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|l wvas found f or ctohbeb| fesitiraspte et iComd tnhaantoparti cl es ¢

ont &iceo mmer ci al copper (Cu) foil surface (deno
met hod i n whiscoh udhley dec pgiGpaigrm@uend a very | ittt
[ Bmi m] I, generating a nov%H +lcleWGudy) . r €acttihdr

Cul/ Cu prepared in the presenceadfegsd Ze@,dl 0 a5
espectd welryi.seTo whreeaisb etdhneg cur r € hao ncvoelnltei cotr
ite el-exntrlbalsei, zeadl |f ocasl s exhibited a pro
rmanoomrvenfgtritagpehailt e el ectrode. For exampl e,
e graphite electrode prewasedaswihi ghfaisl 6
t 2.1 tti heefts glraarpgheirt et heane ct It 0o th & ® abteedreembC e df
MAs pEgc,i aelvieyn “aatf tler0 1M 0g cycles, the DC val
was still about 5.7 times t hat?) Defv etlhoepitnrga dai
met hod toolpblepta@eed Cul nanoparticles and cr
promote the batteobwnvpaegtrfaogpnhaenbtnec ee | cefc ttrhoede wer e
this preliminary wor k, whi ch was verCul bdrasfei
nanosciencenerigyce cawa s mpteiqun r ed I n t he prep.
nanoparticl eamebutrfalitidhen tco ntvleemt i onal graphite
the electrode preparation procedure was demand
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1.INTRODUCTION

Cul i's an i mportant chemical reagent which
domai ns. On the basis of theoptitealt matesiual ey
be onaeppdiaefatCowinhonhot hemipcral e X d refsldeg,r oRugon g 1] p
Sh*doped fiClum tehr 6 asgohlluet i on prreopcoer st sehde atmitbladtt @ ¢ t i n
per f oromBafi@Cwel / ®a® significantZrnO sfalpkem,i 6Z hgrrogutph g
systematically sCurkhined at(NeRlsHd sps i § soel reers(l RPSFCs ) , a
poi nt edCuwlu tWetrslea ih ¢h o eperlo mihoitregan s mat efrchrg gdfl fyi ci en
andgtaPS€EXYanggy research team [Bhethoaosgplly P
pol ycr yatlaltlhiimarfd | enenc hodedyxfbadl ItChudt utdh veeds f i |
abolud 2c¢vrhst. Kid@ gr oup [ 4h]i gperrefpoar rmeddi daam  tt K(Tiefrisi asntdo r
annodtnhckee Cul : Zn skeammd capguedé&mt & hvren d-g &2l er atf.i on
Kar uppuac hgarmoyup [ 5] systematicanV egr tsdwsdckpi ek tslod
assembl kbdl dyera Cuh@Gu $&MNdn dr ew t & & bpponwcel ru sd mmyv e |
ef ficofeng@lyove sol ar calolwt. s eamparced by t he
Cul/ CuSCN ®Bempadzist above imemd, omeidna@ppded ads c:
chemistry field was regardeld 2618 ntodadmar| 6nlaj de
new kind of orgaamipghoantdacedoatcolpypzmed ymonoal kyl
ami dvbeCl weaestempgl gy eidn eaxsp eaans altr § a t§ dG ht adsohng,r ou p |
I nveedant ef fi ci ehtegabt-adud mmecargatsisowh !l thl i ¢ br omi
functionali zedwerganotstamed!| abs & hhe dospCtailmiszaggct ene
best catalyst ofcotulpi ¢ angAl vebopyss da makd lolpaddofr & opr ep
N-ar yl vDRRdalnmann orfbeeatcwieiedP sH and di arwh e®wlogmr tu m
but vyl bi pyrwei @er aghpdtdilgvealhye caaad ys.onl voérn ged n d
i's a vital chemical substance whiphiotiosc hseamd s t a
or gaghhecmi.+However, as far as we know, omoofwoCk
nanoparticles on the <copper foil surface so
conventional graphite electrode was published

To further hympc oupbareohpheeratip es of Cul as well
sepes, many novel strategies for prepariFmg Cu
exampl@®, gWeiup [ 9]9grsoumdgaeaggdetdy pgmen conductoinmed Q@ thle
sur f accoep poefs Wwhéwge owwhb of Cu lc otalditlbeyd f it-dwirop p ovaess s
namel vy, the depopipeiror i pwasc egesl gdofves by an i m
copper f et masmoadlut hen fofl atodlinnayv alilOjl aget apfeomrced
prepngul fWwiabkmsevel é6ped obuyp Z&luowjo.r IGu] 1ZBhjun ffii 1 snts| v
deposited on quaaratdzroesquuboeangcnyat e s n me a b b ttehr,aedmeg
resuCut anminlwesi enmedi ately turned i gt oi Qialpplriek ms
i odinlen T20@@Qgroup [l1lhamoempystemdosLulsonochemical
rootme mpein at w@ai €Ehndilwer e empl oyed as t heTasukak t i
work [11], tshuea f i&km ftnladuse stcockuratamauminescenceropertieso f  t-he  a
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parean cCairhwasst atllhsor ough Vg r yi nivelsdamtglayeesce.ar ch t e
ccessfubl-gepaklpar €dpl artteitcrlachse du sdilenrgi @a Itertraeda dt X
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ecyl) Alstuhdwdhr many novel approaches have bei
best of our knowl erdgparrtegatdi ngwiclhtbihprep @e
aped Cul nanoparticles onto the copper foil
As 1 s knoampearmaiahliyt sd uhei gtho t her mal anbde tetleerc
t i Iniotny xaacsd twe | |, i serefgatdedmast owi diedwyr us e

l y pr oduThtuison ceompd elri fseu.r fbeecceoammloadti ft opt Eomnt
ated ar ebBosrax amp | ien 260 2 Dr odrpu  [dl&Bn Wplr terpaatt leic re
rdi naoinoma plpaeye tshurotuggchd i um poe saeotltey ot thetr mad
er &tiigmg oxedatsiteaeicre ¢ oyndwhtiicoonswas t hought to
ekeand the iamndwant roAladogppgedri.e€ever yone Kknows,
rcenht ectan anode materi al was the main appl
l' ithium ions bamoei i iomda tcilodp@pse)y. floatlelhya,s bbeanf é:
way greatilcy eacedeect nhoegdrefmorcmance of an anode& el
group [ 14] r e sAExGaln @A Nayn t porCet phasraiar df faccrersiwog ki nds
conducti we apg eldy merpper foil s, and Cuwen,phtihtey La
celalssembl ed with newldelprvep zdk eaipregmpdaatmifreagdlnsc
compar epr it ®t-gtnaep ICiut-ced ILIi Bshhug F bup u[l igpeadnioil lylofdenur
di sul fodapper f oidmasgunreftar coen awipaub & e hi 1ig@ nceurrartei nntg
col leiCeMors and t hey dfotuerd HWéiangfeanend @@ @y cylle A,
0ofCuMO SLT QL iTiO1wa bhar evi AT O)e (373 . 9 YnAlwag stil |l s
hi gher t hamo ntvheanQ W .ddf® atiiheld4l. 9 4ghnmwelis gr oue!l [ A& a tde
preparapgeaphaateinngp the surface of a coppas
generate a lmetveden nttrea f adtdceo p p et ¢ r dheadlistalrbeeddy t h
LTO el eacstsreandbgiéntige newly prepared @urdriesncthaac glel e
capacity mahgldte 71edv3=l 26000 cywhieseh showed signi
battery performance when compar edc othov etntt @ pognd&a®
foil. Al t hough, as mentioned above, sevaeal
conventppoenral f ocitolo gurfaaddiei mproveochemical per
el ecstodeede research work describing the prej
as dtr @ ma teindhalnlcye t he batt enynmegrfa@hmdrec el efct tr o e
been published soAlfsaoc, tlme oapplkinmam! iexhg eafi a@u |
battery was rarely replor 28 @ fi nrhHetsbeea r dis egartfoiauwpe |
assenZinéd Culyvh at twehn ch t he &€ludctwrascd & omepta ethieaksd
i n @Glaaor k, a Cul-diisncvhod rvgeed pcrhoacr egdes 2zeZ ma M@U y , wa §

0O ~Q 0o =~ oo
C c® o oo C
-~ 5 0o — — o

proposed for the &&iwetk t[i me&], Besfi are sa Hraeme o Kk hi
t haeppl icfatCwin i n the battery field were publi st
In this work, firstly, three kinds of 4dipp

HXSQand [ BIrd untByinlet nynli daz ol e) Anodd itzheedn , € daletaved d and
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foil was dipped in one floirn®@Oo frpradparce di ppi Gyl
(denoted as Cul/ Cu) . I nt er e sctoibrbd lsyh, b paefdt enra ntohpea
as revealed by SEM i mages, Fapplkar edi tonwadfei maif
XPS measuremeptepdodmtd| sallelpeas nanoparticles we
Unexpectvwhddny being utddlilzedt darke t temmaerciealt gr a
newly prepared foil s, namel vy, foils of Cul / Cu
performance of the graphite “ealfetcetrr 01doe0. clync | peasr,
capactiheg @rfaphite electrode prespgammedtwis5t ¥ ftoiml
t han t lceotn vefngttidomha lt e el ectrode assembled using
ghPresenting a fact that Gwlbnhnhamepastiycloems oc arm
room temperature and s hopwmienpgartehde QCuels/wlatl |aestcattchre
the graphitef ecalssiabylrend ed wamatwil ea&lt Ir ppecdrefos rcnadhriec e
gr apheftectrode wer ewndoiughtofast hihe wai k. 't wa
enecggpgsumpatsi onequi red i n preparing nanoparticl
process was needgedapehhietees 8 ecthb |wiamdgavtehtreg f uth-£c d lae g
i ndustri algrpapedietcd ir oul ebsb as e d

2. EXPERI MENTAL DETAI LS

2.1 Reagents and material s

Al | chemical r e afykoOn tasnp89ule h e a p ufCodB®as Rjdi N Re a
Compangmdni m] | ,1-brua3ydeltyinbyni dazol e, i wd$ zb dluhgdant ytaf g
Saiden lonic (CChiuma)yx. Cbheo pywadimer andl t he ¢ o0 mme
powder grweaetrwiptr@mws Idgeedb eby Li ngDi an New FEntedrHey eTe
TangshanAl IChmantagr.i al s puesrefdo rfrmant ctdhiek éd atflh éMiPdsl e c t

metallic |lithium bbaankdvBEep@apaltpvinwnlciedgnhent! u
from Tianj i&r IDiearedlopo n§ GCAd | htgded¢ Chi mad) Ut i ON
prepar eedc ounsdianrgy sd.i sti |l l ed water

2.2 Characterizati on

Thehemcomponentsyanghbihes cof the substances

prepared foil surfaces wémray mdi fixfiRnpaBa thi&oera ¢ tAXTISI, :
ADVANCE, GerTnnaen ys)ur f ace mor phol ogies of all St
predaeobbl sbtaaped nanopxratmibojealsciaveqniesn g el ectr on
(HI TACHI -5 79BMe ISe meintds as wel | as the approxi
substances pekeéedt odif edwebDamn &l yszued aep gy sdngp et
spectrometer ( EDS, | NC-Aa¥E¥nephgyvo8b580c¢ct rEmmg| apel gt

Anal ystpieccatlr o mért eed i, avtdNiso i)l so e mp | o g ¢ @ nveanl teindcerrst ioff
substances peeled oddedgrom the studied foil s u
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2.3 Preparation of Cul nanoparticles onto the

Firstly, a 100 mL s&HlQanidom . 8ot sCiupSiCaga e B ¢
usiegomsdary diAsd it hend, watvwady socfmeleBentdymdriop wi s e
resultant solutionfundiprpi sgi soilnugi bo. yiTalkddip
the presence of 0.3 g, 0.5 g and 1.0 g of [ Bm

Meanwha lceommer ci al copper foil wagdi st c ¢t easnsd wen
ethanol solution to produce a well cleaned Cu
room temperature for 4 h to piThohedodbaaneeé!| Cuct
named as foil o . Subsequently, foil O was car ¢
the final Cul modi fied Cu foil (denoted as C
solution A, r®3peanidi vCo hwyerraet,ed as f oi | a, b and

peel ed o$br $oafoef otihle a,r els perrdc avleWgdeas sampl e a

2.4 Prepar gptrieprarcefd tfloe | s supported graphite el

Being employedcobdasethemcanodet materi al IS
application of copper foil in the field of LI
been developed in recent yearass, sgridphitthee pnoaw dn
o f t he commerci adyntlihBess.i zTeldu sf,oidlsl wes e used a
commer ci al graphite electrodehmmeow!l ags ptraepianedstf
battery perHer mammesciodl tgGeanpehriatle ye |sepcetarkoianegne
graphi t ewagslreqptaaedld on the foll owing steps. Fir
acetyl eaadbPadkyvimyl i dewer €l mbrkedet age toh eorf &8t:
produce a mixtur e, an@MN-mehdédiy| pgr fweewi edl oaodpdse do fd r N
above resul t antgomioxutswrsey i ledidiekkg mwadt e. -Abtarwed
pasterwmpal gt ed owmft oeesepaf agenfeorialt weat gr aphi t
Next, the resultant gr aphuemnceil teicdDn dablr 162 8h dsr
remove t he organic sol vent asdrmedh gasa p hpiotses
Ap pxrioma thedloyadstdunt commeé hei ad o whhem@mlt iatsese mbl ed gr
el ectvasdépe mgguar eThcee ngriarpeitietre el ectrodes asseé

werree,spe,ctait e layse el ectrode o, a, b and c.

The -dlwoctrode <cell,-calbo oakbed ed®eraddakdr
perforomanche graphite powdeprr,e pwaarse dc oenl setcrturcotdeed a
l'ithium foil, whi £fhi Iwaesd agslsodNrenljbeodxgi (e&KaXDB | nst
China). -éhedthreodevocel |, l'ithium foil, organic

onepPrepared eleeqeuternppdemnd weyde t ® g e tchaelrl etde thhailnfd¢le a e
organi gtel aantdr slepar at DML iwkdfn€le | pgas.phe@dDBel gol| v
di ssdliwwag a mi xed sol ventetwmeiltchhy | maci anrl pgot nbagt hee a(e
carbdqik&Lt)e di met hylarcdarbiomualtend BiViICg bentakt ¢, (VIC) t
hat &1 |, the metallic |ithium foil was empl oye
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el ectrodtehpeoTbat i a6, values appearing in this w
el ectrode tpoetpeastpiaaledofel ecttrhgede e ameét ahlaitc of it
chaldgsclkauge ment wiCFBROASWAO®®ASEdnzhen Neware
Co. , LtwasChsed)to alccampst/dths ¢ bep@e g evdn tbk itn
potemam@é wWhsOXE8WYh amgdplichhed ent weeasitespl.cI,ive
05and Allgo

The ¢ onveelnetcitornodcld @ mm uc spel @ analcyhza enggd i tshceh ar g
mechani sm of an selkaCVaryocd ei c mavtoelatn abm ifieel t8rcyt r o ¢ h e n
i mpedance rsweerad rosaoppeacccounidchemi c(aEl WEWAr Eos6t0a t
Shanghai Chenhuai Mpphahrahushe Cgraahn clip of th
pr epaercetdr oredle and other two clips (the red clip
metal |l i c. Indt hinum hfed IElée $uamgr,abttleed hat i ngasufrem
0.1 Hz to 100 kHz

3. RESULTS AND DI SCUSSI ON

3.Clharacterization of al/l prepared sampl es

The swmofrpbebbdbgiae s studied foils were obse]
I mages wité&m aarsec ajli egfaonfe ilBni g .
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Fi gur®SEM i maigtehs a s afl ees toad il2eldmafgoei los .was t he

Q ® QY T H TO T +T n nw o T O o

S

i mage of the clmemgherajab €&odfoiktorresponded
t hesyarst hesi zed foil Aad bhanghoforaspedbei uel
i mage was the pPobpBYSEHMIIi magtehrs a scale of 5(
prepar ddnafgei las. b and ¢ corresponded to the
respectively.

For foil o (i mage o0), namel vy, the pluearky
i splayed on the pure copper f @ivli duubrtsftaacnec evsh ie
n the surface of tWhe |egmmdr eiralt heo mp erpi fnai It.r
and c, angimaloewietrgiesdt onct hg pr epar e d ufbsitlangur
emonstrated that some novel mat erFomal §owlera, p
ome hugeandrhrigtealgaesome very small er white di
ur f ace. I n the case ofanwdhiilt eb,pamdrie |l @&@&mo dretns
he sfusiflace were presented cl eaamyuwriwlsandthlietfef e
articles incr eiamscerdaahseimagphkabhy wit hBmi mdr fi i It
, as compared to the case of foil b, mor e am
ndi cated that t iheh edciopnptienngt soofl u[t B minmjwas a Kkey
mo writ parti cAlesso,praesp asrheodhn by t he photos in ea
ure coppery, dark brown, l i ght Threowdn fdedlene @
| so indicated that the amount of the prepare
ach other. SEM i mages with a scale of 50 nm f
re pr ofviiglewde iFn g. . (Fowmagfroial)ssmagald tyi csleevyeraér e
el ected observation window,cobbhd sthhepedi paet érc
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close to @Efmnmindwikpmdlred that all the smadill par
were nandp@aatemctlew, for foil b, more amounts
which could only be attributed to the increas
with a size cleoxshei btioelaghO tnhne wseurref ace of f oi |l b
compared to the cases of foil a and b, mor e

Apparently, the size of t heevipdaerattigcglre st hianmmabhialti
anchored on Obvlioasalpyephadsinéeéd bnanopaocshbliced #apee o
mor phol ohgpyugA Cwiltvipairous!| meuphdkegiresanygalnalr s
t he spher2ilbabv e sshuecpcee s[sf ul hyftgremerak e, dour ktnhoewl e
preparation of Cul -cnafmiopead t eschbagpseadsvti malrepd o we ¢ ¥
reported till present.

PN
S
":“ 8 q 8 —~ ~
= S o N
N o T & 3
>
)
~
>
=
n
c
]
]
=
l l | Cul 06-0246
10 20 30 40 50 60 70 80
2g/degree
Fi g@aeRD patterns for the surf agxree paurbesd afnacielss p
standard XRD pattern of Cul was al so pres
S ubstoabntcadisnerd f oi | a, b and c, respectivel y.
XRD patterns, i ncluding the standard XRD p
the surfaces of al |l prepared foils are il 1l ust
evi ddrftf r actsiucre e ppscaskist b o neWAW2 . 258 B.Wekr e respec:
wel | assigned to the reflectiomr @l f(nle® RO S, 1Ndl.)

0246) [ 1, 3] autwherdthitchaetr snuglcyessf uPar preplaaalt y on
ot her htahraed eci sti c XRD diffraction peaks bel
cent @t & d(2400,06)7 . (43A3alnNd 7 . (24A2[222], were also distir
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confirming the formation of Culi ppn ntgiAs rdologhsnss L
t he red cidicflferdaecpthirobnnt ehei ty of pattern ¢ was
whi ch dgtorcaummgtimyae d t he crystallinity of the subs
that of the substances peeled off from foil a
solution iwapo rpthaamtmatner which cobhledcdiyseéeat-lyni
prepared CulSummaophyti EKRPsresults shown in Fi
nanoparticles with a relatively hi ghceaoanvcernytsitoar
copper surfa@cerwiceasa dtppiomm temperatur e. I n
heating operation and no reducing agents are
production of Cul.

[cOCu e Cu C
lcoCu || Cu b
QO Cu LI Cu a
u
Cu o
0 2 8 10

Fi gureDQbpatterns for the surface sPuabtsttearnnc eos, e
c corresponded to the substances scraped fr

EDS spectra of the surface substsphagsedpeal §
For foil o, only two peaks bel onging to Cu
cont amiomantmpurities were present in the commer
foil s, except f or Itehned npsenaaklsisiapsdsa kgende da st otwiaCeue eel ¢
exhibitedndxpltihei talty.mi c contents of Cu and |
8. 8 %, 27. 3% and 28. 2 %, 28. 5% and 20. 3%, for
respectcord gspCwmdiatagmi o mati o off wkt.Me a&0t.ONTi ca nrd
Cu ¢ oroli | awe be aaldl cgreatly higher than 0.5 whi
scr apetdhpet epmr ed f oi | sur faces, sbheoiunlgd wbeel |tChido nrs
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XRD results (Fig.2a). Except for the el ement
showing atomic contents of C ando, O28s 2%7 an®
respecti selbyg ssadnrecaepea hef rom foil a, b and c.
Survey
—~Cu 2p —~13d

>

)

~—~

>

=

n

c

Q

]

i= O 1s

Pared
1200 1000 800 _ 600 400 200 0
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> rgsz.s

)
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0
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uZp
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Cu LMM
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Shoul d beadseCBeodatndex it o€ ned e ment O rmialse dp rtod a
adso€CBPed owing to thembabnionuantti omf odo pvpeerry oxi de
when being exposed to the air.

To furtherchemidoampnonehnet s of the new subst s

surfaces, the materi al peel ed off f rtomeefsalillt sb :
given in the figuresXB$f ¢&fupgyvdigi.gcApdentFidgeo2akdet
assigned to Cu, I, C and O el ements were al/l |

results (Fig.2b). Apparentl y, t he lspieganki fhiinag deretrs|i
than that of a@aandnigd diehtaatinetnte mai n substance

foil b sur ffaicpiaowea i Qul2c, 1 nwo | arge peaksofoca
932 . avid20®e5were resapsdtgimweadhgy Cu 2pancdl@odn GlLy
i ndi daéatei negx i s i[e2n3de.a moVih MCaue s mal | peaks successivVv

[ 24] and 934.5 eV [25] were, respect(lv2eplaynd i d
cull) 2 p/for2*Cwhich could only be attributed to t
oXi des si ndiadmpve dent | vy, the intensitCue® werfe th
remar kably higher than t Cafl). lbstrangly demonstatadtisat tleet t r
content of Cu(Bcontaining substance was significantly higher than that off JScgntaining substance,

being wellcoincidentwith the XRD and EDS results. The Cu LMM spectra of the substance peeled off
from foil b surfaceare dsplayed infigure C of Fig.2c. Apparently, one huge BE peak at 570.2 eV was
displayed which further indicated the presence of @uthe basis of the previous works [25, 26, 27].

The results of XPS and LMM spectra effectively demonstrated that the existing form of Cu element in
the substances peeled off from foil b surface @asrather thanCu?* which accorded well with the
analyss results of both XRD and EDS patterns. It he hi ghP S esapoebclittri ¢ 8 Ig@ me n
Dof Fig. 2c), t wo atvl1%bhakl8O0epWake, ceprsprereditvied vy,
BEefl s3ainid 38.d further siegrerimenitng ft Hatwatshdgp2 &k enhn
t hset udi ed. In|mader nal ot her BE peakRRS wapreschhfrobndt r
onfir memast tahte luni que existing form of I el e
ur f aecree.f ofrhe, al ong with the XRD anbdem@BdPShstesmud
sed for coosbbtaesvbpget haseparticles shown in
ubstances. To our knormwd mhetepr epha cd b ised theed | Cu
anoparticles via a dipping process at room te

>S5 0O 0w O

3.2 Electrochemical performancesgraphiteelectrodes assembled usiagprepared foils

The i1 nitial di scharge <capacant yi nvpaolrutea naf daan
closely related to Iits eventual rate capabilit
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Fi gwBra8 he i nitdiadc halhrgregecur ves of the graphite
prepfasields whi ch wer'wiitenp @at dmdnogld 130V. 1 L ug v e
a, b and ¢, respectively, corresponded to e

The curves shown i n Fdigs 3laa rageet eclhcetoss ea ot i ¢
whhct he cawprprtieenetsli tOyAldgasd t he potenti al range \

Evidentl y, t heel eccutrrvoed esdaae ebseaorfd s¢ mi | ar to that
t hat graphite powder [ 29]ul rmmarhcepartthiacnl etsh e wnae
participating in the Iithiation and delithiat
electrode o, a, b and c¢c were detred gpHicattiovidsleyt.®:

the DC val ge s pali datlrlodiehse c orCutl r womavée seeymou saibd g/
hi gher than that of the graphite el ecespedeapt
the DC value of el®xctirmee Ibamwpesr atlhmorstt Rat of
ot her words, t hceo bibnhreobbipleiedz aGu lonnardfoparticl es ¢
had significantly increasweé€ngtrimenhaliiet iedde dD Coond &l
i nitial DC values adsdry eglSamigc b awete tdlrlbde s m;
|l arger than the theor etoifcal puQ evaglruaep hoft e3 22 e
i ndicated that sometmnoggkr mdt eanival s I haheée ume s
part 1in the char gAd sand edipsoct helanetigweel @ ni onictleesi secahlast rge

platform of electrode a, b and ¢ wer e potearntliya
i nterval val dtever at e200D mantAdd gt o be about 0. 24
el ectrode o0, a,Thlhatand,c,asr eopmatriedelty. t he <cas

over potentials existing in dhaemathizcdaglel ey n d h d
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empl oying the Culsansodt e edullseedpfterotnhfee nd ri aoptail t e
el ectrode.r eNaenmeslighfi Itite charge and discharge p
superior to that of atdeantrwaded g avihe cthr onxahse mv
enhancemelnecd frnaatner i al [ 30] .

The r aotrenamerfs of all cdmpareaddFebe8br octhe svhar
densities of O0.%4werOe. 3r,esp.ecctamnvelly. Caphlg ed and
cycled at a given cWppenéendleamtse it me #dE helmMde ncty,c | e
shown by the red dotted | ine)stdedliecrraddehe f @
the DC value under t fireecaurrdeechtatdetntsd ttye mtfh Oc y5c
c werec¢tireslpy, tested to be abbRatrt3e.eVamn? &.t6,1
g, the DC value measured at the waental mostl e3 .04
than that of el™® tnttreordees ttahrggladpubl d@reuis igg y was adj
to be 0. 4as As lgoiwgh theyo stthees ,r t he DC values of bot
remar kably higher than that of el ectrode o, :
devieired the best r adteu e&zilagpdatbri ddeés. amongst all

800 | = 0
0.1Ag A a
[ J
640F  o° « Db
%) %o ... ¢ C
8
< 480F . o _O01Ag'
g TR A ’0:::3:3
2 320} mAm
i .l‘ Adda 0.3A -1 l..
&) . y g
G LI S . o .
O =S g 1A
L T
0 B HEN EEEE
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Cycle number

FigBbRate caphhbhiel igriaphi te el ect r prdep faosiesldksmbil ne dw
the applied current den#g.intieeasc hwerrael elc tie s t0e.
cycled for 10 cycl es. Curve o, a, b and c,
Af ttehsee quent i al rate test, the appl iledandurtrh

resulstholvgpnree hi ght most curves.
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Fi gBrceyclpienrgf osonfahkeprepared sguhaghi twer el enctarsad ¢
for 100 cycles. The wvhmpemimgar el pat obeshrp ba

numbert heenud omld f i cClemvwce . 0, a, b and c, res:

el ectrode o, a, b and c.

The cycling behaviors of all/l studied el ectr
cycltedt . 4 oA go0Oheyepesr plots in Fig. 3c were
bet ween the cycktoiung mbumbeerf fdmcd etnltey of al | stu
el ectrode o, a,'e ybc l ®@n dwea eatr eclhe de&dO0Oto be 136. 7
respecihugel el ectrode b exhibited the | argest

sonfel uctsuaneiroen al so cdursipesaymdhembiid sef fitouide mdi
el ectrode were close to 100% suggesting that
di scharge process. T hpurse,p atrimel d iIClud p P et if @url rodanstt
col lefct@arcommon graphsitlel elway rmadte aovalsy af d reaen
al so for raisi ngcotnhree grecaatpehlieteeprbdéi ty of a

3.3 Analyzing the promoting effecttbe asprepared foils on thelectrochemicaperformance of the
conventional graphitelectrode

Why the immobilization of Cul nanoparticl es
thel ectropbemocmbhnce of a common graphite el
phenomenon, the followingmaxpenmil mgnts were car

The CV curves of al | studi ¢edreltdet cochevssnan
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el ec{bbdek curve), . e., e | ercetdruocdtei oon, phbeeaski daets
the whole potentiakl e-atnigaat ioonnl yp eoanke cleanrtgeer e d
di splayed in thet eosodsa rad hveegigdriwgee oyt isami | ar CV cu |
the pure graphite electrode [31].

-_—0
1.0r 0.34V . —a
0.5} !
E 0.0}
=
0.5}
1.0}

0.0 0.5 1.0 1.5 2.0 2.5 3.0
E/V (vs. Li/ Li")

Figda@V curveg ufdorrdalglraphite el ectrodes which
st. Curve o, a, b and c¢c, respectively, corre

Thus, according to t hoexipdraetviioonu s évnaolr &a tt rt Oh.ledl5e
t o dehient erod a It antiogo®l | , n aeiitkidtign,prodeds érom the Li(bhase tdhe
intermediates and finally to [31]. Correspondingly, the electn@ductionpeak at about 0.01V should
be originated fromthe nt e r @d |i & thiioammmt o CL ia@ @ )t hheerkegliate$32] so
ast o f orm t he LiCs Inrestingly, fordelectrode a, b and c, a huge elawtidation
peak at around 0.34 V waxhibitedclearly which should also be assigned todhe i ntieaad al a't
| i t hHiourd.IThus, the over potential of thke i nt e rpa alceedscsommi ntghe gr a
el ectrode was approxi mately redugreap arye da bQuwlt 1
copper f oi |lc oalsl etdntecomenanr@plata electrode, which could generate a faster
kineticso il i t h iodneni nt e rpa alcAddsjsadjacent to the huge peak at 0.34 V, a shoulder
shaped peak at 0.26V was preserdetinctly which indicated that the mechanism of the t h iounm
deent alpa toio®msng in electrode a, b and ¢ was slightly different from that happening in
the routine graphite electrodeoticeably for electrode a, b and c, a small evident elegkidation
peak also emerged at 2.45V in the positive direction potential scanning, and in the negative direction
potential scanning, twevidentelectroreduction peaks were successively observed at X.3Mhd
0.68V. The presence of novel CV peaks effectively demonstrated that some novel substances have
been activated to take part in the chadgeharge process, showing a different lithium ions charge
discharge mechanism as compared to that of the traditgraphite electrod&vi dent | y, t he
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peak areas of electrode a, b and whivelwes tda mtsit :
i ndicated that more amount of | ithium ions ha\
using Cul modi t ihceudr rceorptp ecro Ifloa dtso rass o fthetatlger C\g r a p

peak area and the appearance of some novel CV peaks were it ¢gophthle main reasons providing
electrode a, b and c an improved battparformancerelative to that of the traditional graphite
electrode.
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Fi gurmb&dlyqui st pl ots of al |l studied graphite el
regionl®Plz. OCtrve o, a, b anda¢ bomndsponded

Nyqgqui st pl ots for al |l studied electrodes .
el ectrode, na med yh usgdaeploetdw osdeemi ci rcl e t hat was
semicircles was tehhg lgiheirt Ify egulinkciyt ecgimb]| i ybhe
l inmne the | ower Sifmehbaencurvegsbapes were found
and ¢ suggesting that the main surfaceiiiacr ds
each otGeerer[a33]ly, the semicircle appearing in
of aa ap | ed orcs irsct@istigs toaf n caen dealpeante rmti ye3 3d1, e menndt t he
of the semicieqluetv aMawe roluagrhde transtler|[ IL]s.i sl
simplicity, t he di-sahmeepteedr soefmitch e cé et iwaes bagw r o
val ue:s ofFhwRs, t bhfeowvadluest mdd&® o, a, b dmd &4 wer
andY56r espEiicattiadesicy.mpared to that of tall comaghh
el ectrodes prepared using Cul mBcdvi af | i ueeds , ¢ ogpepneer
relatively faster kinetics.
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Accor di npgr etvo otutse wbr Khi| 8] i oatehfefi(Cid)ivearstofe a |l |
stueil edd rwedree al so roughly calcul ated empl oyin

Ze =R +R A#w'? (1)
RT2
i - ZAn(ZFZC)).+s)2 (2)
Li
The scientific meanings of all/l par ameters
the former wortk a[l3u5e] .waTsh atth ei ss,| otphee of the curyv
Zd i 0e.and@&=2f And next , dvhael uoebst awenreed put i n equ
the finaD{.vdlouenakef t hings easier, al |l P arwaemeet

thought to be idehtictaCakoeqreaniviay,u ea isshrdaull Ide rc
to aDliaglkuoe.

200
m O
A a
160' ° b -
) CM/
;120-
-~
N

Fi gu@rc®he curves exhibitindgandté? rlal asthioounl sdhilpe br
val ues ©o6dndsbwearhe Zacquired fFriogm tCwuer vree soul t &,
corresponded to electrode o, a, b and c¢c, re
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Figudé&he curves showing the relationship betw
val ueebtcdsheadle Al so, Fihfedvedrag ao botfai ned Firgpm t
4b.Curve o, a, b and c¢c correspgormwnwekcded.to el ect
As illustrtahiwchl UmsFebhbedtrode a, b and ¢ we

el ect.Amdlerbeex hi bhsenead | esflamahg®t odH Us ,c ualvdease. r o a €

i tne ni Mdwm!| ue, tdeléairvgeerseeddVvamoeg odl | st dii sd relsa

stronglew hiantdiuctaitl i zi ng t he Cul modi fied copper
graphite electrode was eann aa Deoev bt Bkek ef amp pa o awd Kk
i nteresting result has never been reported in
nanoparticles coated foils on the total resis
the relatimnshepfbegwercy and the total resi
Obviousl vy, i n the wholed emdasdreiwregd ftrheeq usemmad Y erse
amongst al | s Fourd ieexda nepll eec,t raotd etshe f resguesnayncef
were measured to be Yaboaspdaé&oiv@®loy, 5f@oranal ecrt |
the greatly reduced total resistance values of
to the presenicel o Cnult hanopaper foil sur face
was created between the graphite powder and cc«
foil as ctohd ecutomeet eap hwidlietc hvaoubnablhbeeat |liyntreerdnuacl
resamde a | ithium ion battery (LIB).

The influence of the 1 mmobilized Cul nanop
foils was further investigated t horroguagnhieanterasluy ti
Li PFfnd t he studied copper foil surface and the
were measurfedA7 oBdoned B242 185 f oi | o, a,Thlusgnd he, crc
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angl e val ues coofp paelrl

2C

fQu Il sc omweetreed much | ower t har

strongly inddhlkealdeumwaecmtt teheor gawmdrmrcd etleec t awr ryd re
of copper faméel dakatgpeoagh!|l y mmobi | i zitnlge Caud p pnearn
surface [36]. El ectrode b exhi bi tsetdu dtiopap esima | |

showi ng wetheatbti@hitch

I mpr ovement

of an electrode.

lweasefviecriyehectr opbembc amhn«

Fi gurkRh dbtaa s
Phot o o,
foil o,

t meoaks utwrhienlge ont act

anglsersd bteteavesthu di

a, b and c, respectivel vy, corresp

a, b and c¢.
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Cu foil

Figur 8EMbi mages witem af sthéei nferfDace cross s
powder and the current col |l ectdr sl noaegfeorce a
corresptomanad)etso bef ore 108anayg dF e 8 s ptamanadjmts g
after 100gecyocdaensur mismant ed t he ¢ asimmadgoé audsdi nbg
represented the It.ase of using electrode

Tontiui sitwelyy the inptepaced o dppiec radsotrd sd tbar
i ntebétwteleen gr aphi ttehepowedt,eathlde SEM i mages o
bet ween the graphite powder and the curlraegret C
il lustrated in Fig.5b. F o(ri nmahgeaof;ib navse ni tnido ncaalt eqd
arr ows, some evg dbet wgapsthemggeaepbite powder
appeared after 111000 ccoynctlreass talt e dt 0o dde gb ,§ nboe tovbeve
the graphitéeaepcwdermoalndi ed copper foiltwwech f

substantially indicated that t he tbhicecmdiregt f coot
was greatly boosted by the modifi tacoppeof fGul
Th8EM i mages of the current collectotarsarf

also given in Fig.5c. Thdt tiheethoassfawe r ea fdtiesra sisC
graphite powder was <carefolllleptbacapgenérami
coll.a&cd ot hen, the current coll ector surface a
SEM charattenconFenmnctotpdpearl f oi | before the cycl
some scratches were displayed cl ear lgy,, sWwhmd eh
hol es wereéei etxibhn beltgeudyed yt i ng that heheusar ftape
violently corrodiescdargegptbeesbargeaerandé® oy
evenly distributde,d rsantahdr ptihan (titmaglkude hol es,
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Above SEM iamagseoncosmprongly indicated that the

t he edhiasrcghear ge process was greatly impeded by
conventional copper foil surfacefrdomet BBSfpat
before and afterran®0dcyplagedtin. Bi d. §d. For t
cycltiensgt(iprag t er n b), t he peaks asdii gtnierm dtitloy tteh

I nt eresti ngiisen yaflttieasrg ,t hees |sohmfigwbh hby ppaksebel bng
totally wvanished. Thi sh@elsuhas spaohigtp atedndhng
process or Cul has been completelgncpmecuenesie d,
accorded well with CV results (Fig.4a) that se
using the Cul coaurede iclomfptetwhnell e ngkriaapsha tthee el ect r

Figbc®8EM i mages of the foil surface next to th
A lg I mage o andtisecroffE®Rspmades before G600 ¢
andcobrrespbhsdwerdfSdEdde | mages after alhGwvea yc Itehse
i mageso o fiamabgiel dweard tihe ibmages of foil
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Fi gbdEDS patterns for the substances scraped
cycl estatl tl st ogu htdli ébbes thaontceeds t est ed were scr
badj actemd dgroaphPat eepobwkespedtbvely correspon
before and afteéer 100 cycles at 1 A ¢

Figbhe@V curvesl| édotetibve which were measulrHed eat

exceptalboeonfc dgpeg aphi te powder, ot her ttdedxati g
t htewe| ect riomdwee cteithd dthed Cwové& o correspon-ded
el ectrode cell assembl edcubyedibrn ¢ s po mchedd at ol

the-etteactrode cell assembled by foil b and



