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WP5 - PROCESS INTEGRATION AND LIFE CYCLE ASSESSMENT

Task 5.4: Process integration and value chain analysis
(MO1- M36)

* Subtask 5.4.1: Process integration with flowsheet l
simulation

Sourcing: SUEZ / BRGM

Thermal treatment: CRM Group

1

Fragmentation / Classification:
BRGM

!

Recovery: BRGM, CEA, Kolektor

Simulation: Leiden Univ. / TU Delft
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PROCESS CHART VALOMAG PROJECT

Collection Manual Sorted HDD Demagnetisation Fragmentation and
(SUEZ) dismantling (SUEZ) (CRM) classification
(SUEZ) (BRGM)

e~
High grade NdFeB Low grade NdFeB
fraction fraction
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MAGNET SCRAP CLASSIFICATION

Direct recycling

h >
High grade NdFeB
fraction

Hydrogen Decrepitation /
HDDR (CEA)
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NdFeB Alloy
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Sintered Magnets
(CEA)

¥

B

HDDR NdFeB
Powder

£
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Bonded Magnets
(Kolektor)

Indirect recycling

Low grade NdFeB
fraction
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Hydrometallurgy
(BRGM)

REE oxide
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WHY FLOWSHEET INTEGRATION?

* Connecting different unit operations: whole HSC Chemistry

| hai h :
vale chaiiapproat 24 Calculation Modules & 12 databases
*  Mass and energy balance

@ HSC Chemistry 9

* Process efficiency analysis

* Process cost/economic analysis m Aqu Bal EpH  Est Mat Mea

* Environmental analysis (support to LCA) : ’Ben'“cc;}{* Eir e .. e
"E T ISR Simuation
oo -'Dat *““Gea-'m:- Sam. *Sim

A | | =

Dia __ Ele Lpp Ma( Tpp Wat

gl S
Al, Artificial Intelligence

Statistics
T o “|Mineral Database |~ . Outotec
Mass Balancing
HSC: H = Enthalpy, S = Entrophy, C = Heat Capacity
[
: - Co-funded by the i o
(eit RawlVlaterials European Union :... VALOOMAG 6
Connectlng matters




Classification of

Collection and
pre-treatment

Hydrometallurgy

Sintered magnet
g%\ production
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STRIP CASTING FOR MAGNET MANUFACTURING
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STRIP CASTING FOR MAGNET MANUFACTURING

Mass Flow (kg/h)

Input streams Value Units |Flow Rates Thi
Q kg/h Nm3/h kmol/h]kW
9 Total Gas Flow 5.00 Nm3/h
Total Condensed Flow 0.02 t/h 23.96 5.00 0.50
FeB metal 2 0.54 kg/h ]Flow Rates The
(f Temperature 25.00 °C ke/h Nm3/h kmol/h]kW
Argor, ) Pressure 1.00 bar
879 Endlof life magnets Cu mt.etal 2 Total 100.00 wt-% 054  0.00 0.05
114 0013 B 100.00 0.54 0.00 0.05]
Ce metal Co Mital 2 Ga Tetal 2 Fe metal 2 531 kg/h  |Flow Rates The
O 0.020 0.0030 Temperature 25.00 °C kg/h Nm3/h kmol/h]kW
v 0 Pressure 1.00 bar
unit1 W Total 100.00 wt-% 531 000 0.10
. .:r| Nd+Pr metal 2 Fe 100.00 531 0.00 0.10
| M e
-y o
G0 e 273 Heat lost 2 Ce metal 0.11 kg/h  JFlow Rates The
[ 5‘ '." Stream 10 > Temperature 25.00 °C kg/h Nm3/h kmol/h]kW
::r_'—l I i _ﬂﬂf—’ 6.50 FeB metal 2 Pressure 1.00 bar
L 7 Total 0.00 wt-% 0.00 0.00 0.00
| B %?B O
o 054 .
o 1 Fe metal 2 Nd+Pr metal 2 2.73 kg/h  |Flow Rates The
k O Temperature 25.00 °C kg/h Nm3/h kmol/h|kw
531 Pressure 1.00 bar
000000000000 i Magnet flakes hot 2 Total 100.00 wt-% 2.73  0.00 (.02
Electiic2 | Slag+waste flake 2 ———eesaaSSli g A Nd 75.00 204 000 0.01
Al ' 139
Slag stipcasting 5 0 121 o= pr 25.00 0.68 0.00 0.00
4.90 i Argon 2 Cu metal 2 0.01 ke/h  |Flow Rates The
. Temperature 25.00 °C kg/h Nm3/h kmol/h|kw
8.79 Pressure 1.00 bar
o) (l_’) = Total 10000 wt-% 0.m 0.00 0.001
L
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ESTIMATED ENERGY CONSUMPTION - UPSCALE PROCESS

1000 ton of magnets

Total consumption (kWh/year)

600,000

500,000

400,000

300,000

200,000

100,000
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HYDROMETALLURGICAL ROUTE - GENERAL FLOWSHEET

Process’ highlights
* Roasting of magnet powder

* Leaching with organic acid

* Concentrated solution

Simplified BRGM flowsheet

Offgas1

Roasting [Value] Leaching1

Magnet feed

OKTOP® Metso:Outotec
= =L

[Value] |

Magnet oxides ||

Precipitation1

Filtration1 [Value]

N\
[ oxT0P* | Metso:Outotec
T ]

O Oxalic acid feed1

Filtration2

Calcination1

Offgas2

[Value]

Slurry1 Leachate1 Mixture1 Nd oxalate Nd203
. . [Value] aliia
* Diluted solution - atuey G thHL Watue Watue ek
Conc. acid solution / :
. . [Value] \ /
e N e O d y m I U m OXI d e 5 [Value] Residue1 Solution out1
D . . d [Value]| [Value] ‘ A[z ::3:;2
°
ys p rOSI u m OXI eS Precipitation2
o Oxalic acid feed2 Offgas3
Leaching 2 Filtration3 [Value] Filtration4 Calcination2 | [Value]
* Input parameters from BRGM Sury2 ey R Mixw,ezl o
. ) [Value] [Value] [Value] | [Value] [Value]
* Initial concentration Diied a5 sl |
[Value] ‘
° p H
Residue2 Solution out2 Air feed3
. [Value] alue alue
* Leaching temperature | el el
Co-funded by the VA LOM AG 1
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HYDROMETALLURGICAL ROUTE

Challenges on simulation

* Leaching behaviour of each element must
be known

* Assume all possible reactions

* Determine the leaching efficiency

* Nd presents a high dissolution rate in
concentrated acetic acid

* Dy shows a low leaching efficiency in high
concentrated solution

* Fe and Ni do not dissolve in acetic acid

Example of HSC reactions interface

@ Reactions Editor

@ 0 4 Move Up =] Send To Top UJL‘J (€3 Add Reactions from Unit
& 1:

Activate Exit and \; Move Down IE SendToBottom Balance -

1
2
3
4
5
6
7
8
9

10
11
12

Ll |

Cancel

Operations Move Tools
A C D E G H | J
Progress Reactants Products Balance H K

%o Separated with + Separated with + kJ/mol | 25 °C

100|CH3COOH(a} |= H(+a) + CH3COO(-a) OK -0.251 1.64E-05

0 Fe203 + 6 H(+a) = 2Fe(+3a)+3H20 OK -138.563 3.60E+00

100 Nd203 + 6 H(+a) = 2 Nd(+3a)+ 3 H20 OK -440.190 1.46E+58

6 Dy203 + 6 H(+a) = 2Dy(+3a)+3H20 OK -395.190 1.84E+48

0 NiO + 2 H(+a) = Ni(+2a) + H20 OK -101.140 3.17E+12
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HYDROMETALLURGICAL ROUTE — MASS FLOW SIMULATION (KG/H)

e Mass increment after roa sting ’ Simplified BRGM flowsheet - Lab scale

*  Conc. acid solution: water and acid Mass Flow (kg/h)
to reach the concentration of 16 M Precipitation1

0 Oxalic acid feed1

Offgas1

e Slurry 1: Nd+3. Non-dissolved Dy, ROSSHNG [ 454 Le"°‘"91 EIItstBrA
Fe and Ni. " ’ —

Filtration2 Offgas2

Calcination1
: 20.8

LAY
m Metso:Outotec
N

Nd oxalate

Leachate1 Mixture1

* Residue 1: Non-dissolved

' . > 1.42 0.65
compounds in leaching 1 gotothe = arear j o § ~— "N\ NPT 7 0 B L X b
|eaCh|ng 2 Residue1 olution out1
*  Solution out 1: goes to leaching 2 - v =~ 93% Nd recovered
*  Leaching 2: dissolution of Dy. The e R 255 S GETGT R 2

Tgasy

Leaching 2

Filtration3 Filtration4 Calcination2 | 20.0

solution needs to be diluted to
reach concentration of 1.6 M _|

Leachate2 " Mixture2 - Dy oxalates

178 0.095

*  Residue 2: Non-dissolved
compounds in leaching steps (Fe
and Ni)

Diluted acid solufion

Residue2 Solution out2
2.00 178

*  Solution 2: can be recycled
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HYDROMETALLURGICAL ROUTE — SCALING UP THE PROCESS

Simplified BRGM flowsheet - scaled up

Mass Flow (t/h)

Offgas1

Roasting Leaching1

Precipitation1

0 Oxalic acid feed1

Filtration1

Magnet feed :

= — =
Magnet oxides

Slurry1

1.35

Filtration2

Leachate1 Mixture1

Nd oxalate

Air feed1 BRI SRR
o—_— ¥ Conc. acid solution /
20.0 i
Residue1 Solution out1
1.02 54.0
Precipitation2
o Oxalic acid feed2
Leaching 2 Filtration3 Filtration4
foP” Metso:Outo]
C I Slurry2

Diluted acid solution

Dy oxalates

Residue2
1.00

\Y

Solution out2
89.9

Calcination1

Air feed2
20.0

Calcination2

Offgas2

Nd203
0.33

Offgas3
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HYDROMETALLURGICAL ROUTE - ENTHALPY FLOW (KW

The easiest way to reach

enthalpy balance is controlling

either input or output

Simplified BRGM flowsheet - scaled up

Enthalpy Flow (kW)

Offgas1

Precipitation1

0 Oxalic acid feed1

te m p e rat u re Of e a C h u n It Roasting | ... Leaching1 Filtration1 -81242 Filtration2 Calcination1 | Offgas2
- 6 =() “ " 2652
Qunit Editor - propitationt Magnet feed (0557 | vetsoowaer]
D= = DN
Variable list [p14 v [=mputrs Magnet oxides Nd203
B | c D Sturrv Leachate1 Mixture1 Nd oxalate
[ Variable List Editor 2 1946 urty L, e P
e 4 CONTROL TARGET Acid oxalic conc. | Enthalpy control ) 156863 -155407 -236649
5  Process unit Prcipitationl Prcipitationl Air feed1 oot Coic: acid soliition
“4 Chemical Reactions Wizard 6 Measurement Unit g/L kW 3078
4 Eneble Globs Wizard L7 | Sa3le 13.6 0 ( 134918 Residue1 Solution out1
o 8 Measured 13.591 0.000
- 9 | Tolerance +/- 0.01 0.01 e 7208649 alteecy
[= Insert Sheet 10 I 2165
8 Number Format 11 CONTROL VARIABLE water feed Input temp Precipitation2
Controls 12 | Process Unit Prcipitationl Prcipitationl ol —
) 13 Measurement Unit kg/h C ’ gxalt acidies Offgas3
S dnevcorts] 14| Control Variable 37.05181719 76.04715513 reaching 2 Filtration3 Filtration4 Calcination2
& Remove Control 15 | Min Limit 0 0 5
-~ e (il =t 16 | Max Limit 20000 100 R prases _
(< Add Schema 17 | X Max Step Slurry2 Leachatez Mixture2 Dy oxalates
Help 29 -390633 -389207 " |
21 (CONTROL MODE Static Static , o -304545
@ Help —22 Active ON ON Diluted acid solution
23 | lterations Max Limit 15 15 152528
24 | X Max Step Method
25  Type Internal Internal
26 | Method Tangential (fast) | Tangential (fast) Residue? Solution out2
| 28] -1427 -394545 2165
56
57 v
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CONCLUSION

*  Flowsheet simulation enables the integration of the whole process, from collecting to recovery steps

* Itis an useful tool to analyse mass and energy flow of each step, in order to identify hot spots (LCA) and improving the
process efficiency

* Simulation can indicate the most suitable recycling route of EoL permanent magnets, based on material lost and energy
consumption

*  Mass flow analysis of hydrometallurgical process indicated the recovery of Nd 93% as rare earth oxides
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