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WHAT IS RESQTOOL?

Metal Cutting Tools Mining/Rock Drilling Wood Cutting Tools Industrial Wear Parts Metal Forming Dies

Figure | : Hardmetal applications.
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Figure 2:The state-of-the-art value chain of Hardmetals.
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The RESQTOOL Solution

RESQTOOL brings in a holistic solution
(Figure 3) to HM recycling to cover all possible
type of scraps and to extract all possible materials
used in HM production such as W, WC, Co, and
other CRM (Ti, V, Ta, Nb). On its way to succeed
in this objective, RESQTOOL implements a zero-
waste approach in compliance with the ‘do no
significant harm’ principle as per article 17 of
Taxonomy Regulation (EU) No 2020/852.As a first
step, RESQTOOL will identify HM scrap sources
by their initial industrial uses. This will serve to
identify a certain recycling code for each group
to be used in determining their recycling scheme.
Then, sampling protocols and methodologies to
quantify CRM resources in specific products will

A% IRISH

@ TIKOMET

2D

Recycling
Technologies

Scrap Sorting &
Classification

?DHOENI)&
SUROWCE

¥ . T
WSTADLER

[( MANUFACTURING
‘% RESEARCH

Sustainable
Product Design

End User

be setup and used to collect HM scrap samples
from the entire EU zone. Collected materials will
be investigated to determine the size and shape
distribution, elemental composition, origin, mass,
and other physical parameters important for its
segregation and recycling. Every group will be
forwarded to a certain recycling scheme depending
on the material properties and other aspects of
the used components.

These recycled materials will be used to produce
tools with quality equivalent to the original,
measuring their performance as a validation
route: this will include a thorough evaluation of the
environmental impact of the new supply chain, in
order to demonstrate the improved sustainability
over the present state-of-the-art.
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These are the latest reports on
the business case selections made to
demonstrate the capability of the project’s
solutions. These are the components
that will later be produced with recycled
material, and whose properties will be
compared to those of the components
produced with virgin material. The parts
will be: a metal/wood cutting tool, a rock/
concrete drilling tool,a sand blasting nozzle
and a cold forming tool. Each business case
is specific to one of the end-user partners.

Based on the results shown in D2.1,
HM scrap samples have been collected
from 13 different sources from all
identified industries and different areas
of the EU, sorted according to the state-
of-the-art sorting processes, and for each
form, analysed with the correct standard
procedure, including X-Ray fluorescence
(XRF) for larger parts.

This is one of the standard documents
required and is a thorough plan on how
Dissemination and Communication will be
carried out during the project, including
publications, participation to events with
presentations and/or booths, newsletters,
etcetera: but also training, and clustering
with similar projects and initiatives for
synergy and efficiency.

This is going to be used as a handbook
for consortium partners, where they can
quickly retrieve all info necessary for
undertaking their activities, with details on
the management structure, data sharing
and communication among partners, all
work packages, tasks, deliverables and
milestones, and the risks already listed.

Another document that gathers the
project’s policies to assure the quality of
the work, and a full description of the risk
management procedures imagined.

This was another ’contractual”’ document,
focusing on data management, namely to
clarify how the project will follow the F.A.lL.R.
concept (findable, accessible,interoperable,
reusable) for data management that
translates into Open Access management
of all public data and safe management of
confidential ones.

As you can see, lots of information had to
be conveyed already; this led to intense
exchange between the partners and is very
valuable to put all on the same page and
start the technical side of the activity with
the right steps. In the next editions of the
newsletter, we will be able to show you
some actual achievement, already!
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Figure 6 : Group picture taken in
Domodossola at the second plenary
meeting of RESQTOOL.

Figure 7 : The second RESQTOOL
meeting held in the Cappella Mellerio,
in Domodossola (Italy).

n Co-funded by Figure 8 : The meeting was hybrid and
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some participants could take part

‘ WP3 RECYCLING TECHNOLOGIES DEVELOPMENT | online

REDUCTION OF ENERGY CONSUMPTION OF ZINC PROCESS

THEORETICAL ENERGY CONSUMPTION OF THE ZINC PROCESS

* Develop and demostrate a
production scale furnace
design that allows the
recovery of enthalphy of zinc
vaporization

* Potential saving ~10 % from
the total electricity
consumption
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TECHNICAL SHORTS

In this section consortium partners
will give you regularly some technical info
that you can use as a start to dive deeper
into some important topics related to the
RESQTOOL project. In this issue, we begin
with a description of the processes that we
plan to use during the project to recycle
the hardmetal scrap. In TS0l our partner
TIKOMET will give you details on the
Zinc Process, whereas in TS02 our partner
UNICA will explain how they can use acids
obtained from agro-industrial residues to
leach out W and Co.

TSO0I:THE ZINC PROCESS

It is said that Edward Moore Trent of
Powderloys Limited, Coventry, observed in
1944 that cemented carbide drawing dies,
made of WC and Co, were strongly attacked
by zinc metal at elevated temperatures
during drawing of brass wire (a copper/zinc
alloy). Based on this observation, he filed
a patent with the idea to treat cemented
carbide parts with liquid zinc (US patent
2,407,752/1946) - Process of Separating
Hard Constituents froum Sintered Hard
metals) for the recovery of useable WC
powder. As the cemented carbide parts
bloated during the zinc-treatment, the
reaction mass could be easily disintegrated.
A subsequent acid leach dissolved the zinc/
cobalt phases, leaving behind the valuable
WC powder. Today, this process would be
classified as a semi-direct recycling method,
as only WC remained intact. No industrial

use of this patent is reported.

In 1971 the idea of a Zn-treatment of
cemented carbides was taken up by Paul
Barnard (US Patent 3,595,484) who
proposed to substitute the acid leach as
described above by vacuum distillation
process of zinc (boiling point 907 °C; at
atmospheric pressure). In this case, both
WC and Co remained as a final powder
product. This second part of the treatment
rendered the breakthrough of the Zn-
process for industrial implementation.
Basically, the treatment today still follows
the guidelines of the Barnard patent, but
significant developments in engineering
were made for further improving the
economy of the process.

Carefully sorted and cleaned
cemented carbide scrap is exposed to liquid
Zn and Zn-vapour in graphite crucibles
under argon or nitrogen at processing
temperature between 600 °C and 900
°C (furnace temperatures of 800 °C to
1050 °C) for several hours, depending on
scrap composition, size of parts, WC grain
size, etc (Figure 9). Coatings and solders
must be thoroughly removed from the
cemented carbide parts prior to processing,
as otherwise they will be present as
contaminations in the recycled material
and finally the ready-to-press (RTP) powder.
Liquid zinc reacts with the binder (Co-, Ni-
or Fe based) to form intermetallic phases
which lead to volume expansion of the
binder and bloats the
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scrap parts. After vacuum distillation of
zinc, the material is porous and friable and
can be readily disintegrated (Figure 10).
The condensed zinc can be re-used. The
reclaimed carbide/material sponge contains
less than 50 ppm Zn (Figure 1 1).

Distillation of zinc starts at atmospheric
pressure at temperatures above the boiling
point of zinc (furnace temperatures of 1000
°C to 1050 °C),and the pressure is gradually
reduced to a final pressure of 10-2 mbar,
which takes another few hours.The cooled-
down material is crushed, ball-milled, and
screened to <200 mesh. The top screen is
recycled in the next batch. [2]

The chemical composition of the final
product is almost identical to the original,
with the following exceptions:

* Pick-up of the approximately 0.1 % Fe
(during the milling operations)

Zinc-process

* Depletion in carbon by 0.12 - 0.15 %

The energy consumption is approximately
4 kWh/kg, which compares favourably
to virgin WC produced via the chemical
route (12 kWh/kg) [1]. Compared to the
features of indirect conversion, the cost of
zinc reclamation is reduced by 20 - 30 % for
WC-Co grades and by 30 - 35 % for WC-
TiC-Ta(Nb)C-Co grades [2].

The Zn-process can be applied for all
currently available cemented carbides
grades, such as Co-, Ni-, or Fe-based
cemented carbides. In principle, it also
works for cermet materials (Ti(C,N)-based
cemented carbides), as well as tungsten
heavy metal or tungsten copper parts [3],
but is not yet applied on an industrial scale.



Figure 10 : Changes
in morphology during

the Zn-process. Sorted

cemented carbide
round tool scrap as
input material for
Zn-recycling (A).
Round tool scrap
after reaction with
molten zinc and
vacuum distillation
(B). Final Zn-reclaim
powder after ball
milling, screening and
carbon adjustment,
ready to use for RTP
(ready-to-press)
powder production
(C). Courtesy of
CERATIZIT S.A.

RESCTOOL

Figure 11 : Scanning electron microscopical image of a
tungsten carbide (light grey particles), cobalt (darker grey
areas) zinc reclaimed grade powder. Courtesy of Prof.

Schubert/TU Wien.
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SAVIODS MUVH

SAVUIS LAOS

Figure 12 : Selection of different types of hard
and soft scraps. a) and b) examples of end-of-life
HM tools; c) WC-based waste powders; d) HM
manufacturing sludge. Sourced by ref. [7].
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Chemical Process
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In this framework, the multidisciplinary
Chemistry & Environmental Engineering
group of the University of Cagliari (C&EEG-
UNICA,ltaly),able to combine expertise for
chemical to bio-technological processes for
organic and inorganic waste valorization,
is addressing its efforts to recover critical
raw materials from HM scraps by-deriving
valued organic acids from agro-industrial
residues, in order to promote ‘“‘zero waste”
and low environmental impact circular
economy models.

Under a long-lasting cooperation with
F.I.L.M.S.SpA, C&EEG-UNICA is applying a
new patented process for the production of
a powerful metal leaching mixture based on
organic acids, to Co and W recovery from a
variety of W-based HM waste materials.[9],
[10] This mixture is the result of a low cost

piLd=Ed - ERECE

Agro-industrial Bio-waste Controlled

bio-treatment

RESQTOOL EVENTS

and controlled process of dark fermentation
of dairy waste, preventing wastewater
production by cheese farms and using low
CO,-footprint and safe chemicals for metal
leaching and recovery. The combination of
the bio-based chemical leaching provided by
C&EEG-UNICA and the thermal Oxidation/
Reduction/Carburization performed by
F.I.L.M.S. (combined in the Bio-based
Chemical Recycling, Bio-CR) demonstrated
to achieve a high recovery yield of Co and
W contained in hard and soft HM waste in
very mild conditions, obtaining high quality
recovered products suitable for carrying
out a new HM manufacturing cycle. During
the RESQTOOL project, this process will be
furtherly validated on different scraps and
on an increasing scale in order to increase
the TRL (Technology Readiness Level)
from 5 - Technology validated in relevant
environment - to 7 - System prototype
demonstration in operational environment.

A

Organic
acid-based
solutio

Purification

The RESQTOOL project participated in the |12th International Conference on Science of Hard
Materials (ICSHMI21 1), held in Bentote, Sri Lanka, from March | I th to 15th,2024 [11].This conference
is the latest instalment in a series that began in 1981, following on from earlier Hard Materials
Workshops sponsored by the National Science Foundation’s Division of Materials Research in the USA.

The previous edition was held in Thailand in 2019. The conference provided a valuable platform to
present various aspects of the RESQTOOL project. Partner institutions utilized the opportunity to
hold productive internal meetings in addition to project presentations.
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12 International Conference an the Sclence of

HARD MATERIALS 2024

Bentota, Sri Lanka, 11-15 March 2024

International Conference on the
Science of Hard Materials ICSHM12
Taj Bentota Resort & Spa,

Sri Lanka, 11th to 15th March 2024

Figure 16 : The banner of the
ICSHM 2 event.

-
) Y . ’ Co-funded by
x Zon-c1a-s022-a5: : the European Union

PRESENTATION OF RESQTOOL PROJECT

March 2024
Johannes Potschke

Coordinator (EPMA)
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Cermva O Aconn SDriws @ DGR P
=

#t -
G e =4 Fraunhofer
b IKTS

S TEMSA @TIKOMET %2 SANDVIK 4. %7

Figure 17 : The presentation given
by J. Potschke at the ICSHM |2
event.
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Metal Show & TIB in Bucharest

FaNpas:
RESQTOOL

Figure 18 : The RESQTOOL booth at the Metal Show & TIB
in Bucharest (Romania).
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RESQTOOL Proposal: Compiete Vialue Chain of Hardhetals in EU afier the project is completed METHODOLOGY

« The projectis structured by &
technical work packages and 3
additional WPs dedicated to D&C,
expioitation and management

« WP1 is dedicated 10 industrial
specifications that wil feed al the
W,

o The work packages from WP2 o
WP and WP6 are the WPs where
the technical development will cccur.

« WP5 will allow the demanstratian of
the project results through the setup
icalion case

studies.
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“RESQTOOL HE-Project - Recycling of High-Quality CRM
Resources from Machining Tools for Re-use Applications”

Wednesday June 19, 2024, 8:50 AM
Session PM-7-2 - Sustainability Il

PowderMet2024 AMPM2024

JUNE 16-19 - PITTSBURGH : o N
David L. Lawrence Convention Center & Westin Pittsburgh g -
— L] _n

Co-funded by
the European Union
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Talk "Progetti europei di ricerca e innovazione"

GIOVEDI 4 LUGLIO

'UNIONE S

L'UNIONE SARDA
Modera:
AT Giuseppe Deiana
AR Caporedattore de L'Unione Sarda

DI CAGLIARI

Intervengono:
Universita degli Studi di Cagliari
Luigi RAFFO
Professore, Delegato del Rettore
Presentano in materia di progett internazionali

. . Maurizio MURRONI
P ro g ettl e u ro p e I Professore di Telecomunicazioni
Francesca PALUMBO

Professoressa di Elettronica

Angela SERPE

Professoressa di Fondamenti Chimici

e in nova Zione delle Tecnologie

Sardegna Ricerche

Natascia SORO

Responsabile del Settore Programmi
finanziamenti Europel e ricerca europea.

di ricerca

Regione Autonoma della Sardegna
Marco NASEDDU

Funzionario tecnico presso Centro Regionale
di Programmazione

Sala Giorgio Pisano

Piazzetta L'Unione Sarda, 24 Cagliari
Sede de L'Unione Sarda

: SEGUI IL LIVE STREAMING
% Ingresso libero su UNIONE SARDA .it
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Figure 23 : A moment of the presentation given
by A Serpe of UNICA during the talk organised

by the newspaper “L’Unione Sarda’’ and UNICA
on 04/07/2024.
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Figure 24 : A moment of the presentation given
by A Serpe of UNICA during the talk organised
by the newspaper “L’Unione Sarda’’ and UNICA
on 04/07/2024.
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UPCOMING EVENTS

RESQTOOL is also preparing other participations in events in the next months.We hope
you will be able to catch up with us there!

RESQTOOL is also organising a 3x3 m2 project booth in the EPMA Euro PM2024
Congress & Exhibition, Malmo (Sweden), 29th September to 2nd October 2024.The event
is the key Conference and Exhibition for the European powder metallurgy community,
with a very strong contribution of hard materials, and in particular hardmetals technical
papers and participants.

The RESQTOOL stand will be in a special area dedicated to EU projects, side-to-side with
other projects where EPMA is involved,.Look for the stand, and you will have the chance
of finding project materials and samples, and possibly discuss with some of us about the
details.
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PMZQ 24 29 SEp:Z:;Ed'

CONGRESS & EXHIBITION MALMO

B e
Lunch
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Industry ol
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Later this year; RESQTOOL
will continue its communication and
dissemination in other events. In particular,
these have been listed:

- Hagener Symposium Pulvermetallurgie,
Hagen (Germany) 28-29th November 2024

- International Meeting on Circular
Metallurgy, Raw Materials, By-products
& Recycling, Bergamo (Italy), 28-29th

november 2024

- Winterev 2024, London (UK), 10-11th
December 2024

In these events,we will have presentations so
that you can learn more from our partners
if you take part as well.

Keep in touch with our website and social
media to know more!

RESQTOOL TEAM TOUR

EPMA (www.epma.com)

The European Powder Metallurgy
Association (EPMA) is a non-profit
organisation established in 198 in

Brussels, Belgium. It gathers all entities and
individuals involved in Powder Metallurgy
(PM) processes and technologies, in Europe
and even outside Europe. Its scope covers
all technologies that are related to the
production of metal powders, and their
use to produce metal parts, normally via
a sintering step. Among these are press
& sinter, cold and hot isostatic pressing,
metal injection moulding, metal additive
manufacturing, FAST sintering processes,
and many others.

The mission of EPMA is to promote,support,
develop and represent the European PM
community, fostering its growth also by
connecting industry and R&D.

Members include representatives from the
whole supply chain:metal powder producers,
producers of feedstocks or powder mixes,
metal part manufacturers, postprocessing
suppliers, end users, PM equipment and
machine producers, service (e.g., testing)
providers, consultants, and the European
research and innovation community linked
to them, from universities or research
centres.As of 2024, the members, including
companies, universities, research centres
and individuals, amount to about 250.

EPMA undertakes constant actions, with
the support of its members that are actively
collaborating in one of its Sectoral and
Working Groups, one of which is expressly
dedicated to Hard Materials, the EuroHM
group.Among usual activities are:

* The organisation of a yearly European
PM Congress & Exhibition (the EuroPM
series, see Figure 30) that every 6 years
becomes WorldPM (as per agreements
with similar PM associations in America
and Asia)

* The organisation of some PM technical
seminars and workshops every year all
around Europe

e The collection of data and statistics
about the PM business in Europe and the
relevant trends

e The organisation of trainings, like
the EPMA Summer School (active
since 1998, see Figure 31), the Young
Engineers scheme during EuroPMs, and
other specific events like workshops and
webinars

e The monitoring of the EU regulations
impacting on the PM community, like for
instance about chemicals (REACh and
alike)
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If you read this newsletter and found it interesting, why not enter the RESQTOOL community?

If you have not done it yet, go to our website www.resqtool.com and click “SUBSCRIBE”. You will be
inserted in our mailing list (you can opt out any time!) and receive info about our activities.

You can also follow us on three social media:
Linkedln https://www.linkedin.com/company/resqtool-he-project/
X (you know, Twitter): https://x.com/RESQTOOL

YouTube: https://www.youtube.com/channel/UCrONO4fl0r4ZExrOL6FbXLA

All our Open Access documents will be stored on Zenodo. We have a RESQTOOL community there
(https://zenodo.org/lcommunities/resqtool), visit it if you prefer downloading or reading there rather
than from our website (but the website is cool!).

If you prefer a direct E-Mail, contact our coordinator Kenan Boz, kboz@epma.com
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