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and nickel alloys 625, 718 and Hastelloy X. The AM techniques 
studied were selective laser melting (SLM), electron beam melting 
(EBM) and binder jetting (BJG).

A total of 69 articles have been studied to fulfill the purpose 
above. The articles were used to write a summary of the 
techniques, compare them to each other and to conventional 
methods. They were also used to create a database to compile 
information on mechanical properties, microstructure and process 
parameters. Based on the database mechanical properties for SLM 
tend to be higher compared to EBM. This however varied somewhat 
depending on the processed material. Furthermore the yield and 
tensile strength obtained from the database for SLM seemed to be 
higher compared to the values in review articles for almost all 
materials. Unfortunately not enough values were found for BJG to 
compare it to SLM and EBM.AM seems to produce weaker, equal and 
superior products compared to conventional methods. However due to 
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different results or how parameters affect the finished product. 
To be able to say anything with more certainty more research has 
to be done. Not only in general concerning the AM techniques, but 
more studying of existing articles is needed. Finally a 
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Abstract
The focus of this literary study was additive manufacturing (AM) and the purpose
was to find general trends for selected materials that have been additively manufac-
tured and compare them to results from other reviews. The raw materials studied
were stainless steels 316L, 17-4 PH, 15-5 PH and 420, as well as tool steel H13 and
nickel alloys 625, 718 and Hastelloy X. The AM techniques studied were selective
laser melting (SLM), electron beam melting (EBM) and binder jetting (BJG).

A total of 69 articles have been studied to fulfill the purpose above. The articles
were used to write a summary of the techniques, compare them to each other
and to conventional methods. They were also used to create a database to com-
pile information on mechanical properties, microstructure and process parameters.
Based on the database mechanical properties for SLM tend to be higher compared
to EBM. This however varied somewhat depending on the processed material.
Furthermore the yield and tensile strength obtained from the database for SLM
seemed to be higher compared to the values in review articles for almost all mate-
rials. Unfortunately not enough values were found for BJG to compare it to SLM
and EBM.AM seems to produce weaker, equal and superior products compared to
conventional methods. However due to the limited nature of the project and the
research found no conclusions can be drawn about any trends, how to achieve the
different results or how parameters affect the finished product. To be able to say
anything with more certainty more research has to be done. Not only in general
concerning the AM techniques, but more studying of existing articles is needed.
Finally a standardization on how to reference properties and process parameters
is necessary. Currently it is very difficult to compare results or draw conclusions
due to different designations, units and a lot of missing essential information.

Keywords: Additive manufacturing, selective laser melting, electron beam melt-
ing, binder jetting, stainless steel, tool steel, nickel alloys
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1 Introduction
1.1 The Project
Erasteel Kloster AB, onwards only referenced as Erasteel, is a company that spe-
cializes in powder metallurgy and high speed steels. Erasteel produces a variety of
metal powders themselves and they have a sister-company that produces powders
for additive manufacturing. Erasteel are interested in how the choice of method,
material and process parameters affects a finished product when it is produced
using additive manufacturing. They are also interested in how additively manu-
factured material compares to conventionally made material. Erasteel therefore
wants a database in order to survey how different parameters affect each other. A
summary of the additive manufacturing methods of interest with general informa-
tion and comparisons between methods is also wanted. Based on the database and
the summary general trends and valuable information was found and compared
to results from other reviews and studies. The additive manufacturing methods
of interest are selective laser melting (SLM), electron beam melting (EBM) and
binder Jetting (BJG). The materials of interest are the stainless steels 316L, 17-4
PH, 15-5PH and 420, as well as tool steel H13 and also Nickel-alloys 625, 718
and Hastelloy X. The focus of the project was on the mechanical properties and
microstructure of additively manufactured components, as well as the process pa-
rameters for the manufacturing process.

To achieve satisfying end results the group were appointed supervisors from Upp-
sala University and Erasteel:

Technical supervisor from Uppsala University: Hans-Olof Blom
Project supervisor from Uppsala University: Peter Birch
Company contact at Erasteel: Karin Jakobsson

1.2 Project Purpose
The aim of this project is to study general trends for selected materials that have
been additively manufactured and compare them to results from other similar
studies and reviews. To fulfill this purpose a summary was written of the AM
methods of interest and a database containing valuable information about compo-
nents made by these methods was created. Finally, similar studies and reviews
were investigated and the found results was compared to results from the summary
and database.
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1.3 Additive Manufacturing
Additive manufacturing (AM), commonly known as 3D-printing, is a method of
production that is based on the selective creation of a component. It is gaining
popularity due to the possibility to create products with intricate and complex ge-
ometries with less material waste and shorter lead-time [1]. The process converts
3D-models, predominately made with the help of computer-aided design (CAD),
into 2D-layers. The product is then built layer by layer [2]. Currently a huge
variety of additive manufacturing methods exist. Main differences between the
methods are usually how the layers are deposited and what type of raw material
is used. All the different methods have their advantages and disadvantages. The
raw materials currently available include polymers, ceramics, metals and compos-
ites. The variety allows a good possibility of finding an appropriate match for the
wanted specification of a product. Due to the versatility of additive manufacturing
there are many new emerging techniques and the list of raw materials available for
printing is expanding. Hence, if what is needed or wanted is not available at the
moment there is a possibility it might be in the future.

The raw materials of interest in this study are only gas atomized metal powders.
Metal powders in general are not as extensively researched as some other materials,
like for example polymers. The research found on metal powders only go back
about a decade. Polymers, however, have been studied and used for additive man-
ufacturing for several decades so there is considerably more information available.
The most common metal powders for additive manufacturing are stainless steels,
aluminum, nickel, cobalt-chrome and titanium alloys. Unfortunately, just because
these are the most common metal powders used for additive manufacturing it does
not mean that sufficient research has been done on them. As a result there is
quite a lot of information missing about optimal process parameters for different
combinations of methods and metal powders.

Additive manufacturing has, as mentioned, picked up a lot of interest lately due to
its ability to print complex geometries with high precision. This opens up for ge-
ometries that could be impossible or extremely tricky to create using conventional
methods, such as casting and forging. As a manufacturing method it is very useful
for the creation of prototypes, a single or a few products. However it is currently
deemed unfit for mass production. This is due to the fact that several of the most
common AM methods are quite time consuming. Due to this the method is cur-
rently not able to compete with conventional methods on a larger scale. However,
the AM industry is developing and optimized continuously. Therefore there is a
possibility that new methods or other solutions that open up for mass production
will be created in the future.
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1.4 The AM Methods of Interest
All three techniques of interest work with metal powder as the raw material. They
operate by rolling out or raking on a layer of powder (usually around 50 µm
thick). For selective laser melting (SLM) and electron beam melting (EBM) the
powder is melted together using a laser or an electron beam respectively. Both
of these techniques are powder bed fusion techniques, often shortened PBF. PBF
techniques either use a laser or electron beam to melt together material powder.
For binder jetting (BJG) a special binder is instead added to selected parts of
the powder to hold the component together. This method creates a green body
and does not melt together the powder directly. The binder instead works as an
adhesive. The piston with the melted or binded powder is then lowered and a
new layer of powder is rolled on top of the printed powder and the process is
then repeated. The general setup for BJG can be seen in Figure 1. The figure
can also be used to show the setup for SLM and EBM. In the case of SLM, the
printer head is replaced with a laser and in the case of EBM, it is replaced with
an electron beam [3]. As additive manufacturing is continuously growing without
a particular commonly accepted standardization there are a lot of different names
for essentially the same techniques and processes. The different names that were
encountered will be mentioned below. There could and does probably, however,
exist even more names.

Figure 1: An illustration of the general setup for BJG.
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Selective Laser Melting
The most commonly used technique for metal powder in the AM industry is SLM.
The method, however, can also be used for a wide variety of other raw materials.
The technique selective laser melting is also sometimes known as laser powder bed
(LPB). It is however not to be confused with direct metal laser sintering (DMLS).
Although a similar method DMLS does not melt the layers but only sinters the
powder. SLM is the method for which there exists the largest amount of relevant
published research on metal powders. Many process parameters can be altered in
order to change the final mechanical properties of the component that is printed.
Important parameters often includes laser power, scan speed, hatch distance and
scan strategies. A laser is used to melt the powder selectively and the process is
performed in a chamber containing an atmosphere of inert gas, such as N2 or Ar,
under high pressure to minimize oxygen contaminations. Typically, the chamber
is not heated which gives rise to a high cooling rate after the laser has passed. This
can be a problem when processing brittle materials and can be helped by adding
a substrate plate which usually is heated to around 200-500 °C [1]. However, the
high cooling rate enables SLM to create amorphous materials [4]. Benefits of us-
ing SLM is that process parameters can be altered during the printing of materials
to vary the properties. It is possible to create near net shape designs which means
that less need for post-processing is required. The technique is relatively cheap
and a wide variety of materials can be processed. The drawbacks with SLM are
that optimization can take a long time and that resulting components might suffer
from large surface roughness. Other restrictions are the difficulties of printing
brittle and high-temperature materials, a high initial cost and the fact that it is size
restricted [1].

Electron Beam Melting
EBM as a method is very much similar to SLM, but it includes more process
parameters which in turn makes optimization even more difficult. Therefore only
a handful materials, including Ti-6Al-4V, Ni-718 and CoCr, are currently pro-
cessed in the industry by EBM [5]. The more narrow list of researched material
also results in less available and relevant articles. This technique is sometimes
also called electron beam additive manufacturing (EBAM) or electron beam pow-
der bed fusion (EPBF). The major difference between SLM and EBM is that
the chamber is preheated to a temperature of 600 °C and an overnight cooling
is required for EBM-processed components. The atmosphere in the chamber is
vacuum to reduce contamination of oxygen. The preheating of the powder makes
the cooling rate slower than the cooling rate for SLM, which makes it easier for
the technique to process brittle material. The electron beam can also be used to
scan the powder bed multiple times, first to heat the bed and then to melt the
material. This, however, would make the process slower and even more expensive.
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Finally, EBM is also restricted by size as SLMdue to the size of the powder bed. [1]

Binder Jetting
Binder Jetting can be abbreviated as both BJG and BJ. It also has several names
like inkjet, inkjet 3D printing or even just 3D printing (3DP). This method was
developed in the early 90s. The research on the use of BJG and metal powders
has been limited in comparison with literature available on both SLM and EBM.
Instead of melting the powder the initial step in Binder Jetting uses a binder that
glues the powder together and thus prints a green body. The green body is then
sintered to achieve the final component. After printing, several post-process steps
are required such as de-powdering, sintering, infiltration, annealing, and finishing
to optimize the mechanical properties [3]. On the other hand, BJG is not restricted
by size and is considered the most effective method for building three-dimensional
structures. The powder/binder ratio can be altered to attain different results and
there will be no residual stresses due to high cooling rates [1]. However, because
the density depends on sintering mechanisms different porosity can be achieved
in different parts of the component. Finally the mechanical properties are often
lower than those for SLM- and EBM-printed counterparts. However during later
years a lot of research has been done to improve the mechanical properties of BJG
using different temperature programs and sintering additives.
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1.5 The Materials
The materials studied in this project are the Iron-based stainless steels and Nickel-
based alloys listed below

316L
17-4PH
420
Tool steel H13
Ni718
Ni625
Hastelloy X
*15-5 PH

*15-5 PH is a precipitation-hardenedmartensitic chronium-nickel-copper stainless
steel. This particular material was only researched for SLM.

Stainless steel 316L is amolybden-chromium-nickel material with austenitic struc-
ture with low carbon concentration. The austenitic structure gives 316L high
toughness and the molybden gives a high corrosion resistance. Stainless steel 17-4
PH is a precipitation-hardened chronium-nickel-copper alloy, a combination of
austenitic and martensitic structure. It has high corrosion resistance and strength.
Stainless steel grade 420 is a low-chromium content martensitic with a high-carbon
content and low chronium content. The 420 grade offers high hardness, good duc-
tility and corrosion resistance. Tool steel H13 is a chromium hot-work tool steel
which gives a combination of toughness and fatigue resistance. Ni718 and Ni625,
also more commonly known as Inconel 718 and Inconel 625, are nickel-chromium
"super alloys". Ni718 is high strength corrosion resistant precipitation hardened
alloy. Ni625 has a higher molybden content than Ni718. Hastelloy X is also a
nickel alloy with chromium, iron and molybdenum. It has corrosion resistance
and good strength at high temperatures. In summary, common for the materials is
that they have high strength and good corrosion resistance. The materials are com-
monly used in gas turbines, aerospace parts, chemical processing and mechanical
components. All the information above is taken from AZO Materials, where each
material was searched for individually on the web page [6].
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1.6 Parameters of Interest
Tables 1, 2 and 3 summarizes the parameters of interest studied in this project.

Table 1: A summary of the mechanical properties of interest for additively manu-
factured components

Mechanical properties
Yield strength Yield strenght 0.2 Elongation

Ultimate tensile strength Microhardness Microstructure
Density Porosity

Table 2: A summary of the parameters of interest for the initial raw material
By material properties

Particle size range distribution
Particle size distribution

Particle shape
Composition

Flow properties

Table 3: A summary of the process parameters of interest for the techniques
SLM EBM BJG

Apparature Apparature Apparature
Atmosphere Atmosphere Roll speed
Laser effect Beam effect Layer thickness

Laser diameter Beam dimension Burnout time
Layer thickness Layer thickness Burnout temperature

Scan rate Scan rate Cured time
Scan strategy Scan strategy Cured temperature
Hatch spacing Hatch spacing Sintering program

Substrate plate temp Process temperature
Volume energy density Wavelength

Post processing Build speed
Pre sintering time
Post processing
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1.7 General Trends in Literature
Since additive manufacturing is a relatively new manufacturing method the differ-
ent methods to produce AM material is constantly developed. Also new materials
are investigated. Looking at other review articles and similar studies a relevant
article compiling information about SLM, EBM and BJGwas found. In this article
there were several figures that helped in the understanding of the current situation
and research done for the methods. Figure 2 shows which materials are typically
processed by SLM and the relative amount of research done on them. LPB in
the figure stand for Laser powder bed, and is as mentioned earlier just another
name for SLM. Figure 3 shows which materials are typically processed by BJG
and the relative amount of research done on them. BJ is used in the figure and is
as mentioned earlier just another abbreviation for binder jetting. The pie charts
are taken from a review article made by Fayazfar et. al [7]. Unfortunately no such
chart was available for EBM.

Figure 2: The materials processed with LPB (SLM) [7].
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Figure 3: The materials processed with BJ (BJG) [7].

Figure 4 shows the relative amount of research done on EPBF, BJ, LPF and LPB.
EPBF in the diagram is equivalent to EBM and LPF is not a process studied in this
project. LPF, laser powder fed, refers to a method were powder is simultaneously
fed through a nozzle while melting with a laser.

Figure 4: a) Diagram showing the number of written papers on different materials
for different AM techniques and b) Relative amount of research done on LPB
(SLM), EPBF (EBM) and BJ (BJG) [7].
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2 Method
Below in this section descriptions and guidance can be found on how the different
parts of the project were conducted and completed.

2.1 The Project
The project consisted of three research groups. Each group researched thematerials
of interest with a focus point from one of the three methods of interest. In other
words each group searched for articles about the materials of interest made by their
designated method. One of the groups also had the task of writing the summary
of the AM techniques. Below, in Figure 5, is a flow chart describing the division
of work for the first half of the project.

Figure 5: Flow chart of the work process.
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The search of articles and the building of the database according to Figure 5 lasted
for almost seven weeks. The search took place during the first couple of weeks
and the building of the database during the latter weeks. Then there was a half
time revision containing both a report and a presentation. At the end of the project
the focus was mainly on finding trends in the database and finding similar studies
to compare the results with. This also included researching the current situation
of additive manufacturing. Simultaneously the end report was written and the
database was finished and polished.

2.2 Article Search
As this study was a literature study the articles used for the database, as well
as the ones used to compare the results, are of great importance. As the work
was in practice split into three different parts, according to Figure 5, each group
used different keywords during the search. Below, Tables 4, 5 and 6 show what
keywords, search engine and number of articles used for each combination of an
AMmethod and a material of interest. The second row in the tables, with the titles
"Inclusion criteria", have keywords that were used for every search regardless of
the combination of method and material. These are listed first so there will be no
need to repeat them in every row. The search engine "UU Library" references to
Uppsala University’s online library search engine for students. Finally, the number
of referenced articles are the number of articles referenced and deemed relevant in
the database created for this project. If this number is zero there were no relevant
articles found during the search. However, if it says not searched and there is a
line instead it means that the material was not searched at all and there could exist
relevant articles.

Table 4: A summary of the keywords and search engines used for the article search for SLM.
SLM Keywords Search engine Number of

referenced articles
Inclusion criteria SLM, AM, Mechanical properties

316L 316L Google Scholar 5
17-4 PH 17-4PH Google Scholar 8
15-5 PH 15-5PH Google Scholar 2
400-series 400-series Google Scholar 0

H13 Tool Steel H13 Tool Steel Google Scholar 0
Ni718 Ni718 Google Scholar 7
Ni625 Ni625 Google Scholar 5

Hastelloy X Not searched - -
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Table 5: A summary of the keywords and search engines used for the article search for EBM.

EBM Keywords Search engine Number of
referenced articles

Inclusion critera AM or Additive manufacturing, EBM,
or Electron beam melting,
Mechanical properties

316L 316L, Stainless steel, SS UU Library 3
17-4 PH 17-4 PH, Stainless steel, SS UU Library 0
400-series 420, 420L, 416, Stainless steel, SS UU Library 0

Tool Steel H13 Tool Steel, H13 UU Library 0
Ni718 Nickel, Nickel-alloy, 718, UU Library 8

Ni-718, Inconel, 718 Science Direct
Ni625 Nickel, Nickel-alloy, 625, UU Library 7

Ni-625, Inconel 625 Science Direct
Hastelloy X Not searched - -

Table 6: A summary of the keywords and search engines used for the article search BJG.

BJG Keywords Search engine Number of
referenced articles

Inclusion critera Additive manufacturing, BJG,
Binder jetting or Binder jet or 3DP,

Mechanical properties.
316L 316L, Stanless steel Google Scholar 7

17-4 PH 17-4PH, Stainless Steel Google Scholar 0
400-series 420, 416, Stainless Steel Google Scholar 4

Tool Steel H13 H13 Google Scholar 0
Ni718 Ni718, Inconel 718 Google Scholar 6
Ni625 Ni625, Inconel 625 Googlel Scholar 3

Hastelloy X Hastelloy X Google Scholar 0

Using the keywords and search engines mentioned in the tables above a huge
amount of hits for articles was acquired. Therefore there were some following
steps to decide the articles relevance. Each combination of one method and one
type of material was searched separately. Even though in some cases while search-
ing for a specific combination articles relevant for another combination could be
found.
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The title of the articles was first and foremost evaluated. If the title had some or all
the keywords in the title it was studied further. The most important part was that
either the specific AM method and the material of interest was mentioned or gen-
eral terms that could include the specific method and material were mentioned. So
for example the specific keywords could be SLM and 316L or more general terms
like AM andmetals could be present. The titles that satisfied these conditions were
studied further and had their abstract and conclusion read. Afterwards they were
referenced as either relevant in some way or irrelevant. If after further reading the
articles with general terms proved to be irrelevant the article was not read further or
referenced at all. This could be if the method or methods mentioned in the abstract
and conclusion, as well as material, were irrelevant to this project. Articles with a
clearly different focus, either due to the method or material mentioned in the title,
were not studied further at all. However, if it was deemed relevant it was studied
further.

All relevant articles were saved in an online sheet where information of the first
mentioned author, year of publishing, title, keywords, relevance ranking, a short
summary, a URL and the initial of the student who read the article was saved. The
relevance ranking had three levels ranging from relevant, somewhat relevant to not
relevant. Depending on the focus different students could rate the articles different.
An article could be very relevant for a certain combination, but at the same time
be only somewhat relevant for another. Because in some cases several methods
or materials were mentioned in the same article. As the focus was different for
different groups a recommendation column was also added so articles could be
recommended to each other. Below, in Figure 6, is a screenshot of the sheet where
all this information was saved.

Figure 6: Screenshot of the online sheet for relevant articles.

The exclusion criteria while searching through all the different articles was if there
was only irrelevant materials and/or methods mentioned in the title, abstract and/or
conclusion. Most articles that were found mentioned the right method, but the
wrong material or vice versa. So it was important to ensure that only articles that
fit both the right method and relevant material were studied.
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2.3 Database
To be able to build a database a skeleton was first made. The frame for the database
initially only included three sheets, one for each method of interest. These were
filled with the parameters deemed relevant by Erasteel. Each sheet was divided
into properties for the material, the technique and the post processing. Then all
students read some articles and added information to the skeleton to see what was
working and lacking. While doing this more possible parameters were added to the
skeleton as they were mentioned in the read articles. As a result of this a reference
list was also added to the skeleton for the things referenced in the skeleton. After
this a discussion was held with PhD student Carl Johan Hassila at the Department
of AppliedMaterial Science at Uppsala University. The discussion was about what
parameters are important for the result of additive manufactured material. With
the help of Carl Johan and Erasteel a more complete skeleton of the database was
established. At this point in time the group created an actual database based on
the skeleton and started filling in information. While adding information to the
real database more sheets were added as the original four sheets from the skeleton
were deemed not sufficient. Additional sheets for an introduction of the database,
a guide to the database, reference values and important descriptions from articles
were added. Parameters for the different methods were thereafter customized for
each method depending on the information and parameters found in the articles
studied. As a result each method sheet looks somewhat different. However the
overall design is the same. Each method sheet was separated into two section.
One section was for the mechanical properties and other properties of the printed
material and the other section was for properties for the initial powder, the manu-
facturing process and any post processing.

2.4 Data Search
To find out more information about when and how much research was done for
the three methods in general over the years a data search was conducted. The
search was done in three different search engines to ensure a more complete
picture. The search engines were ScienceDirect, Web of Science and Google
Scholar. In all three search engines the same keywords were used. For SLM they
were "additive manufacturing" and "selective laser melting", for EBM they were
"additive manufacturing" and "electron beam melting" and for BJG the keywords
were "additive manufacturing" and "binder jetting". No exclusion criterion was
needed for Web of Science or ScienceDirect, because the search engines listed
the number of publications for each year. For Google Scholar exclusion criterion
was needed to find the number of hits for each year. The specific time interval

16



of interest had to be added to the search. To find the number of hits from for
example 2014 the time interval was set from 2014 to 2014. The information was
later compiled into diagrams.

2.5 General Trends
An article search was conducted to get a general idea if any trends had been dis-
covered in other review articles similar to this literature study. Search engines
such as Google Scholar, Web of Science and ScienceDirect in combination with
keywords like "additive manufacturing review" and "mechanical properties" were
used. Furthermore, the applying of the inclusion criteria "review articles" facili-
tated the process substantially as well.

The main purpose of this article search was to find studies that had a similar
objective to the creation of the database. Articles considered most relevant were
therefore articles where they had compiled information from several different
sources regarding process parameters and mechanical properties of materials pro-
cessed by the three techniques SLM, EBM and BJG. Determining whether or not
an article was relevant was thus mainly done by reading the abstract section and
looking for tables where this kind of information was listed. A total of three
articles were finally used in the study of general trends from other studies. Values
of the mechanical properties for each method separately were used to calculate
mean values. The standard deviation for said properties of each material was also
calculated. These mean values could then be used to look at trends, both between
the different additive manufacturing techniques and also between the different ma-
terials. Note that for EBM that the standard deviation was not calculated, and for
BJG only one value for the Yield strenght were found.

2.6 Summary of the AM Techniques
The summary of the AM techniques was written as a separate report. It covers
the three techniques studied in this report. It is based on an article search where
two or more articles where found for each technique. The focus on the article
search was to find articles that compared the methods to each other or with con-
ventional methods. The search engines used were Google Scholar and Web of
Science. The search words were the names of the methods of interest "SLM",
"EBM", "BJG", "selective laser melting", "electron beam melting", "binder jet-
ting", "microstructure", "mechanical properties" and "comparison conventional
methods". The primary goal was to find articles that compared the AM methods
with conventional methods or compared the methods against each other. The
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general microstructure for all three methods was also searched for as this is an im-
portant and defining parameter for mechanical properties. This information was
not easily found for BJG. To find this information articles concerning sintering
had to be read instead. In total 14 articles were used to build a summary with
information on the separate techniques, the microstructure, a comparison between
techniques and a comparison of the techniques to conventional methods.

3 Results
This section presents the results of the project covering the summary, the database
and information found on general trends from the database and from external
sources.

3.1 Database
One of the purposes of the project was to deliver a database that presents mechan-
ical properties, microstructure, density, porosity and other properties for materials
that have been additively manufactured in a comprehensible and methodical way.
The database is a Microsoft excel file that consists of eight sheets. In order the
sheets are named: Introduction, Database guide, Reference values, General AM
Articles, SLM, EBM, BJG and References.

Sheet 1, Introduction, contains a bit of background information and a context for
the database. A short introduction of the whole project, including the database’s
role, is presented here. A screenshot of the sheet is presented below in Figure 7.

Figure 7: Screenshot of the introduction sheet of the database

Sheet 2,Database guide, explains abbreviations used in the database. For example
the abbreviation SLM is listed there, as well as the meaning selective laser melting.
On the first sheet the reference system is also explained for the database. Each
article has a reference number in the last sheet that lists all the references. This
number is referenced in square brackets. Each article is also given a relevance
ranking of one to three, where three means a relevant article, two means a some-
what relevant article and one means not relevant. This relevance ranking number
is written in round brackets after the list number. Both numbers are used when
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referencing articles in the database, for example [23](2). More information about
the relevance ranking can be found in the discussion section below. A screenshot
of the database guide can be found below in Figure 8.

Figure 8: Screenshot of the database guide for the database

Sheet 3, Reference values, lists values for mechanical properties for the differ-
ent materials. However the values presented in this sheet is for material made by
more conventionalmethods. The values can be used for comparison to components
made by additive manufacturing. A screenshot of the sheet can be seen in Figure 9.

Figure 9: Screenshot of the reference values in the database

Sheet 4 to sheet 6, SLM, EBM and BJG, consists of values found in articles for the
parameters of interest. The parameters of interest for the different methods differ
somewhat as the methods differ, but the overall structure of these sheets is the
same. Each sheet is basically divided into two sections. The first section is where
information about the mechanical properties and other properties are filled in. This
section ends with any interesting figures from the article and a short summary.
The second section has information regarding the initial powder, the technique
used and the manufacturing process. The last part of this section has information
about any post-processing done to the product and the reference to the source of
the information. The sheets are designed so you will be able to find information
about the different materials for each method in a methodical way, as well as the
source article. These three sheets, and sheet 3, summarize all the information
deemed needed for all the articles read during this project. Screenshots of the
EBM-sheet in the database can be seen in Figures 10 and 11. As mentioned ear-
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lier, the sheets for SLMandBJG are constructed in the sameway as the EBM-sheet.

Figure 10: Screenshot of the first section of the EBM-sheet

Figure 11: Screenshot of the second section of the EBM-sheet

Sheet 7, General AM articles, is a sheet that consists of information from relevant
articles that do not provide a significant amount of database values. This is for
articles with descriptions of the properties of interest in text instead of values.
This sheet exists to avoid rows where almost all of the cells in the method sheets
would be left empty and only one or a few cells would have a large amount of text.
This sheet is also used for the articles that are deemed irrelevant. Articles with
the relevance ranking of one are summarized here to explain why they might have
seemed relevant at first, but ended up being deemed irrelevant. A screenshot of
the sheet can be seen below in Figure 12.

Figure 12: Screenshot of the sheet named General AM articles in the database

Sheet 8, References, lists all the articles that have been referenced during the run
of the project. The references are listed as information from articles were added
to the database. There is therefore not a specific order to the list. Each article has
an article reference number in square brackets to the left. To the right there is a
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relevance ranking number in round brackets. The relevance ranking is divided into
the values one to three as explained earlier in the report. Each article therefore has
both a reference number and a relevance ranking number as explained in the first
sheet. Finally, there is a column explaining in which sheet the information taken
from the articles can be found. A screenshot of the last sheet can be seen in Figure
13.

Figure 13: Screenshot of the references for the database

3.2 General Trends
Below the found general trends from the database, the review articles and the data
search are presented.

Table 7 shows mechanical properties for the materials of interest created by con-
ventional methods, such as forging. The values are referenced for comparing to
values found in the database and other review articles.

Table 7: Mechanical properties of conventionally produced materials. All values
are taken from ASM handbook except for σ which is taken from DebRoy et. al [8].

Materials
Property 17-4 PH [9] 15-5 PH [9] Ni718 [10] Ni625 [10] 316L [11]
σ[MPa] [8] 992 - 888.5 390 303
σ0.2[MPa] 1170 1170 1036 517 170
UTS [MPa] 1310 1310 1240 930 450

Elongation [%] 10 10 12 42.5 40

Trends in the Database

Tables 8, 9 and 10 show the mean mechanical properties and the standard de-
viation calculated for the materials processed with the three techniques. The
values are based on the values from the database.
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Abbreviations used in following section

Stdev - standard deviation
σ - yield strength
σ0.2 - yield strength, 0.2% offset
Mean - mean value
UTS - ultimate tensile strength
H - Horizontal
V - Vertical
VED - Volume energy density

Some cells in the tables are left empty as the relevant values could not be calculated
due to lack of information. For the BJG table, the parameter σ0.2 is not listed at
all since not a single article gave a value for that parameter. For some materials
the mechanical properties were only given in one article so the standard deviation
could not be calculated.

Table 8: Mechanical properties of material printed with SLM, data is taken from the database.

SLM
Material 17-4 PH Ni718 Ni625 316L 15-5PH

Mean Stdev Mean Stdev Mean Stdev Mean Stdev Mean Stdev
σ [MPa] 1125 106 1212 54 - - 379 - - -
σ0.2[MPa] 975 78 948 188 800 - - - 1100 0
Elongation 14 5.5 20 5.5 9 - 23 - 14.96 0.057
UTS [MPa] 1219 101 1308 171 1030 - 1469 1.41 548 -
Density [%] 99.9 0.058 99.4 0.42 99 - - - - -
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Table 9: Mechanical properties of material printed with EBM, data is taken from
the database. H stands for horizontal and V stands for vertical.

EBM
Material Ni718 Ni625 316L

Mean Stdev Mean Stdev Mean Stdev
σ H [MPa] 993 96 - - 253 -
σ V [MPa] 965 99 - - - -
σ0.2[MPa] - - 330 0 - -

Elongation H 18.4 3.8 69 0 59 -
Elongation V 16.7 7.3 - - - -
UTS H [MPa] 1202 91 770 0 509 -
UTS V [MPa] 1151 127 - - - -

Table 10: Mechanical properties of material printed with BJG, data is taken from
the database.

BJG
Material 316L Ni718 Ni625 420SS

Mean Stdev Mean Stdev Mean Stdev Mean Stdev
σ [MPa] - - - - 359.5 45.96 - -
Elongation - - - - 35.5 7.6 - -
UTS [MPa] - - - - 655 60 - -
Density [%] 98 - 98.5 - 99.6 0 81.3 25.9

Tables 12,13 and 14 below show the number of articles that give values for relevant
mechanical properties or process parameter for a combination of a method and
material. The quantities are calculated based on the number of relevant referenced
articles in the database. Table 11 shows the number of articles that were found
covering each material for all three techniques. Only the materials with at least one
of the techniques had relevant articles were added. So any material, like Hastelloy
x, where all had zero referenced articles were not added to the table. The number
includes both relevant articles referenced in the designated method sheets and the
general AM articles sheet.
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Table 11: Number of articles found that covers each material of interest for the
different AM techniques.

SLM
Material 17-4PH Ni718 Ni625 316L 15-5PH 420

Articles found 8 7 5 5 2 0
EBM

Material 17-4PH Ni718 Ni625 316L 15-5PH 420
Articles found 0 8 7 3 0 0

BJG
Material 17-4PH Ni718 Ni625 316L 15-5PH 420

Articles found 0 6 3 7 0 4

Table 12: The parameters of interest for SLM that exist in the database and the
number of articles that give values for the parameters.

SLM
Material 17-4PH Ni718 Ni625 15-5PH 316L

σ 2 2 0 0 1
σ0.2 2 3 1 2 0

Elongation 3 4 1 2 1
UTS 3 5 1 2 1

Microhardness 3 4 0 0 3
Density 3 2 1 0 0

Laser effect 7 6 3 2 4
Laser diameter 4 4 2 0 1
Layer thickness 7 6 3 2 4

Scan rate 7 4 3 2 3
Hatching space 6 2 3 2 4
Substrate Plate 1 2 0 0 2

Volume energy density 4 1 0 1 0
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Table 13: The parameters of interest for EBM that exist in the database and the
number of articles that give values for the parameters. H stands for horizontal and
V stands for vertical.

EBM
Material Ni718 Ni625 316L

Process temp 4 0 1
Hatching space 0 0 0

Scan rate 1 2 2
Layer thickness 4 2 2
Beam effect 1 2 2

Beam diameter 0 2 0
σ H 2 0 1
σ V 2 0 1
σ0.2 0 2 0

Elongation H 2 2 1
Elongation V 2 2 1

UTS H 2 2 1
UTS V 2 2 1
Density 0 2 1

Table 14: The parameters of interest for BJG that exist in the database and the
number of articles that give values for the parameters.

BJG
Material 316L Ni718 Ni625 420SS
Saturation 3 1 0 0

Burnout time 1 1 0 0
Burnout temp 2 1 0 1
Cured time 5 1 0 2
Cured temp 5 1 3 2
Shrinkage 0 1 0 1

Layer thickness 3 1 3 1
Roll speed 1 0 3 0

σ 0 0 2 0
σ0.2 0 0 0 0

Elongation 0 0 2 0
UTS 0 0 2 0

Density 0 1 3 0
Microhardness 1 0 3 2
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Tables 15,16 and 17 show the different process parameters for the differentmethods
and materials. The tables are created to illustrate how they differ.

Table 15: Values for process parameters used when printing with SLM, data is taken from the
database.

SLM
Material 17-4PH Ni718 Ni625 15-5PH 316L

M
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v
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Laser effect [W] 146 79 218 103 97 57 195 0 190 132
Laser diameter[µm] 105 33.2 97.5 50 71 1.4 - - 90 -
Layer thickness [µm] 30 5.8 40.8 11.1 40 17 30 14 55 2.5
Scan rate [mm/s] 825 779 875 275 218 249 800 0 591 179

Hatching space [µm] 96 24 100 28.3 93.3 31 100 0 65 29
VED [J/mm3] 82.5 14.7 59.5 - - - 122 - - -

Table 16: Values for process parameters used when printing with EBM, data is
taken from the database.

EBM
Material Ni718 Ni625 316L

Mean Stdev Mean Stdev Mean Stdev
Process temp [°C] 993 76.2 - - 950 -

Hatching space [µm] - - - - - -
Scan rate [mm/s] 918 - 100 0 2675 2368

Layer thickness[µm] 67.5 11.9 75 35.4 85 21.2
Beam effect [W] 12 - 7 1.4 23.5 9.2

Beam diameter[µm] - - 2.3 0.4 - -
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Table 17: Values for process parameters used when printing with BJG, data is taken from the
database.

BJG
Material 316L Ni718 Ni625 420SS

Mean Stdev Mean Stdev Mean Stdev Mean Stdev
Saturation [%] 60 10 80 - - - - -
Burnout time [h] 0.5 - 0.5 - - - - -
Burnout temp [°C] 680 311 700 - - - 460 -
Cured time[h] 2.2 0.45 2 - - - 2 0

Cured temp [°C] 179 18.5 80 - 175 0 197.5 3.52
Shrinkage[%] - - 21.5 - - - 1.25 -

Layer thickness[µ m] 108.33 80.36 125 - 100 0 100 1
Roll speed [mm/s] 10 - - - 53.3 66.4 - -

Trends found in review articles

Tables 18 and 19 show the mechanical properties for the materials and methods of
interest and is compiled from review articles [8, 12]. A standard deviation is also
calculated here, because their results had a large span of values.

Table 18: Mechanical properties of material printed with SLM, data is taken from review articles
[8, 12]. H stands for horizontal and V for vertical.

SLM
Material 316L Ni625 17-4PH Ni718

Mean Stdev Mean Stdev Mean Stdev Mean Stdev
σ H [MPa] 470.4 94.7 590 297 635.5 36.1 552 -
σ V [MPa] 446.5 108.8 715 502 590 28.3 552 -
σ0.2[MPa] - - - - - - - -

Elongation H [%] 17.6 8.9 33.5 34.6 13.6 3.7 16 -
Elongation V [%] 18.3 14.6 33.5 34.6 26.8 32.9 16 -
UTS H [MPa] 564 87.9 965 91.9 1152.5 145 904 -
UTS V [MPa] 517.7 161.1 800 113.1 927 24 904 -
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Table 19: Mechanical properties of material printed with EBM, data is taken from
review articles [8, 12].

EBM
Material Ni625 Ni718

Mean Mean
σ [MPa] 475 580

Elongation [%] 62.8 22
UTS [MPa] 835 910

Figure 14 shows the number of articles covering a specific material printed with a
specific technique.

For BJG, only a mean value of σ was found for 316L, and it was 381 MPa.

Figure 14: Shows which material is the most common for each technique. Data is taken from the
database.

Figure 15 shows the relative amount of articles covering each technique.

Figure 15: Shows relative amounts of articles covering each method. Data is taken
from the database.
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Trends found based on search engine results

The available information from the data search on the different AM methods
is plotted in Figures 16, 17 and 18. In all three external search engines the
keyword for the methods were: "additive manufacturing" and "binder jetting"
for BJG, "additive manufacturing" and "selective laser melting" for SLM and
"additive manufacturing" and "electron beam melting" for EBM. The figures can
be compared with Figure 19, which illustrates the articles used for the database
separated by publishing year.

Figure 16: Number of hits for articles separated by year and AM technique from
Web of Science.
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Figure 17: Number of hits for articles separated by year and AM technique from
ScienceDirect.

Figure 18: Number of hits for articles separated by year and AM technique from
Google Scholar.
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Figure 19: Number of hits for articles separated by year and AM technique from
the database.

3.3 Summary of AM Techniques
Whilewriting the separate summary, that summarized important information about
the AM techniques of interest and how they compare, a lot of relevant information
was found. Based on the research it seems like SLM and EBM are quite similar
processes, while BJG differs more significantly in how parts are printed. The
fabrication of components are limited due to available technology, what properties
are wanted and the time frame for the printing. SLM tend to create components
that are superior in mechanical properties and offers more possible variation of
these properties than EBM and BJG does. EBM however creates material with
better ductility compared to SLM. BJG is preferred when porous material that
does not have high requirements for mechanical strength is to be made. This
is because it is cheaper compared to the other methods. However it can take
a longer time compared to SLM and EBM to make a finished product. BJG
does not have a size restriction for the component made or a restriction for the
initial powder size in the way SLM and EBM do. But it does not create as
geometrically accurate finished products as SLM and EBM does. Regarding the
microstructure, which affects the printed component significantly, SLM and EBM
tends to have a finer microstructure than materials processed with BJG. SLM and
EBM printed parts also have different properties in different directions due to
how the laser/beam moves. For BJG the microstructure is more homogeneous
and depends on traditional sintering mechanisms, often resulting in a more porous
microstructure. The whole summary is attached as an appendix at the end of this
report.
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4 Discussion
Below in this section the found results from the written summary, created database
and results from external sources are discussed. This section is completed with a
text about the future prognosis and future endeavors that are needed based on what
was found and learned during this study.

4.1 The Project
During the beginning of the project the focus and aim was only to write a summary
and compile a database containing the wanted information for Erasteel. About a
month into the project the focus was widen. The summary and database was still
to be made according to plan but it was also going to be used to find general trends
between and within the different methods and materials. The found trends from
the database were to be compared to trends and results from other studies. The aim
for the project was therefore rewritten accordingly to the new focus. The change
of focus was done in order to make the project more scientific and relevant to the
project course.

4.2 Chosen Parameters of Interest
The articles used for the study differ significantly in what parameters are men-
tioned. This unfortunately causes a lot of empty cells in the database and makes
it difficult to determine the influence of each individual parameter. As mentioned
earlier, each parameter affects the finished product in one way or another. It is
therefore more or less impossible to determine anything certain about the effect of
a single parameter on a finished component.

A problem with the project concerning the database and the parameters is that
there is an insufficient amount of articles for every material. Due to the time and
resource restrictions, not enough articles could be read and added to the database
to draw any conclusions with real scientific value. This also resulted in some pa-
rameters that were wanted in the database to be completely left out. Furthermore,
for some parameters, like fatigue and fracture toughness, there were only a single
or two values available so these columns were removed from the database. The
values were however instead noted in the summary in their respective sheets.
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4.3 Article Search
If a title seemed relevant in any sense, meaning that it mentioned all or some
of the keywords searched for, the article was looked at more closely. The first
focus was on reading the abstract and the conclusion. If at that point the article
seemed to give relevant information to the database the whole article was read and
information was added to the database. The information could be in the form of
values that could be added to the respective method sheets in the database, or it
could be in the form of a valuable description. In the latter case it was added to the
"General AM articles"-sheet. If the article instead seemed irrelevant it was shortly
summarized and also filed in the "General AM articles"-sheet in the database as
an irrelevant source and any further reading was stopped. Although it was deemed
not relevant it was saved and listed in the database to save time for Erasteel. The
purpose of this was to prevent time waste on an article that might seem relevant
but had no actual value, for anyone that later on might have planned to read said
article. Sometimes other sections than the title could give hits for the keywords
as well, and articles with an irrelevant title could still be relevant. In some cases
relevant articles were found in the references of other articles, so when finding
these a search engine was thereby not used at all. Both of these types of articles
were categorized as relevant and are referenced in the database.

It was difficult to find several of the combinations of methods and materials
requested by Erasteel. It also became quite clear that a few combinations were
simply not researched yet. If there were no relevant articles found while searching
for a certain combination it is referenced in Tables 4, 5 and 6 with a value of zero
in the "Number of referenced articles"-column. This value means that a search
was done, but no articles were found. However, in some cases there is a text
instead saying "not searched". In this case the combination was not studied in this
project. This means that there could possibly be relevant articles published, but
due to time restriction the search was not included. As the focus of the project
was shifted during the latter part of the time frame not all research could be
accomplished. The materials were researched in order of a priority list provided
by Erasteel. Furthermore, the article search in general could definitely have been
more extensive and satisfying for all combinations. However due to the nature and
duration of the project it was impossible to carry through a more comprehensive
research whilst also attaining a completed project.
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4.4 Relevance Ranking
A considerable part of the project relied on the relevance ranking of the articles
that were read. The relevance ranking used for this study was deemed sufficient
for the amount and type of articles read. The ranking system in itself is mentioned
and explained earlier. However what considerations that were made before giving
each value was also very important. After discussions within the group a common
consensus about how to appoint values was achieved. The value of one was for
irrelevant articles. This value was to be given to articles with an interesting title or
abstract section, but the article failed to provide any actual valuable information
to fulfill the project purpose. In short, cases where the article seemed useful but
ended up being quite useless were given the value of one. The relevance ranking of
two was given to articles that were somewhat relevant. These articles had valuable
information about the parameters of interest. However the article focus was on
something else than what was deemed relevant by Erasteel. There could for ex-
ample be values for mechanical properties, but they were values for material made
as porous as possible. This would give values to the parameters of interest, but
they would not be comparable to values found for conventional methods as these
are often given for materials made as dense as possible. The relevance ranking
of three was given to articles that were relevant in every sense. These articles
had valuable information as well as a purpose to the article that aligned well with
Erasteel. These were articles that for example may have had values that could be
easily compared to values for conventionally made materials.

4.5 Data Search
As mentioned before less information is available for BJG compared to SLM. This
is proven with the data search in Web of Science, ScienceDirect and the results
from the database, see Figure 16, 17 and 19. Both Web of Science and ScienceDi-
rect show a similar trend line, that before 2009 not many publications were written
on the three AM methods but after 2009 the interest in all of them grew and the
number of publications increased each year. The method of highest interest seems
to be SLM followed by EBM then BJG. This is likely due to the fact that both
EBM and SLM seem to produce components with higher mechanical properties
than BJG. The database follows this trend, where SLM has about twice as many
articles as BJG and EBM.

The results from Google Scholar, however, in Figure 18 contradicts these con-
clusions. According to the found result the most published method is BJG, thus
more information should be available for binder jetting. BJG seems to be one of
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the oldest metal powder based methods. Information about EBM and SLM can
be found as far back as the last decade, but BJG can be traced back more than
two decades. This is something that can affect the data search result from Google
Scholar but it should also then affect the results for the other two search engines.
No explanation for why Google Scholar presents a new trend can be thought of.

4.6 General Trends
From Tables 8, 9 and 10 some trends can be seen. For example, the mechanical
properties for materials processed with SLM tends to be better than those pro-
cessed with EBM. Materials such as Ni718 and Ni625 have higher σ, σ0.2 and
UTS. For BJG we do not really have values to compare with. Also, the elongation
for the materials seems to be best for EBM, second best for BJG and worst for
SLM. This is with the exception of Ni718, which is better for SLM. BJG has no
value on the elongation for Ni718 to compare with. These trends can be tied to-
gether using what was found for the methods presented in the introduction. Better
mechanical properties should result in a stiffer material with lower elongation.
Both of these can be tied to the high cooling rate of SLMwhich should give a finer
microstructure and better mechanical properties, but at the cost of a stiffer and
more brittle material [1]. Since the cooling rate for EBM is not as high as the one
for SLM, amaterial with higher elongation and lower UTS&σ should be obtained.

If the values in Tables 8, 9 and 10 are compared to the mechanical properties
of materials created with conventional methods, some trends can be seen. For
nearly all the materials SLM gives higher σ and σ0.2, except for 15-5PH. However,
there is only one article from the database that gives a value for σ0.2 for 15-5PH.
The UTS is also higher for SLM printed material except for 17-4PH and 15-5PH.
But for the elongation it is a mix where 17-4PH, 15-5PH and Ni718 had higher
elongation for SLM, while 316L and Ni625 had lower elongation. For EBM only
Ni718 can be completely compared, where σ is slightly higher and the UTS is
slightly lower for the EBM printed material. The elongation for Ni718, however,
is substantially higher. For the other materials, 316L and Ni625, the elongation
was higher than the values for the conventional methods. The UTS is higher for
EBM printed 316L, but lower for EBM printed Ni625. For BJG, a lot of values are
missing and the only material that could be compared was Ni625. For BJG printed
Ni625, the σ, the UTS and the elongation were lower than those for conventionally
produced materials.

Most of these results does match the results from other literature. Sources were
found that said that the mechanical properties of additive manufactured materials
can match and even exceed those created using conventional methods [13, 7].
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However, some of the AM materials do not have better mechanical properties and
there is a great spread of the values for the mechanical properties. This is most
likely due to the fact that different parameters were used to print the materials.
If the parameters change it can have a major impact on the microstructure and
mechanical properties [1].

Two review articles were found written by DebRoy et al. and Fraizer et al. These
contain similar work and compilations of information to this study for the SLM,
EBM and BJG methods. The results from these articles can be seen in Tables 18
and 19.

When the values for SLMwere compared it could be observed that the values from
the database were higher for almost all materials compared to the other review
articles. Only the elongation for 17-4 PH and the σ and elongation for 316L were
higher in the review articles. When the mechanical properties for EBM-processed
material were compared only a mean value of the UTS, elongation and σ was
found. Therefore no standard deviation is given in Table 19. For EBM the values
from the database show a higher σ and UTS for Ni718, while the review articles
show a higher UTS for Ni625 and a higher elongation for both Ni718 and Ni625.
To compare with BJG, only a mean value of σ was found for 316L, and it was 381
MPa. Since there is no mean value on σ for 316L to compare this with, it may
only be used to compare with the conventional methods.

Very mixed results are acquired when comparing the result from the review ar-
ticles to the values found for conventional methods. SLM-manufactured 316L
and Ni625 have higher σ and UTS, but lower elongation compared to the corre-
sponding conventionally made material. However 17-4PH and Ni718 had lower
σ and UTS and higher elongation compared to conventional methods. For EBM
similar results are obtained. Ni625 has higher σ and UTS and lower elongation
compared to conventional methods, while Ni718 has lower σ and UTS, but higher
elongation. Finally, if 316L is created by BJG it gets a higher σ value compared
to conventional methods.

Since the results are so mixed it is hard to find any overall trends. The results show
that the mechanical properties obtained by additive manufacturing vary a lot. They
can be worse, equal or even superior to those acquired by conventional methods.
What the results convey is that there still has to be conducted a lot more research
in order to find the optimal process parameters and define more specifically how
to achieve the different results. Since the database was based on a limited amount
of articles and the articles found had a lot of missing information the results are
quite inconclusive. There were too many parameters and properties missing and
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the standard deviations ended up quite large. If more time had been spent on the
literature study perhaps more valuable information could be found.

From Tables 12, 13 and 14 it can be seen that the microhardness is given for
multiple materials. However, the hardness is given in many different units like
Vickers, Rockwell C, Rockwell L and Brinell. With so many different ways to
measure the hardness it becomes very difficult to see any trends and compare the
hardness for materials printed with different methods. If there existed a possible
way to transform the different units into comparable units without uncertainty a
comparison could be made. This, however, is unfortunately not the case due to the
different techniques and loads used when measuring hardness. Therefore it was
decided that trends of the microhardness were not to be studied. Hence, micro-
hardness is not included in Table 8, 9 or 10.

For EBM, the mechanical properties are given for both vertical test and hori-
zontal test. This means that the sample was tested with respect to the building
orientation. Testing was done both along the building direction, vertical, and per-
pendicular to the building direction, horizontal. It is known that materials will get
different properties in different directions because of how the laser or beammoves.
Therefore it is understandable that both tests are mentioned. However, the articles
studying SLM rarely discloses this information, even though SLM is also affected
by how the laser moves. In Table 18 values for both vertical and horizontal testing
are given. This shows how the results from additive manufacturing are presented
and that they can vary a lot. Overall it has been a constant major problem that
only a few articles were found that give both values on mechanical properties and
process parameters. The latter one even more so, since the mechanical properties
of a material heavily depends on the process parameters being used during the
printing. Even if values are given for mechanical properties, if the process param-
eters are not properly disclosed it is hard to conclude anything about the obtained
values and how they compare to other results.

Tables 12, 13 and 14 show the number of articles that gives a value on a specific
parameter and Table 11 shows the total number of articles for a specific material
and method. Apart from the parameters listed there, some parameters were not
listed because of how rare these were. Flow properties for the powder and the
temperature of the substrate plate were some parameters that are important for
the outcome of the material, but were very rarely listed. This together with the
fact that the process parameters varied a lot made it very difficult to make out any
trends from the data in the database. It would be impossible to find the reason to
any difference in mechanical properties as there are so many process parameters
that can affect the results. This can be seen in Tables 15, 16 and 17. Additionally
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the apparatus itself affects the results and this varies a lot too.

This has also been acknowledged by Fayazfar et al. In their report they con-
clude that the existing studies only investigate optimal process parameters for
steels using simulation and/or experimental approach. But if the experimental
conditions change the optimal process parameters might no longer be applicable.
As a results, completely new experiments are needed. They also say that from
the data they collected it is obvious that it is extremely challenging to consolidate
the data available due to the inconsistencies in the procedures and methodologies
used. The thought is that as the AM community grows, the development of stan-
dard procedures is inevitable to help the community to interpret the data more
effectively and prevent experimental duplication as much as possible.

Figure 14 shows the number of articles covering a specific material printed with a
specific technique. The number of articles covering a specific technique is shown
in Figure 15. The number of articles with valuable values for EBM was 10, for
BJG 12 and for SLM it was 22, but even more could be found. In total, including
the relevant articles in the general AM articles section, SLM had 27, EBM had
18 and BJG had 20 relevant articles referenced. Due to the time limitation the
literature study could not continue for as long as what might have been necessary.
Since there existed quite a lot of articles for SLM, it was decided that when 4-5
articles was found on one material, the group moved its focus to the next mate-
rial. 316L has been processed using all three techniques, but the information is
very limited for EBM. The articles that studied 316L were only studying if it was
possible to print with 316L using EBM, so it was a pioneering project. It is still
very interesting to note that, as mentioned earlier, the σ and UTS actually were
higher here compared to conventional methods. On the other hand the literature
for nickel alloys is dominated by EBM. It can also be observed that SLM seems
to be the only technique that processes 17-4 PH. However, as mentioned earlier,
there were several combinations of material and method for which there could not
be found articles. Finally some combination were also not researched at all.

Looking more closely at the values in Figures 15 and table 11, a considerably
larger amount of articles could have been found, especially for SLM. From Figure
15 it is seen that SLM has the largest amount of articles and BJG has slightly
more articles than EBM. This is even though both plots in Figures 16 and 17 show
that EBM should be a more studied process compared to BJG and more articles
should have been found. The explanation for this is most likely because materials
commonly processed by EBM, like CoCr and the titan alloys, were not covered
in this project. The results however coincided with Figure 18 that shows that the
number of available articles covering BJG should exceed those covering EBM.
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The results from the Google Scholar search is however still considered somewhat
odd. The limited amount of articles is mostly due to the size restriction of the
project.

If the pie charts produced from the database are comparedwith those from Fayazfar
et al. (see section 1.7 General trends in literature) some common trends can be
seen. Figure 2 shows which materials are typically processed with SLM. A lot of
materials have been studied using SLM and from Figure 4 it can be seen that a lot
more research has been done on the technique compared to BJG, 68% compared
to 3 %. In hindsight the group working with SLM perhaps should have been given
more resources, as it is seen how relevant materials such as 316L, 420 and 17-
4PH have been processed with SLM. If Figure 3 instead is studied and compared
with the pie chart for BJG in Figure 14 it can be see that a lot less research have
been made on BJG. This can also clearly be seen in Figure 4. According to this
pie chart, a lot more work have been made on the 400-series of stainless steel
compared to what was found during this project. The literature found only covered
420. Unfortunately, Fayazfar did not study the nickel alloys at all. It could have
been beneficial to compare results as quite a lot of research was found on nickel
alloys. The only material that both basically agree on is 316L.

4.7 Future Prognosis and Endeavors
Additive manufacturing is a continuously growing field. Existing techniques are
being optimized and new techniques are being developed. Furthermore, more
materials are being looked at as potential new raw materials. AM is continu-
ously growing and will most likely continue to be a very interesting manufacturing
method for the foreseeable future. However more research needs to be done to
be able to compete with conventional methods like casting and forging. This is
both due to additive manufacturing currently being unfit for mass production, but
also the lack of information about different process parameters and their effect.
The lack of information makes it difficult and sometimes impossible to recreate
and compare results as every single parameter essentially can affect the result.
However, as mentioned earlier, the studying of metal components made with AM
is quite a new field compared to other raw material. Therefore it is expected that
more research is on its way and hopefully will shed some more light on optimal
process parameters and other much needed information.
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After the research was completed for the project the whole group felt like there is
a need for a standardization of the processes and materials. First of all there are
a lot of parameters that are essential, but they are not mentioned in some of the
articles. There was no article that mentioned all the process parameters deemed
important during the project. This might be, for example, because the writers want
to keep them secret or because they do not think it is necessary to mention them.
However when comparing results all information about the process parameters are
important and lack of information makes it harder to compare results from differ-
ent articles. Therefore the group thinks that a standardization is needed of how to
mention process parameters, both a list of all relevant parameters and preferably
a standard unit for them. A thought is that there should be a standard for each
AM technique including all important parameters. In that way any deviation from
this standard can be mentioned in a systematic way so the obtained results can be
duplicated with less effort. This would probably also make it easier to mention
relevant parameters for the researchers. Additionally, as different apparatuses are
used during different studies it would be great to have some sort of knowledge on
how they differ and compare to each other. This would simplify the comparison
of results from different studies. The current lack of a common standardization
makes it hard and sometimes impossible to compare results and find common
trends. This is a thought that other review articles also seem to agree with. For ex-
ample Fayazfar et. al [7]mentions the same problem and need for a standardization.

It could be very relevant to conduct a similar study to ours, with some sort of
database or a way to find general trends, in the future. However it should be
on a much larger scale. As mentioned earlier, metal powders as raw material
in AM is a relative new field. Most of the research found has been done in the
last five years. As additive manufacturing using metal powder grows as a field
hopefully there will be many more articles and much more information available
to build some sort of database on. As previously mentioned since there were
not that many relevant articles found in the given time frame, a study done in
the future might give more clarity. A lot of the results found in this study were
contradicting and not conclusive. Additionally due to the limited number of used
articles for values the mean values and trends found are quite uncertain. This is
also due to the method of finding the mean value for the mechanical properties.
Therefore it would definitely be relevant with a more thorough study when more
information and resources are available. Especially since the result do seem to
point to the possibility to build components with more intricate geometries and
higher mechanical strength compared to conventional methods.
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5 Conclusion
The purpose of this study was to find general trends for selected materials that
have been additively manufactured and compare them to results from other similar
studies and reviews. Based on the database mechanical properties for material
processed by SLM tend to be better compared to EBM, with the exception of
elongation. This, however, varies depending on the material. Compared to values
for SLM found in other review articles the values from the database for the yield
strength and tensile strength seem to be better for almost all materials researched.
The information for EBM and BJG was unfortunately more inconclusive and
lacking. Very mixed results were obtained when comparing values from both
the database and other review articles to values for conventional methods. AM
processed material seems to create weaker, equal and superior products compared
to conventional methods. SLM seemed to have better mechanical properties,
while EBM had very mixed results and BJG could not be compared due to lack
of information. However overall due to the limited nature of the project no
conclusions can be drawn about how to achieve the different results and how the
different parameters affect the finished printed product. The trends found in the
database were based on far too few articles to create mean values with scientific
value. Even the trends found in other review articles are quite uncertain as several
articles summarizes values and information from tests done on material made
with different process parameters and apparatuses. So even though the values
could seem similar they could be due to completely different things. To be able
to say anything about trends, how and what parameters affect a finished product
with more certainty more research has to be done. Not only in general as more
research on metal powders made with the AM techniques needs to be done, but
also as more resources is needed to read through current articles. This however
seems to currently be underway as most relevant research was found from the last
five years and additive manufacturing seems to continue to be a very relevant and
interesting field of research. Finally there is a need to standardize how and what
process parameters and other properties are mentioned in studies. Currently it is
very difficult to compare results or draw conclusions due to different designations,
units and a lot of missing essential information.
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Abstract
This report aims to summarise literature on the most common techniques for
additive manufacturing using metal powder as feedstock. These techniques are
Selective Laser Melting, SLM, Electron Beam Melting, EBM, and Binder Jetting,
BJG. First the working process of the techniques will be explained and secondly,
their advantages and disadvantages will be compared as well as their effects on the
mechanical properties and the microstructure. Both SLM and EBM works similar
were the solidification step is when the lares/beam melts the powder together. Bjg
works differently were the solidification step instead is sintering of the green body
after the printing step. SLM tends to result in materials with higher mechanical
properties and EBM results in more ductile materials. Materials printed using
BJG often has inferior mechanical properties due to the sintering step resulting in
a very porous material. The microstructure of SLM and EBM depends heavily
on the way the laser/beam moves and results in that the material has different
properties in different directions. The microstructure for BJG printed materials is
more homogenous.
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1 Introduction
Additive manufacturing (AM), commonly known as 3D-printing, is a method of
production that is based on the selective creation of a component. It is gaining
popularity due to the possibility to create products with intricate and complex ge-
ometries with less material waste and shorter lead-time [1]. The process converts
3D-models, predominately made with the help of computer-aided design (CAD),
into 2D-layers. The product is then built layer by layer [2]. Currently a huge
variety of additive manufacturing methods exist. Main differences between the
methods are usually how the layers are deposited and what type of raw material
is used. All the different methods have their advantages and disadvantages. The
raw materials currently available include polymers, ceramics, metals and compos-
ites. The variety allows a good possibility of finding an appropriate match for the
wanted specification of a product. Due to the versatility of additive manufacturing
there are many new emerging techniques and the list of raw materials available for
printing is expanding. Hence, if what is needed or wanted is not available at the
moment there is a possibility it might be in the future.

The raw materials of interest in this study are only gas atomized metal powders.
Metal powders in general are not as extensively researched as some other materials,
like for example polymers. The research found on metal powders only go back
about a decade. Polymers, however, have been studied and used for additive man-
ufacturing for several decades so there is considerably more information available.
The most common metal powders for additive manufacturing are stainless steels,
aluminum, nickel, cobalt-chrome and titanium alloys. Unfortunately, just because
these are the most common metal powders used for additive manufacturing it does
not mean that sufficient research has been done on them. As a result there is
quite a lot of information missing about optimal process parameters for different
combinations of methods and metal powders.

Additive manufacturing has, as mentioned, picked up a lot of interest lately due to
its ability to print complex geometries with high precision. This opens up for ge-
ometries that could be impossible or extremely tricky to create using conventional
methods, such as casting and forging. As a manufacturing method it is very useful
for the creation of prototypes, a single or a few products. However it is currently
deemed unfit for mass production. This is due to the fact that several of the most
common AM methods are quite time consuming. Due to this the method is cur-
rently not able to compete with conventional methods on a larger scale. However,
the AM industry is developing and optimized continuously. Therefore there is a
possibility that new methods or other solutions that open up for mass production
will be created in the future.
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1.1 The Techniques
All three techniques of interest work with metal powder as the raw material. They
operate by rolling out or raking on a layer of powder (usually around 50 µm
thick). For selective laser melting (SLM) and electron beam melting (EBM) the
powder is melted together using a laser or an electron beam respectively. Both
of these techniques are powder bed fusion techniques, often shortened PBF. PBF
techniques either use a laser or electron beam to melt together material powder.
For binder jetting (BJG) a special binder is instead added to selected parts of
the powder to hold the component together. This method creates a green body
and does not melt together the powder directly. The binder instead works as an
adhesive. The piston with the melted or binded powder is then lowered and a
new layer of powder is rolled on top of the printed powder and the process is
then repeated. The general setup for BJG can be seen in Figure 1. The figure
can also be used to show the setup for SLM and EBM. In the case of SLM, the
printer head is replaced with a laser and in the case of EBM, it is replaced with
an electron beam [3]. As additive manufacturing is continuously growing without
a particular commonly accepted standardization there are a lot of different names
for essentially the same techniques and processes. The different names that were
encountered will be mentioned below. There could and does probably, however,
exist even more names.

Figure 1: An illustration of the general setup for BJG.
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Selective Laser Melting
The most commonly used technique for metal powder in the AM industry is SLM.
The method, however, can also be used for a wide variety of other raw materials.
The technique selective laser melting is also sometimes known as laser powder bed
(LPB). It is however not to be confused with direct metal laser sintering (DMLS).
Although a similar method DMLS does not melt the layers but only sinters the
powder. SLM is the method for which there exists the largest amount of relevant
published research on metal powders. Many process parameters can be altered in
order to change the final mechanical properties of the component that is printed.
Important parameters often includes laser power, scan speed, hatch distance and
scan strategies. A laser is used to melt the powder selectively and the process is
performed in a chamber containing an atmosphere of inert gas, such as N2 or Ar,
under high pressure to minimize oxygen contaminations. Typically, the chamber
is not heated which gives rise to a high cooling rate after the laser has passed. This
can be a problem when processing brittle materials and can be helped by adding
a substrate plate which usually is heated to around 200-500 °C [1]. However, the
high cooling rate enables SLM to create amorphous materials [4]. Benefits of us-
ing SLM is that process parameters can be altered during the printing of materials
to vary the properties. It is possible to create near net shape designs which means
that less need for post-processing is required. The technique is relatively cheap
and a wide variety of materials can be processed. The drawbacks with SLM are
that optimization can take a long time and that resulting components might suffer
from large surface roughness. Other restrictions are the difficulties of printing
brittle and high-temperature materials, a high initial cost and the fact that it is size
restricted [1].

Electron Beam Melting
EBM as a method is very much similar to SLM, but it includes more process
parameters which in turn makes optimization even more difficult. Therefore only
a handful materials, including Ti-6Al-4V, Ni-718 and CoCr, are currently pro-
cessed in the industry by EBM [5]. The more narrow list of researched material
also results in less available and relevant articles. This technique is sometimes
also called electron beam additive manufacturing (EBAM) or electron beam pow-
der bed fusion (EPBF). The major difference between SLM and EBM is that
the chamber is preheated to a temperature of 600 °C and an overnight cooling
is required for EBM-processed components. The atmosphere in the chamber is
vacuum to reduce contamination of oxygen. The preheating of the powder makes
the cooling rate slower than the cooling rate for SLM, which makes it easier for
the technique to process brittle material. The electron beam can also be used to
scan the powder bed multiple times, first to heat the bed and then to melt the
material. This, however, would make the process slower and even more expensive.
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Finally, EBM is also restricted by size as SLMdue to the size of the powder bed. [1]

Binder Jetting
Binder Jetting can be abbreviated as both BJG and BJ. It also has several names
like inkjet, inkjet 3D printing or even just 3D printing (3DP). This method was
developed in the early 90s. The research on the use of BJG and metal powders
has been limited in comparison with literature available on both SLM and EBM.
Instead of melting the powder the initial step in Binder Jetting uses a binder that
glues the powder together and thus prints a green body. The green body is then
sintered to achieve the final component. After printing, several post-process steps
are required such as de-powdering, sintering, infiltration, annealing, and finishing
to optimize the mechanical properties [3]. On the other hand, BJG is not restricted
by size and is considered the most effective method for building three-dimensional
structures. The powder/binder ratio can be altered to attain different results and
there will be no residual stresses due to high cooling rates [1]. However, because
the density depends on sintering mechanisms different porosity can be achieved
in different parts of the component. Finally the mechanical properties are often
lower than those for SLM- and EBM-printed counterparts. However during later
years a lot of research has been done to improve the mechanical properties of BJG
using different temperature programs and sintering additives.

2 Microstructure
The microstructure of the printed material depends very much on the type of print-
ing method used. In short, SLM and EBM gives rise to much finer microstructures
than BJG and conventional methods due to their high cooling rates [6, 7]. This is
especially true for SLM since the working temperature for EBM is much higher.
This results in meta stable phases, such as martensite. These are most prominent
in SLM printed components. The microstructure for BJG printed parts depends,
as mentioned above, on traditional sintering mechanisms. All three methods have
some parameters in common that affects the resulting microstructure. Powder size,
powder size distribution and flow properties of the powder are some. However
nearly every parameter affects the microstructure in some way whilst also affecting
each other. This makes it very difficult to estimate how the resulting microstruc-
ture will look. The microstructure also results from the chemical properties of the
powder and thus changes depending on which material that is printed.
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As described above, the powder is rolled out layer by layer and selectively
melted by a laser in SLM. For some materials the melting gives rise to molten
pools which solidifies to Molten Pool Boundaries (MPB). TheMPBs greatly affect
the microstructure of SLM printed parts (see Figure 2). MPBs in the figure are
on the cross section parallel to the laser scanning direction. The size of the MPBs
depends on the effect of the laser [8, 6]. Because of the MPB, the surface becomes
uneven and has an Ra value of 10-15 µm [9]. The Ra value is a way to grade the
surface roughness. Figure 3 shows the orientation of the grains, indicated by the
dotted arrow. The grains are all perpendicular to the MPB. There is often a large
amount of non-metallic precipitation containing C, O and Si formed around the
MPB affecting the mechanical properties negatively.

Figure 2: SEM images of MPBs in 316L
printed with SLM.

Figure 3: Morphology of the cross sec-
tion perpendicular to the scanning direc-
tion. Dotted arrow shows orientation of
the grains.

Because of the MPBs it becomes clear that the microstructure depends heavily on
what type of scanning strategy that is chosen [6, 10]. Figure 4 shows different
scanning strategies that can be used in SLM and EBM:
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Figure 4: Scan strategies used to determine heat source path in metal AM as
seen in the X-Y plane (perpendicular to the build direction): (a) unidirectional
or concurrent fill, (b) bi-directional, snaking, or counter current fill, (c) island
scanning, (d) spot melting, (e) spot melting contours with snaking fill and (f) line
melting contours with snaking fill [10]

MPBs are often seen in materials such as stainless steel 304 and 316L. However,
they are not visible for materials such as Ti-6Al-4V and Fe. This might be related
to several factors such as the complicated metallurgical process and phase trans-
formations [9]. However more research is needed for an definite cause.

EBM is a similar process to SLM and also give rise to molten pools. The size of
the molten pools can be altered with the energy density of the electron beam, even
causing the MBPs to melt together to a homogeneous body, if the powder layers
are thin enough [8].

For both SLM and EBM, the printed parts pass through a very complex heat
cycle with rapid heating, fast solidification of melted regions, substantial heat
gradients and remelting of solid parts when the laser passes in other layers/tracks.
Because of the rapid heating and cooling rates, the material will reach a non-
equilibrium solidification.

For SLM, three grain morphologies have been noticed. One with columnar grains,
one with equiaxed grains and finally an interface region with both. The type of
region depends on the thermal gradient and the solidification rate, as shown in
Figure 5 (b). A high thermal gradient results in columnar grains. Since heat will
be transmitted through the newly deposited powder layer, the highest temperature
gradient will be in that direction. Columnar grains will also be the dominant type
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of grains in remelted regions. If the temperature gradient is alike in a direction,
the grains will grow in that direction and equiaxed. This is what happens in newly
melted regions, see Figure 5 (a). [7]

Figure 5: . (a) Schematic of the melting (Zone I) and re-melting zones (Zone II)
in the melt pool, (b) the plot shows different temperature gradient regions to form
columnar and equiaxed grains, with relation to solidification velocity for SS 316
[7]

The grain morphology is even more complex since constant remelting and the fact
that the heat flow can be different in the same melt pool which gives rise to grains
with different orientations [7].

No articles studying the microstructure with different regions of grains and dif-
ferent grain orientations, have been found for EBM. However, for both SLM and
EBM, it was noticed that since the thermal dissipation is greatest in the building
direction the material will have different properties in different directions. This is
in great contrast with conventional methods which often will have homogeneous
properties [7].

As mentioned before the BJG process first prints a green body which is then
sintered to a solid component. The solidification therefore heavily depends on
traditional sintering mechanisms. Since little research have been done on BJG,
many instead look at sintering for a material to predict the microstructure for the
same material as it is printed with BJG [3]. It has been proven that what is very
important for the densification of a material printed with BJG is that the material
reaches supersolidus liquid phase sintering (SLPS). In this state the pores collapse
and the material becomes homogeneous and solidified. Other important param-
eters for the microstructure are geometry design, choice of binder, drying time,
binder burnout, spread speed and binder saturation. Binder saturation is a unique
parameter for BJG and is defined as:

S =
Vbinder

Vair
(1)
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Where (Vbinder) is the volume of the binder and (Vair) is the volume of the open
space in the green body. This, together with the particle size has to reach a good
balance in order to optimize the density of a material printed with BJG [3].

3 Advantages and disadvantages
Each of these three AM processes mentioned have their own advantages and
limitations.

3.1 Type of material
The raw material to be printed affects the choice of process. For example, the
high working temperature in EBM restricts the materials that can be used, due to
low melting points, for example Al/Mg/Zn-based materials. SLM and BJG are
therefore the more suitable methods in this specific case [1].

When considering brittle materials, all three processes are theoretically an op-
tion. The high cooling rates in the SLM process can lead to internal stresses
though, which will lead to the formation of cracks perpendicular to the scanning
direction [11]. This can be overcome to some extent by reducing the cooling rate
with substrate plate heating [1].

Materials with high melting points, e.g. diamond, cannot be processed effec-
tively by SLM or EBM. BJG is therefore the only remaining alternative. All
materials available in powder form can theoretical be processed with BJG. On the
other hand, mechanical properties, such as strength, for a sample produced with
the BJG process will be inferior compared to both SLM or EBM. This is due to
prolonged thermal treatments such as annealing, curing and sintering [1].

3.2 Technological limitations
Another limitation for the choice of processing method are the available defined
industrial process parameters used to produce a defect free component. An example
is the fabrication of stainless steel 316L where all three methods: SLM, EBM and
BJG can work, however the process parameters available for EBM are not well
defined. The fabrication is thus restricted by available technology.
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3.3 Material Properties
Depending on the required properties the optimal process is going to differ. Parts
fabricated by SLM tend to achieve superior mechanical, corrosion and tribological
properties compared to the counterparts produced by casting [11, 12, 13, 14, 15].
SLM is one of the most widely used AM processes due to its versatility. Neither
BJG nor EBM offers such variations in the mechanical properties [11]. The high
cooling rate in SLM also improves the strength of the material (however at the cost
of ductility) in comparison to the EBM process with the hot powder bed which
prevents, in for example Ti6Al4V, the formation of brittle martensite. Samples
produced with the EBM process will hence have better ductility but lower strength
levels compared to a sample produced by the SLM process. The strength levels of
a sample produced using the BJG process will be inferior compared to both SLM
and EBM, which is due to prolonged thermal treatments such as annealing, curing
and sintering. Also the SLM process is preferred over the BJG process when the
material is to be used for structural applications. This is because of defect levels
(porosity) and strength requirements [11].

3.4 Post-processing
If the existence of internal porosity is beneficial and high mechanical strength is
not required during the use, then the proper choice of fabrication is BJG. This is
because it is cheaper than SLM and EBM and fulfills the parts requirements. One
of the bigger drawbacks of BJG is the long yet necessary post-processing after the
printing of the part. If a part that is fabricated using EBM or SLM has to undergo
significant post-processing as well, such as applications of surface coatings, then
the BJG process becomes a strong rival. However if time is of essence BJG is
generally a much slower process. Another argument for using BJG is the size
restrictions. If the part is too big for the chambers of SLM and EBM then BJG is
the only alternative [1].

3.5 Surface quality and tolerance Levels
One of the drawbacks of both SLM and EBM is the surface quality. The parts pro-
duced are rough and the roughness depends on the powder size. One could think
that smaller particles gives the best result with a smoother surface, but powder
with smaller particle sizes (20 µm or less) will severely wreck the flowability of
the powder. This could cause a failure to spread the powder as an uniform layer,
which is crucial [1]. The BJG process however can use any powder size without
the same consequences.
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Due to the distortion or dimensional changes during the post-processing (heat
treatments) in the BJG process the parts produced need high geometrical tolerance
levels [1]. Machining might be used on the component to fulfill the precise dimen-
sions required. When strict geometrical tolerance levels are needed the SLM and
EBM processes are preferred, since parts produced with SLM and EBM are more
accurate. Another criteria to discuss is the lead-time. In comparison to SLM,
BJG takes a lot of time due to the many post-processing steps. In EBM it takes a
considerable time for the chamber to cool down.

4 Conclusion
Based on the research it seems like SLM and EBM are quite similar processes,
were the solidification step is when the laser/beam melts the powder together,
while BJG differs more significantly in how parts are printed and the solidification
step being after the printing step when the material is sintered. The fabrication of
components are limited due to available technology, what properties arewanted and
the time frame for the printing. SLM tend to create components that are superior in
mechanical properties and offers more possible variation of these properties than
EBM and BJG does. EBMhowever creates material with better ductility compared
to SLM. If porous material that does not have high requirements for mechanical
strength is to be made BJG is preferred. This is because it is cheaper. However it
can take a longer time, compared to SLM and EBM, to make a finished product.
BJG does not have a size restriction for the component made or a restriction for
the initial powder size in the way SLM and EBM do. But it does not create as
geometrically accurate finished products as SLM and EBM does. Regarding the
microstructure, SLM and EBM tends to have a finer microstructure than materials
processed with BJG. SLM and EBM printed parts also have different properties in
different directions due to how the laser/beam moves. For BJG the microstructure
is more homogeneous and depends more on traditional sintering mechanisms,
often resulting in a more porous microstructure,
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