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Feed stock quality 

• Powder  (Steven Hall)

• Wire  (David Wimpenny)
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Powder Feed-Stock Quality

Steven Hall
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Powder Manufacturing

• Powders come in many shapes 
and sizes

• The physical properties (size, 
shape) will affect the way the 
powder behaves

• The powder properties are 
usually dictated by the 
atomisation process
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Typical atomisation process flow diagram
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Powder Manufacturing - Water Atomisation 

• Uses high pressure water jets to break-up a 
molten stream of metal into droplets

• Produces highly irregular particles

• Good for press-sintering applications due to 
the much higher green strength of 
components

• Very high production rates possible

• Low energy requirements for water 
pumping however, need to dewater and dry 
powder after atomisation

• Maximum particle size is much less 
influenced by atomizer vessel size

http://www.atmix.co.jp/en/e_powder_atomization.html
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Powder Manufacturing – Gas Atomisation 

• Uses a high pressure gas media to break-up a 
molten stream of metal liquid

• Produces almost all types of metal powder

• Can make highly spherical(ish) particles

• Maximum particle size is limited due to cooling 
difficulties

• Depends entirely on the atomiser dimensions

• Minimum particle size depends on alloy type 
but can be as low as sub 10 microns
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Powder Manufacturing – Plasma Atomisation 

• Uses a wire feedstock

• Greater control over material melting

• Argon plasma  used as both atomising 
media and heat source

• Produces highly spherical particles 
mostly free of satellite particles

• Typical particle size range < 250 µm

• Particle properties controlled by wire 
feed rate

lpwtechnology.com
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Powder Manufacturing  - Plasma Rotation 
Electrode Process 

• Centrifugal atomisation method

• A rotating metal rod melted by a plasma 
torch

• Vacuum or Argon gas chamber

• Produces highly spherical particles

• Very low occurrence of contamination 
including oxygen

• Very Expensive!

Superalloys: A technical guide
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Powder Manufacturing - Hydride-Dehydride
Process (HDH)

• Mechanical rather than atomisation method

• Relies on the brittle nature of certain metal hydrides

• Metal hydride can be readily crushed and resized

• Can produce high yields in the desired size fraction

• Produces highly irregular particles

• Can have higher levels of oxidation

Ti (solid) + H2 (gas) ↔ TiH2 (solid)
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Powder Manufacturing - Plasma Spheroidised

• Uses powder as a raw material feedstock

• A plasma gas stream heats up and melts powder particles

• Increases particle sphericity

• High throughput and yield in desired size fraction

• High levels of oxidation
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Water atomised

Spheridised hydride-dehydride Plasma rotating electron processPlasma atomised

Hydride-de-hydride Gas atomised

Metal powder production methods – suitability for AM
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Manufacturing 
Process

Particle size 
(µm)

Advantages Disadvantages Common Uses

Water 
atomisation

0-500
• High throughput
• Only requires feedstock in 

ingot form

• Post processing required to 
remove water

• Satellites present
• Low yield < 150 µm

Non-reactive

Gas atomisation 
(inc. EIGA)

0-500

• Wide range of alloys 
available

• High throughput
• Spherical powders

• Satellites present
• Low yield < 150 µm

Reactive alloys
Ni, Co, Fe, Ti, Al

Plasma 
Atomisation

0-200 • Extremely spherical 
• Requires feedstock in wire 

or powder form
• High cost

Ti

PREP 0-100
• High purity powders
• Highly spherical powder

• Low productivity
• High cost

Ti, Exotics

HDH 45-500 • Low cost

• Irregular particle 
morphology

• High interstitial content (O, 
H)

Ti64, limited to metals 
which form a brittle 

hydride

Powder Manufacturing methods
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What makes a good DED powder?

• Conformance to chemistry composition/specification

o Alloying elements

o Interstitial elements

• Free from foreign particulate contamination

• Correct particle size fraction

o Powder bed fusion: 15-45 µm

o DED: 40 - 80 µm

45 – 106 µm

50 – 150 µm

• Ability to flow easily through powder feed system

• Spherical morphology
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Powder Testing
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What to measure 

• Particle size distribution (PSD)

• Flow and bulk density

• Particle shape (morphology) – ideally spherical  

• Conformance to chemistry composition/specification
• Alloying elements

• Interstitial elements

• Free from foreign body contamination
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Powder Sampling 

Before testing a sample has to be taken 

• AM build can use anywhere from 10 kg up to 200 kg

• It is not practical to measure every particle!

• Typically 100-500g sample taken for analysis

• Need to follow sampling procedure to ensure representative samples are taken
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MTC –Powder sampling work instruction 

Detailed set of work 
instructions which needs to 
be followed 
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Powder Characterisation – Test Cell

• Temperature & Humidity Controlled Cell

• Representative sample from the bulk
• Same testing temperature
• Same testing humidity
• Pre-conditioned powder
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Particle Size Distribution (PSD) by sieving 

• Sieves divide particulate materials into size fractions

• Labour intensive

• Can be difficult to achieve consistent results

• Can under/over estimate non-spherical particles

• Not suitable below 35 μm

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=vzPei2yiZDhoIM&tbnid=182vc_OuOsOw0M:&ved=0CAUQjRw&url=http://www.haver-partikelanalyse.com/en/sieve-analysis/haver-ws-tylerR-test-sieve-shakers/&ei=4ETiUsaHMMaR0QWLpoHgCw&bvm=bv.59930103,d.ZG4&psig=AFQjCNG_2zNujdiNfNZhLlOw6UrZIM-4uA&ust=1390646860870170
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Measures interaction of powder particles 

with a laser source

Black box technique

No information on particle 

shape

Relies heavily on dispersion

Small sample size

Measures particles as 

fine as 1 µm

Fast measurement

Highly repeatable

Reported particle size assumes particle is spherical!

Advantages Disadvantages

Reflected
Refracted

Absorbed and 
Reradiated

Diffracted

Particle Size Distribution (PSD) by laser diffraction 

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=krga1lvYXyONlM&tbnid=M8X5hGRrlWs6QM:&ved=0CAUQjRw&url=http://www.americanlaboratory.com/913-Technical-Articles/606-Setting-New-Standards-for-Laser-Diffraction-Particle-Size-Analysis/&ei=xE7iUvycH5DY0QWIj4C4CQ&bvm=bv.59930103,d.ZG4&psig=AFQjCNHom2P2Ojd8Q0jXGSKoaDCZXBP8lQ&ust=1390649390822022
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=9aA0UsHwuR-4HM&tbnid=L8T5yw0-yqIQkM:&ved=0CAUQjRw&url=http://www.horiba.com/scientific/products/particle-characterization/technology/laser-diffraction/fundamentals-of-diffraction/&ei=h1TiUp3uFIm10wWsmICYBw&bvm=bv.59930103,d.ZG4&psig=AFQjCNHom2P2Ojd8Q0jXGSKoaDCZXBP8lQ&ust=1390649390822022
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Particle Shape & Defects  

Spherical ‘Splat Cap’ Open Porosity Elongated

Agglomerated Irregular SatellitedBroken
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In image based particle size techniques images of individual particles are capture in 
real time and can be analysed in terms of their morphological parameters:

Elongation

Convexity
Circularity

Circular equivalent 

diameter

Quantifying Shape Using Image Analysis

Particle shape (morphology)  
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Powder Density

• Can be measured a number of ways!

o Solid (or true)

o Apparent (or poured)

o Tapped

• Different handling methods will effect the level of 
packing

o Bulk density is not strictly a material constant

• Difference between poured/tapped density can provide 
information about the cohesivity of the powder
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Powder Flow

• Hall Flow

o Time taken for 50g of a metal powder to pass through a hopper 

o Static start to flow or dynamic start to flow

• Carney Flow

o As above but with a larger diameter outlet orifice
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Chemical composition and Interstitial elements

Alloying Elements

• Inductively coupled plasma – optical 
emission spectroscopy (ICP-OES)

Interstitial Elements

• Inert Gas Fusion

oOxygen, nitrogen and hydrogen

• Combustion Infrared Detection

oCarbon and sulphur
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Common Aerospace Alloys 

• Titanium Alloy  - Ti64 

• Nickel Alloy - In718

• Aluminium Alloy – Scalmalloy
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Ti-6Al-4V 
• Ti-6Al-4V (UNS designation R56400), TC4, Ti64 ASTM Grade5

• Alpha-beta titanium alloy with a high specific strength and excellent corrosion resistance.  

• Commonly used for low temperature structural components 

Other elements are tolerated to very low levels 
Iron  0.3%
Oxygen 0.2% 
Carbon 0.08% 
Nitrogen 0.05% 
Hydrogen 0.015%  
Yttrium 0.005%  

This is referred to as interstitial contamination
Can cause catastrophic embrittlement  

https://en.wikipedia.org/wiki/Ti-6Al-4V
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In718 / Inconel 718 

• Precipitation-hardening nickel-chromium alloy 

• High strength and good ductility up to 704°C (https://www.upmet.com/products/nickel-alloys/)

https://www.upmet.com/products/nickel-alloys/
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Powder Characterisation
Chemical Analysis-Powder Recycling
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Unlike PBF-LB powder 
feed-stock is rarely reused 
in DED (unless it is just the 
material in the hopper)
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• Sources include:

• Atomising equipment & process

• Handling equipment

• AM equipment & process

• Organic matter

• Cross-contamination

• Degraded ceramic ropeseal used in handling 
equipment was found in Ti64 powder batches 

Foreign body contamination 

Unlike PBF-LB powder 
feed-stock is rarely reused 
in DED (unless it is just the 
material in the hopper)
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CAMSIZER

SEM with 
EDS

Sample powder

Mount on SEM 
stubs

Isolate 
contaminants

XCT

Cut down to areas 
of interest

ASTM B215

Mount fresh 
sample in resin

Optical 
microscopy

Segregate 
contaminants

Foreign body contamination - detection 
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Optical 
Microscope

SEM

Foreign body contamination -microscopy 
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Foreign body contamination - Camsizer
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Foreign body contamination - XCT
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Impact of Powder quality

• Difficult to detect low levels of contaminants

• No high throughputs methods available for detection

• No standards on contamination assessment of powder 
batches

• Mechanical impacts of types of contamination are unknown

• Acceptable limits for containments are unknown
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Wire Feed-Stock Quality 

David Wimpenny

42
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Wire Feedstock Characterisation

• One key advantage of wire feedstock over powder is the simplification of 
validation

• Unlike powder, the dimensions of wire feedstock can be guaranteed by 
suppliers to high precision

• Chemistry can also be more easily guaranteed from initial source material
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Materials in DED – Wire quality 

• Wire feedstock has minimal defects compared to powder

• This is due to technology transferred from mature welding 
consumable supply chain
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Materials in DED – Wire quality 

• Quality (absorbed moisture and dimeter variance) linked to 
porosity in weld deposit

• Defects also caused by surface absorption in reactive materials

• Wire stock may have scratches or cracks which can translate 
directly into porosity 

• Gas porosity not normally as issue with wire (unlike powder)
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Wire production 

46

• Rods made of steel or non-ferrous 
metals and alloys are pulled through 
conical dies having a hole in the centre.

• The included angle of the cone is kept 
between 8 to 24°. 

• As the material is pulled through the 
cone, it undergoes plastic deformation 
and gradually undergoes a reduction in 
its diameter. 

• At the same time, the length is increased 
proportionately. 

https://extrudesign.com/what-is-wire-drawing-tube-
drawing-and-making/?utm_content=cmp-true
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Wire Drawing 

Key variables in wire drawing process are;

1. Reduction ratio

2. Die angle

3. Friction

Improper control of these parameters will cause 
defects in the drawn material. 

48
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Key issues in wire drawing 

• Dies tend to wear quickly 

• Usually made from hard materials (alloy steel, tungsten carbide or even diamond)

• Reduction in the cross-sectional area in one pass is 25–30%.

• Wire has to pass through several dies to reach the desired diameter .

• To overcome strain hardening periodic heat treatment is required.

• Metal rods to be drawn into wire must be clean 

• Sometime pickling in an acid bath is required to remove oxide layer 

• Wire is drawn using several power-driven spools or rotating drums.

• Significant heat is generated during drawing process 

• To reduce friction, dry soap or a synthetic lubricant is used.

• But despite reducing friction, the dies and drums may have to be water-cooled.

49
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Defects in Wire 

• Include centre cracking (as in extrusion and for the same reasons) and the 
formation of longitudinal scratches or folds in the material

• Poor surface finish 

• Out of round 

• Surface contamination (from die material, lubricants)

51
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Publicly Available Specification (PAS) from BSI  

52

https://pages.bsigroup.com/l/35972/2020
-10-06/2lp4rpg

These documents are free 
to down load once you 
have registered 

Go to 
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Critical issues with wire quality 

• (DED) additive manufacturing (AM) for high-
value manufacturing. 

• It covers:

• Material, including: 
• composition; 
• dimensions and tolerances; 
• cast/helix; 
• surface condition;
• internal condition;

• Marking;

• Packaging;

• Materials handling;

• Storage;

• Testing methods.

53

https://knowledge.bsigroup.com/products/additive-
manufacturing-wire-for-directed-energy-deposition-ded-
processes-in-additive-manufacturing-specification/standard
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Composition 

• As with powder the composition, including interstitial 
contamination needs to be checked 

• Important to takes representative samples 

54
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Dimensions 

• Wire diameter needs to be measured;

• Around the circumference of the wire to check for ovality 

• Several places along the length of the wire to check for 
consistency 

Tolerances for wire diameter is given the in PAS 6010 (except 
shown below)

55
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Cast & Helix 
• Cast - diameter of loops formed when wire is placed onto 

a flat surface unrestrained 

• Helix - vertical separation between any part of one loop 
of wire placed on a flat surface and the flat surface 

56

Need to be controlled 
to prevent problems 
with wire feeding 
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Surface condition 

Wire needs to be free from surface defects, oxide 
and scale which could prevent it from be feed 

57
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Internal condition 

Wire should be free from internal defects, including  
porosity and cracks 

58
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Impact of wire defects 

Wire feed problems – inconsistent or interrupted feed 

• Reduced mechanical properties – due to wire contamination 

Interstitial contamination 

oOxygen

oNitrogen

oCarbon

oHydrogen

59
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Impact of wire contamination on mechanical 
properties of DED-arc samples  fatigue 
properties 

• Significant work undertaken to 
assess the impact of wire 
contamination on mechanical 
properties 

60
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• Work undertaken by Coventry and Cranfield University

• Unlike PBF-LB parts produced by DED-Arc seldom contains 
gas pores

• However, there is a risk that wire feed-stock can become 
contaminated 

• Trials performed to measure level of porosity introduced 

• Impact on fatigue properties

• Two types of specimens were tested: (1) control group 
without porosity referred to as reference specimens; (2) 
designed porosity group using contaminated wires to build 
the specimen gauge section, referred to as porosity 
specimens.

• Test results have shown that static strength of the two groups was comparable, but the 
elongation in porosity group was reduced by 60% and its fatigue strength was 33% lower than 
the control group

61
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WAAM Specimens produced;

(1) Control group without porosity 
(reference specimens) 

(1) Higher porosity samples 
produced  with contaminated 
wire (porosity specimens)
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Porosity formed by 
contamination

63

Optical image of 
representative porosity in (a) 
reference wall, (b) porosity 
wall, (noting different 
magnification) 

XCT of specimen gauge 
section of reference specimen, 
density is 99.99% 
porosity specimen  density is 
99.96%
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Tensile Properties

64

Significant drop in 
elongation to failure for 
porosity samples 



This project has been funded with support from the European Commission. This communication reflects the views only of the author, and the
Commission cannot be held responsible for any use which may be made of the information contained therein.

Fatigue strength 

65

Compared  to 
reference specimens
fatigue strength of 
porosity specimens 
was reduced by a 
factor of 1.5 (at 107 
cycles). 
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How to reduce risk of wire contamination 

• Careful selection of suppliers

• Close monitoring of incoming wire 

• Appropriate storage

• Careful selection of wire feed equipment (some comes with 
wire straightening and cleaning capability)
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PARTNERS
Thank you  & Questions ?

This project has been funded with support from the European Commission. This communication
reflects the views only of the author, and the Commission cannot be held responsible for any use
which may be made of the information contained therein.

www.skills4am.eu

http://www.skills4am.eu/
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