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Die weite Welt magnetischer Technologien ey

Open-Minded

Nicht invasive Medizin

Magnetische Mikroschwimmer

Diagnose & Therapie (, Theranostics®)
Hyperthermie / Magnetomechanics

Energieeinsparung

Datenspeicherung und -prozessierung
(Festplatte, Spinwellenlogik)

E-Mobilitat (Kfz, Fahrrad, Roboter.....)
Generatoren, Transformatoren, Sensoren

Clean energy

~ 600 kg of permanent magnet material
to produce 1 megawatt of electric power

Magnetische Kuhlung

(Magnetokalorik fiir Klimaanlagen, Kiihlschrénke,..)

www.uni-due.de/agfarle




Chemische Industrie
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Energie sparen mit magnetischer Induktion

20241007: IEEE Spectrum Q ‘

M0t co

Challenge:
decarbonize ! BUT the required high-grade heat is typically
supplied by combusting fossil fuels.

Innovation:

metamaterial reactors = , volumetric heating is achieved with
near-unity conversion of electricity to internal heat.

Reactor scaling to industrially relevant sizes can be achieved.

Highlights
RESITS e A metamaterial reactor powered using high-frequency magnetic
Zone induction

e VVolumetric heating is realized by metamaterial baffle and power
PR, electronics co-design
Zone e The conversion efficiency of electricity to internal reactor heat is
i over 85%
e Near-equilibrium conversion of the reverse water-gas shift
reaction is demonstrated

Electromagnetic induction heats a
porous ceramic metamaterial to make

industrial reactions greener.
Dolly Mantle/Stanford University/Joule

www.uni-due.de/agfarle



https://www.cell.com/joule/fulltext/S2542-4351(24)00346-5
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Datenverarbeitung mit Spins D150 R &
Open-Minded

Drei Ansétze fiir die Datenverarbeitung Bild der Wissenschait (2022) /

For more concrete data

5.8 Terawatt hours 5.7 Terawatt hours
2015, Increase of 30%/year

At our level: 30 Google searches cost as much
energy as to bring a liter of water to boil

| v ‘;? --i_y. i s o : ';‘ | ‘ 1L7Fau 17Fou LFrwu 1o L7FIw  auvug FATERN) rAN AN
Nat. Com. 10, 4345 (2019)
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Datenverarbeitung mit Spins
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Open-Minded

Drei Ansatze fiir die Datenverarbeitung
und ihre Informationstrager

O

l cicktronik [N spintronik |

Informationstrager:

Informationstrager:

Bild der Wissenschaft (2022)

10 GHz = 40 peV

Informationstrager:

Magnonik:

Magnon (Spinwelle)

nur ca 1/100 der Energie
pro Prozess im Vergleich
zur Ladung (Elektronik)

Ladung des Elektrons Spin des Elektrons Spinwellen / Magnonen
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(2019)
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Applications in a typical automobile Open-tinded

Sun Head
Door Defogger Automatic Roof Rest
Mota Speakers Temperature
Gasket Contigl tor Tape , Windshield
Lumbar Drive Washer
TallGate 2URDOL Mojor Pump
Motor Mirror
B, Coges Cruise Motors Electric
Door Lock Contro Power
Motor Liquid Steering
Level and Sensor
Anti-skid Indicators
Sensor and Economy
Motor and
Four Pollution
Wheel Control
Steering <3 Headlight
Door
Window Motor
Lift
Ignition
Motor
Systems
Suspension
System Coolant
Fan
Fuel Motor
Pump Throttle \ windshield \ Starter
Motor S Motors and Wiper Motor
eat Traktion Heat -Alr Crankshaft Motor
Chi Belt Condition Position
P Motor Control s
Collector Antenna Motor ensors
Lift
Motor

M. Garrell, North Carolina State University, MSc thesis (2002)
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Transport und Logistik
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Energie sparen mit Hartmagneten NG e

Hartmagnet/Supraleiter Achterbahn: Reibungsloser Transport
Demonstrator SFB/TRR270 , Jahr 2024, N. Josten, P. Kikenbrink, P. Steinkraus

| .
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Ein Fahrstuhl ohne Seile (,,ropeless elevator”) B e

Conventional elevator
Traditional elevators in tall M e h rere, un-" k-
’

buildingz require & large footprint
end wacte leazable cpace.

TWIN iz more efficient
I becauze of independent
Double-decker operation of the carz, zo
elevator that you can park cars if not
Muove more people

by stacking cars. But
inevitably, extra pow=-

https://testturm.tkelevator.com/global-de/der-testturm/
https://www.youtube.com/watch?v=X1rUjr6fHIU
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https://www.globenewswire.com/Tracker?data=Nw508KeQorsAbkTmDUcZtmB8DWUgfTC6UHNTwIoKB7yQQttGNpcH_iVYHLLdB_mNi7NKkWFoH8myi2sKnf5LYby3WbhucnGioN7jEB3cmT0tTFFz2lCsidYzUxKNq9Gw76WFPaVHy2R-aAB8ZTOj6MAC8UV7g9QYpEEJDnYrGwE=
https://www.globenewswire.com/Tracker?data=Nw508KeQorsAbkTmDUcZtmB8DWUgfTC6UHNTwIoKB7yQQttGNpcH_iVYHLLdB_mNi7NKkWFoH8myi2sKnf5LYby3WbhucnGioN7jEB3cmT0tTFFz2lCsidYzUxKNq9Gw76WFPaVHy2R-aAB8ZTOj6MAC8UV7g9QYpEEJDnYrGwE=

Permanent Magnets: e

ESSEN

Applications & Market Report gpen-Hinded

£ 12.0% Permanent Magnet Global Market Report

Q

< 2.6% 2024

X $60.08 hillion

8 o

2 3.4% HAN The Business i]‘|

o«

g 4.1% =)
g 3
:
2 0 $38.31 5
% e ‘// billion =
SN $33.91 &
S a ' billion N
58 6.2% 3
o ~ a
i - %
g o u
g2 =
5o 2 / 2023 2024 2025 2026 2027 2028

G 7.2% _ 13.6%

52 —— CAGR: Compound annual growth rate

8 < 1]

g‘ E https://www.thebusinessresearchcompany.com/report/permanen
é § = Motors & Generators =HDD, CD, DVD t-magnet-global-market-report

S g = Transportation Energy Production & Storage

5? % = Transducers = Drives, Clutches, Braking

g % = Relays, Sensors, Switches = Appliances

3 § wWave Guides = All Others
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Magnete als Klimaretter?

Benétigte Globale (magnetic)
Magnete Herausforderung cooling
A
electro-
Start End P1 End P2 mobility
I I I
I | I
| |
| | l wind
| ! ! energy
I | I
| |
I I
| robotics
| |
2020 2024 2028
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Wir brauchen bessere Magnete !

Open-Minded

Magnetische Kuhlung:
, 10 cool our homes we heat the planet”

= Wir brauchen
Magnetische Kiihlung

Leichtere/transparente(?)/effizientere

Festkérperkiihlung Magnete
ohne Gaskompression Wind-/Wasserkraft, Motoren, Generatoren
- ¢

a Technology materials in an electric vehicle

Permanent Nd-Fe-B magnet
synchronous motor

— Battery

Graphite

Klimaanlage

* large battery packs needed |

* US $300,000

www.uni-due.de/agfarle
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Magnetisches Energieprodukt

Open-Minded

Magnetische Hysterese
B Magn. FluRdichte

B(H)=H H+J

www.uni-due.de/agfarle
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Permanent magnets: Magnetic Energy Product W s re

Open-Minded

Magnetisches Energieprodukt = gespeicherte Energiedichte im Magnet

Beispiel:
Nd,Fe,,B, ,N45“ hat Energieprodukt von 45 MGOe (358 kJ/m?* = 47 kJ/kg), FeNdB: 7.5 gicm?
9

Ein solcher Magnet hditte bei einer Dicke von einigen cm und einer Polfliiche des Nordpols bzw.
Stidpols von etwa 20 cm 2 eine Haftkraft an Weicheisen von iiber 1000 N. Man kénnte mit so einem

Magneten also einen 100 kg schweren Eisenblock anheben.

Die bezeichnete Haftkraft héingt jedoch stark von der Form des Magneten, der Beschaffenheit der
Oberfldchen und von der Reinheit des angezogenen Eisens ab. Es handelt sich um idealisierte,

errechnete Werte. 2504 -900 ki/kg Lithium Polymer

Prismatic

2004
Lithium Phosp hate

[
L
=

Lithiem lon
Cylindrical
Alurninum Cans
Prismatic

Energiedichte von:
Braunkohle: = 9100 kJ/kg
Steinkohle: ~ 31000 kJ/kg

Mickel Cadmium
Cylindrical

[
=
=

L
=
—
i3
w
(=8
=
2]
==

Mickel Metal Hydride
Cylindric al
Prismia tic

W attH eurs/Kilogram

50 100 150 ZDD 250 300 350 400 450
WattHours/Litre

https://de.wikipedia.org/wiki/Energiedichte von Energiespeichern

www.uni-due.de/agfarle
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The strongest magnet

Open-Minded

Holding Force up to 200 N

Ke
& @
A o

Rl L™
i ES T Wik “‘ \m
. o | e . ‘ i
: ,:'.‘:.I + ! |
| v e ey
: »icle | 4
f—— DolE

Magnetic-Ball-Joints

3D Printer Ball Magnetic Joints, Permanent Magnetic
Ball Joint, Universal Permanent NdFeB Magnetic Ball
Joints, Delta Printer Arms Magnetic Ball Joint,

Magnetic Holding Device, NdFeB Permanent Magnet
Joint Spherical Ball, 3D Printer Neodymium Magnetic

www.uni-due.de/agfarle

Masato Sagawa
NdFe,,B Magnet (1983)
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Der Ansatz im SFB/TRR270 ... W

ESSEN

HoMMage: Hysteresis Design of Magnetic Materials for Efficient Energy Conversion open-Minded

Identifiziere die "DNA” der magnetischen Hysterese
in permanenten Magneten und magnetokalorischen Materialien

) \\f rfmanen:

coercivity Jj irgin cgrve

initial fusceptibility i

CRC/TRR 270 HoMMage: Hysteresis Design of Magnetic Materials for Efficient Energy Conversion (© 0. Gutfleisch)

www.uni-due.de/agfarle
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L Open-Minded

Konzept fur neue Magnete (Grundlagen)

L] L] L] [ Br
Ziel: entwickle eine neue Generation von demagnetization curve 4
high performance permanent magnets

ohne Seltene Erden oder teure Elemente wie Platin 2
[ | eneoyprosuc g
The figure of merit for a Ferromagnet: Energy Product (BH)max He /[y O
10 \" - —‘5 - - O0
applied field H (kOe)
Large H, AtSmare magnetische

Momente grof} fur groRes B,

“w
'

[}

=

=

2

o

Magnetisches Anisotropiefeld bestimmt Koerzivitat:
Han@ Hstraln sur/mterf @

1
[
I

-

i _ 2Ky
MCA Mg
Hshape = AN - M.'_»g
\Hexchange = _jlzslsy

~N

—

- GroRes Aspekt Verhaltnis

- Magnetisierung entlang Achse 5

o i .
LI B

Magentization per atom (m) (.ug)
T

e
i
I

pure metals

(Cr)

- Q.m. Austauscheffekte (afm — fm)

M. Farle (U. Duisbura-Essen . 18.10.2024 / 16
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Number of Electrons

-- S-P
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Magnete (zeitliche Entwicklung)

—

Relative Magnet Sizes

—f

r

Fig. 2—Relative magnet size and shape of various permanent mag-
net materials to generate 1000 G at 5 mm from the pole face of the

>

N48 1995
V=022 cm?

SmCo 28 1975
V =037 cm?

Ceramic 8

1960

V=196 cm’

Alnico 9
V=119cm?3

Alnico 5-7

l-l-‘—h
V=143cm?

19350

1940

magnet. (Figure courtesy of Arnold Magnetic Technologies.).
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Table I. A Selection of Applications Utilizing Advanced
Permanent Magnets, Typically Nd,Fe 4B (Adapted from

Ref. 45)

Category

Application Examples

Computer and

office automation

Automotive &
transportation

Consumer
electronics

Appliances &
systems

Factory
automation

Medical industry

Alternative
energy

Military

*disk drive spindle motors and
voice coil motors
(computer hard drives)

CD-ROM spindle motors
and pick-up motors

printer and fax stepper motors

printer hammer

copy machine rollers

starter motors

electric steering

SENnsors

electric fuel pumps

mstrumentation gauges

brushless DC motors

*electric bicycles

VCRs and camcorders

cameras

speakers, headsets

microphones

pagers

DVD players

watches

cell phones

portable power tools

household appliance motors

scales

air conditioners

water pumps

security systems

magnetic couplings

pumps motors

SErvo motors

generators

bearings

magnetic resonance
imaging equipment

surgical tools

medical implants

*hybrid/ electric vehicles

*wind power systems

wave, tidal power systems

power generation systems

energy storage systems
weapons systems

vehicles, watercraft, avionics

precision-guided munitions,
communications systems,
radar satellites

*Technologies that are anticipated to experience continued rapid

growth and expansion.

17
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neue high performance Magnete
aus nachhaltigen, wiederverwertbaren Werkstoffen

CRC/TRR 270 HoMMage: Hysteresis Design of Magnetic Materials for Efficient Energy Conversion

Binare und ternare

Dotierung/Mischung von Legierungen

komplexe multi-
element Materialien

Legierungen als Start
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Zukunft

Vom Einkristall

Neue Mechanismen der Ummagnetisierung ?

.~ ﬁ

!

-2000

—T T
-1500

-1600' -5'00 ' 6
Applied Magnetic Field (kA/m)

T % T
500 1000

Wachsende strukturelle/chemische Komplexitat

\:dj
- 0,90, .
N 9 no‘
00 Q.-
000

M. Farle (U. Duisburg-Essen , 18.10.2024 / 19

—
1500

www.uni-due.de/agfarle

2000

Zur komplexen
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Beispiel: Nig;Mn,q
Verstandnis auf atomarer Skala!
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Magnetische Kiuhlung 0, IS B R G

Open-Minded

Kuhlschrank ohne Kompressor
magnetische Kiihlung ohne klimaschddliche KiihImittel

Magnetokalorischer Werkstoff:

Erwarmt sich im Magnetfeld, gibt die
Warme an die Umgebung ab und wird ohne
Magnetfeld kalter als vorher.

Klimaanlage
Wasser, kein KiihImittel

— Heatirradiation
Magnetic field

[
bl

—

AB & 4 b

https://vacuumschmelze.de/produkte/einzigartige- @ é‘ASFVSE A'i, )

technologien/magnetokalorischer-werkstoff-calorivac
www.uni-due.de/agfarle
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https://vacuumschmelze.de/produkte/einzigartige-technologien/magnetokalorischer-werkstoff-calorivac
https://vacuumschmelze.de/produkte/einzigartige-technologien/magnetokalorischer-werkstoff-calorivac

UNIVERSITAT

Magnetisches Kiihlung (Wie geht das?) W o s R G

ODpen-Minded

Gadolinium alloy heats up inside the
magnetic field and loses thermal energy to
the environment, so it exits the field cooler
than when it entered.

Adiabatic
process

—— Heatirradiation
Magnetic field

T+AT,,

Adiabatic

process
e The Magnetocaloric Effect (how it works)
*  Magnetic Fields: Magnetic Cooling u +Q
. Magnetic Refrigeration (11/2014)
. BASF: Principle of Magnetocaloric Cooling -
. GE Magnetic Refrigeration: How it Works

Magnetic refrigeration Vapor cycle refrigeration

M. Farle (U. Duisbure-Essen . 18.10.2024 / 21 www.uni-due.de/agfarle


https://www.youtube.com/watch?v=2TpJeJ8psqo
https://www.youtube.com/watch?v=mAUrQG91OuU
https://www.youtube.com/watch?v=iVmyu-1KNDc
https://www.youtube.com/watch?v=xVhAvp17xJ8
https://www.youtube.com/watch?v=WlKKKMTA7XM
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Magnetische Kiihlung ( Spins und Vibrationen) DLl SEByY R 6

Open-Minded

a Refrigeration cycle b Remove heat
Adiabatic magnetization /) N

R -e+:_ .

N 7.

Magnetic field Magnetic field

C Adiabatic demagnetization % d Cool refngeratorcontent @

wﬂ i mm ----- $ t ,,,,,,, $ ,,,,,,, ‘s\ ------ ?f ....... _ei_‘e’
\g« _______ k@\ ______ Yss\. m“ _____ ; /\@\ ....... o g\ ,,,,,,,,, \Q ,,,,, e

ot Y
}{k ....... \ ...... ,Bz ...... $ ........ ; W »e\$ --------- :f ------ $ --------- )5% ----- ;«r W

m\f\ ....... 3/ & $ ...... {» ,,,,,, ‘i ______ "i‘ _______ ; ......... )a,,

4{ Franco V, et al. 2012.
Annu. Rev. Mater. Res. 42:305-42

https://www.annualreviews.org/doi/full/10.1146/annurev-matsci-062910-100356# i1l

www.uni-due.de/agfarle
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https://www.annualreviews.org/doi/full/10.1146/annurev-matsci-062910-100356#_i11
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Theoretischer Grenzwert AT, (adiabatische Temperaturdnderung) ¥ *4'séy’ * ¢

Hmax
AT, (T, H.pygs) j ! <6M> dH
d ’ —
a max J Cp(T,H)\ 0T o

Phasenubergangstemperatur hangt von Starke des Magnetfeldes ab!
Konzept: zwei unterschiedliche Materialien. Welches erzielt groliere AT ,; ?

%
>

%
>

Entropie

T. oT,
. voc . T
Py is small

www.uni-due.de/agfarle
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Welches Material ?

DUISBURG

ESSEN

Magnetostruktureller Phaseniibergang (Mn;GaC)

L Open-Minded

Journal of Applied Physics 115, 043913 (2014)

70 g Mn;GaC:
: ! : large inverse magnetocaloric effects at
60 -  Mn,GaC ] a) the first-order antiferromagnetic to ferromagnetic
50 £ ; 16 magnetostructural transition at 7, = 165K
N N : b) the second-order ferro- to paramagnetic transition
240 b ' - at T, =250 K.5.12.16
2 ., #,H (T) TR | 14 c
o F  ——0.005 ]
=20 ° 15
il ' a
O Comsmommemmmsen s Faer 0

0 50 100 150 200 250 300
Temperature (K)

60 — ® Ga -Zn
r Mn
0 T=150 K >
T<:>) 40 — O ¢
= L
GE, 30 | Fig. 5. (a) Antiferromagnetic structure of Mn;GaC
E 20 3 (one unit-cell drawn). (b) Low temperature magnetic
structure (a+/2, a+/2, 2c) of MniZnC (¢p=65
10 - degrees) and of Mn3;GaCy o35 (¢~20 degrees).
of .

The magnetic characterization of the sample. (a) Temperature dependence {)f the magnetization
under 5mT (right scale) and 5T (left scale). The shift in Ty is about -4 K T .

(b) The field dependence of the magnetization at 150 K showing the field-induced transition.

www.uni-due.de/agfarle
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https://aip.scitation.org/doi/full/10.1063/1.4862903

UNIVERSITAT

Magnetokalorische Materialien W o5 B R G

IA Laves phases
IB Low T SOMT Laves phases
IIA La(FeSi);;5

IIB La(FeSi);5-H

IIC La(FeCoSi)q;

IID La(FeAl);s

A Gd(SiGe),

lNIB RE;(SiGe),

IV Ln-manganites
V  MnFe(AsP)

VI MnAs

VIl Other Mn-based

0 100 200 300 400 VIIl FeRh
IX Heusler alloys
Tpeak (K) Y

50 ! | T | T I

|ASpax| U kg™ K1)
Do®E ! m| m |

BEOE N

ﬂ Franco V, et al. 2012.
Annu. Rev. Mater. Res. 42:305-42

https://www.annualreviews.org/doi/full/10.1146
/annurev-matsci-062910-100356# 11

www.uni-due.de/agfarle
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Magnetism is magic ...

* Diamagnetism (always!)
* Paramagnetism (often, unpaired spin)
* Ferro-, ferri-, antiferro magnetism (sometimes)

=

All materials

www.uni-due.de/agfarle
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Ist eine Erdbeere magnetisch ??

UNIVERSITAT
DUISBURG

ESSEN

Experiment : Magnetfeld ungefahr 16 Tesla
O 32mm Bohrung in einem Bitter -Magnet

(320.000 groB3er als Erd-Magnetfeld)
Nijmegen High Field Magnet Laboratory

Nanomagnetism- Fundamentals Il - Farle, 18.10.2024

,'«

Open-Minded



http://www.sci.kun.nl/hfml/

UNIVERSITAT

Zusammenfassung: W il

Benétigte GIObale | tleld | |(magnetic)
SRR Herausforderung /| cooling
'y : : : ! .
start 4 . J)| electro-
a End P1 End P2 hi ity
R S mObIII ..... 2024 Eericnteaus“h UNIVERSITAT
orschung una Lenre
1 vy DUISBURE
: Offen im Denken
|
|
|
| 3
! 60 Magnete als Klimaretter
! Materialien flir eine emissionsfreie Zukunft
|
|
Oliver Gutfleisch .Die Energiewende ist eine Materialwende!"
2020 Michael Farle Ein mysteriéses Matarial mit magischer Wirkung?

. [/ Magnete: Forschung fiir mehr Klimaneutralitat !

&'/ CRC/TRR 270 HoMMage: Hysteresis Design of Magnetic Materials for Efficient Energy Conversion

o
P 4 '.o.-f

UNIKATE 60:

Magnete als Klimaretter

www.uni-due.de/agfarle
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https://www.tu-darmstadt.de/sfb270/about_crc/index.en.jsp
https://duepublico2.uni-due.de/receive/duepublico_mods_00081818
https://www.uni-due.de/kleine-form/farle.php
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DEUs 1 SSEBNU RG

Open-Minded

Our HoMMage team

Yy

JOctober 2022

- (R TR e TSN T

(S .o . / ’??,
Y e @) JULICH - wersesnerre (@)

A_E% WUPPERTAL Forschungszentrum g .. puskacentre for Microscopy

Thank YOU for your attention

o/
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Magnetic Hysteresis: Definitions

Open-Minded

Hysteresis

A M oder B: magn. Flussdichte

spontaneous magnetization Mg

—]

L /TN

coercivity :

Weiss- (- x -
Bezirke —-—=

major loop

The hysteresis loop shows the irreversible, nonlinear response of a ferromagnet to a
magnetic field . It reflects the arrangement of the magnetization in ferromagnetic domains.
The magnet cannot be in thermodynamic equilibrium anywhere around the open part of
the curve! M and H have the same units (A m™').

www.uni-due.de/agfarle
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https://de.wikipedia.org/wiki/Weiss-Bezirk
https://de.wikipedia.org/wiki/Weiss-Bezirk

Je mehr wir kuhlen, desto warmer wird es .......

DUISBURG

Magnetische Kuhlung als Alternative ESSEN

~20% aIIer EIektnzntat (2018) Herausforderung : EU regulates usage of
Der wachsende Bedarf an Hydroflurocarbons
Zukunft: Wasserstoff Veflussigung Klimatisierung. IEA 2018 (H FCS)

App. Materials Today 29 (2022) 101624
J. Phys. Energy 5 (2023) 034001

i Global air conditioner stock, 1990-2050
oo v o v v w u | v U u U [ U u U U T —
7z - —— ) LLf
E5000 | past data R projection .
> N m’;”'\
© [ ——EU E &
—4000 |- o
7 | — Japan + Korea S, -
83000 | —— Indonesia i R22 R134A R404A (6‘531_%88)
= 1 GWP=172 GWP=1430) (GWP=3922 =
5 t —— Middle East 7 ] ( ) ) )
92000 - —— Brazil W
< [ ——Mexico g ]
1000 -
e é
?930 2oloo 2010 2020 2030 2040 o '2050 NH, Butan Propan
year (GWP=0) (GWP 1) (GWP=3)  (GWP=3)

IEA: The Future of Cooling (2018) Percentage of households
equipped with air conditioner in selected countries

CRC/TRR 270 HoMMage: Hysteresis Design of Magnetic Materials for Efficient Energy Conversion

© O. Gutfleisch
www.uni-due.de/agfarle
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Neuronen Aktivierung mittels Magnetfeldern ™ et

Open-Minded

20241007: IEEE Spectrum

A A, ' !‘;f‘ _ Tiny Implantable "Microcoils" in the

Vil | g - Brain Activate Neurons Via Magnetic
W ’ e - o T L A Fields :Precise stimulation could be
useful for visual prosthetics or brain-
computer interfaces

Long-term reliable brain stimulation with micro-coils

Micro-coil Electrode

Glial encapsulation Glial encapsulation

Lanq term rrlut-!-
activation
encapsulation

www.uni-due.de/agfarle
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https://spectrum.ieee.org/electromagnetic-induction-for-cleaner-chemicals?utm_source=feedotter&utm_medium=email&utm_campaign=climatetechalert-10-07-24&utm_content=httpsspectrumieeeorgelectromagneticinductionforcleanerchemicals&mkt_tok=NzU2LUdQSC04OTkAAAGWBWS5BZIflf7THDAyclDGd263_mjpNvlYoGKJAQ8Qr3oWRiOztAuIELrguXWpyWaHG8IelEL9F_yGc8vVKYOe6MbSkrofwyvvjNEraCq5ealw
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