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Background

Japan’s Four Strategies

for the Security of Minor Rare Metals

Development of Reeycling of
oversea mines e-wastes
(Ta,Nd,Dy,Co,W)
Finding out Increace domestic
replaceable elements stockpiles
(V, Cr, Mn, Co, Ni, Mo,W, Ga, In)




Objective

To concentrate minor rare metals form end-of-life electronics by

Objective

combining uniqgue comminutions and physical concentration methods.

E-waste

Comminutio

Disma.unted : Dismounted PCBs
Devices

“Device - Copper smelting
separation” :

Cu, Pd, Aqg, Pt, Au

Target elements
Ta, Nd, (Dy), Co, W [
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Experimental Sample

'~ _ ey - PCB from Termination Device of digital
= subscriber line (Canada , 1996)
. Weight of PCBs 326g/piece
- - + Weight proportion of board to mantled
srrerreamyTsTESTvR T s | devices 4:6
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Precious metals 10mm
Minor metals

Ag 0 antalum capacitor  capacitor
Welght ratio (Wt /0) Ta : 15.9 wt% Nd: 6.9 wt%



Mechanical Crushers Investigated (4 conditions)

“PartsiSeparator (PS=1)

Table. Comminution Conditions

PS-1 | PS-2 | CFS BM

Rotation( rpm) | 750 | 1000 700 42
Time (S) 120 90 5 2400 0




1. Comparison of each Crusher
Product
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Relationship between "Detachment ratio’
and “Breakage ratio” of Devices
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Comparison of Impact Energy Calculated from DEM

Tangential / Normal energy ratio
vs Rotation speed
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2. Relationship between comminution
method and separation behavior



Physical Separation Flow

2 types of physical separation flow were applied;

“device separation”

for dismantled electric devices from PCBs

“powder separation” for detached particles (under 2 mm) from PCBs.
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Influence of Comminution method on

Separation Behavior (Analysis approach)
N °~.
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(1)When collecting sieved products (“only sieving”) or sieved and physically separated
products(“Sieving + Physical Sep”) in the order of each product grade, we calculated average
grade, recovery rate and separation efficiency of these collected products.

(2)From the result of (1), we show the relation between the number of collected products and
separation efficiency.

(3).Compare the maximum separation efficiency of “Only sieving” products to “Sieving+ Physical
separation” products from the result of (2) for analysis of the influence of comminution.




Relationship between Max. Separation Efficiency of
“Only sieving” and “Sieving+ Physical Separation”.

=
o
o

(o]
o
M
(]
Z
O
=
Q)

1
IND

(\ ==
0 r<£ ! i _Mn Bi
60 F Ni Bi popMn Cr\~ Ie) €

€NiPt Ta Zn,Ngg
O b ar N\ Sp T ANISP pt
50 NORSRAA

40 - & Bi Sb - o—Cu Brg.
30 [Sb hA A>T :u‘ Cu /&
Mn Ti 9 Br Au Sn

10 |BM40 | PS-1 Y

100 J 10 20 30 40 50 60 70 80 90 100

Nd=
90 Ta Ta / \
] Nb

80
]

@)

i)
o

o

m

70 O 7
Zn

60 4 Co Pt

50

.\ ' '
!f_P 1C A oM
40 [-LIEgESISh Q ':bh Ph : /
20 | ALRTR s ' :
\Ideal Commlnutlon /
comminuted

C
20 | !

0 10 20 30 40 50 60 70 80 90100 0 10 20 30 40 50 60 70 80 90100 12
Maximum Separation Efficiency of "Only Sieving” (%)

Pt | Bi

Od
@)
o

I
O

z

®OZ
00,

2]

10

Maximum Separation Efficiency of “Sieving+Separation” (%)

o




Relationship between No. of device groups necessary
for 90% recovery and Max. Sep. efficiency
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Conclution

(1) When crushing condition is set properly, newly developed
“Parts Separator” and "Cross Flow Shredder” can detach
electronic devices in non-destructive form from PCBs.
This result suggests that shear force work effectively than
compressive force for the detachment of devices.

(2) Non-destractive device detachment from PCBs makes
following physical concentration process more effective.
|Ideally detached devices can be concentrated only by
sieving. However, for actual comminuted products, the
combination of physical separation is effective for the
concentration of minor rare metals.

(3) In especial, for Minor metals that are contained in small
number of device groups, non-destructive detachment is
Important to concentrate them physically.



Thank you for your attention!



Appendix



Device Detachment ratio- Breakage ratio

Optimal comminution condition for “Device separation”
(1)Complete detachment from PCB
(2)Original shape of device remain

Definition of device detachment ratio
Ratio(wt%) of certain element weight in +31.5mm particle size fraction to
whole feed amount of the element ( PCBs remain over 31.5 mm )

Definition of device breakage ratio
Ratio(wt%) of certain element weight in particle size fraction under
the minimum size of device that contain the element
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Why these metals are set as
Recycling target metals?

* These elements have high supply risk
(limited country has the natural deposit, price volatility)

* Price are relatively high.

« Amount of deposit from E-waste “Urban
mine”



Crushers Comparison

+ Conditions

Rotation (rpm):700(800,600)
Crushing Time (sec):5
Sample Weight (kg):8.8

CFS Comminuted
Products

Aftér Comminunition

Ball Mill
(BM40)
.~;7.’%
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* Conditions
Rotation(rpm):42

Crushing time(sec):2400(40min)
Weight(kg):4.8

BM40 Communited
products




About ball mill

 Ball Mill needs more time to detach
devices

* Why not Larger Ball Mill ?
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Effect of Physical Separation for Each
Element
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Distribution ratio
o I Ll Name of physically separated
separated productf Ta [Weight of P 3;0 ducz P
Ta from whole | Weight separated P
grade sample (g) | product
31.69681
3.30 21.12 1.05 058
296.4308
0.76 45.64 2.26 784
125.4370
0.63 15.87 0.79 | 895 2-4mm FDMag
147.4318
0.58 17.32 0.86 | 683 2-4mm RRMag
0.317811 :
0.00 | 951 2-4mm RRMidCon
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Separators

FD magnetic separator
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Separators

Wet table separator
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Separators
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Result of Physical Concentration (best condition)

Elements Re‘i%ery Grade (wt.%) E””r‘;?irge”t Gr"’(‘)‘ig ?va:_yog;ca'

Ta 97.7 3.32 32.4 0.24

W 97.4 10.01 27.3 0.58

Nd 67.2 1.66 9.5 0.64

Dy 100.0 0.31 14.6 0.002
Co 79.9 0.13 4.5 0.038
Cu 42.5 15.53 1.1 0.51

Ni 52.1 5.95 3.8 1.29

Au 62.3 0.05 1.6 0.00011
Ag 60.5 0.11 1.6 0.00248
Zn 20.0 5.22 0.8 1.09

Pb 6.0 6.24 9.6 5.84




Thsese are the comparison of effect of physical separation for each crasher.

As mentioned at previous slide, some minor metal are concentrated more by physical
separation.

As for precious metals and common metals, we can recognize that only low contribution
can be made both by sieving and physical separation. Then, these elements should be
eliminated from the minor rare metal concentrates and fed to non-ferrous metals
smelting.

It is also observed that ferromagnetic iron and Nickel can be concentrated in any cases
by physical separation especially by FD magnetic separation.

Other result differences among each elements probably stems from the difference of
utilization range for various electronic devices.
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» Energy was consumed relatively for “Device Detachment”

iIn PS, CFS, and HC, but for “Device Breakage” in BM.
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