2, 

PLA (3D 

printed base 

side down) 

150 20 3 32.1 

4: Ultimaker2, 

PLA(3D 

printed base 

side up) 

150 20 3 27.2 

5: Ultimaker2: 

PLA 
150 20 1 31.1 

6: Ultimaker2: 

PLA 
150 20 0.8 52.0 

Table 4: Samples used in three point bending test with 

corresponding calculated Young’s Modulus value. 

IV. DISCUSSION OF RESULTS 

Comparison was made of samples 1 and 3, the two samples 

of 3mm thickness, with 1 made using the Makerbot and 3 

made using the Ultimaker2 3D printing machines. It can be 

clearly seen in the graphs in fig.3 that sample 3 is the stronger 

sample, it can be loaded to ~4 times that of sample 1 before it 

begins to fail. The stiffness of sample 3 is ~13 times stiffer 

than sample 1 (E=32.1GPa compared to 2.47GPa).  

There is also a difference in the way that the two 

samples fail under the applied load. With sample 1 it can be 

seen that the material cracks across the whole sample 

simultaneously. A brittle, clean fracture surface can be seen 

in fig. 5. This failure behaviour is also seen in the graph, 

where the applied load immediately falls to zero. In 

comparison to this sample 3 does not actually crack by the 

end of the test. As can be seen in fig. 6 the cracks try to 

propagate along the diagonal strips of material, but this 

orientation prevents the crack from spreading to the edge of 

the material, and so it tries to propagate along the other 

direction, producing the zigzag pattern shown. No crack is 

formed, the material is just elongated at the point of load, 

weakening the material. The difference in the failure of these 

two samples is due to the way in which the samples are built 

up during printing. Both are built from the bottom in 

alternating layers of oppositely oriented strips of material. 

The Makerbot lays down horizontal and vertical layers while 

the Ultimaker2 creates diagonal strips of material, increasing 

its strength.  

Sample 3 and 4 are the same sample tested with the 

base of the 3D printed material facing down and facing up 

respectively. The sample with the base material facing down 

was found to be stronger. As the maximum bending will 

occur at the furthest side from the loading head, it is possible 

that the base material is strongest when it is printed facing 

onto the 70 degrees hot plate. This would allow for 

subsequent layers to melt into the first creating an intertwined 

lattice formation. As the layers build up further from the hot 

plate, this would be less likely to occur.  

The thinner samples (samples 2, 5 and 6) find it hard 

to hold a load as they are so flexible and so a high enough 

load is never applied to cause failure. This method of high 

stress testing may not be ideal for such samples. 

A hysteresis was carried out during each test as 

shown in fig. 4. This provided positive results for the use of 

the material within the microscope. It can be seen that as well 

as exhibiting linear behaviour on loading the material also 

unloads and reloads along approximately the same linear line. 

This shows that the material is not work hardened by bending 

under the small loads that it would be exposed to within the 

microscope. No plastic deformation is taking place that could 

lead to premature failure.  

For sample 3 a drop can be seen in the graph and 

then the sample can be seen to be reloaded. This was due to 

the sample coming off its support during testing but then 

clicking back into place. 

V. CONCLUSION 

This paper provides the ample information about the most 

commonly used 3D printing materials used in industries. It 

consists of the comparisons between the properties of 

different 3D printing materials, shows information provided 

on the failure testing performed on PLA and ABS and 

experimental testing of PLA on Instron Machine.  This can 

help in understanding the behaviour of the printing materials 

under different working conditions from which we can 

determine which 3D printing material is suitable for our 

specific purpose or condition. This will give you a quick 

overview of the current consumables used in 3D printing and 

will explain the main differences in terms easily understood 

by beginners. 
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