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Magnetic Density Separation (MDS)?
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Goals of the research

* NbTi demonstrator magnet

* MgB, prototype magnet

* Show benefits of superconductivity for MDS

\_ /
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* What is MDS?
e How does MDS work!?
* What kind of magnet is needed?

* Cryostat

e Conclusions & outlook
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How does MDS work!?

At a height z,,, the net force on the waste
vl f Fmagl VlHl
particle is zero. v
Fz + Fpuoyancy t Fnag = 0 k

= (pr1 — pp)Vpg — UMV |H|

E buoyancy mag

Assuming |H|(z) = Hy exp(—2mz /1),
the stable equilibrium height depends on the
mass density p,, as

A | ( 2tugMH
Zog = —In
2\ gA(pp — ps1)
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How does MDS work!?

waste \ flow separation separator post -
input N laminator chamber blades processing
YN = Zy
A 2muoM H E ﬁ
T \gApp — Ps1) 2

A —
Az = mein a meax =>—In (pmax pfl)
2m Pmin — Pfl

A determines distance between different densities

What determines A, and how to generate |H|(z) = Hy exp(—2mz/A)?
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What kind of current distribution is needed?

MDS requires a strong vertical
gradient, that depends only on z-
coordinate.

Harmonic current distribution generates

2T
|H|(z) = Hy exp <__Z> Y

Decay rate scales with periodicity A of
current distribution.
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What kind of current distribution is needed?

waste \\ flow separation separator post -
. . input N laminator chamber blades processing
MDS requires a strong vertical _
- e T
gradient, that depends only on z- . —6@
coordinate. c
ﬁ, 2 —5°0
X =
magnet
Harmonic current distribution generates
K(x)
2T z
|H|(z) = Hy exp 7z h%
Decay rate scales with periodicity A of . Y=\
current distribution. x=0
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Approximate ideal distribution with racetracks

Direction of particle movement

Width of a coil is 1/2
Determined by required Az
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More accurate approximation possible

B Notched current distribution

== .05 0 0.5
u  — -
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“Conventional” MDS

\ flow separation separator post -
S laminator chamber blades processing

e 3e® ferrofluid ﬁ

magnet

plenum

* Horizontal gradient components can slow
down/stop particles—>minimum flow speed

=) Minimum system length

* Particles need time to reach z,,
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Angled MDS magnet

Particles move to the right by
horizontal magnetic force component

mag,z F e

buoyancy

L=Z
eq

mag,x

~12 degree angle from horizontal '
\ plane TT—  /

P. Rem, Patent number WO 2017/111583
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Angled MDS magnet

Magenta lines: Sl Sl G \
particle equilibrium heights

Particles will tend to
follow these lines.
But in the right direction?

Arrows: i
direction of gradient V|H|/|V|H|] Ndicate
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Angled MDS magnet

N\

N\

4 coil system doesn’t N\
work! N\
Nor does 2 or 5... NN
— 3 coils it is! Sl
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Demonstrator magnet lay-out

.36 mm NDbTi wire
300A, ~2080 turns/coil

4.5K operating temperature, 2K temperature margin

5T peak field g o of - It & . A
irection of particle movement Winding pa/ck/

thickness ~50 mm
i
‘ A/2 30 c

( A = 0.6m requested by user: ‘ iy
‘ : 0 X
determines coil width
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[ Demonstrator magnet lay-out

* Wet winding on SS yoke
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[ Demonstrator magnet lay-out

* Wet winding on SS yoke
* AI5083-H321 cassette (2 parts)

* Pure Al strips for thermal function
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Angled MDS magnet

3c 3b 3a

P. Rem, Patent number
WO 2017/111583
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Cryostat of angled MDS magnet

minimize distance between
coil and fluid bottom ~50 mm

Top plate 20 mm

Z
Ly
L.

Pillars

C. Zhou Vetronite, 4 rods
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SHI cryocooler cold head

Hybrid current lead
utHTS+NbTi

Vacuum port, valve,
pressure gauge...

Vetronite, sliding support,

\Demountable with screw bolts for

both side walls
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* MDS is a recycling technology, allows separation based on mass density

* NbTi demonstrator magnet is starting construction phase
* Angled, aimed at electronic waste
* Three-coil lay-out chosen. Minimizes horizontal gradient components.
* Conduction-cooling

e To be installed at TU Delft

« MgB, prototype system is in material testing phase.

* Non-angled, aimed at light plastics
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Thanks for the attention
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