SPECI FI CATI ON SUPPORTED COMPCSI TE PARTI CLE MATERI AL, PRODUCTI ON PROCESS OF
SAMVE AND PROCESS FOR PRODUCI NG COMPOUNDS USI NG SUPPORTED COMPCSI TE PARTI CLE
MATERI AL AS CATALYST FOR CHEM CAL SYNTHESI S 5 Technical Field [0001] The
present invention relates to a supported conposite particle material in

whi ch conposite particle formed of an oxidi zed nickel and X (wherein X
represents at 10 | east one typeSPFEEFEDBNICEN sel ected from the group

consi sting of nickel, palladium platinum ruthenium gold, silver and

copper )susmmp@atc@@wmwgzﬁ PARRRCLE MAPERFAS PIROD @Q}t@lﬁfc&y&é@féﬁpor ted

conposite particle materi al and a process for produci ng conpounds, using

LD PP RAMEAGEOI SRR PRRIBCINCE PO SN SURRSIER,
educt | BrVRaE o R BT AL A EATAT S T SOR ML EAL ARG RESS one

exanpl es of the use of nickel or nickel conpounds in oxidation reactions
naﬁiinclude (1) an al cohol oxidation reaction in which nickel peroxide
(Ni02)_is used as a stoichionmetric oxidizing agent (Non-Patent Docunent 1),
(2) anleghyveiFieldr obi ¢ oxidation reaction using Ni-Al hydrotalcite as a
catalyg@oiron Pat ent Docunent 2), (3) an al cohol aerobic oxidation reaction
usi ng hydrotal cite 25containing N (11) as a catalyst (Non-Patent

Document Nna3sb) b 92Re8 000, Syt RY b8RLERE it afbrlt 4A°

per oxi de (N nanoparti c es as
which composite particle formed of an oxidized nickel and X (wherein X represents at

10  least one type of elements selected from the group consisting of nickel, palladium,
platinum, ruthenium, gold, silver and copper) is supported onto a support, a process
for producing the supported composite particle material, and a process for producing
compounds, using the supported composite particle material as a catalyst for

chemical synthesis.

Background Art
[0002]

Nickel or nickel compounds are widely used as catalysts for chemical synthesis

such as in oxidation reactions, reduction reactions, hydrogenation reactions or the like.

20 Conventional examples of the use of nickel or nickel compounds in oxidation
reactions may include; (1) an alcohol oxidation reaction in which nickel peroxide
(NiO2) is used as a stoichiometric oxidizing agent (Non-Patent Document 1), (2) an
alcohol aerobic oxidation reaction using Ni-Al hydrotalcite as a catalyst (Non-Patent

Document 2), (3) an alcohol aerobic oxidation reaction using Mg-Al hydrotalcite

™o

5 containing Ni(ll) as a catalyst (Non-Patent Document 3), and (4) an alcohol aerobic

oxidation reaction using nickel peroxide (NiO2) nanoparticles as a catalyst



(Non- Pat ent Docunent 4). As described in (1) above, highly oxidized

ni ckel peroxide has a higher |evel of oxidizing power than nickel oxide,
and has | ong been known to be able to oxidize various al cohols
stoichionetrically. This type of nickel peroxide has not been 5 obtained in
pure formor in the formof an anhydride, there are many aspects of its
struct yeniaént®infertngl ear, and is also said to be a nickel oxide that
has adsorbed oxygen. However, since nickel peroxide is extrenely useful as

a stoichio (ﬁésfcrlBég%%anbg\gae%ghl oxlc}lzé(}?ﬁechgpﬁéﬂogl rtxé’s ﬁ%@#é’rtlk\?@ll%fy

generate active oxldizi I've” specl es us er ox

d t l b i ed 10t bi ¢ dat f
ﬁﬁhe'ré'aﬂ?%ge@%%oxve'ga*a%m%i o, BnndF JFE DeP OGS i et feh
reacti ons hav? been realjzed .in recent Years as a result of various

modi f i ¥BHPEHAIGPIS riPicUmaitisalvo nlliRelYPBasE e aPgroxile TR not been

ni ckel drotal cite-based catal ysts described in (2) and (3) above realize
hi ghl y0§¥ ned Enpurgctaria®i tnthef fonsl elcan enhygfidenthieye esepormupsiRedts ofitsh
dissimlar nmetal 15 elenents (such as Al or Mj), thereby achieving aerobic
oxi dat stinctwia thad rbeter ogelben @mdns aled saidttalbess nidkel bhelsehabhad pebserbebli
functions as an oxygen activation site as a result of conpounding N with a

di ssi mokpgeriret dbwel@mnice ditkel Darbadghls taramalyl tiséf tReaf sormidrastief
peroxo species serving as reactive species on the Ni.In addition, in the

met hododisehd Re@nt i Qﬂwee@gbgls% hg d?:itﬁ ﬁéall@egtgrﬁér‘té?e chife %Q:diiiﬁﬁcédtﬂﬁ has

been reported to proceed ¢ s ar of tform ng tHe nickel

oxi de ggécﬁeé‘%@%g%éfe%hf‘e? oxygen fdrr}h%%?qcﬁﬂﬁgla%%ht iy ﬁitdrt?'e aﬁtgqo%%entgjheg' ckel

and ni conpaun rs not¥rinmted to a atlon P'eactl of
hav S0 _been shown t wi dely effect in various reactions such as
:)r(fouto 3% %éct(i”ﬂ a?%BanﬁgmLﬁeﬁ@f’iC&ﬁ? E‘:ﬁ ons and hydrogenati on
25reaction as in catalysts for purification of autom)bl | e exhaust
gas and |n%@@t’%él@h%@%ﬁ)biq%@QﬂlomﬁqﬁﬁﬂérﬁlﬁV@é@;ﬂ%ﬁ@ lized in recephyeaiem |
27 (1962) 1597 Non- Patent Docunent 2 : Angew. Chem Int. Ed., 40 (2001) 763
Non- Paf@®gteBalt afreaiiolss m@dn‘watlonmmchlmpromzwmsztmo@pkeimmﬁastent Tbecunent
4: Appl. Catal A282 (2005) 25 Disclosure of the Invention [0004] Problens
t o be Swkekldydrptdltite-baseshtdataly Sklodeseibedt re (Rhamd 118} mbdse destizé beghlgbove
do not necessarily have
efficient activation of moleculer oxygen by compounding Ni with dissimilar metal
15 elements (such as Al or Mg), thereby achieving aerobic oxidation with a
heterogeneous nickel catalyst. In these catalysts, Ni functions as an oxygen
activation site as a result of compounding Ni with a dissimilar metal element, and is
thought to result in the formation of peroxo species serving as reactive species on the
Ni. In addition, in the method described in (4) above using nickel peroxide, the
20 reaction has been reported to proceed catalyticaily as a resuit of forming the nickel
oxide into nanoparticles.
In the chemical industry, the use of nickel and nickel compounds is not limited to
alcohol oxidation reactions, but have also been shown to be widely effective in various
reactions such as various oxidation reactions, reduction reactions and hydrogenation

25  reactions, as well as in catalysts for purification of automobile exhaust gas and in

photocatalysts.



adequate target product selectivity or catalyst activity, and are unlikely
to be considered as industrially advantageous nethods. In addition, in
consideration of the objective of realizing a reduction in the anmount of
active ingredient used and high reactivity, nickel and nickel conpounds
used as catal ysts are generally used by 15 dispersing and supporting onto
a suppf¥C3]n order to increase specific surface area and enhance usage

ef ficiency during use as catalyst canponents. Al though supports on which

ni ckel or MNYKBAEES HssHREEt dr'd - SUBpLPERY. Af E1920a8/0us types depending on
reaction characteristics and application, these supports have probl ens such
as not al wiNgs-Bateng Deishienend 2o Btrgiaw. %ﬁm.ﬂatt@‘y%é&g@‘l)&ﬁacti vity or

catal yst active 20i ngredi ents being susceptible to dropout fromthe support
dependi ng dlori-Ratetit Stocunent 8n JoMaaCatalsA266ROBENREE Wi t hi n t he support .
The present inventors conducted extensive studies on the supported

conposi te prRIr-Paicht MRIcAReat 40ApbNE Jialeerd> @ppk) ogtion, in which conposite
particles conprising oxidized nickel and X (wherein X represents at | east
one of elenments selected from 25t he group consisting of nickel, palladium
pl ati num ruthenium gold, silver and copper) are supported onto a support,
based oy rem.s .practical application thereof in an industrial
procesgﬁxﬁgﬁggfggk?Fw%%ﬂgéhe case of using as a catal yst for chem cal
syntheFKEM]since a supported conposite particle material in which conposite
particles are uniformy supported on the inside of a support inhibit

di ffusi on éfobleasttodre Salwedatyethedhgerativth r eacti on products due to the

resi stance of pores inside the support, 5 conposite particles supported

insi de a supR@ieratife NRIoWS efeBIdRC Idekelived Ayl cdd SHRPAREERLFRMRRLL €
particle material has been clearly denonstrated to prevent the obtaining of

cat al ysiiaqidial 168 M9balgCaRRIiLY SALhRIAS! QEiity AR NFeVLANRN Yo 8L

reaction activity. Iron, t’he conposite pa es supporte

out er : . r.tlcl wer e rm_ned . t.0 hav r.Qblens such as
2| ossSdgRL e DR 2 BrBSa ISR AEh Lk Sdalio o el S REERE &
adsorption .of .reactian by-products and accu ation of foxic substances
depenamisORRCES sron s BichGh in e 9BECET o) S oiredii ettanththne

li ke, and a |oss of catalyst activity due to conposite particles dropping
out frEHAKIMEY, sHipke)r endudcke) erRmEpPOWRAIRs egelyat slatalystsnarep geieEty sugssb iy
particles and between support particles and reactor walls and the 15like.

[ 0G05] dispersing @ndt suppootiggy ontrg ai suppoeinin andeobp dotreate tsheciicesatacei argant i on
is to provide a supported conposite particle material that maintains high

react i sand yefitmince lusagepefficighayf during bye shabtytabp pmpargereonposibotigh
particles conprised of an oxidized nickel and X 20 (wherein X represents at

| east omsp@ts shenmidhsniclediest AkEr 86mMbbends e KePSieti a1a of vaisketypes
pal | adi um plati num ruthenium gold, silver and copper) on a support, a

proc eséeé‘%ﬁdi’gé OAUELRGor Eﬁa:%‘épéé‘%rtké’%ng%ﬁ@%éﬁ%b RABLA %bgpé‘ﬁ‘é ﬁébé‘%rotﬂ@ﬁ# a

process oduci ng conpoundas usin orted c nposite particle

g?gglr ;%LC@?%%BE?M%%GHI@ Lo RS SHMDES) SrealioVEA @rrca%lygti ngLhe
20 ingredients being susceptible to dropout from the support depending on the
distribution of catalyst componenis within the support
1he present inventors conducted extensive studies on the supported composite
particle material of the present application, in which compasite particles comprising
oxidized nickel and X (wherein X represents at least one of elements selected from

25 the group consisting of nickel, palladium, platinum, ruthenium, gold, silver and copper)

are supported onto a support, based on the premise of practical application thereof in



As a result of conducting extensive studies on the above-nentioned

probl ens, the present inventors found that, in a supported conposite
particle material conprising conposite particles conprised of an oxidized

ni ckel and X (wherein X 5 represents at |east one of elenents selected from
the group consisting of nickel, palladium platinum ruthenium gold,

si | ver aanddostppeplocaBs. aAsuppesdit, on thbiczlet dfeusiogras ataatpigst il @wenaical
supported, by controlling the distribution of the conposite particles

wi t hi nsyhmesipBRLh aawad?{éa OEMBoSHPPAERAMRENRI i WhidH %bb@t&paaf&%st e
particles are localized wthin a specific range, the above-nentl oned

probl egp, ‘Eﬂ%@@%]&{@ﬁgt:eyegn tﬁ@;ﬁﬁ% feﬁgh@%ﬁtgﬂﬁéﬁsﬁpég@g% S gﬁgrgrrgﬁvem

i nvention. , the preséent 1nv escri be I'ow. [ 1]
A supp onppsi t article mgaterial conprising: ... a,conposite
par ¢ | CHENFaIS AR FeacfioB el Hi foitha SRbRRePapArot neisisuthpLsRer

15l east one of elenents selected fromthe group consi st n? of ni ckel,

pal T adFOMPOBI RGPS SUPREREEHNSIEBI @ SUBPPUereanat Eeppaiectialy, ansuprt on
whi ch t he con&)osi te particle is supported, wherein the supported
conposPHRPYERA Femeosie eartile pmiprialskas hesn sirartyedenapsirated tatprementiae
conposite particle is localized. 20[2] The supported conposite particle
mat er i abtaitiogrofi ngtatysts teat pad ,novheraeisnatilye satigfpcintyedrdnaytee Viewpbinthott he
conposite particle is localized is present in a region extending froma

sur f acesadtiohhacthugyponih esd@iaomosid eopdidsitel pankicy isabpbRed W5htaf tHRh outer
equi val ent di aneter of the supported conposite particle materi al [3

The sSupggatE B GRPRORI ;Bé‘rti@l@,%t\jvérleedggrﬁﬁrﬁéi t@%édﬁrgﬁlérﬁs IsteM dsth F?J.rssl[c?f]’

wher ei n 25t he equi val ent di aneter t he support'ed conposite particle

T R R e
e.of the su

out er r f orted. conposite particle nmaterjal. The

suppor DL S entafes R ar e ST S LG et EBbE1yp P T7cORher i n

t he equi val ent di apeter of the supported conposite particle material is 200

jimorOf dgee of reaction apparatus and the like, and a loss of catalyst activity due to
composite particles dropping out from the support due to wear caused by collisions
between support particles and between support particles and reactor walls and the

15 like.
[0005]

With the foregoing in view, an object of the present invention is to provide a

supported composite particle material that maintains high reactivity for a long period of

time by stably supporting composite particles comprised of an oxidized nickel and X

20 {wherein X represents at least one of elements selected from the group consisting of
nickel, palladium, platinurm, ruthenium, gold, silver and copper) on a support, a
process for producing the supported composite particle material, and a process for
producing compounds using the supported composite particle material as a catalyst

for chemical synthesis.

Means for Solving the Problems



5and the supported layer in which the conposite particle is localized is
present in a region extending fromthe surface of the supported conposite
particle nmaterial to 30% of the equival ent dianeter of the supported
conposite particle material . [ 5] The supported conposite particle
nateriz: gﬁcording to any one of itens [1] to [4], conprising an outer

| ayer antially free of the conposite particle on an outside of 10the
supported | r i ich the conposite rticle is |ocalized. The
subported (S poertbpiitidtBoriiERTe SuRRE: bf ife chovBaRPLET CaRiaemEs ne
outer layer is fornmed at a thickness of 0.01 to 15 lin fromthe outer
surfacg‘%fpfﬁﬁ@”%dﬁb%itt)fs found thep] IThE SUPPRRIIeECUBRPYLS tRATBERt inedterial
material according to any one of itenms [1] to [6], 15 wherein the conposite
parti cFeMpESing AeaRropide tacideslicamirisedosl an onidizéd nickahand Kg{wherein
supported conposite particle material according to any one of itens [1] to
[ 715 whepresents solgassicncoolklanatnts wflectedkedmathd drdup tbmesistimpasirtiekel,
particle, in terns of an atomc ratio of Ni/X, is from0.1 to 10. [ 9]

The suppiadiach, Tres treitiatidine heldreliesi ahd @epoediarg &aupbyrtasrewdich trens [ 1]
to [8], 20wherein the conposite particle has a core fornmed of X and the

core i goppRLRd Jai/a'rﬁae%rei o f%ik.%iy- corliﬁ%mq *ge? ai’eﬂﬂeﬁﬁ@rﬁj,o@%'@%nﬁﬁod?@“ cle

mat erial according to any e of itens wherein the support is

f or med : LUm iin i licas it tal silica
bnd a1 Bartchés B METSEERR g SESBRRGRP BRI NiREN SN A | P
material ,in which the conposite rticle forned of an oxjidized nickel and X
(whor ePRAESpieBeRTe by 2 segfic raios thmahbie Ser ey ReBiTHE3Psup
consistin %L ni ckel , pall adiu plati num ruthenium gold, silver and
copper JE§AV &b@'ppgd,egmpgt%cgmﬁ%}qn,oféaﬁﬁwssqrﬁg)ventlon. a first step of

obt ai nl[d‘tﬂ)ﬁ m xture at a tenperature of at |east 60C by m xi ng an aqueous
slurry*contai ning a support on which is supported an oxi de of at |east one

of 5 basi cwﬁg&,,sthfgﬁérggé@qn@érqmmg Sgﬁégégr)gg%%g ing of alkaline netals,

al kaline earth fretal's and rare earth neta nd an aci di ¢ aqueous sol ution

of a Sﬂég%%ﬁﬁéﬁéd 5‘%@03*@éghm@%&%‘ﬁéﬁhﬁgﬁ@e X; and a second step of

heat - t a precursor contalne re. [ 12] The process for
duci th t i, t ticle material - di 10 tp it

FHp L s e

of basjc netal ? sel ected fromthe group consisting of alkaline netals,

al kal i f@sbape Rt pianagrds sptected BomAPe9raee gprsisting phrjgketyga %d&é@s%'a%lﬁm:

produci ng the supported conposite particle material according to item][11]
or [ 12]uthepiermsigeld elvagaedaepreeiirayd f urt her conprises a sol ubl e al um num
15salt.

a support on which the composite particle is supported,

wherein the supported composite particle material comprises a supported layer
in which the composite particle is localized.

20 [2] The supported composite particle material according to item [1], wherein the
supported layer in which the composite particle is localized is present in a region
extending from a surface of the supported composite particle material to 40% of an
equivalent diameter of the supported composite particle material.

[3] The supported composite particle material according to item {1] or [2], wherein

the equivalent diameter of the supported composite particle material exceeds 200 um,

NS
o

and the supported layer in which the composite particle is localized is present in a

o



[ 14] A process for producing carboxylic acid ester conprising:

reacti ng an al dehyde and an al cohol in the presence of oxygen by using the
supported conposite particle material according to any one of itens [1] to
[10] as a catal yst. 20[ 151 The process for producing carboxylic acid ester
according to item[14], wherein the aldehyde is selected from acrol ein,

met hac redien mxtmdndrby Bar emtien @ﬁlqutbﬂ-Ql]Jrfa_(f@Opﬂ’@CQﬁ?dr@'d ooragusitagarticle
carboxylic acid ester according to item][14] or ], wherein the al cohol

i s net henetial 25Advant ageous Effects of the Invention [0008] The
supported conposite particle material according to the present invention is

abl e t oymetmng euﬁp&twchrﬁgs%tevg%rmg%vmgte%az %E@or%ﬁ{g)f%qté?% J‘J ﬂz?%ﬁérfel ciently

usi ng onp05|te partic ortrn cles

8? ”2['eﬁied?ﬁ%%*?@&ﬁ%hﬁd#ée%t%%%ﬁ%apﬁaﬁ cea?msi??pk@h%? HERa 2Dt fRae.

i nu r ut heni u ilver and cop on a support. Brief

(i GOHdhe éwppe@féen%tagw ngﬁmdbg]comé?@e pﬁf@ﬂ%»ﬂ% (oeRltedis ireseing ¢ ay
anal ysi s usi an X-ray mcroprobe of a particle cross-section of the
suppor fegor @ﬁ%@@in@f@@rtﬁa@M@‘aﬁﬁtoéih%lsumorada@mn@oaie Fargcleamsieoins ta Be%
results of X-ray analysis using an X-ray m croprobe of a particle
cr oss- et equivilenhdiaggperooittbd scpppdsi termpastte padicmneatedsl. of Exanpl e 2;
FIG 3 shows the results of X-ray analysis using an X-ray m croprobe of a

éiﬁ;‘; ﬁ Eﬁj: \e/Terw sespcraRt camMpoditd hartiskenpardref aceurarg) toaaryasid of ieom8 gitd #4), of
comprising an outer layer substantially free of the composite particle on an outside of
10 the supported layer in which the composite particle is localized.
[6] The supported composite particle material according to item [5], wherein the
outer layer is formed at a thickness of 0.01 to 15 pm from the outer surface of the
support,
[7] The supported composite particle material according to any one of items [1] to [6],
15  wherein the composite particle has a mean particle diameter of from 2 to 10 nm.
[8] The supported composite particle material according to any one of items [1] to [7),
wherein a compositional ratio of nickel and X in the composite particle, in terms of an
atomic ratio of Ni/X, is from 0.1 to 10.
[9] The supported composite particle material according to any one of items 1] to [8],
20 wherein the composite particle has a core formed of X and the core is coated with
oxidized nickel.
[10] The supported composite particle material according to any one of items [1] to
[9], wherein the support is formed of an aiuminum«cohtaining silica-based compaosition
containing silica and alumina.

25 [11] A process for producing a supported composite particle material in which the

composite particle formed of an oxidized nickel and X (wherein X represents at least
6



Exanpl e 1; and FIG 4 shows the results of X-ray analysis using an
X-ray mcroprobe of a particle cross-section of the supported conposite
particle material of Conparative Exanple 2. 20 Best Mdde for Carrying Qut
the Invention [0010] The follow ng provides an expl anation of the best node
for carrying out the present invention (to be referred to as "the

pr esenbnendfogliements' selcthey frohl avd rEoRb>eahodting uf niskaX eaMbdiline biatum
expl aining the present invention, and is not intended to limt the present

| nvent k@fehRnRrlord (dier &FPeshoEts sJégorgaeéﬁeta gtge/&n,idesw?sm e carried

out in various Torns W thout deviati romthe dist thereof.”[0011]
[ Supported It Ticl J ite. particle
ot or | al - adoraneg 4 Sorng Sl AL aE st eSS P E b R
parti cl omprised of. an oxidi zed nickel and X erej represents_ at
onst 6le SR SR oBRA U FT BRiE’ i Stk pecring Graberame o
pal | adi um %I atinum ruthenium gold, silver and copper) and a support on
whith PRECCHREIS Seiegied T d5e Hraup e stey, ohmikahag metalp palkakice leayler i n
whi ch the conposite particle is localized. 10[0012] The term "supported
| ayer NMetalRia fahe cosipostals arat an doidic agecbos abiutied ofus ediuber siatalrediter s to
a region in the support in which the conposite particles are concentrated.
| n t hecenlppong ettkebamb&id X; padticle material according to the present
enbodi ment, since the conposite particles are not randomy supported in the
support, asecond step of heat-treating a precursor contained in the mixture.
[12] The process for producing the supported composite particle material according
16 toitem [11], wherein the aqueous slurry further comprises a salt of at least one of
basic metals selected from the group consisting of alkaline metals, alkaline earth
metals and rare earth metals.
[13] The process for producing the supported composite particle material according
to item [11] or [12], wherein the aqueous slurry further comprises a soluble aluminum
15  salt
[14] A process for producing carboxylic acid ester comprising:
reacting an aldehyde and an alcohol in the presence of oxygen by using the
supported composite particle material according to any one of items [1] to [10] as a
catalyst.
20 [15] The process for producing carboxylic acid ester according to item [14], wherein
the aldehyde is selected from acrolein, methacrolein or a mixture thereof.,

[16] The process for producing carboxylic acid ester according to item [14] or [15],

wherein the alcohol is methanol.

25 Advantageous Effects of the Invention

[0008]



15 but rather selectively supported in a fixed region, this region is
generically referred to as a "supported |ayer in which the conposite
particles are localized". In the supported conposite particle material,
since a region is a "supported layer in which the conposite particles are
| ocal i zed" provided the conposite particles are concentrated in a fixed

region as qeEPARSreHtdb e Wlélé%éter%béébrﬁﬁ@' t@ﬂhb%or@s@@t inSERRAT ksed
| ayer in which the conp03|te particles are | ocali"’zed" can be determ ned by

X-ray gb%r %’rrﬂgﬁtﬁ %P deéc?vﬁ? &%? %' egoh%&ﬁ & tifdeO! S%ﬁwgﬁl&ougf@c”on

reflected i mages o t ai'ne I Oon scann

m cr os | ich the e partlcl

Tocal §§@‘%°§*T€r%ﬁ LRSI b it ntSUPROQ"%goawogﬁ?Zﬁaﬁw § PR e oftBee of

t he suggorted conposite particle material to 2540% of the equi val ent

di anet 8ridsec: Hekal Fport WNeEBiRpd SPPEESEAK: Ptieashane qf alements ﬁ%‘egs@spf@@med

| ayer in which the conposite particles are localized is present in this

r egh onthe giesiperoneistisg of nigket, wailadumapistingm, i ana B goltssiver leind copeesuppor t
are reduced, which tends to inprove reaction activity. [0013] The supported
conposbnei$anxrble material according to the present enbodi nent 5can have
various sizes and various shapes such that the substantial thickness of
particle dianeter is on the pmto cmorder. Specific exanples of the shape
of the supported conposite particle material may include various shapes
such agrigpPREETutPVEH the BralWimgier s, tablets, hollow cylinders, plates, rods,
sheets, honeyconbs or the |iKe. The shape of t he supported conposite
partlcﬁﬁxmﬁterlal can be suitably changed 10 according to the reaction
form and in a fixed bed reaction, for exanple, hollow cylindrical or

hokey comb- Eh@padshrws itee gesuite of eX-cay ealss wsinchenr Xirew picsepiabe pbss,
whi | e spherical particles are typically sel ected under conditions of

sus pendangztei oroasisiegtion op tressumanadycorhif@sdid pdrbdleematerial bEEwampleeht

di ameter” used herein refers to the dianeter of spherical particles, or in

the case of|Gr pegdvas lthie Seaprsl apaX rag | Sailydid @istHpemt Brra9f mecrsplageeohavi ng
an equal volume as the particles or having a surface area equal to the

surfac neasur i ng
o ScpaatEnohp beianel UF il ol B ichaTeresa R

sing a faser

di 1 act | opiacat 6] 09,896kl 6l 5548y Panlie U Aﬁ;gwﬂt@%@@@%@pg@r at us

and using the resuftin ue as th equi I"anme rnati er
electron

|
o osEAEIS Sasy tesia ool Susk S%%&%%éﬁarnarhﬂa. VAR AfeeaeBoors,

Example 1; and
FIG. 4 shows the results of X-ray analysis using an X-ray microprobe of a
particle cross-section of the supported composite particle material of Comparative
Example 2.
20
Best Mode for Carrying Out the invention

[0010]

The following provides an explanation of the best mode for carrying out the
present invention (to be referred to as “the present embodiment”). The following
25 embodiment is exemplified for explaining the present invention, and is not intended to

limit the present invention to only this. embodiment. The present invention can be



25The thi ckness of the supported layer in which the conposite particles are
| ocalized is selected to an optimumrange according to the thickness of the
support, particle dianeter, type of reaction and reaction form Furthernore,
since the "equivalent dianmeter of the supported conposite particle
material” is usually the sane as the "equival ent dianmeter of the support”,

the "eguimel euttin daAoRs firmef witheutsiappaingefomenpoiittieerpaf.t i cle material* can
be determ ned fromthe equival ent diameter of the support. 5[0016] For
exanmpl €011 the case of using a support of a size such that the thickness

of the_support exceeds 200 Rm (for exanple several mmor nore), the
supporigﬁ?&tﬁ% ?W@O%‘?ﬁaéq'@eﬁéﬁ%‘ﬁﬁlil is generally used in a liquid phase
reaction having a conparatively slow reaction rate or in a vapor phase
reaction. TH@sSURPPrgHc@MRasiesaric!e septerial accandion te Hee amsenteabogonent in
the formof conposite particles extend fromthe surface of the supported
conposicomppiaes i wnep omiteepadic dsocdid@sisdd tdieare quidizdd mickdl amelt Xr (vdfertme X
supported conposite particle material, and a | ayer in which the conposite

parti ckasreaemtssatpieakt ethet of 8xnmarits asBlédiad HbAr theugfoapecohsitiivgy SmeHd ed
conposite particle material but not supported inside the supported

conposphgadaht ipfatRuhd TRtedHigh, gbf@f‘ SAYOPARS %gggggn.gﬁ %eﬁgegbhi&{ i g al

can be obtained that 'is resistant to the ef | ffusion rates of

ef ect Coapy e gAY ipndk SRR 3 SR iR AEMRP AR ragsiene
SUPPOT ol P0Gy, | 55 the
10 [0012]

The term "supported layer in which the composite particles are localized" used
herein refers to a region in the support in which the composite particles are
concentrated. In the supported composite particle material according to the present
embodiment, since the composite particles are not randomly supported in the support,

15  but rather selectively supported in a fixed region, this region is generically referred to
as a "supported layer in which the composite particles are localized". In the
supported composite particle material, since a region is a "suppaorted layer in which
the composite particles are localized" provided the composite particles are
concentrated in a fixed region as compared with other portions, which region is a

20 supported layer in which the composite particles are localized" can be determined by
X-ray microprobe analysis to be described iater or from secondary electron reflected
images obtained with a high-resolution scanning electron microscope.  The
supported layer in which the composite particles are localized is preferably present in
a region extending from the surface of the supported composite particle material to

25 40% of the equivalent diameter of the supported composite particle material. I the

supported layer in which the composite particles are localized is present in this region,



20conposite particles are preferably supported in a region extending from
the surface of the supported conposite particle material to 30% of the
equi val ent di aneter of the supported conposite particle material. In the
case of using in a liquid phase reaction in particular, the support was
conventional ly designed to have a snmall particle dianeter in line with the

reacti @fie ¢ifecisOoft Hifusibhattss of tHhreddastiwithinahe supdotthere2idiicbapWhech
diffusion rates of reactants within the support. In the present enbodi nent,

a hi ghly~gac Mﬁ)fé\%p i6H L£pompesite particle material can be obtained

wi thout reducing the particle diameter of the support by reducing the
thi ckn¢s®13)f the supported layer in which the conposite particles are

| ocal i zed. Nanely, according to the present enbodinent, it beconmes easy to
separ at e t Ndhectupioptedt doynpzastitiel patticietheteoblacaesdingitndghée praseat athbadimget of
enabl ing separation to be carried out using a 5 snall-volune separator.
Howev ercani haveheanmlidigiesf atidheapons ishaped wehphst tiee Babkiatitiab thickidw of
supported conposite particle material that are not supported becones
excessipgetidie lodrBster {henAbUIR BUm 'Rasl I Shdyfid BRarhpRS! dfoRePHageost Maner

i ncreases, thereby resulting in waste. Thus, it is preferable to set the
parti cl i : - r: I t.hi t rted
Payer isﬁp%ﬁ%ﬁ%@@#%gtté At e P4t rtaflt?l%g @gpbé%&ﬂé@gﬁg% Lbntde 88

ayer Lo GOMESLLe B Chs, 4 G Ial SUPROLLES ArcoLlpncl Bl e

have an. outer |layer substantially free of conposite rticles on the
out si dd 61 Shre S JheraBROrEHeromAOBI SRTIS TEoipab AR Bt EPksCaaded
| ocal i zed. The outer layer is preferably forned at a thickness of 0.01 to
151 ¢n f A6RPIAIRD daittbe regefian doan, end Wupplbrad bad wacken) foroexgnpiel digigw he
outer layer within this range, the supported conposite particle nmateri al
can be cylrdticas oahoee\aoyi-ssapenh phiticlassarstsihected doattaltlyst lopopresaungloshat
inhibits the | oss of conposite particles due to abrasion in reactions using
r eact omghileusitherizah phtitladi 264 typechilybsdibbted2hderotanmitiorss of suygerdiag o or
other reactor for which there is the risk of friction of catalyst
parti chiggid pHdsé difdry.eactions in which there is accunulation of catalytic
poi sons. In addition, since the outer |layer can be controlled to be
extremf@d@14]lhin, | arge decreases in activity can be suppressed. [0019] 25The
t hi ckness of the outer |ayer substantially free of conposite particles is
select ed t d Nentedipt ieauivaleilqdametar disag haseinhefersdettheiamateaQfsphericals,
physi cal

particles, or in the case of irregularly shaped particles, the diameter of a sphere

having an equal volume as the particles or having a surface area equal to the surface
area of the particles. Equivalent diameter is measured by measuring the mean
particle diameter (volume-based) using a laser diffraction/scattering particle size
20  distribution measuring apparatus and using the resulting value as the equivalent
diameter.  Alternatively, number average particle diameter as measured with a
scanning etectron microscope (SEM) can also be used io represent equivalent

diamster,
[0015]

25 The thickness of the supported layer in which the composite particies are
localized Is selected to an optimum range according to the thickness of the support,

particle diameter, type of reaction and reaction form. Furthermore, since the
10



properties of the support, |oading of conposite particles and the like, and
is preferably fromO0.01 to 15 pm nore preferably from0.1 to 10 m and
even nore preferably from0.2 to 5 m If the thickness of the outer |ayer
(conposite particle-non-supported | ayer) exceeds 15 m although there is no
change in the 5effect of inproving catalyst |life when using the conposite
parti cl'eguieslent diatretersaf,the Buppbrad sompoaitd @arteds materiaiatsalsailly aieé samiey. | f
the thickness of the outer layer is less than 0.01 pm susceptibility to

| 0ss ohsahé abysivalRar diafiletsr SfUBelRAPRBHBSHEMe§@RERNt BidntEFaEthe S04 I N
the present enbodi nent, the term"substantially free of conposite

parti ckgmpodfie I8 §hALNal &P Se tdéééﬁﬂﬁgé@ﬁ%gﬂﬁ&@%ﬂ%?&ﬂ%@ 1@ Qedls

i ndicating the distribution oxidize erein fFepresent s at

| east el enents selected fromthe group consisting of nickel,

pal | adi uﬁﬁ) pl ati num ruthenium gold, silver and copper) having a rel ative

intgns'{@mg])f 10% or nore in X-ray mcroprobe analysis to be described | ater
or in secondary electron reflected i nages obtained with a 15hi gh-resol ution

scanni ng elFectaxampie, dndise cpse of 08RY] a suppord be acirpestt thaqpané iletlesessfoft he
present enbodi nent are particles conprised of an oxidized nickel and X

(wher eirip éuggaﬁeéﬁ@basaiod) eaRt (fOMexainpfl *ERBET PR @FtRdrd)r Qﬁé?%‘!@) FRHP

consi sting ni ckel , palladium platinum ruthenium gold, si r and

20copp : I t-he, oxi 6 i : [helude

i okl ConPgeRd ke SRR RERRARC s G L PEeR EEBip TR o2
Ni 304 | i . oxi des cont aj.ni ng-ni ckel such as

i ckel S8TPRE S SERGETEIT By ip iy TP oo TR Vo SR ror e
tyﬁfs of .ot her mﬁ@)l el enments and Qxyﬁeg, or a solid solution or m xture

t et eof *qfo a3 Nich the agtiye cpRRNGHtIRATe Sainyef caspgsie Peririee pEesdiiern
conpound contai ni ng ni ckel and oxygen. Nickel oxides may include the

previ oti§ §UE§3@wfitgeewmpﬂ@¢ @rapotep partigies meterialNR 88 %o pf Riyel resrubalener eof |
hydr oper oxi des of nickel containing an O0OH group, per oxi des of ni ckel
cont ai diangetan ad2hgr sugnortasd coimposite sparticleeofatertdl0@R4d] a layer i rwiadidithizon,
the term "conposite oxide" used herein refers to an oxide containing two or

nor e t gpaposite pattales afheupmirtad ROBDQEH e Xl SlLitdrsamidrer & thelRiPbieto an
oxide in which two or nore types of netal oxides forma conpound, and

al t hougbmpbsitdphHERS kil DILE nBXEGSISorie ireRRM MU orRd dsidpRygaci d as
a structural unit (such
15  material, the supported composite particle material can be obtained that is resistant to
the effects of the diffusion rates of the reactants. As a result, the composite particles

can be used effectively.
[0017]

On the other hand, in the case the thickness of the support is 200 um or less, the

20 composite particles are preferably supported in a region extending from the surface of
the supported composite particle material o 30% of the equivalent diameter of the
supported composite particle material.  In the case of using in a liquid phase reaction

in particular, the support was conventionally designed to have a small particle
diameter in line with the reaction due to the effects of the reaction rate and the

25 Intrapore diffusion rates of reactants within the support.  In the present embodiment,

a highly active supported composite particle material can be obtained without

11



10 as pervoskite oxides and spinel oxides of nickel), it refers to that
havi ng a broader context than nultiple oxides, and includes all oxides in
which two or nore types of nmetals are conpounded. Oxides in which two or
nore types of nmetal oxides forma solid solution are also within the scope
of conposite oxides. [0025] 15The present inventors found that, in the case
of usi ngdludieg sbppparticid camasr taf far tsupbertnay ercdatingc dwr dhicgnéss tdiether esent
enbodi ment as a catal yst for synthesis of carboxylic acid esters, by

conpousdppartet Riyet irbwhid thi tBmbositB Dartithées ard Ioeali2dd/t i amBiyl bedor@fngtocke!
oxi des having oxidative esterification activity can be brought out and a

remar kghd pﬁré@ieahgﬂnaﬁgkn@t, g ababyst e%%%fters@gﬁﬁeWc%ﬁgﬁ%ﬁﬁ@,eﬂe | ke

that 20 realize catal yst conpri se each ¢ ent one. This is

t hough : : | ct_.d < s a.result_of conpounding a

ni ckel }%%Lﬁ‘b'&ir{ﬁ gHrﬂ#dG%b%taﬁ;% | sOft %gggligjﬁe%%{ﬁgomégeﬁgcgtaf;ﬂe)ggto@cws;gﬁ 3
cogl et?’lli% diifferent fromt hat de_g%strat ed Tﬂé each copponent al one due to
a dual SFEHNIYRGISeRpralet WRES 1HEI VIS OfBRRGRERR 8F 6PMPRYItS BRMiglSSon of
a new actjve species. On the basis of this novel 25concept, in the case of
suppor i1 AgeospFta Hogksitgngaficn matrimhotngt | area net ghuppatiesh desemest at e,
astoni shing catal yst performance unable to be obtained with conventional
cat al ySkeespielnldrget thebroluew neekqlicoRiby the readtmn peanphtainarfingeldes,s
selected for X and nickel oxide and gold are supported onto a support in a
hi ghl ytiirepgresultisg &t evastee meFHb lityishpreferablealoy sét ther fartioiang amateerees.
This catal yst was observed to denonstrate a hi gh degree of carboxylic acid
ester seppotitMeryqand] ®ickpass defrbiedoMedaX@EmAtvHIch 86ib¥kite patticlesSpec fi c
conposite ratio of Ni/Au as conpared with respectively supporting nickel
oxj gle -The: - i.gh
ol y N e P b e o e S R R FrEorie
conpri al one, and 10 t he appearance of catal yst

per for %gg%@rnggﬁgh?gggﬁ%%thei r compounding is strongly dependent on the
suppor[(gyiggorrpositi on of nickel and gold. This is presuned to be due to the
presence of an optinumratio for the formation of a nickel oxidation state
that is opflheusuppsrtéd econeasditecopartiote thaerimanneay , alboghbhye piroraunentiayer
conpoundi ng effects, which cannot be predicted fromthe sinple conbined

addi t i eibsthneARTrddoCesMPOaH patieRe orfthe ElRSBBIf A 8doddrtdd gk | whith
di spersing two conponents conprising the nickel oxide and gold and

S or k4 ; ; f 27 T : J il e
rrabnﬁe)ri g?lﬂlgﬁglﬁﬁgﬁ'cgol 5 ilécas!iezlgg'ct]g efoéjrteﬁigﬁ%\s/%&’?ﬁ(?}%gﬁdu zeg %%%E’g@maéﬁg gol d
suppor 0, u re i hi ghl i rsed. state, an 0 _bat.h
comon2hoSTnEV1S yELABRL e Al ey oBMBERIBR 2t At R Rl sharafihovie.
Based gn, the results.of trapsm ssion electron ni ¢groscope/ scannin

1 ansnPUET SIS IaRIT B FArdeo deopiPROTEH STER S R 8 T RG] FRIRPP YSedRer | cal
nanoparticles measuring 2 to 3 nmare unifornmy dispersed and supported on
a suppsriatalxgicerenaly regsiant & catalydrroisening dhat ehititsehrdasp &f osiesitay
energy dispersive X-ray 2E spectronmetry (EDS), all of the particles were
obser vearticescdus & abrasedeln wattigo$ dsirgnaches mickals adisidibsd beddbtioblbe

coating the surface of gold nanoparticles. In addition,
20 column, stirring reactor or other reactor for which there is the risk of friction of catalyst

particles, and in reactions in which there is accumulation of catalytic poisons. in
addition, since the outer layer can be controlled to be extremely thin, large decreases

in activity can be suppressed.
[0019]

25 The thickness of the outer layer substantially free of composite particles is

selected to an optimum range according to the reaction characteristics, physical
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a ni ckel component al one was al so observed to be supported onto the support
in addition to the nanoparticles containing nickel and gold. [0028]
According to the results of X-ray photoel ectron spectroscopy (XPS) and
powder 5X-ray diffraction (XRD), although gold is present in the formof a
crystalline netal, nickel is presuned to be present in the formof an

anor pheuspaxesier thaviuppost, MM@W@W@Q@&a%ie@%M@iiE&ePénd is preferably

ul travi ol et-visible spectroscopy ( Vis), a surface plasnon oabsorption

peak (@londloayt t$38 ) nﬁrégsgt@gefragg FdRD.99h egﬁp%& 59%@% Sﬁrre\@%b%egm d

nanoparticles of a 'single ecl es was erm ne I sappear n

ni ckel id ng.gql d re n e epomenoq. i Vi .

di sappg?rﬁl‘an?'e?ogot% s“sUrfaggngf%sﬂﬁ%‘%%gorg{]i ﬁﬁe p@g%rmgég‘%‘u'bt ch]&%?si}tgd in
catal ysts. conpri sed qof conbinations ol d and netal oxide species other
t han niP@Qéq?e%Bpﬁgpﬁgﬁegﬁggﬁer\)e%;(cgggs lﬁgh Vedlppugh igreds peSange: inothe

(i ncluding netal oxides such as chrom um oxi de, nmanganese oxide, iron

oxi de, eéfsgfa@ft'wm@g cagprife s esing ithe ceipgsite peRiicles gaphealeastdhss this
surface plasnon absorption peak is thought to be the result of the

f or mat IATSHP Gadedrrese &) eatphshastivtye Idhe dniskiness oftbecoterdayei istless dem

bet ween oxi di zed ni ckel and gold, or in other words, the result of

hybr i di0Z3t juon soécepiibilty relwsefof 28mmptsabhittiehdnd cmbbspeei #9ds[tO0Dbase.
Conversion to highly oxidized nickel oxide can be confirnmed by a col or
change{QQO%)]cat al yst and ultraviolet-visible spectroscopy (UV-Vis). As a

result of adding gold tq njcke| oxide, ,the nickel oxide changed in cqlor
from gr ayi Jh 107 BESeerb ehsineahdRE Ke™ S5 R GlE FeRoh EROROR IS PalcISS
absor banc(g over near| e(/) the entire visible Iight region. The shape of the WV
spett r HiFahereneredaisolo e sHastaatial glgenqer ef 5i prataidieatingatheotliskikytiop
oxi di zed ni ckel oxide (N 02) neasured as a reference sanple. On the basis
of oxidized nickel and X (wherein X represents at least one of elements selected from
the group consisting of nickel, palladium, platinum, ruthenium, gold, silver and copper)
having a relative intensity of 10% or more in X-ray microprobe analysis to be
described later or in secondary electron reflected images obtained with a

15 high-resolution scanning electron microscope.
[0021]

The composite particles of the present embodiment are particles comprised of
an oxidized nickel and X (wherein X represents at least one of elements selected from
the group consisting of nickel, palladium, platinum, ruthenium, gold, silver and

20 copper).
[0022]

Preferable examples of the oxidized nickel may inciude nickel oxides formed by
bonding nickel and oxygen (such as Ni;O, NiO, NiO,, NizO4 or NiOs), and composite

oxides containing nickel such as nickel oxide compounds formed by bonding nickel

W)
[ %2}

and X and/or one or more types of other metal elements and oxygen, or a solid

solution or mixture thereof.
[0023]
i3



this finding, nickel is presuned to be converted to a highly oxidized

ni ckel oxide by the addition of gold. [0031] On the basis of the above
results, the structure of the conposite particles in the 5case of selecting
gold for Xis believed to be such that the gold particles serve as the core
and the surface thereof is coated with highly oxidized nickel oxide,

wi t hout anyhgoledndhohsl grigsensedhetdie reford mce cofmpoied compisingenipasitdre es.
[0032] The supported conposition of nickel and X onto a support is

pref er @hy? ey tm;cﬂeaos(@egemep IcRIBO RO phrévilud) ei@?ﬁ;ﬂ.fi@deW@bwa.b n a
range of fromO0.30 to 0.90, and even rmre preferably within a range of from

0. 50 t@\hﬁ)l\?g&’f\i&@sb%l aﬂzfs ﬂw'%?ecﬁ"’r“itn YGp ers q&o%f ri\lklée(l@bn@ﬁhg a-ﬁr@ l—fé{)@y at oni ¢

rati o of used here aratio o patom;

of nic rt to ot al er of atoms of ni ckel
and X E%E‘T%‘t%?ﬂsl@ge %@hﬁa&if‘@@";@% Lipeéngﬁ‘é'xt%?é*?%(ﬁ supported onto the
supyor{oogn; a highly dispersed state. The conposite particles are nore

pref erably supported by being dispersed in the formof mcroparticles or a
thin film laadditbe, teasrmacempbsitalbrioet ased hergotefiess [ &f exiabl dorkdiamg2 t o
10 nm nore preferably from2 to 8 nm and even nore 20 preferably from 2

to 6 nvo or mbie #B8s RACIBR 1 I1HeltenaBhRoshE &G CQIRPBbESH PaS & %?1 I's

wi thin the above ranges, a specific active species structure conprised of

ni ckel o2 it Wisich QWBPCQ rﬁ{)‘lqa fé@%%tdf %?bkﬂe%%o?rﬁ@ﬁo%@o?ﬁgré’r‘(c? athS (] rrean

particle dianeter In od| nment hunber ~a age

d h I
(Tem AR a@aﬁ?ém ROt e 8o o oL O e AR P PR LRAL B EIRRECL  on
ot AP ey SRS SN IR GAReE! GRKED! AuBHETByorBRChFYIAgG § hesacer

context than multiple oxides, and includes all oxides in which two or more types of

metals are compounded. Oxides in which two or more types of metal oxides form a

solid solution are also within the scope of composite oxides.
[0025]

15 The present inventors found that, in the case of using the supported composite
particle material according to the present embodiment as a catalyst for synthesis of
carboxylic acid esters, by compounding nickel oxide with X, the inherent catalytic
ability of nickel oxides having oxidative esterification activity can be brought out and a
remarkably high level of catalyst performance can be demonstrated unlike that

20  realized with a catalyst comprised of each component alone. This is thought to be a
unigue effect demonstrated as a result of compounding a nickel compound and X that
s the result of a novel catalyst action completely different from that demonstrated by
each component alone due to a dual functional effect between both metal
compenents or the formation of a new active species. On the basis of this novel

25 concept, in the case of supporting oxidized nickel and X on a support in a highly

dispersed state, astonishing catalyst performance unable to be obtained with
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di aneter of each particle for all particles. [0034] The conposition of
nickel and X in the conposite particles is preferably within a range of
fromO0.1 to 10, nore preferably within a range of fromO0.2 to 5.0 and even
5 nore preferably within a range of from0.3 to 3.0 in terns of the atomc
ratio of Ni/X. If the atomc ratio of Ni/X is within the above ranges, a
speci f iconaettiorami spedists wab rditd W e eeapedsed of nickel and X and a ni ckel
oxi di zed state optimumfor the reaction are forned, and as a result

t her eoflQO0Zti vity and selectivity tend to be higher than a supported
conposite 8__arti cle mat ericﬂ! congri sed of nickel and X outside the 10 above
ranges. [ O003BIEXAMMBUY IS telgrledifar fapnd inkel okidsi and pelksarsnsunRertesk m of
t he conposite particles provided both of the conponents of nickel and X are
cont ai FEEP tth&rePPI! ipra gy Jsirssad caponemeaskally gk setlystnpefiermemds cl es,
and the particles are in a 15 form having a phase structure, such as a

sol §d sppesion Biis watalys was whisehvechendealonspats eshighndegrey afcearpyxgicy st al
sites, a core-shell structure in which each cheni cal species is separated

in the seibpatal serognt rdrel sPheheriergbl@ningbyopeat NhasetivigPat & | Ycific
structure in which phases are separated anisotropically, or a

het er oleARRIEIr5Sbf NPAYLS dofnhba ithaeBoshR/E,Fél ' |
adj acent to 20 eéch ot hera or? tbhgg par‘ti clg &s.tﬁ;ré?%%lépp?ﬁl\/gf%ﬁ%@]{%r“g%ﬁflsaftdhe
conposi i v i i F e oprised . of X
and Oxiagﬁeggﬁt%iagiﬁﬁm{?g grorget éeagéi%{%‘lsweeﬂsbués ag%g]@éﬁtc%‘ééi%cr %@Wﬁ&f@‘e&?'e no
partic imtations.pn the shape of the.co site particles provided
ot b coNgB i PR B Capbrt R IeR. oo 44 DL Rap. RPN SIS, R or
hem spherical and the |ike. 25[0036] As previously described, transm ssion
el €¢t r O1f APEPRISEERY! SERIStrRPHGTHIRS IR SaS 8rieayibof el PePeYedpy is BERNSTEM) |
for exanple, is effective as an analysis technique for observing the form
of t hedepapaetta her supsosied conapesiterent aickelard gelds ihisisrprebempdrtoivel es
and extraction of images of the distribution of elenments therein are
possi bdeeldy the madsendengl amaoppaum chtes foltbe foedation SENM ETEMoMddtioanstedeect r on
beam The conposite particles of the present enbodi nent contain nickel
that is optimum for the reaction. In this manner, highly prominent compounding
effects, which cannot be predicted from the simple combined addition of each
15 component alone, are demonstrated as a result of dispersing two components

comprising the nickel oxide and gold and supporting onto a support.
[0027]

The supported composite particle material in which gold is selected for X have

the oxidized nickel and gold supported onto a support in a highly dispersed state, and

20 both components have been observed to be compounded at the nanometer level.
Based on the results of transmission electron microscope/scanning transmission

electron microscope (TEM/STEM) observations, nearly spherical nanoparticles

measuring 2 to 3 nm are uniformly dispersed and supported on a support.  According

to an elementary analysis of the nanoparticles by energy dispersive X-ray

25 spectrometry (EDS), all of the particles were observed to contain nickel and gold, and

the nickel was observed to be coating the surface of gold nanoparticles. In addition,

15



5 and X in all of the particles thereof as will be indicated in the
exanpl es to be described later, and have been confirmed to have a formin
which the surface of X is coated with nickel. In the case of having such a
form the atomc ratio of nickel and X varies according to the |ocations of
the conposition analysis points in the particles, and nickel is detected in

| ar ger zanipdst sorapohdiet gldpasved didie opasivied! esbé @@prnea hent6 aRE rAppdkt in
portion thereof. Thus, there are variations in the atomc ratio of nickel

and X deRaRdi 84he RahbBark BRAIIPRINAG ke aalgeRl s poi nts even among

i ndi vi dual particles, and the rangé€ thereo s included in the range of the
atom c [0@28]Jo of Ni/X as previously described. [0037] 15In the case of

havi ng sel ected gold, silver or copper for X ultraviolet-visible

spect r oscofyccCUInYita Iha esalts of Xettyi phteelanson spederrdopyi(XE ) endspawrur e
thereof. In the case of nanoparticles of gold, silver or copper alone,

coupl i ngraycdifiractivat (4D), tdithophbt gebds toreserdti iel theoformhef aicsydthiing omegar
infrared region and free electrons on the surface of the nmetal resulting in

the oceigkeens @resumudf RCBePpRIERN AR RFMOBf drobnPphEXRX® HANRRY @
catal yst supported with gold particles is irradiated with visible I"ight, an

absor ptyefergRect rumi s observed that is based on plasnon resonance
originating fromgold particles at a wavel ength of about 530 nm However,
in the[@gyorted conposite particle material in which nickel oxide and gold
are supported according to the present enbodi nent, since the surface

pl asnon abd¥n g drasihef adiradoiehyisiele sspagtiodceran (UY-\dehsa derrkdet plasmonbe
present on the surface of the conposite particles of the present

enbodi meaorptiohQN8H (athabycait &30 ne) Eaidinatingafroini goltiatarpsrites esesleddinf or m
of the nickel provided the prescribed activity is obtained, and is

pr ef er gblynaroRiti @89 6P RIS ﬁfemisbéMésowaQhéfér%é&t@fdﬂ@éﬂf&e@rvﬁnémicgaser ved

in X-ray diffraction. As a result of having such a 5form in the case of

usi NG 88 64 AS et AmBSR OTHEREEBerbAlRLAGHLORicAbbBadKKgEs | S

presuned to I NcCrease, Ince the bonding Interface we he "oxi di zed
ni ckel Wale , even,. vt -t tained. .[ 0039]
't he V0P SuAoB RSP AR R FE bEE Btk bob e il D2 B oR G the
group consi stin f njckel | I.adi um. plati num ruythenjum gold, silver
and. copRRPINaRISIL ag 8N ristBr i seerietle Namoke! GrIBILSREPHEHS of
ni ckel , pall adi ung rut henium gold and silver. [0040
15~ have an effect on the reaction (including metal oxides such as chromium oxide,
manganese oxide, iron oxide, cobalt oxide, copper oxide or zinc oxide). The
disappearance of this surface plasmon absorption peak is thought to be the result of
the formation of a mixed electron state mediated by the contact interface between

oxidized nickel and gold, or in other words, the result of hybridization of two types of

20  metallic chemical species.
[0030]

Canversion to highly oxidized nickel oxide can be confirmed by a color change
of a catalyst and ultraviolet-visible spectroscopy (UV-Vis). As a result of adding gold
to nickel oxide, the nickel oxide changed in color from grayish green to brown, and the

25 UV spectrum demonstrated absorbance over nearly the entire visible light region.
The shape of the UV spectrum and the color of the catalyst were similar to that of

highly oxidized nickel oxide (NiO,) measured as a reference sample.  On the basis of
16



Al t hough the chem cal state of X may be a netal, an oxide, an hydroxide, a
15 conposite oxide containing X and nickel or one or nore types of another
netal elenent, or a mxture thereof, the chem cal state of X is preferably
a netal or oxide, and nore preferably a nmetal. In addition, there are no
particular Iimtations on the solid formof X provided the prescribed

acti vi thisifincipt picReds préurhed to BaY.oReeredd fes hyHiy yatigketiniekd] kMeasy @

anor phous form 20[0041] The term "another netal elenent” used herein

ref ersaggit@nc&@%%t uent elenment of a support to be described later, a third
conponent ot her than oxidi zed nickel and X contained in the supported
conposi@@31jarticle material, or a netal conponent such as an al kaline
netal, alkaline earth netal or rare earth netal. 25[0042] The supported
conposi t e 3t thechasismaf $d abowcEsuls nietsdrucheemf dbe ndompoesid ipesitlesasthe

oxi di zed ni ckel and X supported onto a support as previously described, and
dendnstrse ef ssleptimg goldefiof eCisdadisvad tebalduchfthhbothe gudd partiphsd serveadd thel es
conprised of oxidized nickel and X. Furthernore, the term "conposite

parti ckere U€dndELALe HRERbS st CoRedalitH BighlyCORtRR Mekdlidd®s 8thdut RRfY
nmetal species in a single particle. Exanples of different binary netal

speci e@o!@é(toi'r&%d%ggn hANeeY sl c?sofﬁﬂétdo?rgﬁ%ri]tbgial‘{*mlég both the 5 nickel and

X are iretal s an tal partic formn oy or intermetallic conmpound
of nick®3And X, and the case of using these as catalysts for chem cal
synthesis, the selectivity of the target product and the activity of the
cat al yst t dié suppleetedoaspadition oheickelpral Kehte enpagioricis paetarably witiiesi al
according to the present enbodi ment. [0043] 10The supported conposite

pard i crangembeiroml 0.20a0r@dagmoee phefemiey eithire abrad gawiitrops ©f3 &bDWOC @rai ns
oxi di zed ni ckel alone on the support in addition to the conposite particles

conpr i 866n ehoreXdrefcratly Witiiela @ndeor fribhe OBERL0SD, 1 teMrsbiZRE dibmitetatipot
conmpound with X furthéer enhancesS the structural stability of the supported
|

pound with X urther er e struct |
P enct | oA 2DT TR R PEIERE TR0 B RN S oPh e P AR R PR

o) hnToa B G B SLEAAK Aol BB L Daifod] oG

of nickel and X.
15 [0033]

The composite particles are preferably supported onto the support in a highly
dispersed state. The composite particles are more preferably supported by being
dispersed in the form of microparticles or a thin film, and the mean particle diameter
thereof is preferably from 2 to 10 nm, more preferably from 2 to 8 nm, and even more

20 preferably from 2 to 6 nm.

if the mean particle diameter of the composite particles is within the above
ranges, a specific active species structure comprised of nickel and X is formed and
reaction activity tends to improve. Here, mean particle diameter in the present
embodiment refers to the number average particle diameter as measured with a

25 transmission electron microscope (TEM). More specifically, in an image observed
with a transmission electron microscope, area of black contrast indicate composite

particles, and the mean particle diameter thereof can be calculated by measuring the
17



containing silica and alum na for the support as will be described | ater.
[ 0044] The foll ow ng provides an expl anati on of nechani smthat enhances
structural 20stability of the supported conposite particle material and
that inhibits increases in pore dianmeter caused by prol onged reactions as
wel | as the acconpanying growth of conposite particles by having oxidized

ni ckel dedrpgier pf eaeMpaniticfos W RREficled 0045] As wi Il be described later, in a
synthesis reaction of a carboxylic acid ester, by 25addi ng a conpound of an

al kal i ROt al or alkaline earth netal to the reaction systemto nmaintain a
pH of the reaction systemat 6 to 9, and nore preferably to neutral

possi bl e t d NEnPAMR@siieRopRiskalcand X iBthasemprsitapartisienis metesrblwitRin @aused
by aci di c substances exenplified by nethacrylic acid or acrylic acid that
ar e unigpge bf freroductos1@f meeg boxfgrabdy attihin aseege mf duue ti 2ho Seianidonen

[ 0046] 5According to studies conducted by the present inventors, in the
casg omararprgfangbloutitran pr@ingegddrare @3 to 8. ARc@rtisnyg the dtdwaio it afawi/X.
procedure descri bed above using a supported gold particle nmaterial in which

si ngl e4fconpensiic eicd oPNiIX G& egitdhetheUBPOVd §EnEBS OaasSaHROkLiGO BYdchad of
an alum num containing silica-based conposition containing silica and

al uni n@truémrré%wﬁlseehanmewgng deLgy g Rkel ddlze® St o hOQUER the

gradual 'y, int supported g particle nateria I's phenonmenon |'s

e Rl R R R
ey BRSSP Gl SRR RSl Beh b ne
silica-alum na crosslinked structure.ln 15addition, acconpanying changes
cabidi ngoaKe f#gaSase in pore diameter, sintering of

[0035]

Although there are no particular limitations on the form of the composite
particles provided both of the components of nickel and X are contained therein,
preferably both components are present in the particles, and the particles are in a

15 form having a phase structure, such as a solid solution structure in which chemical
species randomly occupy crystal sites, a core-shell structure in which each chemical
species is separated in the shape of concentric spheres, a anisofropic phase
separation structure in which phases are separated anisotropically, or a
heterobondphilic structure in which both chemical species are present adjacent to

20 each other on the particle surface. More preferably, the composite particles have a
form in which thev have a core comprised of X and oxidized nickel is coated onto the
surface of the cores. There are no particular limitations on the shape of the
composite particles provided both components are contained therein, and the shape

may be spherical or hemispherical and the like.
25 [0036]

As previously described, transmission electron microscopy/scanning

transmission electron microscopy (TEM/STEM), for example, is effective as an
18



the gold particles occurs, and this was determned to |ead to a decrease in
catalyst activity due to a decrease in surface area. [0047] On the other
hand, the presence of conposite particles and oxidi zed ni ckel 20al one on

t he support enhanced the structural stability of the supported particle
material according to the reaction procedure described above, thereby

i nhi bi Bhagsisneteases fbmomrreingitag%ﬁﬁ At 8bAWORItEpat e s URPSIshieNntary
particles. As was previously described, the formati on of nickel oxid

e
compou | i-de LePd ni | ot : id
col ut | anol3e MERPH|d Paftisc S SRl AR, o hel dSIhREh i cferehis
consti enent.s, of t. sypport 1s nsi der ed b behi nd t he
Feason 1P FieC PBRHRIR0y M oRRB b ol R e pun BRI i, 21
stabilize the silica-alumna,  cross|i %e structure, structural_ changes in
t he SUB%&“PQ?P%?H @ GRSt Paffiglep Jgﬁtpr@éewa@@b@ﬂga%mtycq%m@h.1 The
present inventors presuned that the appearance of this support structure
st abi | PRfAginetfddipe partiglas heraisisevitl betindicaladdnibe expaipias orhaseasorined he
support. Consequently, although this effect is naturally obtained in the
case Sterdianddhanedeen coofitraédéad hame adoposn wdhighathel sirecei of X is aatedetthwi t h
the support, even greater stabilizing effects are thought to be obtained in

the casikeki dhzhd gaiseksl hadngrseshnd fedhongeomothie ratippdmickd CRABK VHirise are
no particular limtations on the support of the supported conposite

10par t ket&dIRf &F trsd i@e%ﬁi%hgi&%h%océrh?oﬁfiéﬁ%ﬁalfﬁ@zﬁiirﬁ@% POyhHeksOXnd zed

ni ckel and X can be supported onto the suppor d conventional catal yst

SUPPOT hikHFRLdi8EicBNATaGRl s SiEYrSineaude SRR pdld48lthan in the central

10 portion thereof. Thus, there are variations in the atomic ratio of nickel and X
depending on the locations of the analysis points even among individual particles, and
the range thereof is included in the range of the atomic ratio of NifX as previously

described.
[0037]

15 In the case of having selected gold, silver or copper for X, ultraviolet-visible
spectroscopy (UV-Vis) is an effective means of identifying the structure thereof. In
the case of nanoparticles of gold, silver or copper alone, coupling occurs between the
photoelectric field of the visible to near infrared region and free electrons on the
surface of the metal resulting in the occurrence of surface plasmon absorption. For

20 example, when a catalyst supported with gold particles is irradiated with visible light,
an absorption spectrum is observed that is based on plasmon resonance originating
from gold particles at a wavelength of about 530 nm. However, in the supported
composite particle material in which nickel oxide and gold are supported according to

the present embodiment, since the surface plasmon absorption thereof disappears,

[
O

gold can be considered to not be present on the surface of the composite paiticles of
the present embodiment.
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Exanpl es of supports may include various types of supports such as
activated 15charcoal, silica, alumna, silica-alumna, titania,
silica-titania, zirconia, magnesia, silica-nmagnesia,
silica-al um na- magnesi a, cal ci um carbonate, zinc oxide, zeolite,
cr ystalél ine nmetallosilicate or the |like. Preferable exanples of supports
may in
activatedchgrcoal ,silica, al um na,silica-alum pa, siljca-nmagnesia,
251§ o ol uniHeZS st oS P Topet dHT BAIOBR IS cict PO kTl E PEGR! aravsied the
preferabl e 20exanpl es may include silica-alum na and ) .
si | i caPaPRAtibgs- AelyiysisaoDIEsD1aNh isddeferaily ivnen @merpppus dioryinowhigipes of
nmet al conponents selected fromthe group consisting of alkaline nmetals
(Li, NaliffrectictbpeakLale nal klasdrmed éani-tayndiffedodio(iBe AsMy restat, ofdnavang Bah and
rare earth nmetals (La, Ce or Pr) may be contained in the support. 25Met al
conponéntrs, Inhtile besco® wihgles ascatalyes of tarobxidatibngeaseh Aseraclisratgm or
acetates, are preferably used for the netal conponents supported onto the
suppor oxy§@958] presumed fo SHERAEE, GPRIPEIRBAtRS HRMIRLITMBHEES WhdtdeBhNthe
silica-based conposition containing silica and alumnumis preferably used
for th ?di%‘bo' T, - i r - rasi : n silica and
hi gher%gm ré’grgt%ﬁjcg%ﬁ(ﬁg%g%%ﬁleﬁaﬁﬁﬁ aﬁ@“@ﬁ{ﬁ%‘ﬁ? t(?tﬁgquﬁ%%grat i's provided
Wi th progsg)ti es superior to supports typically used in 5 the prior art,
i ncluding greater hardness and hi gher nmechanical strength than activated
charcoal , dndhespraksuot abbedirerdt ablis/ at ieasirond o€ chernents selap@deitom e t he
form of oxidized nickel and X. As a result, the reactivity of the supported
copposigreupabhsietieg Mtreciall psirniide, MRitinua, nethanien, gdi@ngdiveeanadesipdri me.
[ 0052] The supported conposite particle material having a specific atomc
ratio fopft RXheiréeraibiais) st aRdn Upkngrallp %bH@ibﬂh@}&oﬁfc‘RbD'pﬂQladiurﬂ, ,
silica-based conposition for the support "has high nmethanical strength, is
physi C%ﬂh&nﬁﬁﬁ%}ﬁd%ﬂg ﬁﬁ]%'i sfies corrosion resistance with respect to liquid
propertres uni'que to the rfeaction despite having a | arge surface area
sui t abi@o4mr use as a catalyst support in the case of using as a 15catal yst
for chem cal synthesis.

Although the chemical state of X may be a metal, an oxide, an hydroxide, a

15 composite oxide containing X and nickel or one or more types of another metal
element, or a mixture thereof, the chemical state of X is preferably a metal or oxide,
and more preferably a metal. In addition, there are no particular limitations on the
solid form of X provided the prescribed activity is obtained, the form may be either a

crystalline form or an amorphous form.
20 [0041]

The term "another metal element” used herein refers {0 a constituent element of
& support 1o be described later, a third component other than oxidized nickel and X
contained in the supported composite particle material, or a metal component such as

an alkaline metal, alkaline earth metal or rare earth metal.
25 ]0042]

The supported composite particle material according to the present embodiment

has oxidized nickel and X supported onto a support as previously described, and

20



[ 0053] The follow ng provides an explanation of the characteristics of a
support conprised of an al um na-containing silica-based conposition
containing silica and alum na of the present enbodi nent capabl e of
considerably inproving catalyst |ife. 20Reasons for being able to greatly
i nprove the nechanical strength and chem cal stability of the support are

as desefelrtrBRisonpdrRP 2fbcilEne & vONAT 6f BAARTY S&HpESitadPadiblem 1648 8f ni ng

silica-based conposition contains newy forned Si O Al-0-Si bonds resulting
fromthe; | um ( . ~ i LA i 0)
chai n SROEE] pbRd i &1 P AHGiniGhoL B o SR RRRRE Ratt T R Pl el

havi ng en. f.qr wi.t ho Qs I: ! Ly EQ idic
subst it e Opie hbSe RN 27 fitel e Ph il Sd kP ERafee
strengt hened, thereby resulting in _a considerable inprovenent ip th

st abi | SITGYeRRinayBelel SReriepaned NAdsBnar RIS RTHr Padn e bolmther
resistance"). In addition, when a Si-O Al-0-Si crosslinked structure is

f or fred Nigkgband e rostatsornad reddl Inantdes BrmenNg Raialsy @6 dreErels!icrogmmid son
with the case of silica gel alone, and this is 5thought to increase
mechaniof aicket arngt mndNheetase othesieg itseger as uataly st firechersioar syrahesin, thet ween
the nunber of Si-O Al-0-Si structures forned and i nprovenent of the

mec haniseldctigity etk hagiet praiLet ane shs bty ofthd betalyas tdrid tadasiolier ghagethe
[ 0055] One of the reasons for it being possible to stably support the

oxi di 260t boRBdsOXaRRIMEIIRY ocbRling!id HeCpREEACEMBb g |5 that the

mechani cal strength and chem cal stability of the support are greatly

i mprov§@D4s previously described, enabling it to be provided with superior
physi cal properties in conparison with typically used supports of the prior
art0 As a ridwuppartediconipgsitequarticle srateral agaordiagde i peasest prboséneslr m of
nickel and X to separate fromthe support, which is thought to enable the
ni ckel pagferabiyl Bootaes stidizey rickm @idresionvlee sapporign peidito tof thiei crenpd<tes56] | n
the case of typically used supports such as silica or silica-titania,

ni ckel particles comprised of oxidized nickel and X. The presence of oxidized nickel not

compound with X further enhances the structural stability of the supported particles,
and inhibits increases in pore diameter caused by prolonged reactions as well as the
15 accompanying growth of the composite particles. This effect is particularly
remarkable in the case of using an aluminum-containing silica-based composition

containing silica and alumina for the support as will be described later.
[0044]

The following provides an explanation of mechanism that enhances stfructural
20 stability of the supported composite particle material and that inhibits increases in
pore diameter caused by prolonged reactions as well as the accompanying growth of

composite particies by having oxidized nickel alone present on a support,
[0045]

As will be described later, in a synthesis reaction of a carboxylic acid ester, by
25  adding a compound of an alkaline metal or alkaline earth metal to the reaction system
to maintain a pH of the reaction system at 6 to 9, and more preferably to neutral

conditions (for example, pH 6.5 to 7.5), namely as close to pH 7 as possible, it is

21



conmponents are observed to elute fromthe support, although gradually, in
prol onged reactions. In contrast, in the case of using the support

descri bed above, the present 20 inventors found that elution of nickel
conponents i s suppressed over a long period of tine. On the basis of the
results of X-ray photoel ectron spectroscopy (XPS), transm ssion el ectron

T cr 05 $R8Y b MR NG Blloh &7 Acbld O siRkr blRpESGEnERLHRIRd N the

case O u5|ng ca or silica-titanra support uted nic conponent s

Q‘EL??%PB a“ﬁ%SF‘%G@B** th*;@'ﬁ%%%h@é??ﬁo:éc A%”aecac?ﬁ%i'éﬁ%@%@frwswﬁ o
by ac) & EORETG AR ot ERbe LB et hacr y i ¢ ol 0 or acrylic acid that

are unigpigsby- products of the reaction. [0057] On the basis of analyses of
t he chtL 61 state of nickel by high-resolution X-ray 5fl uorescence

(HRXRF) , 1 Rcidligho budihecaniResd Byl 1o BRORINt fiedldrischanearigbiapgrer ding
to the present enmbodi nent is presuned to not contain a S|ngle COﬁpOUﬂ in

the form gf rBl'oﬁgéé rEXie é’Hc%Flfﬁn%?é’Ehé @a{&ﬁ?n&;%%@cﬂ?%@gbﬁk%ooéb @Jlj‘taa' ning

ni ckel suc oxi di ze conpounds ni ck as a res

bet wee d C nent e nt,s t he ort, or
= sol 1 GUBBFE o0hr Pais AR Roor O bOBgR oq oL S efl & ﬂ@?ﬁpare

fl uorescenc RF) has exirene h ener resolutiaon and js ab

hnaly SIERGHEL APTCY 1 TN 1 TR O] Sl AU mOHA BREr SR othapes
of the resulting spectrun1 In the Ka spectra of 3d transition netal 15

el emenC8MPRSPRN PRURKING ShigAgerd ahpsine. isyUsher ehrnges Merardptemaipeddioe to
changes in valence or electronic state, thereby nmaking it possible analyze
t heC chegtemkltsoagle graduddy,anlthe Isnppbded @ptﬂbparéidiecmatﬁji;ail.t eTpiamthecbeemater i al
according to the present enbodi nent, changes appear in the Ni Ka spectrum
and a dhémughlt tethat eavesd bondn inedag®in pioek eliarmbitr «fi thbesupgorea phraticof a

singl e compound in the form of nickel 20oxide.
material due to the supported particle material being locally and repeatedly exposed
to acid and base causing a portion of the Al in the support to dissolve and precipitate
and resulting in rearrangement of the silica-alumina crosslinked structure. In
15 addition, accompanying changes causing an increase in pore diameter, sintering of

the gold particles occurs, and this was determined to lead to a decrease in catalyst

activity due to a decrease in surface area.
[0047]

On the other hand, the presence of composite particles and oxidized nickel

20 alone on the support enhanced the structural stability of the supported particle
material according to the reaction procedure described above, thereby inhibiting
increases in pore diameter and growth of the composite particles. As was previously
described, the formation of nickel oxide compounds or composite oxides containing
nickel in the form of a solid solution and the like as result of oxidized nickel reacting

25 with constituent elements of the support is considered to be factor behind the reason

for this, and as a result of such nickel compounds acting to stabilize the silica-alumina
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[ 0059] For exanple, nickel alumnate, which is formed from ni ckel oxide and
alumna, is a conpound that is insoluble in acid. As a result of formng
such a ni ckel conpound on a support, elution of nickel conponents is
presuned to be greatly inproved. 25[0060] In a preferable elenentary
conposition of the support conprised of an al um num containing silica-based

CONMPOS ickd ANNKENERLALRY stULiba @thgdl WMHtasyddifte BIRHAL rﬁéteﬁbpﬁﬂeﬁHﬁhb@t from

1 to 30 nol% preferably from5 to 30 nol % and nore preferably front5 to 25

g})' ;/(I) B?}]@ﬁ‘é\r@:@sré%ﬂ{ mr‘?)k:ﬁgo | ?@@?@H&t Alertbld HRy ﬁ*éﬂ%@g{ﬁ#ee% arjdiegmount

€ ab ahges, “acid"resi stance an anical
streng tend to, be satisfactory. 0 I ddition, the support jn the
suppor {43 SBREE SR R iENGarar s Anhirile 15 %6 SRR o BoBHt Bespatifent
pr ef erglgéy further. contains an oxide of at |east one of basic netals
sel ect & BHBERPEHhe CoPetauelysiathPrHgh dhisapitast enabrallys obtained imdhefase
metals and rare earth nmetals, in addition to silica and alumna, fromthe
vi elwpolntdizsid pigkeheentapednprepnpasiteedrtioiesads i3 ooatant withthec tiepparhleven
stability. Exanples of alkaline netals of the basic netal conponents nmay

i ncl udgreater MmbilkinReffacld %, thexahple Heobbtalrikal innthecandd oriliadds nivhygl isncl ude
Be, My, Ca, Sr and Ba, while exanples of rare earth netals may include La,

Ce andpRssert @0 ol Hhsdgpore! ementary conposition of the support containing
silica, alumna and at | east one of basic nmetals selected fromthe group

consi s{0G¥B]of al kaline nmetals, alkaline earth netals and rare earth netals,
the amount of alumnumis from1l to 30 nol% preferably from5 to 30 nol %
and nore prié¥eEe &8\ Pamicsiar dinitations og Hxk §UBkort 198 thetaPPRBErCumRRAME of
silicon and alum num In addition, the conpositional ratio
10 particle material according to the present embodiment provided oxidized nickel and X
can be supported onto the support, and conventional catalyst supports used for

chemical synthesis can be used.
[0049]

Examples of supports may include various types of supports such as activated

15 charcoal, silica, alumina, silica-alumina, titania, silica-titania, zirconia, magnesia,
silica-magnesia, silica-alumina-magnesia, calcium carbonate, zinc oxide, zeolite,
crystalline metallosilicate or the like. Preferable examples of supports may include
activated charcoal, silica, alumina, silica-alumina, silica-magnesia,
silica-alumina-magnesia, titania, - silica-titania and zirconia. More preferable

20 examples may include silica-alumina and silica-alumina-magnesia.
[0050]

in addition, one or a plurality of types of metal components seiected from the

group consisting of atkaline metals (Li, Na, K, Rb or Cs), alkaline earth metals (Be, Mg,

Ca, Sr or Ba) and rare earth metals (La, Ce or Pr) may be contained in the support.

25 Metal components that become oxides as a result of firing, such as nitrates or

acetates, are preferably used for the metal components supported onto the support.
[0051]
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20 of basic metal oxide to alumina, in terns of the atomc ratio of
(alkaline netal + 1/2 x alkaline earth nmetal + 1/3 x rare earth netal) /
Al, is preferably within a range of from0.5 to 10, nore preferably within
a range of fromO0.5 to 5.0 and even nore preferably within a range of from
0.5 to 2.0. If the elenentary conposition of silica, alum na and basic
metal oxide IS%P%Ftthmbﬁgeéb@V%ﬁ ag@fnurh tensihihgoBilicalidseauabapdsh@si c

nmet al 25oxi de forma specific stable bonding structure, and as a result

t hereo hanj - t R 4TES| f ni..t end

to be é%?qam@?@? grﬁ 0 Eg@?ﬁ@rﬂ%rﬂ)r@{%ﬁ% OL{%Iegv{nS ?\E}%?géﬁﬂ'gs gﬁgé’égﬁgﬂa |Son of

a pref . r_prepari.n ort Vi 0 i tion.as

descri ﬁ@}%gg%%}? nggls{a%?ﬁeﬁba%a%'(:%ogrbi&ﬁ@g{ﬂ QE'%I {e%gﬁtg?ﬁ?%ﬁggﬁnélyﬁg]%tlﬂod for
reparing..a s ort conprised of an al um num containing silicg-based

R omos PRI SHRRCAGSErPY BRI AT BOPERIGREURSI" 4 SHPARIth ORI COM A g

silica-based conposition obtained according to any of (1) to (5) below can

be drefi ddibyari in¢lgdinadereatendiarfosss tanchdighesc mass@nical estrendth) thege of a

commercially available silica-alumna conpound solution (2) Reacting a

si | i caasitated tdhasgoah| amd i el sooaipleutedstablyusupport {8 aBeec tomgoaests! inciiesol

with an al um num conpound i nsoluble in water 10(4) Reacting a silica gel

wi t h aforagofeoudizedlnidiedanafX.a aakeresan) thel reaalivity cfubecaipported dompdsitact i ng
a silica gel and an al umi num conmpound in a solid phase reaction [0064] The

fol | owhagichs Putdles cande! MblfsnedRhvanaibd pefiod Betisippor t preparation
15met hods referred to in (2) to (5) above. In the nmethods of (2) to

(5) ab@d52}a silica sol or silica gel is used for the silica source. The
silica gel _is that having non-crosslinked Si sites that react with A, and
thet e are rdbepayppaiachcompesite Qariels wataried haying B epedifie apmD sMig for

Al t hough wat er - sol ubl e conpounds such as sodi um al um nate, al um num

chl or i deidirexiatigide a&nel, X 20idalaing anralpeimeimh-aoatainingsiivpdvases, cahpmsitiomfor

sul fate, alum numnitrate nonahydrate or al um num di acetate are preferable

for ththeas 'munagmmpmdhaﬁi@ap@w?h,t rRashyaically Rssigking danishes ebirosivah as
al um num hydr oxi de or al um num oxi de, can al so be used provided they are

;grpog%sotgﬂg]@é WitAEdspdict bo NGNRCHRIPeHidKBAigak tontheN@astibh CRspAb Hkhghl | ca
large surface area suitable for use as a catalyst support in the case of using as a

15  catalyst for chemical synthesis.
[0053]

The following provides an explanation of the characteristics of a support
comprised of an alumina-containing silica-based compaosition containing silica and
alumina of the present embodiment capable of considerably improving catalyst life.

20 Reasons for being able to greatly improve the mechanical strength and chemical

stability of the support are as described below.
[0054]

The support comprised of an aluminum-containing silica-based composition

contains newly formed Si-O-Al-O-Si bonds resulting from the addition of aluminum

25 (Al) to a non-crosslinked silica (Si-Q) chain of a silica gel, and as a result of an
Al-crosslinked structure having been formed without any loss of the inherent stability

to acidic substances of the Si-O chain, it is thought that the Si-O bonds are
24



In the case of the nethods of (2) and (3) that use a silica sol as a
starting material, after obtaining a m xed sol containing silica sol and
an al um num conpound by m xing the silica sol and an al um num conpound, the
m xed sol is subjected to a hydrothermal reaction at 20 to 100C for 1 to 48
hours and dried to obtain a gel followed by firing under tenperature, tine
and at sbeppienedc tinehebiy orsuliingbe desonsibecble liapesverféiieindie \sghilityadf

al kal i ne aqueous solution is added to the above-nentioned m xed so

f ol I owegldRily 6 1858@INRE L@ IRTsiFlY ¢afedRE & 28! ‘WatERERARSIMd, IrdBYéifignand
firing under conditions to be described later. In addition, a support

conpri Iyl kR § Qj L LD eax I A¢l 3 -
ooy real 5ard SR AIESIUBRE) SRR 1o SRERRE RS DORRES (- s
above- i ] ol directly using a l1l0spray.dryer _or b tep in
ot oh o SaES BsferaStin EampalEtn Tl By sPanar Al S eBge SnPoBiseR 1
thercaﬁqe of .the. nmethod of (3) in tpart'bcul ar, although a silica sol is

r eact ed'WIN @n INGRRIGH RS nereMABI Y@Ml VBeEr S AArepwingdt Iande e

al um num conpound can 15 be pul verized in advance to a prescribed particle
di anet éprrelatiearpaswepp dhe mumear| of SdarAl<P1Bi lilugires dormedd eed ik yMaintd
reacti n? the silica sol and the water-insoluble alum num conpound and

dryi ngof theemethanice! steerfatih bhdwdter sxbisiades ot thediesulting slwalgeldescri bed

| at er. Thg fired silica-alumna conmpound nay al so be pul verized to a

pr escri ]parti cle diameter w thout pre-pulverizing the alum num conpound.

20[ 0067] | h ase of the.nethod of. (4 si,ng a_silica | for the
starting n;qrter &atl?’e rgﬂs%@6&rﬁeé%g 89?%#80'1)0 Sga%ggpp%lﬂﬁ%%%%%{ﬁ'ﬁlﬁﬁh%npound
IS éea ted with the silica ?el, and the silica gh;el_ may be pul verized to a
pre$cr Mo¥Y 3pAPPPE fer gilangPeriod of Arisdeat Bie megnarical #renathand sheeyarsel y
pul veri zed. After mxing and reacting the silica gel with 25the
wat er - Sisilty ef Bieupsinat sengealy impreed 8 pr®Usly deserberB aneblirg ittthéde
m xture is dried and further fired for 1 to 48 hours under conditions to be
descri peavidient @ith stiperiof phesicali propertiisum avenposoounith tepicallysesduesypdorer | zed
to a prescribed particle

of the prior art. As a result, it is difficult for the active components in the form of

nickel and X to separate from the support, which is thought to enable the nickel and X

15  to be stably supported over a long period of time.
[0056]

In the case of typically used supports such as silica or silica-titania, nickel
components are observed to elute from the support, although gradually, in prolonged
reactions. In contrast, in the case of using the support described above, the present

20 inventors found that elution of nickel components is suppressed over a long period of
time. On the basis of the results of X-ray photoeleciron spectroscopy (XPS),
transmission electron microscopy (TEM/EDX) and high-resolution X-ray fluorescence
(MRXRF), in the case of using a silica or silica-titania support, eluted nickel
components were confirmed to be nickel oxide present alone on the support.  Since

25 nickel oxide is a soluble compound in acid, in the case of using as a catalyst for

carboxylic acid ester synthesis, it is presumed to be eluted by acidic substances



di anmeter without prelimnarily pulverizing the silica gel. [0068] The

met hod of (5), which simlarly uses a silica gel for the starting material,
5 involves the preparation of an al um num containing silica conmposition by
reacting the silica gel with an al um num conpound in a solid phase
reaction. The Al is reacted in a solid phase state with non-crosslinked Si.

The si ldxempyéd wwntdﬁea@ymnmmcmgamnabnmab@r@um@m pyhroduetspsies | bed
particle diameter in advance addition, they may also be prelimnarily

coar selryag@igrveri zed. Pul verization may be 10carried out for each substance
al one or may be carried out after m xing both substances.Firing is carried
out und@d5flenperature, tinme and atnospheric conditions to be described

| ater After the reaction, the resulting alum numcontaining silica

conposi ti o Hie aegis obanalyees af the chrmicat stetengf niekel yr leigbriebelditipart-rayl e

di anmeter followi ng the reaction without prelimnarily pulverizing the
15sb| i dlaotgscenod @HRMRAUMvoMpcketdin {09 6A]pplonteal wetripodité opantickep anategah
support containing silica, alum na and an oxi de of at |east one of basic

net al s asebeMieth feapickbat GMDYRINGENSE Préslgned talnetlcbAinmatahdle cnk@ldne
earth nmetals and rare earth metals, the support can be prepared by drying a

20 sl ung \WoRIA BeRick Glidé Qﬂfrﬂf‘ Y Ké’éﬂeﬁ%ﬁﬁ?%@ g%ltg%x:c?éskéédtﬁﬁlrrf%ﬁkneﬁet al

oxide and/or rare eart oxide into sil al um num conponents and

then i ERGUOE] c%ﬁrg:giuﬁdgnéf H&k@iefo‘?ﬁ]%%ré&’%d J?&}ft%f an@]%&Ot;;Qt%%% kb, the

above-nmenti one reparing asu sed

al um nunt cont ai ni n silica-base cont al ni i.ca

21 i ngNE Rod e uenwwm%‘? BFRENS .0£|tﬁ9 SRRT T e b SRR e
used as .a raw material of the alkaline netal, alkaline earth netal or rare
eat?h Hﬁ%%!refh?rﬁﬂfe same manner as the alumnumraw materials. The raw

mat er i preferabl y a water-sol ubl e conpound and nore preferably a

hydr oxi carbonate, nitrate or acetate. [0071] In another preparation

met hod t ha%;@ﬁ?e&ﬁuﬁ&?d%r@ybﬁéb:‘és@%h@é AMIREEGhas extremely high energy
resolution and is able to analyze chemical state from the energy levels {chemical

shifts) and shapes of the resulting spectrum. In the Ko spectra of 3d transition metal

15  elements in particular, changes appear in chemical shift and shape due to changes in
valence or electronic state, thereby making it possible analyze the chemical state in

detail. In the supported composite particle material according to the present
embodiment, changes appear in the Ni Ka spectrum, and a chemical state was
confirmed for nickel that differs from that of a single compound in the form of nickel

20  oxide.
[0059]

For example, nickel aluminate, which is formed from nickel oxide and alumina, is
a compound that is insoluble in acid.  As a result of forming such a nickel compound

on a support, elution of nickel components is presumed to be greatly improved.
25 [0060]}
In a preferable elementary composition of the support comprised of an

aluminum-containing silica-based composition containing silica and alumina, the
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5 selected fromthe group consisting of alkaline netals, alkaline earth
nmetals and rare earth netals is adsorbed onto a support conprised of an

al um num cont ai ni ng silica-based conposition. For exanple, a nmethod using
an i mrersion nethod in which a support is added to a liquid in which is

di ssolved a basic nmetal conpound followed by drying treatnent, or a nethod
usi ng amaumproé @hahinom refrbodi it 3thinaiiea ptfehaisy ¢rometalo 80 matndneqobneal ent
to pore volunme is worked into a support followed by drying treatnment, can
be apphbrefdradtipmeres to 25 RRiifashdad ahiEtotdendasbsolibt 8f sifQIPONEBlunigum.
adsorbed later requires caution in that liquid drying treatnent nust be

carri eg {aHtanigR o mdrﬁﬁﬁf‘ﬁgiv@iirﬁ’ﬁ%é‘ébﬁi E%ﬁée{é?a&ﬁgg%iﬁta%%pﬁ{cﬁﬁgcﬁgﬁcgﬁs! ¢

met al conponent | e support. ition, inorganic

3:{1bfth2gﬁgapﬁrte%?glrgig%@g%ﬁ%gces can be added to the m xed slurry of each

mater d above in order to control slurry properties
andsfi [@jen]adj ust the pore structure or other characteristics of the
product or the properties of the resulting support. 20[ 0073]

Speci fi ¢ exaapbiisnothe suppgatinthes sbspantatsompeditarparticcinateidl aocgamdEtoaci ds
such as nitric acid, hydrochloric acid or sulfuric acid, salts of netals

such amapkachnenBidhsenspeherdlyurtda cokiair®affoxide 8f aflldsat bRg Rk

nmetals such as My, Ca, Sr or Ba, water-soluble conpounds such as ammonia or
anmoni Weals!deidted B t%'e%'o% %Sﬁé‘i'sﬁn%ﬁ LRalind AIE SKARRDSAAN Yo 0E0

di spersed in water. I n addition, specitic exanples of organi c substarnces
may in d I s .such.,. | vig | en .Y CO t hyl cellul ose

pol yui /e SPamERRS I AiPn 384 48 SR alpatTer UsdSeinkcal Witogs7 4

Al t h th ar i ffect f addi [ ' t

orbni MRS mEERa R TR 8P C0pS9| I EV: 1ExF P RS GRS SBert cal
support and controlling pore dianeter and pore volune. Mre specifically,
the | i §if Bapedapelpt cempeneststmay inclede &, N2 yK.aRk ans Capexamplesiaialisalinen
obtaining a spherical support. Adjusting viscosity and solid content using
an i noegghinetaishvanmaude Benbly &8, SrarcsBangkilerekempias gfosss barh fwetalst er
the liquid properties to facilitate the obtaining of a spherical support.

| n addntayanclupgene, dieaamd r. and pore vol une can be controlled by sel ecting

t he opti num organi ¢ conpound that remains inside the support at the nol ding
stage [@¥der which residual substances are able to be rempved during

firing after ol ding and by washi ng., [0075] The support can be produced by
oty yi T U S AN POTPF SN &3 ey SHAPort Coiaia Siicandl Btias EPdes
descri bed above, A known spraying device of, for exanple, a 15rotating disk
type, taRStANG 8 kesi eatglseselpcindeionT ithe Bravp 0ansisjing etslsdnasmetaas t he
met hod for converting the mxed slurry into |iquid droplets.
alkaline earth metals and rare earth metals, the amount of aluminum is from 1 to 30
mol%, preferably from 5 to 30 mol% and more preferably from 5 to 25 mol% based on
the total molar amount of silicon and aluminum. In addition, the compositional ratio
20 of basic metal oxide to alumina, in terms of the atomic ratio of {alkaline metal + 1/2 x
alkaline earth metal + 1/3 x rare earth metal) / Al, is preferably within a range of from
0.5 to 10, more preferably within a range of from 0.5 to 5.0 and even more preferably
within a range of from 0.5t0 2.0.  If the elementary composition of silica, alumina and
basic metal oxide is within the above ranges, the silicon, aluminum and basic metal

25  oxide form a specific stable bonding structure, and as a result thereof, the mechanical

strength and water resistance of the support tend to be satisfactory.

[0063]
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[0076] The liquid to be sprayed is required to be used in a well-m xed
state. If the liquid is not properly mxed, it affects the performnce of
t he support, such as 20 decreased durability caused by uneven distribution
of conponents. When fornulating the raw materials in particular, increases
in slurry viscosity or partial gelling (colloidal condensation) nmay occur,

resul ting ithd ReioW Ipﬂiva&éteaﬁcggméaézibnoéf BoReterbbier MelRyd & Geparin

a
Consequently, 1n ad lon to taking 1nto consideration gradua I$ n1§|ng t he

2asom PRt DaVle £oSEbbEkE sl RssERTRERLR o0 b ound ph 2 may b

preferabl e using a t hod such. as addjng acgjd or alkali.. [0077
The 1 qui o WEBeaord, pftidB BT PEGHES mibad o rERpH acg v ngrt
viscosity and solid content. If viscgsity and solid content are_excessively
| ow, t ﬁ@yrtE’é’rSSG§fﬁh§'%ﬂﬂmwt@9*%?'89a@ﬁ§?ﬁ@0%9514&“ FMtRInNG slica @S pher e
and instead may form nunerous indentations therein. In addition, if
vi seosialymigad asdlandelsomumicoatanisgetinasisasas gormpegition ebiaided soperdinghiavi ng a
detrinmental effect on the dispersibility of porous bodies, stable droplets
ar e unabyef (D tbd5¥ oslowcatepepdipage ® by finag phapecondsonder moties@ingdgieent | y,
the viscosity is preferably wwthin a range of from5 to 10,000 cps provided
the i quy dis el eointndieiaipaeyitshle aNdaldiuthfidSorRbosh@peiutiBhgher viscosities
tend to be preferable provided the liquid is able to be sprayed, while in
consid ti ; it ; ] hRilation, the viscosity is
AR T R e R LR

sel ect I'n a range o cps. In addition, a solid

comt bt o LR, 6 P 0, VP RO Rt ] Bl Ly Lo

spray- i conditions, the hot air tenperature at th ntrance to the
ar}f ho b wbfbdiingias B8 o\l 8R acDepra RERIBRP & wiler S8 gLTBAGRY om 200 t o
280C, 15 and the drying tower outlet tenperature is preferably within a
range of fCOMPPHOG% o 140C. [0078] The support firing tenperature is
typically selected to be within a range of from 200 to 800C. If the support
is firél aRenctisgpesibtaigel arisber aBooicunspenpbund suafsatid phasareactioends t o
decrea nsi derably, thereby nmaking this undesirable. In addition,
althougﬁxﬁﬂere are no particular Iimtations on the firing atnosphere,

tiring is typi ccarried out .8l trogep... In Ik |.t hough
t he firingj¥?hgak%'ngeBﬁ%ﬁ%%%%%é%ﬁ%g%%F%%Hgk%gﬂtﬁgtQ%eé?ﬁﬁgﬁsﬁgpgggogrea
after firin it i en |1y from1l to 48 hours. Since firing conditions
catde @ﬁghﬂgéﬁﬁﬁ”?aégﬂbgégPﬂé)@Wﬂ“ﬁther properties of the 25support, it is
necessary to select suitable tgggerature conditions and heating conditions.

If the firimdhe Bteds of )it (Bbaopwiy, a sticasnler shcaaeis ssedifar the sifigent ai n

durability as _a conposite oxide, while if the firing tenperature is too
hi gh, ®hdice. i dhenslicd gkl isfthetibaving rorderosslided bi gitasethabreant wilmARddidt i on,
heating conditions are preferably such that the tenperature rises gradually
by usi titera heatriongapicgrranestnctidrize ohi ke Iémgthhef daseSie® thainng Aitrdekgh
extrenely high tenperature conditions, 5gasification and combustion of
| nor ganiztersstishlanefsoARHsAL @A CsSHPtANGRRate, aluminum chloride hexahydrate,
20 aluminum perchlorate hexahydrate, aluminum sulfate, aluminum nitrate nonahydrate

or aluminum diacetate are preferable for the aluminum compound, compounds that

are insoluble in water, such as aluminum hydroxide or aluminum oxide, can also be

used provided they are compounds that react with non-crosslinked Si in the silica so!

and silica gel.
25 [0065]

In the case of the methods of (2) and (3) that use a silica sol as a starting
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becones violent, thereby exposing the support to a high-tenperature state
beyond that which has been set and causing the support to be pulveri zed.
[0079] From the viewpoints of ease of supporting conposite particles,
reaction activity 10in the case of using as a catal yst, resistance to
separation and reaction activity, the specific surface area of the support
is pr eheai@:bé%aﬂé} SREDIR aTBikBd sBPESNBITRAEERBA ¥oRE8ndBNGIGHiNRE Sonfdingven

nore preferably 50 n2/ g or nore as neasured by BET nitrogen adsorption.

Al t hougl rﬁ&ﬁfgethgré?nc%os&a%ﬁd ?H'aﬁ’urrpldd?ﬁ EBHRIRAOtheS R 561 i§L§ubec{c‘r?e@'ic§’% from

t he vi ewpol nt” of activit rom the viewpol nts of nmechani cal ength and

more. phaitentarlT S8R ot G RO 0TI Al ey affy SobBell g 89 e

[ 0080] . The re.structure of the support is an extrengly important, property
- tor BT Ra S rPeratye A dor Al moSTSH SoTET i LS ioRe b
met al conponents other 20 than strength, as well as reaction ,

chat acl@eh stliesnatvehe an alraliee acsieaupmplition isprdgrd tq thaplevesenticngd o
denonstrate these characteristics. If pore dianmeter is smaller than 3 nm

al t houghxadheokfepawad ikyrncgppognipitdtieg wfca died sopgomiredn metglounehdryiog Bad
satisfactory, in the case of using as a catalyst in a liquid phase reaction

and t hérihg kedepooeditibasred Be descpbed édtabl YinJdutien, avsugpdrt oombphieed iowpoi nt
of not meking the intrapore diffusion resistance excessively great so that

the di EfLHﬁihQﬁ]—&irﬂﬁiﬁﬁﬁg Qificé%%sé@%@?ﬂdé@it@ﬁhﬁﬁ@é 8 dexireatpdriisiedidmibidri@nas
well as maintaining reaction activity at a high level. On the other hand,

th . > ] R H hnt s.:
i DOE8 QHETRLChy (B TG b AR hEMbrd P IAARP o8 SRRy iy &

resi stance to cracking resi st ance

' f th d . Thus,_ th ' f
R b opeRifyet Poy S BBR6 Wit g Merd s & chang T Roe Y et BEr ¢
volune is 5 required for the presence of pores capable of supporting
conpouﬂ@id nanoparticles. However, if pore volune is excessively large, a

tendent@b a observed for strength to suddenly decrease. Thus, fromthe
vi ewpolnts'of strength and supporting characteristics, pore volune is

pr ef er abl y [yt ds2off BBIRe®b A dr98) B dartibuldr, GithbLgh @ndlidls & iPFed 6 abitn
within a range of fromO0.1 to 0.5 nL/g. The support of the present 10

enbodi [ t:Skii : ' er and

por e va o P gL, B8 kS LB h FaE AnlsHIAE Sne i B P ™ e

reacti gy ;;Lﬂ\rféﬁzescje,ne%\'/é]ﬁceato a prescribed particle diameter or can be preliminarily
coarsely pulverized. After mixing and reacting the silica sol and the water-insoluble
aluminum compound and drying, the mixture is further fired under conditions to be

described later. The fired silica-alumina compound may also be pulverized to a

prescribed particle diameter without pre-pulverizing the aluminum compound.
20 [0067]

In the case of the method of {(4) using a silica gel for the starting material, an
aqueous solution of a water-soluble aluminum compound is reacted with the silica gel,
and the silica gel may be pulverized to a prescribed particle diameter in advance, or
may be preliminarily coarsely pulverized. After mixing and reacting the silica gel with

25 the water-soluble aluminum compound at 20 to 100°C for 1 to 48 hours, the mixture is

dried and further fired for 1 to 48 hours under conditions to be described tater. The
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hol | ow cyl i ndrical support or honeyconb structure resulting in little
pressure loss in the 15 case of a fixed bed reaction, while under
conditions of a liquid phase slurry suspension, a spherical shape is
generally selected after selecting the optinum particle dianeter in
consideration of reactivity and the separation nethod. For exanple, in the
case ofiredmilng-signingenenpdlng shap! scabel ysiveseaartat hoprdyicAsegsphagrd on
precipitation separation, a particle dianeter of from10 to 20 p.mis

pref er aipdrieidP mﬁ@ﬁb@?b@ﬂmiﬁé}‘ﬁ% oRlvelizig R diRalgd) mis nore preferably
selected and that of from30 to 150 pmis even nore preferably sel ected
based ¢®048je bal ance with reaction characteristics. In the case of a cross
filter reaction, small gartiples of 0.1 to 20 mor less are preferable

si nce t hey NieeMmethedyioér(Sh esaichwsigyiarirhsesupsdiceedelctorgbei startpgr riateréal,
material can thus be used as a catalyst for chem cal synthesis by changing
35t he trymdventthef mepamtiontvé esugpoituraeootalning dilica dempaositios @yabaoiigy tH0082]
Al t hough there are no particular limtations on the | oading of oxidized

ni ckel sticatdet withpposlumihlle dopasburg ifa sXlidipEssh risekieh. | Fhe@ I aldcyed rom
0.01 to 20% by mass, preferably fromO0.1 to 10% by nmass, nore preferably

from 0a2sbpd 398 BRSPS AR %&o@@ﬁr@ﬁﬁa‘g?r gléhlgysmc%féﬁ 2 bt%e”ﬁgﬁniﬂ o ckel

based on the wei ght of the support. I i ng supported onto the

(o] g8 MY eral | y.f 0, 109 - pref. from0.1 tp 5%b
et GRMBARARTREY, Ko palitirth © G SRR BEll VAR L PP 1 Pom 0. %
to 1.5%.hy. d ticul arly pref bly f 0.5 1.0%b
ot ai - BGHETo MR B WER G e Pratin B seter o1 GORET 2Bk FRSIZEH TG Bt csent
enpodi nent, a preferable range exists for the atomc rati o between nickel
antl t hE3HI55) OUEERE i 1580 SEBHENEE LRIRDe ePle MYt Peorcarird ubpafter. miNngheodase of

using the support conprised of an alum num containing silica-based
conpospHbgtaNeeHht aifiiing i Idacdedneutalundenatenparbturpr dgeat asdbatinosptterict he
conpositional ratio of nickel and alumna in a catalyst in terns of the

at oni ccoaditions of tol5bhii / Abséribeny efiateabl y Aftem 0hel teactiof, 1nhee prsefteigabl y
from0.02 to 0.8 and even nore preferably from0.04 to 0.6. In addition, in

the casringihubstOgamitd RIRE cofpoaitiinn@as ! &lis6abe alisll NFeANGu@BrAXG IR of at
| east one of basic netals selected fromthe group consisting of alkaline

| ol : : -t he.: G ' f
i ckel P S aenay ULl AN R RO M PR R A PN B 01 o

gf]gggng{i“{éggeg én%ﬁfn‘?&h@m é’%’H}WPP@ 01 to 1.0, nore preferably fromo0.02 to

VEN nore prerera m 0.04 to 0.6, and the conpositional ratio
of ni ck®lemnd al kaline netal conmponent in terns of the atomc ratio of
Ni / (al kaline netal + alkaline earth netal + rare earth netal) is preferably
from 0. 01 talnethondoepmpefiagabsypdarbooiaidthg silida,Galaméha and aavsidaTor &
preferably fromO0.04 to 0.6. 25[0084]

least one of basic metals selected from the group consisting of alkaline metals,
alkaline earth metals and rare earth metals, the support can be prepared by drying a
20 slurry obtained by mixing an alkaline metal oxide, alkaline earth metal oxide and/or
rare earth metal oxide into silica and aluminum components and then firing under
conditions to be described later in accordance with the above-mentioned method for

preparing a support comprised of an aluminum-containing silica-based composition

containing silica and alumina.
25  [0070]

Atypical commercially available compound can be used as a raw material of the

alkaline metal, alkaline earth metal or rare earth metal in the same manner as the
30



If the atom c ratios of nickel to support constituent elenents in the form
of alum num and basic netal oxide are within the above ranges, the effects
of inproving nickel elution and structural changes in supported particle
materials tend to increase. This is thought to be because the nickel,

al um num and basic netal oxide forma specific conposite oxide within the
above reumgesym the medteriblel MG @ws hedbea e pdeRgaliyta Uetei oiubiBQhpound The
supported conposite particle material according to the present enbodi nent

can al %@ldcrﬁﬂﬁeaﬂ)ﬂ%f&abméﬂ}(&:@iﬁé,bgﬁfﬁna?é,erﬁé‘ﬁe driacfighistion to the active

conponents in the formof oxidized nickel and X Exanples of third

const i {0@nt] el enents that can be 10 contai ned may include titanium

vanadi um chrom um nanganese, |ead, cobalt, zinc, gallium zirconium

ni obi um ndNyWEReMPrepaiiommethad thet dendbemisad, 8 basid metgl, comipboehum

haf nium tantalum tungsten, rhenium osmum iridium nercury, thallium

| eall, Iselalrdfroal the gnomp deTstsiingsofl dkaimecametgibosihin® earth Thetatoahe mareof
these third constituent elenments is preferably fromO0.01 to 20% by nass and

mor e prefter atdtyisll BHOOMR0DNi® ol QUpPYrt MeGBpiised N SHPARIMIBGMIESRENg | N
addition, at |east one of netal conponent selected fromthe group

consi st 19fscal kahbaRgR aksr oRbiBId 18 RANLA. IShAIdh RiflerdER ABLIR PELA S

may al so be contained in the supported conposite particle materral.

conten I e I j 1 [ re. ear | i

orof or a5 ST HRRG TR (rifia%h SRIA T Eh250E) ARES SRR BB
20supp teri.al .[ 0086 Furthernore, these third,constituent

ol enenfQlfed By Shyifla tEAERNt neumeROL LS Welmbrgatan ahEkRHT WAIE ray be
cont ai ged. in the supgorted_ conposite particle material duri ng production or
rebdt i OASEIMERLCAVPRENE SAUNGIRIB LY PEre¥PIME 16 Wriked intp @ syprsshfolewrddynay be
used in which they are contained in the support in advance. [0087] The
speci f AeyiB@rtrest@ent eeanfba mppkedpoiowdvenmpaséthedpiar wihithe thmtbesicaimetal
according to the present enbodinent is preferably within a range of from

20 to 86MpeREygt isnadsorpeeiatenbdquifasocalii@ntio tBADIqRA girging teaetmendheust be
preferably from 100 to 250 nR/g as neasured by BET nitrogen adsorption from

t he vi ew?m'dnmt afndepagiit osorafitions EtefNhvires IrSGIAPCishperseaPiaagr Metact i ve
conponents.

component in the support.
15  [0072]

In addition, inorganic substances or organic substances can be added to the
mixed slurry of each of the raw materials described above in order to control slurry
properties and finely adjust the pore structure or other characteristics of the product or

the properties of the resulting support.
20  [0073]

Specific examples of inorganic substances used may include inorganic acids
such as nitric acid, hydrochioric acid or suifuric acid, salts of metals such as alkaline
metals such as Li, Na, K, Rb or Cs or alkaline earth metals such as Mg, Ca, Sr or Ba,
water-soluble compounds such as ammonia or ammonium nitrate, and clay minerals

25 that form a suspension by being dispersed in water. In addition, specific examples of
organic substances may include polymers such as polyethylene glycol, methyl

cellulose, polyvinyl alcohol, polyacrylic acid, polyacrylamide or the like.
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5[ 0088] The pore structure of the supported conposite particle material is
an extrenely inportant property in terns of long-termstability, including
supporting characteristics and separation of netal conponents, as well as
reaction characteristics, and pore dianeter is a physical property val ue
required to denonstrate these characteristics. 10 If pore dianeter is

smal | ef0@7Hn 3 nm al t hough the separation properties of the supported
nmetal component tend to be satisfactory, in the case of using as a catal yst
in a |iqui dieaee theeeareyagdnes wiects Qé,adﬁ@@em@f%fﬁ@ SUDBENGEB AT AFRPI3 nm
or nore fromthe viewpoint of not nmaking the intrapore diffusion resistance
excessisvbsiangesathesanaihaeffetts diciddesition forroetes off at bpherealt suppsubsId at e
is not rate-limting as well as 15 maintaining reaction activity at a high
| evel . cOntrblling eohedidnsstdr abd@oporeiudicantViere ssedifiedligr el lgubdpropeptied €8S
fromthe viewpoints of resistance to cracking of the supported material and
res St NS ikéd SRIPG &ldd N iBbolkta®t RO IRAIBRIEPE ShheriBar igdps . Aiysting he
pore di anmeter of the supported conposite particle material is préeferably

from 3v¥s%o§ig/ 58I c%f‘érﬁrm?%% dd F?f'i'&réah@ §9bé}5h8é‘dorei‘éﬁggéﬁg{f‘ S0 Y

from3to romt he viewpoi nt supporting eristics and

reacti eristics or.e volune. is preferab ithi.n a.range .of, from
01t o MG AR e Y ) RePPRrsR 48 18 Bt PhiT e B 55788 o' ana
even nore preferably within_a range of fromO0.1 to, 0.3 nL/g. The supported
compos PHEPHAr t I e hara| I ABERH ANGPEE YHLTS ERe ORYBURSHON SYRENer abl y
satisfies the above ranges for both pore diameter and pore 25vol une. [0089]
[ Pr ocede pRiMPpbaigsinigcEuppund daptaemairs insidmthe surpavhakiieamplding stageer e
are no particular Iimtations on the nethod used to prepare the supported
cohposiaiter whichi resisluahs @vstamcescareratiadp be rémeved dsieing figing ediemenldipgaridded a
supported material as descri bed above is obtained. The foll ow ng provides
an Sexplavehiran of a typical process for preparing the supported conposite
particle material according to the present enbodi nent. [0090] In a
first &% an aqueous slurry containing a support supported with an oxide
of at |east. one of basic netals se%ect ed f thged%[ou consi sting of

al kal i ne net'® SUPRYT £ERAPS MEOL4FSh PietRIP¥-9YAY e AUt 8 8aFs rAved
with an aci dic aqueous solution of a soluble netal salt containing nickel
and X (Naeraliandkaddipye seaedbed abevst Hhaown wrayvotdeves etfederarople; ke
group consisting of nickel, palladium platinum ruthenium gold, silver
andb coppsting diskdypertperfuidnezok type onpreasuezed nbatlh tpevadbeiseadattieed so
that the tenperature thereof is 60C and above. A precursor of a supported

15conpasitihed frddrvegingBthermixedisturmhined liqiiekibplesd the X conponent have
pr eci pi{étozgftG(]ad is formed on the support in the mxture. [0091]

The liquid to be sprayed is required to be used in a well-mixed state. If the

liquid is not properly mixed, it affects the performance of the support, such as

20  decreased durability caused by uneven distribution of components,  When
formulating the raw materials in particular, increases in slurry viscosity or partial
gelling (colloidal condensation) may occur, resulting in the risk of the formation of
non-uniform particles.  Consequently, in addition to taking into consideration
gradually mixing the raw materials while stirring, for example, controlling a pH to a

25 semi-stable region of the silica sol such as around pH 2 may be preferable by using a

method such as adding acid or alkali.
[0077]
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Next, in a second step, the precursor obtained in the first step is rinsed
with water and dried as necessary foll owed by subjecting to heat treatnent
to obtain the 20supported conposite particle material according to the
present enbodi nent, [0092] According to this process, a supported
conposite particle material can be obtained that has a supported | ayer in

whi ch the cinpliqiitieom® sprelyed igrfsd iletie@ halie darstanPieaRiY af Diseagppsi te
particles in a region that includes the center of the 25support. [0093]

Prior toddifididontdntSt fRisdolRy SHBRGN c%Hﬁ@%?@@x&@és’?bé@lo?&%iﬂq@ ng(?tislali)(%)q}gSt

one of basic 39 netals selected fromt group consisting o

net al s, ; i R F e.e i fer.ahl ed in
wator - ORETRGY HE SBERLI TR Pha TS o r SR et g BP% el PTG ng
a shar {stribution.of c osite particles, Based on the results of
rreasuriPW Pare ! fjg?%t’B[]?i@‘r%P%Q' nieif‘r éagwoﬁd%r"ﬁq’o&ﬂy R 4l Confdated by
agi ng the support is presuned to be the result of a nore uniform and

shar pe rex%ﬁf%véyrm%’u%agﬁéof‘otot Ravipg cdeliipentsl affest ognihentisperaipiétysappor t
pore structure. Although support aging can be carried out at room

t enper KOS badies: sableedripiais ae enablecttabgderned thpepding st thecpuopertidwer eof |
a tenperature higher than roomtenperature is preferably selected within a
range dfierepdbm GongamuebOE. therviddoaity &s predéraily withiat a Ifngenof frem PreIsE a
tenperature within a range of from60 to 100C is preferable. In addition,
al t hougps thevided #id RLiQTs aBiens Her §itbyBMtantain t@ﬁn@_@?@ﬁﬁbé‘,%i%ﬁeﬁ W8cosities
tenperature conditions, it is preferably from1l mnute to hours, nore

pr ef er abhgtd O Prdioh I8 080 85 ABISY SBIGTRS Bo RERNRLANINIOT A OBV LkR R

mnutes at a tenperature o C, for exanple. t’he’ procedure o

step, . r .Use .ter. Lnitially drying and then
1 P ng PL b E Rt BuRBRS & AN DR Uik it dnob et P BrEE: cea
in wat i ferahly contacted with the acidic. agueous lutjon of a

sol ubl & RRLTO 18T 0D hsa i AGUHPaK @ISOl onans itiad "8y0¢ AL BPRLI & 1q $9%( i on
of the _nickel and X on the support. [0094] 20Exanpl es of sol uble netal

sal ts B¥rPashihgreipeable ndemg 6f shaparandpadicl Jemetay imathareon casla
nitrate, nickel acetate, nickel chloride or the like. In addition, exanples
of sol @enerakegiarency fos speay-aiyingeonditiens, ithe hetieirgaimpaditure ehiher émteance

pal | adi um acetate or the like in the case of selecting palladiumfor X

r ut hentaithecdiryong tdeser ofitHeespramdnydrrigtoeeferatiipeithirke rangd bfreas®ooab Zelect i ng
rut henium for X, chloroauric acid, sodium 25tetrachl oroaurate, potassium

dip&anaaurtaéa:;r?«mgl twadr afUtet 2 perdtiieCidl BiafslabyOMtdincy @8hge Brrdrietbitge i n
the case of selecting gold for X, and silver chloride, silver nitrate or
the |ikgpém the case of selecting silver for X [0095]

[0078]

The support firing temperature is typically selected to be within a range of from

200 to 800°C. If the support is fired at a temperature above 800°C, specific surface

20 area fends to decrease considerably, thereby making this undesirable.  In addition,
although there are no particular limitations on the firing atmosphere, firing is typically
carried out in air or nitrogen.  In addition, although the firing time can be determined
according to the specific surface area after firing, it is generally from 1 to 48 hours.

Since firing conditions cause changes in the porosity and other properties of the

R
R

support, it is necessary to select suitable temperature conditions and heating
conditions. If the firing temperature is too low, it tends to be difficult to maintain
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The respective concentrations of aqueous sol utions containing nickel and X
are generally within a range of from0.0001 to 1.0 nol/L, preferably from
0.001 to 0.5 5nol /L and nore preferably from0.005 to 0.2 nol/L. The ratio
of nickel and X in the aqueous solutions in terns of the atomc ratio of
Ni/Xis preferably within a range of fromO0.1 to 10, preferably from0.2 to

5.0 an@u’?@tﬁlwge Rsed ﬁé:‘ﬁﬁb&té EABO whilk G t%eoﬁrlr?gt%%ﬁ}er% e 'i@fH?)ei‘i@P“ﬁ’%rQ‘t’é erég

cont act bet I ckel and acidic aqu s 'solution solu

?Eteah. i B fg%%fé‘c ReteR o Mt cqﬁa@@eaaa 2id ﬁ?@ghgétiﬁ’ ] .Cg?éfgéﬁ%t o g 1o
cons: SPTRGTORY SRR TN ELPRPE ALl AP e B K RASe SaP Fiar R OB b el 5

supported in advance onto the support, if the tenperature i s excessively
low, tHKeerléget i bn tee ov@sarl fiHBg diade mirramelnshinﬁ tynporsityre sanditienss
tends to widen. In the production process according to the present

enbbdi pestiicatitre amthperrabustordwfi mgprgenicasubeianices handc puianiagsigeianead ut i on
of a soluble netal salt containing nickel and X, fromthe vi ewpoi nt of

obt ai nibegomesuppient, etetetyyesxpasindg titd stipgoe aoROBighetepardratiire stateeb el
sharply localized, is a tenperature at which the supported conposite

partlC|ti¢atfm’ﬁ|§tﬁ'hébble§n(§é‘i@ih6%@u§h Bi@?pgﬂtb%%dl@éhzre@te and is preferably
60C or higher, nore preferably 70C or higher, even nore preferably 80C or

hi gher [@Gﬁﬁ]partl cularly preferably 90C or higher. Since the acidic aqueous
solution and aqueous slurry are mxed so that the tenperature of the m xed
liqui d therd8M e \BaErainthphpase of Aeprajties gomasite paresiepd crstier actvta
degree such that the m xed liquid exceeds 60C even after the acidi c aqueous
sol @t i omthe casadbiedingons acralelysklrgsistngettheseperration andeeadtigobetivipntieay be
heat ed. Both the acidic aqueous solution and the aqueous slurry my

nat ur alspgcitit sarfhee hesd etitHeos Gt isTpréfegdisy 100098 lorAbrlepughethefaraisigtdoon can
be carried out under an applied pressure at a tenperature equal to or

hi gher i3t fierd20bhd RyehOMdhe Qfroldigny %0 Sty dafRfe o HistRse oy BET! he

procedure is generally preferably carri ed out at a tenperature equal to

i A oré;@“ ATl SRRl oo 2P Bl g e RralindB RiRiautace,  ana
oadi ngrat TTbRG TR CH BRI, Hoh, PR R “rﬁa%%q"w*%%f%@e@giﬁeaﬂgﬁ iy
S A R L B M
m?/g or less and even more preferably 300 m?/g or less.
[0080]

The pore structure of the support is an extremely important property in terms of

long-term stability, including supporting characteristics of metal components other

20 than strength, as well as reaction characteristics. Pore diameter is a physical
property value required to demonstrate these characteristics. If pore diameter is
smaller than 3 nm, although the separation properties of the supported metal tend to

be satisfactory, in the case of using as a catalyst in a liquid phase reaction and the like,

pore diameter is preferably 3 nm or more from the viewpoint of not making the

intrapore diffusion resistance excessively great so that the diffusion process of the

A
&3]

reaction substrate is not rate-limiting as well as maintaining reaction activity at a high
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The production process of the supported conposite particle materi al
according to the present enbodi nent is based on the principle of insoluble
fixation of the nickel and X conponents by carrying out a chem cal reaction
bet ween an oxi de of at |east 15 one of basic netals selected fromthe group
consisting of alkaline nmetals, alkaline earth netals and rare earth netals

SUPROT 1) | HORGKESReORahACURIBBRS biarfRE: 3 BRLIRAS, 8! Al SAldsccpBtail N

ni ckel and X ese conponents are prefera I xed 'si nul faneous

m xed sl utian nt ai.ni ng .both conponents in grder to.ensure nmore adgquate
compout AR SR EREr ErAekPTER0T5e Fupoal nalstial T FeSRRBaRcE on
process according to the present e di mept, the aqueous sl urry containing
a suppéfe?a@ﬁﬁﬁo?f?é'?ﬁ WHPROHRA o8- of » ItBQSPo@n@'%ﬂet@és‘Pfc”?ﬁstsé’lpgogelsect ed
fromthe group consisting of alkaline metals, alkaline earth netals and
rare eRfefRratdy &08" Brief%t anl, prsomose mselgrally frash Zato Pe4wn. onercorolbes

netal s sel ected 25fromthe group consisting of al kaline netals, alkaline
ear¥ h nequilest fndhe preseeaetdi poeesabspdite @ lsupporting dssnpoursdad nandagdaetiéles.nat i on
of netal black of X is inhibited, conpounding of nickel and X is pronoted,

and t heloiesfer,i ibgbiedtolomeciernmpeetvepakids | £errvrnches opserell fef smength to
precisely. Such effects are presuned to be caused by controlling the rate

of thesgheshigabetRaBE ONTREEWaRINt MiSe DaRIWpOIRS abf OXr &%y tAURPAN ts%gg(bﬂm@dvance
on the support and the soluble netal salt containing nickel and as a

resul t cﬁéra%?’éﬂs’ﬁ st Soé%laﬂgqgﬁ?%gé%%ivﬁm,gﬁs.%hbﬁg{fﬁinﬁ |g§f‘?c5 1%‘%L9éraﬁ]jt al s

sel ected fromthe group consi i ne kal'ine &

t al th.nmetals. 101 f I f at | t
one-of "BAGiCIrERly SV Ul BuREerdTTIR ! 4P Sk ™GBonaieri hG Br kAT RE
metals, alkaline earth netals and rare earth netals that can be used may
i ntf ud& Igeninpreteraplye satislies el vEnTangee rfos HotbPere diaselsf andeReenet al s

such as organic acid salts, nitrates, chlorides or the like. [0102]
volume.

[0081]

The shape of the support is selected according to the reaction form, selecting a

hollow cylindrical support or honeycomb structure resulting in little pressure loss in the

15 case of a fixed bed reaction, while under conditions of a liquid phase slurry
suspension, a spherical shape is generally selected after selecting the optimum
particle diameter in consideration of reactivity and the separation method. For
example, in the case of employing a generally simple catalyst separation process
based on precipitation separation, a particle diameter of from 10 to 20 um is preferably

20 selected, that of from 20 {o 150 pum is more preferably selected and that of from 30 to
150 um is even more preferably selected based on the balance with reaction
characteristics. In the case of a cross filter reaction, small particles of 0.1 to 20 um or

less are preferable since they yield higher reactivity —The supported composite
particle material can thus be used as a catalyst for chemical synthesis by changing

the type and form of the support according to the purpose of use.

[0082]

N
(_,_‘
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The amount of the salt of at |east one of basic netals selected fromthe
group 15 consisting of alkaline netals, alkaline earth netals and rare
earth nmetal s as descri bed above varies according to the amounts and ratio
of the nickel and X conmponents, and is determ ned according to the anount

of basic nmetal oxide supported in advance onto the support. Generally, the
anmount of tAlécabbybersabite e phrtomwl. Doiatioos2ort theewadiviges’ @adizpd efiekedlphy from
0.005 to 1 tinmes noles based on the amount of nickel and 20X conponents in

the aque®gspsolt utheoadlryl88bxidized hiak@ddi ddritally FenPOUROUS 20b4IL,Ymass,
contai ning a support supported with an oxide of at |east one of "basic

Tet Al s pREbRAIPHohi OM 1419094 BYMEANSEH BebiBlatt) KBk DO BEY By Abkalnie

earth nmetals and rare earth tals preferably contains a sol e alum num
25sal t I |y : J i ncl ude

ol um ot e e e S AT B e it apa SATORGRE I slife 2
sol ubl lum,num.salt to, the eous slurry all t formation of an
outbr MPPRUBHR XK sbartied Pl R et bide s Bt Brnd 1 orD % Bsnastor ¢ ne
supportedf }%{er in_which conposite particles are localized. This is also
based GFEERPYHIOALPpl &0 oo PHIBR%HINOTE REgTPERMAEORY By udTybydrass, kyen

Al umi num chloride or 5 alumnumnitrate and the like is used for the

sol ubl &E wigfecaER!s &lom 08 tari. BUnby Srassandahrieulatie prafersblslioma2 6 tofl.@%e
support by a chem cal reaction with the basic netal oxide supported in
advancéyomss admetalfpzeet,ort the weigkebf thedsulparte consuned t hereby, and the

outer layer is fixed by a reaction between the basic netal oxide inside and
t he ni E@éémand X. 10[ 0105] The armount of al um num conponent varies

accordi ng how many, am t he thickness of the |ayer not supported wth
i el or Margtamdning Brasint eRISCREoNs BT RO (NS Br A g e el Emount
of basic. nmetal oxide supported in advance onto the support. Generally, the
anount " BeliyRsnuRickehpohdng absveraentpnsgicenstituent plemeptsnei the aweport.
preferably from0.005 to 1 tines noles based on the anmount of basic netal
oxi de Huppoeasel of wsiy diec supprd coprisegpdfran ajuotioen-containing silica-based
composition containing silica and alumina in the present embodiment, the
compositional ratio of nickel and alumina in a catalyst in terms of the atomic ration of
15 NifAlis preferably from 0.01 to 1.0, more preferably from 0.02 to 0.8 and even more
preferably from 0.04 to 0.6. In addition, in the case of using a support containing
silica, alumina and an oxide of at least one of hasic metals selected from the group
consisting of alkaline metals, alkaline earth metals and rare earth metals, the atomic
ratio of nickel and alumina in the supported material in terms of the atomic ratio of
20 Ni/Al is preferably from 0.01 to 1.0, more preferably from 0.02 to 0.8 and even more
preferably from 0.04 {0 0.6, and the composiiional ratio of nickel and alkaline metal
component in terms of the atomic ratio of Ni/(alkaline metal + alkaline earth metal +

rare earth metal) is preferably from 0.01 to 1.2, more preferably from 0.02 to 1.0 and

even more preferably from 0.04 to 0.6.
25 {0084]

If the atomic ratios of nickel to support constituent elements in the form of
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Al t hough there are many aspects of the details of the nmechani sm by which
the nickel and X conponents are distributed that are unclear, it is
presuned that the 20 balance with the rate at which the conponents are

i nsol ubilized by a chem cal reaction was effectively attained under the
conditions of the present enbodi nent, thereby making it possible to fix the

conposiatienipant &ed basit metanexidewrs egihtntressovdeingesf dreeffctd BEInf3BRIPG! -
[0107] 25In addition, in the case of form ng the outer |ayer substantially

free ohjgkemeRsbh %nﬁasrtrtdcﬁhrﬁﬁct%hééﬁn%ﬂ%gbrtétﬂr 48 %atbhﬁts%ﬁ@?? tirgchré.é&&e

al um num and a basic netal conponent ar the outer surface o e support

are al hpped %upﬁﬁgé V%%fﬁé%}%dés%g‘ﬂegﬂigﬁgﬁSalﬂﬁmfniuw Al Qgﬁbfrﬂgﬁj)@(gfeoﬁﬁfgm S

capabl e of reac conmponent’s “near ce of

t he su 1. nd when nickel. and are subsequent!|y support he reactive
basi o NEvalc cBApsHLE Rt Be Al wiitesc by o B bt boGuiady
consuned, the nickel and X are presuned to be fixed as a 5result of

reatti AUA% a basic netal compound inside the support. [0108] The

follo '65%5Erovides an expl anation of the second step. The precursor of
t he sﬂLpor ed conposite particle material is rinsed with water and dried as

necessary BheQishfrtbhRofifRlsibeM e Rlarial doRfRERS Rt ure
at which the prg](;:)ursor I h;ea ed clfF§ gaenei?aﬁtlﬁgﬁrgm H??%Ssgg%ﬂ%gpe erably
froms8 more. nr : Eﬁml ; . ev [ referably
from Sg%ﬁ t% io&;%gg)g@ |H%Otﬁ65108hggttﬁgb ?’eelfg ms\ntﬁyP fgds&@%a?(?%a%‘ﬂw%i %Wﬁ“ggﬁhgr e
such a ir. (or. atmospheri ir 15 an_oxi di zi ng at phere (such as
oxygenforﬁlz8t;1é),('dfﬁefjrr86lé% ?ﬂ(qcégs E)’@Q? B 0&%‘?& &8{‘5‘%989%)%%8% 6’&?%%3,“ Be
hypochl orous acid_or inorganic or grgani c peroxides), or an inert gas
at’rbs pReENeSURRY iclyde Hlanuny WY MnFRiosyER) mangeness: lesgl. crhalt,iznc,
suitably selected according to the heating tenperature and anount of
pr ecur gaium; girgadie, anobibaatmelyedememt rieathuie codmitradinslitmatinnantrabny,
pressure, under applied pressure or under
tellurium, hafnium, tantalum, tungsten, rhenium, osmium, iridium, mercury, thallium,
lead, bismuth, aluminum, boron, silicon and phosphorous.  The content of these third
constituent elements is preferably from 0.01 to 20% by mass and more preferably
15 from 0.05 to 10% by mass in the supported material. In addition, at least one of
metal component selected from the group consisting of alkaline metals, alkaline earth
metals and rare earth metals may also be contained in the supported composite
particle material. The content of alkaline metal, alkaline earth metal or rare earth

metal is preferably selected to be within a range of 15% by mass or less in the
20 supported material
0086}
Furthermore, these third constituent elements or alkaline metal, alkaline earth
metal or rare earth metal may be contained in the supported composite particle

material during production or reaction of the supported composite particle material, or

25 amethod may be used in which they are contained in the support in advance.
[0087]

The specific surface area of the supported composite particle material according
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20r educed pressure. [0110] Follow ng the second step as descri bed above,
reduction treatnent can be carried out in a reducing atnosphere (such as
hydr ogen, hydrazine, formalin or formc acid) as necessary. In this case, a
treatment nethod is selected that prevents the 25 oxidi zed nickel from

bei ng conpletely reduced to a netallic state. The tenperature and duration

e 15 SRR SR LB LTI D LAY
(et meng ey rale g S a AL RS mof B JRLT 2 g e

G ot R AOHAT BB ol B S ngHER oB IR 25 SRee B

per oxi des) as necessary. The tenperature and duration in this case is

sui t abFsSistanee e Aerpratien PfipAgva eOmMpenNeipe of oxi di zi ng agent, type of X and

anpunt (ﬁ?ggat alyst. [0112] A third constituent el enent other than nickel
X é e added during .i. Oproduction of the supported material or

an
Lo, enep e gay e, ph AL TR ool dS e SR DRl ghory "ore
react| ?rﬂpg%grgte ropaleHy 'Cllr(}:I értrr%sogf iohggte{r%vgté{%ﬁt?/,r :in% u%ir?dc SE!BSOF i%rc(?wa(r:é)&g}iéﬁcusem
and separation of metal components, as well as reaction characteristics, and pore
diameter is a physical property value required to demonstrate these characteristics.
10 If pore diameter is smaller than 3 nm, although the separation properties of the
supported metal component tend to be satisfactory, in the case of using as a catalyst
in a liquid phase reaction and the like, pore diameter is preferably 3 nm or more from
the viewpoint of not making the intrapore diffusion resistance excessively great so that
the diffusion process of the reaction substrate is not rate-limiting as well as
15  maintaining reaction activity at a high level. On the other hand, the pore diameter is
preferably 50 nm or less from the viewpoints of resistance to cracking of the supported
material and resistance to separation of the supported composite particles. Thus,
the pore diameter of the supported composite particle material is preferably from 3 to
50 nm, more preferably from 3 to 30 nm and even more preferably from 3 to 10 nm.
20 From the viewpoints of supporting characteristics and reaction characteristics, pore
volume is preferably within a range of from 0.1 to 1.0 mL/ig, more preferably within a
range of from 0.1 to 0.5 mL/g and even more preferably within a range of from 0.1 to
0.3 ml/fg. The supported composite particle material according to the present
embodiment preferably satisfies the above ranges for both pore diameter and pore

25 volume.

[0089]



el enment, alkaline nmetal, alkaline earth metal and rare earth netal are
selected fromsalts of organic acids, salts of inorganic acids, hydroxides
and the |ike. 15[0113] As has been described above, according to the
supported conposite particle material production process according to the
present enbodi nent, the supported conposite particle material can be

obt ai n¢drdwaes Fr Fhedseing SubpdribaRimpdsiWP ahickomBesidQe particles are
| ocal i zed conprised of oxidized nickel and X in specific 20shall ow region

near the outrRire s r ' r
substantial ly r(far eehgﬁrﬁééu%@ﬁnpgéé{% %@E&ﬁ‘@ﬁ@%ﬁ&ﬁgﬁ%u ng@ \s‘r{uérqg‘é@)edrg%loet he
suppor 14] 1 i.n i . upport ed
Compos PSR BPoRE ERter aSMn P Ot o) B BE S5 e
suppor osite particle. material according to t resent enbodi nment
can bets\%ﬁl éﬁggﬂa r’i'g % 9&?%‘1’?&4 qbg?’ecﬁeﬂg%éﬂecgynﬂﬂ%gffe)ggwmr PERAHDY &N i t
can_be used as a catal yst or photocatal yst of reactions such as reactions
f or > f oFAPIRGOEGR befx @ IPICal PTPCRES dPE ATEBHIRY dBAySIEPUIRY SOBBIOSItE, padistet i ons
for form ng carboxylic acid esters from al cohols, al kane oxidation

react i OHyenal aspeling e tw pwsentambodinental dehyde oxi dation reacti ons,

olefin (ﬁdgrogati on reactions, olefin epoxidation reactions, olefin oxidative
addi ti é) actions, am ne oxidation reactions, olefin hydrogenation

o o AT SRS YR SRR BB
oxi dat E?rllea{s?%cr{[ei ar Ba%gdmytca)l(s rsg%uc%é ?r%m the group consisting of alkaline metals,
10  alkaline earth metals and rare earth metals is mixed with an acidic aqueous solution of
a soluble metal salt containing nickel and X (wherein X represents at least one of
elements selected from the group consisting of nickel, palladium, platinum, ruthenium,
gold, silver and copper). The temperature of the mixture of both liquids is adjusted
50 that the temperature thereof is 60°C and above. A precursor of a supported
15 composite particle material in which nickel and the X component have precipitated is

formed on the support in the mixture.
[0091]
Next, in a second step, the precursor obtained in the first step is rinsed with

water and dried as necessary followed by subjecting to heat treatment to obtain the

20 supported composite particle material according to the present embodiment.
[0092]
According to this process, a supported composite particle material can be
obtained that has a supported layer in which the composite particles are localized but

does not contain composite particles in a region that includes the center of the

25  support.
[0093]

Prior to the first step, the support supported with an oxide of at least one of basic
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[ 0115] The supported conposite particle material according to the present
enbodi nent 10denonstrates superior effects particularly in the case of
using as a catalyst of an oxidation reaction. In addition to the al dehydes
and al cohols used in the reaction for form ng carboxylic acid ester as

I ndicated in the exanples, other exanples of reaction substrates used in

the P ERAas RA0h BN oL DEbHUR KB Ly B FERRRLEN RURRL BN TS AP

al kanes, co ones, “a ers, aronatic c¢onpounds,

15 phenol s ul fuyr, conpounds, phosphorous c¢conpounds, oxygen-contai,nin
i L TR SRR A e G T e S T
substrates can be used alone, or two or npre types can be used as a

mi xt ur &€ GRIEIRY0E of Adaxerrhading adhern digiyian fgHnapesiigPadmssundasedadat i ve
addi ti on products, oxidative dehydrogenati on products and ot her oxidation
pr oducthe sesilismfanerslirihggrareiisicbatior bytnitbegsubdserptien, theoafisit pBpauded c
exanpl es of reaction substrates in the form of al kanes may i ncl ude

al i phabyaghd dresugitchisasesmhbdne beahbassylt pif @ paore unifobutaaneshdrpebpbd@ne,

n- pent ane, n-hexane, 2-nethyl pentane or 3-nethyl pentane, and alicyclic

?Bﬁlg]e%tr@@fﬂﬂe aguéYel aReicifenty ChPhexmiitnertty 6f tRePkapgo®r p&clseoetirae.
Although support aging can be carried out at room temperature, due to the slow rate
of changes in the pore structure thereof, a temperature higher than room temperature
is preferably selected within a range of from 60 to 150°C. In the case of aging at

10 normal pressure, a temperature within a range of from 60 to 100°C is preferable. In
addition, although the duration of aging treatment varies according to the temperature
conditions, it is preferably from 1 minute to 5 hours, more preferably from 1 to 60
minutes and even more preferably from 1 to 30 minutes at a temperature of 90°C, for
example. In the procedure of the first step, although the support can be used after

15 initially drying and then firing after it has been aged, a slurry in which the support is
dispersed in water is preferably contacted with the acidic aqueous solution of a

soluble metal salt containing nickel and X followed by insoluble fixation of the nickel

and X on the support,
[0094]

20 Examples of soluble metal salls containing nicke! used to prepare a catalyst may
include nickel nitrate, nickel acetate, nickel chioride or the like.  In addition, examples
of soluble metal salts containing X may include palladium chloride, palladium acetate
or the like in the case of selecting palladium for X, ruthenium chloride, ruthenium
nifrate or the iike in the case of selecting ruthenium for X, chloroauric acid, sodium

25  tetrachloroaurate, potassium dicyancaurate, goid diethylamine ftrichloride, gold
cyanide or the like in the case of selecting gold for X, and silver chloride, silver nitrate
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Exanpl es of olefins may include aliphatic ol efins such as ethyl ene,
propyl ene, butene, pentene, hexene, heptene, octene, decene,
3-nmet hyl - 1-butene, 2, 3-di nethyl-1-butene or ally! chloride, alicyclic
ol efins such as cycl opentene, cycl ohexene, cycl oheptene, cycl ooctene or
cycl odecene, and aromatic substituted ol efins such as styrene or

a- met hyl mé’ﬁ@ﬁﬁﬂék%&%} S%@n@é gﬁ\eeﬁffoﬁk@hm s may include saturated and

unsat ur at ed at1c al coho as’ et hanol , et hanol, n-propanol,

| sopr opggwy], n-butanol, s-butanol, t-butanol, n-pentanol, n-hexanol,

n- heptanol , ally! alcohol or crotyl alcohol, saturated and unsaturated

al i cycl i c dheakepscisrectoreentpiitpehtauedys sylcliahesameainingpickehanpd Xrarke, 10
met hyl cycl ohexanol or cycl ohexen-1-o0ol, aliphatic and alicyclic polyval ent

al coholgenstiip vagietnyARie of iipe® 0, 0D 10RY e en@lly qobfersisiy edrhyd. e0e tal 9.sol |
1, 3-but anedi ol , 1, 2-cycl ohexanedi ol or 1, 4-cycl ohexanedi ol, and aronatic

al C@hohﬁnlﬁuﬁﬂ g@ﬁ?ﬁyﬁ%@%?&ﬂ?bmﬁ%@dﬁ?' rnél/E.Oh‘PlHe PhtiPBNARKES Shat X el

15Exanpl es y inclu phati c saturated al dehydes SIUCh als
f | . Lar o ,
1 B SRR AR S S
| d : ' | d h b I , :
benzyl GPOLRy/dS 5F PETEFENG aBhaes Ba Ba v Fyderbr R E aidEhy des. -
[0096]

The temperature during contact between the nickel and acidic aqueous solution

-¢  of a sofuble metal salt containing nickel and X is one important factor for controlling
the distribution of composite particles, and although varying according to the amount

of oxide of at least one of basic metals selected from the group consisting of alkaline
metals, alkaline earth metals and rare earth metals supported in advance onto the
support, if the temperature is excessively low, the reaction slows and the distribution

15  of composite particles tends to widen. In the production process according to the
present embodiment, the temperature during contact with the acidic aqueous solution

of a soluble metal salt containing nickel and X, from the viewpoint of obtaining a
supported layer in which the composite particles are more sharply localized, is a
temperature at which the supported composite particle material is obtained at a high

20 reaction rate, and is preferably 60°C or higher, more preferably 70°C or higher, even
more preferably 80°C or higher and particularly preferably 90°C or higher.  Since the
acidic aqueous solution and aqueous slurry are mixed so that the temperature of the
mixed liquid thereof is 60°C or higher, the aqueous slurry may be heated {0 a degree

such that the mixed liquid exceeds 60°C even after the acidic agueous solution is

25 added, or conversely only the acidic agueous solution may be heated. Both the

acidic aqueous solution and the aqueous slurry may naturally also be heated to 60°C
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20[ 0120] Exampl es of ketones may include aliphatic ketones such as acetone,
net hyl et hyl ketone, diethyl ketone, dipropyl ketone or nethyl propyl

ket one, alicyclic ketones such as cycl opentanone, cycl ohexanone,
cycl ooct anone, 2-nethyl cycl ohexanone or 2-ethyl cycl ohexanone, and aronmatic
ket ones such as acet ophenone, propi ophenone 25 and benzophenone. [0121]
Exanpl eshigthear omat i ¢ conpounds may i ncl ude benzene, tol uene, xylene,
napht hal ene, ant hracene and derivatives thereof substituted with, for
exanpl BOH kyl groups, aryl groups, hal ogens or sul fone groups. [0122]
Exanpl es of, phenol s may i.nclude phenol, cresol, xylenol, naphthol, anthrol
5( hy dr oxy aRtHPHER B THAFUGRr FALTR G814 A Undaic N agP RIS 8T FURR | 2ha
aromati c hydrogen atons are substituted with al kyl groups, aryl groups,
hal ogeF?ra@%ﬁiwére%lél tooRrigheuthan the bedisp rowmlItes sevestibeged ebribe @ese nay
i ncl ude nercaptans such as nethyl nercaptan, ethyl nercaptan, propyl
merTapPhine pesneglrerst capeasrally prafeopblgrmamied 0124¢ a tempdbeturpl eguadftoam nes
may i nclude aliphatic am nes such as nethyl anm ne, ethylam ne, propylam ne,
i sopr omydernihae, theutsylvent nmiling peirty | dimene, ardi b hydréoulae, lindigpibapybaniee,

di i sopropyl am ne, dibutylam ne, trinethylamne, triethyl am ne,

15t ri pHoRstioardMiKatidr bPWEIiaE 2Rd XabbmbaRbRe, Ahd GitBbLiyh 88iviley adddraig thC

am nes such as cycl opentyl am ne, cyclohexyl am ne, cycl oheptyl anm ne or

cycl oogbyhiaimd&ucR™ME the type of support, the loading of nickel and X and the ratio
thereof, the duration is generally within a range of from 1 minute to 5 hours, preferably

10 from 5 minutes to 3 hours and more preferably from 5 minutes to 1 hour.
[0098]

The production process of the supported composite particle material according
to the present embodiment is based on the principle of insoluble fixation of the nickel
and X components by carrying out a chemical reaction between an oxide of at least

15 one of basic metals selected from the group consisting of alkaline metals, alkaline
earth metals and rare earth metals supported in advance on the support, and a
soluble metal salt containing nickel and X. These components are preferably fixed
simultaneously from a mixed solution containing both components in order to ensure

more adequate compounding of the nickel and X.
20 [0099]

In addition, in the production process according to the present embodiment, the
agueous sturry containing a support supported with an oxide of at least one of basic
metals selected from the group consisting of alkaline metals, alkaline earth metals and
rare earth metals preferably contains a salt of at least one of basic metals selected

25 from the group consisting of alkaline metals, alkaline earth metals and rare earth

metals.
{0100]
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aromati c am nes such as aniline, benzylamne or toluidine. [0125]

These reaction substrates can be used alone, or two or nore types can be
used 20as a m xture. In addition, these reaction substrates are not
necessarily required to he purified, and may be in the formof m xtures
wi th other organic conmpounds. [0126] The foll ow ng provides an

expl anat i orio& resulieXaarfrematibnaf prataesisack of Xpis athibitey comidsunding ofificleest er
from al dehyde and al cohol in the presence of oxygen by an 25oxi dative

esteri fangat iPProhfABH | SRy &gtribhu‘ﬁoﬁ‘ﬂ?%ﬁ{p%@ité?ﬂéﬁ;ﬁ@é% galg%retéd?ltr%liggtn?&:‘e the

according to the present enbodi ment as a cat al yst

iejﬂﬁhé??‘?é@@ I d3 @“dé@ﬁ‘@’fa%i%%é#)ﬁéswf‘?d i deﬁy?“‘?mﬂi*gﬁlﬁget h%gﬁh%hides
2colof n%a;éE{"ﬁ%%#lEn&eﬁ\?ves? SHafboRa : o8 sebPIEL I STt TR

al dehyde uch ben de t ol aI dehyde benz | al dehyde,
pht%a?/éf‘aéﬁ%@@fe PREA |Sﬁ éo higiding ELCE aéeswlh%%@ﬂcam@éﬁ@@qum@se

aldehyde can be used alone, or any two or nore types can be used as a

mi xt ur 80lution ZesalEnbateast ete af mhaiwemted fromuthe @ioupccodbistiali giteikaline
saturated al cohols such as net hanol, ethanol, isopropanol, butanol,

2- et hy medaisnalkalinoe earibimatal st drel ﬂairke;artﬁ&nemtsﬁlo 10 alicycl i ¢ al cohol's such
as cyckQe ent anol, cycl ohexanol or the like; C to Cl10 diols such as

et hyl e CEi'l ycol, propyl ene glycol, butanediol or the like C3 to Cl10

| i phati tdI h | I | cohol | | | cohol
the' I ke, GRABRSST ﬁaitaéﬁ??% Tredrond lharla el el om dhe BouR ke,
and. hydr oxyoxet s.such as 3-al kyl - 3- hydroxynethyloxetane or the I|ike.
Thede SPeSKINEobakalie sialsaplsaliné garipsnatals BOG refe ewite mejpledhahpambeysed

as a mxture. [0129]
used may include one or more types selected from water-soluble salts of these metals

such as organic acid salts, nitrates, chlorides or the like.
[0102]

The amount of the salt of at least one of basic metals selected from the group

15 consisting of alkaline metals, alkaline earth metals and rare earth metals as described
above varies according to the amounts and ratio of the nickel and X components, and

is determined according to the amount of basic metal oxide supported in advance

onto the support. Generally, the amount of the above salt is from 0.001 to 2 times
moles and preferably from 0.005 to 1 times moles based on the amount of nickel and

20 Xcomponents in the aqueous solution.
{0103]

in addition, the aqueocus slurry containing a support supported with an oxide of

at least one of basic metals selected from the group consisting of alkaline metals,
alkaline earth metals and rare earth metals preferably contains a soluble aluminum

25 salt. Examples of soluble aluminum salts that can be used may include aluminum

chioride and aluminum nitrate,
[0104]
13



There are no particular limtations on the weight ratio of al dehyde to

al cohol, and al though the reaction can be carried out over a w de range of
nol ar ratios of al dehyde/al cohol of from 10 to 1/1,000 the reaction is
generally carried out within the 20range of a nolar ratio of from1/2 to
1/50. [0130] The ampunt of catal yst used can be varied considerably

accor di ng tthe fREGIRKABP!L solltfe LABOMEH $R0551PR HAUCHR YR} 2oRRTRRS tion

and preparation nethod of the catal yst, reaction conditions and reaction

form r ! ' .M ' -1 Nsthe
case of A BLAT oL BV S seri el 6 hthabiR bRoREh B Bbiag B
cataly i e of the solid content..in the slurry is .preferably wthin
Che.r ange ShPPFERiEver b M bRt LEiRs e ItatisSd s oS 1t SEBPAAR 06 and
even ﬁ_r1e E{ﬁef erably from 10 to 25 wt/vol % [0131] In the production of
car bow £ PraGiRie ¥t igsolupife fixglien iasn PrRYjeYsdY Ggseried oufUENBHEY Chierigat ehes or
continuously using an arbitrary nethod such as a vapor phase reaction,
511 ui dligRise ndsaiei amd dine kel igxuseshéen the. spobEppluminHoUgAItt BRINRIBEERT iOn can
be carried out in the absence of solvent, it can also be carried out using
a sol veatctedain the outmersurisicetof thes pemtort by Bluheneealtreacticrowiio ienbasis uedtahs
hexane, decane, benzene, dioxane or the like.

oxide supported in advance onto the support, the nickel and X are consumed thereby,

and the outer layer is fixed by a reaction between the basic metal oxide inside and the

nickel and X,
10  [01085]

The amount of aluminum component varies according to how many um the
thickness of the layer not supported with nickel or X component is set to, and is
determined according to the amount of basic metal oxide supported in advance onto
the support. Generally, the amount of aluminum component is from 0.001 to 2 times

15 moles and preferably from 0.005 to 1 times moles based on the amount of basic metal

oxide supported in advance onto the support.
(01086}

Although there are many aspects of the details of the mechanism by which the

nickel and X components are distributed that are unclear, it is presumed that the

20 balance with the rate at which the components are insolubilized by a chemical
reaction was effectively attained under the conditions of the present embodiment,
thereby making it possible to fix the composite particles in a narrow region near the

surface of the support.
[0107]

25 In addition, in the case of forming the outer layer substantially free of composite
particles on the outer surface of the support, since aluminum and a basic metal

component near the outer surface of the support are allowed to react resulting in
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0[ 0133] A known form such as a fixed bed type, fluidized bed type or
stirred tank type can be used for the reaction form For exanple, when
carrying out the reaction in a liquid phase, any type of reactor can be
used, such as a bubble columm reactor, draft tube type reactor, stirred
tank reactor or the like. 15[0134] The oxygen used to produce carboxylic
aci d esoesumgtiobeofmbheicuratalorymenneniznebpaltianobecactinghevifroniokef axygen gas
itself or a mxed gas in which the oxygen gas has been diluted with a

di | uentcotipainenss ineactthgeolter tdugfaceact e ssippbriasnd WheaenicRel eREbRNafl oxi de
gas, and air is preferably used for the oxygen raw material fromthe

20Vi ewrebBbguartlyeRfpoPed Y RidcAlé %si&ﬁ@fh‘?%g@bﬁeﬁ&enéér‘(ﬁe dRdrRSlrAld hough

oxygen partial pressure varies according to t eaction raw naterial's such

th I [ it th
Eype of 1o sfopd A MG ol Rfpd LERIR anlidC e EBEL AR AYS Rk Bsd o

thet s, .acti.cal 25 ithin th |t I
than t FeSHGERRIRT MG prde rtaT ol B i SBMFer r abl y contr ol | ed
to, for[o nple, from20 to 80 kPa. Although reaction can be carried out at
a reaction pressure extending over a wi de pressure range from

depressuri Zidid hokihgisresRiesi ZasiManatiditof tBa&kicBAd issegnor mal |y carried out at
a pressure within the range of from0.05 to 2 MPa. In addition, it is
pref er abl e fHeo PR of FWREISObported composite particle material is rinsed with water
and dried as necessary prior to the heat treatment of the second step. The
1G  temperature at which the precursor is heated is generally from 40 to 900°C, preferably

from 80 to 800°C, more preferably from 200 to 700°C and even more preferably from

300 to 600°C.
[0109]

Heat treatment is carried out in an atmosphere such as air (or atmospheric air),

15 an oxidizing atmosphere (such as oxygen, ozone, nitrogen oxides, carbon dioxide,
hydrogen peroxide, hypochiorous acid or inorganic or organic peroxides), or an inert

gas atmosphere (such as helium, argon or nitrogen). The heating time is suitably
selected according to the heating temperature and amount of precursor.  In addition,

heat treatment can be carried out at normal pressure, under applied pressure or under

20 reduced pressure,
10110}

Following the second step as described above, reduction treatment can be
carried out in a reducing atmosphere (such as hydrogen, hydrazine, formalin or formic
acid) as necessary. In this 'case, a treatment method is selected that prevents the

25 oxidized nickel from being completely reduced to a metallic state. The temperature
and duration of reducing treatment are suitably determined according to the type of

reducing agent, type of X and amount of catalyst.
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of safety to set the total pressure so that the oxygen concentration of the
react or outfl ow gas does not exceed the explosive limt (for exanple, a
concentration of 8% . 5[0136] In the case of carrying out a carboxylic acid
ester production reaction in a liquid phase, the pH of the reaction system
is preferably maintained at from6 to 9 by adding a conpound of an al kal i ne
met al ¢e1lkaline earth netal (such as an oxide, hydroxi de, carbonate or
carboxylate) to the reaction system These al kaline netal or alkaline 10
earth net alMeERpeLRYSIZAG tsatrigriral bpsarmnd ewgolpwingrtee @pors-rpemigiedused
in conbination. [0137] Although the reaction tenperature during production
of car hery ltieatraentd asdt rduckgsieatmérdt int hig (ceaattmosphean 40 cmeni exddiaing at

hi gh tenperatures above 200C, the 15 reaction tenperature is preferably

f r om 3@tmosHI€, (smeheapraiygeaplozoheomitdtydro okdS, anmibew edioxidee hyteigsmabl y
from60 to 120C. There are no particular limtations on the reaction tine,

ands al paasigde. REISHNE BRM BPFRINhALBIabigunk Idesy &5 @sccaeany di to
t he se:p condi mpns, it 1s general gy |f rom Po g%r%ﬁoursz. S20[ Exanglr esqp%[OlSS]

At ho“@&n?@ﬁ’%&r@ émvbnpatﬁlhqxitﬂi%}ag,gwers%atgswéts%i%e'@d&%?&iﬂg ftc?ftiila%]gﬁ)e%@sent

enbodi nmen rough exanpl es an nparative exanples there pr esent
enbodi Lim g t heret o, sgn with ordinary skill in the art
can no{&@ 'bafggéﬁ‘ ttXPeoﬂfgtaﬁg %Q%%Ioﬁs‘:%%mﬁcat ed bel ow, but al so nake

vari ouisop@qnges t hereto, and such changes are also included within the

scope of the clains for patent. [0139] Furthernore, in the exanples

and conpar & itivied exspiest deasur eeat tiedn tidkedi sid Dbwdrons afidad ckiglngand X
in the supported conposite particle material, observation of the form of

t hep suppedctiBRbf PRGBS b COBRIEI bEuRBS! fctlBoiMBbRAtiBhs. MERS WIRNBE Indth) mean
particle dianmeter, determ nation of the loading of Ni and X and atomc¢
ratio gfkaline earth metal or rare earth metal can also be added during catalyst preparation

or to the reaction system. In addition, the raw materials of the third constituent

element, alkaline metal, alkaline earth metal and rare earth metal are selected from

salts of organic acids, salts of inorganic acids, hydroxides and the like.
15  [0113]

As has been described above, according to the supported composite particle
material production process according to the present embodiment, the supported
composite particle material can be obtained having the supported layer in which
composite particles are localized comprised of oxidized nickel and X in specific

20 shallow region near the outer surface of the support, and as necessary, having a layer

substaniially free of the composite particies on the ouier surface of the support.
101141

[Process for Producing Compounds Using the Supported Composite Particle Material
as a Catalyst for Chemical Synthesis]

25 The supported composite particle material according to the present embodiment
can be widely used as a catalyst for chemical synthesis. For example, it can be used
as a catalyst or photocatalyst of reactions such as reactions for forming carboxylic
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5 N/(N + X), determ nation of the content of support constituent elenents
(Si, A, basic netal), analysis of the crystal structure of conposite
particles, analysis of the chem cal state of conposite particle netal

el ements, analysis of the chem cal state of nickel, norphol ogical
observation and el enentary anal ysis of conposite particles, measurenent of

the ul GorRVeSbAT frythsdBbisydaesid 8lcehoRkOf@RSiohs f@ﬁfdrh%dﬁéaw&ﬁyﬂ@%@ségtér@m of
t he physical properties of the support and supported conpoSite particle

mat eri glon Sa[?@tﬂ%cflé,cﬁg(%héaﬁgiggﬁgrz’reﬁgggﬁdﬂ)gﬁbﬁf io&%ﬁ%%n\[’ﬁiéﬁﬁ%%sv‘% eﬁé)?{eri ed

out according to't t ScCri asur eiren

Distri i f N ckel, and X .in Su rted nposi te, Particle 15Material ]
A sampPeiPl Fasiuls crisiirHigrtars "PRE! rETt S TN ODo S PDS. DD ol o
material . jn resin and polishi nr? was, neasured at an accel eration voltage of
15 kv Q¥I93gve REJEAN redlirvoaBling ygason afiﬁquoaﬁogheaﬁzwy@mwﬁfomreaﬁe-p%(Au)
in the direction of depth fromthe outer surface were anal yzed on the basis
of 2l e€th-OAS20raipH elstlotei hndegeanitprx-reagticnsal fesicHoNN feavierraingt hydogens?29,
anal yzing crystal: RAP; X (Au) wavel ength: 5.8419, analyzing crystal: PET).
[ 0141] ppNpiqdh§bayhydiogEhserdvatyigem, chrifupponbxaedo:Sdpiar teattiCosrsl N&X
Particle Material] The support and supported conposite particle materi al
wer e obsauotiedl, usi ng the Hitachi X-650 Scanning El ectron M croscopy System
(SEM . [0142] [ Measurenment of Mean Particle Dianeter of Support and
Suppor t&dStonposite Particle Material] Mean particle dianeter

(vol une- ba?ﬁ\d) was neasur ed usi n%it he Beckman- Coul ter Model LS230. Laser
Di ffracti on/'ScHAPEF Ho &aipdealagserding s thapwsenhgmepsinesht

eAgopHasiteRar
10 demonstrates superior effects particularly in the case of using as a catalyst of an
oxidation reaction. In addition to the aldehydes and alcchols used in the reaction for
forming carboxylic acid ester as indicated in the examples, other examples of reaction
substrates used in the present embodiment may include various reaction substrates
such as alkanes, olefins, alcohols, ketones, aldehydes, ethers, aromatic compounds,
15  phenols, sulfur compounds, phosphorous compounds, oxygen-containing nitrogen
compounds, amines, carbon monoxide and water. These reaction substrates can be
used alone, or two or more types can be used as a mixture. Various industrially
useful oxygen-containing compounds, oxidative addition products, oxidative

dehydrogenation products and other oxidation products are obtained from these

20 reaction substrates.
10116}

Specific examples of reaction substrates in the form of atkanes may include
aliphatic alkanes such as methane, ethane, propane, n-butane, iscbutane, n-pentane,
h-hexane, 2-methylpentane or 3-methylpentane, and alicyclic alkanes such as

25  cyclopentane, cyclohexane, cycloheptane or cyclooctane.
[0117]

Examples of olefins may include aliphatic olefins such as ethylene, propylene,
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[0143] [Determ nation of Loading of NI and X and Atom c Ratio of N /(N +X)]
The concentrations of N ckel and X in the supported conposite particle
material were quantified using the Therno Fisher Scientific Mddel IR'S
Intrepid Il XDL | CP OEm ssion Spectroneter (1CP-AES, M5). Sanpl es
were prepared by weighing out a supported material into a Teflon

deconppaidnedn yegees, afstensd, Niddpienaci demié hydegsien f bupsige1andehgat i ng
and deconposing with the Ml estone General Mdel ETHOS-TC M crowave

De it 3 foll d FrYME :
G oo infin EbEine! B ANC RIRIAPERGIIAToEANS. KIGT OBl hdRENE L.

adding 15 nitric acid and ic acid to the precipi

heatin [ i re i e e C jti tem
and usrraOESteE SERHISREoE: R & RysCle e sl B EHRS
test i l#i d. The quantification nethod was carried out by

quant i P% R SWEE RS P eRe S W MetASY RS nal st andard and then determining the
cond eﬁ(ﬁ@ﬁ nickel and X in the catal yst by 20subtracting a simnmultaneously
deternt ned’ bl ank val ue foll owed by cal culating the | oading and atom c

ratio. [O0l44hnidRed ef lcBRbIsHNaPindoid eatiFaell PHPERsdtulnBs HipHsTt aEbRBRNt S
(Si, Al, Basic Metal] 25Sanples were prepared by dissolving the support

basi c et hroandy Aok fAR piaPand, FRT R R s AT PR R

w O naesteet dr bk ey B0Re S SRR PR Al S9aRs s v
bR At R Rt I N RN QR L
10 methylcyclohexanol or cyclohexen-1-ol, aliphatic and alicyclic polyvalent alcohols
such as ethylene glycol, propylene glycol, trimethylene glycol, 1,3-butanediol,

1,2-cyclohexanediol or 1,4-cyclohexanediol, and aromatic alcohols such as benzyl

alcohol, salicyl alcohol or benzhydral.
[0119]

15 Examples of aldehydes may include aliphatic saturated aldehydes such as
formaldehyde, acetoaldehyde, propionaldehyde, isobutylaldehyde or giyoxal, aliphatic
o,p-unsaturated aldehydes such as acrolein, methacrolein or crotonaldehyde,
aromatic aldehydes such as benzaldehyde, tolylaldehyde, benzylaldehyde or

phthalaldehyde, and derivatives of these aldehydes.
20  [0120]

Examples of ketones may include aliphatic ketones such as acetone, methyl
ethyi ketone, diethyl ketone, dipropyi ketone or methyi propyl ketone, alicyclic ketones
such as cyctopentanone, cyclochexanone, cyclooctanone, 2-methylcyclohexanone or
2-ethyleyclohexanone, and aromatic ketones such as acetophenone, propiophenone

25  and benzophenone.
[0121]

Examples of aromatic compounds may include benzene, toluene, xylene,
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[0145] [Analysis of Crystal Structure of Conposite Particles] Crystal
structure was anal yzed using the R gaku Model Rint 2500 Power X-Ray
Diffraction System (XRD) under conditions of a Cu tube for the X-ray source
(40 kV, 200 my), neasuring range of 5 to 65 degrees (0.02 deg/step),
measuring speed of 100.2 deg/mn and slit widths (scattering, divergence,

r ecept inaphtreterie, dethrate de Girangerfative§Therboe sEBSMLE INGRN PR RBEREHIBY alky!
uniformy spraying onto a non-reflective sanple plate and fi xing WlthI
neopr eeq (f?@r@ VR § mcal State of Conposite Particle
Met al &%%%Eﬁ{i%r&%%# e c@mﬁeg{%@&eof conposite particle netal
compon@tXjwas anal yzed using the Thernmo El ectron Model ESCALAB 250 X- Ray
Phot oel ectron Spectroscopy System (XPS) under conditions of Al Ka at 15 kV
x 10 mA f olEx@Rwlex sift phersis soay desiudaatherad stasbhoylanaa rephiimdutnthram
(shape. oval), using a O to 1,100 eV survey scan 20and an N 2p narrow scan
f or5 t héhypoyamthregiene) and defiativeasheoenfsusanps esiover i EpRr adnkdtic
crushing the supported conposite particle material with an agate nortar and
pest | ehgatbgehagionss efe aubBREkEH VAL BAGE POYSET a§R sStr?éil@? | y XPS
measur e?rentgl.@ [0147] 25[ Anal ysi s of Cth' cal St a?eggélﬁ)Ni’ckel &® E'xljt(g;{s'lgNidoIbKa
spectrgumﬁ(@g,@%g ired with the Technos Mdel XFRA190 H gh- Resol ution X-Ray
Fl uor escence™ Spectroscopy System (HRXRF), and each of the resulting

par amef®r23|was conpared with those of standard substances (nickel netal,

ni ckel oxide) to predict the chem cal state such as val ence of nickel
present i nEBxaBMedpdr sefiummoemicaindsTheyréacude meetcapdans esuckerss osebyl
directly for nmeasurenment. The Ka 5 spectrumof N was nmeasured in the
pard i amesgamtan adthybolercapttan, habpyii merca@ear(, 220k ywasrdapesh bothishieermnal yzi ng
crystal, a slit having a vertical divergence angle of 1 degree was used for
t he sl [qj,z‘%nd the excitation voltage and current were set to 35 kV and 80
mA, respectively. Filter paper was then used for. the absorber in the case
of the I ef EXEIFLSS ipPEINGS TRY HoLiRe SRS G POUnER P G MeSaHBMING . t he
case of

ethylamine, propylamine, isopropylamine, butytamine, dimethylamine, diethylamine,

dipropylamine, diisopropylamine, dibutylamine, trimethylamine, triethylamine,
15 tripropylamine, tributylamine, allylamine or diallylamine, alicyclic amines such as
cyclopentylamine, cyclohexylamine, cycloheptylamine or cyclooctylamine, and

aromatic amines such as aniline, benzylamine or toluidine.
[0125]

These reaction substrates can be used alone, or two or more types can be used

20 as a mixture. In addition, these reaction substrates are not necessarily required to

be purified, and may be in the form of mixtures with other organic compounds.
01261

The following provides an explanation of an example of a process for producing
carboxylic acid ester from aldehyde and alcohol in the presence of oxygen by an
25  oxidative esterification reaction using the supported composite particle material

according to the present embodiment as a catalyst.
[0127]

Examples of the aldehyde used as a raw material may include Cy to Cy; aliphatic
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10 supported material sanples, and neasurenents were carried out so that
the peak intensity of the Ka spectra was 3,000 cps or |ess and 10, 000
counts or nore. Measurenent was repeated five tinmes for each sanple, and
nmetal sanpl es were neasured before and after each repeated nmeasurenent.
After subjecting neasured spectra to snoothing processing (S-G nethod, 7

POi Nt S glderyBEShich b@%%e&ﬁ?@hb@@%idé@d@?b?poﬁ%ﬁl&b%éﬂ?s%bb%%h

asymretry indices (A) were calcul ated, "and peak | ocations were treated as

a chem j AE) ~f 1, t ha: r f I sur ed
bef or e 0gaeart e HETLCo LA b STERE HE St Sl alpfy iy Shaff BT e
Qbservat i and El epentar nal ysi s, of osite Particl 20 TEM bri ght
et e eRle A B RE el B Top LT IGIRS SUThises
(poi nt  anal yses, mappi ng, |ine anal yses) were red using the JEOL Model
3100FERePFAHERYLSs | ﬁy'éi‘%&‘ty%n WWB%@%CBHW%S%% rﬁ”ség%nméq’ie@t”ﬂon

m croscope (TEM STEM ﬂaccel eration voltage: 300 kV, with energy dispersive
X-ray defiealives ¢fEbxpe alggmeesdatl hean dlgahivsiesedn Rarussgooasned aDy givoaor

M crographTm Ver. 1.70.16 from Gatan for TEM i nage and STEM i nage anal yses
(1 engt mareagreseranbe uBedrasex mittusmsf or m anal ysi s), and the NORAN System Sl X

Ver. 2.0 from Therno Fisher Scientific for EDS data anal yses (napping inage
procesﬁ@“r?gﬁ] conpositional quantification and cal cul ation). The

measur enent-_sanpl es re prepare crushing .t he supported nposj te
ot cte. mEerImrs f FRoBoRFRARR ekt P At BER SfefeRRuthis

et hanol . After subjecting to ultrasonic cleaning for about 1 mnute, the
powder M a'&{?’o%@ﬂobﬁ%@rapﬂwfyﬁﬁﬁﬁﬁh%?w&@xﬁaogﬁﬁtaﬁoﬂ opfheslike: &t @ion
TEM STEM observation sanples. [0149] [Measurenent of U traviolet-Visible
Spett r alieyclicasbois sushaas cytlepgntapol, gyclghaxamnglidsitee §iseicer 0 er dioksesuslir ed
using the Jasco Model V-550 U traviolet-Visible Spectrophotoneter (UV-Vis)
(wi th st ethyEnenghsphepepytarte ghaopolkdianedaipbre tHelliter )Cato aCyeabphiatiag
range of 800 to 200 nm and scanni ng speed of 400 nm m n. The

nMeasur eneaturstatphleshalerichr &9 ¢dalpher, uastinagylt HiecBtIPPOtHe dke0TRASI G%
15particle material wth an agate nortar and pestle and placing in the

powder agsRYie a@h@%r st 298U EARBhoPE W M SREA tﬁr%xy&:%i%%s such as

[ Measur enment of Physical Propefties of Support and Supported Conposite
Parti che terial . £ r.f ea; ' ,
2orhyst ol s bhery TBRfloldam o 368 IR6ERTHRRE GIEURIT 58 oS Shpe dloiiSaon,
System.using nitrogen gas for the adsorbing gas (nitrogen adsorption
mf%odfnyfﬁﬁog@orﬁgm%%cagbedgsgﬁ %7 "UHEESfi ¢ surface area, the BJH method
for pomg@ aneter and pore distribution, and the anmount of adsorption at
maxi mu /B’o was used for pore vol une.
There are no particular limitations on the weight ratio of aldehyde to alcohol, and
although the reaction can be carried out over a wide range of molar ratios of

aldehyde/alcohol of from 10 to 1/1,000 the reaction is generally carried out within the

20 range of a molar ratio of from 1/2 to 1/50.
10130]

The amount of calalyst used can be varied considerably according to, for
example, the types of reaction raw materials, composition and preparation method of
the catalyst, reaction conditions and reaction form, and although there are no

25  particular limitations thereon, in the case of reacting the catalyst in the form of a slurry,
the amount of catalyst in terms of the solid content in the slurry is preferably within the

range of from 1 to 50 wt/vol%, more preferably from 3 to 30 wt/vol% and even more
50



[ 0151] [ Support Production Reference Exanple] An aqueous solution in which
3.75 kg of alum numnitrate nonahydrate, 2.56 kg 57 of magnesiumnitrate
and 540 g of 60%nnitric acid were dissolved in 5.0 L of pure water was
gradual |y dropped into 20.0 kg of a silica sol solution having a coll oi dal
particle diameter of 10 to 20 nmwhile stirring and holding at 15C (N ssan
Chem caleferatig fromes) tSadwEAIN- 30, Si 02 content: 30% by mass) to obtain a
m xed slurry of 5 silica sol, alumnumnitrate and magnesiumnitrate.
Subseqli&htlly, the nixed slurry was aged by hol ding at 50C for 24 hours.
After cooling to roomtenperature, the mxed slurry was spray-dried with a
spray dryef” g‘?—ﬁ pEQSjU&HO%@?B@EbC{x&H%@F'Qt%ﬁt@» &re fepptiongNap g Garaed out aithadext |
the resulting solid was filled to a thickness of about 1 cminto a

st ai nl 85BatEhes PEEPNFBMUSHhEsING AN AGiteaTy prthotd spch @Sl D werPhghassatgastonn

el ectric furnace fromroomtenperature to 300C over the course of 2 hours
and® holigiidghasetrhactidreopeflak ueactficor 3 hours. Mreover, after heating to
600C ovyer ﬁhe course of 2 hours and holding at that tenperature for 3

hour s, A12lsol i d was cooled to obtain a support. The resulting support

cont ai ned 1% 8.3 ol %.and 8. l % of ,silicon, alum.numand 15
nmagnesi um %@?BQBW%@? 3085583380%3’"{ 'ﬁé ngfrh?herﬁ)qsgpcgﬁgﬁﬁﬁ%g] 15641 %89,109

al um num and nesi um The specific ,%urface area as determ ned by nitrogen
adsor ptfdly g R et At iRey diitimespast 0. e rReriPRIMPRBE R Cor e
dianeter was 8 nm The nean particle dianmeter of the support was 60 m based
on t heaf SRR, dfcaneabaneenidiofaneawdhedikef raction/ scattering particle size
di sériﬁtlgqin. In addition, the 20 form of the support was deternmi ned to be
neatly rical based on observations using a scanning el ectron m croscope
(SEM. [O01 . t he. talped. in. th upport
Production Re ({aﬁﬁg@ &éﬂ'rrglsea %ég%ggstgéﬁsﬂ@dﬁé%ﬁg%ﬁ tﬁ%f amgﬁrg‘?a Itnaergﬁ 5@% o 90C
follo tirri for 15 mnutes at 90C. Next, an aquequs sol ution

cont a?ﬁg%ggl%%{%ﬂgq FERCURRI O E%%@?@Q JgeCarhyind %ﬁ?ﬁle ERACHOR I ) / L
aqueou[sﬂ?al tion of chloroauric acid was prepared followed by heating to
90C, atRifiAPrese. anvbeeneifersivsFasiesed SUGhras aRYLBIESIHINNHGack .sdiart f or
30 minutes at 90C to insolubly fix the nickel and gold conponent on the
suppor tubeNyre reagtoe stirregdenteacter @uperikat ant by al | owing to stand
ulz%l;estgﬁg%ﬁi and 5 washing several tinmes with distilled water, the washed

S rn was filtered. After drying for 10 hours at 105C with a dryer,

t he produc i.re S C.i i1 rpace to
obtan a supsardincagsble Poter oot abid PibroeBnh S Gb s gy
suppor | 1. 05% mass_of nickel and 0.91% by.mass ,of gold. The
ot ot cheelieh Bt e Rt AL oG RS TapBBr p Ay ad oab i APTOHL begBy 8PnEESwas
100. 80 A s | e obtained by enbedding . the resulting supported
conposh@® bﬁ&ﬂté’&qu LB A %}qunﬁt dsisningrlive) o itkiredCHis SHeibjascRIEgIeD K- ray
anal ysis of a particle cross-section using an X-ray m croprobe (EPMA). The
resul tS2rRPE dpyda Jas, Bnd, ain is peeferablbesed g@fr ther oxpdeinGavl mataealsioppdheed
conposite particle material had an outer

20 viewpoints of ease of manipulation, economy and the like.

[0135]

Although oxygen partial pressure varies according to the reaction raw materials
such as the type of aldehyde or type of alcohol, the reaction conditions or the type of
reactor and the like, the oxygen partial pressure at the reactor outlet is, for practical

25 reasons, within the range equal to or lower than the lower limit of the explosive range,
and is preferably controlled to, for example, from 20 to 80 kPa.  Although reaction

can be carried out at a reaction pressure extending over a wide pressure range from
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15 layer substantially free of nickel and gold in a region at a depth of
0.5 pmfromthe outernost surface of the support, nickel and gold were
supported in a region extending to a depth of 10 mfromthe surface, and
conposite particles were confirmed not be present within the support. Next,
when the form of the above-nentioned supported conposite particle 20

et er | ﬂgf)i’@s%uﬁ?éﬁfnvt%dpr‘é‘s&ﬂrifathn%%éW%éét%’ﬁ. 8! rﬁﬁgfawtcﬁrﬁé@%ﬁPB?a(qr@@ﬁr%TEM 1

spheric nanoparti cl'es extensively distribute a particle dianeter

o o2\ e BB HS B85 L SHATRLH s 2P R AT ©
ALl S Th e o s % S0 SSRETLAR e mperplaner

i ndi vi dual nanoparticles by STEM EDS indi cated that nickel and gold were
det ect eutfiow aas degs paleexs@ed the @xplosine liralhtfor gxaepdt, a erneandiatien of §hlo of
ni cé;el L(?%j(ﬂ of the nanoparticles (cal culated quantity: 50) was 1.05.

Moreover ,“-anal ysi s of the nanoregi ons of the observed particles reveal ed

the Ni/Au i g ﬁasre%f Gartying &1t %eéétrﬁ&b/llieqicﬁcﬁ g@%r %gc.)cﬁ\ﬁ;tfr?ioﬂ%%t%r?& éﬂg@ﬁ 0. 90,

whil e that on the edges ‘of“the particles wa ace anounts of ni ckel

only o iLn portions._ other than th articles. r |t of
car Tyl ROERtERTES bF iPRGIor B Ehderdietoll mlli-fRd ot ity B rife
anounts in the edges of all particles. The distribytion of nickel and gold
s obSENRPNS GaRBRIGE B it B D G KBTS PO S He B @it ar y
mappi ng. I n addition, the magnitude of the distribution of nickel was found
to be 6ARIN&RLr grgwyiate hin ehegacipntgystainst These iadwalioe rgelad o mikaline
scanning direction based on the 10results of conpositional l|ine profiles.
Bals®ed earthheetadsohtpouotispowdee Usachplahef far deti on n{kBOypes odinf be asedon
pattern attributable to nickel was not observed, and nickel was confirned
to be poesanitionn an anor phous state. On the ot her hand, although not

wel | -defi ned, a broad peak was present corresponding to gold crystals.

Al t houfHl I7he value is close to the detection 15 limt of powder X-ray
diffractio 2 nm, the nean crystalljte dianeter thereof was gbout 3 nm as
cal cul at ed%é@%g'alit% r@@pt%tegbq%a%@ OtRTEAYCHAR HPP%FZ)S&’{C ?%Jgte'hséerc’ﬁem cal
state of nickel, nickel was confirmed to be bival ent based on the results
of X-r &yctphibatodleetractianspast beoswopy ¢uiPd) highhtereprratwas aloaee2@i GritbRel was
al so predicted to be such that the nickel was in 20 a high-spin state and
have areattiencengferaturasedoreferahly fresuBOstooR087@hmoes girafdraily Xromy40 to
fluorescence (HRXRF), and was determned to have a different chem cal state
t han a150<rlgl@nd:%n@@umbrénf>té1@rétﬂy frerh 60 cleeli 20xC de Thiget aredinkt eagiRtes in
the NN Ka spectra. The half-w dth value (FWHM of the Ni Ka spectrum of the

resul tjingatahaby She b@é@%rpmnbhanmmugﬁ ol eetdriimd@sindorddifordIy difce it
chem cal shift (SE) was 0.335. The 25 half-width value (FHW) of the Ni Ka

spect r ypp; i i - : S was 3.249 while
t he Chgﬁ?%%ﬁggﬁ??@t?é&?%ﬁggﬁgﬂgﬁﬁ;%ﬁs%eh%ﬁ?ﬁﬁﬁ%ﬁﬁt#@%?ﬁ@%%a result of

i nvestigating changes in electron excitation states of the supported
conposite particle material by ultraviolet-visible spectroscopy (UV-Vis), a
surfac | asmon absorption peak originating fromgold nanoparticles did not
aﬁﬁ%arﬁﬁﬁﬂ?mﬁs icinity of 530 nm while broad absorption attributable to

Ni 02 WEﬁg%ﬁserved in 5 the wavel ength range of 200 to 800 nm On the
basi s these results, the mcrostructure of the conposite particles was
predicted hanbaye Bef NBWIMTY Fdf‘cb\ﬁbeé he nfuef a6efefegPhthtioanepaid ivbasiare
covered by oxidized nickel. [0153]

embodiment through examples and comparative examples thereof, the present
embodiment is not limited thereto. A person with ordinary skill in the art can not only

25 carry out the examples indicated below, but also make various changes thereto, and

such changes are also included within the scope of the claims for patent.
[0139]
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10[ Exanpl e 2] 1.0 L of an aqueous solution in which was dissolved 2. 90
g of magnesium chl oride was heated to 80C and stirred foll owed by the
addition of 300 g of the support obtained in the Support Production

Ref erence Exanple and further stirring for 15 mnutes at 80C. Next, an
aqueous solution containing 37.16 g of nickel nitrate 15 hexahydrate and 35

m. of a 2. ; |0, JU i

fol | oned b;? ugfﬁgfrh%l%?ﬁg?rﬁg%%ﬁgﬁi%soé}écg%oﬁ@'atﬁg)ea%%éjﬂél%hﬁfe 3&@%@%@%§¢@s| urry
and contld ui.ng .t tir. for, 30, mn t _80C to I lL.u fix.,the nickel
and pal i RReshsBieheng i PP tiboRe s GO el e lich
supernatant. b | | owi n o stand undi sturbed and 20 washi ng several, tjnes
wt T QPR BN e PRk and sHeRodRR ePROaTe PRI MAlGTaMEaS S M aM g 1 or
10 hours at 105C, the product was fired for 6 hours at 500C in air. Next,

t he suppsentRarting dameten Aaterobiationed higslogdibedtMdand % sadateyia réigtdfent  at
roomtenperature for 2 hours in a hydrogen at nosphere to obtain a supported
conjpos Ni’‘Nipa) i détermimation af tHaNcORehhohsupparhForssibperttaemantsn( S, AlBkebl mass
of A sanpl e obtai ned by enbeddi ng the resulting supported conposite
parti chretamt anbigkisi bf rtesi oryatel gtakdtals g v@apssity esdribcles 0 akalyals anajhgsi s of
a particle cross-section using an X-ray m croprobe (EPMA). The results are

shown tRerhldal state 08 c6@BoBiee phARe Ac®i dibiFen®, aRbEKR] ofthe dhihiasli dsener e
confirmed to be supported in a 5region at a depth of 17 mfromthe support

soudor " Ph ool oS art it Bn clemelEly, afAREe A0chMBol? Herdoiss
oL ool 5t 0Ol R SRt B S

hand, al t hough not | 1 -defiped, a broad peak was present corresponding to
10 pal ME@SHIR ?%PE}{@? PRy&IC é’ﬁ%‘?@’%ﬁa@a}l thee SUPReRE LI SHEPEFd RASHE 5 nm
as cal cul ated according to the Scherrer equation. Wth respect to the

cheni cBfrtisleamatesfal Kppeaiie Kerfacmarasy More EAMSIST ROTBI PAIraA} WBER 6aTen etie
results of X-ray photoel ectron spectroscopy (XPS). In addition, when the

st at e atcadingve thpenstbedefiestritedhppart ed materi al was 15 observed with a
transm ssion el ectron mcroscope (TEM STEM, nanoparticles extensively
distri B84 within a particle dianmeter of 4 to 5 nm (nunber average

particle di er: 4.8 were ¢ irmed tQ be.su rted on the s ort.
B erent ar y "Rary cment 26 RSB MGRE At PradBRRd Forkelp R AHE8
observ nanpparticles with the energy dispersive X-ray detector (EDX)
pr]oil' d ,terét?r']ﬁ ni ckel and pal | adi um were 20confirmed to be contained in all
particles. The atomc ratio of nickel/palladium (nmean value) of these
conposi t e Pap@inpleeebigied bg. epbedding bearsiudirg) supportad gompesitarpaitideous
solution in which was dissolved 3.66 g of alum numnitrate nonahydrate was
heat edmater§0 dnamdins tind rpadishioigl wae dnbgsured afddn tdoorlcrhti@D0olagd of HE BWpport
obtained in the Support Production Reference Exanple and further stirring
for  10singnhteShiptadddOviotekt S0@NK-aay edigmpsehal (EPMAONNAI arich ¥ @) 78 taeof

ni ckel nitrate hexahydrate and 37 nL of a 1.3 nol/L aqueous sol ution of

chl or ogisdtforaef depds fidneRRs efitéokLues \@é/reaéﬁéigﬁecﬂ Rt thedbed bPeRRfroho the

above-mentioned support slurry and continuing to stir for 15 mnutes at 80C
tod nsplpdblay fhxgdhe i ekel, and goldy . wavelength: 14.5820, analyzing orystal:

RAP: X (Au) - wavelength: 5.8419, analyzing crystal: PET).
[0141]

[Morphological Observation of Support and Supported Composite Particle
Material]
25 The support and supported composite particle material were observed using the

Hitachi X-650 Scanning Electron Microscopy System (SEM).

[0142]
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5 conponent on the support. Next, after renoving the supernatant by
allowing to stand undi sturbed and washi ng several tinmes with distilled

wat er, the washed supernatant was filtered. After drying for 10 hours at
105C, the product was fired for 5 hours at 400C in an air to obtain a
supported conposite particle material (N OAu/Si 02-Al 203- My0) supported 10
Wi th 2. 20%sas@emait AiM&sh parttid DaHeRY dratppelt A Suppertaéd @Brspddid o of
Ni/(Ni + Au) of the supported material thus obtained was 0.79. A
sanpl e pobt i, Red. by embeddi ng the resul ting supported conposite particle
material In resin flamd polishing was subjected to X-ray analysis of a

particle crpss-sectjqn using.an X-r 1.croprobe (EPMA) . a r.esul t he
Cipported MEdhedtide Jeife MOBEPSEY o r bt aves R olier

| ayer ubEt ant | al | freedgé ni ckel and %ol d.in a region eétendi n%%é_o a
dept h SECMENHy Pylisih Mndeldp 2ltbasershiifiractionspeattrtindibpaide SixfdliRtidRdioNand
gold were supported in a region extending to a depth of 15 mfromthe
sur$ acMeagniring Jystery. absent inside. Next, based on the results of powder

X-ray ',{@action (XRD) of the supported 20 conposite particle material, a
diffra pattern attributable to nickel was not observed, and nickel was

cont i 1 Ted SeRenRLAREY LD R MPNSR! Ao RUkNS. @ RGLfland. al though

not wel | - I'ned, a broa was present correspon old crystals.
The nean crystallit i amet er  ther . was about nm as..cal cul ated .
2ccor i ng. e cebfiafivd oL lel S XinhE Seftted AR € Ratiedndetizle o
Ni , nickel 25was confirnmed_to be bivalent based on the results of X-ray
phot 0eMEE® IbRNEBRE UsBEL BISy Tsixy Fisher Sciptifgifqded ARISuriferifd!! gtlak dCBY
active species of this s%ggorted mat eri al was observed with a transm ssion

el B¢t r EMission SpespeneraMIGTENES, M@oparticl es extensively distributed
within a particle dianeter of 3 to 4 nm (nunber average particle dianeter:
3.8 nm werSanuda$ iwened ptepdbed dyppeidredg antt desupppred tmaErahentaa yTelon

anal yses (20 points) were then carried out on individual observed
nanopadetemessitbh hvddrel eagdiay ditrfpeich w@dXhydnngent fgdride GRBXhestimy isghed, and
ni ckel and gold were confirned to be contained in all particles. The atomc

ratio a&c@hﬁbghﬁgo h(MBRN WhlddfinePf éﬁé}?‘e?él CRIRRS LETRYS-TE! eRjidRwvabell:
[ 0155] 10[ Exanpl'e 4 A supported conposite particle materi al

(N OAURSI02+ - [ ' % by [ n 9% by
mass o@&gﬁﬁﬁl \%/gg)%og?%%nn?égg E@W%(?gjﬁémre F%B&ﬁaﬁaghtg gmgmﬁgracgggﬁ’a%%&g 1 wth
t ex tion of .pot agjng the,s ort .an tirring the support sluyrry and
niou DT ar Sie BoRMlarR Aol i BirengBRed Hesidle hestRg iR Pl The
atomc ratio of N gg_Ni + Au), of the supported terial .thys obtained was
0.79. Pressuie ¥4thnd distvwavredesymMersiianisystenhane 8aing A dxed seev e doRposi t e
particle material in resin and polishing was subjected to X-ray analysis of
a par t lRguiting pere- decompsitins] prgdaat 36 edgshiaidpr obe (EPMA). As a result,

ni ckel and gold were 20 confirned to be supported in a region extending to
a dept h of T2& gqudntifinatidre rstippdmassaarfiad eut bhiduanbBinwibdER-AEBsitte an

Next, based on the results of powder X-ray diffraction (XRD) of the

suppor ireenab sResial® apdtihés HeteMmieng dhe can@intd oRGtkONMBKLiGtRe atalisoutabl e
to nickel was not observed, and nickel was confirnmed to be present in an
anor phausr&ttale o Gdil®eously determined biank value followed by calculating the

loading and atomic ratio.
{0144]

[Determination of Contents of Support Constituent Elements (Si, Al
Basic Metal]
25 Samples were prepared by dissolving the support with aqua regia and dissolving

with molten alkali salt. The content of basic metal and/for Mg was measured for the



250t her hand, al though not well-defined, a broad peak was present
corresponding to gold crystals. The nean crystallite dianeter thereof was
about 3 nmas calculated according to the Scherrer equation. Wth respect
to the chem cal state of Ni, nickel was confirmed to be bival ent based on
the results of X-ray photoel ectron spectroscopy (XPS). In addition, when

t he st saeplsf digstlved witpeajiesregia i $hescpmientsenf Atainer$ialereasedsweddovisg Wt h
a transm ssion el ectron mcroscope (TEM STEM, nanoparticles extensively

di stri batete dissbivedavitfanidliehealkaipsat esingfthd $eikd INSrdrunkavioaseragep?2
particle dianeter: 3.5 nm were confirned to be supported on the support.

El emeni@p RIS 8obEBRIMISP-AES PdiRAIRd 8] dafdligitin 8n tﬁ@cgtaﬁqw?éé%

observed nanoparticles with the energy dispersive X-ray detector

provid kel were 10 confirned to be contained in all
parti CFg? ﬁ%ﬂgegﬁﬁﬁin&&?g(ﬁ(ﬁgbg "ni ckel /gold (nean val ue) of these conposite
pargicl@sspas 1.02. [0156] [Exanple 5] A commercially available silica
(Fuji Silysia Chemical, Cariact 0-10, particle 15 dianeter: 150 n) was

i mpr egnat efAnlysis 49 ystabSsuctiird et baposité Gdrocles] by firing in air for 5
hours at 600C. Next, 1.0 L of an aqueous solution in which was di ssol ved

8.91 g of aﬂrwthnstmqnbger@agaﬁg(r)ﬁaudfsﬂigem@aiaida@atm@démm%@@%ﬁ\tejr%ﬁ%y
foll owed by the addition of 300 g of the above-nentioned silica support and

(oL paee oY L ( 0 | : .
ur t he pifghbtidr ggstfgeﬁg *ﬁﬁﬁ)&@p&ﬁfﬁoﬁaméﬂ%f@%& tuge f@qﬁh%oigsfa?%ul;de?mg KViq

containing 17. nitrate 20 hexahydrate and 14 nlL o

i (i a0 or AP rePlog G BE T HoBE Il oBaRR SRl BHGPRY 0 i ng

carfponBia SbwTinGrElsfioyRins tSeak@rniofi/eranes, pABIATIG: hePBudedracas by

al | ow Bg' to stand undi sturbed and 25washi ng several tinmes with distilled
wat er, R s hed supernatant was filtered. After drying for 10 hours at
105C, the product was fired for 3 hours at 550C in air to obtain a
support ed dbapsEiRle Was prepareddiyenEernyiNispAayiS) Gt &206)-reflantivet sunpiet h
1.10% by nmass of nickel and 1.02% by mass of gold. The atomc ratio of

Ni / (Ni platedahd dikingheitls nppomenedubigeri al t hus obt ai ned was 0.78. A sanple

obt ai ned by enbedding the resulting supported conposite particle 5 materi al
in resid48hd polishing was subjected to X-ray analysis of a particle

Cr,Qss- sect | usin n X-r 1 C r obe. P . resul t he supported
C(}T%;osi te Bﬁ?ﬁ'\’%? 89@PE}J?@%Q@S‘J@S&FPP%%E@E@%&@@?}C%@PBPGW‘Q er

substanti a]lﬂ]% free of nickel and gold in a region extending to a depth of
5.0 j m f r ofEKEeUsR SiaEof compesiie srrtigia nelahermpoRgiis wasanalyzed yoing wer e
supported_in a region extending to a depth of 1030 Rmfromthe surface,

whi | e 18 ddpeanseieatipsy ddodel ESCALAB 250 X-Ray Photoelectron Spectroscopy

System (XPS) under conditions of Al Ka at 15 kV x 10 mA for the excitation source,
analyzed surface area of about 1 mm (shape: oval), using a 0 to 1,100 eV survey scan

20 and an Ni2p narrow scan for the uptake region.
The measurement samples were prepared by crushing the supported composite
particle material with an agate mortar and pestle and placing on a special-purpose

powder sample stage followed by XPS measurement.
[0147]
25 [Analysis of Chemical State of Nickel]

Ni Ko spectra were measured with the Technos Model XFRA190

High-Resolution X-Ray Fluorescence Spectroscopy System (HRXRF), and each of
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Next, based on the results of powder X-ray diffraction (XRD) of the
supported conposite particle material, a diffraction pattern attributable
to nickel was not observed, and nickel was confirmed to be present in an
anor phous state. On the other hand, although not well-defined, a broad peak
was present corresponding to 15 gold crystals. Al though close to the

det ect ttan réédﬂﬁdgf BhrPRNER Wis sdmphfdd athi BBsé 25ttahbgrareaistanysd ghicksle
di anet er thereof was about 3 nmas cal cul ated according to the Scherrer

equat i R{ét%ly%gg\gfe%ﬁgﬁ)ct{o r%d?c@?n&@ﬁ%f?ﬁ%_l sBh@isBichfasNale b€ bEhickBSpreeBhi fmed to

be bivale e results ray photoel ectron spectroscopy (XPS).
I n addjti .. state of active species of this supported nateri al
was 20{%%§@W2%%%%?’§§t ransm ssi on el ectron m croscope (TEM STEM ,
nanoparticles extensively distributed w{hjn particle dianmeter, of 2 to 3
o Churber Beemsgeu L saTaldatss  ushh dispRuaph BeaRyPRERL: o ThE. Kb
supported on the support. Elenmentary anal yses (20 points) were then carried
out® onSPeRITWN i dNi \Was sneasrad o Bas eeia SORCHA! MesteenditdhabiliRige &g V&2 r ay
detector (EDX) provided, and nickel and gold were 25confirned to be

cont ai wad usedafér ther analyeisg Jiyetaht anslic hewing aovemicak divegadnte asgle otllue) of
these conposite particles was 1.02. [0157] [ Exanple 6] A commercially
avai | ablbgrezphes uead far thei 9ng riclihict exvitattbrenoliade akKtiDurneat Weod seticaB®ker: 3
MM was inpregnated with 5% by mass of potassiumfollowed by firing in 5
air fopng Suomps rédpRP0&ly. Nedfer p3B8r WalftheéN@IskaTYl tHeN G Sdrbet MAtheugHRer &f Was
dispersed in 1.0 L of water heated to 90C and stirred for 15 m nutes at

D¢ yNg?rga{%fegbn gg&Hnéleggoghkﬁg tﬁ‘nrgcff‘/\»fésr‘lsg%c?é% G2 §ad shi 'ir|1 Wha Takg of

hexah aqueous solution of chloroauric acid
pr re ol lL.owed_ by the_addition of t he to.9 pport
\é\ﬁsﬁ' r yggﬁ%org?ﬁ %gﬁ%oﬁrﬁﬂﬁlsnangdﬂéfa?greﬁbqntgg\g%en%%rggd aqut 15%56%?,{’[@@?;)%%% | ubl y
fix the nickel and gold conponen t he support. xt, after renoving
the sUBRPREIDART By | SHCHG Moo aR0 GRmidt BRBead i QA S crelarSt mes
with distilled water, the washed supernatant was filtered. After drying for
10 houMsastiraroem, weseepestaicfivadines ferdeaeh ssmpler sndtmatgd samplas warg
obtain a supported conposite particle material (N OAu/Al 203-K) supported
with 2mEesstes] belprerasd afer eack eépeatdd ekErementis sAldEr sudljerctinghseasweiic
ratio of Ni/(Ni + Au) of the supported material thus obtained was 0.77.

A sanpkpecths & sedothing pheddising (16 metidd, iTngoiatsppdines), tenpesi foeapans,i cl e

material in resin and polishing was subjected to X-ray analysis of a

pard i Chalf&Hass vaites | (FRVMF) Neh@RsininddtryTirkdiSey oRB WERMBhcuRileH, "BAG Weerent  of
the 20 distribution of nickel and gold was able to confirmthat nickel and

gol d VRSB BHER ré%%aitgjbss%%é?ﬂa.cggmﬂ%ﬁg@g% ﬁﬁbggfgﬁem&v uS W e Rictdy the

support, el ng sent 1 nsi on the results of

rat or1 3P AL bR T el el Rr BT PRI was"not 250bserved

and ni queﬂg]was confirmed to be present in an anorphous state. On the other
hand, al though not well-defined, a broad peak was present corresponding to
[Morphological Observation and Elementary Analysis of Composite Particles]
20 TEM bright field images, STEM dark field images and STEM-EDS compositional
analyses (point analyses, mapping, line analyses) were measured using the JEGL
Mode!l 3100FEF transmission electron microscope/scanning fransmission electron
microscope (TEM/STEM) (acceleration voltage: 300 kV, with energy dispersive X-ray
detector (EDX)).
25 The data analysis software contained Digital Micrograph™ Ver. 1.70.16 from

Gatan for TEM image and STEM image analyses (length measurement, Fourier
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gold crystals. The nean crystallite dianeter thereof was about 4 nm as

cal cul ated according to the Scherrer equation. Wth respect to the chem cal
state of N, nickel was confirmed to be bival ent based on the results of
X-ray phot oel ectron spectroscopy (XPS). 5In addition, when the state of
active species of this supported nmaterial was observed with a transm ssion

el ect r ararstarroseapsis), TRMISIFHEVINORANRD SYistds | 8BK axdrermsd viedyt Tthsitrmmd bikeer
within a particle diameter of 3 to 4 nm (nunber average particle dianeter:

3.6 nmSaEitRicCan IEMBd dafa DENSYREST BT PRG! mﬁa§gg@%éessﬂg?”%8g§b¥tt%ﬁal ysesh

(20 points) were then carried out on IndiVidua served nanoparticles wt
10 th -y di J X-.ray detector (EDX) provided, and nickel and
gol d vveugﬂgi(rl)n lloﬂnag@%%b%lgtl%@ht ained in all particles. The atomc ratio of
ni ckel / gol an_val ue) of these conposite particles was 0, 94. [0158
Compar ot 1 L EERAAEY St s8mAISY Rere Biratee ByERGTice Fon S R tachoortpanies ¢
of pickel . nitrate hexahydrate and 12 ml_of a 1.3 nol/L aqueous sol ution of
chl or oRaflide é‘&?taffa;aw'fhe%mtaroa%@.%td\e dalysed &y dishpeeng & sihand) eAfiat eri al
(Ni OAu/ Si 02- Al 203- Mg0) supported with 1.07% by mass of nickel and 0.90% by
nmass ofUBSCHNAE LBtsaniedeBpingriepabrl ! usinote, tthe posvder prascdppedamt®anyl e
1 wth the exception of adding 300 g of the support 20 obtained in the
Suppor m®ykdhremn onciRglidramtair-Bxiacd ebtain MM/ SIdM obsesaltiohisampleont i nui ng
to stir_for 30 mnutes while holding at 40C and insolubly fixing the nickel
and goI[@I"‘{%rrponent on the support. The atomic ratio of Ni/(Ni + Au) of the

supported terial thu t ai : . 80. A sanpl e obtai ned by
enbeddi ng E@S%Wﬁﬁ%‘?ﬂq&sﬁ Lﬁgg\@pp%%%ﬁﬁ%sg%%(g@ ﬂfe%oﬁnﬁoﬁg%?ﬁwﬁ%ﬂd pol i shing was
subj ect ed X-ray analysis of a particle cross-section using an X-ra

mi €7 opr obetLE{éPﬁM; VIshie r BRefR Weee JheaRuied mistg stheoyashe ef Y55 G 3,
ni ckel and gol d can be seen to be SUB orted by being uniformy distributed
from t Mitraielehyisitle Speciraprotometer (UV-Wiskt (wiltadeiegoatinchephesal urst eindoowder
X-ray diffraction (XRD) of the supported conposite particle material, a

di f f r apoivdar pample noldet)radt unebberingrargeka|808ete 206t nih avlsberarethg swebdbikel
was confirnmed to be present in an anorphous state. On the other hand,

al t hougbOmot/mwel | - defined, a broad peak was present corresponding to gold
crystals. Although close to the detection Iimt of powder X-ray diffraction

(2 nm), thaERABaginkaiaHh khficd RERS Bladhed BYbriing IRULShBAS FRbaHY 2t ed

according to the Scherrer equation. pect t0 the of
Ni4cni INE i th S of . X-ray
pist oeP e ARERA VTR g dna! 4R Hk BRI PR R M e tarofe
active Les . of this su ted material was observed with a transm ssion
el ect r'(}ﬁ%%fé?*’dg%ﬁge{“ﬁgﬁﬁ@gw'ﬁ srpﬁ?h' articles extensively distributed

Wi t hin (ﬁ;g@?rti cle diameter of 2 to 3 nm (nunber average particle dianeter:
3.2 nn{ were confirned to be supported on the support. Elenentary 15

anal yses (PlepsunghsantVefr @hi/bieal Fabpémids oot SeppbRdand dighpRREEOEEbosite
nanoparticles wth the energy dispersive X-ray detector (EDX) provided, and

ni ckel panei@MfeNgr Sp@&ﬂ&iSru%QeWeQ,eP&%?érﬁkﬂgr,iF‘bré'\J’oltﬁ%ﬁéIi cles. The atom c
rati o of nickel/gold (nmean val ue) of these conposite particles was 0.97.
20 Physical properties were measured with the Yuasa lonics 3MP AutoSorb
System using nitrogen gas for the adsorbing gas (nitrogen adsorption method).  The
BET method was used for specific surface area, the BJH method for pore diameter

and pore distribution, and the amount of adsorption at maximum P/Py was used for

pore volume.
25  [0151]

[Support Production Reference Example]

An aqueous solution in which 3.75 kg of aluminum nitrate nonahydrate, 2 .56 kg
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[ 0159] 20[ Conpar ati ve Exanpl e 2] A supported gold particle materi al

(Au/ Si 02- Al 203- Mj0O) supported with 0.90% by mass of gold was obtai ned by
preparing a supported nmaterial using the same procedure as Exanple 1 with
t he exception of not adding nickel nitrate hexahydrate. A sampl e

obt ai ned by enbedding the resulting supported gold particle material in

resin 6\"%éijﬂésﬁﬂhf?ﬁtr%sar§d1@4@ ef 609 N xtﬁ?yac?cf‘%} 'cﬁsé?:flv pasid E'cﬁrf)ure.

Cross-section using an X-ray croprobe EPMVA he results are shown in

FIG 5% \Fvgg Qf}gﬁttlﬁlgp{"irogﬁg’p inty 289 Q cges I SE)ﬁJ(SI%?I RARRS" gﬁioti)%%{be' ng

uni formy di he strfac (SR sed on

the result f diffr, ctlon ( k was_ present

cor r es pEHHH ?Eha apgec{albpfj 6#926&"@ w %eSWQQH %@é‘?lgﬂgl qt E%Coﬁ@?%@n ?H’?@f@%@ was 5
about 3 nm as cal cul at ed_accaor di ngz to the Scherrer equation, Wen the state
of t he RAHSIHRT et YAXK PadQ.i @i rittent A0%dy BBSEY trePHN B BPEdaRISHYsHi on

el ectron m croscope (TEM, gold particles having a nean particle dianeter

of 2. 9siiarwer, eaiammummuatﬁtﬁl’ﬁbﬁm@@@@m@ltmiet h8ubsppmtly, the wddid slomy as a
result of investigating the electron excitation state of this supported

gol d pavdsi ajead butreiding 20604Ct foaddohetirsvi giftel ecdlispesroaaaempetadMrd/itel, a
surface plasnon absorption peak originating fromgold particles was

obser vefxéd@biuayoris 53Ry Med with a Jpﬁbb@rﬁer&@‘t@ ahhﬁJtl@hYéihﬁ@atL%Qﬂqr%b@S of

t he supported conposite particle material of Exanples 1 to
Corrparﬁ;bggn{zé%gﬁ&es 1 and 2. [0160] 15 Table 1 20 No Supported
Conposite Particle Support

Next, the resulting solid was filled to a thickness of about 1 cm into a stainiess

10 steel container having an open top followed by heating an electric furnace from room
temperature to 300°C over the course of 2 hours and holding at that temperature for 3
hours. Moreover, after heating to 800°C over the course of 2 hours and holding at

that temperature for 3 hours, the solid was cooled to obtain a support. The resulting
support contained 83.3 mol%, 8.3 mol% and 8.3 mol% of silicon, aluminum and

15 magnesium, respectively, based on the total molar amount of silicon, aluminum and
magnesium. The specific surface area as determined by nitrogen adsorption was

149 m%g, the pore volume was 0.27 ml/g and the mean pore diameter was 8 nm.

The mean particle diameter of the support was 60 um based on the results of
measurement of laser diffraction/scattering particle size distribution. [n addition, the

20 form of the support was determined to be nearly spherical based on observations

using a scanning electron microscope (StM).
[0152]
[Example 1]

300 g of the support obtained in the Support Production Reference Example
25 were dispersed in 1.0 L of water heated to 90°C followed by stirring for 15 minutes at

90°C. Next, an aqueous solution containing 16.35 g of nickel nitrate hexahydrate

{:
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Particle Diameter Adsorption Tenperature (C) Loading of Ni and X (%
Conposite Particle Dianeter Ni/X Atom c Ratio Conposite Particle
Distribution Region (Pn) Materi al

10

15

Do
<

25

and 12 mL of a 1.3 mol/L aqueous solution of chloroauric acid was prepared followed
by heating to 90°C, adding the above-mentioned support sturry and continuing to stir
for 30 minutes at 90°C to insolubly fix the nickel and gold component on the support.

Next, after removing the supernatant by allowing to stand undisturbed and
washing several times with distilled water, the washed supernatant was filtered.
After drying for 10 hours at 105°C with a dryer, the product was fired for 5 hours at
450°C in air in a muffle furnace to obtain a supported composite particle material
(NIOAU/SIO2-Al03-MgO) supported with 1.05% by mass of nickel and 0.91% by mass
of gold. The atomic ratio of Ni/{(Ni + Au) of the supported material thus obtained was
0.80.

A sample obtained by embedding the resulting supported composite particle
material in resin and polishing was subjected to X-ray analysis of a particle
cross-section using an X-ray microprobe (EPMA). The results are shown in FIG. 1.
As can be clear from FIG. 1, the supported composite particle material had an outer
layer substantially free of nickel and gold in a region at a depth of 0.5 um from the
outermost surface of the support, nickel and gold were supported in a region
extending to a depth of 10 um from the surface, and composite particles were
confirmed ot be present within the support.

Next, when the form of the above-mentioned supported composite particle
material was observed with a fransmission electron microscope {(TEM/STEM),
spherical nanoparticles extensively distributed within a particie diameter of 2 {0 3 nm
(number average particle diameter: 3.0 nm) was confirmed to be supported on the
support.  Observation of the nanoparticles under higher magnification revealed
lattice fringe corresponding to the interptanar spacing of Au (111) in the nanoparticles.
Compositional point analysis of individual nanoparticles by STEM-EDS. indicated that

nickel and gold were detected in all of the particles. The mean value of the atomic
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ratio of nickel/gold of the nanoparticles (calculated quantity: 50) was 1.05. Moreover,
analysis of the nancregions of the cbserved particles revealed the NifAu atomic ratio
in the central portions of the particles to be 0.90, while that on the edges of the
particles was 2.56. Trace amounts of nickel only were detected in portions other
than the particles. As a result of carrying out fifty similar measurements, nickel was
detected in large amounts in the edges of all particles. The distribution of nickel and
gold was observed to be nearly consistent based on the results of EDS elementary
mapping. In addition, the magnitude of the distribution of nickel was found to be one
level greater than that of the distribution of gold in all scanning direction based on the
results of compositional line profiles.

Based on the results of powder X-ray diffraction (XRD), a diffraction pattern
attributable to nickel was not observed, and nickel was confirmed to be present in an
amorphous state. On the other hand, although not well-defined, a broad peak was
present corresponding to gold crystals.  Although the value is close to the detection
limit of powder X-ray diffraction (2 nm), the mean crystallite diameter thereof was
about 3 nm as calculated according to the Scherrer equation. With respect to the
chemical state of nickel, nickel was confirmed to be bivalent based on the results of
X-ray photoelectron spectroscopy (XPS).

The chemical state of nickel was also predicted to be such that the nickel was in
a high-spin state and have a valence of 2 based on the results of high-resolution X-ray
fluorescence (HRXRF), and was determined to have a different chemical state than a
single compound in the form of nickel oxide due to differences in the Ni Ko spectra.
The half-width value (FWHM) of the Ni Ko spectrum of the resulting catalyst based on
the measured spectrum was 3.470 and the chemical shift (AE) was 0.335. The
half-width value (FHWM) of the Ni Ko spectrum of nickel oxide measured as a

reference substance was 3.249 while the chemical shift (AE) was 0.344.
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In addition, as a result of investigating changes in electron excitation states of
the supported composite particle material by ultraviolet-visible spectroscopy (UV-Vis),
a surface plasmon absorption peak originating from gold nanoparticles did not appear
in the vicinity of 530 nm, while broad absorption attributable to NiO, was observed in
the wavelength range of 200 to 800 nm.

On the basis of these results, the microstructure of the composite particles was
predicted to have a form in which the surfaces of gold nanoparticles are covered by

oxidized nickel.
[0153]
[Example 2]

1.0 L of an aqueous solution in which was dissolved 2.90 g of magnesium
chloride was heated to 80°C and stirred followed by the addition of 300 g of the
support obtained in the Support Production Reference Example and further stirring for
16 minutes at 80°C. Next, an aqueous solution containing 37.16 g of nickel nitrate
hexahydrate and 35 mL of a 2.0 mol/l. agueous solution of palladium chioride was
prepared followed by adding that heated to 80°C to the above-mentioned support
slurry and continuing to stir for 30 minutes at 80°C to insolubly fix the nickel and
palladium component on the support.

Next, after removing the supernatant by allowing to stand undisturbed and
washing several times with distilled water, the washed supernatant was filtered.
After drying for 10 hours at 105°C, the product was fired for 5 hours at 500°C in air.
Next, the supported material thus obtained was subjected to reducing treatment at
room temperature for 2 hours in a hydrogen atmosphere to obtain a supported
composite particle material (NiOPd/a-alumina) supported with 2.48% by mass of
nickel and 2.30% by mass of palladium. The atomic ratic of Ni/(Ni + Pd) of the
supported material thus obtained was 0.66.
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A sample obtained by embedding the resulting supported composite particle
material in resin and polishing was subjected to X-ray analysis of a particle
cross-section using an X-ray microprobe (EPMA). The results are shown in FIG. 2.
As can be clear from FIG. 2, nickel and palladium were confirmed to be supported in a
region at a depth of 17 um from the support surface while being absent inside.

Next, based on the results of powder X-ray diffraction (XRD) of the supported
composite particle material, a diffraction pattern atiributable to nickel was not
observed, and nickel was confirmed to be present in an amorphous state. On the
other hand, although not well-defined, a broad peak was present corresponding to
palladium crystals. The mean crystallite diameter thereof was about 5 nm as
calculated according to the Scherrer equation.  With respect to the chemical state of
Ni, nickel was confirmed to be bivalent based on the results of X-ray photoelectron
spectroscopy (XPS).

In addition, when the state of active species of this supported material was
observed with a transmission electron microscope (TEM/STEM), nanoparticles
extensively distributed within a particle diameter of 4 to 5 nm (number average particle
diameter: 4.8 nm) were confirmed to be supported on the support. Elementary
analyses (20 points) were then carried out on individual observed nanoparticles with
the energy dispersive X-ray detector (EDX) provided, and nickel and palladium were
confirmed to be contained in all particles.  The atomic ratio of nickel/paliadium (mean

value) of these composite particies was 0.6.
[0154]
[Example 3]

1.0 L of an agueous solution in which was dissclved 3.66 g of aluminum nitrate
nonahydrate was heated to 80°C and stirred followed by the addition of 300 g of the
support obtained in the Support Production Reference Example and further stirring for
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10 minutes at 80°C. Next, an aqueous solution containing 25.78 g of nickel nitrate
hexahydrate and 37 mL of a 1.3 mol/L aqueous solution of chloroauric acid was
prepared followed by adding that heated to 80°C to the above-mentioned support
slurry and continuing to stir for 15 minutes at 80°C to inselubly fix the nickel and gold
component on the support.

Next, after removing the supernatant by allowing to stand undisturbed and
washing several times with distilled water, the washed supematant was filtered.
After drying for 10 hours at 105°C, the product was fired for 5 hours at 400°C in an air
to obtain a supported composite particle material (NiQAu/SiO,-Al,03-MgO) supported
with 2.20% by mass of nickel and 1.96% by mass of gold. The atomic ratio of Ni/(Ni
+ Au) of the supported material thus obtained was 0.79.

A sample obtained by embedding the resulting supported composite particle
material in resin and polishing was subjected to X-ray analysis of a particle
cross-section using an X-ray microprobe (EPMA). As a result, the supported
composite particle material was confirmed to have an outer layer substantially free of
nickel and gold in a region extending to a depth of 2.0 pm from the outermost surface
of the support, and nickel and gold were supported in a region extending to a depth of
15 pum from the surface, while being absent inside.

Next, based on the results of powder X-ray diffraction (XRD) of the supported
composite particle material, a diffraction pattern attributabie to nickel was not
observed, and nickel was confirmed to be present in an amorphous state.  On the
other hand, although not well-defined, a broad peak was present corresponding to
gold crystals. The mean crystallite diameter thereof was about 4 nm as calculated
according to the Scherrer eguation.  With respect to the chemical state of Ni, nickel
was confirmed to be bivalent based on the results of X-ray photoelectron

spectroscopy (XPS).
63



10

15

240

25

Exanpl e Nl OAu/ 60 ran 80 2.2 1.96 3.8 1.1

In addition, when the state of active species of this supported material was
observed with a transmission electron microscope (TEM/STEM), nanoparticies
extensively distributed within a particle diameter of 3 to 4 nm (number average particle
diameter: 3.8 nm) were confirmed to be supported on the support. Elementary
analyses (20 points) were then carried out on individual observed nanoparticles with
the energy dispersive X-ray detector (EDX) provided, and nickel and gold were
confirmed to be contained in all particles. The atomic ratio of nickel/gold (mean

value) of these composite particles was 1.10.
[0155]
[Example 4]

A supported composite particle material (NIOAWSIO2-Al03-MgO) supported
with 1.02% by mass of nickel and 0.89% by mass of gold was obtained by preparing in
the same manner as Example 1 with the exception of not aging the support and
stirring the support slurry and aqueous solution containing nickel and gold for 15
minutes at 60°C. The atomic ratio of Ni/(Ni + Au) of the supported material thus
obtained was 0.79.

A sample obtained by embedding the resulting supported composite particle
material in resin and polishing was subjected to X-ray analysis of a particle
cross-section using an X-ray microprobe (EPMA). As a result, nickel and gold were
confirmed te be supported in a region extending to a depth of 25 im from the support
surface, while being absent inside.

Next, based on the results of powder X-ray diffraction (XRD) of the supported
composite particle material, a diffraction pattern attributable to nickel was not
observed, and nickel was confirmed to be present in an amorphous state.  On the
other hand, although not well-defined, a broad peak was present corresponding o
gold crystals., The mean crystallite diameter thereof was about 3 nm as calculated
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according to the Scherrer equation.  With respect to the chemical state of Ni, nickel
was confirmed to be bivalent based on the results of X-ray photoelectron
spectroscopy (XPS).

In addition, when the state of active species of this supported material was
observed with a transmission electron microscope (TEM/STEM), nanoparticles
extensively disfributed within a particle diameter of 3 to 4 nm (number average particle
diameter: 3.5 nm) were confirmed to be supported on the support. Elementary
analyses (20 points) were then carried out on individual observed nanoparticles with
the energy dispersive X-ray detector (EDX) provided, and nickel and gold were
confirmed to be contained in all particles. The atomic ratio of nickel/gold (mean

value) of these composite particles was 1.02.
[0156]
[Example 5]

A commercially available silica (Fuji Silysia Chemical, Cariact Q-10, particle
diameter: 150 um) was impregnated with 4% by mass of lanthanum followed by firing
in air for 5 hours at 600°C. Next, 1.0 L of an aqueous solution in which was dissolved
8.91 g of aluminum nitrate nonahydrate was heated to 70°C and stirred followed by
the addition of 300 g of the above-mentioned silica support and further stirring for 30
minutes at 70°C. Next, an aqueous solution containing 17.84 g of nickel nitrate
hexahydrate and 14 mb of a 1.3 mol/L agueous solution of chlorocauric acid was
orepared followed by the addition of that heated to 70°C fo the support slurry and
further continuing to stir for 30 minutes at 70°C to insolubly fix the nickel and gold
component on the support.

Next, after removing the supematant by aliowing to stand undisturbed and
washing several times with distilled water, the washed supernatant was filtered.

After drying for 10 hours at 105°C, the product was fired for 3 hours at 550°C in air to
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obtain a supported composite particle material (NiIOAUW/SIO.-La,03) supported with
1.10% by mass of nickel and 1.02% by mass of gold. The atomic ratio of Ni/(Ni + Au)
of the supported material thus obtained was 0.78.

A sample obtained by embedding the resulting supported composite particle
material in resin and polishing was subjected to X-ray analysis of a particle
cross-section L.iSing an X-ray microprobe (EPMA). As a result, the supported
composite particle material was confirmed to have an outer layer substantially free of
nickel and gold in a region extending to a depth of 5.0 um from the outermost surface
of the support, and nickel and gold were supported in a region extending to a depth of
30 um from the surface, while being absent inside.

Next, based on the results of powder X-ray diffraction (XRD} of the supported
composite particle material, a diffraction pattern attributable to nickel was not
observed, and nickel was canfirmed to be present in an amorphous state. On the
other hand, although not well-defined, a broad peak was present corresponding to
gold crystals.  Although close to the detection limit of powder X-ray diffraction (2nm,
the mean crystallite diameter thereof was about 3 nm as calculated according to the
Scherrer equation.  With respect to the chemical state of Ni, nickel was confirmed to
be bivalent based on the results of X-ray photoelectron spectroscopy (XPS).

in addition, when the state of active species of this supported material was
observed with a tansmission electron microscope (TEM/STEM), nanoparticles
extensively distributed within a particle diameter of 2 to 3 nm (number average particle
diameter: 3.2 nm) were confirmed to be supported on the support. Elementary
analyses (20 points) were then carried out on individual observed nanoparticles with
the energy dispersive X-ray detector (EDX) provided, and nickel and gold were
confirmed to be contained in all particles. The atomic ratio of nickel/gold (mean

value) of these composite particles was 1.02.
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[0157]
[Example 6]

A commercially available spherical alumina (Sumitomo Chemical, KHD, particle
diameter: 3 mm) was impregnated with 5% by mass of potassium followed by firing in
air for 5 hours at 800°C.  Next, 300 g of the resulting alumina support was dispersed
in 1.0 L of water heated to 90°C and stirred for 15 minutes at 90°C. Next, an
aqueous solution containing 38.65 g of nickel nitrate hexahydrate and 30 mL of a 1.3
mol/L aqueous solution of chlorcauric acid was prepared followed by the addition of
that heated to 90°C to the support slurry and further continuing to stir for 30 minutes at
90°C to insolubly fix the nickel and gold component on the support.

Next, after removing the supernatant by allowing to stand undisturbed and
washing several times with distilled water, the washed supernatant was filtered.
After drying for 10 hours at 105°C, the product was fired for 5 hours at 400°C in air to
obtain a supported composite particle material (NiOAU/ALO3-K) supported with 2.50%
by mass of nickel and 2.46% by mass of gold. The atomic ratio of Ni/(Ni + Au) of the
supported material thus obtained was 0.77.

A sample obtained by embedding the resulting supported composite particle
material in resin and polishing was subjected to X-ray analysis of a particle
cross-section using an X-ray microprobe (EPMA), and measurement of the
distribution of nickel and gold was able to confirm that nickel and gold were supported
in a region extending to 50 wm from the surface of the support, while being absent
inside.

Next, based on the resuits of powder X-ray diffraction (XRD) of the supported
composite particle material, a diffraction pattern attributable to nickel was not
observed, and nickel was confirmed to be present in an amorphous state.  On the
other hand, although not well-defined, a broad peak was present corresponding to
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gold crystals. The mean crystallite diameter thereof was about 4 nm as calculated
according to the Scherrer equation. With respect to the chemical state of Ni, nickel
was confirmed to be bivalent based on the results of X-ray photoelectron
spectroscopy (XPS).

In addition, when the state of active species of this supported material was
observed with a transmission electron microscope (TEM/STEM), nanoparticles
extensively distributed within a particle diameter of 3 to 4 nm {(number average particle
diameter: 3.6 nm) were confirmed to be supported on the support. Elementary
analyses (20 points) were then carried out on individual observed nanoparticles with
the energy dispersive X-ray detector (EDX) provided, and nickel and gold were
confirmed to be contained in all particles. The atomic ratio of nickelfgold (mean

value) of these composite particles was 0.94.
[0158]

[Comparative Example 1]

1.0 L of an agueous solution containing 16.35 g of nickel nitrate hexahydrate
and 12 ml of a 1.3 mol/L agueous solution of chioroauric acid was heated to 40°C. A
supported composite particle material (NiCAu/SiO»-Al;03-MgO) supported with 1.07%
by mass of nickel and 0.90% by mass of gold was obtained by preparing using the
same procedure as Example 1 with the exception of adding 300 g of the support
obtained In the Support Production Reference Example to this aqueous solution,
continuing to stir for 30 minutes white holding at 40°C and insolubly fixing the nickel
and gold component on the support. The atomic ratio of Ni/(Ni + Au) of the
supported material thus obtained was 0.80.

A sample obtained by embedding the supported material thus obtained in resin
and polishing was subjected to X-ray analysis of a particle cross-section using an
X-ray microprobe (EPMA). The results are shown in FIG. 3. On the basis of FIG. 3,
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[

nickel and gold can be seen to be supported by being uniformly distributed from the
surface to the interior.

Next, based on the results of powder X-ray diffraction (XRD) of the supported
composite particle material, a diffraction pattern attributable to nickel was not
observed, and nickel was confirmed to be present in an amorphous state. On the
other hand, although not well-defined, a broad peak was present corresponding to
gold crystals. Although close to the detection limit of powder X-ray diffraction (2 nm),
the mean crystallite diameter thereof was about 3 nm as calculated according to the
Scherrer equation.  With respect to the chemical state of Ni, nickel was confirmed to
be bivalent based on the results of X-ray photoelectron spectroscopy (XPS).

in addition, when the state of active species of this supported material was
observed with a transmission electron microscope (TEM/STEM), nanoparticies
extensively distributed within a particle diameter of 2 to 3 hm (number average particle
diameter: 3.2 nm) were confirmed to be supported on the support. Elementary
analyses {20 points) were then carried out on individual observed nanoparticles with
the energy dispersive X-ray detector (EDX) provided, and nickel and gold were
confirmed to be contained in all particles. The atomic ratio of nickel/gold (mean

value) of these composite particles was 0.97.
[0159]

[Comparative Example 2]

A supported goid particle material (Auw/SiO2-AlOs-MgO) supported with 0.90%
by mass of gold was obtained by preparing a supported material using the same
procedure as Example 1 with the exception of not adding nickel nitrate hexahydrate.

A sample obtained by embedding the resulting supported gold particle material
in resin and polishing was subjected to X-ray analysis of a particle cross-section using
an X-ray microprobe (EPMA). The results are shown in FIG. 5. On the basis of FIG.
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5, gold can be seen to be supported by being uniformly distributed from the surface to
the interior.

Next, based on the results of powder X-ray diffraction (XRD}, a broad peak was
present corresponding to gold crystals. The mean crystallite diameter thereof was
about 3 nm as calculated according to the Scherrer equation.  When the state of the
supported gold particle material was observed with a transmission electron
microscope (TEM), gold particles having a mean particle diameter of 2.9 nm were
confirmed to be supported on the support.  In addition, as a result of investigating the
electron excitation state of this supported gold particle material by ultraviolet-visible
spectroscopy (UV-Vis), a surface plasmon absorption peak originating from gold
particles was observed (at about 530 nm).

Table 1 shows the physical properties of the supported composite particle

material of Examples 1 to 6 and Comparative Examples 1 and 2.
[0160]
Table 1
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[0161] [ Exanple 7] 240 g of the supported conposite particle materi al
of Exanple 1 were charged into a stirred stainless steel reactor equi pped
with a catalyst separator and having a 5 liquid phase portion of 1.2

liters . f-ol-l-owed hu r-:n—ry ng out-—a—oxi-dative -car th\ll e—agci-d-ester
formati an. rf’%@&do@éﬂ f c@poal deyde [andingbifhol | Wbl sthirxrl NG:ohhiSeQRLENt s at
arate in terns of the stirrer tijp speed of 4 ms. |A 36. 7% by nasst
met hacr ol ei n/Cgrﬁﬁogl%nmPanﬁ:Ql u%ein e@a{u%t[ 0.6 {L/{), ters hFrartit‘}e.nd %tor;lllc o Iﬁk/ﬁatp%/ Rré@cﬁs
NaOH met hanol sol utlon at; 0.06 liters/hr werge continuously suppli ed td the
reacteor, aif \égrﬁcle E!}/anme!ern at (°8 reaction Diameter Ratio ()
Material Ni X (nmy) (moifmel) | Composite Outer
Particle Layer
Layer
Exampte | NiOAW 80 um 80 1.05 0.9 3 1.05 HY 05
1 Si0-AlO5-
MgO
Example | NiOPd/ 60 pm 80 2.48 23 48 0.8 17 -
2 Si0-AlO5-
MgO
Example | NiOAw 60 um 80 22 1.96 38 1.1 15 3
3 Si02-AlLO;-
MgO
Example | NiOAw 60 um 60 1.02 0.89 35 1.02 25
4 SI0,-AL Oy
MgO
Example | NiOAw 150 um 70 i1 1.02 3.2 1.02 30 5
5 8i02-1.3,05
Example | NiOAw 3 mm 90 25 246 38 0.94 50
6 ALOK
Comp. NiOAW/ 60 ium 40 1.07 .9 3.2 0.97 Cistributed
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10 tenperature of 80C and reaction pressure of 0.5 MPa so that the outl et
oxygen concentration was 4.0% by vol une (equi val ent to oxygen parti al

pressure of 0.02 MPa),

and the concentration of NaOH supplied to the

reactor was controlled so that a pH of the reaction systemwas 7. The
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At 500 hours after the start of the reaction, the methacrolein conversion rate was

75.4%, the selection rate of methyl methacrylate was 97.2%, and the formation

activity of methyl methacrylate based on the supported material unit mass was 9.568

mol/h/k

g-cat.

Reactivity after 2000 hours had elapsed indicated a methacrolein

conversion rate of 75.1%, methyl methacrylate selection rate of 87.1% and methyl

methacrylate formation activity of 9.520 mol/h/kg-cat, thus showing hardly any change
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[0163] [Conparative Exanple 4] A reaction was carried out under the
sane operating conditions as Exanple 1 using the supported conposite
particle material of Conparative Exanple 2. As a 10 result, at 200 hours
after the start of the reaction, the nethacrol ein conversion rate was
25.1% the selection rate of nethyl nethacrylate was 81.5% and the

for mat jroRaaabityi Wheh tHesivboriR] Eaepysied paltieRefaitid hassepdesieachrivpter i al
unit nmass was 2.671 nol/h/kg-cat. Reactivity after 700 hours had el apsed

T SR 9 e s e Ml e,
L% TR BHIS6 B 340 GTIARCERELE0E ob SRR A, .o

and the | oadi ng. of | d after 700 hours re conpared,with the initial

oadi ndiatREPaGon A ghitan Seadia S se T é Bhar gt Bickgend dot ived

di aneter of gold particles as determined with a transm ssion el ectron
nic?osﬁﬁﬁ@t EM was 4.8 20lint, and sintering of gold particles was
observed. [0164] On the basis of the above results, the supported conposite
particl e mitext,iahenthe hecqreesedatupporbead compt siva pacioht imatedalt waswbeesnied an
extrenely high level of reactivity for a long period of tine and the

struct witt od triaesoisgasi eeoiant | @lcessddper eEMESEEMYNT compokiteo patticielzange
before and after the reaction in the case of using as a catalyst of a

car boxgkiepsRelyddisgbated QAMLd SAtIERAG AR eraS DY hAUPLNHER G} particle
Moreover, as a result of being provided with an outer |ayer substantially

¢ _ . o . ti . Cal i
obt a1 ned i el SeRP a8 B 5 SBRRHTy SRR, GETBOTERENG « he
i , i.nhibifed. .As_ob in.t i ' '
il B8 AN o rb e SRR TR ED a LS B SN EPS IR dprIEREY (e
Thue, | Pd GREHETE SaTAIH Boarts SREICSuppate BESAEDS 81 o SORS Gerash o

i nprovenent in econony can be obtained not only in this specific reaction,
but al BiskeHoejdméithe compasiie @artidemgalelatad meiestiy: SOhu@s ealt | bhaddifion.es
10The present application is based on a Japanese patent application filed
with the Jdapsuibob iPastigatiq fdheages idotleticon ZECitaBDV s(alapaidbe Rytpented

Application No. 2007- 279397), the content of which is incorporated herein

by ref aratedal. by nitslisiealisinplspeabbsidpy AN-VIHE6]a Shease pimrhed absopaivint e
particle material according to the present invention has industrial

appi | cpBhk bhHyindsng floRh gbihartitles ahaEdbseydRSthe ielAfly 86580 RAT boxylic
acid ester formation reaction between an al dehyde and an al cohol .
[0162]

[Comparative Example 3]
A reaction was carried out under the same operating conditions as Example 1
using the supported composite particle material of Comparative Example 1. As a
20 result, at 500 hours after the start of the reaction, the methacrolein conversion rate
was 63.4%, the selection rate of methyl methacrylate was 95.8%, and the formation
activity of methyl methacrylate based on the supported material unit mass was 6.608
molfhfkg-cat. Reactivity after 2000 hours had elapsed indicated a methacrolein

conversion rate of 58.7%, methyl methacrylate selection rate of 95.7% and methy!

o
o

methacrylate formation activity of 6.111 mol/h/kg-cat, thus showing decreases in
reaction activity and selectivity. When the supported composite particle material was
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CLAIMS 1. A supported conposite particle material conprising: a conposite
particle formed of an oxidized nickel and X (wherein X represents at | east
one of elenents selected fromthe group consisting of palladium platinum
rut henium gold and silver); and 5a support on which the conposite particle
IS supported, wherein the supported conposite particle materi al

conpri ed _layer, i i i i i S ized.

2. The SanBeid BT M s et ke el R b T R e Sl e e
t he 10su rted layer .in which the conposite particle | calized is

or esentria] 15 BgiB Hor B ahodhere Bel 108 Subgoibetbucbipul: o
particle material to 40% of an equival ent di aneter of the supported
conposi'hé 'piEkeraverags aartisle dismetgreofdp sermpedite Sapisiss as gatarmied wilb ér i al
according to Caim1 or 2, 15wherein the equival ent dianeter of the

suppor tredsasspes iclectiper tiicioscope ¢l EM) wrsc28sn@0@Ng simberinthof sunppeedied

| ayer in which the conposite particle is localized is present in a region
extendpagidns B8s obtem@dan outer surface of the supported conposite particle
material. 204. The supported conposite particle material according to Claim
1 or 2[0W&rein the equival ent diameter of the supported conposite particle
mat eri al ii 200 Fq1or Iess,lﬁnd the supported |ayer in which the conposite
particle i $CPERRITIVEEAPHent in a region extending fromthe surface of

t he supported conposite particle material to 30% of the equival ent dianeter
of the suppgofaastionovsosartredpaitiyndes the pgime paerating conditions as Example 1

using the supported composite particle material of Comparative Example 2. As a
10  result, at 200 hours after the start of the reaction, the methacrolein conversion rate
was 25.1%, the selection rate of methyl methacrylate was 81.5%, and the formation
activity of methyl methacrylate based on the supported material unit mass was 2.671
mol/h/kg-cat. Reactivity after 700 hours had elapsed indicated a methacrolein
conversion rate of 18.3%, methyl methacrylate selection rate of 79.1% and methyl
15 methacrylate formation activity of 1.89 mol/h/kg-cat, thus showing decreases in
reaction activity and selectivity. When the supported composite particle material was
recovered and the loading of gold after 700 hours were compared with the initial
loading thereof, the gold loss was 8.5%. The number average particle diameter of
gold particles as determined with a transmission electron microscope (TEM) was 4.8
20 nm, and sintering of gola particles was observed,
[0164]
On the basis of the above results, the supported composite particle material of
the present embodiment was confirmed to maintain an extremely high level of
reactivity for a long period of time and the structure of the composite particles thereof

25  were confirmed to not change before and after the reaction in the case of using as a

catalyst of a carboxylic acid ester formation reaction as previously described.
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5. The supported conposite particle material according to any one of C ains
1 to 4, conprising an outer |ayer substantially free of the conposite
particle on an outside of the supported |ayer in which the conposite
particle is localized. 56. The supported conposite particle materi al
according to Claim5, wherein the outer layer is forned at a thickness of
0.01t f (o) : - : - c f Iy
suppor e()(]jrg(():\(;)gnrpéglr% Feé.ég’gr(ltﬁit%lga%{)@g?g%gﬁ:gﬁr%ﬁﬁg%ytgréﬁysgaﬁga% fraéa?fn@%wl to
6, wherein the conposite particle has .a nean partjcle.dianeter of from2 to
To i CoMPOSTS partges. oo Biispisr SemBenEo ST aPeICiL el ngy Botbif g 1o
any one of Clains 1 to 7, wherein a conpositional ratio of nickel and X in
the coRiss8l @d gald semeonei Ipas RRUSebPY AHCAHAIY Tlik g B ibited. £ Agm 0. 1
to 10. 9. The supported conposite particle material according to
any onebggrvetdnntie lprevio8slywiesaibed: feacionyeimmepavheol wnpesite paitisiasSor med
of X and the core is coated with oxidized nickel. 20 0. The supported
conposate spppdriad acamtier saffdceact thredsmgpdry raagtianactvitydnaremses dred fetather ei n
t he support is formed of an al um num containing silica-based conposition

cont ai BbM@oRbhl GGsRRbcpdabdsna. TR 1in AcARERSS oth RbAMMGIOIR as PRkt ed
conposite particle material in which the conposite particle fornmed of an

oxi di z ioke 3 i r@ﬁm, i el nts
sel ect g%tﬁ%fgﬁ Fﬂ@ag?%gé%ﬁg@t@gn%qgf pal | adi%ﬁpn g%logttfﬁﬁﬁﬁ]@ﬁ?ﬂ{érﬁt}rﬁn@gol d

ot ai nPHEC e [FarRRERU ko FEhnftal P Wider BRBR P BRicofs CligraBbhe”

aqueoug)ﬁjgjrry contai ning a support on which is supported an oxi de of at
| east one of 5basic netals selected fromthe group consisting of alkaline
met@l s, al Rkl preseatrdgpliocetiah & vasbd an @ Japahbsenpbsdrs, appiicataom Sleddvith tgueous
solution of a soluble netal salt

Japanese Patent Office on October 26, 2007 (Japanese Patent Application No. 2007-

279397), the content of which is incorporated herein by reference.

Industrial Applicability
15 [0168]

The supported composite particle material according to the present invention
has industrial applicability as a catalyst for chemical synthesis such as a carboxylic

acid ester formation reaction between an aldehyde and an alcohol.

15



contai ning nickel and the X; and a &eqesd step of heat-treating a precursor
contained in the mxture. 1012. The process for producing the supported

composi te par t ol ppBRbaIcoinRAE Yol rfdcirighdrsingther ei n the aqueous

slurry further conprises a salt 'of at |east one of Dasic netals selected

fromthe gr nﬁﬁ@' |4 | kal | : I | rth o nmetal s and
rare earth rgfelgt&a S. ﬁ%%&agﬁ'@er ﬁd:amf)erd g@eds@‘?’?'gﬁggﬁ‘i%‘ﬁﬁ%‘ﬁgx@@‘GE%JQF‘%‘%@S‘EB site
parti cl terial, according to Clagim211l or 12 . wherein the yeous slurry
further %8%?? gﬂgiegwe@gsr a%ipgteg| fﬂ‘?ﬂ"%?ngé%‘i’ﬁ consisting ngaf%d'%ﬂ &%t'ﬁ'l‘@cess f or
produci ng carboxyljc acid ester conprising: 20reacting an al dehyde and an
al cohol "Y' PERIYE, Eg@s@'ﬁ@%ﬁ"@f)i@ﬁ%en by using the supported conposite particle
mat eri al accorany one of Clains Ito 10 catal yst. 15. The
proGess f or@SHBEOG ORgVidiah Bux poinpoaite gadisleis supportédng to O ai m 14,
25wherein the al dehyde is selected fromacrolein, nethacrolein or a mxture

t her eof . wherein 1 stiyeorpecdbcesposite pprtivthuniateria adpgxidesca 8appoksd &iyer
according to Claim14 or 15, wherein the al cohol is nethanol.

in which the composite particle is localized.

2. The supported composite particle material according to Claim 1, wherein the
10 supported layer in which the composite particle is localized is present in a region
extending from a surface of the supported composite particle material to 40% of an

equivalent diameter of the supported composite particle material.

3. The supported composite particle material according to Claim 1 or 2,
15  wherein the equivalent diameter of the supported composite particle material exceeds
200 pm, and the supported layer in which the composite particle is localized is present

in a region extending by 80 um from an outer surface of the supported composite

particle material.

20 . 4. The supported composite particle material according to Claim 1 or 2,
wherein the equivalent diameter of the supported composite particle material is 200
pm or less, and the supported fayer in which the composite particle is localized is
present in a region extending from the surface of the supported composite particle
material to 30% of the equivalent diameter of the supported composite particle

25  material.
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5. The supported composite particle material according to any one of Claims
1 to 4, comprising an outer layer substantially free of the composite particle on an

outside of the supported layer in which the composite particle is localized.

6. The supported composite particle material according to Claim 5, wherein
the outer layer is formed at a thickness of 0.01 to 15 um from the outer surface of the

support.

7. The supported composite particle material according to any one of Claims

1 to 6, wherein the composite particle has a mean particle diameter of from 2 to 10

nm.

8. The supported composite particle material according to any one of Claims
1to 7, wherein a compositional ratio of nickel and X in the composite particle, in terms

of an atomic ratio of Ni/X, is from 0.1 to 10.

9. The supported composite particle material according to any one of Claims

1 to 8, wherein the composite particle has a core formed of X and the core is coated

with oxidized nickel.

10, The supported composite particle material according {o any one of
Claims 1 to 9, wherein the support is formed of an aluminum-containing silica-based

composition containing silica and alumina.

1. Aprocess for producing a supported composite particie material in which

the composite particle formed of an oxidized nickel and X (wherein X represents at
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least one of elements selected from the group consisting of palladium, platinum,
ruthenium, gold and silver) is supported onto a support, comprising:

a first step of obtaining a mixture at a temperature of at least 80°C by mixing an
aqueous slurry containing a support on which is supported an oxide of at least one of
basic metals selected from the group consisting of alkaline metals, alkaline earth
metals and rare earth metals, and an acidic aqueous solution of a soluble metal salt
containing nickel and the X: and

a second step of heat-treating a precursor contained in the mixture.

12. The process for producing the supported composite particle material
according to Claim 11, wherein the aqueous slurry further comprises a salt of at least
one of basic metals selected from the group consisting of alkaline metals, alkaline

earth metals and rare earth metals.

13.  The process for producing the supported composite particle material
according to Claim 11 or 12, wherein the aqueous slurry further comprises a soluble

aluminum salt.

14. A process for producing carboxylic acid ester comprising:
reacting an aldehyde and an alcohol in the presence of oxygen by using the

supperted composite particle material according to any one of Claims 110 10 as

catalyst.

15. The process for producing carboxylic acid ester according to Claim 14,

wherein the aldehyde is selected from acrolein, methacrolein or a mixture thereof.
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16. The process for producing carboxylic acid ester according to Claim 14 or

15, wherein the alcohol is methanol.
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