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SPECI FI CATI ON  SUPPORTED COWVPCOSI TE PARTI CLE MATERI AL,
PRODUCTI ON PROCESS OF SAME AND PROCESS FOR PRODUCI NG
COVPOUNDS USI NG SUPPORTED COWPOSI TE PARTI CLE MATERI AL
AS CATALYST FOR CHEM CAL SYNTHESIS 5 Technical Field
[0001] The present invention relates to a supported
conposite particle nmiSREQRIFICATIONI ch conposite
particle formed of an oxidized nickel and X (wherein X

supﬁtgpz? ﬁ%@wﬁiosﬁﬁiz PARSLICOEMIBTERIAL Ph@mntm@ﬁl PROEESS OF

e group consisting of nickel, palladium

SAH'EaANﬁliﬂ?gddl%é‘@IHOﬁ‘P@@PQJCINé &SMF‘@QIQBBR?SP G%UPPQRTED

ort 0O a su rocess ucing t

CoMigPSIf %Wﬁ%@ﬁﬁé\lﬁ?@%f&%ﬁ@ﬁ%ﬂmf SYNTHES!S

conposite particle material as a catal yst for

chemical synthesis. 15 Background Art [0002] Ni ckel

or nickel conpounds are widely used as catalysts for
Techrjealfiieldl synthesis such as in oxidation reactions,
0001r]edUCt| on reactions, hydrogenation reactions or the
[ like. 20 Conventional exanpl es of the use of nickel

e iy VR ol L DBoABA SNty materal i
nickel .neroxide Ni i

Wh'%%?raPQwﬁeg s Torips e f B8 B b FUHGHER X fepresents at

al cohol ager obi c, oxi i re ction using N -Al . ,
loast rwn&r&ypa elgmegts, seleetad Fon R OPHR. Spneiphioq it micksy, palladium,
an al cohol aerobic oxidation reaction using M-Al

platlnﬁgru rethaniirpe gk, siyraand REPRET) 11§ puBROAeE 8Pt 95&UPP°Tt a process
(Non- Patent Document 3), and (4) an al cohol aerobic _

for progdudagitbe supaorted moumqsgerpamge rpatesial, &nd alpgpgess for producing
nanoparticles as a catalyst 1

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.
Conventional examples of the use of nickel or nickel compounds in oxidation
reactions may include: (1) an alcohol oxidation reaction in which nickel peroxide
(NiO,) 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 aicohol aerobic oxidation reaction using Mg-Al hydrotalcite
containing Ni(ll) as a catalyst (Non-Patent Document 3), and (4) an alcohol aerobic

oxidation reaction using nickel peroxide (NiQ2) nanoparticles as a catalyst
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(Non- Pat ent Docunent 4). As described in (1) above,

hi ghl y oxi di zed ni ckel peroxi de has a higher |evel of

oxi di zi ng power than nickel oxide, and has |ong been

known to be able to oxidize various alcohols

stoichionetrically. This type of nickel peroxide has
(Non PfteeBdcument 4y ned in pure formor in the formof an

anhydride, there are many aspects of its structure

tﬁt@&eé&{%ﬁﬂné{??é@@ﬁe, ﬁ]gﬁlyi SxidizeQ rickell pefoxXige Aabizkigher level of

oxi de t sorbe oxygen. However, since nickel

oxidifY jfl%feﬁgthgagﬁ{;@eﬁ{@iélr?,uéﬁé Wasalﬁngbt?éé’ri KRLRRBL! b€ able to oxidize

Wer e poss e to catalytically
' t o i di 7i ti . :
varofS 53 SO TR i OB TS s, ot boer
cbtainan o Trary 5% o o e Sl Rl ey aspet of

oxi dation reactions have been realized in recent years
structase shatgemain enclesr, and islap saithia bR @ Rifkel axive thatdassadsorbed
to ni ckel -based catal ysts. The o )
oxygen.c k Howeyer, osinte i nickélapembxidet i extremidy arsehiddas ra (stgichiometric
and (3) above realize highly efficient activation of _
oxidiﬂﬁ?@fgérﬂ,f ifoK Wasre pyssisispioudiahgichlly Weneratesadtiviel exidizing active
metal 15 elenents (such as Al or My), thereby
spec@sysig %I&]Sﬂlé}bé)@géh' feRtHePaxidiziny ageitelt aicule beailsie to be applied
ni ckel™ catal yst. 'I'n these catalysts, N functions as
: | | ' ult of conmpoundi ng
to aeﬁb'%&%oaiﬁbﬁm rggé‘r?édﬁarﬁcgﬁgﬁtééntt%?. and is thought to
resul t. in the f t ' j
GSiebi oy astoiR by BERS fRRS bESn PeblfscRfinecent years
nmet hod described_ in. (4) ahove usin ickel peroxi
as a [RItR) vaBaus eRRICAIcheand P ra et it fesal Alaysts. The
~catalytically as a result of form nﬁ th i.ckel oxide .
nickgHhyeratalesipdased) eatalyste rdrscahed Ba(2h aRds(dy aopye Talize highly
of nickel and nickel conpounds is not |imted to = |
efficiahtc ahtivatmn datrholeculenceiyges, by wompaunding Nibwith dissipilar metal
to be widely effective in various reactions such as _
elemeats ossichxiagatAlorr dg) | theseby edohievimg rassobicoraxidation with a
hydr ogenati on 25 reactions, as well as in catal ysts
hetefdifenBBUS f hieRél %ﬁtzéﬁstauﬂﬂﬁﬂﬁsiee catdipaist NJafuretions nas an oxygen

phot ocat al yst s.
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
reaction has been reported to proceed catalytically as a result 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 yarious oxidation reactions, reduction reactions and hydrogenation

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

photocatalysts.
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[0003] Non-Patent Docunent 1 :J . Og. Chem, 27
(1962) 1597 Non-Patent Docunent 2: Angew. Chem Int.
Ed., 40 (2001) 763 Non-Patent Docunent 3. J. Mol.
Catal ., A236 (2005) 206 5 Non-Patent Docunent 4: Appl.
Catal ., A282 (2005) 25 Disclosure of the Invention
[000310004] Problenms to be Solved by the Invention 10

NSl Dt e 0 D e SRR el ect i vi 1y

or catalyst activity, and are uplikely t

M%Pém&%mqm@si‘wﬂ%?w-ﬁﬁ%lﬁb taéamf‘g @Bﬁbé@? I'n

addition, in consideration of the objective of

Nen-Pateny Documprid oh Mal. Qatala ARaG (290550Pv e

i ngredi ent used and high reactivity, nickel and

Nar-Paterd hmuncsnt ub &pphLatat. aAR82 2005 2feneral | y used

by 15 di spersing and supporting onto a support in

order to increase specific surface area and enhance

usage efficiency during use as catalyst conponents.
DisclfsiraBdhe |,§\|,ggqghts on whi ch nickel or nickel conpounds

are supported are of various types depending on
[0004)eaction characteristics and application, these

su%gorts have problens such as not always being able

tRyoblaras to batSalvedbyihe veptiPdn activity or catal yst

active 20 ingredients being susceptible to dropout .

friowevere thepiopwndepethdidsgdescrided aliower dpunpbrmasessarily have

catal yst conponents within the support. The present
adequatkentbyet praotlict t selectivitynsi veatalystliativityy ®hd arppanlikely to be

conposite particle material of the present
consRigPed G irfiistrizly VAHVER SRS Iethdy. t 16| RRdikerpini consideration of

oxi di zed nickel "and X (wherein X represents at |east

the o%jl&ti% o?'r@&?zri\"@a %HS&ﬁcﬁfinfﬂwerarﬁéuﬁtftﬁ SHtiQHANGrRBRdt Lisad and high
or ni D

ckel , "palT adi um ati num ruthenium gold,

reachl. e PR i PHACBIAL BRI B8 bincraly ueed by

disp%gin@ggﬁg sggggﬁllé{glt %r:'n 2% %@Eﬁggﬂﬁfﬁrggf &5 Hdreadd shB&RE R frace area
and enhance usage efficiency during use as catalyst components. Although
supports on which nickel or nickel compounds are supported are of various types
depending on reaction characteristics and application, these supports have problems
such as not always being able to obtain satisfactory reaction activity or catalyst active
ingredients being susceptible to dropout from the support depending on the
distribution of catalyst components within the support.

The present inventors conducted extensive studies on the supported composite
particle material of the present application, in which composite particles comprising
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)

are supported onto a support, based on the premise of practical application thereof in
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synthesi s, since a supported conposite particle
material in which conposite particles are uniformy
supported on the inside of a support inhibit diffusion
of reaction raw materials and reaction products due
to the resistance of pores inside the support, 5

an indoswiab brecass! t iAs @ Tesulppinr thedcases ofl esimgsap @ocatalyst forochemical
used effectively, and such supported conposite

syntHealst sHce ABLEporkéd BampBsid pahtRik mateearn sitieh ednipesite particles
prevent the obtaining of catalysts that are not

are dﬁ%ﬁﬁ@aéﬁ%%?rféﬁ b@ftﬂ:étniﬂg%dgif b9 §Jbtepo\‘f AMA BlfRfon of reaction raw

reactron Ivity. tion, he conposite

mote e 458 SRR B 4 a8 e umpon.
com 338 e e S B SORREE Ty DGR, o uen

accunul ation of toxic substances dependj ng on tté]cﬁgé\épgvent the

supperted sgmnasite particleraterial bashesn GppHy JeqPnsi@
l'i ke, and a | oss of catalyst activity due to . )

obtaiviogp of icatalpsist that earednolp peaessantly fsatisfackery stipiothe ¢irwpoint of
to wear caused by collisions between support

reactitar tactiVies aimd akieitioee theuppoposipargdrtities supportsstooto the outer
walls and the 15 |like. [0005] Wth the foregoing in

surfatb ef s@pdbipfticled wdie duteanrinkdi tovRave problemsospetv\dsda loss of
a supported conposite particle material that

activ@'cgl%é;'t}fﬂ; cBhEEa ARt L b idckvéd Ofited |0 t@efHeo%d@B_rptfdgmgff reaction

supporting conposite particles conprise

oy-pREHS §16 B taflERonil Yo s SRpElERS dheRrfR 67 ¥ B of reaction
or 81 Faactfor emofiypor T e oy . B8 kA BAYy ave o

produci ng the supported copposite rticle materigl .
comppsitePaTItesOPBING PHIJERE: tHE THROELAUR ' Gavised by collisions
supported conposite particle material as a catal yst
between Wﬁﬁcmﬂigﬁtmggtww suBpert marticles Andgreastor walls and the
Probl enmrs 4 [0006] '

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
(wherein X represents at least one of elements selected from the group consisting of
nickel, palladium, platinum, 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
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As a result of conducting extensive studies on the

above-nenti oned probl ens, the present inventors found

that, in a supported conposite particle materi al

conprising conposite particles conprised of an

oxi di zed nickel and X (wherein X 5 represents at
[0006] east one of el enents sel ected fromthe group

onsi st i of nickel : [ j L i
irS G onghsg s Pk ghitits Bhahe MiBuel HbiighedTproblems,
conposite particle re supported, .b Ll the ;
the RIPSER BOVIBALIOURE Bl Bo supEPRPd) EEPRDERS SER" materia
support and forming a supported |layer, in whicgh_t .
CoMPB eI SPTBOS R RETHIES CArBSSnt 20INZR TIGKG 2 7§ wherein X
range, the above-nentioned problens can be 10 | .
represesis| akbast lanee bl elaraentsgselectediser: then g6RuR KENpistiag Rf nickel,
invention. [0007] Nanely, the present invention is as
palladieft; 'dl@sinetutveniuin] lgold, silvpoahd coppepoand & $epRarcPR which the
material conprising: a conposite particle forned of an
el ' e cehitoling epeedietbation oflthe composite
compﬁéggtﬁeﬂgﬁg@g?&g 2@%% S d’s\g?sgct ed frgm the group _
parti&@ﬁhﬁﬁh e %ﬁ.xgﬁgﬁkéilud f&%ihgdé WibpBHad i18Y6R in Whidretrieugbmposite
gol d, copper); and

sil'ver al pp 3 support” on whi ch the
parﬁclﬁ%%“%ﬁ%s Hc%ﬁ%ﬁ{ H:@irga#&Péﬁ?ﬁ%ﬁééh%ﬁ%‘ié@aﬁsbBEG?fE’ﬁ“ﬂéﬁ@ can be
resolyd [bprepdeatigdpRnaniBse e eppitieeliod Ty ¢

[Ooo-a;:]cordi ng toitem([1l], wherein the supported |ayer in
ich the conposite particle is localized is present

| Namele hed Preseit RVEfion is asdesaibddibelont t he support ed
conposite particle material to 40% of an equival ent

[1] ﬁ%ﬁlﬁﬁ(‘)%d@orﬁﬁb‘%i URPREIL AHateRBPESTbASIPGr ti cl e material .

e supported conposite particle nmateri al

2% g}?@'l%'ogﬁ? Eagrtictlgtgrb@gf cﬂhr[ giidizga ‘?ﬁcﬁég'ﬂ and X {ifbrein X represents at

I anete € supported conposite

article materi,al cee : i
leasf S ol SAMERI TP BT die BRIt of FodfiegiegRin, platinum,
present in a 5 region extending by 80 gmfrom an
rutheniu@y g8les silver and ?C?F@es'h;?&grt ed conposite particle

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.
[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,

and the supported layer in which the composite particle is localized is present in a
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material. [4] The supported conposite particle
material according to item[1] or [2], wherein the
equi val ent di aneter of the supported conposite
particle material is 200 mor less, 5 and the
supported | ayer in which the conposite particle is

regich@@éndifg bysSP[esfeoin amoateragirface f tiea supporfted cotripesite particle
surface of the supported conposite particle materi al

matetig 30% of the equival ent dianeter of the supported
conposite particle material. [5] The supported

[4] fﬁgﬁgﬁﬁﬁ%{f %ﬁﬂ%ﬁe E%Pntgérlc% ﬂ&atéﬁ&loéégo%nbl‘?% 3‘2% @7er ¢, wherein

| S ng an_ out er (
o EHRBI bk o7 SRR oG Sl 200 um o s

conposite particle.is |localized. ]., The s r.t .

and grRvYpPPHediaYeri i MOt NG ?%PPQ%@%P%%?& ‘PﬁO?#%%%['%fe’?ese”‘ na
“wherein the outer layer is formed at a thickness of . o

region. extending Sramitie swifaceoithesupported compositaparticls material to 30%
[7] The supported conposite particle material

of th@equivaierd diametey of the stippartadscomposite pafticie matedds ei n
the conposite particle has a nean particle dianeter of

[5] frhersuppbred Q:oﬂ'gjosit&]paﬁitﬂe snatprial actording ds iahg quer afiitenas [1] to [4],
materi al according to any one of itens [1] to [7],

compisihg ain cﬂﬂéﬂ@?éﬁé&&sﬁaﬁﬁalWéé’oplfner&dmﬁ’cbsiw}ﬁbrﬁdbmﬁ he outside of
conposite parficle, in térnms of an atomc ratio of

the sygiaﬁrtg{j Zasf%r‘?m%iﬁgh R %t?a?b&e pasicRHBRGEdIigdaconposi te

terial acc ng to any one of itens [1] to
) e . o .

o1 b R P S A B TRA D AR B3 g erein e

nj ckel . [10 he s ort conpasi te. particl I a
outer lyeF 19 fﬁ%{ﬂ?ﬁ %Whli-‘:‘lfggﬁ of 5&4510[ g '["df‘? Qe BirfHasrly the

support is fornmed of an al um num cont ai ni ng
SUPPSIN.i ca- based conposition containing silica and

alumna. 25 [11] A process for producing a supported
[7] dbesmgipostedaampositerpartieieanaterialdeeardingdo apymngsekitems [1] to [6],

particle formed of an oxidized nickel and X (wherein X
wherehp tresemnposite padicle hés ameeart peiticieediesmeatet etiren 2 toih® nm.

the group consisting of nickel, palladium platinum
[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 NifX, is from 0.1 to 10.
[9] The supported composite particle material according to any one of items [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 to any one of items [1] to
[9], wherein the support is formed of an aluminum—cohtaining silica-based composition
containing silica and alumina.

[11]1 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
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rut henium gold, silver and copper) is supported onto
a support, conprising: a first step of obtaining a
m xture at a tenperature of at |east 60C by nmi xing an
aqueous slurry containing a support on which is
supported an oxide of at |east one of 5 basic netals

one cfedleftertts fsetwotéd dropn dh groupicanisistingf ofahickél palladiua, splatinum,
al kaline earth netals and rare earth netals, and an

rutheAkindli goldBiRBHaNE %Bbéﬁ)ris @ﬁg?oﬁédl BBicea SBpPbIt S@irhpnsmg

cont'al ning nickel and’the and a second step of

Fale@'%f %%g)aéf' cﬁﬁalﬁt 5%&@?«5 at aNEA tp%?&gté‘p Sfé) rﬁfleg’sf(@:@‘(? bP/ mixing an

ocess produci ng conposi t

s AT SRR i Mgk R Pt ne o

basic, §RIs TIC 8 EPRAMenGI i SPESSII S (eI I iARe Blfiaine earth

and rare earth netals. [13] The process for Erodf %n
metalsnand [gigoRarty medaisoand @npadidicaquannscsaluion st 8 rspiyrje metal salt
toitem[11 ] or [12], wherein the aqueous slurry
contdining inicket ang the & andsol ubl e al umi num 15 salt. [14] A
process for produci ng carboxylic acid ester
epsaaorsl stgp of éeat-tregting agirdelmsde cantdirsed ial the moikture. t he
presence of oxygen by using the supported conposite

12] PRKé pdcesBBbLHIcRA peduppoted ynpusitePartitlematetial accordin
[ ]to [E) gs a ﬁcatugﬁ?gt Ugﬂ)[olﬂ The progess for S

to iteﬁ@?ﬂ%ﬁeﬁ%@%qgg s?‘hﬂ%ﬁ.ﬁﬂ%?c% fs@b@sél?of éﬁﬁhst one of

erein e IS selected from acrol el n,
vesidTbAE SEREIL fonog orbi Eoh0Siae shalie el BRaf3e sarn
; [&14! For [15r1]§1’ erein the al cohol is methanol. 25
meta faJS BPEERt s of the Invention [0008] 7 The
[13] 768 Bracass onbrashieng aisUpPORSRGeRIRsSH o Fagic P daeterigl ageording

over a |long ﬁerlod of time by efficiently usin _
to item [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
supported composite particle material according to any one of items [1] to [10] as a
catalyst.
[15] The process for producing carboxylic acid ester according to item [14], wherein
the aidehyde 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.

Advantageous Effects of the Invention
[0008]
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conposite particles by stably supporting conposite
particles conprised of the oxidized nickel and X
(wherein X represents at |east one of elenents
selected from5 the group consisting of nickel,
pal | adium plati num ruthenium gold, silver and _
dhepsupporiea corapesite partiBle miatddied @ccotding tothe present invention is
Drawi ngs [0009] 10 FIG 1 shows the results of X-ray

able 39amyfitainURigho rédctivityasvel & MHg reriet af tmee thyelefficiently using
cross-section of the supported conposite particle

comp&_@ﬁtg;béﬂtic s %}amb?y %uﬁoﬁin% ﬁiﬁﬁ@si@%dﬁéégt Sorfprised of the

anal ysis using an X-ray m croprobe of

o 1 HbEoRA5E PRI S BB OBBAR slecte rom

results.qf X-ra nal ysi s usipg an X-ray_m £
the oEp PLapS NG ST b BB el Priaitatrdlet Bl %6 ard coppen)
conposite particle material of Conparative Exanple 1;
On a gWRPXt-G 4 shows the results of X-ray anal ysis using
an X-ray mcroprobe of a particle cross-section of
the supported conposite particle material of
Conparative Exanple 2. 20 Best Mde for Carrying Cut
Brief Desctiptiembf the Diawihg$ The fol | owi ng provi des an
expl anation of the best node for carrying out the
[0009r esent invention (to be referred to as "the present

di " The f.ol | ' 2 nbodi j .
T Fhis s resiBpt R, a8 SECREhETRY ey, micmappope of =
partiqle EoRE AR e SHEPOHEd GRS FETISHE MEHSH) orgampid 1;

carried out in various forms w thout deviating from

tHE. @ showsethsoresulisoofl Xraysapalysisedsiognpd 1@y microprobe of a

Particle Material]
particle cross-section of the supported compasite particle material of Example 2;

FIG. 3 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 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.

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
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
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The supported conposite particle material according to
the present enbodinent 5 conprises conposite
particles conprised of an oxidized nickel and X
(wherein X represents at |east one of elenents
selected fromthe group consisting of nickel,
carrigkiedutad varou Fartiswithoutudeviatingfromahd gigtithereof.and
copper) and a support on which the conposite
[0011particles are supported, and has a supported layer in
whi ch_t he conmposite antfcle is localized. 10 [0012]
[SUPPFHB?C’(QPFHP%G% idg M%ﬁﬂ?li n whi ch the conposite
particles are |ocalized" used herein refers to a .
fihgi suppontedronapesiiey partislepatenial Aecargingdsithe present @mkodiment
are concentrated. In the supported conposite particle
compnisesréaahpasiteo pditittes compeispdeafean oxidizediniekal and ac éwherein X
the conposite particles are not randonmly supported in
repreBatssap st ,onkb ob wiemaniseseleeteecfromethe gopymcoadisting sof nickel,
fixed region, this region is generically referred to
palladidin? plSHRIRT fakehiahegdld siveE BnbhpperPand esuppdrl oheghich the
are localized". In the 'supported conposite particle

i ' A ' ) SWhith th ite
compCRIE BaPlcief ol SufoorES Hhd flad e TPRRREHIfy M Mhith the compos
rt.t he Icorrposd'ct e particles are concentrated in a fixed
pa '?l%bsi OHE onpared with other portions, which region

[0012)5 @ 20 "supported layer in which the conposite
;}arti cles are localized" can be determ ned by X-ray
M tgrrrotstppoeteyidagert in WisicHdbe rdcogebsitet partides faredecalized” used
secondary electron reflected imges obtained with a

hereifii 8&fef$£18! Ht fﬁﬂoﬁciﬁnﬂﬁeﬂ%uﬁﬁ@ﬂt irPrwitithr hec @pmpoBite particles are
supported |l ayer in which the conposite particles are

conc%ﬁﬁ'éﬂeidz e itﬁef Qﬁﬁﬁ&g?é’@ Isﬁm?bgﬁé Bartidle nfateRal &itoPAingNEithE present

romthe surface t he supported conposite particle

emb 5} it Sy feestiphsts, batfic Yk Flf PanddrtfSuppoR it he support
out raBE Sp Ve & FippoBet Th & pid Eretigh dfils BgRP s ErBRicRl referred to

di ffusion rates of the reactants wthi.n the SL!BQQ”d" n the
as aursuRRAItRck RYSthinc vhieR e FBMPRSIEVRATIERS: Pl localized”.

activity. [0013] ) ) L Y . .
supported composite particle material, since a region is a "supported layer in which

the composite particles are localized" provided the composite particies are
concentrated in a fixed region as compared with other portions, which region is a
"supported fayer in which the composite particles are localized" can be determined by
X-ray microprobe analysis to be described later 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
40% of the equivalent diameter of the supported composite particle material. If the

supported layer in which the composite particles are localized is present in this region,
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The supported conposite particle material according to
the present enbodi nent 5 can have various sizes and
vari ous shapes such that the substantial thickness of
particle dianeter is on the mto cmorder. Specific
exanpl es of the shape of the supported conposite
the effstts of ldiffusidreratal dofethei reablathts withirothee sbppers sseckdased, which
spheres, ovals, cylinders, tablets, hollow cylinders,
tends%ﬁﬁﬁ%verregéﬁorﬁﬁ@tﬁﬁt , honeyconbs or the like. The
shape of the supporfed conposite particle material can
[0013pe suitably changed 10 according to the reaction form
and in a fixed bed reaction, for exanple, hollow .
The snppeded comprsiie patiale B1aigrial asapfdieg &the rresentembgdiment
due to their |low pressure |oss, while spherical .
can hpeetvarioes sires taypli eaious sbages sdchirtbet theosubstaphial hiickness of
suspending in a liquid phase slurry. [0014] 15 The
particleedigimstsiuisven ¢né pih 2orehe biders e $peeifiei exargbles of ttbe tshepe of the
di ameter of spherical particles, or in the case of
suppdried®sthpbsive EQ?E@ nfé@ér‘iél“{hﬁﬁ 1ind|lh@? YaAoes %haﬁés susihzer spheres,
e par

havi ng an equal volune as t icles or having a
i e i C f bs or the like.
ovals SRR, B L i ot pfycoms or o e

asur i t.h | Cl [V ;
The SERRGOL T, UBrEed it Baftel el Baff| e 3348 ohanges
istribution nmeasuring apparatus, and using t
accordpgyfa fh reastRy 1 ndnd i dber B5, Akldh. & example, hotiow
~ Alternatively, nunber average particle diameter as
cylinciigakelraneyPoNb-shaRasPRTIGISEIATe SPIRFRR BB4e iR (oaipssure loss,
can al so be used to represent equivalent dianeter.
while [spbegtal patities anei typicslly selectad undgsoxangifiangyel sygpending in a
whi ch the conposite particles are localized is
liquidphlasetskor 0 an opti num range according to the
t hi ckness of the support, particle dianeter, type of
[0014] eaction and reaction form Furthernore, since the 10

TR B T EeRlr e BB i IRERheer of spherica
particljqu%g%;/iglr Frg cgééncgtjg'rﬁgﬁ{aél&hghgﬁjép %Eztrtlildlest, ht%e"gi H%e grl 3'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
distribution measuring apparatus and using the resulting value as the equivalent
diameter. Alternatively, number average particle diameter as measured with a

scanning electron microscope (SEM) can also be used to represent equivalent

diameter.
[0015]

The thickness of the supported layer in which the composite particles 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
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conposite particle material"™ can be determ ned from

t he equi val ent dianeter of the support. 5 [0016] For

exanple, in the case of using a support of a size such

that the thickness of the support exceeds 200 m (for

exanpl e several nmmor nore), the supported conposite
"equivaltent dismetar ef the suppartetbcarhpysites particte materl| id ysualy the same

reaction having a conparatively slow reaction rate or

as tHeMeguaifsHt diineRericf aleé isQpporth Wise "dyLivnaleHi diantetér d0the supported
region in which the active conponent in the form of

comﬁé?éﬁéo? fgldoﬁfa‘tér‘féle%aﬁ%@% drivi¥d ?r’EJﬁT He Eﬁ&ﬁ/a@nttd@neter of the

support conposite partlc e material to 40% of the
Suppgﬁgl‘“ val ent dianeter of the supported conposite
ticle material, and a layer in which the conposite
[0019?rt| cles are supported to 80 mfromthe outer surface
the supported conposite particle material but not
skppexample, irs thitecadeeobugingra sdppmhpbaisize pach thelt éhd thickness of
material, the supported conposite particle material

the §l§\5bd?€ Q&béd@e}!bd fﬂm (fcﬁ' éﬁémfétea@bvéﬁal rhie offrherd)s té supported
the diffusion rates of the reactants. As a result, the

comﬁm@ﬁﬁghﬂhﬁ:té’%éﬂeﬁb?% gePBralfy Used ikfd giglLid 9h¥se[r@gét7&n having a

ot her hand, in the Case the t hi ckness of

comﬁé?%ﬂ%lgféé(?\g P.Qct%ﬁ Fﬁte'o‘? éz]:?or erg‘lgs%or% 6rt| e -Pﬁlfg t& froviding a

orte on extendi ng

reg%wﬁw 81 R R 5B o oo o
the GUPEE PF 6 13 BBPUSRHAEPYSieC PRBIE MIPtBF I AP ??n% equivalert
ort was conventionally designed to have a sma

dlarr}séert of Ithe surpasted: composite partieet h’@tf?r@ictﬁné‘nad@é!e[én which the
the effects of the reaction rate and the 25 intrapore

compibsifeu padiclasaaressuppartert tea80 sumvifitam the loatesugystace. ofl the supported
the present enbodi nent, a highly active supported

compaositeopartieleomataridl ®utrmbesigportsthingideotheasuppdriedt domposite particle
11 reducing the particle diameter of the support by

matérféﬂ’ usblpbbel RopiptRne pirtidi8 enateHaR&H B8 obfikéd that is resistant to
whi ch the conposite particles are |ocalized. Nanely,
the & Bt 1 difusion 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

composite particles are preferably supported in a region extending from the surface of
the supported composite particle material to 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
intrapore diffusion rates of reactants within the support. In the present embodiment,

a highly active supported composite particle material can be obtained without

11
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the present enbodinent, it becones easy to separate

the catal yst by settling, thereby resulting in the

advant age of enabling separation to be carried out

using a 5 snall-vol une separator. However, if the

vol une of the portion of conposite particles in the
redusingptie edritpendiameterpaf tthel suppdrerihalretibeihgathe thitkness of the

supported becones excessively large, the vol une not

suppbft@dilayst iRYHIBIe tHeea6rh b sitd BartieRiY dreNBEaliZeel edffely, according to
thereby resulting in waste. Thus, it is preferable to

e Bl PR 15, G308 4 O oty spting thoreey
s, B o o SR A 0o o
s 3BR S by f B o Bt e parics

) outer layer substantially free of conposite particles

in then suppodiats campesite headiglspsnatenial dhat are WAt vppgrted becomes
conposite particles are localized. The outer layer is

excepsigelyr lahgs; thervaldmetnet nelguired dys theofeaxtion per adtainer dngreases,
the outer surface of the support. As a result of

thergbyorgstiting inhwasteut Ghulsaitds prefenabblettbi setrthegearticlbediameter of the
supported conposite particle material can be used as

suppRriC fHetetRiredithieREGSs 6RPESUPPbIiba [Rrah WHichebrdpositgparticles are
that inhibits the |l oss of conposite particles due to

Iocalﬁéfgf’amd;@gi tﬁig&ﬁ@%% BE‘P% %gér”iﬂ WISEK EBiriposiE Baftitids are not supported

columm, strrring reactor or

a°°°g¢iH§2?i‘f@ﬁ%égﬁgéﬁ%rﬁ‘mi ch there is the risk of friction

I'cles, and in reactions in which
[0o18ere is accumul ation of catalytic poisons. In
addition, since the outer |ayer can be controlled to
bEhexsuppuried tdompositer partidke rmeateeinl may aalso vhaye cam dader layer
suppressed. [0019] 25 The thickness of the outer

substantidlly Sreeséfadtinsddite parBelesfonthennasitie of tid seppertadslayer in which
sel ected to an optimumrange according to the reaction

comﬁ&’sf}feﬁﬁélﬁbie‘étéré%cél’i?éé.i Cothe btd|18P& ik ipPsfePibly Rérmed at a thickness

support, loading of conposite particles and the [ike,
of Opﬁ‘g?n'% Qh%S@%%youé%GQ@%%& é% El'?eé %L?peéﬁergggé§ aYeRUR'AYrdviding the
outer layer within this range, the supported composite particle material can be used as
a catalyst strongly resistant to catalyst poisoning that inhibits the loss of composite
particles due to abrasion in reactions using reactors such as a fluidized bed, bubble
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]

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

selected to an optimum range according to the reaction characteristics, physical

12
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from0.2 to 5 m If the thickness of the outer |ayer

(conposite particle-non-supported |ayer) exceeds 15

m al though there is no change in the 5 effect of

i mproving catalyst |ife when using the conposite

particles as a catalyst, this |eads to a decrease in
properties af s s@spory ildading of tbmpobite paritesand the like, @ndliaypeeferably

is less than 0.01 m susceptibility to | oss of

WS iRt hdre BiefélaBiyt RorPDaASiPN0taNdand @vencihess greferably
from OF%{O%O] PR t he p'?%sent yfanbodi ment , tlﬁg term d

from O¥P§hang | glrh.y free b qafmﬁéééeo@artﬁéclcﬁﬁ%r aiégggie(@omposite

herein refers to the substantial absence o
. ,indicating the distributi Xi Gl ' I d :
partclp fioeraRpoR oL AYBLE Rl 1B P clihbfEh dhefitis 2 cflange in the
se|l ected fro ] oup consisting of nickel, .
offect B raving Salpkiel MenPhen st e carbpesie, Prfisesiaga catalyst, this
copper) having a relative intensity of 10% or nore in
leads {0 a geciaasedp m@?ﬂyarﬁﬂﬂy&ys if theythicknese Of RRIOLIET &ayes s jg5s than
secondary el ectron reflected i mages obtained with a
0.01 uhy shisgbptibtyltadosmofseatalyshparticlestdusntorarasiopdpads to increase.

0021] The conposite particles of the present
[0002Q@bhodi nent are particles conprised of an oxidized

nickel [N I . : "
B} B re 08 SpBBRAIC e 11 SHBRIBl Rl S8fBbi parices
i ckel ,. pal.l adiu | gt i num__r ut heni um L de. STAVenL i o
used Bafeit 561e8 sp e Slastadal rency 4 et Rlcdripg (i Clistibuton
~oxidized nickel may include nickel oxi de? formedoszbé/
oxidized miskel aRdck dwharrin &% JeRreseaiscal Igasihppe of glemeRjsoselected from
Ni 304 or Ni2G3), and conposite oxides containing
the grou kensistingotrickel: Raladiumd platipriy, uteniuss,gaidssilver and copper)
bondi ng nickel 25 and X and/or one or nore types of
havingtd aelative aintensityeof si0dhdoroxyarenin of-ray suiciaprobe| analysis to be
or m xture thereof. [0023] 13 The term "ni ckel oxide"
describedd |ftef ebn frefsicontiana sleswonndefiouteédi magesi oltainethdwith a

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

copper).
[0022]

Preferable examples of the oxidized nickel may include nickel oxides formed by
bonding nickel and oxygen (such as NizO, NiO, NiOz, NizO4 or Ni203), and composite
oxides containing nickel such as nickel oxide compounds formed by bonding nickel
and X and/or one or more types of other metal elements and oxygen, or a solid

solution or mixture thereof.
[0023]
13
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oxygen. Nickel oxides may include the previously
exenplified NN20, NGO N 02, N 304 or N 203 or
hydr at es t hereof, hydroperoxi des of nickel containing
an OCH group, peroxides of nickel containing an 02
group, and m xtures thereof. 5 [0024] In addition, the
t Enentéraptricke toxidetivded heveih tefesito a ebrmpound cantaining elickel and
containing two or nore types of netals. The term
oxygeAO MRAS! Coadé sl anay SREluBET hieNpreticlisly tekepiplified NBO, NiO, NiO.,
which two or nore types of netal oxides forma

NisO BFRAEr rﬁ)&qat%httﬂw,odfdroﬁé}ﬁkfé‘é%g)frﬁi’éﬁl ebﬁtamihg &R OOH group,

ot contai |ng an 1 on an oxoacl as a structu

vk 1k SRR B, °

[oo2gpntext than nultiple oxides, and includes all oxides
i'n which two or nore types of netals are conpounded.
Oxi alddition) thé iterim tosmpositenndds"ypsssd héreiveteflrsoto alesxitieroontaining
a solid solution are also within the scope of

two SOMRPE it*]ﬁespéf ffstals] OGRelterrhS'cdhipoBIte Tiide" LRERNhEfeN refers to an
found that, in the case of using the supported

oxidE SR Byo BRTAE t?g%*&? fnir:éla 8%ia8s Fbie d ?orhgsuﬁa,eéﬁd“btthough it

enbodi nent as a ca or synthesis o arboxylic

inclu?%%%mﬁﬁél%&%i%?svy Pﬁfg@gg?ﬁ@‘gn E)E%r? BPLn gﬁ(.bggid .§ Q s%?ucfnlga unit (such

eren ni ck oxl des havi

oxi dative.esterification, actjvi can _pe fr aQut

as PEpsAte idEs Rt PPl ISPt Biokds Eroters JoHal halibh a brosder
can be denonstrated unlike that 20 realized with a

contex: thepsmultipif, Prices, and daelHdes @Ydnades i which fwe orimgore types of
thought to be a wunique effect denonstrated as a i

metals are compogodedun@ixitgsaniwiirle twe sirpaoneityRes ok mefat oxidgs form a
the result of a novel catalyst action conpletely

soliddsdidteoreare dlso withirathedscapesofraanepbdite oxide$sr conponent
al one due to a dual functional effect between both

[0028kt al  conponents or the formation of a new active

SF8 st ool it it M BA of BoRBRS eoppfahtomposte
parti%lgr I?I@Hf%l]h lgécg%gfgp gé {?rged Bzé%gﬁ gnmaieﬁg iag%al(t::g{a?)l@{sﬁtar synthesis of
carbg%?li\é:egéiidoggtlers?atgyalc%ﬁ}p%u\rq%isngamcielt gxi%% {vvﬁﬁl)i(,z ﬁ% 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
realized with a catalyst comprised of each component alone. This is thought to be a
unique effect demonstrated as a result of compounding a nickel compound and X that
is 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
components or the formation of a new active species. On the basis of this novel

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

14
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[0026] For exanple, if gold is selected for X and

ni ckel oxide and gold are supported onto a support in

a highly dispersed state, remarkably high catal yst

performance 5 appears. This catal yst was observed to

denonstrate a hi gh degree of carboxylic acid ester
convetidrif chidijsts A28 able P pedeniiddd: i nprovement in activity

at a specific conposite ratio of Ni/Au as conpared
[0026]wi th respectively supporting nickel oxide or gold

al one onto_a support. The catalyst al so,demgnstrates
Forgexaraplel ftgald g seigcted fsrX ﬁé‘pa{F'Ckét%‘H%§H@<ﬂ$ﬁ|ﬂéﬁ supported
wi th support particles conprised of each conponent

onto alsappprtainda lighlyedisppesedasiate, orenaarkablys highe Fatahyshmagformance
as a result of their conmpounding is strongly

appeaf€peTiisntatalyst assolpgrved do cderparsstratera dighideigese &f carboxylic
gold. This Is presuned to be due to the presence of

acid @é’tePFSélé%th?aéh@ 5 ogorididerablaainproveriiert in caativity at a specific
oxidation state that is optimumfor the reaction. In

compé#esraﬁﬁrb@ Nil{ALEéQ%MBEFéH"JVWﬁ RéspenenyMlippertiref hiekéisoxide or gold
| e pre

ch canno Icted fromthe Sinple conbined

alone gggdaé IF’E@BS{' g?ﬁgcﬁﬁalf&@wﬁghoﬁgﬁg& Iicgﬁml%%dtmt? der metal

i'spetrsing two conponen conpri sing
the ni ckel, oxi de an ol.d and s rtd

atom &0 BRRarSHOURY FUPRAR FETlies LomHI BRG] f4etp Bbfhnent alone, and
material in which gold is selected, f X have he .

the apngagPReR of Feldblst peopBRRcE Faver tudt ohns,CalSaundig js stronly
hi ghly di spersed state, and 20 both conpongnts. have

deperisient coltbe rsuppotted sompnsiisumeideicks! andosidn o fbisis Rrevyned to be
Based on the results of transm ssion el ectron

due tortios peesEPELsafaam bptimunarativ fositoe foranatian oha mieke sxigation state
(TEM STEM observations, nearly spheri cal )

that i§3SIRPAIMI B SiBe fRYOAI NEN Zhisomanner, aighlynpromninept compounding
di spersed and supported on a support. According to an

effects! WHEHK AahrpP e SradRted Frornamepainiplel esmbinezheddltion of each
di spersive X-ray 25 spectronetry (EDS), all of the

compgﬁéﬁf ¢ II@Se Were RARseed Ca A ras it HFCHRbeAiS AWod components

ni CKel” was observed to be coating the surface

compfane O B i So o s A snfie 2B ea onto

[0027']he support in

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
both components have been observed to be compounded at the nanometer level.
Based on the results of transmission electron microscopefscanning 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
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,
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addition to the nanoparticles containing nickel and
gold. [0028] According to the results of X-ray
phot oel ect ron spectroscopy (XPS) and powder 5 X-ray
diffraction (XRD), although gold is present in the
formof a crystalline netal, nickel is presuned to be
a nigket LRMiponent koo waso alsanolagserved do shesugpoitad iorgo ahe support in
bi val ence. [0029] On the basis of ultraviolet-visible
addifige & tHeSsaRpdrideycbhtairting Widikef 8ndgefion 10
absorption peak (at about 530 nm originating from
[0028bl d nanoparticles observed in gold nanoparticles of a
single nmetal species was determ ned to di sappear when
nAstendingtg the F@ﬁbﬂt‘{; of ¥-ray mhatesipeluerispectnarcopy d X6 rse powder
i nvol vi ng di sappearance of this surface plasnon
X-rapdiffraetion (XRE)k altheuglotgodd s& pveseritrindhedoystef a crystalline metal,
conpri sed of conbinations of gold and nmetal oxide
nickslpac bessuphdrd rtot banpresekein aké dermobf @psemeephous dxide having a
have an effect on the reaction (including netal oxides
bivafene8 as chrom um oxi de, manganese oxide, iron oxide,
cobalt oxide, copper oxide or zinc oxide). The
[0026]sappearance of this surface plasnon absorptlon peak
is thought to be the result of the formation
moileﬂ'\eé%@étsr eh uliraieletriiginie cpesiroperPY dHVAIE).i ﬁt%lrﬁa&@eplasmon
bet ween oxi di zed ni ckel and gold, or in other words,
absarptiom gxeakt (abfableyb 5301 nra) iovigirstingvisomygeld ranopzoticles observed in
metallic chem cal species. [0030] Conversion to
goldmagiopartickesiofzze dingiec netal @pediesoedas tetecmiriad toedisdypear when nickel
col or change of a catalyst and ultraviolet-visible

oxidé pawd IgoRt Wre (ddhmphundeds The BhhémehoRdaivolNingobisappearance of
ni ckel oxi de, the nickel oxide changed in color from

this ghﬁ‘ébé Mh184rRER iﬂéo?%tﬂyﬁ‘ ge@ﬂ%éé‘%o?—%b%[fe%eﬂ CHfAlysts comprised of

enonstrated a anc over nearl entire visib
comblbrg 958 and A g-f»g%@,slo;P/reﬁRS@agckwomﬁ%ﬁ.obsewed :

red,as a ference.

havegégg'pﬁec o Cthgl be%t 58 é Igé}wg Fhetal’ 6%1d8s sucheas chromium oxide,
manganese oxide, iren 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

metallic chemical species.
[0030]

Conversion 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
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 (NiOz) measured as a reference sample. On the basis of
16
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this finding, nickel is presuned to be converted to a
hi ghl y oxi di zed ni ckel oxide by the addition of gold.
[0031] On the basis of the above results, the
structure of the conposite particles in the 5 case of
selecting gold for X is believed to be such that the

this fingipigd nigkel is@resuraed e baonberted te adnighly loeidized aickel oxide by the
thereof is coated with highly oxidized nickel oxide,

admﬁd¥éﬁgﬂ3.a”y gol d atons present on the surface of the
conposite particles. [0032] The supported conposition

[0031]of nickel and X onto a support is preferably within a
10 range of from0.20 to 0.99, nore preferably wt

hin .
Gn thenGesis of theaPove esuiso st ustretine rapgsiier kAt in the
within a range of fromO0.50 to 0.90, in terns of the
case ofiselacting gioldforof id\béliehied-toXe swirethab the Yeldoparticlestsesve as the
of Ni/(Ni + X)" used herein refers to a ratio of the
core andithersupfacetthereadfis Bbateel with highly ectidizéd nidkel exidppwithout any
to the total nunber of atons of nickel and X 15

gold aldA¥38lesERE oR WP 86HEEe BRtHd SdrABositeepartiefedr abl y
supported onto the support in a highly dispersed

[0032]state. The conposite particles are nore preferably
supported by bei n% di spersed in the form of .
The suprarted-cespesitian ofinickel BRY Xapato & sURRA i Rraferably within a
di aneter thereof is preferably from2 to 10 nm nore

range pf &oer B0/t .89, Mmare Feferpblynwitkinenrangesof from 0.30 to 0.90, and
preferably from2 to 6 nm If the nmean particle

even ribanpteferably withince rgrugs oefrpmr0.50/te .98, initetms of the atomic ratio
above ranges, a specific active species structure

of Ni/(RPWPX). SethePleri '@tdhicrdicoof Ri/NI+KY @sst he@Ae réfers to a ratio of
activity tends to inprove. Here, nean particle

the nuﬁiubr%;'g‘gzr gforhd of Hi%k@f"tﬁﬁa?lbge Ll ¥ BObpe SR thtal hihber of atoms

aver age par neter as neasured with a 25

. } Ssion electron m croscope (TEM. More
ofnlcktgz)gﬂapil.ca”y’ in an i mage observed wth a

[0033]transm' ssion electron mcroscope, area of black
contrast indicate conposite particles, and the nean _
Tiee conlposile partices tane preferably sappodiedudntodtiesupport in a highly

measuring the
dispersed state. The composite particles are more preferably supported by being
dispersed in the form of microparticles or a thin fitm, and the mean particle diameter
thereof is preferably from 2 to 10 nm, more preferably from 2 to 8 nm, and even more
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
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
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17 di ameter of each particle for all particles.

[ 0034] The conposition of nickel and X in the

conposite particles is preferably within a range of

fromO.1 to 10, nore preferably within a range of from

0.2 to 5.0 and even 5 nore preferably within a range
diameterf oforadh. BartideJoOall pattetess of the atomc ratio of

Ni/X 1f the atomic ratio of NN/ X is within the above
[0034hnges, a specific active species structure conprised

ni ckel nd and .a njgkel oxidi ze. st fe aptinum L
£ 5pS chEPostiiny 61RO Brithk R ine dhpdste Brdics 'théféé%?'v within a
activity and seI ectivity tend to be hi gher than
range Il 1 denttbdnere ar@ff@ra@iyewﬁam.ramg% Shrfions Oy 9.5.0 and even
ni ckel and X outside the 10 above ranges. [0035]

morenpreferaitly withinea aaage of from Dclitcnd. A innterras ich ke @tormigeratio of NiZX.
formof the conposite particles provided both of the

If theoatoomematioodf Nikés watidn Xher sbaventranges] & hspewific, active species
preferably both conponents are present in the

strudtare cehmpsise@nst hizRePandi X! &%d & fickel axithzdd smt8ayptibum for the
phase structure, such as a solid solution structure in

reachbh e FOPHES Hnd §PaGLES! "tﬁéréemécno@ﬁ R é‘éié/&m téhd 85 be higher

a core-shell structure in which chem cal speC| es

than 5’.35@{38&&5 & Ssjetaepa?né’le Qferfé?%ﬁ@trfsbﬁ &Hﬁl&ﬁéﬁn&x outside the

ani sotropi ¢ pha separa ron structure
aboﬁ? ses are separated anisotropically, or a
e Bondphlllc structure in which both chem ca
gpeci es are present adjacent to 20 each other on the
[003 g : .
rticle surface. More preferably, the conposite

IOAIthoagreSthbm/Gare nd oparticolanttimitatidmey ohattee Jomeref the composite
conprised of X and oxidi zed nickel is coated onto the

partields! Grerided bbth 6Pt colffirionts f Hicksl and W) @Fe contained therein,
limtations on the shape of the conposi te partl cl es

prefé?ﬁ ﬁ@@l\ 9%@*%'2@'25}%2 rl%csg ﬂﬂﬁ ﬁjbﬂﬁﬂe A ca gaﬁﬁzles are in a
form F\%&?g én Ihg%g g@%? S%Léé;h%% 5 &eds %IUPSH st}uc?ur}a%sﬁﬁlgﬂ chemical

species randomly occupy crystal sites, a core-shell structure in which each chemical
species is separated in the shape of concentric spheres, a anisotropic phase
separation structure in which phases are separated anisotropically, or a
heterobondphilic structure in which both chemical species are present adjacent to
each other on the particle surface. More preferably, the composite particles have a
form in which they 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.
[0036] |

As previously described, transmission electron microscopy/scanning

transmission electron microscopy (TEM/STEM), for example, is effective as an
18
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transm ssion el ectron mcroscopy (TEM STEM, for
exanple, is effective as an 18 anal ysis techni que for
observing the formof the conposite particles, and
el ementary analyses within the particles and
extraction of images of the distribution of elenents
analysis techmique fgyastssigpbing e formadf the oogmpesitg pattickés; sand elementary
observed by TEM STEMwith an el ectron beam The
anal?ﬁ@ﬂﬁh#ﬁh@?éﬂi@b@%ﬁ eXthectivhesfaiia BEAStrid0fidRioR elements
nickel 5 and Xin all of the particles thereof as wll
thert—.gﬁ dér%aegésgﬁl@ by uFrP&uaﬁﬁg%ﬁ@atrﬁdQ@ cﬂﬁs‘éﬁé&’%ﬁi IEW}?ZEM with an

oo Ry SR e WP apan e

aries_.according to the |.ocatians, of. the co si,tion .
and X el of e eemclesitnetaql asanill PeiadcSignjn e eienbles to be described
detected in |larger anounts on the edges of the _ )
later;and have Seen £RnTIime 0 have AP in whiah e sustacesl X is coated with

Thus, there are variations in the atomc ratio of
nickeli clietheygasx of dwgwimglisugh enfarfie thecatomimisaiis of mickel and X varies
anal ysi s points even anong individual particles, and
accardiegriantie tdoatien$ ofsthenceémpesitiom arfaysisuppintefintthe particles, and
atomc ratio of Ni/X as previously described. [0037]

nickdiSs Idetédied ¢asargef affints opethe Gdifdsost the Fartivies than in the central
copper for X, ultraviolet-visible spectroscopy

portibEMn¥réorf. | STHUS, etﬁfe?é%ré%éf?aiﬁwﬁsofn kIS Htbme PEtid N& nickel and X

structure thereof. In e case of nanoparticles of

ool o1 Efalbps OFF. oM 0Epri B B IRl anc

o oS uE0 AR 8 BSOS Al P B o ooy
| asmon absorption. For 20 exanple, when a catal yst

des‘g'ﬁ’ﬁﬁorted with gold particles is irradiated with

[003?Lsi ble Iight, an absorption spectrumis observed
at is based on plasnon resonance originating from

O thePEES D 9%aviig BeVsried &jeld Nsifler doeBppe?FoP ™, ultraviolet-visible

However, in the supported ™ conposite particle materi al

speckBetbf 1 OLkpls B Jectld el o REPHRAG) IR0 SGERI oot I
o GBI BReh RIS oo ORERY 258881, R oy petwoon the
photgglrg%glsci hgldpg{ lirl1ec Iv?ssl,blgf to near infrared region and free electrons on the
surface of the metal resulting in the occurrence of surface plasmon absorption. For
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,
gold can be considered to not be present on the surface of the composite particles of

the present embodiment.
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the present enbodinment. 19 [0038] There are no
particular limtations on the solid formof the nicke
provi ded the prescribed activity is obtained, and is
preferably in an anorphous formin which diffraction
peaks are not observed in X-ray diffraction. As a
[0038]result of having such a 5 form in the case of using

a cat al sto idatio act .o Eote [ :
Theed S8y ot JoufhlioB o The SREQ. Y6 ot Bl bRKE) BPovided the
bondi ng .i nterface bet en th oxi di zed nickel apd X .
prescribggr agihdty, iscQRIRINRS, 137 é%tﬂ"%i%{?b't’elﬁd's‘“t%“%’ aF%"é’U.'” which
[0039] In the present enbodinment, X is at |east one
diffraciign peakeAre ngtepgaeryadfm Jrayndiffragiiog: o fs a sasulsef hgvigg such a
ni ckel, palladium platinum ruthenium gold, silver
form, imnmeccaperqf asing i 5 ﬂocatamsbfoérablwic@ibacmead:tibnpintemtion with
group consisting of nickel, palladium ruthenium
oxygelﬁldepwsdm%d \t@flncfé&éo]anstiriw@i\e thundiie ihietdacet between the
of X may be a netal, an oxide, an hydroxide, a 15

oxuduzé‘dJHERéi' ad R’ih&%a@@é‘tévéﬂ Bestter SRdity terer! tode M@, mor e
types of another metal element, or a m xture thereof,

[0039]t he chemical state of X is preferably a metal or
oxi de, and nore preferably a nmetal. In addition
In HBEePr@nSQHh@ﬂmdlmem af 1% iati least ene czinelemnt%éﬂ%ttedﬂfrmm the
of X provided the prescribed activity is obtained, the
group foongristing dfenickelhpalladiuoy, y:datamm neutheniomyprgeld, athmrpmﬂwor:per
form 20 [0041] The term "anot her netal elenent" used
and ishecrenprefbratly tsglectsd nisdrnt thenigrele neomsistihg  of siigkehr palladium,
to be described later, a third conponent other than

ruthenRifh A48 & Sikel. and X contained in the supported
conposite particle material, or a metal conponent such
[0040]as an al kal i ne netal, al kaline earth netal or rare

earth netal . EOO4
Although the chemlca state’ of X may be a metal, an oxide, an hydroxide, a

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.
[0041]

The term "another metal element" used herein refers to a constituent element of
a support to 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.
[0042]

The supported composite particle material according to the present embodiment

has oxidized nickel and X supported onto a support as previously described, and
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' Pref?fép{yi @thampxmdiéﬁdrn@ml a

The supported conposite particle material according to

the present enbodi nent has oxidized nickel and X

supported onto a support as previously described, and

20 denonstrates superior effects as a result of

form ng conposite particles conprised of oxidized
dembhstiates dupelor Effettsais® resultl rbfefotrﬂir@ Compreis particles comprised of

particle” used herein refers to a particle containing

omdfib&frﬁ‘él@i‘bn@)(‘arWurﬁ?érHoréPﬁ@ t8fmi"Bompokite parthie't iseeherein refers
Exanpl es of different binary netal speC| es my

to a ﬁ%ﬁL&l’?%oH{ rcfejﬁaénr% t P%E%g*eefél ﬁhcl i SJF? y%fnué;?e Examples
of d'?ﬁr %Qg@f&?ﬁﬁﬁeé&lﬂ%é%ﬁvg@@'ﬁ '9%{% iéﬁe%ﬁﬁﬁﬂgééﬁ i y—

_ sis, the selectivit t he target duct. and
nickGiANChE &6 FMgjaBrancHBotal PA RS G 8 500y ShimermstaliEsompound
supported conﬁosne particle material according to the
of nigkelsand Xeapddhawase gfomry these aheatalysid faretharpagbsaynteesis, the
particle material according to the present enbodi nent
seleptivityeof dihé targethpraidust and thezactivity of the oatalyst temd tvde lower than the
support in addition to the conposite particles

supptted ¢coregosite paitidiezipdtariat ketoralirg %6 théh®epestsembediafent.
oxi di zed ni ckel not conpound with X further enhances
[0048he structural stability of the supported particles,

o1 e SHpBBtPd sorRsds serlie Faterich ALCoedng 13 1 Ryaegt smbodiment

growt h of the conposite Partl cles. This effect is
ane endhe guppeft in sddiionnto the composite
al um num cont ai ni ng silica-based conposition
partictest compriged of ioxitized nikehand X.or Thaeresenes of axidiged nickel not
be described later. [0044] The foll ow ng provides an
compaphdvith XrfurthermenhamcsssmHehstructoral statsilitytofitbe wupport2d particles,
stability of the supported conposite particle material

and #Hibitd micrédtfdistintpore mrﬁ@@e%auee@ Qiypreichietaeachiorieds el as the
prol onged reactions as well as thé acconpanyi ng growth

acc%f'f] nv‘éﬁrﬁ@’e@&vﬂhp@i’ttrfé riod? V'&féﬁﬁlé]ééd' Z?Hls”'e%éf is particularly

ent on a support. As w |1

remgrﬁé f?ffhé %'iag S{]gﬁg%@%ﬁﬁinﬂrﬁ—@éﬁfdlr‘ﬁﬂg°§|I|<§’a-based composition

car oxy I'C aC|
containing silica and alumina for the support as will be described later.

[0044]

The following provides an explanation of mechanism that enhances structural
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 particles 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
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 8.5 to 7.5), namely as close to pH 7 as possible, it is
21
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25 addi ng a conpound of an al kaline netal or alkaline
earth nmetal to the reaction systemto maintain a pH of
the reaction systemat 6 to 9, and nore preferably to
neutral conditions (for exanple, pH 6.5 to 7.5),
nanmely as close to pH 7 as possible, it is 21

possisie tolihkibitahentrobuttidrn of peedls bhdrothér begiredisctedused by acidic
ot her by-products caused by acidic substances

subsPee8Y doldnfslifdy ﬁ?h@ﬂ‘?dd‘i/liccatﬂ& 'o?' a@n“yhé‘Hciﬂ {Hat afe Anfqlatby-products

are uni que by-products " of carboxylic acid ester

of cdtb8 &téﬁﬂlggﬁﬁb&rﬁmn{r@%@éns 5 According to studies

conduct resent Inventors, in the case of
[004eprrying out a prolonged reaction according to the

reacti on procedure described above using a supported

gAkdonding tocstadiest aondaictecthbydhiec present inveatorpandhe cgse af carrying

particles are supported onto a support conprised of

out pradngedieaction taatordity & theoeabtie® grocealip® geseribed above using a
containing silica and alum na, structural changes were

supptieRf fqdl@d parfickO rRseral il Wh%r‘grblﬂéré%édhedtngbﬂe parhcles are

supported gold particle materi al hi s phenonenon

supﬁc?@é%mntbo bes Bﬁe%qtﬂééqr?ééd U %"f‘lsea rﬂﬁ'ﬁ%oﬂka?ﬁﬁbersmca -based

e suppor parti mat er1 al

comBiigh %5’ @”' ga%e glﬂa' n '&“%5@2595{1%”@% o585, 99tgpnined to

of the and

oottty arelyall, i 056 Supeifed bS8t PaTieR RIREEL o ThiS rpi'enomemﬂ
crosslinked structure., In 15 addition, acconRan

is thowghhta beagrlises By aminceease imppes diametestalithe SUPported particle
sintering of the gold particles occurs, and this was

matefial sluei tocthret suppostedt particlégvatenisd b‘e'mg:bx:ally and repeatediyyexposed
due to a decrease in surface area. [0047] On the

to acit lapd hesedcaudieg prpestioe ef tHe Abimpibei supposl ol dissslvaiadd precipitate
oxi di zed nickel 20 alone on the support enhanced the

and StgsURidr #  ebalingbimentf oft Rise ssifRpahesinaatidseligked structure. In
material according to the reaction procedure described

adduﬂ@ﬁ’vﬁccdrﬁﬁé@?ﬂ% IchBhgés IcBBsingnsn ‘iﬁfrﬁésé rh&%?@ dHrABR SSintering of

and growt he cbnposite-particle

the @@%&ﬁﬂ@& oclfiRe rénl&e@ins Was dﬁ&émhtearlool“eaa'tﬁkfbee?gagg in catalyst

ST or COonposi oxi des con
activity due to a decrease in surface area.

[0047]

On the other hand, the presence of composite particles and oxidized nickel
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
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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nickel in the formof a solid solution and the |ike as
result of oxidized nickel reacting 25 with constituent
el enents of the support is considered to be factor
behind the reason for this, and as a result of such
ni ckel conpounds acting to stabilize the

crosslinkéd egusilung] stauctidral eharsgds inkikel sappodéd particts matenial are thought
changes in the supported particle material are thought

to havbcgrﬁﬁ}j'g F&We'dy TR eneRent 'H%nfﬁrgﬁﬁéeum@@i&ﬁépm appearance of
resu hat the appear ance of this support

this su?yo CétH.E n| Cgtgplhbrﬂgn&fé‘ét |§‘é{tn%§taﬁiet {d e BRbRebtidkesd present in

sent e support. Consequent Y,
the s@pta%"ﬁ. @m‘fﬁsﬁ@ “Ehadr B eﬁ*e&%r\%ﬁiﬁ“‘v%ﬂg 8, e case

contact wi t he su ort ven gre
oz (UkE CaPIBIET iy ROTPEoRE RAHSR B FOAE wﬁé@ﬁe SuppBR, even
oxi di zed nickel is present al one on the sup
greater (ialglizing reffasts aee Maoyghtitoche sbtainad inithe r?@SGnO’G'ﬁ@ed nickel is
support of the supported conposite 10 particle
presemiedieng ah thesopdong to the present enbodi nent provi ded
oxi di zed ni ckel and X can be supported onto the
[0048kupport, and conventional catalyst supports used for

h%gos'?el ”?rgﬁr%‘tr{]ﬁﬂ{"s H@ﬂ@}ﬁﬁ% @ef‘ype@%?ﬂ gﬁﬁﬁ% Epéﬁéﬁé’% composite

particmatEAsbRerATARS 1t a mracortaos Fiefd pfdvicsg P rickel and X

magnesi a, silica-magnesia, silica-al um na-nmagnes
can beasepmﬁ%mathe SURRSEL, ANdiconyeptional catalys Suppetts used for
netallosilicate or the like. Preferable exanples of
chemisabgymthesiswgnibeclsede activated charcoal, silica,
| um na, silica-alumna, silica-nagnesia,
[0049ﬁi li ca-al umi na-nmagnesia, titania, silica-titania and

r
C Ry 0 e Ao IR, B ot
charcdl ot QSREng" sheB Al Bl B lri®! ffoania, magresie
al kaline netals (Li, Na, K, Rb or Csc%\ al kal i ne eardth :
silica-fmagaesig, gallicaglumina- magnesia, calc|um rbonate, 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

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

In addition, one or a plurality of types of metal components selec;ted from the
group consisting of alkaline 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.
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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Ca, Sr or Ba) and rare earth netals (La, Ce or Pr) may

be contained in the support. 25 Metal conponents that
beconme oxides as a result of firing, such as nitrates

or acetates, are preferably used for the netal

conmponents supported onto the support. [0051] 23 A

As sppott comprisedd obf amnalamimamesontaining rsilicg-based composition
silica-based conposition containing silica and

contairfihg EilicdBric aRmfhemaiR! prefisaplyl ¥ed fie theRPpbrt. TITAe support has
support has higher water résistance than silica and

h|gherr1h§’@?rre§f§'téjr1699frﬁa§4 %‘ﬂl‘&% ﬁﬁ&%l%hé‘t’“a%ﬂi réélstaﬁ@g'ﬁaﬁ”aluﬂlﬁa In

ort 1s provi pro erties superi or

oot B Skt L g B e B s

R SRR HRRR trr
As a result, the reactlwt%@_?f t he support ed

actwat@@@ﬁ@gma! apgris i@lsd ahia & plablY SHPRRIt B¢ ACHYR SOMRASIENSs in the
| ong period of tine. [0052]l 10 The supported )

form ot oxipizedtnickelranidcXe Astaresulit, they reagtivity pgtha‘ suprartad eomposite
ratio for oxidized nickel and X and using an

particleamatenial rcapdyd maimtainesii dver & lbag eariodrgdisiet.i on for the
support has high mechanical strength, is physically

[0052]st abI e and satisfies corrosion resistance with

T BroRort ey iR, P Tcl, FRutal “%vaﬁé’ﬁ SE’EFE%C%‘PW&%JE‘W for

s a cat aI %st support in the case of | "
oxidizechpigkglsang granchdhing AN QWﬂt"H%r%O”t?'OU'&?' iCarhased PPBWOﬁt}IOﬂ for
provi des an explanation of the characteristics of a
the sugp@p@a{s high mrahepicab strangti, imPhysiedin strhiengnd satisfies corrosion
silica-based conposition containing silica and
resistaate nwitta respeict do diqesick proparbes| iumique toa e reaction despite having a
consi derably inproving catalyst life. 20 Reasons for

large iefate afdzestitatge dod Lige igspa matalySiesupadrain ¢ cabe efgiding as a
and chemcal stability of the support are as

catalysl98CéndifidaPsirthesiE 0054]
[0053]

The following provides an explanation of the characteristics of a support
comprised of an alumina-containing silica-based composition containing silica and
alumina of thé present embodiment capable of considerably improving catalyst fife.
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
(Al) to a non-crosslinked silica (Si-O) 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
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The support conprised of an al um num cont ai ni ng
silica-based conposition contains newy forned
Si-OA-0Si bonds resulting fromthe addition of
alum num 25 (Al') to a non-crosslinked silica (Si-0O
chain of a silica gel, and as a result of an
strerijthemed stHendiey resulting Linea heotisigerabin irthproveehemtt inothe stability of
any |loss of the inherent stability to acidic
hydrolyBi! ARYREn&d (id'Be SimPIye Refefted! fo b§ “WRRsINYEsidtaRde”.neln addition,
Si'- O bonds are 24 streéngthened, thereby resulting in
. a -
wheft TP RO ErosPRBKE IS S RSk e hliiRy of non-crossiinked
. . [stance”). Ln WA . Si- | - ' o
-0 HREF dRRA B pompalsd Wi B ptl sl gt Ao 3ha this is
nonp-crosslinked 'Si-O chains degreases . n conparison
thougf{ {51 Rereasts Rchanical coRRIIa; o Namaing thefes | resmed to be
t hought to increase nechani cal_ strength. Nanely, there
correlgtion betwmesn the pumber & SHi<P-Ali@nSi istruahees ferened apdrmerovement
Si-OA-0OSi structures fornmed and i nprovenent of the
of thewoechanical stengtiyand svadenvesiatanessottharresulting tsilica gel.
Efsulting silica gel. [0055] One of the reasons for
[005 bei ng possible to stably support the oxidized

nixcke . 1. f.or ' .
¢ ORE48 Repsthelof B SRy BaR it B3 SHHPBR 1 Bxfized nicke and
stability of the support. are greatly inproved as )

X orbn 30pBattfo” 8 4ved paui CLhid 8 15af et terBEngCeiratiain ang phemical
superior physical properties in conparison with .

stabilipplthe sLRpQEGareuggatly émpeavedias pravinusty gdesaribed, enabling it to be
result, it is difficult for the active conponents in

providesl with superiohpbysicalanapsrties is emparisonrwith typically used supports
support, which is thought to enable the nickel and X

of thbptior bet. siAsbé yesuippibig eifficye foratheoadiveecorngonéntsi imethe form of
[0056] In the case of typically used supports such as

nicksl arid-X t0sephrdte drom tHNs@ppdTt, GMEiLh ICPRQNER endlile the nickel and X
observed to elute fromthe support, although

to b 5RENAEipbortdl GVt é’@g@%erfo%e@fttin‘?é‘s- In contrast, in

the case of using t support described above, the
[0056t esent 20 inventors found that elution of nickel
conponents is suppressed over a |long period of tine. )
o the: aagei of drpically veed|suppertsxsycty asheitieR|ascsifieartitania, nickel
spectroscopy (XPS),
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
inventors found that elution of nickel components is suppressed over a long period of
time. On the basis of the results of X-ray photoelectron spectroscopy (XPS),
transmission electron microscopy (TEM/EDX) and high-resoclution X-ray fluorescence
(HRXRF), in the case of using a silica or silica-titania support, eluted nickel
components were confirmed to be nickel oxide present aione on the support. Since

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
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transm ssion el ectron m croscopy (TEM EDX) and

hi gh-resolution X-ray fluorescence (HRXRF), in the

case of using a silica or silica-titania support,

el uted nickel conponents were confirnmed to be nickel

oxi de present al one on the support. Since 25 nickel
exempiifieddy methsayliblaeid ornzeylid acidathiat areruriee dgsprodiucts of the

using as a catalyst for carboxylic acid ester
reactiopynthesis, it is presuned to be eluted by acidic

substances 25 exenplified by nethacrylic acid or
[0057]acrylic acid that are unique by-products of the

reaction. &0057 On the basis of analyses of the

Qmiha basis of analyses mf therhepiod giate @§6IC¥§P| oy highregpolusion X-ray

fluorescence (HRXRF), the nickel in the supported
fluorescenpe s{HRXBE) t it eniokeleiri ahe asuppaitady compdsdeppediphe material

enbodi ment is presuned to not contain a single
accordiigriothedprasent bmbtiodiment isnprekemedxodetadontain dsingle compound

rat her form conposite oxides containing nickel such

in the fB?hP'bfZ ﬁfék@PHH@érﬁé‘né’fbdﬂ raltfdr fheh RinFssite 6aaed tolfaining nickel
bondi ng between ni ckel oxide and constituent

such Wﬂ%@%ﬁ%ﬂhﬁ nfk FF ?tfi’gg%ég?gré reﬁult ®f E‘c.ﬁiridi’ngg SHlEER nickel

ure thereo resol ution X—ray

ouee EHEKTRTEIER (TSR SRR, By, o o

E@ rgy | evel s (chemical shifts) and shapes of the

mixture Jagrep ng spectrum In the Ka spectra of 3d transition

[0058]met al 15 elenents in particular, changes appear in
chem cal shift and shape due to changes in val ence or

KigBGEESILEN Sty fludPssdRncBRKHRXRE) RessigXtrentdlal high energy

the chem cal state in detail. In the supported
resolufQIRER fseaBI%rﬁi §hs| E@t&fén%l';ala q’i’d?ﬁ the éﬁé?{;?rléﬁégt(chemlcal
enbodi nent ange appear the NI Ka spectrum and

st SR D I TSRk gapeon ot
elemems in particuqar, cl'langeg appe)::r 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 Ko spectrum, and a chemical state was
confirmed for nickel that differs from that of a single compound in the form of nickel

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.
[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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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

components is presunmed to be greatly inproved. 25 :
amolUR0&e0hIUmMInamPisefethab ke 36! REBA! prefe®ipRdhi 5a0 30 Md% and more

support conprised of an al um num cont ai ni ng

prefériabmrﬁ@tﬁ%ﬁ?@%%a&bﬂ%rﬁl‘ﬁ@t@@ h\?ﬁaﬁéh?ﬁﬁt &Y‘%‘i’llcon and aluminum.

nmount of alumnumis froml
i tne BB EBF SRS & MRSl ge 5‘?@2@@5&8"@ Fofipecharical
a f | j.con and al uminum If the anmount of
Stfe%qﬁﬁ?%fﬂ *P%S@Hfﬁthe above ranges, acid resistance
[006 Bd mechanical strength tend to be satisfactory. 5
? 061] In addition, the support in the supported

Casditioe tﬁéfsthbﬂ iMtHeeslFdorkRrurfipodtd PartitleematepiR atcording to
embodi nent preferably further contains an oxide of at

the pré@8it &MBod (n)'?é}ﬁsdkr% erﬁﬁ&%ﬁhﬁﬁ hSrg(]‘aEﬁI &h ddsr & I%Et one of basic

conS|st|ng |ne et a Ine earth nmetal s

meta?%1 Qetelfld &ﬂrtﬁg ﬁ?&ﬁ\,ﬁ@nsétﬂ?@ gel I%.élﬂi%h%t%g élﬁé\lr@garth metals and

m na, rom

anl stre nd chem st abl It Ies
rare GEaril iR 5e MheAGRon, 10 Silke: Ahg uTRE) rhi s %%yof further
i nclude Li, nmpl es_of alka
impreypgimaghanical ﬁHﬁngﬂtﬁfﬂfgéhg@'cﬁ{@ta%d& dexamalesof a\ﬂﬁ"ﬂ@ metals of
exanpl es of rare earth metals may include La,
the tgsic m&!alzqoma@wntsw@y mcéllldﬁ]l-alNﬁ darigesind 68, @ﬁamml@s Of alkaline
support containing silica, alumna and at | east one
earthymehalsimayritchude Be) Mgt €, Brand Be, wihitexaropkeissafirace eérth metals
al kaline netals, alkaline earth netals and rare earth

may netlads Lat 0e anoPnt of aluminumis from1l to 30 ol %
Ereferably from5 to 30 nol % and nore preferably from
[0068] t 0 25 npl % based on the total nolar amount of

7l 5" Sls oAt B Femgt i st e SLBPArt FATIEIN RN S, uBina and at
leastt t&%ea&p rt?aglcr rantelta(ljlso;eléc?tlelc(ia%nl)%ethn;tgarlclau; clo!n?éls)émg of alkaline metals,
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
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

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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al kaline earth nmetal + 1/3 x rare earth netal) / A,
is preferably within a range of from 0.5 to 10, nore
preferably within a range of from0.5 to 5.0 and even
nore preferably wthin a range of from0.5 to 2.0. If
the el enmentary conposition of silica, alum na and

W\@Sfdrlowfﬁﬁ@r)r&?idé’@ ahSexplamatibrf bE adhrefsrabRNeRthod Hér preparing a
silicon unm num and basic netal 25 oxide forma

suppo.ﬁﬁ%gg{grgcta@gggﬁ,oﬁ DelHdiee. and as a result

ani ca strengt h and water resistance

Pl ofies éepﬁ%{ﬁ's%%@d'ghﬂ%@fﬁ?%%h g o 1ot B’ 4°support

comprlggddgfd 19 Bﬁrl grﬂ?{ég 3%23? gaw n[? aﬁicg!? nggfc’a{i}lihgnsilica and
limtati ons on the nethod for preparing a sup

alum'”@oﬁﬁﬂl%\s@luﬁﬂn% nigningnsiiebased ﬁ@mﬁpﬁﬂ@ﬁ %g'é‘&d according to
conmposition containing silica and 5 alum na, and an

any of &1 )uwi (bl belovntan beé pepared by-fisingaddes n:podntlpnartp bedissnabed later.
according to any of (1) to (5) below can be prepared

(1) Use bf aicommerdilly availablewilica-asluhina esmpooad dohiteen (1)
Use of a commercially available silica-alum na

(2) ReuBiPgdlsifieh bl Wih GR)aliedin @:ﬂn‘%o‘iln'd' goutio Wi th an

al um num conpound sol ution (3) acting a silica sol

(3) Réddlingh §I|||Hérb Mmfﬁ%mum A8 Lﬁd'.ﬁsamb%rmwateﬂ)

Reactrng a si |ca gel an aqueous sol ution of

%\%ﬁ‘&@eﬁ%ﬂ%ﬁsﬁwﬁﬂhﬁ%oun R g %ﬁ%é’%b'%eaz%ﬁ%
c%ﬁ)%%‘ The foll ow ng provides a detail ed explanation
upport preparation 15 net hods referred to in
fo (5) above. In the, nmethods of
(5) Fée tingc siien o6t ard ﬁncaéurgmum §°U§’Q&'“F’d? a[qfﬁadsqﬁ%qsga(eachon
[0064]source The silica gel is that having non-crosslinked
Si sites that react with Al, and there are no

Wtfb%\hm PSideS ta OaﬁtaFPéUtéB&)Iéﬁétﬁirh il tHehesu%poQ preparation
chain. Al though water-soluble compounds such

method8 Ferrred! tHih 'Z‘ﬁ')tt% (5?55811@_um chl ori de hexahydr at e

(4

L

In the methods of (2) to (5) above, 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 Al, and
there are no particular restrictions on the length of the Si-O chain. Although
water-soluble compounds such as sodium aluminate, aluminum chloride hexahydrate,
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 sol

and silica gel.
[00B5]

In the case of the methods of (2) and (3) that use a silica sol as a starting
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20 al um num perchl orat e hexahydrate, alum num sul fate,
al um num ni trate nonahydrate or alum num di acetate
are preferable for the al um num conpound, conpounds
that are insoluble in water, such as al um num
hydr oxi de or al um num oxi de, can al so be used
matepiabVvaftbe bbtaiaingea enikedeobashtainirg silieasbl and An aluminum compound
non-crosslinked Si in the silica so] and silica gel.

by nﬁﬁn? QRE BlicaNsdi vdCas @IRhinUREcORPBORAE, fie dled?86l is Bubjected to a
that use a silica sol as a starting 28 material,

hydrBiHerinal LAY 8t Qo'ﬂg?go@!foﬁq {248 r§'éﬁd3?i[i§8|t8389tain a gel
an al um hum conpoun y mXi and an

n
ng the silica so

o BB S 50BN T @ pdescoed

ang dried to obtain a gel followed b i ring under )
later; oIEIIAIYRY. an Abaine sdtnpus Relion s ARded It the: ahgve-mentioned
~described 5 |ater. Al ternatively, an al kaline aqueous .
mixeglosqlfollpwed bacrdxarqcmai@gavd@aeamdaﬁniain@murmwmp%@d, drying and
foll owed by co-precipitating silica and an al um num
fiing: ungerueenditions togbadéschibed tadetnde radditiar, 4 supparb comprised of an
described later. In addition, a support conprised of
alumamumadamtaining silicd-ba sed gosipbsitiontiasdny aalgsiredtpanticle diameter can
having a desired particle dianmeter can be obtai ned by
be dbitiiRed MY leRet Hulrizlify B uBovBMémtifed iest $8l directly using a
directly using a 10 spray dryer or by a step in which
_ . < . e Copd _
seral v, BB pited e Y LA TAGU B Biniatng te
gel particul ar, although a silica sol is reacted with an
“al um num conpound insoluble in water, at this tinme the
[oosglum' num conpound can 15 be pul verized in advance to a
prescribed particle dianmeter or can be prelimnarily
c retheatasepofl the methdd oA{B)ein particuigr, atthough @t silicp sdles reacted with
silica sol and the water-insoluble alum num conpound
an ahngindfy codpolhd indoltibiesiniviater rdthBis tirhe ede @ndinum compound can
conditions to be described later. The fired

be PUNdrRRuA SO A BtbsERbed 2R A8 dishriRir 3e€ah e preliminarily

prescribed partic di ameter w pre-pul veri zing

coars8§y GHIYERAZEYT FHEHRfhg 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.
[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
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 later. The
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20 [0067] In the case of the nmethod of (4) using a
silica gel for the starting material, an aqueous
sol ution of a water-soluble alum num conpound is
reacted with the silica gel, and the silica gel may
be pul verized to a prescribed particle dianeter in
fired siibepaeningr compyuhe Mgl asondei bulvesiaedelyy pWreseribeet particle
After mixing and reacting the silica gel with 25 the
diametéR WifroR® bHlinfinatiy BUNERAY e Gifcage?0 to 100C for 1 to
48 hours, the mxture is “dried and further fired for
[0068]1 to 48 hours under conditions to be described later.
The 29 fired silica-alum na conpound may al so be .
The mathed oft(§).awpichs similssly wees Acsiica gehfen ke wlartieg material,
prelimnarily pulverizing the silica gel. [0068] The
involvesethieopreparat®n, ofvdm alunsinoim-contginirgesiliea sohipositipsl by teacting the
the starting material, 5 involves the preparation of
silica gl wilhuam aluminQm compogng in & Galid phassiréactionby Theedlisrgacted in
the silica gel with an al um num conmpound in a solid
a soli@sdsd 8kl @ith AdS-cdsslifké® aSit edTRE silaS gkl GrRh &% aluminum
state with non-crosslinked Si. The silica gel and the
' c y b : [ 0 [
compdid ity e ARSI T8) 2 BreBEHBEY Pl dBnReBR 36 | atffance.  In
.. al b relimparily. coar L _pulveri. . N
adaith ey T, Flss bE P BT TLEFrSaRL bl FpFSE, Buvanzaton may be
._al one_or b arried out after m xing_bot .y
carried 4 tohceaH mibefaiices Sloné st bR Se e cRb Aller, Bixing both
time and atnpspheric conditions to be descri bed .
substangesr . Riringr is hearfieg c Oubnundere teraparaturgy time and atmospheric
al um num contai ning silica conposition can al so be
conditigned i t dre puleseribed ngater. a ftarcr theed rpaction;| ethe  resulting
di aneter following the reaction without prelimnarily
alumirum-centaiming siiea ddmpodiliorn @l sl bad wseduafteomuiverizing to a
[0069] In a nethod for preparing a support containing

prescriddd Sarticie! dlﬁin@?er&ﬁﬂ’o@iﬁﬁcthé Q}éaétforﬁhithdnﬁ?ﬁrblimmrnipbl;ﬂfé'ri.@ing the
nmetal s selected fromthe group consisting of alkaline

silica ﬁ%ﬂdsalum%&ﬁlcbﬂ@)g%%th metals and rare earth netals,

e support can prepared by drying a
[0069]

In a method for preparing a support containing silica, alumina and an oxide of at
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
slurry obtained by mixing an alkaline metal oxide, alkaline earth metal oxide and/or
rare earth metal oxide into silica and aluminum componénts 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.
[0070]

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

alkatine metal, alkaline earth metal or rare earth metal in the same manner as the
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20 slurry obtained by m xing an al kali ne netal oxide,

al kaline earth metal oxide and/or rare earth netal

oxide into silica and al um num conponents and then

firing under conditions to be described later in

accordance with the above-nentioned nethod for
alumpm@paaivnmaterdalppotl he cawpmeteidl i8 praferably a water-soluble compound

al um num cont ai ni ng silica-based conposition
and ﬁr@’r‘é@ré‘ﬁeﬁﬁbl?'a' hﬁ:ﬁoﬁﬂd &arvBhaRe, nikatb & debtae! ypi cal

commer ci al avai | abl e conpound can be used as a raw
[OO7dhteri al of the al kal i ne netal, alkaline earth netal

or rare earth nmetal in the same manner as the 30

alruanatharr preratatien medhodibat gan ke aisedl g papicemstalprgmponent

a wat er-sol ubl e conpound and nore preferably a
seletiedrfoorndbe graup coasistingiof radtadinermeateds, aalkalirepearth metals and rare

anot her preparation nethod that can be used, a basic
eartmahelals dspadsorbed Sostel ac seppdt cxormprisegt @i pac calsminumecontaining

of alkaline netals, alkaline earth nmetals and rare

sihcé’-&é&@d R dsitich. actsar@;eain@@t @ hethod Using AP Beesieh method in
an al um num cont ai ni ng SI l'ica- based conposi tion. For

whlcﬁxérgﬂbgort% 'H%Io%gdtg? 'Oll'i‘qg bW wﬁ'. gﬁ&?? Bbglc rWB‘ca‘? %mpound

a sup IS a I ssol ved

[ n

follo&ga %Hﬁﬁr@étr‘égﬂg%ﬁ’tr (r%rr)r egnarfdléfgsﬁ teﬂ" g'h qM%I Ch'ﬂ?éHde% which a
bas c, net al oun ui va t ta_por ol.une

basig GiataLERHpR ST BRUNAIENT PP agumy s S Red Hip d syt folowed by
can be applied. However, a method in which the bas

dry%tt%ﬂatmeaﬁpfm@e PRPliat orieweyer & methadrigswhith | ahﬁ]%wc metal
that [iqui ing treatnment nust be carried out

compegient lmadﬁodaeélatebmmsaewgwnghaﬁ kavig dayispdreatanent must be
the basic nmetal conponent in the support. 15 [0072]

carried adtiunden, milch cxaywitionss afiet dvaveyy dighly gdispersed the basic metal

substances can be added to the mxed slurry of each

compbnémicinitaavsopperti al s descri bed above in order to
control slurry properties and finely adjust the pore
[0072] ructure or other characteristics of the product or

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.
[0073]

Specific examples of inorganic substances used may include inorganic acids
such as nitric acid, hydrochloric acid or sulfuric 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
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, polyvinyi alcohol, polyacrylic acid, polyacrylamide or the like.
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the properties of the resulting support. 20 [0073]

Speci fic exanpl es of inorganic substances used may

i nclude inorganic acids such as nitric acid,

hydrochloric acid or sulfuric acid, salts of netals

such as al kaline netals such as Li, Na, K Rb or Cs
[0078] al kal i ne earth netals such as My, Ca, Sr or

- 50l €80 h 1
RhFaREr s W %ﬁ?@t%z%*a%ﬂ@%‘%@b%@%éﬂgﬁ%gﬁé gy organic
ein spersed mate addi tion, pec

subsiERe by, esHts ekiea e JORgNaTh OF aeSpt i wpport and
such as pol yet hyl ene gl ycol, nethyl ceIIquse

contisdling, PoRA dlan@&roand pers, ¥lHme;. ¢ Merecspess Gﬁamrtpedlﬂwbprapemes of
the like. 31 [0074] Although there are various

the rofxedcsiorrgfaradan impontentdadioc is wbtaininges sphenca)sipport.  Adjusting
substances, the main effects include the formation of

viscasityphrdi salid soptent tusimgl arc indrgahici sgbgtanee diraimetganiarslibstance
pore volune. Mre specifically, the Iiquid properties

mak@é it fodsitie b éﬁ@r ﬁ'ieU!idiLMd Prépérfies 1O PidiBle fhrCoRBINIMG of a spherical
0 talnlng a spherical support. Adjusting viscosity and

suppeit. 9 I;leb Sdb?é arAbt r%{?{cﬁ?&'ecv&lth‘llﬁét@d?'%e %ntrollﬁd by selecting

|norgan|c tance es | ossible to alter

the éﬂ&ﬂ@f : pgﬂﬁréﬁﬁ?ﬁﬁq ﬁ dr!ah%"ﬂﬁﬁqmts[)b% @Bﬁgﬂ%{?@g‘)@ngnoldmg stage

aﬂﬂﬁ@ﬂ?ﬂfﬁ% BB SRS IR A R 0P EerRPHES FHEa i gfter molding and

port at the nolding stage 10 after which residual

byW@ﬁB'iﬂQances are able to be renoved during firing after

[00751)' ding and by washing. [0075] The support can be
oduced by spray-drying the m xed slurry of each raw

”‘Fh@réuﬂﬂgpo?f‘@aﬁ% Prélc?lé r exg nﬁgy q@ thé HﬁB{é\ﬁ“slunz of each raw

sprayi device o rotating di

o Y B AR .

rotat?r%gu{ilrsx t)'{pg]et QWO- Pud %ogélg%;?é o pFessunLed nozzle type can be used as the

method for converting the mixed slurry into liquid droplets.
[0076]

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
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
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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The liquid to be sprayed is required to be used in a
wel |l -m xed state. If the liquid is not properly

m xed, it affects the performance of the support, such

as 20 decreased durability caused by uneven

di stribution of conponents. Wien fornulating the raw

T kgjuidlte benspadyeddsldiso rédquireRPECRave astaitdid dEgsé® Bf Wiscosity
or partial gelling (colloidal condensation) may

and sofle @ohterites Kviddadity ?nﬁ%liﬂ | Dttt ér? %xf:@éé?ﬁ%'g .‘Pcﬂu,%etpgrous body

non-uni form particles. Consequently, 1 n addition

: ' ' > Lderati r I L X t
obtaing 17 Spr Y-S el nith B, 87 BEYECL Yofrkl B PRI may form
H t. senj,-st.abl e regiqn of. _the silica,sol.such
numer§gs dﬁHgﬂé’%ﬁﬁsgh}?&?‘"be o goiiopy off bY/SeRSit g agd ARl fepntent are
suc|h as addi?gg, acid or alkali. [0077] 32 The liquid to .
excesgively diigheth ASUHIORO BAYINBeA dedrilgntal £ftast 1) theysifnassibility of
of viscosity and solid content. If viscosity and

porouss pdigs c stableh drapiets are amnable tg bedarmed sispending dodlye properties
obt ai ned by spray-drying nmay not forma perfect sphere

thereofin Comeacremtivetiirefvosausity usnprefesably skithiragirange o éoen 5.to 10,000
In addition, if viscosity and solid content are 5

cps previded the/ iquidhs able torbeasishialye@nan®imiRymB ®f shelpe! highek dscosities
effect on the dispersibility of porous bodies, stable

tend tibe@ Préfepatite Hroviabh ehé AqhRl it Yoeth Bépqﬁ?él}éw wHllel Regonsideration

properties 'thereof. Consequently, the Vviscosity Is

of the gérISEEé Qﬁ’ﬂhy%%gﬁt & HaipLigh, e \‘;iﬁgcg’%itzyd% %}e{zgeg:t@cg% db:é ﬂ\ﬁthin a range

ovided t rqurd'rs able to
e, Nl roviscasities tend to be
of from 6 3. UICEERE o e & St o P B s Bas G g 40 to 50%
whi.l e i nsideratigon 10 of the pbal ance with_ease of
by mafiis BEABrAtIR. N RGNS 8 358Peyand: POIcR ARTTelST boF VReeirPTS, as a
range of from 10 to 1,000 cps. In addition, a solid
genergl 59 capfor iPradrying ecaditiens thediat @irlempasgtuse & the entrance
preferable in ternms of shape and particle dianeter.
to the dnyinghiomesof theaspray drgercis girefesdlely evithin Boang® offroor 30Gtp 280°C,
conditions, the hot air tenperature at the entrance
and theadrying tbwerngutied wempef attiiee iss prefgratiy svithirs apragiger éfofrgm 110 to
within a range of from 200 to 280C, 15 and the drying
140°Ctower outlet tenperature is preferably within a range
of from110 to 140C
[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
area tends 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
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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[0078] The support firing tenperature is typically
selected to be within a range of from 200 to 800C. If
the support is fired at a tenperature above 800C,
specific surface 20 area tends to decrease
consi derably, thereby making this undesirable. In
durability &$ arcompdsiteotidgte While ifahe finagnempecatups is too high, there is the
l[imtations on the firing atnosphere, firing is
risk of Rkl a €BEFdRE Mpord IUmEr T tddifsh, héating conditions are
addi tion, although the firing tine can be determ ned
. Cfi : Lo
pref 5By SUhPinl e RriBSrEinelisHy oratiiaty B, e p fieetinBbrogram and
di tjops. cause changes in the rosit.y,. a i
the TREDC b7 I G4BT oF BTG Dyl SRrBRERT i cRipergilre. conditions,
.select suitable tenperature conditions and heatin
gasieaiion: ia5ds . CoMbYstion: i9f; NPreanie PUPEIABCES BRY PR 99 tSubstances
tends to be difficult to maintain 33 durability as a
becarasp yitiert, drergby ammosing the: adppart ta@ h@ﬁp‘émﬁeﬁﬂ%’rﬁi $tate beyond
too high, there is the risk of causing a decrease in
that pivich has been sehand dausiog théeappor te baqiuivesizedar e
eferably such that the tenperature rises gradually
[007§£ using a heating programand the like. In the case

0 L LLDY: e ' . r [ t] -
SFabith S ETPusrel R ote e hind EREPBSI BaERRE: 15BETon actvit

. .and organi.c substance beconmes .vi ol ent, thereby . .

in the, (736 Aguting assuﬁﬁépqﬁy%o resigiRgRe (@ SRRty 5?%“"0” activity, the
beyond that which has been set and causing the

spedifippidiface aregeofphe vappedds preferally 1RmaHe of eree Wsbe preferably 20

) of ease of supporting conposite paErti cles, reaction

m*/ga 0t imeney anth eventmere: geeferdbly Ghin’%s o warelassmeasured by BET
resi stance to separation and reaction activity, the

nitrogpa cEdsocptiu. f Althcaugbathefe are neyggrticular imjtatidres ablspetiic surface
n2/g or nore, nore preferably 20 nR/g or nore, and

arezeffem ter Gieiodirtr sfhaotivit), 8/Mother viswpeiras ofensthimcdlystrength and
BET nitrogen adsorption. Al though there are no

durdtaﬁr&, itgaIsBecitié SLIEAES GRSy t@;,bréi%?éﬂ:l 7;?0%?’- HresfhistelgréfBrably 350

[ @
€ viewpol nt of activi fronithe vi éwpol nts of

A/ GABR0 8 oy ShI RO B RILp PG AR i ks, Lhe speciTic

ace area is prefera g oF less, nore
[oogg!)ef erably 350 nR2/g or less and even nore preferably
300 nR/ g or |ess.
The pore structure of the support is an extremely important property in terms of

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

reaction substrate is not rate-limiting as well as maintaining reaction activity at a high
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[0080] The pore structure of the support is an
extrenely inportant property in ternms of [long-term
stability, including supporting characteristics of
nmetal conponents other 20 than strength, as well as
reaction characteristics. Pore dianeter is a physical

level, pOppthet gthealHamd; daeliposd diameteroissprefdrablyh®8em or less from the
characteristics. |If pore dianmeter is smaller than 3

viewpdifls 8 rBgugihcbhR SRR iIdPNthB! SISIdrteRP nidtefifie and resistance to
supported netal tend to be satisfactory, in the case

[PPo! | . at i _ ! _
separétilr?gulx?:lf rklg?a&d%)r it miStal ! "TRus | e?)gg%‘ségn{e?é}cb'f%eagﬁbport is

aneter 1s |dre nm or nore

prefergfi st ot B8P Eboed matLeBREBY 98,7 1o Y Y Fre volume is

. diffysion process of the eaction substrate i,s_ not .
requiredfos {he ireSeriresa ees 2oable i SHRHORY BUEROUROEE PRpPPgrticies
at a high 34 |level. On the other hand, the pore
Howevgraiibose vpiimg i exeassively 1araeon teadenay gretrgasved for strength to
vi ewpoi nts of resistance to cracking of the supported _
suddeniyt slecegasend rlduisst frooe the viewpeints of strength and supporting
supported netal. Thus, the pore dianeter of the
charactengtios; pore vpluaieeisaprieferabynwithinca Séhgerpf froch @dre 1.0 mL/g and
preferably from3 to 30 nm Pore volune is 5 required

more preferabBy WS Eangd oPRDAPOCRADISemRfg. S UNR® ELpPErt of the present
conmpounded nanoparticles. However, 1f pore volune is

r .
s i 37 S R S R
étrength and supporting characteristics, pore volune
I's preferably within a range of fromO0.1 to 1.0 mJg
[00g81jand nore preferably within a range of from0.1 to 0.5
. The support of the present 10 enbodi nent
TheeSlead bf/ theasuppdreis seiectet aceording é&s tHeoredmtioh forn,eselecting a
di aneter and pore volune. [0081] The shape of the

hollowsgylipdritalistippeh ek homegcombdtmgture redgting #chittiepréssure loss in the
selecting a hollow cylindrical support or honeyconb

case ot '3/ Gixate peaS Héédti&ﬂ, Ivohild _tdr{o%r PESditidres lsrsg ii@uiﬁhﬁhé& slurry
case of a fixed bed reaction, while under conditions

suspeffyio . HEIBIRPYL K Bensfiiif SERCRY Ref Ao the optimum

particl8 PhLAERr in consideration of reactivity and the separation method. For

volum

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
selected, that of from 20 to 150 um 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 particies of 0.1 to 20 um or
less are preferable since they vield 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]

35




particle dianeter in consideration of reactivity and

the separation nethod. For exanple, in the case of

enpl oying a generally sinple catal yst separation

process based on precipitation separation, a particle

di aneter of from10 to 20 mis preferably 20 sel ected,

t Athowdh tHevena2@ rioopdriiGuiar ilimitations pnether lahdingsesfl @ddiedd nickel on
and that of from30 to 150 pmis even nore preferably

the ﬁﬁip‘tﬁ 9He b@é&ﬁgocﬁ &h8izBa| ek .wgéhemgpfrbﬁﬁo 01 to 20% by mass,
characteristicS. In the case of cross filter

preférSB@I 8 0.5 1oRA E{/ In%s%sllﬁé ﬁefét%bﬁgfrghpbg c??% BEmass and

erabl e since't her ctiv

everl MRS BB B 6% ﬁ%ﬁéﬁ?gﬁ&s‘? hefed 3@% %éi%'ﬁgaf ihe support
The fhdad ot KPS ety g]tfve%@%pﬁﬁdgm Faiba g@gg%%% by mass,

particul ar Ilmtatlons on the | oadi ng of oxid
preferablyeﬂror@no 1t tee5%uby mass, terel rgferablofroend & t?ea%nb)f ieqss, even
is generally from0.01 to 20% by nass, preferably
more prate@bly fromi@Gotoyl. sfhdy, mass anprrm‘r&qztﬂarnyy preferabdy ffomd).5 to 1.0%
5% by mass and even nore preferably 0.5 to 2% by mass
by mass rd@saketal based onrthe veeigki oftthesuppbrt. support. 5 The
| oadi ng of X supported onto the support is generally
[0088} om 0.01 to 10% by mass, preferably from0.1 to 5%

n&lpgg%?égf g}gﬁ &e,%];eg abI r'éo(e)rlrirt1 %ﬁr&pr@é@sr e 8xists TOF the atomic
particularly preferably from0.5 to 1.0%

ra'“orﬁqt&'leeﬂd%'%e'oﬁﬂq e ﬂ@PWQﬂ“W@ cnssent E[’@@@Q}S oF_ng':e support.
Moreover, in the present enbodi ment, a preferable

In theagrge ekusing ther supporhcompeised 2fian Bhimissm-eeniriling silica-based
t he above-nentioned constituent elenents of the

compagitiont confaminge siligae arfd ualumina hin sinep gpresentmpembediment, the
of an al um num containing silica-based conposition

compesitienali ratio of Inickel and alimmania 4 batahyst i &A1 of the atomic ration of
enbodi ment, the conpositional ratio of nickel and

|IAF‘i|sLt5FeFE}abl9 fPormal. oY th'l 0, mbrs gFef@faHIF?roﬁ’f BCtd 819 &vd @len more

I's prefera from .0, nore
prefé’r”aB E@@LM da" % Ioﬁna ﬁlclﬁwdﬂﬂ%gv gn@;g%lngrﬁfsﬁpﬂghycontalnmg

s1I|caSj uéfﬁr%rﬁa an aan' 8)'093 of at least one of basic 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
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 to 0.6, and the compositional 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.
[0084]

If the atomic ratios of nickel to support constituent elements in the form of
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silica, alum na and an oxide of at | east one of basic
netals selected fromthe group consisting of alkaline
netals, alkaline earth metals and rare earth netal s,
the atomc ratio of nickel and alumna in the
supported material in ternms of the atomc ratio of 20

aluminiim &hd basiermél akide dreositiin e tbole fangaw, theefféets afliyproving
fromO0.02 to 0.8 and even nore preferably fromO0.04

nickel b@tn@neandaétﬂ:dtﬂl%l CRERGSS I SnsBorted partiefe MaterRlls &HY to increase.

al kal i ne net al conmponent in terns of the atomc ratio

This |s°fh6&#h$rgéglif% b??‘fﬂ% F\ie; ;ﬁbcﬁéelﬁ?élgﬁﬁ%&g Aty rﬁ‘%%g! mJétaIrSBBBe form a
speciff ol PitS Wiltind fnd %ng? rBhSes, SHErat m@?mﬁ{qe%er%@' Ybonding

ni ckel to support constituent elenents in the form of
StrUCtUE® ) umi num and basic nmetal oxide are within the above
[0085]ranges, the effects of inproving nickel elution and

structural changes in supported particle materials

r‘%"ébﬁ[:fbrie@icéd?ﬁﬁ@snte Jéhléle' rﬁafeli*i%llﬁaéorﬂmdl@: the ‘b?é%ttéh%odlment

ni ckel’, al um num and basic netal oxide form a

can als S&ﬁt%in%? ﬁﬁr’&%sﬂuﬁ)ﬁ Lféfn%ﬁﬁﬂ'a‘&d Bgn BRAY Sclidd 88@885%5&3 in the

erepy rormng a s structure

form of oL A €EARB T nat B S ok

consti tuent Jemat in_addition to the active

contai éﬂ?"s'dﬁ 't?leém f’@F‘ﬁ&'&fT‘ SKYAMHm. MEpRanesg,degd, cobalt, zin,

anples of third constituent elenents that can be 10

Qa”'un?soﬁfﬁ%’ﬂﬁﬁﬂl M'H%CWQB@@W%WOW'%MWH{“ dRdA. L, antimony,
manganese, |ead, cobalt, zinc, gallium zirconium

tellurium, dmafoimm, n@niajumnmmgstao,drhamumaoamm irdiummmercury, thallium,
antinony, tellurium hafnium tantalum tungsten,

lead, bisrauthy aluntisomy iboraen, i silicom anteploesphorois| ITherconﬂeaadf these third
bi snut h, al um num boron, silicon and phosphorous. The

constitgent elﬁm@ftst@(?fréfdrélblyd‘rorﬁcmsﬂ | tbUBO% 6y @REEY 8ndSmore preferably
preferably fromO0.01 to 20% by mass and nore

from 008 h& @0k Yo r¥éﬁ1§s§q eOQJdd(fg)rt]é&D/?rfé‘(er@SSIﬁ BgHiRn, at least one of

supported rater | a i t1on | east one of
metal gﬁbg{m%@%&‘gﬁé fr%z+ B‘% §|%Jp:e i shglﬁggéfoélﬁ’al&%nﬁnbﬁélé,@kéﬂne 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

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

a method 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
37



10

15

20

25

netals and rare earth netals may al so be contained in
the supported conposite particle material. The
content of alkaline netal, alkaline earth nmetal or
rare earth netal is preferably selected to be within
a range of 15% by mass or less in the 20 supported
to thegireserstl embOdiffEnt iS préforibpwithirt Heangé f frdnc 201bi350emt/g, more
el ements or alkaline netal, alkaline earth netal or
prefdraby PEht 50 MB10 APy BSd EVBhahBRS pheTetdtly HopPADDAS 250 mPg as
conposite particle “material during production or
t : 08l €; el j i
mea%lr?r%%b)grhnéé!: ﬁ'(i)tﬂ?%egy%g%ltp‘%gq?ﬁ% Iecﬁle?ﬁg;ﬁtg & réBkhionh aelcgwty and

e use are contal ne

n the support i dvance, 87] The specific

Fesis, %ncfea@es %t'ct‘.ﬂ °€ﬂ IV Lﬁi’ﬁ@m%‘q ‘onposite particle

[OOBHf‘te” al according 37 to the present enbodinent is
preferably within a range of from20 to 350 n2/g, nore
PTé podd lsirutiueeob the suBddited® Lompoegite partio neaterial is an extremely
preferably from 100 to 250 n2/g as neasured by BET :

impdiant pEGPerdf FPePiis BT IbRG TR %téﬂiIﬂv,’piﬁbf&ﬂﬁ'n?éumﬁﬁﬁhbQﬁaracteristics

activity and resistanCe to separation of active

and ?ggg&l%ﬂtéf mrétélo&ﬁﬁﬂ)%i—ér]?ls,p?é wéll %Q%Fibﬁoﬁfchbp&terisﬁg:lsy and pore

B A ALy A T BB it

of tal compaonent as, wel | reaction . .
If kR ABkieler i SEEiien jhanot am.qpipedl the Spgrgtian, groperties of the
propert{mval ue required to denpnstrate these .
icomrenent tend tobe satisfastonsrinitie age 10 Usingas 3 catalyst
nm al though the separation properties of the
in a kgwdphase reaction sod e ke, paradiiametes is preferably Sriyp arrmore from
the case of using as a catalyst in a |liquid phase
the viewptbinbof actdnakiaglthé intrapare diffusior mrsistange exaessblely reat so that
nmor nore from the viewpoint of not nmaking the
the IIFUSIHIP! Srodedd UST B MreabhdNEbstate Sisl viot Yrats-Bmitirkp as well as
that the diffusion process of the reaction substrate
o o L a . o ‘ _
mairit&infy réartiSn .dcmny 80a ‘ﬁq{Y‘@v’e, %ﬁ?h%q%‘tﬁrﬂ*\dﬁt{q ¢he pore diameter is

reactlon activity at a high leve e ot her hand,
prefér3BIy8S RmBbABES fbnd fhe viewpoints of resistance to cracking of the supported

sup

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.
From the viewpoints of supporting characteristics and reaction characteristics, pore
volume is preferably within a range of from 0.1 to 1.0 mL/g, 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 mbL/g. The supported composite particle material according to the present
embodiment preferably satisfies the above ranges for both pore diameter and pore
volume.

[0089]
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preferably 50 nmor |ess fromthe viewpoints of

resi stance to cracking of the supported material and
resi stance to separation of the supported conposite
particles. Thus, the pore dianmeter of the supported
conposite particle material is preferably from3 to

[Prodessr fFon Praiueing $ispartdd Composie tRarfi€le Materidlleven nore
preferably from3 to 10 rim 20 Fromthe vi ewpoi nts of

SYR&Q drefb ?_Qﬂi"ca@r@iﬁii@tibﬁlfz oftAle MR&RbEUSed to prepare the supported
characteristics, pore volune is preferably within a

com$SHie 806l Bckobilyie s pREHE! Sk, Bysced
s et S R B T BBl P SoBIBE s an

emqodi nent preferably satisfies, the above ranges for, .
eXPIFRDLGT B dyBicel GTOMRRS 0t Bresmiingo M UnRoRY] ca@posite. partcle
[ Process For Produci ng Supported Conposite Particle
matevial ageendjingriecthe ripseniepbedimantar 1initations on the
[009 thod used to prepare the supported conposite
gErti cle material according to the present enbodi nent

gﬁﬁ%%f‘@rhe ml i%"\%ﬁ%ﬁ%ﬁ/@@é@égn gie!}p rﬁ’gf%ﬁ”i% argoxide of
Lcal r Dt ri e . [
ot 1op4PPAR oS¢ Hivh ¥ SBBERA i KA BohgFhP B Ulfe metas,
el SRl 800Gk ol el kSR i SRt Shuton o
| east one of basic netals selected fromthe group
a sojuhia jmeta, galhrcontainingniickel and X fwherein it represents at least one of
netals and rare earth netals is mxed with an acidic
elemgfiteselectes fram dive groumcensistingofimicka!, palladiwanplatinumg ruthenium,
ni ckel and X (wherein X represents at |east one of

goldesiveeransl sapper). edTie températgnecofitheanbdurel ofdbath liguideeis, adjusted
pal | adium plati num ruthenium gold, silver and

so tisstPier Jemgératlrentrrrébiuise60fC tdrl Bbulelr eAdreRQiddr of a supported
liquids is adjusted so that the tenperature thereof

compdsitDfarbbrd I%Bféfﬁsll irﬁmﬁﬁ&?Hi&F@{%ﬁﬁ \Ambcﬁui&?ﬁ;ﬁér?éhtﬁ%vtei%re%pitated is

conposite particle materi I ckel a

formEQ BAARE YuppBMSn RhE MiRLE&t €d 1S
[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

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

support.
[0093]

Prior to the first step, the support supported with an oxide of at least one of basic
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formed on the support in the mxture. [0091 ] 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 treatnment to obtain the
20 supported conposite particle material according to
metalé B6lebteRFRdvh tegrsliBarsistirtPSPdikalirrpetils dalkaliridearth metals and

process, a supported conposite particle material can

rare 2fth MBI e réf@%‘bggégeé iR W&gﬁt gggihg%fﬁé 5};@? nioitﬁfh&v%ﬁce allows

conposite parti re locallz

' [ [y LN.a rag aat i de

e otfQBIEL Y, £1ETR0 Vel 25l 1A P S o ey Bases on
first_step, .the support supported with an.oxide t

the repulS pf BiseBlring fore SrabRIEPL niEiastt ek PR hE Qegproduced
consisting of alkaline netals, alkaline earth netals

by agingdhe sppROR A PreswEned to be the Easuitlla mage ynifarmyang sharper pore
Aging the support in advance allows the obtaining of

structard sluer thathiengcausened ofi sealignmeardnobithe oawerarnt epore  structure.
particles. Based on the results of neasuring pore

Althoufihssupgort agimgbsambé cagisd adsat o tem pérataref ek to the slow rate
produced 5 by aging the support is presuned to be the

of chargeslih tisd parestigcturt frersofaadempardiare ﬁi?h@r el reintl Eefmperature
due to the occurrence of realignnent of the support

is pregéjtéﬁlgtsééllé&bﬁ Within”4 ?%\?ggﬁfwgb ﬁgaﬂs CaR the 6@f%’ef betging at

roomtenperat due to the slowrate o

normaﬁ :bgﬁ%ﬁfr{e'hé Aé&@gfﬁ?{:@e n%vgbgf% ?éeﬁgé BFf6R e0 ﬁﬁﬂ‘@ﬁ%@ﬂ%‘%mble. In

i S preferably sel

W thin a ran f from.60.t0,.150C. |In )
ety i Bni6S Hralion o RuSE KeBaSiianst ekputBlip He semperature
range of from60 to 100C is preferable. In ddi.tion,
cond'lé@%dhgﬁqpfq{%ra@ﬁf from @inute RS obEs. rBRre PrefBEably oM 1 to 60
~according to the tenperature conditions, it is
minutgs andravsnymereopiefenabhuiremt b e 38 duinutesnatra tespreratyng of 90°C, for
froml to 60 mnutes and even nore preferably from1l
example. 3(n the presedare af therfiestatep, caltifougbGhef supposikeap be. used after
In the procedure of the first step, although the
initiallg Wrpiagtarchthepefinime dftef tdras 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]

Examples of soluble metal salts containing nickel used to prepare a catalyst may
include nickel nitrate, nickel acetate, nickel chloride or the like. In addition, examples
of soluble metal salts cbntaining X may include palladium chloride, palladium acetate
or the like in the case of selecting palladium for X, ruthenium chloride, ruthenium
nitrate or the like in the case of selecting ruthenium for X, chloroauric acid, sodium
tetrachloroaurate, botassium dicyanoaurate, gold diethylamine trichloride, gold
cyanide or the like in the case of selecting gold for X, and silver chloride, silver nitrate
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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 acidi c aqueous
solution of a soluble nmetal salt containing nicke
and X followed by insoluble fixation of the nicke
or thérﬁﬂe)hﬂ{b E8s 8UER18Eng §ifV@P4dr X20 Exanpl es of soluble
netal salts containing nickel used to prepare a
[0096ht al yst may include nickel nitrate, nickel acetate,
ni ckel chloride or the like. In addition, exanples
s bne Feepastiva|conselsatians of aAURPUR sﬁiythrrmczm@mm nl&belmd X are
chl oride, palladiumacetate or the |like in the case
genemallysm{itlam antangs! dhiiommOAN0 1o Al madlypreferably fegm 0.001 to 0.5
ruthenium nitrate or the Iike in the case of

mol/ls @heahoregprafétabiy fiont 01008, toadhRanoldur | Theeatib of nidkehnadd X in the
tetrachl oroaurate, potassium dicyanoaurate, gold

aqueduat SBHlEA R fefinsifahk @@m&?l‘éﬁo SRNXAs p@éfe?élﬁ#w#ﬁn 'anrange of

the case of selecting gold X, and silver chlorid
t t
von] 670ty 2 65 48 e o5 o

[oogspncentratl ons of aqueous sol utions containing nickel
and X are generally within a range of from0.0001 to
1The ternperatpreetianing contecobetve@dithedickes and anidic laquegus solution
nore preferably fromO0.005 to 0.2 nol/L. The ratio of

of a solubtd nestdl @it vontainiag miskes and| Xitis one impottantfaatr fdneontrolling
atomc ratio of Ni/X is preferably within a range of

the distaiBufiord of @ofposié Paftichés, Yarid akpdugh VaryihgCacdtidimgrte the amount
preferably from 0. to 3.0. [ 0096] Theterrperature

of 0)@%% b &t Féé%i Rb o?%ta‘éﬁzerﬁefel@ sBi ?t Co‘”?r@bﬁ CRMYREH of alkaline

t|on ofasoluberret ing nic

meta%‘ gk E)u Sg?th' I?EE&M Il (o2& ‘Hrmf @{eé%lgrng@lol'qegﬁgL ance onto the

Ion conposi te” par

suppifL T tﬁgt}%&%"@rr%@{%r%gg@%&\?eﬁ &n?trﬁe%qfﬁﬂBWéimﬁ B fistribution
of alkaline nmetals, alkaline earth netals and rare
of cQPesiteRAH|Ciess IR oeWidan- adp 4he &Prerteliam Brocsgs Riqerding to the

I f the tenperature is excessively |ow, the reaction
presgniog@badimentethe lemnpesature gluring contact with the acidic agueous 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
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 agueous slurry are mixed so that the temperature of the
mixed liquid thereof is 60°C or higher, the aqueous slurry may be heated to a degree
such that the mixed liquid exceeds 60°C even after the acidic aqueous solution is
added, or conversely only the acidic aqueous solution may be heated. Both the

acidic aqueous solution and the aqueous slurry may naturaily also be heated to 60°C

41



10

15

20

25

15 of conposite particles tends to widen. In the
production process according to the present
enbodi ment, the tenperature during contact with the
aci di ¢ aqueous solution of a soluble netal salt
contai ning nickel and X, fromthe viewoint of

or higsérai ning a supported layer in which the conposite
particles are nore sharply localized, is a

[009TEnperature at which the supported conposite particle
material is obtained at a high 20 reaction rate, and
i Althpughe the | rpaghen gramibgnhsarmaeh oat gindeasr an| ?Pﬁ@é pressure at a
hi gher, even nore preferably 80C or higher and

tempesature etjual tp gshighardban te®boiding ipointef thessolyent, Ibased on the ease
aci di ¢ aqueous sol ution and aqueous slurry are m xed

of theoprobatiutehdt isegerssraliy peefetabilpecarmed edt lat guiethpdretieefequal to or
is 60C or higher, the aqueous slurry nmay be heated to

lowef tHEA' @ sSNeht Hading PeIntl XTHerd %édn@é@é?ﬁ&ﬂaﬁ(ﬁﬁli@(i@ﬁs on the
after the acidic aqueous solution is 25 added, or

duraﬁ@@?iﬁf&@&ﬁﬂbﬁ ridikel éghfﬁ EorﬁéHﬁ@M%, ?HJJ Hith&r%rgﬁ%rﬁ/gﬁ; according to

€ acldlc aqueous solution a

P SRET 4 o B SHERAA L il PETHh RCandre avo
el 5 ISR SRR S S ite  pprnrereraly

of the solvent, based on the ease 5 of the cPr cedure,
from;§ minutgs iR sd10us gndmacrerpreferablyi feem Sumingtes to 1 hour.

[009% nperature equal to or |lower than the solvent boiling
int. There are no particular |limtations on the

g'mé‘?r@&hcﬂifonf broebsoBf He sb;gaéﬂe% %m@BQité( ATERS ﬁ?éiéﬁalsaccording

I t hough varying according to [

ondi {ions such a
to th %ze%%@feorﬁﬁ?ﬂgfé@gré b?%%? ghﬁggip%cfbie Bt frisel q"fé‘yﬁn\fﬁcﬂfﬁf the nickel

ron rs generzﬂ

s e B e e P o LBt

inutes to 1 hour. [0098 The production ocess of .
one B BasErmerals SRS 1he arPUP BoRmNOaR SkadreiRgals, alkaline
to the present enbodiment is based on the principle of
earth magiRlsopBEAfiakateash metalseswpratad inrafvanes pbilbatstppert, and a
carrying out a chem cal reaction between an oxi de of
soluble metadsalt 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.

[0099]

In addition, in the production process according to the present embodiment, the
aqueous 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 salt of at least one of basic metals selected
from the group consisting of alkaline metals, alkaline earth metals and rare earth

metals.
[0100]
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15 one of basic netals selected fromthe group
consisting of alkaline netals, alkaline earth netals
and rare earth netals supported in advance on the
support, and a soluble netal salt containing nickel
and X. These conponents are preferably fixed

Pismal résune gvsarmiatiom ol métakBlagk lof X iennisibitédi comgodreding of nickel
conponents in order to ensure nore adequate

and )g %glﬂ‘téi’HBi’é@,Qar?ﬁ hﬁ&&isﬂgﬂﬁ%h AmbosAB J88s chA be oonhtgoned more

Ion, in the production process according to t
. segqt ' 1 kO
procifliECPicT SRSEISTEY Rl /8 Bafedd b S B Fate of the
basic  netals selected fromth roup_cqnsi stin f
chemi KactiEn RRtRREH ts Rapicmie BkPre fuphPusd Fdyant dahe,support
netal s preferably contai nsh‘g sa:%&3 of at | east .onﬁ ?f
and tihig splibifmgtal salticopiaipingieke) anprbag AgasUL Sharding/ig tyg aqueous
al kaline netals, alkaline earth netals and rare earth )
solutinnteasa@lt of atlieast ane af metalssaglected fom thergroupncensistinngef alkaline
bl ack of X is inhibited, conpounding of nickel and X
metalss alkabne earth rastdls red caretedrtbumietals.of conposite

particles can be controlled nore precisely. Such
[010%ffects are presumed to be caused by controlling the

rate qof the hem | reaction, bet ween t he i,C t
e oraf ol ptanas 280 o pREC TS Sub8R T Fe group
soluble nmetal salt containipg nickel and X a resylt

consighing, @f Ak@IInG metals alkaine carl metdln andiare eafthmetals that can be
one of netals selected fromthe group consisting of

used mayinclusle one o Moretypgsiseledad frnmwﬁ%rssc&ume S@fts ok Hiase metals
netals. [0101] Exanples of salts of at |east one of

such laagirgamistegic saltd, aittates f criondésconihedike. 10 consi sting of

al kaline netals, alkaline earth netals and rare earth
[0102}et al s that can be used may i nclude one or nore types

3 o] L 4E i BE A S e R S BRB G e rove
consils{ir%e of Ll%ﬁl%l 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

X companents in the aqueous solution.
[0103]

In addition, the aqueous 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 aluminuh
salt. Examples of soluble aluminum salts that can be used may include aluminum

chloride and aluminum nitrate.
[0104]
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The amount of the salt of at |east one of basic netals

sel ected fromthe group 15 consisting of alkaline

netals, alkaline earth nmetals and rare earth netals as
descri bed above varies according to the anmounts and

ratio of the nickel and X conponents, and is

delecbEUINOA 8F &P Biuble taumirumngainto ahebagueousetsilrry allows the
oxi de supported in advance onto the support.

formdfioR&sran %utetrhgy(éi’%arﬂfaﬂ? heee2Bo¥Empasite 'Bartfcvm@-uﬁ@butside of
to 2 tines

nol es and preferably from0.005 to 1 tines
e sRETARE ORI hiaksird Ratzad® T i dso base on
e e bRl B P, e, AGRFLm crorice o
e e o S nsord e SRS e st i i

preferably contains a soluble alum num 25 salt. _
reactes amghe outer suiagslaf the suppikby @ ehertisat reagtiomwithhg basic metal
may i nclude alum num chloride and al um numnitrate.
oxidd Slidptirtetdn Buvande iontotheosuppast thd hickel amd Xuareseinsumed thereby,
the aqueous slurry allows the formation of an outer

and thaYeterSapsi iafixed byya festtionbetwspo the basiametal @ddeingite and the
outside of the supported |layer in which conposite
nickdP@hlix! es are localized. This is also based on the
principle of insoluble fixation as previously
[0108lescri bed. Al um num chloride or 5 alum numnitrate and
the like is used for the soluble alumnumsalt,
aThariamountsof aleminegd eempaeeRtuvaiies gerparding o figw many um the
support by a chem cal reaction with the basic netal .
thicknessof s payeredoi suppwied sithniskeher tgeamonephds set to, and is
ni ckel and X are consuned thereby, and the outer

deterlnsivied sceofdivigto khye amoeme bf basicahetst oxideesuppairtedhiat advance onto
oxi de inside and the nickel and X. 10 [0105] The

the sAPBYA! Cenplallyi tHeamelRPEEAIUMIRMmeDnaserwrdis frotr0J00W to 2 times
many mthe thickness of the |ayer not supported with

molel dHErefirablyFRIM Y608 td $ tiftfds rhBlesBiéekdSon 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
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]

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 resuiting in
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determ ned according to the anobunt of basic netal

oxi de supported in advance onto the support.
General ly, the anpunt of al um num conponent is from
0.001 to 2 times 15 noles and preferably from0.005 to
1 tinmes nol es based on the anount of basic netal

consuﬁ'?ﬁu@')ﬁ SHMRRIG hethan cRfsTTRhto Niapablee of eaating Wl Otitkel and X
hough there are nmany aspects of the details of the

h | t
compcgféﬂf ﬂt)e%?‘e i tﬁgté? stiffSce kel s@spsbrk SAATIREMtrickdleand X are

t are unclear, It is presurred that the

ool By b et kot HS o R RBR e ey ourtacs
ot e BT i B R °{@£&%§$§Qymedt po o s

nposite art|cIeS|nanarrowre| n near .the
reSU“@ufﬂ*Qf‘é@Qdﬁ' Adasifypsetal comprynd 'nE'SIgltﬁeéHBP?Tton in the
c>108xE*ase of formng the outer |ayer substantially free of
[ onposite particles on the outer surface of the

- YH8 Ff@l[chlgn@ IPGHdas Hﬁ‘aé%giﬁr%?i@n%fbﬁé s6coffd 8lep. conmponent

near uter sur f the support are allowed to

{

SERhRERE bt Btk ey eE DaPREA Refllcle Rt aRk Hpsed with water
onponents near the out rf

and i 4% deeeosat g 88 GhoBg, HEBeol 38 HEE 8tk Wee.  The
reactive basic netal ts near  t rfa

tempesatura &t wipgbine %rﬁé%ﬁqré%nﬁ% r\gaﬁﬁara"vﬁf@"ﬁbﬁ‘éﬁf’gé eferably
are presuned to be fixed as a 5 result of reactin

from 8@ 820G sorerpreferabhinfroame00 i ¥ae°G RadRyssInere P@?@ably from
The follow ng provides an expl anati on of the second

300 te68p°CThe precursor of the supported conposite

article material is rinsed wwth water and dried as
[0108)ecessary prior to the heat treatnment of the second

O i - .
Hel g BegtharifRg o o St B CRL P fpheri ai)
an oﬁ%g@%pgfgé’é%ré?ée(wéﬁ%%ré‘x@ enf o%@néOglt}o%eﬁogﬁdggdcae%% dioxide,

hydrogen peroxide, hypochlorous 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

reduced pressure.
[0110]

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
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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300 to 600C. [0109] Heat treatnment is carried out in

an at nosphere such as air (or atnospheric air), 15 an

oxi di zi ng at nosphere (such as oxygen, ozone, nitrogen

oxi des, carbon di oxi de, hydrogen peroxi de,

hypochl orous acid or inorganic or organic peroxides),
[011]or an inert gas atnmosphere (such as helium argon or

i trogen).. The heating ti i i t sel.ect ;
B g it B AL oo 8 B B ol s £BGye-mentioned
recursor. In addition, heat treatnent can be carried. .
heat ﬁgatmntn@ﬂ%edwagst[ﬁaém%daralarieriaéwoapla%%%ﬁér )dfr an oxidizing
under 20 reduced pressure. [0110] . Follow ng the
atmospbersn dsuek paOXYaeRr PEeTe.apifagery suidesi sarkere Aigkde, hydrogen
can be carried out in a reducing atnosphere (such as
peroxited hypeohlohyus azidner, inbogarit ion argahicr peroxides) as rsscessary. The
necessary. In this case, a treatnment nethod is

temperateeted dirationiewssicaskhe sdialdlyidbteesined ccebrding o the type of
bei ng conpletely reduced to a netallic state. The

oxidiZirfRGER iR of a0 End Wil df ehtdl@duci ng treatment are

suitably "determ ned according to the type of reducing
[0112hgent, type of X and amobunt of catalyst. 45 [0111]
Mor eover, oxidizing treatnment can be carried out _
Aothishicagstitvent sirmente pthern damsugkel rangd pef@naRg added during
reducing treatnment in air (or atnospheric air) or an
productionl iof thegsuppanesithetesial suuhdersreagtioraonditions, Tihe atkgéine metal,
oxi des, carbon dioxi de, hydrogen 5 peroxide,
alkalimey parthreetabier eare apth metal ganials®be @dgledi duripgr catalgistspreparation
as necessary. The tenperature and duration in this

or to GAE Geldtinidyakini. dpf aEEHIBAJ tR€ Gand heridls LdTetHey Frd onstituent
oxi di zi ng agent, type of X and anount of catal yst.

elemégﬁééﬁhlin@nﬁabg%ﬁﬂ?éérﬂ? Pﬁetgi SHE PhrePb A& g?éltéﬂgfﬂ gkRlcted from

can be ( uring 10 production of
saits GHBBRI-Sk AR Ll s gl Hoid € 3k Sa6ORMk Rk, The
[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
shallow region near the outer surface of the support, and as necessary, having a layer

substantially free of the composite particles on the outer surface of the support.
[0114]

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

The supported compasite 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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al kaline earth netal or rare earth netal can al so be
added during catal yst preparation or to the reaction
system In addition, the raw materials of the third
constituent elenent, alkaline netal, alkaline earth
metal and rare earth netal are selected from salts of

acid eSEERfIbfM AdbHFde$ ahé Bl@ihd|FEaIs RE feeminDErBliesacid esters
and the like. 15 [0113] As has been described above,

from aﬂ&@%lgj W %Qfda?i%ﬂpPéécﬁﬂ»nEP@P&fﬂ eoﬂ&éﬁérﬁ'r@actions, aldehyde
mat er I al [

hodi pr oduct1 on process accor_ Ing to t e pr esen_t
cioatBEEPTERS, I MGBIGH TaclBRBOSE BRGHIE|ah TRbEiS. o

.. .conposite particles are.lqcalized conprised, of . .
oxicatiy3,AgeRan TRRCHRRS. ATINR PSR PRELoRY Sen Fisliopeppian reactions.
near the outer surface of the support, and as .
a,B-unsatisatest fetansy inygreganglien reastionsnreastionss e fosming hydrogen
conposite particles on the outer surface of the
peroxide firmon thydfageniand [oRygersearbon nreneiide yidadiepaeagtions and NOx
Usi ng the Supported Conposite Particle Material as a
reductiéat al yst for Chemi cal Synthesis] 25 The supported
conposite particle material according to the present
[0115]enbodi ment  can be widely used as a catal yst for

hem cal , synthesis. For exapple, it can be used .as .
SRR COmBEY IS patTipis Material geporgiiad te g rEsent Smbodiment
reactions for formng carboxylic 46 acid, esters frcim
demongtiatey duperny effeeisnearticulagy dhi thescasa of sisiichgs a catalyst of an
carboxylic acid esters from al cohols, alkane .
oxidation réactiom rlecaddidersto thecaldehyded and alnehelsaesechinghe reaction for
al dehyde oxi dation reactions, ol efin oxidation
formingezathboxytis,acid eéten asfndicatediin the ezamphess ptharehiamples of reaction
oxi dative addition reactions, am ne oxidation

substraRACLsEN i tHY BifdsenbhgfiRdRnent Mayrinsideonsious reaction substrates
a, (3-unsaturated ketone hydrogenation reactions,

such éafgfkhhéé‘,soléﬁ’ﬁs,fegééﬂdw, KBLSR S lldeRRIERX tfers | rombtRy @sPounds,

oxygen, carbon nmonoxi de oxiddtion reactions and
onend'suF 48 Arad “AiSlorelds SAFRRIFEH, SATBER g, nvoger
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

reaction substrates.
[0116]

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

cyclopentane, cyclohexane, cycloheptane or cyclooctane.
[0117]

Examples of olefins may include aliphatic olefins such as ethylene, propylene,
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10 denonstrates superior effects particularly in the

case of using as a catal yst of an oxidation reaction.

In addition to the al dehydes and al cohols used in the

reaction for formng carboxylic acid ester as

indicated in the exanples, other exanples of reaction
buten8UPrAERS, Uesteha, t mmémenbcmdl decgneray 3imethylid-butene,

various reaction substrates such as al kanes, ol efins,

2,3-d|§40eg@ﬂ9f-§utéﬁ%5%?e%llylalcﬂﬁi?bb@esahc@bh@f 8lefidg OBBEM Cas cyclopentene,

henol s fur conpounds, phosphorous

cyclol'i(% undg%ﬁ&% %ﬁt%@d% egg%ﬁggg%nc substituted

substrates can be ei ﬁd al one, or tvvo or nore types
olefing sHch @s Hweng or o-metYPY % i ous i ndustrially ~useful

[0118 Xygen- cont ai ni ng conpounds, oxidative addition
groduct s, oxidative dehydrogenation products and

EBRTpIOX of aldonBlsdhag uséiade satrhted aed uhsaturatedsaliphatic alcohols
reactl on substrat es. [0116] Specific exanples of

such "aﬁ%ﬁ ?@anaf ??Bﬁdr'?ah'aﬁ i§Sprpahol nkBieAcRYbitanbl déutanal,

es's as 'nethane, ethane, propane,
ta p Noh€ lcohol, saturated and
-pergarlnrét H{]ﬁs’ééﬁ B[ ﬁlwl g%‘e of E@l?é’_f}cou c
es.su c opent ho
nsalipReaR s 45 @% sz@gbtamecy%ﬁsa%%l i@izng). cycloheptano,
ol efins may include aliphati | efins, s ch as
methyleygipBaxanal o gy eiaBexen-1 -3, ElRBalis ik A ﬁcycr\'&x%'g"a'e“t alcohols
hept ene, octene, decene, 3-nethyl-1 -butene diol,
such2as- dthyianey | glycalutrrapylenealdyaol cm"aetmrleneamle% i |, 3-butanedio
ol efins such as cycl opentene, cycl ohexene

1.2-cgpiohekemesdioleor dyktypaohexanestiolc podoareseatis, aleahols: sveh a8 benzyl
substituted ol efins such as styrene or a-nethyl

aicorﬁ;ll,yggﬁ&?l albolh® br&enkkpdih.es of al cohols may include
saturated and unsaturated aliphatic al cohols such as

[0119fet hanol , et hanol n pr opanol , |sopropanol n- but anol ,
s- but anol t - but

M0 ot LidatyABS) Gk BBba BRI aklyges puch =0
formglgghyde acetoaldehyde, propionaldehyde, isobutylaldehyde or glyoxal, aliphatic
a,B-unsaturated aldehydes such as acrolein, methacrolein or crotonaldehyde,
aromatic aldehydes such as benzaldehyde, tolylaldehyde, benzylaldehyde or

phthalaldehyde, and derivatives of these aldehydes.
[0120]

Examples of ketones may include aliphatic ketones such as acetone, methyl
ethyl ketone, diethyl ketone, dipropyl ketone or methyl propyl ketone, alicyclic ketones
such as cyclopentanone, cyclochexanone, cyclooctanone, 2-methylcyclohexanone or
2-ethylcyclohexanone, and aromatic ketones such as acetophenone, propiophenone

and benzophenone.
[0121]

Examples of aromatic compounds may include benzene, toluene, xylene,
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unsaturated alicyclic al cohols such as cycl opentanol,

cycl ohexanol, cycl oheptanol, 10 nethyl cycl ohexanol or

cycl ohexen-1-o0ol, aliphatic and alicyclic polyval ent

al cohol s such as ethylene glycol, propylene glycol,

trimethyl ene glycol, 1,3-butanediol,
naphthblehe; YaHteRRsn8 e Hewvatived -thgadof sebatiteted witha for example, alkyl

aromati c al cohols such as benzyl alcohol, salicyl

groupsg:agﬁé:%buﬁé, Hé%“qéﬁédéroéulf&_@ 8lips.15 Exanples of

des may Tnclude aliphatic saturated al dehydes
[0122]such as formal dehyde, acetoal dehyde, propional dehyde,
i sobutyl al dehyde or gl yoxal, aliphatic
Exapplas aefupberals anag hnakisies poenels cersadl &ylgnol, naphthol, anthrol
nmet hacrol ein or crotonal dehyde, aromatic al dehydes
(hydrosyarithescenel zand ederilatives | fheatafe (gubl, ase thodealinlewhidh @romatic
pht hal al dehyde, and derivatives of these al dehydes. 20

hydro%é?ﬂﬁﬁim%@pétﬁ%tiﬁjtehahmmfaiky‘mgfoi.:pc,l arlé grbupsahalogen atoms or
etones such as acetone, nethyl ethyl ketone, diethyl

sulfon& &k ~di propyl ketone or nethyl propyl ketone,
u a?icgcpic ket ones such as cycl opent anone,

[0123)cycl ohexanone, cycl ooctanone, 2-methyl cycl ohexanone or
2- et hyl cycl ohexanone, and aronmtic ketones such as
Exesplgrenbrivifupr epmpeundso meay oinclusle mersapiagsosech as methyl
[0121] Exanples of aromatic conpounds may incl ude

mercapianz ettey] mestaptaa, progyk mercagtannbemayh maraaptanrrthiopbesol.
and derivatives thereof substituted with, for exanple,
[0124]a) kyl  groups, aryl groups, hal ogens or sul fone

IO . . e S [ d :
EXARs b cEfhes RUR bR, AERBR: “afiHes RECH *6s metnylamine,

hydr oxyant hracene) and derivatives thereof (such a .
ethyla i TRV AR SCBTRREmI B RUATIRG a TaeY ale, d Ethdamine.

) wi th al kyl groups, aryl dgt;our)s,_ hal ogen_atong or .
dipropylamioe dlisoprgpylamine, dibutylamine,  trimethylamine, triethylamine,
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
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.
[0126]

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
oxidative esterification reaction using the supported composite particle material

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

Examples of the aldehyde used as a raw material may include C1 to Co aliphatic
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[0123] Exanples of sulfur conpounds may i ncl ude
nmer capt ans such as nethyl 10 nercaptan, ethyl

nmer capt an, propyl nercaptan, benzyl nercaptan or

t hi ophenol. [0124] Exanpl es of am nes may include
al i phatic am nes such as nethyl am ne, ethylam ne,

aldehPdPy@ B formistdghyeley hasioariehydey prpidrtaldehyde, isobutylaldehyde,
di met hyl am ne, diethylam ne, dipropyl am ne,

glyox%c?réﬁjé; ﬁ’rgér‘h %‘g"té‘%o ‘%I:ngﬁlgfpg'ﬁ Uﬁsa&u?ét@ﬁtﬁhélﬁmé@such as acrolein,

tri I"am ne, tributylam ne,

al Lyl an o) 1.ald NG, . ah i I C ]
metnyishcoblhrHioctte. ot Aol St 18 o af AR UyES, puch @
cl ooctyl am ne, .and _ar t.ic, anmpes h,as Lline, ..
benz At niolB AR nYER L R NS, PRTBLAMERE | thb"fke: and
~ substrates can be used al one, or two gr nore types can
derivalives i dhese algenydesx dhese FIRatbie: pam bersEskalobE.pr gRY two or
substrates are not necessarily required to be
more fypeistdarube ased @sya bixture.t he form of mixtures with

ot her organi c conpounds. [0126] The foll ow ng
[0128ﬂ)rovi des an expl anati on of an exanple of a process for

BG40 B AL AT i LT DI Al s

resence o Xyga oxl dativ
esterjfication reactjon usi the su r | 1.
methagigl, PRBO RSP O PGl Aoty HenEBl Selaiol BN rs o Cro
. as a catalyst. [0127 Ex | es of the aldehyde, used ..
alicychs aleanals a5 &yclRayNiane]. Ayl obexaadl ST ha kel G 14 Clagiols such
al dehydes such as fornmal dehyde, acet oal dehyde i ,
as elhylanieogiicokhpapylansogliopl, abutanpaiol o theJike: des tReCro aliphatic
like; C3 to Cl0 alicyclic w o unsaturated al dehydes

unsatsizatbdasicalools| Ridh, as ratyhatobioki methallgk aleehak by diae diket s to Czo
like; C6 to C20 aromati c al dehydes such as

aromBed ardohely Sech sl berayiialtptiel obems Yikel amddroxyoxetanes such as
pht hal al dehyde or the like; and 5 derivatives of these
3-a|k¥'1131ﬁi?dr%§§mefﬁ3ﬁ§>€et§hé’QJ?Vtﬁé k@D hedseslcahsls Ganobe aed alone, or
Wo or

any two or more types can be used as a mixture.
[0129]

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

range of a molar ratio of from 1/2 to 1/50.
[0130]

The amount of catalyst 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
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
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nore types can be used as a m xture. [0128] Exanples

of al cohols may include C, to Cho aliphatic saturated

al cohol s such as nethanol, ethanol, isopropanol,

but anol , 2-ethyl hexanol, octanol or the like; C5 to

C o 10 alicyclic al cohols such as cycl opent anol
preferédi¢ f@herenesoumndi%. | i ke; C2 to C o diols such as

ethyl ene glycol, propylene glycol, butanediol or the
[0131]l i ke; C3 to Clo aliphatic wunsaturated al cohols such

as allyl alcohol, nethallyl alcohol or the |ike;

| : . 6 tg .
lcne papdurtioncofaasemallis agid gsies thereartion mayde Grrmegout either
| i ke; and hydr oxyoxet anes such as )

in batchesl doydortinbgusly yging ay sotraahmethiod such ag 8. vapes phase reaction,
al cohol s can be used alone, or 15 any two or nore

liquid plyssesrezatiober vefk @actioni xture. [0129]  There are no
particular limtations on the weight ratio of al dehyde

[0132}t 0 al cohol, and al though the reaction can be carried

t oyer a wide range of .nplar. rati os o ,
Ahaiibeledtith 631 B8 Bmdboflniit Bistenel seugn bganaiso be
~generally carried out within the 20 range of a nolar
carrlecg gut Bsipg g pelventhat ¢s inesowith gespgct tarthe éeﬁeﬁswn egmponents such
catal yst used can be varied considerably according to,
as hexame, degangl kenzene, dipxepe or thelke.i on raw materi al s,
conmposition and preparation nmethod of the catal yst,
[0133} eacti on conditions and reaction form and al t hough

ARBea el SuhigP A LD 144 80T LB 9 7d Bl e
can bclte ﬂg?ﬁ ggrng&rr%\cﬁ N gtl?r S':er%?rh %}Wﬁ?%h&ﬂi@?&é@gﬁﬁﬁ%ﬁ@%ﬁyon ina
i B o oo a3 aBeee s i 58S B yphetor, ara

[0131] In the production of carboxylic acid ester, the

tube typeseadcier, siiyed tarddieeicky asihe 8k€her i n batches or

[0134conti nuously using an arbitrary nethod such as a vapor
hase reacti on,

The oxygen used to produce carboxylic acid ester can be molecular oxygen,
namely can be in the form of oxygen gas itself or a mixed gas in which the oxygen gas
has been diluted with a diluent that is inactive in the reaction such as nitrogen or
carbon dioxide gas, and air is preferably used for the oxygen raw material from the

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
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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5 liquid phase reaction or reflux reaction. [0132]

Al t hough the reaction can be carried out in the
absence of solvent, it can also be carried out using
a solvent that is inert with respect to the reaction
conmponents such as hexane, decane, benzene, di oxane

depreé%'i.l CJEQﬁbr\ td‘Pres]stEQtlé’ﬁ’]thé rkBeNsh fORIrsalRNcasied dutedd pressure
fype, fluidized bed type or stirred tank type can

within ﬁ’% r‘éﬁﬁg dr#o {rﬁ {3%5 t%""fﬁlpﬁ%l1 flﬂra'iﬁ‘dntf: |t‘?§( g@hn‘?‘abld‘ﬁ'@m the viewpoint

he reaction in a ase, any type

t b d I
o sl T8 B 10 Bk géH%;gifg%y&é%pﬁggﬁm% o the reacio
t the |ik dto
outiovs G560ES P8 B9 the-eamlotie Bt ot X ice FoBFogHof 8%)
[0136]namely can be in the formof oxygen gas itself or a
m xed gas in which the oxygen gas has been dil uted

IMithE casé ik B8RYing &t d Sarbpaglid MEdidstémsrotastdn Afactivahn a liquid
as nltrogen of ~carbon di oxide gas, and air is

phase%% \}ﬁ-ﬁe R rlé%%ﬂ?lfn %ggfgprg %&fbﬁ'ﬁbfﬁﬁéﬁélﬁéﬁ at frbrPEd b%ﬁ/ adding

olnts o mani pu econony and

o comb o 8 i BLIR SRBHSE B R4 10 o

e of ald e of al.cohol, the

carbonafR g GasRLIRLE) e the sEagion sestetto, ThesS: Akal weq?'h%f alkaline

oxygen partial pressure at the reactor outlet is,
carth eS), SRPOGTHIG 658 LSRR 3IPR L Mo AW MBI AYPAso G b8 used in

| ower than the lower Iimt of the explosive range,
combinatidr.s preferably controlled to, for exanple, from 20

to 80 kPa. Although reaction can be carried out at a
[0137) eacti on pressure extending over a wi de pressure range

5 t .
ARRarchel EREOT dompelasits é@r%??&!”dgééﬁef%&?é% 35l gter is
raneof fromO0.05.t addi t.i on o
such L the Tdretion ANt é%g&”ﬁtat g stf@@a%e%ém%?oo C, the
total pressure so that t he oxygen concentration ?
reactigns dgmperature is preferably from 30 10 200°C, more preferably from 40 to
150°C and even more preferably from 60 to 120°C. There are no particular

limitations on the reaction time, and although not determined unconditionally since it

varies according to the set conditions, it is generally from 1 to 20 hours.

[Examples]
[0138]

Although the following provides a more detailed explanation of the present
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
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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outfl ow gas does not exceed the explosive Iimt (for
exanpl e, 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
"systemis preferably maintained at from6 to 9 by

Pgﬂhﬁﬂnor@, P IR EREMPlestdnd ismpargtiveeéxdmplesalriessurement of the
earth metal (such as an oxi de, hydroxide, carbonate

stribtftiofie" ' i j righ| db¥@rvation
st o P B X B e e P oo
| one, ,or two or [ ;
of thedpffh k414 sibrd e RUBRbRE Tafitshe piifie Ibteral, meastiroment o
during production of carboxylic acid ter i . .
meanpRrIGAHEMELER ateriipR ohie BaBet ol Fhg and Hibmic ratio of
~tenperatures above 200C the 15 reactitgn tgggera&ug | basi
Ni/(Nii 5 Xpr @eternainalion o the gonten ohsupRRSE sonstiventRlplents,(Riaf!, basic
to 150C and even nore preferably from60 to 120C. |
metalJ,henelyaise ofithpactyistall siructurariafacompesite pariciesagnalysis of the
tinme, and al though not determ ned unconditionally
chemidaheiaté of composite partiniaimeal eletrents; enatysislof thenghemical state of
is generally from1l to 20 hours. 20 [ Exanples] [0138]

nickelN hbsHBlodiBa H844rouid dricowichesntaryranalysist of lcethposite particles,
expl anation of the present enbodi nent through exanpl es

measﬁ%n%ﬁfrpai afHey e RrRABILEVisiE T 8Bketrd N PIRMRIsite  particles and
edionlman !lsn_otm |mted‘t2ereto. Aper;gn with t .

meesifhBFL Y1 e Wl el B Pt Ay SEporaM composie

partic TTAtaerapealp suice RESt e, Bafd Ty by iBTaried out
Furthernore, in the exanples and conparative exanpl es,

acconging ta theenethedsidescribed PRIt i ons of nickel and X in

014@he supported conposite particle material, observation
[ f the formof the support and supported conposite

RicEisBeSRt & DtributiBAS W NIBKE! @id X in Supported Composite Particle
Material]

A sample obtained by embedding the resulting supported composite particle
material in resin and polishing was measured at an acceleration voltage of 15 kV
using the Shimadzu Mode! 1600 X-ray Microprobe (EPMA). Ni and X (Au) in the
direction of depth from the outer surfacé were analyzed on the basis of electron

reflected images and X-ray analysis (Ni - wavelength: 14.5829, analyzing crystal:

RAP; X (Au) - waveléngth: 5.8419, analyzing crystal: PET).
[0141]
[Morphological Observation of Support and Supported Composite Particle

Material]
The support and supported composite particie material were observed using the

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

[0142]
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mean particle diameter, determ nation of the | oading
of NN and X and atomic ratio of 5 NN/(N + X),
determi nation of the content of support constituent
el enents (Si, A, basic netal), analysis of the
crystal structure of conposite particles, analysis of

INVEas FFBRTENE &F Mdat Paficles Digreter of iSupportl andBupported Composite
el enents, analysis of the chemi cal state of nickel,

Partic‘gaml?é’r@ i cal observation and el enentary analysis of
conposi particles, neasurenent of the

M e SaffePSRLAEpaGOIPOSIE Wassdfbas aaly no
soc ISR e AT Lo BEA oy SRRl PR Sl Diritn

were carried out according to the nethods descri bed
MeasgengwysieM40] [ Measurenment of Distributions of Nickel

0143ind X in Supported Conposite Particle 15 Material] A
[ anpl e obtai ned by enbeddi ng the resulting supported

m&%%mﬁioﬂaéftﬂdadﬁqg SBNEAMEX Art ARTHIB Ratd mui/%mg

S nmeasured at an accel eration voltage of 15

ﬂﬁe&%ﬁc&ﬁtéﬁéﬁ?ﬁ?ﬁh&g@ighd %ﬂ%é'étﬁbg%erdbfﬁﬂﬁe(m-material

Irection o epth fromthe

outer._surface we analyzed an. t ' 0

were FeRUFPESHS indBeHAc S0y yCEnl A (1S ThFsbikOf XD 1cP
. wavel engt h: 14, 8;3 apal.yzing crystal: RAP; X (Au) -

Emisgigo et emeter §ePAES M)z | ng crystal: PET). [0141]

[ Mor phol ogi cal Cbservation of Support and Supported

Sampies twereaprepared awaighing oW arwiPposies: matgral into a Teflon

supported conposite particle material were observed
decompbsitiohheessdl,t adtingxridso aRidhrarich ydragan fuonde rargt sigpting and

System (SEM . [0142] 53 [ Measurenent of Mean Particle
deco@@ﬁﬁfbef with SthpoMilestishéupbenératl Cdogelsi EFHTRTC clMicrowave

t

Decompoi:tli;l ]System, followed by evaporating to dryness over a heater, adding
nitric acid and hydrochloric acid to the precipitated residue, heating under an applied
pressure with a microwave decomposition system, and using a fixed amount of the
resulting pure decomposition product as a test liquid.

The quantification method was carried out by quantifying with ICP-AES with an
internal standard and then determining the contents of nickel and X in the catalyst by

subtracting a simultaneously determined blank value followed by calculating the

loading and atomic ratio.
[0144]

[Determination of Contents of Support Constituent Elements (Si, Al,
Basic Metal]
Samples were prepared by dissolving the support with aqua regia and dissolving

with molten alkali salt. The content of basic metal and/or Mg was measured for the
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Mean particle dianmeter (volunme-based) was neasured
using the Becknman-Coulter Mdel LS230 Laser
Diffraction/Scattering Particle Size Distribution 5
Measuring System [0143] [Determ nation of Loadi ng of
Ni and X and Atomic Ratio of Ni/(N +X)] The

samplé 81368RBHATItPAGUA fedih akalth@@8niéntsiof AkartdiBpaetetheasured for the
conposite particle material were quantified using the

sample}r ggsgl%g.ﬁiéﬁﬁﬁ motfarE Akl 'sait VRS Ef}%gé%%ﬂsﬁg@dté Moda JY-38P2

m ssion Spectroneter Sanpl es

P e SHRE b, JESRESY e BAPRAEL Ao obiomi ratos

aci d and hydrogep fluoride and heating and
_fr°mt%@éﬂgwfﬂépﬁhcgﬂeﬂﬁ% M | estone General Mdel ETHOS-TC

[0145]M crowave Deconposition System followed by
evaporating to dryness over a heater, adding 15 nitric

[AREEsRNs Ciydid Sieturé oROdnpesitd RarticRe] pi t at ed
residue, héating under an applied pressure with a

%fa‘?}é’ﬁtgg@ﬁml i&“uﬁﬁgttﬁ@Riga% NRidad Rintf 25080Power X-Ray

un fthe Tesulting plre deCtonposition product as
. : C .
oiftracgh pte XL Tikeri tilods aa Gl R waxF fode (40 kv
andard and t hen erm ning t ontents, o j
200 mb)cmeastrPAcands & yuic by deskees, A7 P HaigeR). eBkirtfy speed of
si mul t aneously determ ned hl ank val ue foll ?ngl a d d
0.2 deghPisyPad; il Wik (s5aHPHNG. FVSREBRPC reoRRlBN) O 14950, 1 deg an
[Determ nati on of Contents of Support Constituent
0.15 nhenents (Si, A, Basic Metal] 25 Sanples were
prepared by dissolving the support with aqua regia and
Thies sampie grasnwprepaned byrurdfckesly spedying Thto eomreraflestive sample

basic netal and/or My was neasured for the 54 sanple

plate aHdMahy ddthwiddpreagieubbtsgi a and the contents of Al and
Si were neasured for the sanple dissolved with nolten

[0146fal kal i salt using the Seiko Instrunents Mdel JY-38P2
[Analysis of Chemical State of Composite Particle Metal Components]

The chemical state of composite particle metal components was analyzed using
the Thermo Electron Model 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
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]
[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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| CP Em ssion Spectroneter (ICP-AES) foll owed by
calculation of the atomc ratios fromthe resulting
netal contents. 5 [0145] [Analysis of Crystal
Structure of Conposite Particles] Crystal structure
was anal yzed using the R gaku Model Rint 2500 Power

the resulffBy pdramblastwas cArsirat (Wit thossief stanthrtdi sulstarices (nickel
Cu tube for the X-ray source (40 kv, 200 nA),

metal, TRAXH ok [L) rtgg)g%iig{ th%oér%@éggggﬁae@&cr{ %s QRS SHtriddel present in

measuring’sp mn and slit w dths

scatterin di vergence, reception) of 1 deg, 1 deg
the suéﬂ‘a%e%%eﬁ% The sanpl e was prepared by uniformy

raying onto,a non-reflective sanpl| e | at e and
Tl e Sromens craanles, B setodnBly fof rkesfainent The Ko
Chem cal State of Conposite Particle Metal Conponent
spectryreot A Wasameaswtad tsfnPf@oﬁ%@# sresigal mede. ndt aﬁm‘?t time, e (220)
conponents was anal yzed using the Therno El ectron
was usbddior BESC any 260 crystal Pistit gwev'@@t aovertipalcdivergansg angle of 1
System ( XPS) under conditions of Al Ka at 15 kV x 10
degreeivdsousddfor ehe istitaahdrthe excitation woitdgezand sureateees set to 35 kV
of about 1 mm (shape: oval), using a O to 1,100 eV

and 86 WA Sdespeativel?0 Filter papdi was fieer Q¥ed famtheaabgoniseriptthsecase of
regi on. The neasurenent sanples were prepared by

the re?én‘éﬁ@é Gnigle, EHBWaq ﬁ%é%oﬁlb&edpﬁtéeﬁihesﬁﬁb% irfkhe case of
wth an t

agate nort and pestle and placing on a
e t all
suppoRRECHPISTR R5 s M8 ShedelFB oM 08Fo KBhaNSfh B8 ¥BF e pea
intensiscdl i SBoSRRGHEReSOPH: Fom o a5 2190 AGRd FRURES or more.
Spect roscopy System (HRXRF), and each of 35 th? |
Measyremart; was sapaatedehve Hmesc el SAmple. Aad nglgl samples were

st andard substances (nickel o
measured before and after each repeated measurement.  After subjecting measured

spectra to smoothing processing (S-G method, 7 points, 5 times), the peak |ocations,
half-width values (FWHM) and asymmetry indices (Al) were calculated, and peak
locations were treated as a chemical shift (AE) from the measured value of the metal

sample measured before and after measurement of each sample.
[0148]

[Morphological Observation and Elementary Analysis of Composite Particles]

TEM bright field images, STEM dark field images and STEM-EDS compositional
analyses (point analyses, mapping, line analyses) were measured using the JEOL
Model 3100FEF transmission electron microscope/scanning transmission electron
microscope (TEM/STEM) (acceleration voltage: 300 kV, with energy dispersive X-ray
detector (EDX)).

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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nmetal, nickel oxide) to predict the chemcal state
such as val ence of nickel present in the supported
mat eri al . The nmeasurenment sanples were used directly
for neasurenent. The Ka 5 spectrumof N was neasured
in the partial spectral node. At that tine, Ge (220)

transfofh éﬁﬁ?sﬁsﬂrahaelhénNORANQ Edeph BBIX ¥esl 20 feormnBhermo Fisher
vertical divergence angle of 1 degree was used for

scientfi® ??%‘Uﬁa?;?@ﬁﬁif ¢“§%b&é@_ ?&*Eﬁ%?”éfﬁ%f“%ﬁ‘é?““@°5“*°"a'
quantiZRabd Ba G ount i ng i me was sl ected for each
le in the case,of 10 supported nmateri

| .
Y6 measdeion s et pIeRRTe0bY caraine fie SRR composie
partileoderialaiie 5 S1oriasr @i PRENS (oL g SPeiAng I STl Afer

times for each sanple, and netal sanples were
subjenting to alirasehio deaniigdbr @bouht iMineise dhe povsies wasdrapped onto a
After subjecting neasured spectra to snpothing
molyhdertes siitggtig-aadsit-dadd t& optain TEM/S TiEMebservationmaaples.
| ocations, 15 half-w dth values (FWHM and asymetry
[0149)ndi ces (Al) were cal cul ated, and peak |ocations were

eated as .a m.cal shift.(SE) f t he.
Sasderendr A SRl Stet HCHPISLERAHEREL,
measur enent of each sanple. [0148 .Mor phol pgi cal
B ca0dt VisitlanapesteeWeEs ymﬁgﬁwﬁg éi%?go@wp g Model V-550
articles rig ie i mages, dar ield .
Particles] 20 TEM b ht field ges, STEM dark field
Ultravieieidisibled Speeivppmgomatpo SUM-Yisdl (Wit dntegsating sirhere  unit and
anal yses, mapping, |ine analyses) were neasured using
powdehearhipi@ holdededt Bheasaring rangenoi3ibite 20@omrand scanning speed of

m cr oscope/ scanni ng transm ssion el ectron m croscope

400 riM/NRSTEM (accel eration vol tage: 300 kV, with energy
di spersive X-ray detector (EDX)). 25 The data

' ' réti bl crivdisihg ahéBOpported composite
mm‘%ﬁ%ﬁﬂéﬁmﬂ%ﬂﬁ@? %ﬁTEMbi?r%ge aﬁd STEpI\/?i mage P

peri R Th4E1E) METAH BB Tl nEst 4 1St [ s ploer sample
holde-P}‘SrIr rrrﬁ%agh?el?ﬁernt of UV-Vis spectra.

[0150]

[Measurement of Physical Properties of Support and Supported Composite
Particle Material: Specific Surface Area, Pore Diameter, Pore Volume]

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/P, was used for

pore volume.
[0151]

[Support Production Reference Example]

An agueous solution in which 3.75 kg of aluminum nitrate nonahydrate, 2.56 kg
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Scientific for EDS data anal yses (nmapping i nmage
processi ng, conpositional quantification and

cal cul ation). The neasurenent sanples were prepared by
crushing the supported conposite 5 particle nmateri al
with a nortar and pestle followed by dispersing in

of magie¥iifl nitrafd ahd MO hest 60M hificibéidakerd dissbredi inds. DoL of pure
about 1 mnute, the powder was dropped onto a

. . Lo y - _
water [ RO BBAR o B of Sf SopBhon PV S olcica
U i ol et Vi sible Spectr.a. of ' RPanti gl .
peric el 8 1o S by A S R a8 FRRAAG B0 3R SRermica
s8OSy Sean HoL SR Eaent S PR AT oo sty o

~ sanpl e holder) at a neasuring range of 800 to 200 nm
silica sghqalspinummejtrakand shagngrivmnditale.  THdsasnents tbatmixed slurry
sanpl es were prepared by crushing the supported
was agedpyshaeldinglst HAC farl 24 inoues.i aAftet cdoling tegroom temparature, the
and pestle and placing in the powder sanple hol der

mixed fsturrywas wpeapdtied withVa ¥pmayseget sat to &1 60flet temperature of 130°C
[ Measurenment of Physical Properties of Support and

to obtayRP&yliged Conposite Particle Material: Specific
Surface Area, Pore D aneter, Pore Vol une] 20 Physi cal

%)tﬂgg‘g% t)é%%gyg SollP@aL FAdd b Lt Bke ¥4 27 BboRh i1°%2§|r“r§i a stainless

emusing nitrogen gas for the a ng

stol a8 6085 20 e V1S Noarbiian BEEAE g6 Fom room

emoeB A A e R SBEr e S b A Bt gy R ture for 3
vol une. 25 1{t0151] [ Support Production Reference .

hours.exMertQver.safteignrding fé’og iRVentghrewrse of 2 RgUEH and holding at

al um num ni trate nonahydrate, 2.56 kg 57 )
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
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. 1n addition, the
form of the support was determined to be nearly spherical based on observations

using a scanning electron microscope (SEM).
[0152]
[Example 1]

300 g of the support obtained in the Support Production Reference Example
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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of magnesiumnitrate and 540 g of 60%nnitric acid were
dissolved in 5.0 L of pure water was gradually
dropped into 20.0 kg of a silica sol solution having a
colloidal particle dianeter of 10 to 20 nmwhil e
stirring and hol ding at 15C (N ssan Chem ca

and 12V9Ufrd £3 maRwaasohs 3Bjutish Gt cﬁﬂﬂbamc a@i@l%@y préseied followed

to obtain a mxed slurry of 5 silica sol, alum num

oy el RS sBBRR LB o OBRUS it B to s
o SR G TEE By e BEH 5 v s

erature of 13 to obtain a spli.d. Next, the_.
| eftRg repevi ® epelntan! b9, Alkwina L Bfangbuu?'swfbed and
cm i nto a stainless 10 steel container having an op
washingy spyelebisaeh Wit Alistiigdawatare doe | washadc sbipefatant ¥ filtered.
tenperature to 300C over the course of 2 hours and
After ldoyidg rigr 40 haws at dDBECawith @ dryer, 3heprodect was dioedfor 5 hours at
after heating to 600C over the course of 2 hours and
450°Qdhdaingn & muffla tfuthace eoadbtain Bosuppdrted spmpbsits @article material
was cooled to obtain a support. The resulting support
(Nlom@k—!wd)a&ﬁg g@b%rtéd Jitho] D69l fhads P njekel afd 0.31% by mass

al um num and magnesi um respectively, based on the

of golP! AtheMbAfic ﬁéﬂﬂg&t NF?(\fNisil Ahf?f‘the%#@a e rﬁﬁﬂlznal thus obtained was

magnesi um T pecific sufface eterm ned by
o.80 nNitrogen adsorption was 149 nR/g, the pore volune was
0. 27 nm./g and the mean pore di aneter was 8 nm The

Hﬁ’ @QE? I er ’lqtr@?ﬁ Sug&f’ éé eq\ﬁ%s;’)o 34258 e particle

dlffractlon/scatterlng partlcle S|ze ribution
mateiglyiin | B8N 3N RPlisBING fas; wubiagied %agayd@mjw%eqf fo Particle

be nearly spherical based on observatl ons usin
crossssemionrissing @0t Xday micrapselp ¢EPMA) . Theirssyits prs ghpwe in FIG. 1.
1] 300 g of the support obtained in the Support
As cd?r bdwieardnoReF I&; dn diee BExpppited cBmposite pdirigle meaterishhad @n outer
L of water heated to 90C followed by stirring for 15

layer rubgterfiafly freR06F nitkalt andugoRrflHeaueghnl at & aieptionf O.Hiung from the

16.35 g of nickel nitrate hexahydrate 58
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 not be present within the support.

Next, when the form of the above-mentioned supported composite particle
material was observed with a transmission electron microscope (TEM/STEM),
spherical nanoparticles extensively distributed within a particle diameter of 2 to 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 interplanar 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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and 12 nL of a 1.3 nol/L aqueous sol ution of
chloroauric acid was prepared followed by heating to
900C, addi ng the above-nenti oned support slurry and
continuing to stir for 30 mnutes at 90C to insol ubly
fix the nickel and gold conponent on the support.
ratio dfexiekel Aol of thearoparidies fdareiarbagianty: 0) wasngoso Moreover,

stand undi sturbed and 5 washing several tines with

analydisSdf thb G fhneRé bns bgﬂhé"’@%&@ea%égf&%?ﬁ& 8§ the Niﬂweﬁomlc ratio

After drying ours at a dryer

in th?rc%ﬂﬁ‘é P\Qﬁﬁ)nfs' Bfeﬂwf %%urt@l&? o} %eabr‘é{cfl glgﬁlé that! én 'tRe Bdges of the

urnaCe to obtaln a Su po orrp03|
pamq%is[ﬁ}a%l%gga j{" al n’&}'\l.lllr%A o S' réy(13 I\/go%%} gglrnt Srprtlons other
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than &?p?ﬁi?'?'@é mieed F%U&W&afm%PHéﬁﬂMH“ argneagrements, nickel was
anpl e obtained by enbedding the resulting supported
detect@dmblgrgesammts:lmthemg@su cflalli particlesn ahe digtribaemgf nickel and
was subjected to X-ray analysis of a particle
gold wasssbseesd tthbegierylyaconsistant bassdpnahe resmkd\pf ED® elementary
results are shown in FIG 1. As can be clear from

mappimd>  lih, addittors Wne eidcRitugie i ase dsthtalitidrtdfniord| evdsfounddo be one
an outer 15 Iayer substantially free of nickel and

level Qﬁiader* fhaf thﬁgbﬂﬁeaﬂlsﬁ:b%&ﬁ lof gB!cpin%lF%cfa’n‘hmd 8ifection based on the
out ernost surface of the support, nickel and gold were

resu@%l%mﬁglﬂ agéggl.&nes extending to a depth of 10 pm

d Conposite partlcl es were

ﬁ% tﬁrgqu r&sg&s res%;\é\kf{gkt Hoﬁﬁm)t éahd)ﬁraction pattern

. conmposite particle eri al S observed  wi
atiribyitaRles i %'§|‘%ﬁ”%$ Bgt PB?FFNP g aﬂé«mfwemogﬁ fifped to b present in an
spheri cal nanoparticles extensively distributed within
amorah%ﬁ slate.e @natﬁvetcghebhaad,t athough nohwalkdefined adsoad peak was
particle dianmeter: 3.0 nm was confirnmed to be
presentigpoespandingtthgold apystals. Alikeughthewalag is lnlpse to the detection
nanoparticl es under higher nmagnification reveal ed
limit bfapowder M-raygdifitactiors (@ mean)nghé anddre drystallitd aiemeter thereof was
spacing of Au (111) in the nanoparticles. 25

aboulCaMmiA s £Balate?® aBEoRIN Y5 tise @‘chtaﬂér \delibn,  With respect to the

nanoparticles by STEM i ndicated that nickel and
chem@&il QB rﬁ@rlé? Chigkel \Dgglcbnﬁlfmé@?o P& bilSIbAE badd¥ oRBRAR results of
val ue of the atomc

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 Ka 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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rati o of nickel/gold of the nanoparticles (calcul ated
guantity: 50) was 1.05. Moreover, analysis of the
nanor egi ons of the observed particles reveal ed the
Ni /Au atomc ratio in the central portions of the
particles to be 0.90, while that on the edges of the
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to gold crystals. Although the value is close to the
[0153jet ection 15 linmit of powder X-ray diffraction (2 nn,
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fluorescence (HRXRF), and was determ ned to have a
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éSE was 0.344. 60
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 treatrﬁent at
room temperature for 2 hours in a hydrogen atmosphere to obtain a supportéd
composite particle material (NiOPd/o-alumina) supported with 2.48% by mass of
nickel and 2.30% by mass of palladium. The atomic ratio of Ni/(Ni + Pd) of the
supported material thus obtained was 0.66.
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In addition, as a result of investigating changes in

el ectron excitation states of the supported conposite
particle material by ultraviolet-visible spectroscopy
(UV-Vis), a surface plasnon absorption peak

originating fromgold nanoparticles did not appear in
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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/palladium (mean

value) of these composite particles was 0.8.
[0154]
[Example 3}

1.0 L of an agueous solution in which was dissolved 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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A sanpl e obtai ned by enbeddi ng the resulting supported
conposite particle material in resin and polishing
was subjected to X-ray analysis of a particle
cross-section using an X-ray m croprobe (EPMA). The
results are shown in FIG 2. As can be clear from
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spectroscopy (XPS). In addition, when the state of
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1.0 L of an aqueous solution in whi ch was di ssol ved
crosszegfog usingl am Xeaynimicrapeobe2 {ERMANY dAat @ ressllthdheesupported

to 80C and stirred followed by the addition of 300 g
compoésite particte matetialotasacorfirmed tdleaveupp auterlapeusubstantially free of

Ref erence Exanple and further stirring for 62
nickel and gold in a region extending to a depth of 2.0 um from the outermost surface
of the support, and nickel and gold were supported in a region extending to a depth of
15 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 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 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).
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10 m nutes at 80C. Next, an aqueous sol ution
containing 25.78 g of nickel nitrate hexahydrate and
37 mL of a 1.3 nol/L aqueous solution of chloroauric
acid was - prepared followed by adding that heated to
80C to the above-nentioned support slurry and

(P RiddnioNN GvHeh $the rstater oflactive gpesiestofofis sappored uhhterial was
fix the nickel and gold 5 conponent on the support.
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Ni QAu/ Sj O2- Al 2C3- M\JO) supported 10 with 20% b
ana'V%?S Q& ReINtSYere @@%‘Eﬂf”ﬁﬁé’éﬂ&r"‘ @ewepua’rw@ssnm gancRaTlicles with
of Ni/(Ni + Au) of the suEported material thus
the eppigy ﬁlapemye@(my deteetep! (G0 provededyy ardiyicke|ngnd rgold were
resulting supported conposite particle material in
confirmesi to dedcoutairst ity allasarticlepecThd atomie rratio aofahigkelégald (mean
a particle cross-section using an X-ray m croprobe

valuef 6PMBke obmpsitessdrticles haassupgor ted 15 composite

article material was confirnmed to have an outer |ayer
[0155gubst antially free of nickel and gold in a region

%)Eendi n4<;1 to a depth of 2.0 mfromthe outernost

graRle 4lof t he support, and nickel and gold vvere

supported in a region extending to a depth of

Pr sHPRored mormqsltamart@lebmigrlabéurQAwﬁg%AleaeMgo) supported

based on the results of powder X-ray diffraction (XRD)
with 1002%Hy mapp of tickel a0 0896 by Meagscoftgalt wasenhsained byspreparing in

diffraction pattern attributable to nickel was not

the saiveemeaptier a3dERBGIM Wadthctbiel excadiohoobachagignthe support and
anor phous state. On the other hand, although not

shrnn?elhle é@é dreGlurdy haagdqiesils samti@he@cﬁﬂéinrrg hRkePafAdngold for 15

gol cryst aI s. The nean crystallite anet er

mlnutggeéteé’é ¢asr %%mfé\/ﬁﬂwaéfe@g{t@?h%ﬁfﬁg ﬁgggﬁgaﬂea %ét’éﬁal thus

cherrer equation. State

kel 25 was confirmed to be bival ent based on
Obta"ﬁ?‘%éﬂ?s of X-ray photoel ectron spectroscopy

SAXPSr)ane 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 to be supported in a region extending to a depth of 25 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 attributable to nickel was not
observed, and nickel was confirmed to be present in an amorphous state. Oh the
other hand, although not well-defined, a broad peak was present comresponding to
gold crystals. The mean crystallite diameter thereof was about 3 nm as calculated
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In addition, when the state of active species of this
supported material was observed with a transm ssion
el ectron m croscope (TEM STEM, nanoparticles

extensively distributed wwthin a particle dianeter of
3 to 4 nm(nunber average particle dianeter: 3.8 nm
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obsepyednwilte @ émaunlsel%!bpleﬁrw FhicERIcOPRa s TRMYSTRMI, manoparticles
preparing in the same manner as Exanple 1 with the
extensivedpdistibuéd withiregpagidediametpoot 3 tmd nns (numbergavdrage particle
support slurry and aqueous sol ution containing nickel

diameted §d ainilowet® cidnfimnedt s bat s@ﬂﬁrt@@natrwnsupgaﬁt.i oEfdmentary
Ni /(N + Au) of the supported material thus t ai ned

analy¢as (20 FRintd) wer® tirerPBaicacslttdh RIdRGaGAINsbddited ﬁéHb,barﬂales with

supported conposite particle material in resin and

the éh%lr rq §brife f( egétetdro %X?ﬁ)f@ﬁédshﬁdoﬁtcﬂel and gold were

par Cr oss- ction US ng a ray mcro
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[01 iffraction (_XRD) of the supported conposite particle
terial, a diffraction pattern attributable to nickel

(Egarnp tes}observed and ni ckel was confirned to be
present i n an anor phous state. On the 25 other hand,

A cHRIMeErcMYy é‘@édabﬂsefs Ai&g? F a?.npsﬁé @ﬁé\h.dé@scehsgfg-g 0, particle

corresponding to The nean ‘cryst

diam&teP "RELm) Ws‘almpr@@ﬁat%%ﬁh BB} At GuhitRlm fhowed by firing

inair 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 mL of a 1.3 mol/L aqueous solution of chloroauric acid was
prepared followed by the addition of that heated to 70°C to 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 allowing to stand undisturbed and
washing several times with distilled water, the washed supernatant wae 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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according to the Scherrer equation. Wth respect to
the chem cal state of N, nickel was confirned to be
bi val ent based on the results of X-ray photoel ectron
spectroscopy (XPS). In addition, when the state of
active species of this supported material was 5

obtai s supeshed ichmpdsitensartisiel matetla QNIOAWEI 0408 supported with
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particle 15 dianeter: 150 m was |rrpregnated wWth 4%

compbyitergadiad Naeatidanasrconiiimedtd bgvd aniculer lagemsubstantidly free of
hours at 600C. Next, 1.0 L of an aqueous solution in

nickeNah@ Qolbis #lrestfionh éﬁténd&@tb 4 deptredfUBION Lo e 8utermost surface
nonahydrate was heated to 70C and stirred fol |l owed by
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nponent on the support. Next, after renoving th
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otherdgrst, relthanghvent Well-defirerd, a Afroad pdaki wgs fooesantt ¢asresponding to

at 105C, the product was fired for 3 hours at 550C in
gold enystalsy Alfthough 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 transmission 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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obtain a supported conposite particle materi al
(Ni QAu/ Si O2- La208) supported with 1.10% by mass of
ni ckel and 1.02% by nass of gold. The atomic ratio of
Ni/(Ni +Au) of the supported material thus obtained
was 0.78. A sanple obtained by enbedding the resulting
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~Crystallite dianeter thereof was about 3 nm as
90°C tainsefuhhe fix e Bickehand gotdrompemRtist theyRRosh. W t h
respect to the chemcal state of NI, nickel was

Nend.i pfierd removing they supamatante by orllowiag rtesstand gndisturbed and

X-ray photoel ectron spectroscopy (XPS). In addition,
washinige sevéral dinmese with aidtilled wptsrj dse ofasheds sapppmtarudwas filtered.
material was 20 observed with a transm ssion el ectron

After giyin@ fSrof®h6distSTERE, tHiwpriiict wakgived fort ®ABUINCAYA00°C in air to
distributed within a partlcle di aneter of 2 to 3 nm

obtai atsmbabrtéu %bﬁﬁﬁ)s&é IhardIe méiéﬁﬂﬁ!\ﬁ@AuﬁAlZOQ-!@% sWBbSrted with 2.50%

confirmed to be supported on the support | ement ary

oy MBS AA PASTL ) IR, OPRE SREERISBININI + A of e
suppdftF sl ps BB TPRO To b cont S?ﬁ’edai”ﬁ i

NI Rkt A RN E L —
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 um from the surface of the support, 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 to
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[0157] [Exanple 6] A commercially avail abl e spheri cal
alumna (Sumtono Chem cal, KHD, particle dianeter: 3
nm was i npregnated with 5% by nass of potassium
followed by firing in 5 air for 5 hours at 600C
Next, 300 g of the resulting alum na support was

gold chystas. s€The mebrOctystfilitaadiamebsratheredfovad ebant4 im rasedalculated
for 15 mnutes at 90C. Next, an aqueous sol ution

accor@li?'@)t %] fHe'“Scl?&r@ﬁecﬂJélfonn' WAiith ré%ﬁécﬂ@ tﬁ@éﬁ@hﬁ‘i’éa@ts?atérb? Ni, nickel

a 1.3 nol/L aqueous solution of chloroauric

was ?:Sh eﬁ@?o Lo g@{a[]e?ltggagg? ?Kglt % aﬂ:@u jt OBf ?% -raly"Bhotoelectron

hea fur
tin to stir for 30 mnutes at 10 90C to
SPeC‘f??E&’PME#(E ix the nickel and gold conponent on the

p Next, aft re ng the supernatant i
T PRt et 46 e OF GG SERGISS,Ballie s BReRPe material was
times with distilled water, the vvashed super nat ant was
obsemved: withd a transarissipyi aleckron TUCIRSGPRE af TEMERT EMe nanoparticles
product was fired for 5 hours at 400C in air to
extenslyely distibsiterpwithiech particksdiameber of 3 teed mat @ninatber average particle
(Ni QAu/ Al 203-K) supported with 2.50% 15 by mass of

diameteck8lé and werd %obyirmad stoobe gsuipboriBake ot i@ euppdrt.0 Bfementary
Ni/(Ni + Au) of the supported material thus obtained

analy$es (20 Femté’) warPterrSimieasshitbn RIIRGdIHI Hbsehfed ﬁéh@)ﬁérﬂ@les with

supported conposite particle material in resin and

the eﬂ%k#f'ﬁé&ﬂer&‘ﬁé K48 e&ét@étotroéb)ﬁgﬁrzyi@éd Shad %cﬁet and gold were

Cross- S ction US ng m Ccrop

ff‘@?ﬁ% 'bgnggg%ﬁﬁéf%%fﬂb ST %offhéﬁﬂﬁc%%&ﬁ%emd (mean
d 50 4
value Bt el R s B PP R A8 ¢ whi | o being absent
0158&_nsi de. Next, based on the results of powder X-ray
iffraction (XRD) of the supported conposite particle

[edebarativelEdrhpleant i on pattern attributable to nickel
was not 25 observed and ni ckel was confirned to be

SEESAoh BRRcATUAONS g 9401, O Efof Midke pocaycrat
and 12%h! 66291381 {ueBls solution of chloroauric acid was heated to 40°C. A
supported composite particle material (NiOAuU/SiO2-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 while holding at 40°C and insolubly fixing the nickel
and gold component on the support: The atomic ratio of Ni/(Ni + Au) of the
supporied 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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gold crystals. The nean crystallite dianeter thereof

was about 4 nmas calculated according to the

Scherrer equation. Wth respect to the chem cal state

of Ni, nickel was confirned to be bival ent based on

the results of X-ray photoel ectron spectroscopy
nickeKéﬁlﬁEolcﬁcém badsidn @be \shpFoﬁé@ bytisdiag ainifahiyvdistidetéct from the

of this supported nateria observed with a

surfadd &$QiisRiiep el ectron ncroscope (TEM STEMV,
nanoparticles extensively distributed within a

parE @S%dd%ﬁgﬁn%? %5'9 53§f |58wn§ep5@ f{ﬂr\}%ﬁ | r@égﬁgﬁb%f the supported

were-con

o W o 4 s AT s s

nanopartl cI es wth 10 the energy di spersive é
obserygd capd MigkehyasFRRfirmad tahe RIPERRY N3 SFTENQAKES étate On the
confirnmed to be contained in all particles. The atomc
other tharido athonghb it/ well-defimechire bread @eakfwas gseserdrpsrgspending to
particles was 0.94. [0158] [Conparative Exanple 1] 15
gold cry€tals. ofAltnoughwlasestosthiedeatecticcdimidioh pogdasX3ay gifeaction (2 nm),
ni ckel nitrate hexahydrate and 12 ml of a 1.3 nol/L

the magHenystalité didmétep therebpwaslabout Ichsh aasalkeekited atoording to the
40C. A supported conposite particle materi al

ScheKréI* ERuARIOZViRtR FBs G:Bé&))toweﬁéh%l dté of hﬂka&Wvé@iéénfrmed to

ni ckel and 0. 909 mass of gol d was obtai ned

be bleéLgrﬁiadés'é% 3 Ik slfs oﬁiﬁggﬁ%‘ﬁ%bﬁgﬁ%g&m@g baper

e exception o pport

0 BN, sl S SRR, b, SN Shefigsr FiS SEPPORET Hofterial was
cosoidih i AR T O s

rati o of Ni + Au) of the supported material thus
extenglyely @iétmbamcs witbin. a parigtatiametereidte Spmuhyarhanayerage particle

supported material thus obtained in resin 25 and

diamgtet:i 312 no)weerss onéoned toob- suppasiesl poi theosupport.  Elementary
particle cross-section using an X-ray m croprobe

analy6&9X20 poitits) wesaitHen eareiedmutron imdiidiial Dbsérvaderamesarticles with

of FIG 3, 68
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 gold particle material (Au/Si02-Al20:-MgQ) 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). T.he results are shown in FIG. 5. On the basis of FIG.
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ni ckel and gold can be seen to be supported by being
uniformy distributed fromthe surface to the
interior. Next, based on the results of powder X-ray
diffraction (XRD) of the supported conposite particle
material, a diffraction pattern attributable to nickel

5, gold@an e seéﬁ 5 EUSISbrisd By Befitalinifgmig distributed fiom the surface to
present in an anorphous state. On the other hand,

the in@ridpough not wel | -defined, a broad peak was present
cor respondi ng to gold crystals. Although close to the

ﬂ%g?crptégﬁﬂcdrd S estj t?BﬁﬁSwdélé a Cear@fg f6h éﬁﬂggu? rbg@acrlrpeak was
e AL SR L5l SR oot v
aboutd Pty ap REICHEeE AP i Bt MG.STR T4 aRBRoy Tl fsnstate of the
when the state of active species of this supported

suppartackrgeltl wagiclebmaterial wiash ebsereednivdbi én teanseripgian  electron
m croscope (TEM STEM, nanoparticles extensively

‘microséape (BEM3dgaid pamickesphaving & mbampadiclatiameter 3fh® nm were

(nunber average particle dianeter: 3.2 nm were
confirfrif torbeesLipporiedl G Estssbron Thizeiditigen @sta rdsuitof invasstigating the
15 anal yses (20 points) were then carried out on

e|ectrbﬁ6&>e¢itah@h sPRE VMBI Sapptifed bsidesa ffYcFehmaléﬁhIWﬂlﬂ'hwolet-vmlble

di spersive X-ray detector (EDX) provided, and  nickel

soso o, (a1, ORIl oGRS e rom o
. 0.97. [0159
partic %%aﬁé?éf?ﬁiét BRI BV Slppor  ed goi d par ti ol &

%éﬁer Ia?l AU/ gglaéql quggp Om% gagati'ut ed Wé‘&;ﬁ&%ﬁﬁps% particle

mat eri al u5| n% t he sane procedure as Exarrpl e 1l wth

materig of Exasmiesd o and C@mnaﬁgtwﬁ Exampigs # and 2.

[0160|t]1exahydr ate. A sanpl e obtained by enbedding the
esulting supported gold particle material 25 in

Table!€£Si N and polishing was subjected to X-ray analysis of
a particle cross-section using an X-ray nicroprobe
(EPMA). The results are shown in FIG 5. On the basis
of FIG 69
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5, gold can be seen to be supported by being unifornmy

di stributed fromthe surface to
based on the results of powder X-ray diffraction

the interior.

Next ,

(XRD), a broad peak was present corresponding to gold
efystat-s——thenpan—erysiat-te—diageter—thereofwas—S
No. al) Guppoded Ms@sHorC Al Aatblphidh € [lLoadig 0 nNelinA g | lcBmdodi | SGIET 1| € Eomposite Particle
equation.| Wien the statg of the supported|gold
pdrCBlln&!s@e mtalﬁc‘el dITemY}@acfurQ PSErv Wi th aart‘:clgansmnﬁbsl OBistribution Region
ellectron | m croscope (TEM, gold particles having a
e Gle.di a Eer pf 2.9 nm wer confirmed to be
suppor?ed on the rsng’pport. In additijo E?ame Ss|a"Fesylt of ™"
i nv Stlag fing the electron exmtatlon stateum: this
supP8P#ed| gol d particle erfial® py @™ | (molmol) ) Composite | Outer
ulftravi ol pt-visible 10 gpectrioscopy (UV-Vis), a
siirface p| asnon|absorpt|on peak orilgi nati ng from g#icg | Lever
particl es| was observed [at about 530 nm). |Table|l
shows the| physi ¢al propprties| of the supported Layer
nnnnnnn narta Al ~ nmit ri1 Al At Evyannl Aac 1 ta Aland
bLIIIPUDI L C |J(J.I tr L mac ul I (J.l Ul LAGQUTPT CS ] O U 1arnyu
ExamplCONpaGat | vesoxanmpl e 1 Andos2.| [d316(Q] 415 Tahle 1 260 05
70 No. Supported Suppori Adsorption Loading of Ni and
1 X|Geppesite N/ X Conpos|te Particlg Conposite
Particle [Tenperature (% Partjicle Atomic D stribution
Regi,@n Particle|Dianmetef (C) |Diamefer Ratio (m
I\/Exterial Ni X (mm (nol] nol) Comaocite QJter Particle
La anpl e N PAuU/. 60m 90 g 91 3 1.05,10
Examplp), é'%"f 2"r°}f\’l‘203 0 Ex&folle & OPd/ 0o mé&¥ 2. 85%5.3
4,8 0.8 17 - -
2 Si02-ALO;-
MgO
Example | NiOAu/ 60 pm 80 22 1.96 3.8 11 15 3
3 Si02-AlO5-
MgO
Example | NiOAu/ 60 pm 60 1.02 0.89 3.5 1.02 25
4 Si02-Al,05-
MgO
Example | NIOAW 150 um 70 1.1 1.02 32 1.02 30 5
5 SiOz-LaZO;
Example | NiOAu/ 3 mm 90 25 246 36 0.94 50 -
6 Al205-K
Comp. NiOAu/ 80 um 40 1.07 09 3.2 0.97 Distributed
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2 SiOr-Al20s MJO Exanple NiQAu/ 60msO 2.2 1.96 3.8
1.1 15 3 3 SiCR-Al20s MyO Exanple N OAu/ 60 gm 60
1.02 0.89 3.5 1.02 25 -- 4 SiOrAl 208 MyO Exanpl e

Ni QAu/ 150m 70 1.1 1.02 3.2 1.02 30 5 5 SlOrLa2(13
arpte—NFOAH 33— 9025246366094 H60—F6
Ex. 1 Al 8686, Conmp. N QAul 60 m 40(1.07 0.9 3.2/ 0.97 inside
stributled 71} Ex. 1 §i 02-Alf203- {nside | MgO Copnp.

(o8O g 90 --|0.9 2.9 - Digtributed Ex| 2
OrA|2oe- inside MO[01611 [Exanple 7] 240 ¢ of

, suppdrt gd corrp%i tel partijclg matesjal | of Ex iHBLb%zeal
=re charged ipto a stjirredjistai nless stgeel redqctor

| dwth a catal yst separator|and haying a
Bx.2) a'BT 0bhase poftion of| 1.2 Iliters] folloped by
carrying lout a pxidative carboxyli¢ acid pster
f oMt i on react|on from al defjyde apd al cohol while

Comp.

mé”m>g>m
IP(D

inside

TTTTNg the contents at—a rate 111 ternms of th
[0161Iti rrer tip speed of 4 mls. A 36. 7% by masst
E@%M&O} ei n/ met hanol solution at 0.6 liters/hr and a

/ok]y mass NaOH net hanol sol ution at 0.06

240 g of the supported composite particle material of Example 1 were charged

into a stirred stainless steel reactor equipped with a catalyst separator and having a

~ liquid phase portion of 1.2 liters, followed by carrying out a oxidative carboxylic acid

ester formation reaction from aldehyde and alcohol while stirring the contents at a rate
in terms of the stirrer tip speed of 4 m/s. A 36.7% by masst methacrolein/methanol
solution at 0.6 litersthr and a 1 to 4% by mass NaOH/methanol solution at 0.06
litersfhr were continuously supplied to the reactor, air was blown in at a reaction
temperature of 80°C and reaction pressure of 0.5 MPa so that the outlet oxygen
concentration was 4.0% by volume (equivalent to oxyg-en partial pressure of 0.02
MPa), and the concentration of NaOH supplied to the reactor was controlled so that a
pH of the reaction system was 7. The reaction product was continuously extracted
from the reactor outlet by overflow and reactivity was investigated by analyzing by gas
chromatography.

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/kg-cat. Reactivity after 2000 hours had elapsed indicated a methacrolein
conversion rate of 75.1%, methyl methacrylate selection rate of 97.1% and methyl

methacrylate formation activity of 9.520 mol/h/kg-cat, thus showing hardly any change
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liters/hr were continuously supplied to the reactor,
air was blown in at a reaction 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 partial pressure of 0.02 MPa), and the

in reactvitienWhaén ée slppérted somposiesi pariclemateridl s rsedvered and the
controlled so that a pHof the reaction systemwas 7.

IoadlnHr:Sf hR#&el Al @c?l&déﬁér 2650 ﬁBUFé WP Tomparba: %"ﬁﬁ‘ihe fiki@& loading

e reactor outlet by overflow and reactivit

theren%i“‘(@%b‘i Lr%gdggﬁl 3%%? %JrJtYJ fg’%st?rhléé? grg-:g gggﬂ&&{,atﬂm confirming

crole Qanver S|onratevva 49 sel ection
that sFROBREN iR AT AR SThSondiRe 11 Jug ol OF pifRer Bha Yoia was
formti on activity of nethyl nethacryl ate based on
inhibitede supported material unit mass was 9. 568
nol / h/ kg-cat. Reactivity after 2000 hours had el apsed
Neat, cwineny the reaaveced supporied compesie perticle énatﬁrlabwa%observed
nmet hyl nethacryl ate selection rate of 97.1% and net hyl
with reet lraosyissien f electtonormiocosadpey OFEM/SPEM)DI ¢drhpgsiteat particles
t hus showi ng hardly any change 72 in reactivity. Wen
extensivelyscﬂlsmi@uteﬂiiwnmmfamlelmatriecér&:ﬂmm her (nomsber average particle
recovered and the adi ng of nickel and gold after

diamet8P (3. Rokth§ wikpe &orfifRad ae Wé TsthBrQed Bt suﬂ%i‘t n%ompdsmonal
thereof, the nickel and gold losses were 0.1%or |ess,

point "aﬁét%i-"st b¥ deu ﬁauébrﬁB&glier r‘ﬁ%ler?t &%‘Iﬁﬁ%@?'éﬂﬁﬂﬁrﬂ?d that nickel

Ion O IVG corrpone S nic

st B B e Dt BSOS o o
sl 5P SR R GRG0 ST Y s,

particle dianmeter of 2 to 3 nm (nunber averag
as a gs%fitflt of nvestigating chagges i elgelren ﬁﬁft?"ﬂ%étqtesk%f the supported
supported on the support. Conpositional 10 point
matermidmys:itsamlet—walble dpabtroscanys(Wé-Vis) ta suegce plasramm Ebsorption
confirmed that nickel and gold were contained in all
peak ofiginating &iom gblekpariitles wenotadbszredd irntheaticinity of &30 am.
of nickel/gold of the conposite particles (calcul ated
[016Zuantity: 50) was 1.10. In addition, as a result of

m‘\é‘%?" X ﬁ\ltlelt%m&%r}’qes in electron excitation states of

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
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
mol/h/kg-cat. Reactivity after 2000 hours had elapsed indicated a methacrolein
con\}ersion rate of 58.7%, methyl methacrylate selection rate of 95.7% and methyl
methacry!ate 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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material by ultraviolet-visible spectroscopy (W-Vis),

a surface plasnon absorption 15 peak originating from

gold particles was not observed in the vicinity of 530

nm [0162] [Conparative Exanple 3] A reaction was

carried out under the sanme operating conditions as.
recoveretigaethle loa@ingdftrickes apd Qo dtero2Q@Ehderspeere cdnapared with the

material of Conparative Exanple 1. As a 20 result, at

initial PEHYIRG Whéredf HAB rikieel Erf folafiobées WRAs B M, and'® 0%, respectively.
nmet hacrol ein conversion FTate was 63.4% the sel ection

The npﬂ{b%r%fveF?éJ‘a%%ritiEt%tJ]Qﬁ@é@fﬁg%‘@éﬁrg%ﬁsﬁg%ﬁgﬂeigg determined with a

ormati on Vity o acry ase

wanshiiSich) BT iaepodt () END: WES 580, A R spmeosite

. | ndicated a thacrolein conversion rate of 58.7%
pamclﬁstm ORE®N&Er yl ate sel ection rate of 95.7% and net hyl
[0163ﬁg nmet hacrylate formation activity of 6.111

| / h/ kg-cat, thus show ng decreases in reaction

fSémphfativeEkaghied)i vity. Wen the supported conposite
particle material was 73 recovered and the | oadi ng of

. ' - _
g e Epedl o8RRI i URBAERAI M 4 Examle
o % and 2. 00 i yel h
using B85S let, TR SR RRr 8 sARREP b (ntraraTE BRI 2. s o
result?%&%?b rmrgfe qvqmrﬁng %é&ﬁﬁé?@%@ﬁﬁ tﬁ%e@rfg%tbg{g@ eiérc%c’n%%‘?seion rate
was 515 508 elSioR e o et dnehasise wes 2436, B8RAS fgrmatr
~conditions as Exanple 1 using the supported conposite
activityapftreihyl methadrylate bagedpartheisupportedpnatepial vait massovas 2.671

result, at 200 hours after the start of the reaction,

mol/hikgecatet HReactivity naftem\7€0s houry &tael eteps2l. ihdigatetiea methacrolein
selection rate of methyl nethacrylate was 81.5% and

convérbiont RItEwIfi B13%AGhétnyt InethadRldly Iseladtibacizyé af & he%ednd methyl
on the supported material unit nass was 2.671

meth i l Vhe v g ¢ PUtiRishaHoRirP Rereases in
e o TR ot o NG B ¥

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 48

nm, and sintering of gold 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
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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15

conversion rate of 18.3% nethyl nethacrylate
selection rate of 79.1% and nethyl 15 nethacryl ate
formation activity of 1.89 nol/h/kg-cat, thus show ng
decreases in reaction activity and selectivity. Wen
the supported conposite particle material was

Moretesrouer 2 desuitiof Beingopdviiedowitl Arfloafer eayeiOsLIbtRatitfalNeFée of the
conpared with the initial |oading thereof, the gold

compb8ié péHiciBs oY sJﬁ&Mhr@é‘ﬁ%ﬁm%f gt faldisagBtafled®in which

gold ‘particles as a transm ssi on
rckoLbAE GoRDcBhBeASKCRSe Ity 15y o 1B o pe ngipted. s
obsery3fJATeaPia R BSRied EecPh erRinFSe BiencApBRPHE Particles

was confirnmed to nmaintain an extrenely high | evel of
are SPBB@%‘?Q/ near {he surfaem §f Yas sUBPOR. faastion Astivity ingreases,aed metal
of the conposite particles thereof 25 were confirned
compppeRbtlosharpseasdsor eThug, i teamparisareadth aenventioral supported
case of using as a catalyst of a carboxylic acid
materials e considessble impeacment ims eporevhy ainy be esttaineednot ddly in this
Moreover, as a result of being provided with an outer
specifiay@actionbblibalsb ah Genéra in afwitiBerargeBfafiniérob8dthéd reactions.
a supported conposite particle material is obtained in
[0165zhi ch  nickel and gol d conponent | oss caused by
iction and the |like can be inhibited. As observed )
TR AESBARRIGEION iRse%en & Jaranesh RatenkArplicaligrfled with the
conposite particles 5 are supported near the surface
Japangse Rategt Gifiiee on Qatebern?h, 2007 (Japanese Patent ApplicakieraNo. 2007-
conponent | oss decreases. Thus, in conparison with
27938 0n thencontent obwbhisbris iwcorpanated hemin bymefedencd| e
i nprovenent in econony can be obtained not only in
this specific reaction, but also in general in a
w der range of nunerous other reactions. [0165 10 The
|ndu5m&$@m;c§ﬂmyi cation is based on a Japanese patent
application filed wth the Japanese Patent O fice on
[0166Qct ober 26, 2007 (Japanese Patent Application No.
2007- 279397), the content of which is incorporated )
HOEePYPRATtadhFomMpAsEe paRliRie tmateriahgpeersing te 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.
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15 [0166] The supported conposite particle materi al
according to the present invention has industrial
applicability as a catal yst for chem cal synthesis
such as a carboxylic acid ester formation reaction
bet ween an al dehyde and an al cohol. 75 CLAIMS W
claim 1. A supported conppAiM® particle materi al
conprising: a conposite particle forned of an oxidized

Wecl%irﬁ.ke' and X (wherein X represents at 5 | east one of
nts selected fromthe group consisting of nickel,

al ladi | enj .8l ver and

QOpﬁ‘Z%éﬂHa”nng gﬁ@ﬁg%%er ?é'gi%ﬁ%v@%@a‘! %g'[nggﬁﬁglﬁ te particle

I S _supported,. erein the supported co ite particle

AT leoarr PaBied of 85 oxdEPd tigkel SR Jyherdis pfePresents at

conposjte particle is localized. 10 2. The support.ed )
least pRaRHlamerya selacted frafdhp grodp seneisting ebnickel pritadium, platinum,

wherein the supported layer in which the conposite
ruthepiaim, igslld dikver sodicopper)i angresent in a region

extending froma surface of the supported conposite

@esuppoireomathich thie compdsiteopartiole isguppattedt di aneter of

the supported conposite particle material. 15 3. The

Kwhapeint e dtconiisdsiteChationt aterial a6Mmprided@ $Wpported layer
Caiml or 2, wherein the equivalent dianeter of the

in whithRRE 'dofth ot &8 iPRIckliseg material exceeds 200 m
and the suppgﬁjtézgl Féyer |hn whi ch the conposite

particle is localized is present in a region
extending by 80 pmfrom an outer surface of the

upported conposite 20 particle material. 4. The .
R D SHPREB TSP sie 4 e TlelRl acoitipg aGlg & wherein the
Claim1 or 2, erein the equival ent dianmeter of the,
SUPP%”Lﬁﬁ)gyFéa“ WEWB&E@F@W"?&%"H&'% IQCQ"ZEF%'SQ}UGSGH" In&aregion
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 Ciaim 1 or 2,
wherein the equivalent diameter of the supported composite particle material exceeds
200 um, 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.

4. The supported composite particle material according to Claim 1 or 2,
wherein the equivalent diameter of the supported composite particle material is 200
um or less, and the supported layer 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
76
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lumor |ess, and the supported | ayer in which the
conposite particle is localized is 25 present in a
regi on extending fromthe surface of the supported
conposite particle material to 30% of the equival ent
di aneter of the supported conposite particle 76
materterial. 5. The supported conposite particle
mat eri al according to any one of Clains 1 to 4,
conprising an outer |ayer substantially free of the
conposite particle on an 5 outside of the supported

| aver—i . . i D) ! _
i SUb R nBOTRE Bl plerky BobariE R o bne B Claims
G aim5, wherein, the ter er is forned at a..
1 1o 4ioRTSb Hrogenieves Substaifialeh of e SmEes R edtiste onan
~the support. 10 7. The supported conpqsite ar_tigl e
outsideafdhe sHPReded (Ve in whightherroreposiiepariclels {epagzed.
wherein the conposite particle has a nean particle
di aneter of from2 to 10 nm 15 8. The supported
conposite particle material according to any one of
d&i rEhe $upporfed vbepesite padicteoatérial reicording to Gfaim 5, wherein
nickel and X in the conposite particle, in ternms of
the od8r RyefsFofrRbd &t afthidkh&ss bF0fonam & AmifeorhQhe Butersurface of the
supported conposite particle material according to any
suppdepe of Claims 20 1 to 8, wherein the conposite
particle has a core forned of X and the core is coated
wi th oxidized nickel. 10. The supported conposite
particle material according to any one of Cains 1 to
9, rein th upport.is_forned,of an . .
ai Timi O SHBRY e ERPoRits Paricle Kisterial 3sqrsing tq gy one of Claims
containing silica and,alumna. 77 11, A process_for
1to BpwhaIRIN P soPEste patlice, Rp® & meap Rerice dFamater pafrom 2 to 10
which the conposite particle fornmed of an oxidized
nM. nickel and X (wherein X represents at

8. The supported composite particle material according to any one of Claims
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 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 to any one of
Claims 1 to 9, wherein the support is formed of an aluminum-containing silica-based

composition containing silica and alumina.

77



10

15

20

25

| east one of elenents selected fromthe group

consi sting of nickel, palladium platinum ruthenium

gold, silver and copper) is supported onto a support,
conprising: 5 a first step of obtaining a mxture at a
tenperature of at |east 60C by m xi ng an aqueous

sl r A rteds ftbmoaucing@smppvmed&mh?bﬁtesmobt ragdtedial in which
oxi de of at |east one of basic netals selected from

the c%rﬁ%ﬁf@ﬁ@ﬂi%@ﬁrﬁféd”@f ah ddizéd RRKEPBAHSX (@hbﬁéihgﬁi‘ Eepresents at

nmetals and rare earth netals, and an aci di

least %ﬁ%g@#@@%ﬁ‘%@g%ﬁgﬁﬁni@é QPCLS@C% St{n??)&%r}iclfé?,”ﬁé}fa@iuﬂﬂ, platinum,

and
heat-tkfatin a recuisor cont%in

ruther§ g Rt Sig e} BOSrERpleti At o Aty Yolintli

particle material according to Claimll, wherein the.
ERistien of BPIRNING A MeHUIEoR IrBRsTALL of 43453t GGy Mixing an

one of basic netals selected fromthe group consistin
aqueass SlURHICPAtRIMBE A SupRArkan which i supnaitadean pxidgf atdeast one of
earth nmetals. 13. The process for producing the
basic suelats setkctadhfros the group ctansisdingr obblkalioe andlalg) alkaline earth
Claim1l or 12, wherein the aqueous slurry further

metals @l iase afthanebidld eandaan rcidicragaedus 36Iutién ok eolabksmetal salt
for producing carboxylic acid ester conprising:

contalnfftf hicREl #d Medeharete and an al cohol in the presence of
oxygen by using the supported conposite particle

TPy g AT br AR o AR T, .

acid ester according to Claim114, 78 wherein the
al dehyde is selected fromacrolein, nethacrolein or a
m xture thereof. 16. The ocess for, produci

e e

: ng .. .
calhox 8 Broses TRapiadUSRGNg: HBPPESBICBMACERe fartigle material
wherein the al cohol is nethanol. 79 )

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
supported composite particle material according to any one of Claims 1to 10 as a

catalyst.

15. The process for producing carboxylic acid ester according to Claim 14,
‘ 78 |



wherein the aldehyde is selected from acrolein, methacrolein or a mixture thereof.

16. The process for producing carboxylic acid ester according to Claim 14 or

15, wherein the alcohol is methanol.
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