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Abstract

In ©isudy A 203du caeshell stucural caopois are fbriaed brogh ©t o eetrdss catig
proas dpreteatnrentand £ lectrdss depoiimn. The mfluence d varms electrdss paraneters @ te
tikes and un family dcated layer are Bve tiaed and because dbnurera@s experment needed an
experiment de §n baed @ Taguch irdbustde §n nebh @ & sppled. The maphagy, un komily, and
chemual caonpoimm dtel u cated A 120 3 partale 1 ere characteried and K § caocluded batte 3 &
preteatmentnetd, 10nl/IH HD, 209/10 uS0 4.5H20, 60g/lC 4HL0 6K Na4H0 , PH11and Porig rate b
5m/ma are te betcod i ot lecctrdes depoimd & ( u. Durig te electds;s platag b actwated
A 120 3 partals, nucleatap dbnana med cpper partale v & strted fronte Pd clusters and subs equently
mae nucleatid and groth dFc@peri a perfaned a@tote catalystl u nuclem and surfece A 120 3
partile and caused tx@attbesurface A 120 3 partile and famaun fam( u shelly i © iknes F50nm

arond teh 120 3cae

1 Introduction

( aethellstuctral copois, t i netalls film
cated cerama partile, are an atractse kad
cerama natrl capoills due Other cavbmed
charactermt®s & netk and cerama natrm v i
mproed finctipal and nechan mal proerts &
partile 1

Tha kid dcaopoie are fbriaed by s i s te
nmetas such & ball miug, Isy 1 s et ok
such & sabgel, t lectrdss depoimp E D and
prec § BtED dep oD, and vap @ dep © D such
a PVDand ( VD3] A g tee nethak, te
electrdss catig ha been rc@n Bed & e e
noteflectse techn lue fapreparig nebl<aed
ceramis pap ders due wbe K advantyge such &
even d mpers I e nedl catig, un kamily
dpok ocople shape, lmercoti s mple
pross g, ey cotrdbdthecatig th aknes and
nadependence a te electraal properts & e
subs trate 6]

t lectrdsss platig i an autoatlyta
electrohemsal reactip, used W surfce
nedlliatin & coductse @ naocoductse
substrates 1 ihotany extemal cument The netha
ca» med dpretreatnmentdh Bertsuls tate, 1 ader
O dui cablyti actwily, and ten dp ig te
pretreaed substae @ a bat & netl s,

canplex g agent, reduc g agent and s b lilen

-1

Ho ever, 1 electrdss depoidm & 1 diifuitto
i un Fmand nana med nedlls catig @

te cerami paders because Pm der electrdess

platig ® a canplex chemsal reectip, v hah &

affected naoly by bat canp o iEd delectrds s

platag, butby Ik b pross paraneters such &

preteatventtype mi 1y nebhd, bab Eenperatreg,

d mp Eg tare, pH range, partale s #e dsubs trate,

et P, 8]Hw eer, eflect s ave paraneers @

te dgoimm rt unikkmmly and chemaal

caopoim dcatkd layers 1 erestd Bd by s are
rs earchers, albagh tere are sare Ecas EeEnt
result because dcanplmated E Dsysem but Kk &
esental tunders nd te effect d dher mpabnt
fctm, cotriutip perrent & eech @e and

relatish g bet een tem t© @timie te
fbraatip cad i 1 & mEmmt ikoes and

max mumun iy dcakd layer.

In s study, te AROMu caeshell

nanompoikel & fBbraated by electrds;s platag

d (u © ARO3 patiles. Tha kid &
nanompolEs can be used & te catlyst,

elecctaygnets 1 ae axabig naerak,

electrae 1 Tel celk, temal pradectse catugs

d ar engis, cotct naerak 1 relays,

cotctm, s1 Ehs, ¢ cu Ebreak, electrao i
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packag g, h §h cunmentbrush and et, because & &

excellentprpert® such & s §n Faant mproenent
dte fractre toghnes ditepartale, mpravig

te v ettig prery bet een netl and ceramis

naterak, gao electrial and temal coductwiims,

excellent res mence t©h gh Eenperatire anneal mg,

excellent carom and v ear rs mnce h gh

bad g strength, excellent v eldabiily, and

cotdiable nagnets proerts tiraogh su iBble
heattreattrent]p, 911 ]

In ader Oreech Ote un k@M and submirm

shelk effect b pretreatirent type and b lectrdbess

bat caopoii 1 # be Ivetiaed. Due tObe
Iaa & experment needed, an experment de #n

baed @ Taguch Erchus tde §n netha & applied.

Faally, analys 8 dFvarince (ANOVA) Bused O
stdy te effect ddeach factty @ e th aknes &
cated layes and deermiatin f expermental

cad EED havilg te les tvarab iy & e otinim
cad .

2 Experimental procedure
2.1 Electroless deposition

( ppery & cated @ te surface f MEro s Ee
A 120 3partale (50 pm thraogh €t O ® electrds s
catig pross. At fEt Brause F chemial
lerbes cbA 20 3 partils, 100grA 120 3 pam ders
I ere pretreated tO bl cablyts actwily. The
pretreatnent had been perfaned 1 stge
I &h g, c@nen ig, Sens kmatip and actmatiD
us 1g negneta starer. Dbl d bee stge are
rpaied § Bbled. Subsequently, [ lectrdess
degoilp | & perfaned § a decribed bab &
Bblel, v hile nagneta strery & used ot he
bat and avd partile agglareratan. Faally e
papders v erev ahed i d wtilled v ater s everal
the; bey v ere filrtaed and dried B a vecuum
o at8) Pfo3h.

2.2. Experiments design

The mfluence dFvarims electrdss paraneers @
te tikes and unifknly & cakd layer are
Ivetdaled The nal cotdiig eletdss
paranreters and ber levek are ripasied | tble 2.
Bxause & nuneras experment needed and
ieractip bet een tieparanetens, spec Ml de §n &
experment 1 & applimd.

Atfet te md wilual effct dpretreatnenttype
O te dopoimm d c@per @ te MiIro s med
A 120 3partale arestd Bd. Bxed @ rs earch doe,
pretreatrentcan be perfanred by d fferent nanner
d st (oly canenng), € (c@nen 1g and

actsatip) and 3 & (c@ren Bg, Sens kmatiEDd and

axtsatap). [ flect & ech pross o te
maphdgy, cablytsa actwily and depoiEd &
cpper @ te A 120 3 surfece are Bvs tiated and

tebs tcad KD mselected.

In tesecad part paraneters dfbat cap © D
I ere ch@en & te mdependent paraneters. The
parareters are H HD £ uS04.5H0 ratid(10/10,

1045, and 10/20mAg), © 4HI0 6K NadHR0

cacentratip (40, 5) and 60g/l), PH(11,12 and 13)

and Porug rate (3 and 5ni/ma). Nanally, s t
cae 33*2= 54 experment shold becaducted. In

arer todecress 8 ¥ nunber db experment and

unders tnd g hecotrbutap percentdbeach fckw
@ te tiakes, platig rake and un ki &
ca@tEd layeran expermentde §n based @ Taguch m
neto v & appled. Accad iy ©©Obe Taguch
net @, te stndard ab@oal anay, nanely L9

tbat reduce te nunber b experment ©9 | &

used and te ptmiel s Datip fo depo i &
(U @ the miro smed A 1203 partile v &

determiaed by analys § cdbvarmnce (A NOVA).

2.3 Structural characterization

The raphdagy, unikomly, and chemaal
caopoim dtel u cakd A 120 3 partale 1 ere
charactermed by scann g electr@ miarcec @y
(SEM), hsh-schtap tansms D electo
marac@y  (FRTEM), energy  d mpen me
spectroc@y (E OF) and X—+ay d ifractip (XRD. In
ader onexsurig te takes dcatkd layern,
save anont b ( u cakd partile nonted and
ten carefully pcbehed. Thecrex sectad v s &b
c@ted partile areused and h §h negn Faatap O M
margraphs 1 ere ken and t© Bkoes Flayer | &
calculated us mg ( elerex mrage analyzer s it are
The averge & 540 nesurenent ha  been
maied & be hikes dtecaE layers. A kO
platig rakey & determiied by nesurig teu eght
gam dp derafierplatig.

3 Result and discussion
3.1 Effect of Pretreatment

As mentaped befae, Bxaus e dhchemsal merbes
A 120 3 partals d Ectcppergro b @ aumea
surfeces are nas dx ened f Jnd te partile et
shold be actsated O R catlyts actwily. On
te dher hand, te electrdss catliig pross I &
dwied 1t Otge dpretreatrentand E lectrdes s
platig. Bx ed @ rs earch d @e, pretreatirentcan be
perfared by different nanner, and te not
acepted nethas are 3| nehd (ca@nen ig,
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Sens imatap and actsatad), 2€ nebhd
(carenimg and actmatip) and 15 neho
(1 hot coventmal sens ilatip and actesatin
steps B Repetd t© dher rot, te 3®
preteatrent neth @ § notaccepted bet een e
rsearches because @ & nmae endenc® &
icrexs 1y te adhe ED proert®. The netha
cas Hed 3tge b ca@nen g, Sens kmatap and
atmatip. 1 shos beschenatss dproeses.
( @ren g proes & apled § a Hydroph il
echer (fialb) § ader ddai a raogh surface and
icrexse te spec i surface area and hydroh i
property dtepartiale f JDuriag te Sens imatin
stage, 1 hen te careal partiles dEpesed B a
sens imatip hydrohlaol acdl scdutip o Snl 12
and H |, tesurfece A 120 3 partile sens iied
due tote chemiaptip b Sn @ te surfece
A 1203 partales (f§ 1c) and afier bl st te
surces A 2@ partile are ready tthe actisated.
Ammog lce catlyts agent, Pd v & knapn e
mot effs smth ] Ho ever actsatidp pross i &
perfaned § ahydrohlol ac il s dutap FPAC 12
and H | In cax equence FPd actatiD, e Pd2+
I tans lae Itoelectroeutral atmn v hen ey
are enconterig v i te Sn2+ mms. It ¥ dy ened
tatby chemiaptin FPd otbn clusters (fy 1d)
pas #e cad KD b te a2 partiles el maated
and bey v eresu ible fo dlectrds s platig due ©
tepransiip dichemial abs aptap phenarena
As sap & actmaed partiles are d #pesed B an
electrdss bab F nedl s, canplex ig agent,
reduc ig agent and stbililes, an altoatlyta
electrohemial reectip dperfaned & fTdlo

2H HD + 0 u2+ +40H>2H 00 -+ u+ H2+2H20 (1)

As the reectED stared, te sdvtad ttmed t©be
aenge<dm shos depoiimd &l u, and Il &
bubble appeared § e schtap. T8 leshms bat
durig te eletdss platig o actwated A 1203
partile, nucleatip ddnana Eed cper partale
I a stred fronte Pd clusters and subs equently
(f 1) mme nucleatip and grooth Fcper &
perfarred otoihe catalys tf u nucle® and surfece
A 120 3 partale and caused toc@ttbesurece b
A 120 3 partile and fama un iamce u shell arand
teh 1203 cae

( ampariy naphdgy < cu cated pmdens
pretreated by d Flerentneth ), K 8 revealed tatall
dnethas have endency toprance te chemaal
axtwily dpas se A 120 3 partale. Hm ever, te
un kmily and adhe I propaty dcaked layens
pretreated by 3 & netha@ § nae tan e dher.

In 15 netbhd te surfxce & partals 1 ere
atieed by canenig teatent and v ot
coventinal sens Ematip and actsatED §&ps.
Spec I surfce area d te partile Ecrexsed &
tiEnebhd, and nana Bed vals dsened @ te
surfce o partile tat caused tOcreate su ible
part T nucleatip <& copperr Hoever te
nucleatip loatins are less § antontand be cu
catd layers seem tobe na unmmyi i v eak
adhe I W ub trake In dher neh @, pretreatirent
perfanred afEer c@renig ® a un mue chemial
babh & Snl 2 and Pdl 2 (21| netha). The
nethd v & ncieffi mtcapared O3 € netha
tOcreate nucleatip loatins @ te surfce &
A 120 3 partale ; terefae te muled cated layer
i & nasdens eand un M ]

3.2 Optimization of bath composition parameters

Thestructire & Taguch iab@mal rdws tde §n,

te mult dnesurenent fo t skes dcated

layer and carsp@d 1y SN rat» are shaon 1

Table 2.

Thestructire & Taguch iab@mal rdws tde §n,

te mult dnesurenent fo t skes dcated

layer and carsp@d 1y SN ratd are shaon 1

Table 2.

. 3shos te nean & SN ratbvalue vers us

levek b paraneters o b ikes dcakd layer

The graph appled § ader tounders nd g effect

dparaneters and terleek @ te oput Us 1g

f§ 3 te paraneter 1 b not varabiily 1

s #n FEantparaneterand ak O 1 eech paraneter te
levek v I mE mMS/N rati ereselected & te
@tal cad K.

InE lectrdess platag charectermtass dbcated layer

are vety mich dependent @ te caopoim &
electrds s bath. Hm ever, tiere 1 a l iitle teastaal

study dteplatig caopoim and 1 all std s

chapig te spproprae babh copoimd 1§

determied thirogh expermental Fepexanple, K &

i ell ko n hattbe cocentratid chcpersalt m

tebat ha litle afluence @ platig rake, 1 heress

EcCress g W reduc Bg agentcaused tONCres Bg A

platag rake and © skoes dfcaked layer Thersult
d orexperment ak ccofined te dx enatims.

H 3 shos tat by mscrexmg te HH

cacentratad (decress 1y te { uUSA.5H0/H HD

ratip te tikes & caked layens decressed

sanFiantly. AFO K 1 revaaled tat nmoe
icrsig 8 HH caocentatip cased t©O
icres 1y beplatiag tae and hydrgen evchiti,



meani h ie teun fkamiy dcakd layers becans
betier.

In b astdy ( 4HIO 6K NadH0 1 & chapea te
canplecig agent The msultfronfy 3shms tbat
Ecress §g § mont & canplex 1y agent can be
caused tlecres 1 1t iknes dicaEd layer.

A ncher mfluenc ig paraneter ddbat cap © KD
1 N0 Hcaocentratip. Bitdurag te electrdss,
teOH_ i aecasune rep ily, 1 hsh leads t©©
tedecrexse dpHvwvalue dtie platag bat. When
tepHdares e toa level bat 1 ld enagh, he
HH v #l loe & reduc g capabilily and te
coper dopoim 1+ B Eemiake artorataally. In
ader Onaitil te platig reactin, e NaO H
mist be supplid cotiuasly. Theaefae
cacentratip & NaOH a1 platiig bab & nck
castntand PH cd te bat v & chadiig & te
dher idegpendentfectm Iti ko n hatoly | be
schitip v hoe pH value § greaer tan 11, te
H H ha te reduc g capab liily. Hm ever effect
d bab PH Imvetiaed and K § ud mated tat
icres 1y e pH range dthe s dvtid franll ©
13 cased O icres B e takes d calad
layers .

Lig and Lesud ed the varims feed g maoe &
electrdss paoder dgpoidip and rpaied tat
I hen e coppear<aplex schtip 1 & &l IO
suspend ig st & fanraldehyde, NaD H and
atieed partils, nae unfamily & coper
catig 1 & appearad p A ccan ig ©Ob 1 neh A,
1t o Ferentfead lig rales v ere examiied and K &
revealed bat tere 8§ nasany by d fference i
tikes d caed layer § bdh rae; hao ever
5mi/mia feed Big rake cased Oles bt akes
caatug layer.

Sttatsal analys 8 & varmnce (ANOVA) &
perfarel tolentily te eflfectd nd wilual fctam
o te pross rspase and undestnd B9 v h Eh
proeas parareters ares titataally s §n faant In te
presentstudy, ANOVA mperfaned us #g M u iBb.
Table 3shas teA NOVA rsultfor te t mlkoes
dcael layer Thersult shao tatPHdte bab
schitip v i 41.7% cotrivtip ha te mot
efict @ tiakes & caed (u layer
( 4HIO 6K Na4H0 cacentatip 1 & 26.98%
cotriutap ha te next laget effect and
H HD £ uS04.5H0 ratibi t i (24.83) ).

At te fral s & Taguchm nebd otmal
cawb matip dbepross paranees and rspas e
dtasatip v # be pred wted us 59 ANOVA .
A3 B3 (1 and 2 arepred miEed & te be tlevek
T paranetersr Oach®e mimm t akes &

cated layerand te e torated value kot mlkoes &
645nm The verFiatip experiment § caoducted
and te b ikes dcakd layer 1§ nesured be
50nm whah & saniFaantly loer tan te
calcu lated anont

B 3shos croy sectimal mage A 120 3 cae-
shell sttuctiral caopoills prepared taogh 3
pretreatnentproedure and cated by e tinied
caopoimm delatdss bab. As recemed A 203
partile 1 ere recn #ed pdygal § shape |
partile s #e A 5) pm Hm ever afier te actesatid
proedure (. 33), nal flerence 1 te naphadgy
& A 1203 partile drened and a@ly te HAd
nucles are dentfied @ te surfece b A 1203
partile. F§ 30 shms te T tsge delectrdss s
platag bat n related tnucleatap bl u partals at
pallad Emactesated loatans. It 8 1d §ated that ( u
partile 1 ere depoied @ tesurfece A 1203
cas & nanaphermal partils. The mErec @y
experment & calel partils at te end &
electrdes depim proedure (f§ 3k), nentid
tbatby gro 1y dFcpper @ tesurface dbecu
nuclem, a cotiu@ms catig arond te A 120 3
partile fmma t a1 and un FamMshell v & § abot
0inm tekes. Hoewr §1 sare plas
agloreraes dsphermal partales dxens. Sane
event cause tochange e shape dbpartals fron
pdyhedral o emipherisal, 1 i d aneters dabot

53 um
4 Conclusion

1- In t©§ swdy, ARO3LDu caeshell
nanompoike & fbraatd by eletrdss platag

i U @A 20 3partale .

2-( pperi & c@ied @ tesurfece dMiEro s Ee
A 120 3 partale (50 M thraogh € O electrdes s

catig pross  preteatrent and £ lectrdsss

dep o im.

3-The ifluence dvarmms electrdsss paraneters @
te tikes and unifknly & caked layer are
e tgated and because dnuneras experment

needed an expermment de §n based @ Taguch &
rcous tde §n netha 1applid.

4- ( aaxparig naphd@y dcu caed pmdens

pretreated by d flerent nebh @, un family and

adhe I proaty  caEed layes pretreaed by
3 nehao § mae tan te dhes. The netha
cax med 3tge b canen ig, Sens EmatEp and

actaati.

5-PHdtebat scutipy i 41.7% cotriutip
ha te noteflect o b skes dicatd ( u layer,

( 4AHIO 6K Na4H0 cacentatap 1 & 26.98%
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cotrutip ha te next laget effect and
H HD £ uS04.5H0 ratibi t i (24.83) ).
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Coarsening Sensitization Activation
—_—
(a) (b)
vy 50
Sn 4+ 1+ .pd
S oA inm 5n
Sn 4+ PH'F;‘ ?%?n 4+
P?, = Electroless
sn4(] Alz03 Msa4 deposition
ey .
Pd & Pd
PdS Pd 5
Sn 4+ i Sn 3+ + 4 40N =

(d) (e (f)

Fig. 1. Schematic of 3step activation and electroless Cu plating of A1203 powaders.
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Fig 2: Mean of 5/ ratios for different levels of the parameters

Fig 3. OM micrograph of a) 3step activated powders, b) early stages of electroless plated powders; ¢) Cu coated powders
at the end of plating



