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Resources Processing and Recycling

Resources Processing and Recycling

Concentration of Rare Metals from E-wastes
We succeeded to concentrate rare metals from e-wastes of cell phones, PCs, Industrial
appliances by combining brand new comminution and physical separation methods. In
the process, we applied two kinds of categories, “device separation” and “powder
separation”, then, the separation mechanisms were clarified.

Improvement of “Soft Separation” Tech.
We intend to sophisticate “Soft (energy saving) separation” technologies, such as
comminution and physical separation, to achieve environment friendly separation
process for the purpose of establishing sustainable society.

Separation of installed devices from PWBs “Device separation” and “Powder separation”

Liberation analysis in comminution Improvement of physical separation by utilizing
bulk and surface properties of solids

Brand new crusher 1st stage product 2nd stage product

Two stages comminution by brand new crusher
① Utilization of magnets and plastics
② Feed to “device sep.” and “powder sep.”
③ Recovery of Cu, Au by smelting

① ②

C
hange in separation behavior 

③

Clarifying the mechanism 
of device separation from 
PWB by experiments and 
DEM simulation.

Target of “Device sep.”

Target of “Powder sep.”
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Large：

Middle：

Small： Ti

Combustible materials
ZnCu

Mg
Sn Pb

Ba

Br

Al Fe
As

Rare metals Precious metals

Large：

Middle：

Small：

Cr

Mn TaNi

Sb Au

Zr REE
Ag

Sr Pd

Size dependency of various rare metals after crushing

“Device sep.”: Color, Eddy current, X-ray trans. Sorting, etc.
“Powder sep.”: Mag.sep., Tabling, Electrostatic sep., etc.

Proposal of 
best flow

Unit grainComminution
lattice

Comminution lattice
spread over 2 unit grains

Comminution lattice
spread over 4 unit grains

Comminution  lattice
spread over 8 unit grains

Comminution  lattice
with 1 unit grain
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Relation between  deg. Liberation, LB, and
inv.no. of particle size (energy required)

Creating  “wide boundary 
model” considering selective 
breakage at phase boundary by 
introducing “preferential 
breakage probability”, e1.
Finding rapid decrease in the 
energy required for liberation 
by small increase in e1.
Developing electrical 
disintegration to increase in e1. Basic structure of auto catalyst

Bulk property: Ele.mag.wave transmittance, 
Density, Magnetization, Electric cond., 
radioactivity, etc.

Surface property: Ele.mag.wave reflectance, 
Shape, Surface ele.cond., Wettability, etc.

Example

Cordierite
Alumina

Screening

Re-utilized or
Discharged

Re-utilized
or Discharged

Flotation

Conventional
Process

Recovery of PGMs

Hydrometallurgical
Process

Air bubble

New porocess of low energy imput for the recovery of PGMs.Energy saving PGM recovery proess


