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Unveiling the corrosion mechanism of 3-nitro-
1,2 4-triazol-5-one (NTO) toward mild steel from
ab initio molecular dynamics: how the "nitro-to-
amino” reaction matterst

O i DO L0000 S Bl g

Ziyang Guo,* Liyuan Qin® Shuai Zhao,™ Deqgiu Wang® ¥juan Lv.* Y ujie Qlang
Wei Guo, 0= Qinghal Shu @™ and ¥ Yag™™

Athaugh NTO i unquesSonably 2o, i poterial W cofde weaponey and Esocated reacton
mechanisms reman pumiing. Here, ab inia molscular dynamics (MD)Wt enlkot sobation and
“siowegenain’ emplng aporaaches ase ullized o identidy e key Sieps moolved in NTO induced metal
comoean. Our rsulis ifiem that e ackdiy of NTO odginates frm e lowelr deiydroge nation Baser
of M N4 gt ompaesd o e ML ste 028 v 057 o). Furthemare, NTO has the strongest adsomian
on Fellid) in a nivo-desociaton manner, seveaksd by using dendty functional ey (DFT) cloulatons.
Hotanly, under Te catllyss of Fefll0) and hydrogen shuing, bom NTO and i anion can realize the
“niro=o-2ming” reaction within 4 g, but e reducion bander of Te anion i higher. The surame
species ("0 and *OH) produced by the “niro-0-aming’ reaction sene X COMOSon pReCUmoR and
exareriute Me obsereed Suiaie Fon odde lormation in the experiments Comeequently, the suriam
Comomhon preducis and azabe rings, which aee difficult 1o Wther decompose under mild condions, 2ot
25 3 baevier 0 mitigate the cosnos on rade. This waork not only un'eeils 3 onucial Koee in e applkcadon of

WAL S . oYY NTO, i dso highligms e Imposance of metal suace and hydeogen bondng i e comosion

& ocapiad 10 Jurw 2023

process. Our reseanch provides guidance for elano@iang the mechaniom of NTO induoed cormsian at
e = the microscopic ewel; B may hald for ofer ackdh omanic mobecubes as welll Such undersanding @n
el Frater il nelp I esiablishing comesponding Dol ecie M.
1 Introduction af awidental ammunition sxplisians in tems af weapon plat-

forme, personne] and materials cannot be ignoread.*™ The high

Energetic materials have played an essential role in fulfilling
diverse military and civilian requirements since the time of
Alfred Nobel'® Pursuing higher performance is one of the care
goals in the field of energetic materials; however, the high cost

“Nchaal of Svéemalr Srarvar and Sagenareny, Srpng doisiste of Techmolagy, Sapiny
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Physica, Brigng nitate of Techmobgy, Baying NOGET, China, C-moil: srageasg
ditrdmon

imiair Koy Labomiory of Exploion Sirace and Tachnolagy, Beifng vt of
Techrnlagy, Seifag MM, Chim
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energy in oonjunction with high sfety of energetic materials
hase always heen a long-standing conundrum. Thus, tremen-
dous efforts have been made to reconcile the incom poatibilities
of empirial inwiton over the past few decades™™

WU is one af the representatives of insensitive munitions
() that do not respond winlently to unexpected environmental
stimmli, yet still hawe excel lent detonation performamnce similar
0 hexogen (RDX).™" Since itsidenti fimtion asa high explosive
in 1985, NTU has gamened significant attention for its potential
applications, resulting in exiensive experimentl and theoret-
ical investigations® Many of these studies have focused on the
decompasition of NTO in respanse to external environmenital
stimmuli, such as thermal, lser, photochemical, shock, inpact,
o™ Alernatively, others hawe provided profound insight
into the structures of KTO from the perspective of theonetical
akubtions *** &t is worth noting that NTO has higher waer
solubility (16642 mg L™ at 25 ) and acidity (pk; = 367)
mmpared to other traditional eplosives """ K10 @n be eaxsily
released into the emvironment during produdtion, trans
portation and use; therefore, it has the potential to cause an

o Mahed Chivme A
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Effect of annealing on mechanical and thermoelectric properties of a [
Al;CoCrFeNi high-entropy alloy

Yansong Shi®, Qinghai Shu™*, Peter K. Liaw", Manman Wang®, Chien-Lung Teng ©, Haoming Zou *,
Ping Wen®, Bolin Xu®, Dongxu Wang™*, Junfeng Wang >~

‘M of Mateak Soienct & Erginaeiag nw lassieze qrrmu@- Eeijing )OENE |, PR China
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« A lightweight and high strength HEA=
hased TE material AL ColrfeNi s
prepared

+ Annaaling process affect the
microsiructure evolution af

AbCoCrFei )
= Microstructure characteristics afiect ===

mechanical and thermoelectric

properties.

% -
Hrranimim

ARTICLE INFO ABSTRACT
Article Mstogy! In this study, arelatively light and high strength high entropy alloy thermoslectric material { AlCoC rFedi)
Tz arad 1V M. T7) fior extreme service conditons was prepared by arc melting method. We find that the microstructure of
Eﬁﬂr‘ng: the high entropy alloy (HEA) can be changed by annealing By the tuning of proper annealing process, the

micrastruciure evalution of the HEA can be adjusted to mmprove its mechanical and TE propenties.
Uhimate compressive strength can reach shour 1.3 GFa after 1000 T annealing. Finesgrain and precipi=
ttion swengthening are the main reasons for the improvement of the mechanical properties. The con=

v ailabie oadine § Deeceonler 2001

"?":‘m . ductivity, Seeheck coeffidient and thermal conductivity are all aflected by grain sz precipittes,
# s structural complexity and so on_The present work provides an effescme means of preparing and regulat=
v cmarers endation ng micostruciures for the energy=monversion technique and also supplies a feasible reference for the
e ey i pasriodinig S future development of hghtweight, high-strength HEA TE materials.
e chumicall ppenies & 2021 Published by Elsevier Lidl This i an open acoess anticle under the O BY<RNC=ND lioense { hrp: [
creativeonmmans arg/ ioensesfby=nc-nd/4.07L
1. Introdusction
e — i Thermoelectric (TE) materials, which have potential uses for
* Comespanding Jabars an Scheal of Maerik Ssence & Engaseving, Beijing L x
insrene of Technology, Beffinyy 100061, PR China (] Wasl. green  renewable-snergy-conversion, employ  thermoelectric

E-mol addwesser ghela ]2 1080 aduon [ Shed, dadadolindo ol Tecan (D ellects to directly convert thermal and elearical energies without
Wangg ) w201 S aducn [ Wangk
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Designing energetic covalent organic frameworks for stabilizing
high-energy compounds
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ABSTRACT

Ae an emerging high-energy compound, Jnive-1,2 4-¥ard-Sone NTO) i used in miltary epboives and rocke! progelans.
Hawever, Bie strang acids corresion of NTO, and Bie high sensifuity and poor Blermastability of Be salls, severely restdel Siair
prackcsl spplicalions. Themire, & novel siralegy 1o design and constuc enemetic covalent omanic fameworks (COFs) it
peapased in Fis shely. We have successhily prepared 8 hwo-dimensional erystaline energeic COF (named ECOF-1) assermbled
Fam tdaminaguanidine sall, in wissh NTO arions am Fapped h Bie porows Tramewsrk via Bie boric imeracion and hydregen
Bands. The resulis show thal ECOF-1 exhibils sermal stsbilty than energefic sall of NTO. I} sieo exbiils nsensifvity
and exeeliend heat of detonaBon of 7,971.71 kJég™. ECOF-1 greally inhibits the commsivensts of NTOL I prospest, snergaic

COFs are pramisihg 2 a finetlional pltiaen (o design high-=nergy and ins ensdive snsmelic malkedak.

EEYWORDS

covalent organic frameworks (COFs), energelic maledrals, 3-nivo-1,2,4triarol-5-mne (NTO), high-enengy insensilive
malesials

1 Introduction

Mﬂn&ublﬁmﬂi&tmmlmmd
Haowever, the addity of NTO (pk, = 3.76) ausily causes cormosian
af the metal mmntainer and also lads to salety hazards [3] In
thermastahility. All of these bds severely limit ther practical
appliations. Up tonow, @iming o achieve 2 halinee between the
safety and high=energy properties of energetic materials, many
methods like the traditom] coating technology, moleular level
d.ﬂ:gn[-i-'.?}.au'l.dm-chzﬂmmml [8=11] synthesis af energetic
om:q)u'l.l'u‘khm! dnrlpd-ﬂa\mwﬁwm
framewarks (EMOFs) [12=14], zeolitic imidarolate frameworks
(ZIE) [15) Enﬂgﬂ:l: womic liquids {HLs) [16 17], energetic

{EPAFs) [20], st However, there are still few design straiegies for
salving these application problems of NTO.

Covalent organic framewarks §00Fs), = a coss of highly
cryslline parous materials, hawe been widely used in g storage,

maﬂﬂmm[ﬂ-&zlﬂm it is rarely reparied in the
field of energetic nateriale af the structural diversity,
nﬁﬁhh‘gmdpnd%‘m]shhh‘pﬁﬂﬁmhtmdua
mmmﬁﬂimmﬁu&nm:

the showesmentional problems of NTO, we propese 2
mm&mmmmm
argmic framewarks (ECOFs) Using NTO slts as the building
mCDEm:nnkuﬁn—pﬂu!.!hﬂe.auﬂ}uahﬂmip

an be designed and synthesived. In addition, the
:mbﬂd&ﬁxmhemﬁmh:mmﬂt
metal o form the protective lyver, which cm further enhanse the
carmosion resistance of the metal container.

Herein, 25 a proafl of the conept, we intentonally sdected
alkaline trizminoguanidine (TAG, a potential energetic material a
rnd:ﬂpuqrh'llminuﬂ!hﬂmwﬂﬂmﬂlmﬂ
Through & idine st of NTO
ﬂ'.u'ENTDIand {Tpl..am-d.n'nﬂnmﬂ
{m]mﬂcﬁmimqﬁrmd,dm:sﬂﬂ]ﬁ]
As anticipated, E(DF] echibited significant thermal stability,
imsemsitivity, and superior detonation properties The results
showed that the deaompasition temperare of BOODF1 was upto
]mt!r@'mﬂmdeﬁ.ENTﬂsﬂth{ﬂmﬂ.“ﬂﬂl
miesurement, and the comparison resulls suggesied that BOOF]
material did not significanty @rmode the surbee of sed. This
waork has further promated the integration and develog of

Address correspomden ce 10 Jln Sang, songi@bitadnon ; (inghal Shi, gheahn ) 25 @ adu o Goangshan T, shogs@nen naduon

TSINGHUA &) Springer

54

3
3
5
8
g
®E




2! ol Alews arel Comrgeaarss 3490 | 121 LR

Gantants bsis avalable m ScioncoDoect

ALLTTS A0
ORI

Journal of Alloys and Compounds

|nsurnal homapsge; wevsalenviercamilooore i slenm

NiFe-doped CoP network=-structured nanocomposites for efficient [ ) |
electromagnetic interference shielding =

Filomg W *, Yuamyuan Yao ', Qiang Su , Xiuan Ly ", Qinghai Shu ™

kel of Muwnink Snave oud | Beiiug Jeinase ef Techaalgp, D g MRAL China
Bt of M A M of Ferinoiage Belng AOOOEL Lo
¥ B Pk, Cata B ooy Uleandd Dofisrne Croup Do Lad ovpe s Chiao

ARTICLE INPD ABSTEALT

Aafiche sy
Fererwnd 3 Deoernber ML

Frreiwnd in reviiad doem 7 [aneany HO3
faropmend 10 Jara iy FG
fraiabl: opling 13 lndary 313

The highly inoegraned elsmronics put farwaed an ergemt demasd Toe wkeracvin and high-perfomance
electramagnetic imerkerence (EMI} shieling matenals. Hereis, HFe doped Col netwark-sruoneed na-
MEMTATI PN seppart o tiiansm meshwene prepaned by pdecthermad meshod, fhe réahing oom posices
with EMI 5E of 639 dB 0 1H) gm thackeess extibit esceller EMI shieling pefoomance, Meat fmser-ike
CaP and MiFe nanepamicles are cighely aimached ro the surbsoe of dramdom meshe while Mike doped Col
euhibis nose needke-ike struciure aocomganied by manopanicles acschment. The resulting rencukmed

:1;:'“"' naraoomipndies shivw cficient EMI sheeiding maindy hassd on absorpeion less. ToF with good conductivity
P promines the defer bas of dlemmageen waves, the pensiranon of moagretic KiFe sirengthers the
Ell shisiiing Irnpedarsce of die composives, i o spnergstic efacr of CoF and MNiFe with boos: siracmre are cordsdve
HaBOTghrHE o funher abrsargtion ard atenuatien of decomomagnetic vrees. 1has czanum mesh based MR- doped Col
compastes possess: pcelent EMI shieMing. These highe performarce ubmachin EMD shielling macerals

sl showy SUgeriir Applcaion prospects is decronics and akecmol Jpplances,
€ 1023 Elumvier BY. A rights resenved.
1. Imtraducrion cofriasl mesiitanee amd adjustable performasce, s which

The upgrading of commeescaiion technology and diptal system
inewitably brings e riows electrmagnetic interference (EMI) which
preatly allicrs thie ageiarion of sensitive lectmonic devices, #spi-
dally porable devices have put Bnward a higher demand for
lightveesght amd intelligence |1-11. Ultrathin fegh performance EMI
shiekting materials have been widely =tudied o cope with begh m-
regratien of ehcrrenic applisnces |45, Many effests for EMI
shiclding marerials have foceaed on metals and their alloys, femies
carbon-based complenes, i well a3 polymer-hased composices
|~ | Hovaewer, it 1= found that metals and their alloes such as 5a, i
wi] ¥ possess fine EWI sBeelding perforsance, bul poor oo
resistance, heay welght and high reflecion kes limiy cheir wide
propagackoas [10,01]. The mapority of femites such as MiFeyD, and
Mrfe 0y with pood mapnettsm are suitable Tor shidddieg = o
Trecuency Bandl, which poesssses the dissdvantage ol poor disper
shnn and pasy agEkmsracion | |3-14], Cartan based olamposiies are
popular in EMI shielding matenals recesaly due oo cheir light weighe,
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graphirz, expanded graphire, graphite sanosheers, carbon sanoubes
amnd graphene have aitracted wide atterion | 15=17 | MIiBCNTs by
brids are symthesized by slvethermal method, Ni generabes. defet
fres by biebing wWith casbon angme: Iwough lamise doping and
Impraves shislding perinrmance by eahancing conductiving |1=),
Carban nanobobes, graphene and magnets MiCo formed serfactal
interconnected pebaorks, which enhanced impedance matching amd
inpeefade polasiparien ol composites, fesulting in an wltiahigh R0
SETef 633 dH | 19 Howeewer, pavsdered carbon-hased manerials iend
to apglomenate and are difficulr co shape, so polymerbased com-
posites are considered bo be an effectree method for EME shielding.
Polygeopndene, poldacts aod, hermoplaste polurethise  and
el polymers hawe been proved 1o Be fine suhsirases for EMI
shielding compasites | 70-27), while the poar conductiviey ol poly-
meers cneses the high thickness of composites.

T e wire braided mesh [T} Ras aicracted estersive o=
ention im ratalysls amd enermy Srage due 0o ies Hght weight, ul-
trathim and large speoific sface area |24.25 | the compounds kaded
on T& wach differeni morphologies and different physicochemicat
properties conbnbule Bo ity supercr demgnability, The network
sepecture amd designatdiy of conductive TM may peomale the di-
electric and madziple reflection boss of elecromagneti waves, this
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Theoretical investigation on intermolecular
interactions, co-crystal structure, thermal
decomposition mechanism, and shock properties
of 3-nitro-1,2,4-triazol-5-one (NTO) and
ammonium perchloratet

Chenze Chal® Cinghal Shw*® Giang Su." Jian Wang® Xijuan Lv.*
Dongxu Wang " and Lidang Zhong @™

The mmbinatan of S=nime-L2 -1sami-5-0ne (NTO) and ammonium pechiorate (67 can efeciuely
uilee e adwanieges of Doth matenals. The imeradion meck o NTO and & is bmpostant for
ihe deashilily of combining these materids and can proside Seometical guidance lor the design of such a
combiraton. Ths, in order io dgume out te iIMeracion mechaniem betwesn NTO and AP on mutlple
scbes, dengity funclhonal Theosy {DFT) and 2b infilo moleculy dynamde JUMD) studies have been casried
ot Seviesal pos shie comigurations aae antaned from & Large number of randamily genarated N TO and &P
dimes umng OFT. To undersiand e Imeraction mechanem, Dinding energes, energy decompostion,
elocrostatic potential {E57), eecwon density topalogy, and independent gradient maodel hased an e

rgon GMH) analyses ware camiad out To have Arier indigihts imo the comibna®an of NTO
and AF, the MMD methad was sed to predict the oo-cnstal siruciure of NTO and AP, and the electron
swichre, Temna decompodtion, and shock Hugonkot cunes were Calaibied. A1 e caloibion resulis
show e high tessndy of he combination of NTO and AP i tosn NTOMMP coecrpstal with excellen

Fae iery inergee rren pEioemanae.

Introduction

Cuantum chemigtry cakulations represented by density
functional theary (DFT) and ab o maoleadlar dynamic
{AlMD) methods hawe sumessfully predicted or explained a
rmiﬂju&mﬁmmdp}wmnm.mmmﬂldmmu
naiure of experimental research of energetic materials, rash
attempts ofien bring unnecessary risks. Using compautational
methods to judge the kssibiliy of experiments before
experiments can nat only save a lot of time but also reduce
the possibility of accidents. Therelre, theoretical calculations
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hawe become a common pent of energetic naterials
mrﬂLHmﬂhrmd'DPrand.Mmdhnds.wTﬁ'hnc
cansidersd to be able w0 scumtely describe atoms and
electrons, these methods have been used in various fidds of
energetic | materials  research, swch s inermolecular
intersctions between explosives, ™ impact behaviar of plastic
bonded  explsives  (PEXL™  thermal decomposition of
explasive malecules or crystal' ™™ and crystal struaure
These resemrch methods have been prosen to be effectie and
relishle, amd can even obtain theories that are difficult i be
achieved by experiments alone, which will provide guidance
fior the design and unders@anding of the internal mechanism
of energetic materials in the fumme.

The form of modern warfare is constantly changing, and
the battlefickd envirnmenst has become mone diverse than in
tthe past, the traditional explosive charges can no lnger meet
the diverse needs of modern warfare. Therefore, many
emeTging energetic matkerials with higher energy or lower
sensitivity and their composites have been developed ™
Fnitree L2 d-triazal5one  (NTO) 8 & wery  promising
insensitive  explosive  with  relaiswely  high  deonation
perormande, low sensitivity, and good thermal stabdlitg =~
which has been applisd in various tpes of eplosive

CrystEngCamm, 2003, 25, 671682 | 671
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Hydrophobic AlCoCrFeNi high-entropy alloy (HEA) was prepared by electrochemical dealloying using 5% of
weight percent H;S04 | at low ure. The results of energy-dispersive spectrometer
(EDS), X-ray diffraction (XRD) and X-ray photoelectron spectroscopy (XPS) analyses revealed that the ele-
ment contents of Al and Ni were greatly reduced after dealloying treatment, leading to the increase of body
centered cubic (BCC, Fe-Cr) phase and c 1itly, the achi of the protective barrier of Cr- en-
riched oxide film on the substrate surface. The static water contact angle increased with the extension of

ﬁfgawg::&i high-entropy alloys dealloying period and reached a maximum value of 127 £ 1°, showing pronounced hydrophobic perfor-
Hydrophobic surface mance after dealloying t hile, the AlCoCrFeNi HEA specimens showed excellent mechanical
Acid corrosion properties involved compressive strength and micro-hardness. Compared with the as-cast AICoCrFeNi HEA,
NTO the HEA specimens after dealloying treatment exhibited superior corrosion resistance in an acidic aqueous

Corrosion resistance solution of 3-nitro-1, 2, 4-triazole-5-one (NTO) aqueous solutions confirmed by petentiodynamic polar-
ization tests and electrochemical impedance spectra (EIS) analyses, which was credited to the Cr- and Fe-
enriched oxide and hydrophobic surface.

Data Availability: The raw/processed data required to reproduce these findings cannot be shared at this time

as the data also forms part of an ongoing study.

© 2022 Elsevier B.V. All rights reserved,

1. Introduction

High-entropy alloys (HEAs) are defined as alloys with five or
more principal elements |1]. Professor Yeh and co-workers have
researched HEAs for many years and they proposed that HEAs are
composed of multiple metallic elements with near-equiatomic pro-
portions, and show the simple solid-solution structures, which can
form no complex intermetallic compounds in different casting
technologies [2,2]. This simple solid-solution structure formed by
the high configurational mixing entropy has unique properties, such
as high strength and ductility [4,5]. Notably, high fracture toughness,
fatigue resistance 6.7, thermal stability |8, wear resistance [9], and
corrosion resistance [ 10-14] classify HEAs as a new type of advanced
material. For instance, Shim et al. [ 15] have reported the machnical

* Correspending author.
E-mail address: dadadolindsay@®126.com (D. Wang).
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performance and nanostructural evolution of CoCuFeMnNi HEA with
dual fec phase drawn at room temperature. Due to the phase
boundary stabilized dislocation walls, CoCuFeMnNi HEA with dual
fce phase structure exhibited extraordinarily high strength (>2 GPa)
with relatively decent ductility (3.8%). Ching et al. [ 16] investigated a
theoretical modeling technique applied to the design of HEAs for
biomedical applications.

The nitro heterocyclic compound 3-nitro-1, 2, 4-triazole-5-one
(NTO) has been the most widely used and studied insensitive high
explosive for main charge warhead filling. Notably, NTO represents
outstanding safety performance under heat, pressure, impact, and
friction. To date, NTO has been approved to replace hexahydro-1,3,5-
triazacyclohexane (RDX) in conventional explosives and applied for
forming new insensitive explosive formulations, such as IMX-101,
IMX-104, and PAX48 |17,18]. However, the potential corrosion de-
struction attacked by NTO to warhead metal will seriously affect the
safety performance of weapons, which limits the wide application of
NTO. Due to the deprotonation of the active hydrogen atoms located
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ARTICLE INFO ABSTRACT

Keywords:

Flexible composites

Layered structures

Electromagnetic interference shielding (EMI)
Synergism

The rapid development of electronic information technology has brought huge challenges to high-performance
elec ic i (EMI) shi films, for multi-band shielding. In this work, the core-
shell structure of polydopamine coated silver nanowires (AgNWs) was formed by in situ polymerization of
dopamine on the surface of AgNWs, the modified AgNWs were attached to the layered graphene surface through
noncovalent bonds, magnetic Fe304 particles were then loaded on graphene/AgNWs to form magnetoelectric
coupling fillers and cast with polyvinyl alcohol (PVA) to obtain nanocomposite films. The conductive fillers were
uniformly dispersed in the PVA matrix with well compatibility, the resulting composite films not only displayed
good flexibility, but also had been first time reported to show fine EMI shielding performance in both GPS band
and X band thanks to the synergistic effect from the combination of conductive and magnetic fillers through an
innovative structure. These nanocomposite films with good EMI shielding properties would show good appli-

cation prospects in the fields of flexible

and stealth materials.

ic cor

1. Introduction

The popularity of electronic equipment is accompanied by ubiqui-
tous electromagnetic interference (EMI), ultra-light and flexible EMI
hielding films are idered to be one of the most effective solutions to
adapt to the high integration of appliances [1-4]. The intelligence and
functionality of communication equipment have caused EMI shielding
films suitable for single frequency band to no longer meet application
requirements. Not only X-band, but also multiband is playing an
increasing role in aerospace, electronic communication, multifunction
sensor, elect etc. [5-8], but it is rare for
multiband EMI shielding. Many efforts have focused on polymer-based
EMI shielding materials due to their viscoelasticity, corrosion resis-
tance and easy processing, polypyrrole (PPy) [9], epoxy [10,11], poly-
urethane (PU) [12], ete. have been proven to have good application
prospects in EMI shielding composites. Polyvinyl aleohol (PVA) not only
P llent film-fi dh and ch | stability, but
also can be completely biodegradable to avoid secondary pollution,
which is an ideal material for EMI shielding films [13,14]. However,

counter

** Corresponding author,
* Corresponding author.
E-mail addresses: lvxj@bit.edu.cn (X. Lv), ghshul21@bit.edu.cn (Q. Shu).
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PVA is difficult to melt process for its strong inter/intra hydrogen
bonding, while PVA with good water solubility is suitable for casting
processing [15]. The incorporation of conductive fillers is one of the
most economical, efficient and convenient ways to improve the EMI
shielding performance of non-conductive polymers [16-18].
Generally, EMI shielding can be divided into dielectric loss and
magnetic loss. Dielectric loss requires excellent electrical conductivity,
so that the eddy current generates heat dissipation inside the conductor
to attenuate electromagnetic waves, including metals, carbon materials,
alloys [19-21], etc. Magnetic loss requires good magnetism, the sudden
change in imped ic wave propagation at the
interface of different media causes the ion of electr
wave, including ferrite, transition metals [22-24], etc. One-dimensional
silver nanowires (AgNWs) with high conductivity and large aspect ratio
are widely used in EMI shielding films because of the formation of a
conductive network structure, which is beneficial to the reflection, ab-
sorption and attenuation of electromagnetic waves [25-27]. However,
the huge contact resistance between AgNWs leads to a decrease in
electrical conductivity, which seriously affects the attenuation of

e of electrc

ic
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ARTICLE INFO ABSTRACT

Keywords: The light weight and high integration of modern electronic equipment put forward higher and higher re-
MXene i for el ic i (EMI) shielding films. Herein, a structure of ternary MXene/gra-
g:agh‘"ﬂ phene@Fe;04/PVA (polyvinyl alcohol) films with high flexibility and good EMI shielding performance were
EL;I ;hielding prepared by simple casting method, the resulting fillers showed good compatibility with the PVA matrix. Sur-
Flexibility prisi:lglly. lllle l-‘.?ﬂ 'SI.E of :llle resulting film with a thickness of only 1 mm reached 36 dB in X band, especially since

of elec

it a g d by the ab ic waves (SEa was 32 dB). The obtained
PVA composite films displayed classic ductile fracture istics, and the el at break was greater
than 160%. Conductive MXene and graphene promoted the dielectric loss of electromagnetic waves, while
magnetic Fe;0; particles were b ficial to the ic loss of el retic waves. Furthermore, the layered
ternary MXene/ h 304 structure enh; d the multiple reflection and attenuation of electromagnetic
waves inside the composites, which reinforced PVA films very promising as thinner and lighter EMI shielding

materials in the field of flexible electronics.

1. Introduction

Nowadays, electromagnetic interference (EMI) is becoming more
and more serious with the upgrading of flexible electronic products. EMI
hielding films are recognized as the most effective way to prevent
electronic components from being interfered by electromagnetic signals
due to their lighter and thinner characteristics [1-3]. Although tradi-
tional metals and their alloys exhibit fine shielding effectiveness, the
defects of heavy weight, low flexibility, poor processability as well as
weak corrosion resistance greatly limit their wide application in EMI

solubility, which is very suitable for casting [13,14]. However, most
polymers with poor conductivity are not conducive to the attenuation of
elec ic waves. Th it is a simple and effective method to
obtain high-performance EMI shielding films by preparing composites
with polymers as the matrix [15-17].

Generally, EMI shielding efficiency mainly depends on the conduc-
tivity and magnetic properties of the composites. Good conductivity
promotes the dielectric loss of electromagnetic waves due to the for-
mation of induced electromotive force eddy currents, while fine

i h the ic loss of electr ic waves due to

shielding [4-6]. Polymers are playing an increasingly important role in
the field of EMI shielding films due to their unique characteristics such
as light weight, outstanding processability and corrosion resistance
[7-91. Polyvinyl alcohol (PVA) is one of the few biodegradable organic
polymers with good film-forming, adhesion and chemical stability
[10-12]. It is worth noting that PVA is difficult to undergo melt process
due to its strong inter/intra hydrogen bonding, while the abundant
hydroxyl groups in the molecular structure endow PVA with good water

* Corresponding authors.

sudden changes in impedance at the interface of different propagation
media [18,19]. As a new type of two-dimensional material, MXene with
ultra-high electrical conductivity and active chemically active surface is
becoming the star in EMI shielding [ 20-24], The accordion-like MXene
obtained by hydrofluoric acid (HF) etching is divided into multi-layer
MXene (ML-MXene) and few-layer MXene (FL-MXene) [25,26]. Not
only good conductivity, but also the layered structure of MXene is very
conducive to multiple reflection attenuation of electromagnetic waves,

E-mail addresses: 7520180040@bit.edu.cn (X. Lv), ghshul21@bit.edu.cn (Q. Shu).
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ABSTRACT

The design and synthesis of er i ials with a compatibility of high energy and insensitivity have always been the
research fronts in military and civilian fields. Considering excellent perfc of porous organic fi ks and the lack of
research in the field of energetic materials, in this study, a new concept named energetic porous aromatic frameworks (EPAFs) is
proposed. The strategy of coating high energy explosives such as 2,4,6,8,10,12-h itro-2,4,6,8,10,12-h i rtzit;

(CL-20) and 1,3,5,7-tetranitro-1,3,5,7-tetrazocane (HMX) in the EPAFs by wet-infiltration method has successfully realized the
assembly of target energetic composite materials. The results show that the 75 wt.% CL-20@EPAF-1 possesses the safer
impact sensitivity of 31.4 J than that of CL-20 (4.0 J). Notably, for 75 wt.% CL-20@EPAF-1, in addition to the superior detonation
performances of the detonation velocity (8,761 m-s™') and detonation pressure (31.27 GPa), the synergistic effect of the nitrogen-
rich EPAFs and the nitramines high energy explosives results in a higher heat of detonation that surpasses the most of pristine

high explosives and rep d novel geti jals. In prosp energetic porous aromatic frameworks could be a promising
and inspiring strategy to build high energy insensitive energetic materials.
KEYWORDS

energetic porous aromatic frameworks, energetic materials, high explosives, high energy insensitive materials,
2,4,6,8,10,12-hexanitro-2,4,6,8,10,12-hexaazaisowurtzitane (HNIW/CL-20)

1 Introduction energetic polymers (EPs), etc. [20-27]. In these materials,
7 energetic components were used as building units to form
The development of energetic materials is directly related to core extended structures by coordination bonds, covalent bonds, or
strategies of national security, economic construction, scientific  hydrogen bonds. The extended structures of energetic motifs not
and technological progress [1-5]. Explosives as a kind of typical only showed high energy characteristics, but also exhibited certain
energetic materials are widely used in military and civilian fields. insensitivity. The above research strategies have greatly enriched
However, high energy explosives are often ly sensitive to the scope of energetic materials and advantages such as high heats
external stimuli, thus the safety concern severely restricts their of detonation, good thermal stability, and safety of operation.
practical applications. The trade-off between high energy and  Fowever, tedious synthetic steps, considerations of yield and cost,
sensitivity of explosives motivates extensive researches on as well as the cultivation of crystallization also raise difficulties in
developing high energy insensitive energetic materials in the aim material design.
of realizing efficient damage, long-range delivery, and high Encapsulating high explosives inside porous hosts insulates the
security of weapon system. high energy molecules, therefore is considered as a promising
To date, feasible strategies to meet the compatibility of high route to high energy insensitive explosives [28-30]. As an
energy and insensitivity in energetic materials have been proposed emerging class of porous materials, porous aromatic frameworks
and carried out. First, insensitive high explosives can be designed (PAFs) have experienced rapid development during the past
at molecular level by introducing explosophoric groups, merger of decade [31-33]. Due to the advantages of high porosity, structural
multiple nitrogen heterocycles, and exploiting stereochemical tunability, chemical stability, and material plasticity, PAFs are
effect or hydrogen bonds to stabilize the molecules [6-15]. widely used in adsorption, separation, molecular storage, pollutant
Secondly, the co-crystallization of energetic materials is adopt to removal, catalysis, electrochemistry, and so on [34-42]. In
modify their structures and sensitivity [16-19]. Finally, a variety of ~ addition, the synergic effects of composite materials combining
novel energetic materials have been reported, including energetic high porasity PAFs with functional molecules can greatly improve
metal-organic framework (EMOFs), energetic ionic liquids (EILs), their performance through targeted design [43]. On the other
energetic  hydrogen-bonded organic frameworks (EHOFs), hand, porous materials without energetic motifs as hosts usually

Address correspondence to Qinghai Shu, ghshu121@bit.edu.cn; Yuyang Tian, tianyy100@nenu.edu.cn; Guangshan Zhu, zhugs@nenu.edu.cn

TRINGHUA € springer

60



Journal of Alloys and Compounds 862 (2021) 158005

Contents lists available at ScienceDirect

ALLOYS AND
COMPOUNDS

Journal of Alloys and Compounds

ELSE

VIER

journal homepage: www.elsevier.com/locate/jalcom

Sandwich-like sulfur-free expanded graphite/CoNi hybrids and their \
synergistic enhancement of microwave absorption
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ARTICLE INFO ABSTRACT

Sulfur-free expanded graphite (EG) was prepared by chemical oxidation, then EG-based cobalt-nickel alloy
hybrid (EG@CoNi) was obtained via hydrothermal method in this work. CoNi particles with the diameter of
0.1-0.5 pm were tightly attached to the surface of the layered EG. The incorperation of CoNi was conducive
to the absorption of electromagnetic waves due to the increase in Ms and Hc, which enhanced the soft
magnetization of EG@CoNi hybrids. The resulting EG@CoNi hybrids exhibited better dielectric loss than
CoNi particles, and the optimal value of reflection loss (RL) reached - 50 dB, while the optimal bandwidth

Article history:

Received 19 October 2020

Received in revised form 16 November 2020
Accepted 17 November 2020

Available online 5 December 2020

'éif;f;’:ﬁ graphite less than - 10 dB was 4 GHz, indicating enhanced microwave absorption characteristics. The well im-
CoNi alloy pedance matching and electromagnetic wave attenuation of EG@CoNi hybrids benefited from the synergy
Hybrid and double-loss mechanism between CoNi nanoparticles and EG. The dielectric loss in the double-loss
Sulfur-free mechanism was mainly dipole polarization and interface polarization, while the magnetic loss was mainly

Microwave absorption the natural ferromagnetic resonance and eddy current loss of CoNi nanoparticles. These multi-layer

EG@CoNi hybrids with light weight and high dielectric characteristics would show good application pro-

spects in high-efficiency electromagnetic wave absorbers.

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

The transition metals, Co and Ni, with silvery white luster exhibit
excellent wear resistance, electrical conductivity as well as magnetic
properties |1-4|, showing potential application value in magnetic
materials. However, the disadvantages of single Co and Ni nano-
particles in instability, poor selectivity and easy to be oxidized limit
their development. The combination of the two can make up for this
defects due to the similar physical and chemical properties of Co and
Ni [5-7]. Compared with single metal, the stability of CoNi bimetallic
will significantly enhanced owing to the introduction of different
kinds of unsaturated metal sites [8,9]. In addition, the microwave
absorption properties of bimetallic nanoparticles can be reasonably
controlled by the structure composition and particle size, etc. [ 10},
the preparation methods of bimetallic compounds include hydro-
thermal method, controlled electrolyte deposition, pulsed electro-
deposition, etc. [ 11,12]. The large surface area and rich pore structure
of expanded graphite (EG) make it easy to load other particles,

* Correspending authors.
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coupled with high electrical conductivity, so it will be an ideal choice
for preparing of absorbing materials [13.14]. EG is mostly prepared
with concentrated sulfuric acid at present, but sulfuric acid pollutes
the environment seriously and a large amount of sulfur remains on
the surface after EG expansion, resulting in poor corrosion resistance
and short service life of EG | 15]. Furthermore, metal particles will be
corroded when they are loaded on EG substrates, which seriously
affects the performance of expanded graphite. Therefore, more and
more attention is focused on the preparation of sulfur free expanded
graphite [16,17].

Typically, absorbing materials are divided into magnetic loss and
electric loss according to different loss mechanisms of electro-
magnetic waves. The magnetic loss mechanism in alternating elec-
tromagnetic field mainly includes hysteresis loss, eddy current loss
and residual loss, relying on the magnetic polarization mechanism to
absorb and attenuate electromagnetic waves [18,19]. Typical ab-
sorbing materials with magnetic loss are ferrite [ 20|, magnetic metal
alloys | 21| and magnetic metals Fe, Co, Ni, etc. [22-25]. It is worth
mentioning that ferrites exhibit excellent stability against environ-
mental factors such as temperature, oxygen as well as electro-
magnetic radiation, showing good practical application prospects in
microwave absorption [ 26,27 |. The electrical loss mechanism means
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f ABSTRACT In dusanide, e problem of ecsver s onom o mtegr y monitonng {RATM) i ramsfomed
imeo & mod e img peblem using dymamic data ond an asifici] nesral newok. A ew RAD meshod hased
an 2 profabilisic rewral nemwork (P-RAD) is presented so improve integrity: monforing perio man .
Compamed with ex sting BAIM meshods, P<RATM bhas a greaterabil ity (o meet fhe mo niioningg i ramenis
lor local ey performance with vemical guidance down w akimndes of 250 feet {LPV230) i a single glohal
mavigation satellite sysiem. Fsg, by projecting the pseadorange esror model from the measorement domain
im0 the: o omi g dom i n drosgh mukioomo keion, paserys indoding a satellse Gl pasern md o faak-
free pasan ax obined hased on variance mffation theory. Secomd, e PRRAD mode] s proposed asa
miodi fied chynami cedata-driven prohabilistic namral nawok wigh five byes, moreover, oniqoe meahods for
waning sample collaction and inegray sappon ae presented. Then, paricle swanm ot imi zati on & app lied
0 optim e a fitness fonction based on the Gl alunm probabilay mnd missed desection probabiliny shereby
impmoyimg the shility of P<RAIM o mee the LPV250 reqmizments, indodng the falsz alam probahil iy,
missed detetion pmbabhilny, vertical alaom hmE and alarm sme. Fmnally, milong eal sellie dat from a
eceiver located in Bedjing to venily the effectivencss and oniversaliny of P-RAIM, salaaion experimanis
show hat both the Bl ol arm probabil iy and mis sed detection probabi liey canbe effectively redaced o meet
the LGRS0 requiremenss when the position ing bias s 0o les than 40 m. Compased with las«quess
esidmb RATV, P AT can more exily detect poential fanky saeliiies ina single constel lanon.

* IMDEX TERMS Receiver smaonn mos imegmy . o i, LPFVE2S, global mavigation saellie system,
maltlver rennl nawok, alam systems.

1. INTRODUCTION

When a glohal navigation satellie system (GNSS) & used
for prsioning, s miegrny mesi be salodal 0 ensoe
the plighlty of the positoning resalis 1], [2]. Receiver
Enonomos miegnty mondonng (RAIM) & o meshod of
dheching siellne inegray tha & ndependamly perfommed
by mcevers o provide raktime poedion for sas [3L
When a swelliie ravigation system faik or canmol meet the
Eeci e poition ing accaracy, the RATM fanetion prompely
alerts weers =0 as 1o avoid aca dens 4.

The asoccic chior coodineing the enew of he mowenp ol
g viang it e puablication wam h s (Sbevem i

Peewdorange biss mmsed by satellie faols can resak in
ermm eon s poedtioning [5]. RAITM depends on the mesaned
moi s and the fake alamm probability (FAF © deet sek
lite fmks [6]. Two syles of RAIM have sracied amens
gom e lstaqure qeadoas approach and the Bayes
approach. Firs, RATM basedon classical least-squares theary
was peedio deect single Balis n the CGlohal Po sitionmg Sys-
em (GPS) [TLIE]. Atthesame nme, Starza 9] projecied the
absarvation matrin into the parity spoce and solved the fal
detection problem weing a pary mebod. This meshiod was
demo rsarated o have #he same perinman o # | s« gues-
residoals BAT (LS F-R AR b Since then, many s dies have
heen devosed 0 impeoving the mon#oring periomnance of
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