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-« Manufacturing and to bring it a significant step further

towards larger scale industrial use. -
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« Studied system: Additive manufacturing productive
process using Ti6Al4V powder

* Functional unit: 20 femoral stems

« System boundaries: ‘from cradle to grave’

« Data quality: primary data and literature sources

e (Calculation software: SimaPro 8.5.2

« Database: Ecolnvent v.3.4
* Impact assessment method: modified** IMPACT 2002+

Medium size prosthetic LCI model: attributional with substitution

titanium component

*DREAM Communication kit, http://www.dream-euproject.eu/wp-content/uploads/2018/06/dream poster 90x60 highMOD 01 06 2018low-min.pdf
**Ferrari et al., 2015, Cappucci et al., 2018, Ferrari et al., 2019



http://www.dream-euproject.eu/wp-content/uploads/2018/06/dream_poster_90x60_highMOD_01_06_2018low-min.pdf
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Medium size prosthetic
titanium component

From
cradle
to grave

*DREAM Communication kit, http://www.dream-euproject.eu/wp-content/uploads/2018/06/dream poster 90x60 highMOD 01 06
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Production phase

Use phase

End-of-life

**

. Stem’s implantation

. Medical examinations
. Stem’s removal

. Sterilization***

Ti6Al4V powder
produced by gas
atomization (GA)

Ti6Al4V powder
produced by plasma
atomization (PA)

2018low-min.pdf

**https://www.eos.info/eos-m290

***Dr. Susanna Stea, Rizzoli Orthopaedic Institute, Bologna, Italy


http://www.dream-euproject.eu/wp-content/uploads/2018/06/dream_poster_90x60_highMOD_01_06_2018low-min.pdf
https://www.eos.info/eos-m290

RESIDUAL
MATERIAL

LANDFILL
(INERTIZATION)

lEnergy ——PPEI_

R INDOOR | I Waste
{ POWDER PIL‘QEE AND LOCAL | (Ti6AI4V
RECOATING HEATING EMISSIONS | : powder)
| Femoral
» Argon —> ﬁstems
Compressed air —> LOWERING | . Loose
SINTERING - 1 " powder

Energy —>

POWDER Energy

SUCTION

GAS FILTERING
POWDER
GAS SUCTION Energy

Filtration SIEVING

efficiency=99,97%

Argon +Ti6Al4V
EnergyL powder | Exausted
— ___ | Argon +
GAS v Metals

RECIRCULATION ARGON POWDER ' ‘
TREATMENT RE-USE

Ti6AlI4V powder Ti6AlI4V powder
|




INDOOR
~ AND LOCAL
"} EMISSIONS

I
Vietal

dcrap =
Energy | HEAT - NN ! s METAL RECYCLING
TREATMENT

e " T T T TR T TR TR T TR TR TE TR TE TR TR TE TE TE TE TE TR T TR TE TE TE TE TE. "I

Energy
Sand SAND BLASTING GAMMA RAY
Compressed air POLISHING STERILIZATION
Water +
Sanitizing
Water substance | /ASH S =3
Sanitizing substance [MYRIZVS{0l\|[@ TREATMENT
! WASHING
1ero
PP, LDPE R
Cardboard Packed
EPS > femoral
stems

Compressed air |




o e

IMPACT 2002+ modified method covers more impact categories than other methods and includes more substances, but the following
additions and modifications have been implemented in order to describe the system considered in a more representative manner:
e and use has been estimated by considering basic indicators of both land occupation and transformation. In the present study
Transformation, to industrial area have been introduced (Pini M. et al., 2017)
*Mineral extraction has been characterized in consideration of some additional resources such as silver, gravel, sand, lithium,
bromine and, in particular, Water, groundwater consumption, derived from the category Minerals of Eco-indicator 99 with the same
characterisation factors (Goedkoop & Spriensma, 2001)
*In the category Carcinogens the substance Particulates, < 2,5 mm has been added. The characterization factor of Ecoindicator 99
method has been considered for the category Carcinogens and then divided by the damage assessment factor of IMPACT 2002+
method: 9,78E-6 DALY/kg/2,8E-6DALY/kgC2H3CI= 3,492857143 kgC2H3CIl/kg (Neri et al., 2010).
*In the category Respiratory inorganics the following types of paticulates have been added: Particulates >10 mm; Particulates,
diesel soot; Particulates, fine mineral fibers; Particulates, SPM; Particulates, unspecified with characterization factor= 0,157142857kg
PM2.5 eg/kg and Particulates, > 2.5 mm, and < 10 mm with a characterization factor of 0,535714286 kg PM2.5 eq/kg (Neri et al.,
2015).

‘ eHuman health, indoor and Human health, local: the substance Argon indoor has been introduced in the category Non-
carcinogens, indoor, by calculating its damage factor (Cappucci et al., 2018); the substance Metals, unspecified indoor and Metals,

unspecified, local have been introduced, namely in the category Carcinogens, indoor and Carcinogens, local (Ferrari et al., 2019).



Life cycle impact assessment*: 1 femoral stem production phase (AM-GA powder)
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*cradle to gate

Damage category | Contribution Substance
%
Human health 47,94 Particulates, <2,5
micron
25,58 Coal, hard
Climate change 23,47 Carbon dioxide,
fossil
3,94 Aluminium
0,15 Metals, unspecified,
local
6,03E-5 Argon, indoor




Life cycle impact assessment

1 kg of Ti6Al4V powder produced with GA vs PA
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LCA analysis Is conducted with
GA powder

Damage Variation A Substance
category %
Human health, +2 orders Argon, indoor
indoor
+31,56 Coal, hard
Climate change +19,24 Carbon dioxide,
fossil
Human health +14,45 Particulates, <2,5
micron
+9,27 Aluminium




* Average stem lifetime: 15 years*
« Mean age at the time of surgery: 69 years**
* Rate of deceases within 10 years of surgery: 25%**

Life cycle impact assessment - cradle to grave
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*Wyatt et al., 2014.
*Wainwright et al., 2011.

Damage Contribution Substance
category %
Human 42,77 Particulates,
health <2,5 micron
28,6 Coal, hard
Climate 23,88 Carbon
change dioxide, fossil
5,18 Occupation,
forest,
intensive
2,83 E-5 Metals,
unspecified,
local
5,5E-5 Argon, indoor




Introduction of positive aspects of AM

Impact category Issues Weight (CF)

Geometry complexity 0,8
Product performance

Biocompatibility 0,8

Industrial product function Medical devices 1
utility

With the introduction of the indicators damage is reduced of -0,5%.
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Comparison between 1 femoral stem (TM) and (AM-GA)
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Metal scrap:
. 0,45 kg (TM)
. 0,11 kg (AM)

Most significative decrease:
-25,33%
(Occupation, industrial area -
furnace for titanium alloy)
. -19,5% (Carbon
dioxide, fossil - heat production, for

primary titanium production)



A cradle to grave LCA has been performed for 20 femoral stems produced with AM and GA powder usage and,

as result, the highest environmental burden is found to be the production phase, followed by use phase and end
of life.

A comparison between two different titanium alloy powder production technologies (GA and PA) is followed in
order to minimize damage due to stems production phase.

The analysis of results illustrates that the most sustainable choice for powder production is represented by Gas
atomization.

The comparison between different production technologies (TM) shows that AM is the most sustainable one
thanks to the lower amount of titanium alloy used (= lower metal scrap).

Hint of improvement: argon reuse.
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