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Galvanic Replacement Reaction Involving Core—Shell
Magnetic Chains and Orientation-Tunable Microwave

Absorption Properties

Bigo Zhao, Yang Li, Qingwen Zeng, Lei Wang [ingun Ding, Rui Zhang

and Renchao Che*

Electromagnetic [EM) wave absorption materials have attracted
considerable attention because of EM wave pollution caused by the
proliferation of electronic communication devices. One-dimentional [10)
structural magnetic metals have potential as EM absorption materials.
However, fabricating 10 core—shell bimetallic magnetic species is a
significant challenge. Herein, 1D core—shell bimetallic magnetic chains are
successfully prepared through a modified galvanic replacement reaction
under an external magnetic field, which could facilitate the preparation
of 1D core—shell noble magnetic chains. By delicately designing the
orientation of bimetallic magnetic chains in polyvinylidene fluoride, the
composites reveal the decreased compbex permittivity and increased
permeability compared with random counterparis. Thus, elevated EM
wave absorption perfromances including an optimal reflection loss of
—41.5 dB and an effective bandwidth of 7.3 GHz could be achieved for the
oriented Cu@Co sample. OfF axis electron holograms indicate that the
augmented magnetic coupling and remarkable polarization loss primarily
contribute to EM absorption in addition to the antenna effect of the 1D
structure to scatter microwaves and ohmic loss of the metallic attribute.
This work can serve a guide to construct 10 core-shell bimetallic magnetic
nanostructures and design magnetic configuration in polymer to tune EM
parameters and strengthen EM abs orption properties.

1. Introduction

Currently, beczuse of the amnsive blos-
SOMITE Of COMIMUTICEHOT  equipment
and eleciric  devices,  elecoomagnetic
interference (EMI) lssues ate Indess-
ingly sewere, which might cuse nearby
valnable slecoonic devices so malfumc
dom and even negasvely asfent human
heakh M By seskdng o suhable aleciro-
magnetic [EM) wave absorption maserials
that ineeract with EM waves and wransform
micTowave emeTgy inso ypes of heat, det-
rimentz] rediavon can be dimingshed P-4
Generally, EM wave absorpiion proper
tes are siongly Unked with EM param-
esers (complex permbiviy [£ = & — 1&7]
and complex parmesbilty [ = g’ - ]
and microszacrures The majporiy of
stwdies focus on morphological-dependen:
EM wave absorpion and the varous
shapes that have reporedly been used
a5 micowave absorbers, mchuding zero
dimensional, 10, 20, and 30 smuctured
materials P#l Spactfically, core-shell con-
structions, which @n intensiy inserfacal
polarization™™ and unlque 1D srmacwres,
which @n be considersd micro-ansennas
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w scateer microwaves, MM are proven w be the compethive
methods for microwave absorpadon.

At presant, microwave absorpiion pu;?am of absorbars
Tefir to the polymer composiees introduced by absorbing fillers.
Because of the random dismmbusion of absorbing fillers in a
palvmer mart, the opitmization of EM paramesers (g, and i)
o srengthen microwave absorpelon abilives 1s a problem thar
ha= yez o be solved. Researchers have irvesied considerable
attention i the permitivity-tunable EM wave absorpuon P18
Iy et 2l [ fabricaed a sandwich alecrronic device with a con-
ductve layer and a microwave absorpelon film and regulare the
perminlviey valoes using an eveermal ecrical field o control
the EM wave absorpiion performance. Song ex 2lM prepared
palvmer ionic conduceve gels capable of opelcally ransparen:
macrowave shsorpeon. By comrolling hydrogen bonding net-
works, complex pernisivigy can be mned o obtaln manipo-
lable microwave seealth properdes. Ye et all®l designed

adge-rich graphens grown on potous SiiNs ceramics via the
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Highly Compressible Polymer Composite Foams with Thermal
Heating-Boosted Electromagnetic Wave Absorption Abilities

Biao Zhao, Xiping Li, Shuiping Zeng, Ruoming Wang, Lei Wang, Renchao Che,* Rui Zhang,
and Chul B. Park*
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ABSTRACT: Polymer composite foams are desinble materids for
W[m]mmlhﬂm a numher of

limit improvement in the EM energy attenmtion properties
o&ium.lnﬂlsshd:ﬁ, mmﬂu-uﬁlumpmmnﬂmsmm

(TPU)/carhon nanotube (CNTs) composite foams, which also had
mmdmmdmﬂrwﬁmmuemmmfun to
unfoamed composites, foamed composites exhibited higher ity
and EM attenuation properties because of the presence of a
microcellular structure. Mareover, the TPU/CNT foam with 4 wt %
CNTs (F(4)) demonstrated strong EM dissipation and an optimal
ﬂﬂiw[m]mo&—.:ﬁjdﬂ.hﬁnmgsﬁmlﬂdh NN N ]

thermal heating and opdic compression, EM atenuation was observed s

to increase becavse of the higher condnctivity. Note that F(4) foam having a small thickness of 13 mm when treated at 333 K had
the highest EM dissipation and the kowest RL value of —5 18 dB. Enhanced polarzation and ohmic losses and multiscattering wene
whﬁ:mudmmThsﬂmnmm maovement of CNT s within the TPU elastomer walls
via thermal or essian stimubfon. Por :ﬂ:nnnhhlm muitifunctional material ite foams with

EEYWORDS: TPU/CNT counposite foams, high flevibility lhﬂmt*ﬂ'hl: magy disipation, themal heating, decrical conducsivity

1. INTRODUCTION lonw 'p:ddm.d.p-::’dm:dlum.l propertiss are some of the
'::.:mﬂ.ielmmmm;xmlpnh:mihum:mddiu; Continued efforts to develop 2 more effedtive electro

Wm_ mt@u on nmhg: miw:mfm]m;mmdhhdmh
system. Becanse of the increase in wirel ication and P t of : (CPCs) in
electrical equipment in our daily life, slactromagnetic radiation which ive fillers e dis I
(EMR) has become a severs challenge in global environmental which have the ad d.PEﬂ

i i ; vantages ":"P"hh?-
polhation; mare over, it poses 3 serious threat © human health gy, and design flexibility™ ~ Hlowever, a vital kmitation
mdmymdrnnﬁmﬂtﬂpmmﬁmbrwhiﬂe amociatsd with CPCs & the sgnificant aggregation of
electronic devies To overcome this challenge, high- mnductive filler in the polymer, which affects both the
efficiency microwave absorption material that could convert mechanical and EMI shielding properties. Frothermore, the
microwave energy into heat energy have proven to be an EMI-shielding mechanian of CPCs & primarily attrbuted ©
effactive approach. The EM wave absarption ability is Lrgely reflaction  rather than ahsorpion, which could result in
dmhmmm“”msm secondary EM pallution. The introduction of 2 microceliular
materials that dissipate EM energy, porous stoctural nanc- structure in the CPCs & an efiective approach to solve this
m.'l.lrnak, such a5 halow CnS,,"" halow carhon micro- secondary EM radiation problem becanse the cellular structure
ipl:.ﬂ'es, hallow Coli alloys,” p 53 foam,"* graph
““hulmmdmﬂzmo;, Il.tlm'l:nﬁs'hﬂuu Recived: oy 20, 2020

p-ummgmccubmy * hollow Coy/ 27 and Fe, O @vaid@ Accepted:  October 9, 2020
T, are regulardly wsed These materials have been proven to
be competitive EM wave absarbers bequse of their exellent
properties such as bight weight, tnable impedance match, and
ml@hmmirgbmo&pmmmuﬂimi[mr,
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A versatile foaming platform to fabricate polymer/
carbon composites with high dielectric permittivity
and ultra-low dielectric losst

e Wi J. Mater. Chawn 4, 2019, T
=3

Biso Zhao, B+ Mahdi Hamidinejad, 8+ Chongxiang Zhao, Ruosong Li, Sai Wang,
Yasamin Kazemi and Chul B. Park@*

Thereis anurgent need for diskec tric- based capacions o manag e the inoresse in stomg e systems reiated to
renewanle enengy production. Such capacitors must have supenor quaities that include Bghtwesght,a high
dislectric constant, and ulira-low dislectne boss. Payheinylidene fluonde) {PYDFlcarbon {carbon nanotube
{CNT)or graphenenanoplatelet {GnPl) nanoocomposte foams aneconsdened paomisng alsmatves to solid
PVDF/carbon nanocompostes. This 5 because they have excefient distectnic propertes, wihich are due to
the prefemad onentation of thesr carbon matenals cocuring nthe foaming proce=s. In te PYDF\carbon
foams, ther microceliular stucture sgrificantly nflusnced their siectecal conductvity and dielectsc
properties. In fie AVDECNT composite foams, the slectncal conductity wes noreased by an increased
degres of foaming that wes below a ovicad foaming degee The CHTs swen formed conduches
networss and this cased cunent kealage. Thas, in the PYDF/CNT foam sampie with an expansion ratio
of 4.0 where a high dislectic constant of 806 wa cbtned, a miatvely high dislectrc oz of 351 wes
obsered at the same tme. In the PVDEICoP composie foams, the presence of a micmoelular struchure
fioec efully increamed the distance between GnPs. This induced and produced the insulating qualty of the
FVDFIGnP foams. In addition, the pamilisl graphene nanoplatelets that acocompanied this process werne
clse together, and they molsied the polymer layer, or 2w & 2 medum betwesn themsebes fn
unprecedentedy high dislectrc constant of 1121 and an utradow diclectnic boos of 00032 at 3 He
were obtaned from the PVDF/GnP composite foam weth a high expansion rato of 44 due 1o charge
accumulaton at fie abgned conducive filler/nsuldng polpmer jor ar bubble) mterface.
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Humvewer, their numermes srnous defects, which inclede an
insurmountable brittleness and a low electrical breakdown

1. Introduction

Due to population growth, global warming, amd the emnergy
crisis, the development of reewable, costeffective and green
energy technigues to supply future generations with renswable
energy is both challemging and wrgent.! OF the varoes «mnergy
stomge sysems that exist, dielectric capacitors with an ultma fast
charging-discharging ahility hawe fas become one of the most
important new technologies. They could greatly benefit the
highrperformance power electmonics wsed in military power
systems, hybrid electric vehicles, and in syme porable @lec-
tronies ™ (emmic-based diskotic matenials, such as SeTi0, "
SiC," and BaTio,, " have high dielectric constant values, which is
why they play a major mle in current practcal applications

Uslar Plaodics fatrigy Laboratny, Lepasment of Meckavical avd
Indirial Enginedring, Uninenity of Torama, & kigrs Colloge Moad, Mo M
IH, Cavals. E-mal mrhimistomeacs R fI-AM-STETIAI; Teb 1408
-

t : ik
UL e a0
1 Thaas st cra come it @ gyl fs shiia wodk

=3k

(8] avlable e
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strengrth, hove hindersd the development of diskoric mate
dals™ Compared to comentional cermmic-based dielectric
materals, polymerbased diekotric materials heve seveml
advantages: largescale processability, mechanical Hexibility,
light weight, low cost, and high elecrical breakdown strempth,
However, most polymens” dielsctric constant is kvw compared to
the dielectric constant o inorganic cemmics. For example,
pelypropylens,  pelptyrens,  polmorylates,  and  pol-
methacrylaes wsually have dislectric constant whses betesen 2
w S_'ll

To address these isaws, significant effonts have been made
tor creaie polymerbased dielectric materials with high permit-
tiwity, One effecthe smtey has been to intodocs high-
dielecric-constant (high-k) ceramics into the polymer matrix,
amd this strategy has besn extensively imvestigated in the past
fem dhescadhes 1 Hiomvever, it was reported that these composibes
always possess a high concentmtion of ceramic particles, which
seversly damaged the polymer composites” processability and
mechanical Hexibility. In addition, the poor compatibility
between the inorganic fillers and the oganic pelymer matrix

J. Matey Chen. A, 2019, 7, 155140 | 135
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