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Surface treatments applied to AM parts
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Chemical and electrochemical surface treatments
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Chemical
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Chemical and electrochemical surface treatments

ADVANTAGES:

* They offer the possibility to treat globally all the
surface of a part

* Internal complex surfaces can be treated (mainly
chemical treatments)

* Economic and easy to use processes
» Different parts could be treated at the same time

* They could be easily automated

CHALLENGES:

* Development of more environmentally friendly
electrolytes

* They must be adapted to treat AM parts

V 4

Electrochemical
treatments






Surface roughness reduction
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AM PARTS HAVE HIGH SURFACE ROUGHNESS

THAT DEPENDS ON DIFFERENT THATAFFECTS SURFACE
PARAMETERS: PROPERTIES:

* AM process = Fatigue behaviour

* Manufacturing parameters « Friction properties

* Material * Heat exchange

« Fabrication angle » Aesthetics

+ Geometry

* Supports

Moreover, parts produced with the same process parameters in the same platform could
also have different surface roughness

Ti6Al4V SLM
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As-built roughness of the plane built at 452 of cantilever parts
produced in the same platform and with the same parameters
(Inconel 718 produced by SLM)




Electropolishing applied to reduce roughness of AM Parts

* Bright surfaces with low surface roughness can be achieved
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Electropolishing applied to reduce roughness of AM Parts

*  Combined with blasting, electropolishing could produce very low homogeneous surface roughness regardless
the samples building angle. The resulting surfaces are clean.

14 | Ti6Al4V by SLM - - - As received EDX analysis, in weight %, of elements in the as-received and treated surfaces built at 02
----e--- Electropolishing As-received EP Blasting > E-Blasting
~12 | --a--- Laser treatment Al 6.9 0.4 6.2106 72104 6.6 0.6
g . e EIESI;:Sn Ti 89.4 £ 0.5 90.1 0.6 81.9+ 1.0 902+ 15
w 10 Y g % 3.6+0.3 3.7+0.1 3.6 +0.4 3.5+0.2
p / R O (si) - - 741060 -
@ g | , N S -f.___i___{  —
[ -
—
2 6 f After blasting the surface is
(o] q q a g
o . contaminated with blasting material
E’ I (glass microspheres).
B 2| e
After electropolishing this FRONTIERS project
0 contamination is removed. Regional Funding
0O 10 20 30 40 50 60 70 80 90 (Basque Government)

Building angle (°) TIERS




Electropolishing applied to reduce roughness of AM Parts

* Relative complex geometries can be homogeneously treated
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Inconel 718 produced by SLM




Invar produced by Binder Jetting
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Electropolishing applied to reduce roughness of AM Parts

* However, as material is removed homogenously from the surface, if the part has internal porosity it is
revealed after electropolishing and the achieved surface roughness is not as low as expected.

*  This behavior could be avoided by applying HIP to the part
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Chemical polishing applied to reduce roughness of AM Parts

*  Chemical polishing could be used to reduce the surface roughness of a metallic part.
*  Usually the achieved roughness reductions is less than the one achieved by electropolishing

*  However, very narrow internal channels can be polished.

Assesment of Additive Manufacturing limits for eco-design

O  AMANA

Clean Sky> optimization in Heat Exchangers (Oct. 2019 — Sep 2022)
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* Two different materials: AlSi7Mg0.6 and INCO718 manufactured by SLM * Increase efficiency up to 10 %

* Design of different geometries * Reduction of costs by 30 %

—
* Pressure resistance, Gas tightness and Aerothermal properties evaluation * Reduction of material waste by 15 %
* FEM and CFD simulations * Reduce time-to market up to 1 month

» Surface finishing of internal channels (2x2x200 mm3)

* Eco-design



Chemical polishing applied to reduce roughness of AM Parts

Very narrow internal channels can be polished
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Chemical polishing applied to reduce roughness of AM Parts

*  Chemical polishing could be used to reduce the surface roughness of polymeric parts.

* Different aesthetics can be obtained with the same electrolyte
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Chemical polishing applied to reduce roughness of AM Parts

*  Chemical polishing could be used to reduce the surface roughness of a polymeric parts.
* Different aesthetics can be obtained with the same electrolyte

* Complex parts can be treated

PA12 obtained by MJF

PA12 obtained by MJF

Before CP

CONFORT project
Regional Funding
(Basque Government) Before CP After CP
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Support Removal
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The minimum angles that will be self
supporting are approximately:

|
- e | - Stainless steels: 30 degrees
K ] - Inconels: 45 degrees
mﬁ M M ~ - Titanium: 20-30 degrees
— — o ———" e’ - Aluminium: 45 degrees

- Cobalt Chrome: 30 degrees

35 degrees 30degrees 25 degrees [ 20degrees Self-Supporting Angles
Effect of the absence of supports on the structural integrity of parts Additive Manufacture Development, Applications and
processed by PB technologies. Additive Manufacturing Magazine “7 lessons learned, Omar Mireles, Nuclear and Emerging
Helpful Numbers Quantify Design Rules for Additive Manufacturing” Technologies for Space, 2019

* Supports are necessary for the correct manufacture of pieces, they allow the piece to be correctly
fixed to the platform. In addition, they hold closed angles and cantilever geometries as well as
dissipate the heat generated during manufacturing.

* Usually, supports are removed manually and a treatment of blasting/polishing process is
necessary to remove the main remains and surface defects left on the part.




Chemical treatments for
support removal
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Chemical to remove supports of AM Parts

*  Chemical treatments could be optimized to remove supports and polish surfaces at the same time

INCO718 produced by SLM

After 15 min Chemical treatment

Support type 1

Support type 2

Support type 3

This is usually done manually and, after that, a blasting process is needed to remove all the support structure
With (electro)chemical processes = we achieve a more stable process removing both human factor and blasting treatment




Electrochemical treatments
for Surface protection
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Ti6Al4V anodising

Same anodising parameters were applied to previously electropolished Ti6Al4V parts produced by different
technologies.
* All surfaces were homogeneously treated.

Conventional

LMD WAAM

Anodized Ti6Al4V parts produced by SLM




WE.Potential applied (V)
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Ti6Al4V anodising Analysis of corrosion behavior (polarization curves)
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Anodizing improves the corrosion behavior of
the electropolished surfaces, higher E
smaller pasivation current density
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Electropolished surfaces
have similar corrosion
behaviour.

Anodising improves the
corrosion resistance of all
these surfaces but their
behaviour is different
depending on the production
process.



Electrodeposition on polymers

* Metallic coating on polymers provide them with electrical or thermal conductivity, corrosion resistance,
wear resistance or aesthetics.

* Different steps need to be applied (pre-treatment, chemical deposition and electrodeposition)
*  Pretreatment is the most critical step and depends on polymer composition and its fabrication process

e Usually, pretreatment is carried out with Cr(VI) electrolytes that needs to be avoided due to environmental
and healthy issues.

CHALLENGE: to develop a pretreatment without Cr(VI), that activates AM polymer substrates for further metallization

Thermoplastic electrocoated with Cu using a Cr(VI) free pre-
treatment step developed at Cidetec
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There are multiple post-processing methods, from manual to automated, to eliminate support structures, reduce
roughness and protect or funcionalise AM surfaces.
Selection of the most appropriate method must be done based on sample characteristics (AM process, material,
geometry, initial surface roughness) and part requirements (surface quality, dimensional tolerances, aesthetics,
necessity of protection)
(Electro)chemical surface treatments are well known industrial processes, which can be adapted to improve AM
parts, from support removal to surface finishing, protection and functionalization
N\
The advantages of (electro)chemical surface treatments include:
The possibility of reducing surface roughness in complex geometries, including internal channels (chemical
polishing)
The capacity to provide very low surface roughness without contamination and aesthetically attractive
(electropolishing)
The ability to protect metal and polymer surfaces, among others, by anodising, PEO or (electro)plating
Cost-effective
y
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Some challenges of (electro)chemical technologies applied to AM surfaces are related to:
* The electrolyte formulation (for some processes and materials there is a necessity to develop environmentally
friendly electrolytes)
* The electrolyte management
* The metalisation by electrodeposition of polymers such as PA12, PA6, PEEK, ULTEM...
y

(Electro)chemical surface treatments could be automated and digitalized to be connected with all the AM value
chain.
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