SPECI FI CATI ON  CATALYST FOR PRCDUCI NG CARBOXYLI C ACI D
ESTERS, PROCESS FOR PRODUCI NG SAME AND PROCESS FOR
PRODUCI NG CARBOXYLI C ACI D ESTERS Technical Field
[0001] The present invention relates to a catal yst
for use in production of carboxylic acid esters by
reacting an al dehyde an@'ﬁ@'ﬂ@g—ﬁ@’,\' or one or nore
types of alcohols, in the presence of oxygen, to a
BAIALY ST DR BN GING KAARBBOXNYIIC AGHY Eﬁiglz'd?ﬁr BREYSESS FOR
for producing carboxylic acid esters using the
PRODYSINCEEAME ANDI PROCESSPRR PRODIGENGI@ARBOXYLIC ACID
produci ng useful carboxylic acid esters industrially,
in the case of nethyl netggypgte, for exanple, may
include a process in which nethacrylic acid is
produced by oxidi zi ng nethacrolein with oxygen
foll owed by reacting the nmethacrylic acid with
to product nethyl nethacryl ate. However, the
Te %%ﬁggg?yacid catal yst used in a step for obtaining
[005¢}hacrylic acid by oxidizing nethacrolein has
problenms with thermal stability, and gradually
deThampresantlindentiore aelatesnto hergialyat foreuseind producdion! of carboxylic
addition, the yield is also still not adequate, thus
acid eaidra by reaeting an aldeHydlecamd an aficatidl, drdstis 6f Alore types of alcohols,
catal yst. [0003] On the other hand, the direct netha

in thé Qﬁ?&ﬁ‘lcfé?bf BhRIBIE 9 % 5 foEpRRIICHHR catbly8Eldhd to a process

acrylate 1n asingle step by reacting nethacrodlein or

for gf&rgglcgﬂd;cé{wbtogglﬂfégg%%g%rgm%qurmee&é{é@& oxygen is a

roces require sSeparation of
easily polynerizable nmethacrylic acid or acrylic
acid, and is currently attracting attention 1 because
of its higher yield of nethyl nethacrylate in
Backarpend &8n with the above

[0002]

A process for producing useful carboxylic acid esters industrially, in the case of
methyl methacrylate, for example, may include a process in which methacrylic acid is
produced by oxidizing methacrolein with oxygen followed by reacting the methacrylic
acid with methanol to product methyl methacrylate. However, the heteropolyacid
catalyst used in a step for obtaining methacrylic acid by oxidizing methacrolein has
problems with thermal stability, and gradually decomposes under reaction
temperature conditions. In addition, the yield is also still not adequate, thus leaving

room for improvement as an industrial catalyst.
[0003]

On the other hand, the direct metha process for producing methyl methacrylate
or methyl acrylate in a single step by reacting methacrolein or acrolein with methanol
and molecular oxygen is a simple process that does not require separation of easily

polymerizable methacrylic acid or acrylic acid, and is currently attracting attention
1



process. In such a process, a catalyst primarily
containing palladiumis used for the catalyst.
However, during production of nethyl nethacrylate or
methyl acrylate in a single step by reacting
met hacrol ein or acrolein with nethanol and nol ecul ar
because e, its dighes vield pfirnetbybmethagylate il epmpatseh with the above
unsat ur at ed al dehyde, nunerous acetals of the
prog¢eszat ur at ed al dehyde and al koxy forms, resulting from
addi tion of alcohol to the wunsaturated bonds, are
f aprggbma psboesedactatalyshigrimarilg ccdredaining pglladlutmes used for the
probl em of = generation of carbon dioxide gas which is

VeX! LRHBA lof (RE®yPRictMdcrydes sremsthy) acrylate in a
cata{l 004 Thered#g{rﬁgaﬁrr(r%{jl fi ca?tl ons have beqen made tosut hery

smﬂ%l éy ﬁ? r%?ctﬁlé%@ﬁ'@% chIEﬁ'F'?rh e&?iéti’rl! i mgg'lzan%]‘ aA8rSolebhi@r oxygen,

regardi ng ormati1 on

L R G B B B g ot
e BT SHEESaE Easy Bi  bng of sl o

pal | adium and at | east one el enent selected from

unsgttwat@dcmmsstarﬂ downed aady-prodsigisy whilesHse resuifing in the problem of

thallium or a catalyst containing an alkaline neta
genecatinsunfl carban ididide gasr whicheisathe: Singb QK@a(!QGeprpdtléh(See Patent

Docunent 2). [0005] On the other hand, although the
docorrsenge of a catal yst containing pall adi um was |ong

t hought to be required for catalysts used in this
[00@#]ocess, m)re recently, catalysts have been reported

t o_hav ee tco rise the | gadi of, nohl

T Starer TR Tieations, hres Beg; Magh 1 Bty %'Vstéﬁ Sfetpime these

exanpl es of such processes i ncl ude the ése OL h
problems. y s For nexamele. gihed aboveoperklemst segardifghdhe farmation of the

Patent docunment 3) or the use of a catal yst conprised
by-mroduatshbavetbeeserepRateshto decsolwed and zathedylig acid ester has been

production of carboxylic acid ester by reacting o
repeitée ity dse ablé & behsroduoed &t high yield by using a catalyst containing an
intermetallic compound containing palladium and at least one element selected from
the group consisting of lead, mercury, bismuth and thallium, or a catalyst containing
an alkaline metal compound or alkaline earth metal compound (see Patent Document

2).
[0005]

On the other hand, although the presence of a catalyst containing palladium
was long thought to be required for catalysts used in this process, more recently,
catalysts have been reported to have been used that comprise the loading of a noble
metal such as ruthenium or gold on a support. Specific examples of such processes
include the use of a catalyst in which gold is loaded onto a support (see Patent

document 3) or the use of a catalyst comprised of ruthenium (see Patent document 4}



presence of an oxygen-containing gas. [0006] Patent
docunent 1 : Japanese Patent Publication No. $S45-34368
Pat ent docunent 2 Japanese Patent Publication No.
S62- 7902 Pat ent docunment 3: Japanese Patent
Application Laid-open No. 2000-154164 Patent docune
during: prodpatiens ©f Rareexylispacid eate by Ueagting @ldelyde and alcohol in the
2001- 220367 Di scl osure of Invention Problens to be
presericesof dryoxyyen-cordainimngag.0007] However, in each of
t he known processes descri bed above, the selectivity
[00@8] the resulting carboxylic acid esters and catal yst

habat dodien FETAGn PRGHR ENPlrm BIEREC A8 0% o

by |l oading onto a supporf in ts

edRABRt doBipeRl? i é@@ﬁﬁ’%ﬁ%ﬁ%@ﬂ?@%@ §§§2(§9§t
production costs is large, thus making it difficult to

c ftaieabdocunent Priapasess Patentudpplisation Liaid-ppen No. 2000 2154164
advant ageous processes. [0008] In addition, since the
pdPatadt dogcumenidnilaparest igalenmt M’pt’td:atmreLajdmpeinrNo h2001-220367
above production processes are types of noble netals,

they are expensive, and when as a catal yst conponent,

they are frequently used by dispersing and | oadi ng

Dis@BPredof IAVEMIYH . thus making the selection of a
support extrenely inportant in such cases. On an

b BE JuNdd Hf’tﬁé‘ﬁ#f%hﬁ?ﬁ process into a

prac Ica ? use,”  as a conducting extensive
[00F#]udi es on catalysts | oaded with conposite
nanoparticles containing oxidized nickel and X
( vitewever, j eaphesfetheskrawh eascesses desanber alovesttbe selectivity of
fromthe group consisting of nickel, palladium

the rrégmltmglmarbobtyhlsemmmeg@ﬂsdan@Idataiystaactlwtqomﬁem)a,deqhate and since
inventors of the present invention clearly concl uded

expbR&ive hobké infdiakt Qich as padhdiuns trutiertimhénd heiaieliséd by loading
catalyst Iife was not necessarily obtained in the case

ont&fa support in high amounts, the economic burden resulting from increased

catalyst production costs is large, thus making it difficult to consider these processes

to be industrially advantageous processes.
[0008]

In addition, since the palladium, ruthenium and gold which are used in the
above production processes are types of noble metals, they are expensive, and when
as a catalyst component, they are frequently used by dispersing and loading onto a
support, thus making the selection of a support extremely important in such cases.

On an assumption of putting industrial process into a practical use, as a result
of conducting extensive studies on catalysts loaded with composite nanoparticles
containing oxidized nickel and X (wherein X represents at least one element selected
from the group consisting of nickel, palladium, platinum, ruthenium, gold, silver and

copper), the inventors of the present invention clearly concluded that a satisfactory
3



usi ng activated carbon, cal cium carbonate, alum na,

silica or silica-titania as the support. Nanely, in

the case of reacting a catalyst in the formof a

slurry in a commonly used industrial stirring tank

reactor or bubble tower reactor and the like, .

catalystfaomndhe viewpoigt of catelyish liftoyaanet aeaesserihy pbtaineshirothe case of
ni ckel and conponent X which are the catal yst

usirep ratinateids carmnp heicived carbdriade c akenioh, adlicav at adlica-titania as the

carbon. In addition, although alum na has high

suppefthaNaiaélys i ehgtdaset bE réddtingobhcatalyishen thppfortn of a slurry in a
decreases due to corrosion by acidic substances

con%%ﬂ{}'_ h§éc?ﬂ1d%tr‘i‘é]3§tf’f‘ﬁﬁ§‘téﬁ$ r&€act8y oP bRBBIRE fovdr fdaRtor and the like,
reaction, methacrylic acid and acrylic acid, thereby
meélﬁefrﬁ#%l' gtl‘i’%#ﬂg% @vnlsci@gpééﬁgt@ Bfd oéxf%ﬁiS?é%?f‘gﬂﬁﬁePEnﬁecomponent X

e a nd conponent are t

whigﬁt@?éﬁ% 85%%%53{@'\35 sgvéﬁ %b%%@l%giﬁitﬁg &%%%?Jﬁ%\%ﬁi?@{gaicgrbon. in
addtion, FAMOUEEEIIMA (1% AN MeshEBFehalterglh, B4, AGangtpidne support

for industrial use. In the case of silica of L
deaseasesa-duer 40i egrresippr by orcidic sHbstances sexemplifipd, iy gharacteristic
eroded by water introduced along wth the process or
by-produgtseof heaeacton, amethaoyylior acid anddcryliceacidathareby resulting in the
thereby resulting in the phenonenon of the elution of
shoticonfing offyrégtee ek afté)dvlidtion of nickelnard conipoireht Xnehich are the
conponent X which are catal yst conponents are al so

cat%l&%fé{:érﬁﬁ@ﬁéﬁl‘sy TRRSHe’ 8 calchins RAHSIHAY foft tHY Suidit results in even

ens as to whether these substances w || remain
orofeh RBHTB 15 58 S Bhoh S SpHREGF acld 3dkange than i the

bei | ower, t han t he abpve- i gne ' o
casgoh flumits dhe N makpgf s dfeRic BB deRL P, IS Hese of siica
sj.lica gel and studjies on .the use of high-tenper.ajure
or slica-tianigy a porian of the siiea is,gradiiafly 2s0dnd pwgPeédnifeﬁuced along
_the purpose of inproving the mechanical strength and
witle dhe opriosass «ari by awater qrroduced s aHbympreguct: plefhie figaetion, thereby
been no exanpl es reported of successfully inproving )
resuitinfaini thal prenomnepdn ah dhéwlitisingef silica awhile texfeliativouand elution of
inmpairing the inherent 4 performance of the catal yst.
nickel" asd astiphsoneahit aX twhichhaeh catalystt ygrapohersts| aea alss simultaneously

observed. Consequently, there are problems as to whether these substances will
remain stable over the course of long-term use. In addition, there are also the

problems of mechanical strength being lower than the above-mentioned alumina.
[0009]

On the other hand, studies on processes for producing silica gel and studies on
the use of high-temperature sintering to modify silica gel have been reported for the
purpose of improving the mechanical strength and corrosion resistance of silica.
However, there have been no examples reported of successfully improving
mechanical strength and hydrolysis stability without impairing the inherent

4



substance, is known to be hard, have hi gh nmechanica
strength and have high hydrol ysis resistance.
However, in the case of using quartz as a support,
al t hough nechani cal strength and corrosion resistance
are remarkably inproved, this also leads to a
perigepapeg &f the eaalyst.i Faueraipelea iz whish, i@ typesef silica-based
and since this prevents netal catalyst from being
subbtaaded is rknowen torbe dfard; haveahighc mechanical istrgimgih and have high
di spersed state, the problemresults in the extrenely
hydralysis eesistaricey éfovidver, iesthiet casg ohusingsjuartnas laesigzzirs although
of this background as descri bed above, there is

mecHanic t dtieripth et cofrfosibre pésistabte sarePRIrhartkably traFrdvedh this also
mechani cal strength and is physically stabl e whi

leadd 1%0:11 Ba¥idased |H'sﬁag§i6rsfu"f‘l%%e Hre8 (% %W@B‘r fedsPr antP §indé this prevents

catal yst support enonstrat es satisfactof y Ccorr 0Si on

meé??ét%‘b?sg;‘fﬁqrﬁ" tMiné SoRfsd il ?h I?J"T”ff?'n‘ét ﬁéf’tlﬁfés |nI éqﬂgﬁy dispersed

|on|n ormof
|nth

d
statg oo iEm eI Bp 4t £X8 ”mrq 0 Fecieehiigg gatalyst
2 OB pasiod ﬁshpgé&rgﬁ%%‘fé deygibee fﬁw%@”‘i@%%”fﬁ}q"rvw%ﬂy a need

view, an object of the present invention is to pro
for @ catalysdsypportdhalias hmhpneahamlpakstfﬁngébramd@mMs'@alhd stable while
ester by reacting al dehyde and al cohol, or one or
alsarbawing yep bighos urfd ceohielass uifabia For meeasractahrsbsygmﬂ, demonstrates
wherein a high level of reactivity is maintained by

satisfactify @drisRioh aisthnes withragpedtits thé dpaeadidtistic liquid nature of the
el ements having superior reactivity instead of

readtRINY ANHeORRn SXBRAFHIR/IIBR@® e%?éraéyﬁ'rtheélé’ r@é@dﬁrﬂﬁl ﬁhe  presence of

process for producing the catalyst, and to provid

on BB  ipaSh B ST SRR XY are oo

actif cBupBhenlscier GhoHe BERRRE” {he”i nventors of 1 he

esent invention found that the above probl ens can
[00‘@)” P
J sol ved by a catalyst for producing carboxylic acid

eWith the fohegdingin digve damiabiédt of the present invention is to provide a
catalyst for use in production of carboxylic acid ester by reacting aldehyde and
alcohol, or one or more types of alcohols, in the presence of oxygen, wherein a high
level of reactivity is maintained by using as main catalyst components stable metal
elements having superior reactivity instead of conventional expensive noble metals,

to provide a process for producing the catalyst, and to provide a process for

producing carboxylic acid esters using the catalyst.

Means for Solving the Problems
[0011]

As a result of conducting extensive studies to solve the above-mentioned



and X (wherein, X represents at |east one el ement
sel ected fromthe group consisting of nickel,
pal | adi um plati num ruthenium gold, silver and
copper) are |oaded onto a support within the range of
an atomc ratio of NN / (NI + X) of fromO0.20 to 0.99.
propems]the Naventprs ohthepeasent invendioni found shalsthgeakeveppepblems can
below. [1] A catalyst for use in production of
be salvedxyy accatalydt ést prodogingeearbiorglia afida¢stenyrdwhicmn axidized nickel
al cohol, or (b) one or nore types of alcohols, in the
andoxe(emeeanok repetents aCleast o5é eisment slestdd ik ethe geoup consisting
X (wherein X represents at |east one elenent selected

of ﬁlél&ﬂ‘ le’Tacﬁﬁ Elatﬁﬂl'iﬁ' ﬁﬁhéfﬁul‘i’lf gBIcP kiver BAd || éF§1 are Igaded onto a

platinum enium gol d, Fver and copper) l'oade

e

[00YSE in production of the carboxylic acid ester
according to item [1], conprising a conposite
naiNapeety, it premammtloh i$ be descdbedbelome kel and the X
(wherein X represents at | east one el enent sel ected

[1] f rocatalyet raise ingedetiisrgobéarboikglichcidpestéaby ueacting (a) aldehyde
pl ati num ruthenium gold, silver and copper). [3] The

and- Al8h6h! of qb) Usife ioh. ﬁlb?é’tt?géé’rbfoﬁlcbhﬁlscdhbl%éybré‘se&@bdof oxygen,
ester accordl ng to item ], wherein the conposite

corﬁ‘ﬁ’rgﬁ géxrtlcle is a particle having X at a core thereof
a~ surface of the core is covered with the

ox| dLz ni,cke [4] The catalyst for use in
%ﬂﬁ&?ﬁﬂélﬁ %We carboxylic acid ester according to
t he oxi di d ni c

Ituﬁt H@B eﬂye)ﬁerépéﬁgglﬁrsfg Jeast, ong §th;§&?€t°t 3 i from the group

addition to the conposite nanoparticle @5 The

congiatinpyeft nicke!, paliadiym, fdafinum orHtaeniyfe b‘éik’ﬂ .a@da@cmper) loaded
ester according to any of itenms [1] to wherein

onto lzesupyioti witbinra rege dfsarnatoinuik sbtioef be/ (aNid’r ) of fram 0.20 to 0.99.
conposite 6 oxide containing nickel. [6] The catal yst

[2] f Theusatalyst for adecihi prodattidrief dar barbdxylic aciddestet eccording to item

according to any of
[1], comprising a composite nanoparticle composed of the oxidized nickel and the X
(wherein X represents at least one element selected from the group consisting of
nickel, palladium, platinum, ruthenium, gold, silver and copper).
[3] The catalyst for use in production of the carboxylic acid ester according to item
[2], wherein the composite nanoparticle is a particle having X at a core thereof and a
surface of the core is covered with the oxidized nickel.
[4] The catalyst for use in production of the carboxylic acid ester according to item
[2] or [3], wherein the oxidized nickel is further independently loaded onto the support,
in addition to the composite nanoparticle.
[5] The catalyst for use in production of the carboxylic acid ester according to any of

items {1} to [4], wherein the oxidized nickel is a nickel oxide and / or a composite

6



items [1] to [5], wherein the support is an
al um num containing silica-based conposition
containing silica and alum na, and an anount of
alumnumis within a range of from1 to 30 nol %
based on a total nolar amount of the silicon and the
oxidelaomtainimg jigkeiThe catal yst for use in production of
the carboxylic acid ester according to item [6],
[6] Wies eatalyishéorsugepiargrotiuctidreof thengarbergicaacit eatar ageerding to any of
speci es of basic netal conponent selected fromthe
iter@’ W]ﬁ 605 S\hrhémn)f than sulppart ne amt alumiaometdrtainieg  silica-based
eart netal and a rare earth nmetal. [8] The catal yst

compokitid ecéﬂaﬂﬁ@%ﬁibh%@%ldrﬁiﬁac%hﬂoéb{ ldnso@sti 6F lahhum is within a
ccor |ng to | [ 7], wherein a conposi ti onal

ranée %J\r‘rgroﬂi mea/o ab#%&‘gp %t&%ﬂ%&ﬁp%n{@& ot thE silicon and the

ana omc ra e catal yst
for use in production of the carboxylic acid ester
am@wemwhngt0|tem [7] or [8], wherein acommsmlonm
tio of nickel to th asi ¢ t al one
[7] Pl spipivetfor Hee b RESSHETRR G DRt BrPSRYIE B4 1geisT ?‘ﬁ?na'”g to item
al kaline nmetal + the alkaline earth metal + the r?
[6], swhersimshel gupforhfurtiher camprises ableastcong, iﬂ%‘%& lhas'c metal
of the carboxylic acid ester according to any
conipoment bélecten fréin thetgnoaproansistingmfaan alkeliae metal an alkallne earth
silica-al um na- magnesi a conposition containing

metsi and a.rafd esithenatald magnesi a, and conprises silicon at
42 to 90 nol % alumnumat 5.5 to 38 nol % and

[8] “‘Pﬁé‘%‘étél@tffbr fisé Gn PRodEdtisn GRtedcatBoRylicoacitl esiérgccording to item

anmount i con, "al um num and magnesium [11] The

[6] é@@r Weré.ﬂ Wd&.@ﬂﬁ%% @ﬁ kNG SBFXYS FonR®.01 to 1.0 in

Accord: erein the conposition
ratio of nic mnalsfrom001t010|n
terngsepfr@ 6‘¥°m'lcr{8?3t°m 2;\&1 atio of Ni and t he
nposition ratiqQ of nickel ma eS|a|sfr
(9] + BhE Catalyetilar Hge dp Paadution ef e ?%Berv'm agid &5 '791;%%?'"9 to item
The catal yst for use in production of the car b
[7] erdBl véharein a@@msﬁ@npbrﬁwyof njekelita the PQ?IC»[FBEPT E?mponent is from
wherein a specific surface area is from20 to 350
0.01#s d,2 in terms of an atomic ratio of Ni / (the alkaline metal + the alkaline earth
metal + the rare earth metal).
[10] The catalyst for use in production of the carboxylic acid ester according to any
one of items [1] to [9], wherein the support is a silica-alumina-magnesia compossition
containing silica, alumina and magnesia, and comprises silicon at 42 to 90 mol%,
aluminum at 5.5 to 38 mol% and magnesium at 4 to 38 mol%, based on a total molar
amount of silicon, aluminum and magnesium.
[11] The catalyst for use in production of the carboxylic acid ester according to item
[10], wherein the composition ratio of nickel to alumina is from 0.01 to 1.0 in terms of

the atomic ratio of Ni / Al, and the composition ratio of nickel to magnesia is from 0.01

to 1.2 in terms of an atomic ratio of Ni / Mg.
7



maxi mum frequency of a pore dianmeter is from3 to 50
nm a pore volune is fromO0.1 to 1.0 nmJg, and a
particle diameter is from10 to 200 m [13] A process
of producing a catalyst for use in production of
carboxylic acid ester, conprising: a first step of .
[12bbiTherdatalyst fontuse)istprodedtionsof theycarbexylis acidiasienacaesding to any
and a conponent X (wherein X represents at |east one
of ibresefl] toe[Hdt wiefeionat spedfiosprfacenaiest isndronh 20 daed50 m?g, a
pal | adium plati num ruthenium gold, silver and
magifiUie flequendy of apuretdidyeteaus fraim 3itodlanmaeai gbre volume is from 0.1
solution of a soluble nmetal salt containing nickel and

; t if i | ickel b
to 1;:2 gﬁ‘ﬂﬁ and _%cwﬁﬂg damatera Fdnt D% 200 H! y

reating t obt ai ned catal yst precursor. [14] A

[13f" &%ﬁe%é) bf, g@{bﬂ%@h{‘ﬁ g%?%gﬁl;fpb Qge?rgip%&fétﬁh SFUHbOIBScid ester,

ep o use I n product’ on
f .carboxylic acid ester according to any one of itens
00$h@mﬁg-[12], with (a) al dehyde and al cohol, or (b) one
or re types of, al.cohols, in the resence of. gxygen.
(18] Rrah S e QRIAING o bt AiSrwBRE 1. P ptaiie Aitkel and a
according to item (14], wherein the aldehyde is

a
corapeRRing (whieeinel repepeats gt deast ona rlemmenteselealed Hom the group
m xture thereof. [16] The process for producing
consiatingxel nicket i pallagium, ptatioudi, mytheniume rgald.43ilveriandeicapper) on a
t he al dehyde is a conpound sel ected from acrol ein,

suppertiae neliealizing dnaacidis solutiont dfer scllibleametdl saltadornddining nickel and
is methanol. [17] The process for produci ng carboxylic

X; @fd d ester according to item[14], wherein one type
of the alcohol is ethylene glycol, and another type of

:Eﬁ %rt]:‘\?gﬁflétg:ﬁjso[ gg@%ﬁﬂﬁlthesnﬁﬁélaﬁy e UPe g e oBlained catalyst
precursor.

[14] A process for producing carboxylic acid ester comprising a step of reacting the
catalyst for use in production of carboxylic acid ester according to any one of items
[1] to [12], with (a) aldehyde and alcohol, or (b) one or more types of alcohols, in the
presence of oxygen.

[15] The process for producing carboxylic acid ester according to item [14], wherein
the aldehyde is a compound selected from acrolein, methacrolein and a mixture
thereof.

[16] The process for producing carboxylic acid ester according to item [14], wherein
the aldehyde is a compound selected from acrolein, methacrolein and a mixture
thereof, and the alcohol is methanol.

[17] The process for producing carboxylic acid ester according to item [14], wherein

one type of the alcohol is ethylene glycol, and another type of the alcohol is

methanol.



According to the present invention, a catalyst for use

i n production of carboxylic acid ester, which

mai ntains a high level of reactivity by using for the

mai n catal yst conmponent a stable nickel conpound

havi ng superior reactivity instead of the

conventi onal expensive noble netals, a process for

produci ng the catal yst, and a process for producing

c Hdvaxjdgenuadtfieats bbtheukmivantiee cat al yst, can be

rovi ded. Brief Description of Drawings [0014] FIG 1

[Ooﬁﬂoms a photom crograph obtained with a transm ssion

5518 8154 BISRRT R, B2 A0 Blodlefin ofcormonyc

. ester of Exanple 4; Fl| 2 shgws an .enl arged .
acndpﬁ%t§5nwgpggmgﬁ-ﬁargﬁ qc,h@% pv&i@?dﬁap%@eby nggbfor the main catalyst
obt ai ned by fast Fourier transformation (FFT); FIG 3
compepRBt 2 pHablenninkel raasrP@HIth HeviNgri SUPesoE Jgastivity instead of the
transm ssion electron mcroscope (STEMbright field
conventipsipl @xpehsiveanablg snefals, arprdoess forcprastueing the gatalyst, and a
ester of Exanple 4 along with the results of an
process|fys prodeicingoearbekyiicodcit @sterusing theneatglystlicapdresprowided.
X-ray spectroscopy; FIG 4 shows photom crographs
obtai ned wth the scanning transm ssion electron
m croscope (STEM bright field inage) of the catal yst

Briegp:?ﬁgfiwg{l%é&@éggxyl ic acid ester of Exanple 4

ults of aline profile of the
[001Qnposi tion thereof obtained by energy dispersive
X-ray spectroscopy; and FIG 5 shows a graph show ng
afdBy stsshywsi| ar photsineicragrapin| ebigires rwith opy transmigséon electron
catal yst for producing carboxylic acid ester of

micfosgopé €TEM Brigietsfielitinhaged of Gacatalyst fapuse imepiativetion @fi carboxylic
[0015] The followi ng provides a detailed expl anation

aciddsteéhsf Eﬁ&hp[@lﬂ;e for carrying out the present

invention (referred to as "the present enbodi nent").

FiiGher 8Rés 4r'@nlarged photomicrograph of FIG. 1 and an image thereof
obtained by fast Fourier transformation (FFT);

FIG. 3 shows a photomicrograph obtained with a scanning transmission
electron microscope (STEM bright field image) of the catalyst for producing carboxylic
acid ester of Example 4 along with the results of an analysis of composition points by
energy dispersive X-ray spectroscopy;

FIG. 4 shows photomicrographs obtained with the scanning transmission
electron microscope (STEM bright field image) of the catalyst for producing carboxylic
acid ester of Example 4 along with the results of a line profile of the composition
thereof obtained by energy dispersive X-ray spectroscopy; and

FIG. 5§ shows a graph showing analyses by ultraviolet-visible spectroscopy of

the catalyst for producing carboxylic acid ester of Example 4.



present invention is not limted to the foll ow ng
enbodi nents, but rather can be carried out by
altering in various ways within the scope of the
present invention. [0016] The catalyst for use in
production of carboxylic acid ester according to the
present enbodinment is a catalyst for use in production
of carboxylic acid ester by reacting (a) al dehyde and

BesiIModwfor Garryiby Quidhednventient ypes of al cohols, in the

resence of oxygen, wherein oxidized nickel and X
[CO f Sherein X represents at |least one elenent selected

o S8l e e oo o o Bt e forcarvin ou

the Lpﬁgg%?toﬁcéﬁtlgn Zﬁﬁ?g &)tyésh’ftﬁgﬁnrrggg fbgg r%[)eoﬁ.!rthermore the
The catal yst for use in productiaon of carboxylic ac
pres@itteiNVEBLGR df mapt: imitad topthes épltovdne semhedimete é%wa&her can be .
further conprises conposite nanoparticles conposed of
cared ouiky alietngin waribus Wwayewithin thersgopesiithe paesentaavention.
one el enent selected fromthe group consisting of
[00%8)ckel , palladium platinum ruthenium gold, silver

T FRRETRS for' e TR PTG iicf Aol ot é’%téy gfBiding to the

sych s Ni 20,. Ni i 02 N 34 o
pret il eBRagitis & catalysh fog s thcarodisden QTSC%rbﬂmcerd ester by
oxi de conpound, solid solution or mxture thereof
reagtifngda) @jdehysiedand alcekel can(p)wraencpromqsﬂetyeeanfr alcohols, in the
types of another netal elenent and oxygen. [0019] The
presenca ohioxkaenowheesin usdédized mitkel mmdeXs(wheraincXnigpnesents at least
contai ning nickel and 10 oxygen. The nickel oxide
ond etemedets shiatied Nréin tied Jrodp 3€zhsisting 20 3nicke, Ipalladits, platinum,
of the foregoi ng, hydroperoxides of nickel containing

ruthenidiehl GoRUBIIEr BRE VO afe |dauétseént@cmtsapﬁong~mﬁ% range of an
group, or a mxture of the foregoing, and the |ike

atofm0b of Ni / (Ni + X) of from 0.20 to 0.99.
[0017]

The catalyst for use in production of carboxylic acid ester according to the
present embodiment preferably further comprises composite nanoparticles composed
of oxidized nickel and X (wherein X represents at least one element selected from the

group consisting of nickel, palladium, platinum, ruthenium, gold, silver and copper).
[0018]

The oxidized nickel is preferably a nickel oxide formed by bonding nickel and
oxygen (such as Ni;O, NiO, NiO;, NizO4 or NizO3), or a composite oxide containing
nickel, such as a nickel oxide compound, solid solution or mixture thereof, formed by

bending nickel and X and/or one or more types of another metal element and oxygen.
[0019]

The term “nickel oxide” used herein refers to a compound containing nickel and

10



In addition, the term"conposite oxide" used herein
refers to an oxide containing two or nore types of
netals. The term "conposite oxide" refers to an oxide
in which two or nore types of nmetal oxides forma
conpound, and al though this includes double oxides in
oxygen.c hThe mécksd omidsamcﬁsiasrrélzﬁth@ﬁ NiBat NisOaser WizQyr gr hydrates of
units (such as perovskite-oxides or spinel-type ]
the daiedingf hydropetoxidast oflnickel nedndaiaingalal Q8Xi dgreupi ar geroxides of
broader sense than doubl e oxides in which two or nore
nickieY B6staiingrat®} §rcuipe or aanixavedsfdne @regomg, andthe likeé wo
or nore types of metal oxides forma solid solution
[0020]so fall within the scope of conpound oxi des. The

fall ow.ng provides expl anati on,of the _action.b .
\Aﬂf‘cﬂdgwgﬂerﬁgpyt@fﬂbﬁ%ﬁ%ﬂ?spx f PRFAnlEEn &fers to an oxide
denmonstrated by |oadi ng oxidized nickel and X (wh r"eil?

confaining dwesenmorgt types Rf 19atals| chepteda| sempgsite d?%ﬁ'ff%efe ers to an
group consisting of nickel, palladium platinum )

oxidevinhenich iwogwimioresiypes of melakoxiges forona sompaupgoand although this
within a range of an atomic ratio of NN / (N + X) of

incliidesndBuBle &xid€s 9 wHiclD #s ofTbroaciis are nst pfesdnd as structural units
present invention found that the inherent catalyst

(sudf bt \perdvskite-dXiddLor sFiin@p@p@adgtiaas @R infbkel)V# also includes all oxides
esterification activity is achieved by conpoundi ng the

in d;gr i erQdriie #2h JouliBdotiBas in SREK AWy ohin%“reC@Péby(ﬁt metals are

rmance 1S denonstrated that I1s not denonstrated

with catalys d | ngi :
configubeRB 2 PR TRPRRAME oF idre 37bde B dnebd PAERE form a sold
as a result.of conmpoundi.ng the nickel oxide and X,
solugion ‘1“§°?§L1L‘UE'H'P tF‘S SGRPE GE CPERPAUNAAXIAS%: creation of a
novel catalytic _ action that is conpletely different .

f riie followind reavidessar explasationf He aglian bXavbich gtremely high
conmponent due to, for exanple, the formation of a X
catalystapsridrmanceoisatiemansirgted by leading mxidized figkgd and X (wherein X

speci es between both netal conponents. On the basis of

repiesients1 e eleast wree ptlemeent tsetectad efrom Ithadgrogpt kensisting of nickel,
oxi di zed nickel and X onto the support in a highly

palldHitRe akhdTh afihediBh Igeld, @Neéyasd tapper optd haupportewithin a range
particular was able to be realized unlike that

of aRLBHAE Fhtitd SINCANGYRY SF PEmidI80 RS 09 art -
(0021]

The inventors of the present invention found that the inherent catalyst activity of
nickel oxides having oxidative esterification activity is achieved by compounding the
nickel oxide and X, and that remarkably high catalyst performance is demonstrated
that is not demonstrated with catalysts composed of each individual component.
This is aftributable to a unique effect demonstrated as a result of compounding the
nickel oxide and X, and is thought to be the result of the creation of a novel catalytic
action that is completely different from that of catalysts consisting of each individual

component due to, for example, the formation of a binary functional catalyst or a

11



[0022] In recent years, nanoparticles, which have
attracted considerable attention due to advances nade
inultrafine particle synthesis technol ogy, are
recogni zed to be a basic material in the field of
nanot echnol ogy, and research thereon is progressing
novel adting specigshetwesnrhathrmetal @ompanents.a @arthedpasis of this novel
di aneter of 100 nmor less differ frombulk particles
conceptt imathet bage bbloadmghihghoxidigpd miclel and X wntattee seppdrt in a highly
el ement anong the netal elements that constitute the

dispeassp atatec | revolutibnary’ eatdiystngeiformidice $nirgaatieular avawfable to be
the netal elenent per unit mass increasing rapidly the

I t nanoparticles

reall';zﬁm%rﬁiﬁ t?ﬁt 0@?%%‘? %g@s)t/f? ﬁfr'r%'t @ﬁﬁ% may i nclude

[002mt al nanoparticles such as those of platinum
pal | adi um ruthenium rhodium gold, silver and
cdppeeentarears: panaparideaawbishrhave attrastrchcansidargble gitention due
i ron oxide, cobalt oxide, nickel oxide, zinc oxide,

to advancésimard iﬂeultmifinem&rticiec:syirtﬂmesi$ mmhnnlmggf, e recognized to be a
alum na and silica, and these nanoparticles are

basit! inatertialng bkt Wdidfnnmtbelﬁmlc?ﬁHWSesmhltheteon is progressing
materials. Nanely, one reason tor the grow ng

aroiid B WeRdPeNhophAichss ABving e parrld ariméter of 100 nm or less differ
nanoparticles to catalyst nmaterials is that, since

frorﬁ ﬁ;ﬁﬁk Veﬂ(?rﬁéle? 99%5 *iﬁé I erren%hﬁpesen Hidn ?:?téd?fé Smeetal element

on the sur

amc&{bﬁiﬁ%&pet\éﬂe{erﬁgﬁg ﬁgtot{lwg“ﬁ.ggatﬂg b%@ﬂm{:g ?&sﬁ.ﬂtlng in the

eacti on ecific surf ce ar I NCreases,
surfaiia 256 i tHRMElAl @IGEENG BeT ity hgse wsaﬁmsﬂéwhvf e smater o
mass. Changes in catalytic action attributable to the

particle sizet e quampm oh aﬁagaamlplgsé@qwn imihe fild ok catalyst materials may
wi dely known in the formof "particle size effects”

incljid® pgEtalirrar@particles sheh asdhase ohplaéiname palladiugnsethenium, rhodium,
whi ch new effects are denonstrated in addition to

gold, heilver pmiit coppers ior anetal @xide nBnopartiglas! such las thosée wf iron oxide,
of binary metal nanoparticles are known to be one of

cobhf xRS riéiiel X Tifc kiRl titfih &lifecxircuniirmeoxide, indium oxide,

catal ytic action of nanoparticles. This action refers
aluthhadhd5iliEs Lard Heskhatipicit @ aRE attracting attention as heterogeneous
catalyst materials. Namely, one reason for the growing attention being placed on
the application of nanoparticles to catalyst materials is that, since that which
contributes to the catalytic action is limited to the metal element present on the
surface thereof, when applied on the nano level, the surface area per unit mass of
the metal element involved in a reaction (specific surface area) increases, thereby
improving the catalyst activity per metal element mass. Changes in catalytic action
attributable to the particle size of nanoparticles in this manner are widely known in the
form of “particle size effects".

[0023]
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denonstrated by single netal species, and is only
denonstrated as a result of conpounding. Alloys as
referred to in the prior art are a known exanpl e of
this (binary netal nanoparticles refer not only to
the case of the elenment species being a netal, but
al Qo theyethatdmanda therei arevalse Gases in whishparm @ffests ais dgrponstrated
and nmetal conpounds are conbined). Although particle

in agiditoratal tisdsep padicke sidenkffectse Fparexaniple sthepabtion of binary metal
controlled in the case of nanoparticles consisting of

nanapaititiareekroRNtio bé dneecol tirefavtmvepiadiing |z sighificant effect on the
conposed of two or nore types of elenent species,

cataifl HEBSIRbT AAAbHAkIcRE! ATRiChStid FéfBFL 1 AARMRICE iRt is unable to be
crystal structure and phase structure (such as the

denchs‘Pﬁété’d bif’&.sir%(lj%%é!{dl O%be%iésucé)@ﬁ gﬁgérhlwé}ﬁoﬁét}‘étba' as a result of

es are a y occupl ed speci es,

aore-shel | r.u re in i ch h c j Ci .

oo\ BGRE . ARV E% e RO duF 3Ry 1T B R bEmpte of this
..ani sotropi c phase styucture in  which ses are . .

(bingBy, LR IRTREE RIS FFERNPY Ontyfd theGassyl1apHEIpnent species being a

structure, in which both chem cal species are present
metghj bl Atsor iNcludas sases iBrwhicd matalaeampoupdst o metals and metal

Nanely, as a result of enploying a binary conpound ]
compaundsuaeg admiped).i nAlthouglf partiole sizenlarsbebiape aczunainly the

resulting in the denonstration of chem cal and

pararhetdrs ool be pomipsildd @5 thbatasy of chasogarticles f esresigtingr ofna single
si ngl e nanoparticles. Thus, binary netal

eleME@NORRthé JaRe MEHcHrIEs dre cdpnpised 8f Bvd ®fehore types of element
catal ytic, magnetic and optical properties not found

speéi%sf‘?a‘ﬂﬂﬂﬂﬂail Céo?ﬁro?oﬁﬁ?g feraf ity %oﬁﬁid’é'iticﬁ‘l e;c’lﬁgﬁfgg)eséructure and

eci es, and el r applications are belng de

. (i fi ) - i.al s.. .

ohad sV BH 1ol iR B5 5816 SEAPb TR GeR e pysa ses are
0024 The, [ nventars of the presgen onducted ,a .

ranqgTHB. QosHbie bR SHREHCA sbesiste SPHT ShE b UGl b Wity gagh chemical

of devel opi ng. catal ysts havi ng,_ hi gh carboxylic acid .
spegigsds seppiaied i the form ofrancenirie ereSaa%omwpmaﬁsrstructure in

the main conponent thereof an inexpensive netal _ .
which phases Rre separated ahisotnopivally,vand heterobardphilic ptracture, in which

of expensive noble nmetals of the prior art. Attention
botwabkermhinal species ane pkedem adiacent toreath biharman iheopefadessf particles).

Nangglit as a result of employing a binary compound structure, changes in mass of
the metal species occur resulting in the demonstration of chemical and electronic
properties that are clearly different from single nanoparticles. Thus, binary metal
nanoparticles were found to demonstrate novel catalytic, magnetic and optical
properties not found in nanoparticles composed of single metal element species, and

their applications are being developed in various fields such as electronic materials,

medicine and biotechnology in addition to catalysts.
[0024]

The inventors of the present conducted a wide-ranging search for materials for
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resenbl e those of noble netals, and extensive research
was conducted on the correlation between chem ca
state and reactivity thereof, thereby leading to
conpl etion of the present invention. Nanely, as mas
previously described, the catalyst of the present

the grmesenehevelepingi eatalvatsnhaweg high carbexylic grishester selectivity and
nmet al | ochem cal species (wherein X represents at | east

activtye Wdiilenalsio baviagt &t theomain heorgponentc thesest anginsixpensive metal
ni ckel, palladium platinum ruthenium gold, silver

element havipy supelioprkexttioity to fakeuiheopiacaidf kixpenasivengbleometals of the
an atomc ratio of fromN / (N + X) of 0.20 to

prioP-#f. AtténticH dagsfoctisetiNen MHiSked Nds b e’ni& it having properties that
preferably further conprises nanoparticles conposed

resﬁbfeh?ndé)é' oF Zr%lé“rﬁé Is, 28Ad %)&é\ﬁ‘ﬁf/ | Rs&afcdhPW2RCBbRd@ited on the

ast one el ement sel écted romt e group consi sti ng

corr8 @bf lﬁgﬁ\gegﬁ plﬁ@%"mhg{aﬁ% | $H(53 regdc@‘:@i P{@%géofgo h%reby leading to

°°"1d é@{{ G B BieRent Qv s %w%@%\ew%}x' described, the
currently attracting attention as an al cohol
catalystqof i e Paesents emhadimeph has, xidized whickeb Ang 1%y as a binary

the first tinme that despite a low | evel of activity
metalleghemicakspesies dwhered) Xirepresettsnah iaashone elemmtﬁeilt@cted from
acid ester formation activity. Moreover, as a result
the ajroupoconsisiing afddickeb npdlladaseapddtinurhe r'uthea'rUm.r gold, silver and
the present invention clearly denonstrated that

copEelg hbadetkbflioZ# dupperk dlithita eAhgke of h G2omiteraRiBsf TRine Ni / (Ni + X) of

i gher performance than that of nickel oxide. On the

02004 grgghanphe %ﬁfdly)‘.éttdf tH@SprEQéntC’é}ﬁSBMiﬁ%nt f?efé?ﬁblg%ﬁh_@f comprises

usi ng nlc e net-al al one. [ 0026] basi s

nanBEalttl!B%% géék%:f {ﬁ?%xﬁ%ﬁ' {ﬁ'ckélt é(n&’?é(@;kﬁﬁggk‘j%g dé?énts at least

nexpen Ve e enen

mai.n_c nt of a catal ent ors
onel, Bty s SBEHR Tt oihed 8GR AERBiptiHo ob it K8 ol R platinum,
vari ous tal] el egents to nickel ?X| de by cgangl n%
ruthe Iy x 9¢1% o §ivar 3 ABA o EOPPEN ¢ | lleping provides “a more detailed

explanation thereof.
[0025]

When the inventors of the present invention used nickel oxides, currently
attracting attention as an alcohol oxidation catalyst, as a catalyst, it was found for the
first time that despite a low level of activity, even nickel oxide (NiO) alone
demonstrated carboxylic acid ester formation activityy Moreover, as a result of
conducting additional research, the inventors of the present invention clearly
demonstrated that highly oxidized nickel peroxide (NiO;) demonstrates higher
performance than that of nickel oxide. On the other hand, activity was not observed
in the case of using nickel metal (Ni) alone.

[0026]
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approach of further increasing catalyst performance by
controlling the oxidized state of nickel and | oading
an active conponent onto a support in a highly
di spersed state. As a result, the inventors of the
present invention found that by |oading oxidized
nPak dhe ahasist of etheseodiadingsal theo massihiily s wasc soggesiesh that an
the group consisting of nickel, palladium platinum
inexpendiea metal gjeimdnt,siitkelr cambeasedeas the main somponent of a catalyst.
highly dispersed state within a range of an atomc
Nextl #fie inveintdiis of {hidi presiht dfvehtiomdxadiingo the Hditiarhef various metal
ni ckel oxide is converted froma normal oxidized state

eleniepts t@irﬂbll(éld axidei BEdhngl] the dxifized NRARDYF nickel based on the

dramatically inproving activity and selectivity as

s SRS il i) ot PRREE RS LG G oxied st
ot il o s LS PREhOPo h ppeed st
A R e

. denonstrated. This catal yst was observed to L .
nicke] @ngat ieastons miekal comprRigntiselacted) fropy the grappgansisting of nickel,
as conpared with catalysts in which nickel oxide or )
pallagisun, platinuad etithenitm, goddpgityer anidoneppemante a support in a highly

consi derabl e i nprovenent in activity was observed for
dispersed tatefwithin emzrget ofcem atdmic ratio df Ni /((Ni +2X)Aof) fromi @.20 to 0.99,
respect to the catalyst activity per netal atom the

the MK xidd B Ssrivériedt feomf # heBhaPoxidizet \dthte ©f a bighly ofidized nickel
denonstrates higher activity than catal ysts conposed

oxid® tr?&@ﬁyggw%aln?ﬂ%virﬁg%tcﬁﬂwﬁfﬁf seié&imt*gé‘s compared with

attri bu npoundi ereof Is greatl)
e . .
catafER TNl of Sl BRI SHPGE LAeHRLIn 4 rdbE Hibnft fatio of N
.ragd.0 opt.imum for formation of a nickel oxidized state
’(N'zﬁ). 'ﬁﬁu%'ggﬁ?cﬁégp‘é%@ri‘%. In this 15 nanner, as a
[OOZZESUH of the two conmponents of nickel oxide and gold
ing | oaded while dispersed on a support, renarkable

RO g e K 91 g ar o
ontoPA Os\ssst B £aGihhIyC ARSpRRSSY stteNGemarkably high catalyst activity is
demonstrated. This catalyst was observed to demonstrate higher carboxylic acid
ester selectivity as compared with catalysts in which nickel oxide or gold is loaded
onto a support alone, and a considerable improvement in activity was observed for a
specific composition ratio of Ni / (Ni + Au). With respect to the catalyst activity per
metal atom, the carboxylic acid ester formation activity of (Ni + Au) demonstrates
higher activity than catalysts composed of each component alone, and catalyst
function attributable to compounding thereof is greatly dependent on the loaded
composition of the nickel and gold. This is presumed to be due to being present at a

ratio optimum for formation of a nickel oxidized state optimal for the reaction. In this
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[0028] In the above catal yst, oxidized nickel and
gold are | oaded onto a support in a highly dispersed
state, and both conponents are conpounded at the nano
| evel . Based on the results of observations with a
transm ssion el ectron microscope / scanning
manner &g 8 Jesklt sifdbertwie apmpeseniseo{ miiel osdswnd 94d Ibging loaded
spherical nanoparticles having a particle dianeter
whit dtspesad on afsupport) Eernarkablencompeundinge dffectai werentigmonstrated
di spersed on the support. Based on an el enentary
thab @y sindbid t6 e preaiined fiom | shmply addingothedeffgnsts pedduced by each
X-ray spectroscopy (EDS), both nickel and gold are
wrﬁﬁmtabﬁé all of the particles, and were observed to
be in the formof nickel coated on the surface of
[0028] d nanoparticles. |In addition, ni ckel corrponent
al one was observed to be | oaded he support i
adi theoabave ﬁﬂ@lmn@sdzﬁddm@lselcaﬂq apldu Ag loaﬂ@deqntarﬁjsupport in a
gold. [0029] According to the results of X-ray
highliyodispérsetr states pand rbntle aqpmpooesits are tmmneiunded @hythe nano level.
di ffraction (powder XRD), although the gold is present
Based ohetieoresulfs of yshistinlations withah, trahsmissidrelelecdron microscope /
presuned to be present in the formof an anorphous

scaPiirle favdridsion \@bEaRse Rficréscdfd3PTIEMOT STEEM Slrﬁeaﬁ’ﬂ‘y spherical
ultraviol et-visible spectroscopy (UV- Vi s) capa I e of

t t
narib%%?ﬁéféé‘%ayﬁ@he OXI'%I di %féroﬁlfﬁ?bﬁhgﬁ df‘?@rﬁ ?E@% nm were loaded

ound o nlcke oxi de an

um%i@ﬁf Sistitedd o7 (1B SLBARE"STRRER, 8@?@?%%?62* %, & %‘?‘*5%8 of the
nart IR B e S B &rgsq%@s&%@ﬁmel
of this surface plasnon 16 absorption peak was

areopesenbin all efothe pafticless and yare ehrerved dp Qﬁ(l‘%léhe form of nickel

speci es other than nickel oxide, for instance,
coated @mi the suifaes ofggaidmanepesticles. i Inoaddjtionienickelopemponent alone
oxi de, copper oxide or zinc oxide, which conbinations
wasiobsetvedrtudd loadbd\on the support in addition to the nanoparticles containing

nickel and gold.
[0029]

According to the results of X-ray photoelectron spectroscopy (XPS) and powder
X-ray diffraction (powder XRD), although the gold is present in the form of crystalline
metal, the nickel is presumed to be present in the form of an amorphous oxide having

a valence of 2.
[0030]

On the basis of ultraviolet-visible spectroscopy (UV-Vis) capable of observing
changes in electron excitation states, compound of the oxidized nickel oxide and gold
was determined to cause disappearance of a surface plasmon absorption peak (at
about 530 nm) originating from gold nanoparticies observed in gold nancparticles

composed of a single gold species. The disappearance of this surface plasmon
16



no effect on the reaction. The di sappearance of this
surface plasnon absorption peak is thought to be the
result of mxing electron states through the contact
interface between the oxidized nickel and gold or in
ot her words, due to hybridization of two

absorplien peekavasaPt shesyved in [mpatlmofeggidoand meiabﬁmgle species
oxi di zed ni ckel oxide can be observed by a col or

othec thargrickehoxitle, fratinstante achromitmavkide etmanganpse oxide, iron oxide,
spectroscopy (UV-Vis). As a result of adding gold to

cobalt 6Xigé, oxpister, oxille ori e loxia, dehicth wogesintians are observed to have
gr ayi sh- green to brown, and the UV spectrum

no eHBBPBAL that RACEBAO! Wﬁ@%séﬁﬂé&#ﬂh@é‘toﬂﬁ@ kifads phidrhé® absorption
visible range. The shape and color of the UV spectrum

pea ﬁﬁ@g?brﬁ%t qfesﬂlt%'i“t?ﬁxlﬂ | dbdrsh E‘a‘fé‘seggoﬁﬁrg 88ntact interface

neasure as ar nce sanpl e asi's o
th| i, d
behmggﬁ %d mu.‘gﬁﬁ(fé%gx&%fizgr Iir}1 o@[gzwcg@gdgﬁgas r%)ntdlzatlon of two
Q32] the basis of these results, the
WPe%PFUEB?%J&@“%F‘%% 8Se nanoparticles is thought to be
[003§E0h that gold nanopart| cles are located at the core
d the surface of the gold nanoparticles is covered

WChRvérsiiH 1 Right RidizZedciiekeloside cafse BBsérvati Fa I change
not present on the surface of the conposite

in th%ea@eﬁﬁl%f bﬁhS@trablgféiﬂsrblbpéﬁéﬁlgﬁ%og? (t[lﬁl Qis§ OAs AT of adding

an explanation 1s provi he pfesuned

gold Ry @lr Blofiicd, the A ' y&aé i ﬁﬁhﬁéé’aﬁsﬁ-@fé‘eﬂf&' BSwrP and the
P e PN -
catal ysts and electronic materials. 17 [00

The Shangi & 6olor 1 BRpUVL BRI ToRpTblesh tialosihishi xidized nickel

conmpounds to oxi dation _ o
peroxide (NiO;) measured as a reference sample. On the basis of this finding,

nickel oxide is presumed to be converted to highly oxidized nickel oxide by addition of

gold.
[0032]

On the basis of these results, the structure of composite nanoparticles is
thought to be such that gold nanoparticles are located at the core and the surface of
the gold nanoparticles is covered with highly oxidized nickel oxide, and gold atoms

are not present on the surface of the composite nanoparticles.
[0033]

[Presumed Principle of Action]

Next, an explanation is provided of the presumed principle of the action of the
catalysts according to the present embodiment by using the example of modification
and improvement of nickel compounds on which research has been conducted for

use as catalysts and electronic materials.
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reactions of the prior art may include (1) an al cohol
oxi dati on process using nickel peroxide (N 02) as a
stoi chionetric oxidizing agent (J. Org. Chem 27
(1962) 1597), (2) an oxygen-based al cohol oxidation
eaction using Ni-Al hydrotalcite as a catal yst
[003{ Angew. Chem Int. Ed. 40 (2001) 763), (3) an
hy%ér}ﬁ?rega@fe%eabE?I@tuoﬁxéﬂﬁéﬂe%bedé%ﬂ@ hieRelusorpodlid\to oxidation

alcite containing N as a catalyst (J. Ml.

reaclg@sglg Itrﬁén%fig FR]%?/) ntRaL g,%@" 3[1:0?%)’8? %ﬁeﬂoééﬁé)%ing nickel

1 on USI ng nanopar I'cles O ni'ckel

pro BB e el 38 458 TR 7 o0 15

oxi di zed ni ckel peroxi de has her atj on, power
(2) aprwaesrases Scahekerdeon Eading @,9 mﬁﬁ’g“ﬁyg&a A5, 2 catalyst
to be able to oxidize various a
(Angewoi Ghemrdnt.i Edl 140, (2000 /B3| &S)Oan twgﬁartva‘ﬁ%i alcohol oxidation
nodi fications and i nprovenents to nickel catalysts in
reactier esingy¥arAl, hydrotalgite contrinirg Nl) rasea catalystdi). Malokatal. A 236
wi th nol ecul ar oxygen have been reali zed.
(20059 obe),- @y Hrobryger-based eltatal aixidstivnereaictien nisinge nanoparticles of
function as an oxygen activation sites by conmpoundi ng
nlcké’\llé:géf&ldé@ﬂicg%)sa%' AthilysteAphl. Cot#INR2B2((2005) 25) #hd the like.
I's Thought to result in the formation of
[003pproxo species serving as a reactive species on the
nickel. In addition, in processes usin nano r.icles
oflthougte highly didiged rrigkeli RRrOXidRy Baﬁe%%lglwopglaa ipp, power than
proceed catalytically as a result of formng the
ordinviry Inidkeb exide] dpd ihasdong beparkniowineto. b abledp OXN#@R yprious alcohols
oxide is used as an el ectrochromc material, for
stoichlctiglrieally, st & eedlltebfathefvarielis shodificatiorest amd ihproyemants to nickel
than catalysts. In order to enhance the

cataR8R! W%%ﬂt yeArs, r@éiﬂgﬂéeoﬂééﬁorofreacm ofxaldehdli witk, molecular
esearch has been conducted on (5) a compound film of

oxydéitn)oh%ev\#ﬁ%é‘lfz%ﬁ? (o Bk@lﬁij&éépe te—tfﬂe?]e Hés Wstg)i’?raégﬂe nickel to
funcliph e e @ﬁvgssz.%éwgﬁ'#“ e SRy et Gl P 66 met
T 4 VAL el A B o o

oxi de. . .
species serving as a reactive species on the nickel. In addition, in processes using

nanoparticles of nickel peroxide, reactions have been reported to proceed

catalytically as a result of forming the nickel peroxide into nanoparticles.
[0036]

Nickel oxide is used as an electrochromic material, for example, in the field of
electronic materials other than catalysts. In order to enhance the photoabsorption
response rate of nicke! oxide films, research has been conducted on (5) a compound
film of NiO-Me (wherein, Me represents Au, Ag, Cu, Ni, Pd or Pt} in which metal (Me)
is doped with nickel oxide (J. Phys. D: Appl. Phys. 36 (2003) 2386). Metals doped

with nickel oxide act as holes, and the oxidation coloring rate is thought to be
18




[0037] Such application exanples of nickel conpounds
gi ve inportant suggestions in terns of understanding
the expression of catal yst function denonstrated by
the catalyst of the present enbodi nent. Although the
. inventors of the present invention found that nicke
imprvedwhiren aiskshexidaissonrvariad toya highlypygiegdi nickelioxide.
Ooéater synthesis reactions, the |level of the catal yst
[ tivity was low. Pure nickel peroxide and anhydrides

;Ig‘ﬁr;ec?? PSRl IS of kel SompctFieR G iffPBHant suggestions in
temjs; PE af'gqﬁ?’gﬁ%bﬂﬁ ?*ﬂ%i%ﬁ%%ﬁ%@g&gé?%@ WBrGE Eraonstiated by the
catalysof & RERSE! eiritent, AUMUSN fhe ivemioss ghths Bfesentinvention

generate a catalytically active_ oxidizing active .
fourgh, thataricks! peroxidengemanstiptas aglivityr by camhoxylic @cid ggter synthesis
agent, nickel peroxide could be applied to oxidation
reacsionsr dhei leveuioftthet eatalyist ractivity ceaisr lovxy Jéure nickel peroxide and
Pi oneering research in this field is described in (2)

anhpdividess thgrédf hivss yet kebeadbtaimed| therg arermaafiaspieoty d0its structure
the first time in the world oxygen oxi dation by

thatehRiP IPRRA Sand Gkig| als6 Tonkideredi o Bel £ Jott oPnickel oxide (divalent)
realizing highly efficient activation of nolecul ar

4 ; of D
thatgﬁgnﬁdr;sté?ﬁ?cri‘ %gggehtn HBGeNEE ‘%@ﬁcé‘ﬁfég@ll ﬁér?zgd@ |%3éxt|‘€?ﬁ@g£( useful as a

rtion, as descril above,

oAyt BETAA MRl i RSN AR BEahRaly scive

nopar Sin es

.t nportance of .coptrol. of geonetrical strycture. .in .
oxickZhGACEYS SHRASIES DY a0 (PRRye GxyBp0elos e BAdizfigoagent, nickel
In addition, exanples of a nethod for controlling the
peroxide codld be applied tojogdationfi ergapicesubsiratgs with molecular oxygen.
_electrochromc material may include the conbining of a .
Piongesing reseatshan thisdieid ég degcribednipt(2) above.nwith this desearch resulting
(5) above, thereby inproving the conversion rate to
in abhighing foxitkk fiest time ke thewaollel. oXffiyen sxigghon bytheterageneous nickel
catalytic reactions as well, controlling the

catafjstCdg ANt of @eﬂfzi@ﬂﬁ?i?l?defﬂtiéh? lactigatitns of theleBMlat Soxygen by
compounding with a specific metal, and this applies to

compBEndfY Gick@NERkPh disitilSr metal element.  In addition, as described in (4)

above, a report indicating that nickel peroxide functions as a catalyst by converting to

nanoparticles indicates the importance of control of geometrical structure in terms of

expressing a catalyst active species.
[0038]

In addition, examples of a method for controlling the oxidized state of nickel
oxide used as an electrochromic material may include the combining of a group 8
metal and a group 1B metal as indicated in (5) above, thereby improving the
conversion rate to highly oxidized nickel oxide. This suggests that in catalytic

reactions as well, controlling the electronic state of oxidized nickel is possible by
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catal yst of the present enbodinent as well. [0039] As
has been previously described, the structure of the
conposite nanoparticles of the present enbodinent is
presumed to conprises X particles serving as the core
wi th highly oxidized nickel oxide covering.the surface
corppeynRAINg With & sprcifie) metal  and His \applies, tph@ecgﬁﬁes?@récept of the
nanoparticles of the present enbodi nent, since the
catalystiofAbe presemtambodiment aseveltt at the atomic |evel,
§§f el ectronic state of the nickel oxide is converted
{00 a highly oxidized state, and changes in the
ge L . j ' . I :
2cRE s an Bletils apiriodt the BrLhfE of B8 EGneBgid Henopartcies
c acti .n, addi tion

0 be reflected in its catalyti .

of the RreSesficemBoeaids PiFsiEned 1 comries X patlbichSriindies the core
by . oxygen atons is forned at the contact interface

witth dighi pvidiced Aickel oxide aevering the suiipce therpef H%i?@ﬁ’to" (1) to (5)
toresult in the creation of a novel catalyst . .

abaven in thencoroppsite sppoparticlescefithe rﬂiﬁ‘ﬁ@ﬂizﬁmb@glmﬂﬂtc%@@e #he oxidized
usi ng ei ther conponent alone. [0040] Nanely, the

nickeltand ¥ infteract a¢ the aiomit tavieb nthef eleatropicystate atithe nickel oxide is
ester according to the present enbodinent is clearly

corteftedr @b highly ogidizeadt senel angtchangekahythes gecmetrics dtructure of
of a single netal species, binary netal catalysts such

actRe HdsAharetf ad WER DREHHNGeS iR WIBGHSHIS prépetis RanYbe considered to
cat al ysts conposed of cofbi nations of netal oxides

be g%ﬁ@ftea MR icﬁwica?gtimt 3 Spﬁiﬁ?ﬁﬁt f is2htdidied Stlc'lafe %t novel active

ange in actrve sites ‘speciiically expressed
co ungi.ng ,of oxidi z ni. | and re S, 0
speRiRi e 18 o3, Bl oSh ARG E IF JPirul e o e TR ck “pgtween the
. be obtained_wt atal ysts of the prior art, [0041
nickepane anr X Cand) i & Hougel to ERiib i the crEagion of a fovel catalyst
Carboxylic Acid Ester] The catalyst for use in
fungligrticemplatelyidifferepbiipm thahin theccaserofatsing aithgr egnperent alone.

Oog{)ﬁsent enbodi nent is a catalyst in which oxidized
[ kel and X (wherein X 20

Namely, the catalyst for use in production of carboxylic acid ester according to
the present embodiment is clearly different from conventional metal catalysts
composed of a single metal species, binary metal catalysts such as alloys or
intermetallic compounds, and binary catalysts composed of combinations of metal
oxides other than nickel and metai elements, and the state change in active sites
specifically expressed due to compounding of oxidized nickel and X are presumed to
result in revolutionary catalyst performance unable to be obtained with catalysts of

the prior art.
[0041]
[Details of Catalyst for Use in Production of Carboxylic Acid Ester]

The catalyst for use in production of carboxylic acid ester according to the

present embodiment is a catalyst in which oxidized nickel and X (wherein X
20




represents at |east one elenent selected fromthe
group consisting of nickel, palladium platinum
rut henium gold, silver and copper) are | oaded onto a
support wthin a range of an atomic ratio of Ni /(N
+ X) of fromO.20 to 0.99. [0042] The cataly
represedits Atnipash en Peewant selneledi Fom tbaegecrtablqwnﬁ@itmaepf hickel,
conprises conposite nanoparticles conposed of
palladitindj pinuimg kethemitsm X golth esileen ardr eqppesk are leaded oatat a support
one el ement selected fromthe group consisting of
withinisciamige ofadn atldmioratio of NNUNI + Xpbhfromud20dol0dd9.si | ver
and copper). [0043] The oxidized nickel and X are
[004%}eferably | oaded onto the support in a highly

d,state, The oxidi zed nick e .
o B Ealivey Scdititind 16 the pregery erusiing it Restefitly Bitar gomerises
artlcles or athin film and the avera article
comm%we@@?opmcléa@ﬁmp@ssﬂ@f@rw gd picks] @nfg & &ﬂleﬁmn Xsepresents at
preferably from2 to 10 nm and even nore preferably
leastf ergrefernentsselacteddreamnmthetgroupvaansigtingaoft nicke, paliadiuey, platinum,
as referred to in the present enbodi nment refers to

ruthertiempgoloe sihererraigeopper).i cl e di ameter as  neasured with
a transmi ssion electron mcroscope (TEM. [0044] The
[0048baded corrp05|t| on of the nickel and X is such t hat

o Bxfies Cdzb"f‘é 99*' ﬁfﬁ&%&’%ﬂf?ﬂ@%ﬁ“ i, el iR in a nighly

from0.30 to and pnore preferably vvlthlnara

dispeyped il . 5@“@00’@‘1@@‘1 nickehand X @ge 6‘06‘? prﬂferpb[yN,ioaded while
X) as referred to herein is the ratio of the nunber of

dispersed én the form olfinkepartislascon & thie dilpoand the axerage: particle diameter
nunber of nickel and X atons. If the atomc ratio of

of eah is prghérablydroms2viot 16 nni, raoeb preferabitg dom & wpédbBirfmcand even
active species structure conposed of nickel and X and

morefpreférigely fegmd? &ed rph.at Hefain ! el #verage phridle drinmstar as eeferred to
formed, and as a result thereof, activity and

in th‘iee g?éé,éﬁf' EdhbbalMent réferd 8N iHe H?.ﬁ'ibéfata% (S:Jaﬂﬁf@'ﬂiﬁmeter as

atomc ratio Is outside these ranges.
measured with a transmission electron microscope (TEM).

[0044]

The loaded composition of the nickel and X is such that the atomic ratio of Ni /
(Ni + X) is within a range of from 0.20 to 0.99, preferably within a range of from 0.30
to 0.50 and more preferably within a range of from 0.50 to 0.90. The atomic ratio of
Ni / (Ni + X) as referred to herein is the ratio of the number of nickel atoms loaded
onto the support to the total number of nickel and X atoms. If the atomic ratio of Ni/
(Ni + X} is within the above ranges, a specific active species structure composed of
nickel and X and a nickel oxidized state suitable for the reaction are formed, and as a
result thereof, activity and selectivity tend to be higher than catalysts in which the

atomic ratio is outside these ranges.
[0045]
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21 In the case conposite nanoparticles conposed of
oxi di zed nickel and X are contained in a catal yst,
that catalyst is not Iimted to that in which
nanoparticles are only | oaded onto a support, but
rat her catalysts are also included in which oxidized
ni lBkthe apem eompasiigedeanenarticlencouppsad of exidized inigkel @nd X are
t he conposite nanoparticles. [0046] The conposite
containeddnta catalyskf that catalystrismopdimiied to thahimiwhichy nanoparticles are
oxi di zed nickel and X (wherein X represents at | east
onlp headddc ORIy a stippotte but rathet katgyns are citse ddlided af which oxidized
ni ckel , palladium platinum ruthenium gold, silver
nicke) dlIsiPRAbaded B8R the flppdpuigaddifireicthe dniaifel fatoparticles.
l[imtations on the formof the conposite
[004Bhoparticles provided both conponents are contai ned
therein, preferably both conponents are present in )
t hEhey grBRasite anppagidle reters 4o @ preepariipleycemaiping gxidized nickel
hase structure such as a solid solution structure in
andWi(aheteinsX edpresents atreastamtosliemnent selgsited frioyn theegicspl consisting
species, a core-shell structure in which each cheni ca
of riglet, eatlladiuven slatinane citheniubhg dold, sileér amdhcoppen)c
spheres, an ani sotropic phase structure in which
[004fkses are separated anisotropically, and a

hej er obondphi I'i c struct yr in . ich both chem g .
ARG, 8S%e. sl O iartiias taliboR opote S 1 the composite
surface of particles. Mire preferably, X serves as a

nar@&aét,lcl%cprewﬁaﬂzbatmiqgmoneglt%o%r@eﬁoa%w% thgrain.o peeferably both
thereof. There are no particular limtations on the

compriants fire presepbjrothet manopanigies.tand the formvpretarablytadopts a phase
conponents are contained therein, and nmay have any

strusharpesscit asaa splicresution structrbeine whigd (tpdtal Bites are randomly
conposition of nickel and X in the conposite

occlpizeiy Ehémisal ispesiesatdoné-shBR strabrite Gn WhidiPe@th Bhemical species
IS preferably wthin a range of fromO0.1 to 10, nore

s AR e B SRR b, O chgRoico R hucurs i
which phases are separated anisotropically, and a heterobondphilic structure, in
which both chemical species are present adjacent to each other on the surface of
particles. More preferably, X serves as a core, and oxidized nickel is coated on the
surface thereof. There are no particular limitations on the shape of the composite

nanoparticles provided both components are contained therein, and may have any

shape such as spheres or hemispheres.
[0048]

The composition of nickel and X in the composite nanoparticles is such that the
atomic ratio of Ni / X is preferably within a range of from 0.1 to 10, more preferably
within a range of from 0.2 to 5.0 and even more preferably within a range of from 0.3

to 3.0.
[0049]
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[0049] 22 The range of the average particle dianeter
of the conposite nanoparticles is preferably from2
to 15 nm nore preferably from2 to 10 nm and even
nore preferably from2 to 6 nm [0050] In the case
the conposite nanoparticles are in the form of having
xXThe range cfrthe avaiage paflicle diametar of heccomposite manpparticles is
surface thereof, the average particle dianeter of X
prefarablyr frbor oty 16 trimn moreaprpéerablyt fom 12 3ot $0 1@mnand even more
nore preferably within a range of from2 to 10 nm and
prefaabllyfranﬂorﬁahmably within a range of from2 to 6 nm
consi deration of the bal ance between expression of
[005@1:t|V|ty and stability. The t hi ckness of the surface
ni ckel r consis e or a ers, of.
I e B sdnbonte. e aeriae 2o h gon L 6 BFtYgapbat the cor
such factors as the | oaded corrp03|t on of ni ckel an
and bavipg oxistizad sickakgayesing thasurare therepbitee aaeraﬂecmlcle diameter
and X in the conposite nanoparticles, and the manner
of X isnpreferably withioaa sanga of omr tfdoel® nmy enoretpreferably within a range
the nickel layer in terns of oxidized nickel nolecules
of frora Ditef abl gandbeven nforemréferably withinrs rargel ofidrogn 2 to 6 nm in
preferably about from1 to 3 layers. In addition, a

consii¥raieh tef the dRlaie betleenmskpression ém%cﬂﬂtyp%&idt @tability. The
nanoparticles that have emcally bonded species such

thickA8sNof e StirfdcaenicREL [ Fecoﬂ%%’tlﬁ?b&t Ené"d‘rkﬂoré‘rlgyéfs of oxidized

conponents are In cont The reason for

mcké(! Eﬁn%lggﬁlt%%g%na rc‘ﬁfaﬂbgg (ﬂ%c ﬁd&ﬁgﬁo ngPthStoké) ad4fle loaded composition

he“atomc r

ni ckel .apd in the conposi,te nanoparti €S
of nipk&ERATET i) BIA SURRADMNPAtrE SRR cohPRREH (Agh X in the
of .surface atons dlffers accqrdin ﬂthefyrtlc
COmRﬂ%fﬁeP%'ﬂoﬁﬁft'%esF@P elagnfaaner dn cwlelphgt ereatalyshys orepared. The
go at a gold particle dianmeter of 10 nm the total
thlckn@m@f thef nigkelnlgyeninnteoms «f exidized piskel moleculanis, prgfierably about
the proportion of the nunber of surface atons becones
fromabdotd layers, and more preferably about from 1 to 3 layers. In addition, a
composite oxide may be formed within the composite nancparticles that have
emically bonded species such as Ni-O-X at the interface where both nickel and X

components are in contact.
[0051]

The reason for there being preferable ranges for the loaded composition of
nickel and X and the atomic ratio of nickel and X in the composite nanoparticles, and
the reason for allowing a margin, are that the proportion of surface atoms differs
according to the particie diameter of X. For example, in citing the example of gold,
at a gold particle diameter of 10 nm, the total number of atoms formed becomes
about 2.1 x 10%, and the proportion of the number of surface atoms becomes about

15%. If the particle diameter is 2 nm, the total number of atoms formed becomes
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15% If the particle diameter is 2 nm the total
nunber of atons formed becones 23 about 150, and the
proportion of the nunber of surface atons becones 63%
Thus, in the case of considering a formin which the
surface of X is covered with nickel, it can be easi|
abous 16Ri aad the aropaitionod the: numbes ob suracs atoras hesomest@d’%. Thus,
depending on the particle diameter of X [0052] As
in thease afdonsitizsing & éokm dn whicts thes sudace loé &t isocovered with nickel, it
m croscope / scanning transm ssion electron
can e easint spenicéEhat theEibmis rativ of hickel avd Xndiffigts d@bending on the
nmet hod for observing the norphol ogy of the conposite
partifl@dpRabidrgfes. and irradiating i mages of
nanoparticl es observed by TEM/ STEMw th an el ectron
[0052)eam nakes it possible to analyze elenents within the
nanoparticles and extract an inmage of the distribution
dhs preyiausly edrsaribedasa wiransmissiandieleeteen i migragcope / scanning
exanples to be described |ater, the conposite
transmissipareléctiars macroscopen TER 4 S‘EEM) ds anteftadbiveliarafyticabmethod for
confirmed to have a formin which nickel and X are
obsepding ahe enbripholldy of thHeheomposite hanopanticlese andrifradiatingfimages of
X is covered with nickel. In the case of adopting such

nanopaftRlés obServati By TEMAY ISTEM wer gk Lle@rsh Bedhf idkes it possible to

according to the location of the conposition analysis

analy?et %eﬁbrﬁt%%étgﬁg%ggéﬁ?ﬁérﬁéles% ?F&ﬁe fgﬁ’%’q’é ?f fe distribution of
thos%ltql%r??g eng}rt\ﬂm W@ﬂtégt }':et?1gf ZQ#%H@% {Hirli)%' Qeéénbed later, the

comn%s?t%Pﬂ'an&%ﬂa'tﬁgem' b e Prase hbBp gt on el Jontmed to
gin is included in the ranges of the atomc ratio
have@ qun in whigh nickaliandsX W%l@@ﬁiﬂ"t%bln glbokthe Pﬂ"HCl?ﬁ@né'aIQQ surface

of having selected gold, silver or copper for X, . _
of X isl coveredivéth nickebl dn tepease af adppting)such 5 fare, dhe atomic ratio of
ef fective neans of identifying the structure thereof.

nickel randt Xaliferseacdordingdpathei lotatore ofitlee sompogitiot, arsalysigrsite in the
or copper only, the photoelectric field of the

nano?laﬂldlés?“dﬁﬂalérgé}fdrﬁbﬁﬁtshﬁﬂﬂcl@l#PéQiété.%té@ dnlipeseddensethe particles
ree el ectrons of the netal

than at the center of the particles. Thus, a margin is allotted for the atomic ratio of
nickel and X depending on the location of the analysis site even for individual

nanoparticles, and the range of that margin is included in the ranges of the atomic

ratio of Ni / X as previously described.
[0053]

In the case of having selected gold, silver or copper for X, ultraviolet-visible
spectroscopy (UV-Vis) is an effective means of identifying the structure thereof. In
the case of nanoparticles containing gold, silver or copper only, the photoelectric field
of the visible-near infrared band couples with the surface free electrons of the metal

resulting in surface plasmon absorption. For example, when a catalyst ioaded with
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resulting in surface plasnon absorption. For exanple,
when a catal yst |oaded with 24 gold nanoparticles is
irradiated with visible light, an absorption spectrum
i's observed based on plasnon resonance originating
fromthe, d nanoparticles at a wavel ength of about
gof@g@nﬁﬁarth?melserradlaﬁed mathcyisibley fight, @at%n%ntfqrbaa@%trthﬁ observed
ni ckel oxide and gold according to the present
basediuplasman tdsenancé aciginatiagifrom dbe gojst hamoparticlesfat a wavelength
di sappears, thereby suggesting the absence of gold on

of abieut BBU age dHowdnerc it ey shise of epcatahst tivaddte withesiekel oxide and
enbodi ment. [0054] Preferable exanples of the

gol@@c@b?cﬁ‘ﬁ'g o QH@'pr&Qé’nt' SnboEpnEntC iRl sQMhee pidsmor dbevrption thereof
bondi ng ni ckel "and oxygen (such as N 20, NNO N Q2,

dls#ﬁ%‘}? thsél%:ﬁ%)s.u g 3 ‘t’r@%%b @o% gff rrptjci)ﬁ% éﬁ\o Fﬂféﬁé’e of the catalyst
accﬁ’?‘{’:ﬁé|t8§ﬁ%8§?9'§%é%%@?"ﬁ§§f eof, fornmed by bond| ng

or nore types of other
[00 al el enments and oxygen. [0055] There are no
particular limtations on the solid form of nickel
prBreferathle examplassof theexidized niokg! ofaytihelupgeadckel loxities formed by
catalyst activity, and is preferably in an anorphous

borgfi) Aickal dhd eRyger (S‘Lﬂfhtas)le@ENiS ENle)z,nth;OahﬁGle@% ayid composite
X-ray diffraction. As a result enpl oyi ng suc

of
oxid&¥ 'Bon?énﬁlﬁg n;ﬁsr drp%s%t Rick gvc d torfpsunRd dolidP8olutions or

greater an ng interfa etween the’

mietheRpn il e 1A S BB /G o or F0BLRbs of ther

ast e eI enment sel ect ed fromthe group consisting
me{?fe%"&?éﬂﬁ and OAYOERi um pl ati num rut heni um gol d,

g1 ver and copper, and represents nore preferably
[00 e] N :
sel ected fromthe group consisting of nickel,

patheér@i aré nd phiRulaiMmitdtichs & the bl forni 8P hickel provided it allows
the obtaining of the prescribed catalyst activity, and is preferably in an amorphous
state in which diffraction peaks are not observed by X-ray diffraction. As a result of
employing such a form, since interaction with oxygen is presumed to be greater and

the bonding interface between the oxidized nickel and X increases, even better

catalyst activity tends to be obtained.
[0056]

X represents at least one element selected from the group consisting of nickel,
palladium, platinum, ruthenium, gold, silver and copper, and represents more
preferably selected from the group consisting of nickel, palladium, ruthenium, gold

and silver.
[0057]

Although the chemical state of X may be a metal, oxide, hydroxide, composite
compound containing X and nickel or one or more types of other metal elements, or
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Al t hough the chem cal state of X may be a netal,
oxi de, hydroxi de, conposite conpound containing X and
ni ckel or one or nore types of other netal elenents,
or 25 any m xture thereof, the preferable chem cal
state is a nmetal or oxide, and nore preferably a
anyntidure tthergelii theopreferable chepical ptate i @ metal or oxide, and more
limtations on the solid formof X provided it allows
pretenably st mietalng Iroaddition pihese ardad partiallsslimitations dry theasslid form of
may be crystalline or anorphous. [0058] Another
X previded et ailfows the obfagiing bt m&pr@cﬁbeadmageﬁ adtivity, and may be
constituent element of the support to be described
crydtalifé or anidiphdugonsti tuent el ement contained in the
catalyst in addition to the oxidized nickel and X, or
[00%B]net al conponent such as an al kaline netal, alkaline
earth metal or rare earth nmetal. [0059] The catal yst
advinthenmeta) elament asaeferseth el heesin indicatesi alicenstituent element of
ni ckel and X | oaded onto a support as previously
the gupport te tie desdripediatents thirdecanstitusatt edernepecontained in the catalyst
effects by form ng conposite nanoparticles conposed of
in additibinztedthe okidizednticRe! ard! X, erarpidtal to@pensRPSde as an alkaline
nanoparticle as referred to in the present enbodi nent
methE fafl{afink @athiAkldl O fartedfienizdq0 | evel contai ning
different binary netal species within a single
[0098rticle. Although exanples of different binary netal
speci es ma¥ include binary nmetal particles in which
bdie ealalyst @esprding tx the aygsent embodimentahas oxisdzed nickel and X
netal particles in which an alloy or internetallic
loadegngriaraisuppart ak @revindslx desctibedeand prefetidy dasenstrates superior
usi ng these as catal ysts for producing carboxylic acid
effeetst by , fosmingr tcomigosite andnopdrtitlest cartpbyed YofobxidiXed nickel and X.
target product are |ow as conpared with the catal yst
FurtherRom, e lorhp6site’ RERGPartiBIseas iréferrdd Ry #Phe Bkddiht embodiment
t hem undesirabl e. [0060] The catalyst according to
r . Vi e
refeld'® @Pﬁgﬁ?ﬂ% ﬁﬁ rfﬁ@‘ﬁhﬁgrlévég é%%?él@@htcflfj@lfgﬁ'i gg@lﬁl Pﬁéf%s within a

ni cke e support I ndepen
singfe BBRRIE.E Although examples of different binary metal species may include
binary metal particles in which both the nickel and X components are metals, and
metal particles in which an alloy or intermetallic compound of nickel and X is formed,
in the case of using these as catalysts for producing carboxylic acid ester, selectivity

and catalyst activity of the target product are low as compared with the catalyst

according to the present invention, thereby making them undesirable.
[0060}

The catalyst according to the present embodiment preferably comprises
oxidized nickel on the support independently in addition to the composite
nancparticles composed of oxidized nickel and X. The presence of oxidized nickel
not compounded with X serves to further enhance the structural stability of the

catalyst particles, as well as inhibit increases in pore diameter caused by long-term
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nanoparticl es conposed of oxidized nickel and X The
presence of oxidized nickel not conmpounded with X
serves to further enhance the structural stability of
the catalyst particles, as well as inhibit increases
in pore diameter caused by |long-term 26 reactions and
reactions and dhe acpompagyiogtgronth of éhe composite nanoparticles. This effect
nanoparticles. This effect is renmarkable in the case
is remiarkabledn dine ahseiof wsing ahaalomirgumidontainingssitica-based composition
conposition containing silica and alum numor a

contaihirigc 8iligh Uahd aalomies | &r aosilieaidlurama-®aghbsia sompesition for the
as W ll be described later. [0061] The follow ng

suppBHoyd WirbaBe§itlednatdron of the action by which
structural stability of catalyst particles is

[00B6¢hhanced and increases in pore dianeter caused by
long-term reactions along W th acconpanyi ng_growth of .
c big ellowing arevides ian| @xplanatiamef ther agtiondby which sesuctural stability
presence of free oxidized nickel on the support.

of catalggpjartigles s ehharcetband iimmrdases v porchdiapredeiucaused by long-term
acetals and the like attributable to acidic .

reactionss blungewith razieoapanlying gsovhh-cﬁfrcuiufbgite: haneparticlest are inhibited
to reactions for producing carboxylic acid esters,

due 1RthBrE¥éhde 8frék BXidp@dNitkel ¥ the stippohe | nhi bited by
mai ntai ning the pH of the reaction systemto 6 to 9,

[0062Ind nore preferably to neutral conditions (such as pH
6.5 to 7.5), or in other words by maintaining at a pH
As wilhbe deseripadates, theserogustionpf agalaly aaddgﬁﬂﬁf@n%ﬂr&utab!e to
an al kaline nmetal or alkaline earth netal to the

acidi¢ e aubstances,s treprespotBB] by Abye-pratiungs t chanaotsiristic to reactions for
conducted by the inventors of the present invention,

producing varbmadie azld estery, methaieryiiz dcid @r taerylicracid! cambe inhibited by
according to the procedure descri bed above using a

maintAhiAb P P ofthé teattisH SyStBRPRNBNL G0ARH RidrePsreférabRSto neutral
are l'oaded onto a support of the present enbodi nent,
t re | ' : |
condfs"SLeh KEpIFYS 6 139, UETPotlEt SRS niahadtd K e cose
to pIIIGI bg ﬂ&%iﬂl&sﬁwadding a compound of an alkaline metal or alkaline earth

metal to the reaction system.
[0063]

According to studies conducted by the inventors of the present invention, in the
case of carrying out a long-term reaction according to the procedure described above
using a catalyst in which single component gold nanoparticles are loaded onto a
support of the present embodiment, the catalyst particles were determined to
gradually undergo structural changes. This phenomenon is thought to be the result
of the catalyst particles repeatedly being locally exposed to acid and base due to the
reaction procedure described above, thereby causing a portion of the Al in the
support to be dissolved and precipitate resulting in rearrangement of the

silica-alumina crosslinked structure, which in turn causes an increase in the pore
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of the catalyst particles repeatedly being locally
exposed to acid and base due to the reaction
procedure described above, thereby causing a portion
of the Al in the support to be dissolved and
precipitate resulting in rearrangenent of the
diametercef- thewsatalyst padiclasnk dal aslditioet, siroultaweaus tontheuingrease in pore
causes an increase in the pore 27 dianmeter of the
diameter| pattigegrowteis promeiddi by einteringwfttheegeld partitlee, which was
increase in pore dianeter, particle growh is
det@meiRBH e6 IdWerstathiyst activity, t he gold particles, which was
determined to | ower catalyst activity. [0064] On the
[00B4lher hand, the presence of conposite nanoparticles
and OX|d|zed ni ckel alone gn the support served
erfiB e other hand, the pegsencanf ICPF}PWGM%‘OEQHM%@“G OX'd'ZEd nickel
particles due to the procedure described above, while
along oo thesuppeitsgriasticeerhanderthestaicturahsiebility afitheggatalyst particles
of the conposite nanoparticles. As was previously
duedds cithebpdocedune descibeds abové while alsaudhhibitiogbincaréases in pore
the reaction between oxidi zed nickel and constituent

dia®kfsrednd grdwthhef thegompodiRShandparficlebe Asrwad prsvidlsly described,
ni ckel oxide conpounds or conposite oxides containing

the %%&H féPﬂJils 98 tﬁeh%‘lﬁﬂ b8 Othdt 1198 Tea Batwi ﬁ exidizecPhickel and

such ni ckel conpou ds acti ng to sta IZG t

con§t ugﬁf‘. @Emghgf 3@?61'5 Eﬁ&lpare%gdlﬁégﬂ Ietsh gre {,ﬁﬁn’"' of nickel oxide

oved The erf. rrmnc .of su hlcat St s rumtﬁ‘ d
|S|%?Pd“8?$' pxdes CBP pg 95,3RlH{i% sofjtions, and as
inyention to be attrib tabl to.t

a re‘o%H tdgfrz%c nigke! cpmpuiRds;actingnle &g %Pttﬁec%'f'ﬁaéalh@m‘ﬁ;ﬁmss""ked
these effects are naturally obtained in the case

strugturgi Aswicturat ledabilityn ohithedcatalysk eparbinless is @reatly improved. The
nanoparticles is in contact with the support, and

perfioamanoen ef ahichi ratalysif §tractaralr etabilizingh teffextdbeasoptesumeed by the
if free oxidized nickel is present on the support.

invereB5Hf thieStriesent invention ¢o deeattributablel touther oxidized aitke present in

on the support of the catalyst for producing
the support. Consequently, these effects are naturally obtained in the case oxidized
nickel contained in the composite nanoparticles is in contact with the support, and

maximum stabilizing effects are thought to be obtained if free oxidized nickel is

present on the support.
[0065]
[Support]

There are no particular limitations on the support of the catalyst for producing
carboxylic acid ester according to the present embodiment provided it is capable of
being loaded with oxidized nickel and X, and a catalyst support of the prior art used

for carboxylic acid ester synthesis can be used.
[0066]

Examples of this support may include various types of supports such as
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carboxylic acid ester according to the present

enbodi nent provided it is capable of being |oaded

wi th oxidized nickel and X, and a catal yst support of

the prior art used for carboxylic acid ester

synthesi s can be used. [0066] Exanples of this
activaigrhorarbeny siiea.udluming, osiliceygleming, ditaiar tsilicastitanies  zirconia,

28 activated carbon, silica, alumna, silica-alumna,
magnesianisdicagnagoesia; sﬂinaaluminagmagaesiamgmﬁh acarbonate, zinc oxide,

silica-magnesia, silica-alum na-magnesia, calcium
zeolitardrehairgstalling Cmeidlideilicatee 0| Pieferible axapisies | iBreof may include

netal losilicate. Preferable exanples thereof may

activafsd udecadygn vat %ﬂlcﬁar boBIun‘ilh,la' ca, sk HEdina, silica-magnesia,
si |'i ca-al um na, Il ca- magnesi

sﬂma%'dn‘ﬁﬁa%ﬂ% R asrlfchttﬂghlg Sid ! 2‘??5:% ani ?w&%d preferable

zirconia pre erable exanpl es ma

e R SR RS "

[ooeppnPONEnt s sel ect ed fromthe group consi sting of
al kaline netals (Li, Na, K, Rb, Cs), alkaline earth

niet additigiea sivigle oﬁpluré]ity dBaypeef metsl comfipdheitd @élécted from the
(La, Ce, Pr) may al so be contained in the support.

grouE@@ﬁQ@tuﬁEW'all@ﬁﬁEQﬁéﬁls (1S, REEKERROI0S aé‘lkamﬂéjéaﬂfim%tgﬁd@e Mg,

|r|ng, for exarrpe nltrateo acetate

Ca, S\” Bad AT %an%g (Eéf\ ' C&aPﬁ]"ﬁﬁg ALB8YdhtARed in the support.

con‘p ising s ‘um h

A losfled R8RS T SBTRa obidB onBirReCoR ey for SXample, a
wat er SI stance than silica and higher acid
nitrate Qi a5e49Be "t han alumina. In addition, it is also

[00 @r ovi ded vvlth superior physical properties as
onpared with supports typically used in the prior

i, aluriinufh-Bentafiing  sliRBdHsedN dedayodd ,gr% rlsmg silica and

mechani cal strength than activated car

aluminn?Wk E%llﬁ&ealﬁfrﬂﬁ% c@ﬁé@lé‘@or‘ﬁ oSifibAig Sf(je Wﬁlta“ﬂyhs%‘ ﬂ)r%he support.

are cata onent's

This rt?@ée&e%p%}t hEEShighe? WhiICResiSiGhes fan’ st A8y higher acid
resistance than alumina. In addition, it is also provided with superior physical
properties as compared with supports typically used in the prior art, including being
harder and having greater mechanical strength than activated carbon, while also
allowing the stable loading of oxidized nickel and X which are catalyst active
components (wherein X represents at least one element selected from the group
consisting of nickel, palladium, platinum, ruthenium, gold, silver and copper).
Consequently, the catalyst is able to maintain a high level of reactivity over a long

period of time.
[0069]
A catalyst for producing carboxylic acid ester, in which oxidized nickel and X

have a specific atomic ratio, and an aluminum-containing silica-based composition or
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consi sting of nickel, palladium platinum ruthenium

gold, silver and copper). Consequently, the catal yst

is able to nmaintain a high |l evel of reactivity over a

long period of tine. [0069] A catalyst for producing
__carboxylic acid ester, in which oxidized nickel and X
silicaagldminaragriasia fosmpesitien ii9, usest fan the support, demonstrates high

al um num cont ai ning silica-based conposition or 29
meghanical-stfengtm andeginesidal stabvfityswhile havingua digH surfabe area suitable

support, denonstrates high nechanical strength and
for pby siscalcatdlpdti dupppriMandealbe \satigfies Rbabsidurfedtaridecwith respect to

suitable for use as a catalyst support, and al so

the TNar&dte RSt RGUIaSIArd BF tHd Adlsction NtheSRARCSF & Carbd/lic acid ester
characteristic liquid nature of the reaction in the

| i synthesis reaction in
syn?ﬁ%ﬂ%ﬁ%g@g@@ﬁgﬁ%%&%%gﬁg0?88§%%{ The foll ow ng provides
[0070] expl anation of the properties of the support of the
present enbodi nent that enabl es consi derabl e
i nihe{@lawing girovides | ars explanationof theecaropeartiasr ohtha sypport of the
been able to significantly inprove the mechani cal

presgnteambbdinmeht {hae renabless cohsidetablefimphevertnenoof catalyst life. The
presuned to be as follows. [0071] 1In an

reagon fdm HAVIRG NbEer iabte Sid')'éi%rﬂfi@éiﬁﬁdilﬁmé!%e FlecRafcaPsfrength and
bonds are newly forned by addi'ng al um num (Al) to

[ b d Isufled e id ica gel.
°he§ﬁ%%§ﬁ@grdgi§§‘?isﬁkﬂé%ﬁ§é"?&”@ees aré]eé?g(fr)"rre ‘Wi t hout
[007Ysing the inherent stability of Si-O chains with
respect to acidic substances, Si-O bonds are
stin ety akenisumaeentaiping silisadaset ahippiorty Si+2AHGS bends are newly
simply referred to as "water resistance") is thought
formexd by addingiafumiaom YAR tp monecrosslinkaddsitica (Si-@h ehains of silica gel.
Si-OA-0OSi crosslinked structures are forned, the

SincwAPefosefinkisttlictfdd avesfdmaed WitHtt ISsing HeemhefertSstability of Si-O
conpared with silica gel alone, which is thought to

chafESAY et R oSS A b Rpncd B nycroi
statliffy P[He3iMGflef Simply referred to as “water resistance™ is thought to be
significantly improved. In addition, when Si-O-Al-O-Si crosslinked structures are
formed, the number of non-crosslinked Si-O chains decreases as compared with
silica gel alone, which is thought to result in an increase in mechanical strength as
well.  Namely, the amount of Si-O-Al-O-Si structures formed is presumed to

correlate with improvement of mechanical strength and water resistance of the

resulting silica gel.
[0072]

In a silica-aluminum-magnesia support, as a result of magnesia being present
in addition to silica and alumina, charge stabilization is promoted as a result of
compensatory neutralization by Mg (divalent) of differences in charge resulting from

differences in the valences between Si (tetravalent) and Al (trivalent) caused by the
30



correlate wth inprovenent of nechanical strength and
wat er resistance of the resulting silica gel. [0072]
In a silica-al um num magnesi a support, as a result of
magnesi a being present in addition to silica and
al um na, charge stabilization is pronoted as a result _
formation eb BrEndE{ LB cigsslinkad staucturessy Meraoayed Bireg shayge balance is
di fferences in charge resulting from differences in
obtained ‘dhrocaghetheatseeadf 8i tiineetcamponrent) systémml structural stability is
(trivalent) caused by the 30 formation of Si-O A -OSi
presamesisto ibeetlirtier usiharead. MO @EBeguently,nite cohirastetdal silica-alumina
is obtained through the use of a three-conponent
suppaYs tfdhe S@éM@hS'tfré‘ﬂingté’é?diky,tﬁ sBppdit csomshihg Sifica, alumina and
further enhanced. nsequently, 1n contrast to a

magﬁééib"r@hébﬁyﬂn@ﬁtraﬁ ‘éﬂﬂ.‘lftfs SR 85 ek gﬁfnhﬂﬂtic?r%fjbﬁo\‘ninént acetal

support c al ni hg St ca, alumna an magnesia IS

LAl . his is thought to lead to
formgﬁﬁ’ii L{ﬁ??ﬁ#&g%%ﬂgﬂfoﬁ‘&m acetal formation under acidic
[007gpndi tions. [0073] One reason for it being possible
to stably | oad oxidi zed nickel and X onto a support
f Onearclason fpeiiti beingf pddsitdeite stably loael oxidizadi miekel and X onto a
strength and chem cal stability of the support are

suppdridor & Iéﬁ@?bﬁoﬂ B tMECE that theShethRasicalbstiehgth BuE chemical stability
providing the support with superior physical

of thﬁlggﬁ%&é Sare! ngir%?r.ﬁﬁ'@gy Zﬁl:ﬁé%efdt“ ’aéuﬂgfcérfb%g] ngGé‘, &ﬁﬁs“gf‘t’ébldmg the

rior nic X whi ch
supriglFufif g Tbr BRYe, GRIPRRIN I coMbBrAST Wil Slinddits. ypically used

. over a ] on eriod .of ti 074 he nickel ..
in the\ s e s Bcsmibmiokelarty X phish dre GECeRaESEppive;components
si]ica-alum na, has been observed to gradually elute ,
are rggistantie exfaliaian othus anablieg themgladie stably loaded aves long period
_in the case of using the above-nentioned support, the
of timewent ors of the present invention found that el ution
[0072 ni ckel conponent is inhibited

The nickel component of commonly used supports, such as silica or
silica-alumina, has been observed to gradually elute over the course of long-term
reactions. In contrast, in the case of using the above-mentioned support, the
inventors of the present invention found that elution of nickel component is inhibited
over a long period of time. On the basis of the results of X-ray photoelectron
spectroscopy (XPS), transmissicn electron microscopy (TEM/EDX) and high-
resolution X-ray fluorescence (HRXRF), in the case of using a silica or silica-titania
support, the eluting nickel component was confirmed to be nickel oxide present alone
on the support. Since nicke! oxide is a soluble compound in acid, it is presumed to
be eluted by characteristic by-products of this reaction in the form of acidic

substances represented by methacrylic acid and acrylic acid.

[0075]
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over a long period of tinme. On the basis of the

results of X-ray photoel ectron spectroscopy (XPS),

transm ssion el ectron m croscopy (TEM EDX) and hi gh-

resolution X-ray fluorescence (HRXRF), in the case of

us'@ng a silica or silica-titania support, the eluting

i ORhe hasisonbanalysis of dhe ichaatical state ofinieks! byxhigb-resolution X-ray

present alone on the support. Since nickel oxide is a
fluoseseesice (bIXRINY itme apickte! i of ithe patalystd dccordimg etoit e present

by characteristic by-products of this reaction in the

embodiment ispretivened tdoadiammlg ber wipkelside dhivh el Bi‘@lé’ tb®pound, but
acid and acrylic acid. [0075] 31 On the basis o

als@belpresentafug ﬁﬁthéff@ﬂ‘héﬁﬂ)n ot 86ApBkitd bﬁi@%& c?Eiﬁtamwg nickel, such as a
hi gh-resol ution X-ray fluorescence

nlclﬁél C&S)ﬁbeoéomBSUﬁé’é abyid A B rhﬁ%ﬁn%e tlgérgﬁﬁgigrwgd by bonding

nmbodi ment I's presuned to not only

o s S e il % 25

[0078]ckel , such as a nickel oxide compounds, solid
solutions or mxture thereof, formed by bondi ng

betigbgesoluticr| Xaay ﬂumeasemdeJe(th)eklé)naﬁalyﬁs trhgkes it possible to
support. [0076] High-resolution X-ray fluorescence

analylzdRiemisabstutd basedk 0f érter@@ﬁfda@ibﬁst(éherﬂltéli %ﬁﬁs) an the shape of

chem cal state based on energy | ocations (chem¢tc

the rd¥Litiry spetdrirh %uéﬁéglﬁ Srentdl§ hi #ﬁ%r‘gggreéﬁlﬁﬁ@ﬁunﬂlrpfﬁ% case of the

toits extremely hi ener gy r e case€

K sgéctﬁ?%f 43 ﬁ’aﬁ%ﬁlbﬁ tﬂgtaﬁdeléﬁ'ngﬂ?s h‘l ﬁ?l&t%‘fﬁa %ﬁgn%%%gﬂ i chemical

t1cular anges occur

. t a in valence nd eletroncst
st {id sheheCae o, daBesf b\@%@ﬁwgéoelfea OB R, 140 Mg chenical
t cat a:qvee a]cco ding to the present enbodi nent, changes
stalg caf Hecanalyzed, b dgtay spetberaatal v'ﬁh@@cczfdmtpﬁhﬁg)remt embodiment,
the chem cal state of nickel differs from nickel
chapges)ecepiredh in shey Nii R gpectrumpdbug .confionitlg thadrthe chvaphieal state of
. nhickel alumnate, which is forned from nickel oxide
nickehdiffersuiromanickel oxidecwhizblsa sihgle dompawal.ubl e i n aci d.
[(}07%']:’ a result of form ng such a nickel

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 the nickel component is presumed to be improved

considerably.
[0078]

The following provides an explanation of two preferable supports for
significantly improving the life of the catalyst according to the present embodiment,
namely a support containing silica and alumina and a silica-alumina-magnesia

support.
[0079]

The elementary composition of a support containing silica and alumina is such
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conmpound on a support, elution of the nickel conponent
is presuned to be inproved considerably. [0078] The
foll owi ng provi des an expl anation of two preferable
supports for significantly inproving the life of the
catal yst according to the present enbodi nment, na 9/

thahthe amernt ebaluminumgs $iam datoa3Rimal Ympreferatly fom 5 to 30 mol% and
silica-al um na-magnesia support. [0079] The

moeg prafatably froombdok 26 onolds basedppothe tatat momameiunt ofi silicon and
and alumna is such 32 that the anpunt of alum numis

alufmimum 1 tfoth) amduint of afueniabhy i$ vathid this 3éng®| Acidneesistance and
nore preferably from5 to 25 nol % based on the total

meﬂﬁ’érﬁ&alaméiﬂh féncPid be pivoidsle, al um num If the amount
alumnumis wthin this range, acid resistance and

[OOBﬁ]:hanl cal strength tend to be favorable. [0080] In
addition, the further containi n%@of at | east one ty

of |rb%fid'ﬂ°'ﬁrethﬁlfuﬁbﬂ’pmﬁmm$ ef atleagt ene tyreef hago ﬁnetal component
consi sting of alkaline netals, alkaline earth netals
selegied feore the growvp consisting of alielbeppetals,cﬁlkalm eathinystals and rare
according to the present enbodinent in addition to
earth metalsaincthel suppoat of the ehtalyt| according ttbethii grepenthémbbdiment in
further inproving nechanical strength and chem cal

addifigiPitd isilita SRENMAMPls Flféfé‘ﬂdb‘l@ fiieh ahé \ﬁéwéélhﬁ of ashér improving

net al conmponent may i ncl ude Li

mwgéaear@ﬁ il 5@&'&%rﬁ@éf rétaﬁg?(ﬁlal Exgﬁ?ri ‘Hf“ﬂﬁ?lﬁ?e MBkals of this

and and exanpl es rare net a

ik i OBl KT S By e o
dg%ye!& ﬁlﬂgnﬁ @gg?f%,ep'g L@n@ﬁgf Iaﬁ‘ét%lfargp E&q gre earth metals may

metals, alkaline earth netals and rare earth netals is

inclyde f-a; f&andBranount of
[0081]

The elementary composition of a support containing silica, alumina and at least
one type of basic metai component selected from the group consisting of alkaline
metals, alkaline earth metals and rare earth metals is such that the amount of
aluminum is within a range of 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 composition ratio of the basic metal component and
alumina in terms of the atomic ratio of (alkaline metal + 1/2 x alkaline earth metal +
13 x rare earth metal) / Al is preferably within a range of from 0.5 to 10, more
preferably from 0.5 to 5.0 and even more preferably from 0.5 to 2.0. If the
elementary composition of silica, alumina and basic metal component is within the
above range, the silicon, aluminum and basic metal element form a specific stable

bonded structure, and as a result, the mechanical strength and water resistance of
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alumnumis within a range of from1 to 30 nol %

preferably from5 to 30 nol % and nore preferably from

5 to 25 nol % based on the total nolar anount of

silicon and alumnum In addition, the conposition

rati o of the basic nmetal conponent and alumna in
the supnest tenditabedanaiable.ati o of (al kaline netal + 1/2 x
[OOS?ikaline earth metal + 1/3 x rare earth netal) / Al

'S preferably within a range of fromO0.5 to 10, nore

p Yaf 5 ; % e f

PRRYEGAL ¥3 SORpOl podiRaininl SR Brilpel e fadsla. preferably
com?hiéé& Q'Bn{ihﬂ% L) r?lﬂ% %Eilfcloﬁe?rgh ﬁ%ﬁgﬁ} ?rg?{'gfgg\%lfu@%iﬂum and from

ove range, e Icon,” a
4 to 35,foeh of Meings e hd Bire préfetafiy com 730p & mofgef siticon, from

%29 vvatF/ resi stance of 33 the suppor t tend to be

5.5 1053 mei7e of alyping ans fsw & to 104mpiveraf magnesiaibaged on the total
silica, alumna and magnesia preferably conprises

molgrrageunt efsibmnralumisuns apd soagnesivm fiors the visvpeintebmechanical
al um num and from 4 to 38 nol % of magnesi um and nore

strengtbfandaviaterf nesistaticet of 8@ supporaf TFhikiis presimedtohebecause the
15 nmol % of alum na and from4 to 10 nol % of nagnesi a

silicdrgsaldminurh hend atajnesiom Foran® wpecific stableCbondéd gtrubiuie if within
and magnesi um from t he vi ewpoi nt of nechani cal

theséraRged. h and water resistance of the support. This is
presuned to be because the silicon, alum num and

[008Bhgnesi um form a specific stable bonded structure if
Wi thin these ranges. [0083] The follow ng provides
ahhexigllawing erovdes it cogianation of ebarpeesse fer prgparing the two
preferable types of supports used in the present

prefeyabledi typas lohvisuppotts usedpisi theonpredentr embddihente. having the
[0084] There are no particular limtations on the '

compositiessddsaeried ssove epare a support containing silica
and al um na, and an al um num containing silica-based

[0088bnposi ti on
There are no particular limitations on the processed used to prepare a support

containing silica and alumina, and an aluminum-containing silica-based composition
obtained according to, for example, the processes of (1) to (5) below can be prepared
by firing under conditions to be described later.
(1) Use of a commercially available silica-alumina composition.
(2) Reaction of a silica sol with an aluminum compound solution.
(3) Reaction of a silica sol with an aluminum composition insoluble in water.
(4) Reaction of a silica gel with an aqueous solution of a water-soluble aluminum
compound.
(5) Solid-phase reaction of a silica gel and an aluminum compound.
The following provides a detailed explanation of the processes for preparing a

support indicated in (2) to (5) above.
34



obt ai ned according to, for exanple, the processes of
(1) to (5) below can be prepared by firing under
conditions to be described later. (1) Use of a
commercially available silica-alum na conposition

[008 ) Reaction of a silica sol with an al um num conpound
solution. (3) Reaction of a silica sol with an
alinUie ot ESHEROSH () 06 (3)Nsstvied bissilida ¥8tRsilica’del RE BEEH BY the silica
of a silica gel wth an aqueous sol ution of”a

sourd@t ethsl HR ﬁo%#ﬂ%@lég‘éipﬁ%ﬂg% tt(es)e@]hicﬂr l‘ﬂléagﬁ_o chain of the

reaction of a sl : an alum ni co;rpoznd
siicd Bl PR hAE e HERIER, SPARHAT ot Wy A1, pivoush
prod o SB4Fed b GR Py SamebEeBG 57 5w Bi-scluicompouncs

silica,source. There are no ?a[ticular limtations on
such; ag ﬁogﬂgf' ralgmingfe. glurgneiryichlaside; hexakydrates ajaminum perchiorate
rovided it has non-crosslinked Si sites that react
hexaliydnate aluminum syifate; @irainum pitate mphabydratebualuminum diacetate,
_ conmpounds may i ncl ude water-sol ubl e conpounds such as
insolghblei compbundsiatieh a8 alinminomc hydroxidie beshhwiiuat exide can also be
al um num perchl orate hexahydrate, alum num sul fate,

usedgirovidedrthey are conpoualls dnat ikaet with HmemwsdiimeRt 8t @ the silica sol
i nsol ubl e conpounds such as al um num hydr oxi de or

ors“@btgg]_num oxi de can al so be wused provided they are
compounds that react with non-crosslinked Si in the
[008@Ji |ica sol or silica gel. [0086] |In the case of
usi ng the processes of (2) and (3) that use a silica
dBitherasenef usingrtheryosasses af (2) aed {3) that use ajsilica sol for the
m xed with an al um num conpound to obtain a m xed sol
starting rmateriahgthe kilica soblis amikedl with nam atamiroum ccorhpdurd e obtain a
by carrying out a hydrothermal reaction for 1 to 48

mixedi@ol soataififg tsilickOSE] et allinyinDeh EOmPBLAENfANoWRM: bPRErrying out a
then firing under the tenperature, tine and
hydroth&Rsa8aLorf ftd o £0Robis A2FRSF66°¢S4nd drying to obtain a gel, and
then firing under the temperature, time and atmospheric conditions to be described
later. Alternatively, an alkaline aqueous solution is added to the above-mentioned
mixed sol to co-precipitate silica and an aluminum compound, followed by drying and
then firing under conditions to be described later. In addition, the above-mentioned
mixed sol can be converted into fine particles directly using a spray dryer, or the

mixed sol can be dried to form a gel and then granulated to obtain a support

containing silica and aluminum having desired particle diameters.
[0087]

In the case of the process of (3) in particular, although a silica sol is reacted
with an aluminum compound that is insoluble in water, at this time the aluminum
compound can be crushed to a prescribed particle size in advance or preliminarily

coarsely crushed. After having mixed and reacted the silica sol and the
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| ater. Alternatively, an al kaline aqueous solution is
added to the above-nentioned mxed sol to
co-precipitate silica and an al um num conpound,
followed by drying and then firing under condi ti ons
to be described later. In addition,
watehpselubien aiusiagm SPRIRPUAG) hemwr@oﬁv@m%éolﬂqw@ faynfiring under
particles directly usi a spray dryer, or the m xed
conditibng & bealescribed tdatef.o r%na siliot a&mmmm@mmgoumﬁm mayeke coushed to a
obtain a support containing silica and alum num
prestaibed gpartisle sizepafter dirtgdmateuercushif§Sthe aluminven caswepound in
of the process of (3) in particular, although a silica
advasde.i s reacted with an al um num conpound that is
insoluble in water, at this tinme the al um num
[0088¢rrpound can be crushed to a prescribed particle size
i n advance or prelimnaril coarsely crushed. Aft
haRithg casreel thgdrrosges & @hin Whieha Siga 98k 1§ Heed 361 the starting
wat er - i nsol ubl e al um num conpound, the m xture is
matefiale anf aquenusdselytion rqfregwamresolulalemlumlm enpeund is reacted in
described later. The silica-alum na conpound may be
silicargelhand tthe asiliqar gek midyedithpar bé drestedz o af prsscfibed marticle size in
wi t hout crushing the al um num conpound in advance.

advaRéE3 8l préliminafilycassrsely EfughgdocAfter ahixing) and reddtitly the silica gel
silica gel is used for the starting material, an

and 2ieeuUs soRltivh 6’f”a Watér—é&ﬁhﬁlb AR c%*r\ﬂBdM‘Fo‘P AU Aours at 20

is reacted In l'ica gel, and the silica gel may
to 1 Sbgé] etf'le t?'ﬁlxﬁf rgsl%‘ %Iﬁe[‘.l ‘?ol?cfv%@ Bg rfi'g@ﬁ&og?{}& 'ﬁl‘(;ﬁ dﬁmﬁ% ZLﬁldeP the conditions

rea the,silic nd
to bg &éaf:ﬁ'a%&” Eﬁter e SiaBihnadoionnd %Q%Jﬁ@*%ﬁsﬁ tq 3 prescribed
hour o 100C, ure is dried foll owed
Pa”ﬁ% ?'F?u 'BPQ !V'{"@Uhgf%mgsﬁl?rﬁ@a geldn@dNane®ons to
[008?? described later. The silica-alum na conpound may be
ushed to a prescribed particle size after firing

W'Stir'ﬂﬂé'ﬂ){ GA Hﬁi‘bﬂﬂ:e%ﬁ%f $5) ﬂh‘éﬂa&%‘ uéé% @QM@Q gel fdr@Ré etarting material,
Simlar he process of (5) t al So uses a

a midtdretR &%baf'&f byr}%aﬁﬁﬁé 'iﬁé‘%lll’&ﬁtg‘fél'ﬁkh an aluminum compound in the
solid phase. The Al is reacted in the solid phase with non-crosslinked Si. The silica
gel and aluminum compound may be crushed to a prescribed particle size in advance,
or may be preliminarily coarsely crushed. Crushing may be carried out
independently for each substance or both substances may be crushed after mixing.
Firing is carried out under temperature, time and atmospheric conditions to be

described later. The mixture of silica gel and aluminum compound can be used by

crushing to a desired particle size after the reaction without crushing in advance.
[0090]

With respect to a process for preparing a support containing silica, alumina and
at least one type of basic metal component selected from the group consisting of

alkaline metals, alkaline earth metals and rare earth metals, the support can be
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a mxture is prepared by reacting the silica gel with
an al um num conpound in the solid phase. The Al is
reacted in the solid phase with non-crosslinked Si.
The si lica gel and al um num conpound may be crushed
E;escrlbed particle size in advance, or may
prepa@d fHyinDya sbHns epnpsisinghadmixtings i ﬁ'@%ra?'uﬂéna and an alkaline
carried out independently for each substance or both
metalicompotiad, atkaline earthaghetil abmpoumidxanty/ or Rireieagthi metal compound
carried out under tenperature, tinme and atnospheric
in ameorddricenwith proeessdfes prepardng at sUppofheomtaiding silich and alumina as
silica gel and al um num conpound can be used by
desefibediabave Ofoflowedibyefitinpnder tﬁe%oﬁaut@hh% behtedcribet ilater.
wi t hout crushing in advance. [O Wth respect to a
[00ftpcess for preparing a support cont ai ni ng SI lica,
alum na and at |east one type of basic neta
Wm'?ﬁirﬁoné@ﬁ@é@'b!o@‘f&"@hﬁ WEPBO@S sthmitarde |”f\@;; ag_fmlnum raw material
aI kaline netals, alkaline earth netals and rare earth
cambe aised fohthes ipp onatetiahobthe 3kkaline paetali atkalineyéarth metal and rare
slurry conprising a mxture of silica, alumna and an
eartd kadtalne Theetaw neatepialiivd prefekably rewatartdolmsieadompound, and more
conpound and / or rare earth nmetal conpound in
prefRGa9Iy R oRidel carerets sulfatdbeasstaity a support
containing silica and alum na as described above,
[0092] | owed by firing under the conditions to be
described later. [0091] Typical comerciall .
aAnPtasr exampleudt @ ﬂ"?ﬁ’afé O'E‘ drogess that cam il)gv\psed may include
material can be used for the raw material of the
adsgrinag i s dbasist mietalacaraponenteseicotedeiram thedgraupecorsisting of alkaline
metal . The raw material is preferably a water-soluble
metats;akaithe eadh metals andfrareakhpthanbialls ontal e, supgrdrboantajning silica
sul fate or acetate. [0092] Another exanple of a

andPalRRfinat | POr 8xARpRS ahhifiméemibrPpracees, imByhicha ¥dport is added to a
adsorbing a basic netal conponent sel ected fromthe

soltg[edh;ms‘%ﬂﬂ Sé 'U&Qld’fmeﬁt% unﬂeﬁéé bect HidsbedefiibWed by heat

rare eart a S onto a support contal ning

an
trea?ﬂn'e'nf or Qﬂdnﬁ{agh%n ';:)?écegéa'mlvﬂyaﬁgért gﬂ%ﬂtocﬁ’ a basic compound

r 0cess, suppor
equal to pore volume is incorporated into a support followed by drying treatment, can

be applied. However, a process in which an alkaline metal compound is adsorbed
later requires caution in that liquid drying treatment is carried out under mild
conditions in consideration of highly dispersing the basic metal component on the

support.
[0093]

Next, an explanation is provided of a process for preparing a support containing
silica, alumina and magnesia. A silica-alumina-magnesia support obtained
according to the processes of (1) to (6) below, for example, can be prepared by firing
under conditions to be described later.

(1) Preliminary formation of a silica-alumina gel followed by the addition of
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()
(3)

(4)

®)

solution in which a basic netal conpound has been

di ssol ved foll owed by heat treatnent, or an

i mpregnati on process, in which an anount of a basic
conmpound equal to pore volunme is incorporated into a
support followed by drying treatnent, can be applied.
HORSERIA. a process in which an al kaline netal conpound
is adsorbed later requires caution in that |iquid
dReactipn obasitieatsal,salemimine dompounddand miagiesivom domiponsd.
in consideration of highly dispersing the basic netal
cRepotiembf asilichssol, svgtesirisolllile 2Bimintex compound and water-
expl anation is provided of a process for preparing a

SmRBRIble ARIYBSMNINTGompouhda, al umi na and nmagnesia. A
silica-al um na- magnesi a support obtained according to

L RBaBhGE Sﬁé %ﬁicgqueq,]\hatre?-sbﬁ?olé’ §|Mnuﬁpéolﬁgaﬂfg% ggg ﬁgéelgpe

prepar ed Iri'ng under conditions to be

I ali ti ¢ i casal un

2 Ebis adnEb B! BrHREH T On of | 57 magnesia. - (2)
SafiteREss el S i ol allmiBim, FSEPEIIRG aRdappgnesium
wat er - i nsol ubl e al um num conpound and wat er- insol ubl e
n@YAESYYGh conpound. (4) Reaction of a silica gel,

[Oog)rj(:ﬁt er -sol ubl e al um num conpound and wat er- sol uble

for

N h . the Si- hai i |,
chain Sithe $llicd el aepried ot ghsonpadiostinked S sidd B

gnesi um conpound. (5) Solid phase reaction of a

LS Profes R T LB S Safe s OB get is used
t30'siichLSIrol! TRefd afd LoCBa@Eliak SinBsins' O 1AL Torkdth! Sthe Si-0

€fe aré no part m ons on
vi.ded

Vi O hohfosi B feact with Al

Al t hough preferable exanpl es of al um num conpounds ma
Althqugh peeletas {1 g

efable examnles ©f aluminum compounds may include water-soluble

compounds such as sodium aluminate, aluminum chloride hexahydrate, aluminum

perchlorate hexahydrate, aluminum suifate, aluminum nitrate nonahydrate or

aluminum diacetate, insoluble compounds 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 or silica gel. Examples of magnesium compounds that can be

used may include magnesium oxide, magnesium hydroxide, magnesium acetate,

magnesium nitrate, magnesium chloride and magnesium sulfate.
[0085]

In the case of the process of (1) in which silica-alumina gel is used for the raw

material, sulfuric acid first added to water glass to prepare a silica hydrogel having a

pH

of from 8 to 10.5, followed by the addition of an Alx(SO4)s solution thereto (pH 2 or

iower) and the addition of sodium aluminate (pH 5 to 5.5) to prepare a silica-alumina

hydrogel. Next, the moisture content of the gel is then adjusted to 10 to 40% by

38



conmpounds such as sodi um al um nate, al um num chl ori de
hexahydrate, alum num perchlorate hexahydrate,
al um num sul fate, alum num nitrate nonahydrate or
al um num di acetate, insoluble conpounds such as
al um num hydr oxi de or al um num oxide can al so be used

spray dlfytngd anfletheadike clolipweddby tthet addiion of rnagnesia, carrying out a
non-crosslinked Si in the silica sol or silica gel.

hydeathepnab redctioagfoest tonSc hoprsuat] §0ttba®0%andiying aed dhen)firing under
i ncl ude magnesi um oxi de, magnesi um hydroxi de,

comtitiprestols desiribied laterag obin & su . e, hagnesium
chloride and magnesi um sul fate. [0095] In the case of
[009Bk process of (1) in which silica-alumina gel is used

for the raw terla ric irst a .
velrehegpaot {Fe prosarses bt (4} et R9kihah ssei iy sol Torne starting
from8 to 10.5, followed by the addition of an
matqr@{ %&)I@assﬂl,uaIiuarnnumi\e@fan@ov@ilaﬂddmagnewm camgoupd are mixed to
addi tion of sodiumalumnate (pH5 to 5.5) to prepare
obtainsal| mo(adamlm:or&ammm they silicaNeods alurhisunpicompaeindoand magnesium
of the gel is then adjusted to 10 to 40% by 38 spray

compourntd) avdl at hedrotikeamiad | reaotish by dadediadit tfoort tf 48 hours at 20 to
magnesi a, carrying out a hydrothermal reaction for 1

100°C Jolswe B} Wlngot@%taﬁfﬁ el 2ket hRich! &hé‘ggélni?rﬁred under

conditions to be described |at'er to obtain a support

terr{p%g@tﬁ}e ﬂlrﬁeté}?d %ﬁﬁss@ﬁ?rlér‘ﬁo &lﬂﬁﬁéstssbéjfde(sgl}lb@dqqi?tél?’) Alternatively,

use sil1ca so f estartln

am S oy ST L BB REHERR g o v
W I SRR s T

at 20 to 100C followed by drying to obtain a gel,
magnesiim, feRIRoHAd, frllowed by rdyingnabd thean%r@?gattund@r qongitions to be
and at nospheric conditions to be described |ater.
desariped hater.v elnyaddition,athezabove-aentioned snixadisoh dap beldedyerted into
an al kal i ne aqueous solution is added to the
finegtarticleswliteictiy eding a apraybinter, sotheanixeid: sdl casi e deed 4o form a gel
al um num conmpound and a nagnesi um conpound, foll owed
andithedrgrandlafstPitd Sistairf & sLPPort REAtaiMiAG Silica0 BRINIAURE magnesia having

desired particle diameters.
[0097]

In the case of the process of (3) in particular, although a silica sol is reacted
with an aluminum compound and magnesium compound that are inscluble in water,
at this time the aluminum compound and magnesium compound can be crushed to a
prescribed particle size in advance or preliminarily coarsely crushed. After having
mixed and reacted the silica sol, the water-insoluble aluminum compound and the
water-insoluble magnesium compound, the mixture is dried followed by firing under
conditions to be described later. The silica-alumina-magnesia compound may be

crushed to a prescribed patticle size after firing without crushing the aluminum

39



described later. In addition, the above-nentioned

m xed sol can be converted into fine particles

directly using a spray dryer, or the m xed sol can be

dried to forma gel and then granulated to obtain a

support containing silica, alum num magnesia having
compieigid and pragriesium giommnundsin gdyepgg. | n the case of the

ocess of (3) in particular, although a silica sol is

loogé)feact ed wth an al um num conpound and magnesi um

CH B S 5, 0,15 e sindTdidfon aquoous

crushed to,a rescribed particle sjze jn or .
soluffirk gt iatehys Ay EieS alyrEwBE arp i el it SBIE magnesium
and reacted the sjilica sol ,the ,Y,vater-i nsol ypl e
COMREUNA ftkeReRE oiinBiliGh P&lnand ihecsilich gl IBRE ‘?thiﬁé%‘? Gryshed to a
conmpound, the mxture is dried fol|owed b firing .
presofikRs pagivielisizeoivs advamee aéwelimmnlyap@ar.se}ﬁw@rushe . After mixing
silica-al um na- magnesi a conpound may be crushed to a
and peasting ltleel gilicat igel earsl aquebus rsdlutiom @f vihehwateresalgiliengluminum
t he al um num 39 conpound and magnesi um conpound in

compernasd wat@RSSILibiE@aghesiartcerhpbdnd s b 48 Hoursat 2@lto 100°C,
for the starting material, an aqueous solution of a

the MBéGe BOHNEY SolRivitd BYMirfrRyRAUN Yo A h¥aiseingéy thel éortu:#]igons to be

magnesi um conpound is réacted in silica gel, and

descﬁbh??%t@?' TRY . Slidd SfuniRatha t&brﬁ?oqi’r'ic?srﬁé'ybﬁ crushed to a
parti ¢ i y

€ size in advance or prelimnarily coafse
[US

pres§H8 i 86 il AR ARk B 44157 sbolne”
[Oogggnpound and wat er - sol ubl e magnesi um conmpound for 1 to
48 hours at 20 to 100C, the mixture is dried followed

bginkilariynih therprbcéss 46(3) dhdtsalsd dees bhsliczogelifor thesstadirigematerial,
described |l ater. The silica-al um na-nagnesi a conpound

a mikire 1€ prépBaAChY Pedtting! theC4ilidte 9ePWithi &n AlshFfiInRtbfpound and a
firing wthout ‘crushing the silica gel in advance.

magh 8058 copBLA3h i 5014 §5a850°F5 e 88, inghFEompound an
magnesium compound may be crushed to a prescribed particle size in advance, or
may be preliminarily coarsely crushed. Crushing may be carried out independently
for each substance or all three substances may be crushed after mixing. Firing is
carried out under temperature, time and atmospheric conditions to be described later.
The mixture of silica gel, aluminum compound and magnesium compound can be

used by crushing to a desired particle size after the reaction without crushing in

advance.
[0100]

In addition, inorganic and organic substances can be added to a mixed slurry of
each of the above raw materials to control slurry properties or finely adjust properties

such as the pore structure of the product or the properties of the resulting support.
[0101]
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a mxture is prepared by reacting the silica gel with

an al um num conpound and a nagnesi um conpound in the

solid phase. The silica gel, alum num conpound and

magnesi um conpound may be crushed to a prescri bed

particle size in advance, or may be prelimnarily . .

coRESHC@IRIRE Of InP(ganie §ukalanses used B@dyolciude inorganic acids

i ndependent | for each substance or all three
SUC%@SQTIHWc%dngydl@@hlﬂf@sa@d off swfurigi acidg matak salts pf alkaline metals

carried out under tenperature, tinme and atnospheric
suctcasdiit iNmsKt Rbber @s or idikalineacarth métats sugh uase Mg, Ca, Sr or Ba,

silica gel, alum num conpound and nagnesi um conpound
watet-anlltte corgrbubidsEuehnag 8mintortia @@ n@nRMA sufae, nhdeclay minerals

after the reaction wthout crushing in advance.

that [f8FRQduspansidl by UispeHPiiwatePd BF 9a8itienS YpekfitCeRamples of

can be added to a mxed slurry of each of the above

orgaggi"’usgpgﬁmcaks it 'ptﬁ{n{ﬁ%f’é’ fUAPE th@@gﬁ‘[gl%#é“ﬂ%col, methyl

propertiés such 'as’the pore Str

d r e operties of .the resulting support.
CeIIUF{?%U#‘ng\yé%E:&hH,é)O [Ge3cid or ipﬁbﬂs;ﬁﬂ?@' bst ances
[01ogped may include inorganic acids such as nitric acid,

hydrochloric acid or sulfuric acid, nmetal salts of

aAkhbigre thetealase Bitiolisasffédts datheadBhiodr oCin®ganic and organic
al kaline earth nmetals such as My, Ca, Sr or Ba,

substiticls; HRBsEDLR@8 Ay ﬁ%n?%@luaé AP & spheACAINIPHBH as well as
sulfate, and clay mnerals that form suspensions by

contlgi'rl ﬁéﬂe@g%t&@élﬂ ﬁ%.;ef‘yélﬂmet LAY t?/%eeér:dsédgf&gﬁ%gg@'Iﬁﬁiooﬁroperties

gani ¢ substances ncl ude pgp
0 h e . al ycol hyl . cel lL.ulose _pol.yvinyl Lo

of thitolkt 49 A fnpolERiastor 151 ohla T, APGRREeBl buprort.  Liauia

ALt hough, t here ar arious effects of the addjtion ar
PropeisS Al ke shanged dafiose gt Fasiltdte therphiaining at.e sphgyical support

mai nly incluyde formng a spherical support as well as )
by adigtingl the,gisrasity qaades@id seacearationowithe amairprganis or organic

specifically, the liquid properties of the m xed
substaneer y laaddiion; spotrokofipdraciiameter atat ponei valume can be carried out

spherical support. Liquid
by selecting the optimum organic compound that remains within the support in the

formation stage and can be removed by firing and washing procedures following

formation.
[0103]
A support can be prepared by spray drying a mixed slurry of each of the

above-mentioned raw materials and additives. A known spraying apparatus, such
as the rotating disc type, dual liquid nozzle type or pressurized nozzle type can be

used to liquefy the mixed slurry.
[0104]
The sprayed liquid is required to be used in a well-mixed state. if the liquid is

poorly mixed, the liquid affects the performance of the support, such as by causing a

decrease in durabilty due to uneven distribution of the composition. When
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properties can be changed to those that facilitate the
obt ai ning of a spherical support by adjusting the
vi scosity and solid concentration with an inorganic or
organi ¢ substance. In addition, control of pore
di ameter and pore vol ume can be carried out

forguladiog iy matedalsi inupardicylani sincethetmare vases @fathﬁsoccurrence of
within the support in the fornmation stage and can be

increases dnl shyryf viscosityargpantialgetatiqn (oodidid esndenisation)dhere is concern
formation. [0103] A support can be prepared by spray

ovetthie figrneatiorxefinen-unifyrme fpaelisiés. of Cohsequamiyetheea ar@eases in which
raw materials and additives. A known spraying

it |§Wé‘|re@éblé tosla'él'i'trolaé dilite s8f %\"d?guﬁd%ﬂ—ltﬂ #&.a dedli-stable range, for
| i'quid nozzle type or pressurized nozzle type can be

ex#ﬁiﬁ@gi gﬁi ltgf ﬁ}éghé@d%}?gﬁé% %adéilty\%oq‘&dmolélgas%omfilsdalso taking
addjigl ?ﬂhﬁ?%*%@ﬁﬁﬁ%%%@?ﬂéﬁﬂ pid t el Tuley S i Stiming

[p1@sgrease in durability due to uneven distribution of
t he conposition. When 41 fornulating raw naterials in

palt is cetassargifocthd Spragedriiquithkehavé d bertain degrea of vidcosity and
increases in slurry viscosity or partial gelation

solid@dncehifafiem deRSRELSIA and '38II@ coRcEMPRRIMaret¥@leskRely low, many of
formati on of non-uniformparticles. Consequently,

the?b‘? Bb&leg né& ng‘?Qﬁd?fm%ﬁré’ fr?fh%%%ﬁft(ﬁstﬁﬂaﬁ 'spheres rather

ca SO aroun a sem -stab

thaﬂge Q;E)Wér 5, q%&@ §% fgﬁgﬂgﬁf g@%sﬁﬁ%ﬁgﬁ&rﬁpﬂioﬂgare excessively
o CRE T et S BN b 0 e 8l cf e porous
the sprayed liquid to have a certain degree

bodigs; dbis pot Bﬂ%ﬁ'b@oﬂol foraosiable: deanlets. dqnven&iilrgg; Qﬁltl"? lighgl properties.
solid concentration are excessively |ow, many of the

Consaquestlpodsensityis piretedalply withiny tangenef tiom 5 ito 19B0P wps: provided
of distorted spheres rather than perfect spheres. In
the diqdid cam blei sprayed at ithat viscbsily) and @ohighet sptayableavigcosity tends to
be ;éi«:rzst;lleviitz respect to shape, and based on the balance between viscosity and
ease of manipulation, viscosity is preferably selected from within a range of from 10
to 1000 cp. In addition, a solid concentration within the range of from 10 to 50 % by
mass is preferable from the viewpoints of shape and particle diameter. Furthermore,
a hot air temperature at the drying column inlet of the spray dryer of from 200 to
280°C and a drying column outlet temperature within a range of from 110 to 140°C

are preferable as general indicators of spray drying conditions.
[0106]

The support firing temperature is typically selected from within a range of from
200 to 800°C. Sintering at a temperature above 800°C causes a remarkable

decrease in specific surface area, thereby making this undesirable. In addition,
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high, in addition to having a detrinental effect on
the dispersibility of the porous bodies, it is not
possible to form stable dropl ets dependi ng on the
liquid properties. Consequently, viscosity is
preferably within a range of from5 to 10000 cps = )
althoughi thete atenao pagiicuarclifpitaionspen yhel fidng wimosphereo firing is typically
and a higher sprayable viscosity tends to be
carpedfaut&bl air wirtnitrogamechn additibapalthough Hisingdtirne ¢drebe determined
bal ance between viscosity and ease of manipul ation,
depenslings oh \the Sspecificesurtdce alacafterdfiing) m i tybicallq framodeto 48 hours.
of from10 to 1000 cp. In addition, a solid
Sin6® RUPPbaiHydicaliprbpeHied SUCANEE pSfosity URakge! f i8theteb¥ary to select
mass Is preferable fromthe viewoints of shape and
i ' ] . h . i ur :
sungtﬁfet F}é}hﬁel‘atlﬁ’f%eéﬁ{i hé:éifnhl g{iﬁ%ﬁﬁ% f6r B Jﬁbpyé&{er moﬁérfér.o nlrf the firing

the drying colum | e spra

ey £0Me S 8 T R, TRl ity o o
cor e P i 8, £ 85 obcrse

fromwithin a range of from 200 to 800C. Sintering at

porg velme aiesHits.abole agdions aleaiing: candilionsy prefefablye Ray include
in specific surface area, thereby making this

gradualbysiaising éhe tempesittiedby usingaprogramgmedhaeating andhthe like.  In the
particular limtations on the firing atnosphere,

casei ofi fiing sindgpicoaditipns cauchi thet d temperaturs rises rrapilly, gasification
In addition, although firing tinme can be determ ned

anddegrabdititth eninbRfari® ahtfdrganik!detarifedbaiontés ioldmeausing them
it is typically from1l to 48 hours. Since support

to B ¥RPpSSEd B RiEpér Og&LSH Idusf izati
TR W SR proRes ST A e RS r feusiry pulverization
LEg . i.ring conditions. If the firing
the't%gﬂ‘pqtélgﬁg?%'E%dtg)g@%é%i vely low, it becomes difficult
[0107 neintain durability as a conposite oxide, while if
the firing tenperature is excessively high, a decrease
i nThepspecifiolsurface ased tof the suppditt asmedwaed nging the BET nitrogen
conditions preferably may include gradually raising
adsbhstiohempeicrt, Us réfieratily N0 MERO6LMTRE, Mré iphefepaly t20em?/g or more
like. I'n the case of firing under conditions such
and! &an Hlﬁeﬁ:ﬁ@fé%@lg%(? g oF éﬁéﬂ‘é’ Fom tﬂéﬁ}ié\hﬁéﬁhtsogf e88¢ of loading
of | ecomnes

combusti o ~I'norgani ¢” and organi c substances
compoRité Hancp@Hrid® di&ic activity and resistance to exfoliation. In addition,

although not particularly required from the viewpoint of catalyst activity, the specific
surface area of the support is preferably 700 m?/g or less, more preferably 350 m?/g
or less and even more preferably 300 m%/g or less, from the viewpoints of mechanical

strength and durability.
[0108]

The pore structure of the support is an extremely important physical property
with respect to loading properties of metal components other than strength, long-term

stability including exfoliation, and reaction properties, and pore diameter is a physical
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to be exposed to tenperatures above the set
tenperature or causing pul verization, thereby naking
this undesirable. [0107] The specific surface area of
the support, as nmeasured using the BET nitrogen
adsorption nethod, is preferably 10 nR/g or nore, nore
valugrrefiuired Ifor dememstrating these paererdeen Hosepdismsterisyless than 3
50 n2/g or nore, fromthe viewpoints of ease of
nm, latthdugily exfrﬂialioaiprepaﬂieepm‘rthédbaded cattal qre tavacablej in/the case of
and resistance to exfoliation. In addition, although
using e patalystin arliquid paake rsaction rark!fthe\ﬂkewpcreﬁtﬂlaﬂfeter is preferably 3
catal yst activity, the specific surface area of the

nm c?rLlﬁB{%I tfrdn$ Y 6|E?r\f£%mt)bf?|9¢£¥nfﬂﬁlﬁg@f gh %a%tlvﬂ?mhout making intrapore
preferably / or |l ess and ‘even nore preferably

ol Tl S92 S8, 51 B 8 g e
subsgfip B P il i 0B t?‘%ﬁ%&%%d@? FRIE Blamsier iy preferably

onents ot her than stre ong m tab|
50 (T cDi SRy TEMoIeaVIENPOI G TESiStEnGR Bt Jhrcaalist hﬁack'ng and
pore diameter is_ a physical 43 val ue reqU|red fo
reswd@mmm exiolialipn ﬁfel@@dgeldneta! i eEhus, fthe poge giametes ﬂs peeferably from
less than 3 nm although exfoliation properties of
3 to SRenhpadd dnovet pricfenablyf faoror 3ibd 80 im. t Rere sislunat is esjuirgd to allow
the catalyst in a liquid phase reaction and the |ike,
the psende asfeperesi for doadiagatbley c8mposite mamopertidesam However, if pore
vi ewpoi nt of maintaining high reactivity w thout
voluﬂi%kbégoﬂnéér@%@s%wegl fdrg8i %ﬂeh?ﬁi A fo ieersade/ fhpidly. Thus, a
arge so that the diffusion step of the reaction

el S¥rdrh 0.4 489 @ﬁﬂ.g% @pnréfg bR t\ﬁl’iq&ﬁ%‘i‘ within the

pore dlane e s preferably ess

s 5 L P T 006 BB o | g o sveno

t he pore dianeter i eferagbly, fro 3
The (bRt theh prmart obeurimt refiably"s8ftgst ine’ BBpus ranges for
volune is required to allow the presence of pores for
pore| dia@etf] anskpeigdinee nanoparticles. However, if pore
010§gl ume beconmes excessively large, strength tends to
[ crease rapidly. Thus, a

The shape of the support is selected from among a hollow cylindrical shape or

pore;

honeycomb shape being a structure that demonstrates low pressure loss in a fixed
bed according to the type of reaction, and under liquid phase slurry suspension
conditions, the slurry is typically spherical and the shape of the support is selected
that allows the support to be used by selecting the optimum pore diameter based on
the reactivity and separation method. For example, in the case of employing a
catalyst separation process using the typically simple method of precipitation
separation, a particle diameter of from 10 to 200 um is preferably selected, that of
from 20 to 150 um is more preferably selected, and that of from 30 to 150 pm is even
more preferably selected based on the balance with reaction properties. In the case
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pore volume within a range of from0.1 to 1.0 nL/g is
preferable, while that within the range of fromO0.1
to 0.5 mJg is nore preferable, fromthe viewoint of
strength. The support of the present enbodi nent
preferably satisfies the above ranges for pore

of enplewingra srepspliter methade snjallparticlesthaving peparticlerdiameter of from
support is selected fromanong a holl ow cylindri cal

0.14had@ on omhimssyamenprefoegide [thientp theit high vesctivitgt The catalyst for
denonstrates | ow pressure loss in a fixed bed

producing diznhoxyict Acidtogter atcod t®he Pressrtd@nbbiimént can thus be
phase slurry suspension conditions, the slurry is

usek) @r%rid@fn? HeefypeanBfmi ST uppBRacRbrding t6 HﬂePEﬂdesé of use.
sel'ecte hat "al | ows the support to be“used by

[01HYl ecting the opti mum pore di aneter based on the
reactivity and separation method. For exanple, in the
cAlthaghetigire\aregna partiewar iimitations an the pmssmt ofuexidiged nickel
the typically sinple nethod of precipitation

loadeshantst thersuppopaittis gesedliyfere 0. bto 208 by0miass 20@ferably from 0.2
preferably selected, that of from20 to 150 mis nore

to 1pri6fler maky, mere ptafdrabin ffotrh@i2 tof5 84 bymddkst and.BGerimide preferably
even nore preferably selected based on the bal ance

fronwiOt 31 té 2a% bp IndsORE idiRS babad tdiethedsfhptit MeidhtP! Tredmount of X
a cross filter method, small particles having a

load¥®f énie! tﬁf?@&?ﬂ% g efefl@h'ﬂ'o oM 48 15QA'Bfﬁ?%§,S§re?ér‘?9I§(t from 0.2 to

prefera to“thelr high reactrvit € cata

orf j ' ' di to th
5 4 61, e B BABR b0 2% 2 S 5imAEE bl iratly rom
03 [ 8% 96y i< fns, pbfrtlanreelrebheom d B3aPho ATy ass as metal
limtations on the anount of oxidized nickel |oaded
basgd0p tﬁﬁ@”QBBBcWQ'Qh'i-t is generally fromO0.1 to 20 % by

(011 ss, preferably from0.2 to 10 % by mass, nore
gfeferably fromO0.2 to 5 % by nmass and even nore

FISRCTE, Iyt PR A SRR 1 R e atomic
B8R AT B4 YRR, o adBoring 35 Bpan, o th case o
usinfgIr %msgpgo oof2 tr(:/é bB/rersTgrslts ’emeslo%?mgtr)\{ y nﬁé}ﬁﬁba%h?éaf {aﬁ alumina, the
composition ratio of nicke! and alumina in the catalyst 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. In addition, in the case of using a support containing
silica, alumina and at least one type of basic metal component selected from the
group consisting of alkaline metals, alkaline earth metals and rare earth metals, the
composition ratio of nickel and alumina in the catalyst 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, while the composition ratio of nickel and basic metal

component in terms of the atomic ratio of Ni / (alkaline metal + alkaline earth metal +
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0.3 to 1.5 % by mass and particularly preferably from
0.5to 1.0 % by nass as netal based on the support
wei ght. [0111] Moreover, in the present enbodi nent, a
preferable range exists for the atomc ratio between
ni Chﬁl an g the el enmentary conposition of the support.
rare, earth, metall is preferably, omé #pter 1. 2omaraeretesaklyirom 0.02 to 1.0 and
enbodi nent cont ai ni ng silica and alum na, the
eveg grgierefesablyfrarn 0094 i @16el and alunina in the
[011 jxtalyst in ternms of the atomc ratio of N / A is
eferably fromO0.01 to 1.0, nore preferably from 0. 02

;%%Iggﬁp%r&éf Iggréggeg fa‘fsr[? %glg{ gor thgg%gpg% 6%‘! Bﬁ%n nickel and
o SO, B e 3 o e ot

i al kaline netals, alkaline earth netals and rare earth
silicargfunina-magn @am orf heeqrapesition ¢atio obnigkel and alumina in the

in the catalyst in ternms of the atomc ratio of N /
catajyst ji teines &f dhe yatemimratico of Ny /1ADIs preferaphefremabloN to 1.0, more
from0.02 to 0.8 and even nore preferably fromO0.04
preferably, Homafi02etot 0.8 andnpuen thone praferablf fromct.@4 t8rele. In addition,
basic nmetal conponent in terns of the atomc ratio of

the ¢dmpoditibi ahficnef niezkel arid Magtidsiim Gttt ’éh'e dtonfte ratis &f Ni / Mg
earth nmetal) is preferably from0.01 to 1.2, nore

is preféfabhalomn fo.0M8. 92 tfore %b ?abl pre eraﬁ A ¥ven more

from0.04 to 0.6. [0112] reove e ranges

prefé’rlaBR(f%rhsdoﬁ% t@e atom c ratio between nickel and
t he "support const ituent elenments of al um num and

[011B}agne5| umin the case of a silica-alum na-nmagnesi a
support. The conposition ratio of nickel and al um na
i i ataraicaratit of nniclkeeinandf aluhenamowinich a4 i » suppbit tonstituent
Al is preferably from0.01 to 1.0, nore preferably

elemientnbasié 2mietalOcl@nrerd GV enagisturi’ is’ @itARl the REve- %gb@. effects
0.6. In addition, the conposition ratio of nickel and

resuling NAsiMpfolémeAt BF e‘lﬁt;dﬂ“ﬁf gkfk@l ‘énaaéth&tﬁtfab 'hai‘ngé@ in' t@s catalyst

preferably fromO0.01 t nore prefera

partiéi8s lteRdafs! KoY SAnIREEY. p"rﬁ erahhy%udrom %eoi‘hé GeQul of the nickel,

aluminum, basic metal component and magnesium forming a specific composite

oxide when being within these ranges, thereby forming a stable bonded structure.
[0114]

The catalyst for use in production of carboxylic acid ester according to the
present embodiment can also comprise a third constituent element as a catalyst
active component in addition to the oxidized nickel and X. Examples of elements
that can be contained may include titanium, vanadium, chromium, manganese, iron,
cobalt, zinc, gallium, zirconium, niobium, molybdenum, rhodium, cadmium, indium, tin,
antimony, tellurium, hafnium, tantalum, tungsten, rhenium, osmium, iridium, mercury,
thallium, lead, bismuth, aluminum, boron, silicon and phosphorous. The content of

these third constituent elements is from 0.01 to 20 % by mass and preferably from
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[0113] If the atomic ratio of nickel and al um num

which is a support constituent elenent, basic netal

el enent or magnesiumis within the above ranges,

effects resulting in inprovenent of elution of nickel

nd structural changes in the catalyst particles tend
0.0% to 12 “e RM saResupergatalyst tn@adgition, @ti;%ﬂsﬁ peetyre pf metal component

the nickel, alumnum basic nmetal conponent and
selegtashfromuther gravpnepnsistingcot akkalinerpuataise alkalind eamtremetals and rare

being within these ranges, thereby formng a stable
earthandtals shayi atsor be cdnfdifddl i ithe aatalyyist Ther corstent bf these alkaline

production of carboxylic acid ester according to the

metalse afkaling Eth ARMdls Giirafd AMAONBLIEIS % 3efeltdddfrom within a range of
constituent elenment as a catalyst active conponent in

15 %Wﬁb%‘ol"%s%%r%itﬂggt?d ni ckel and X. Exanpl es of

el énents that can cont ai ned may include titanium
[01164nadi um chrom um nanganese, iron, cobalt, zinc,

gal lium zirconium niobium nolybdenum rhodium

c Mnte (that itheseudhird ioenstituent ralermentsebr alkaline metalisumlkaline earth

tantal um tungsten, rhenium osmum iridium nercury,
metalsand tare dasthdmetals mayhbe alontainednin thee oatalyst budng production and

phosphorous. The content of these third constituent

reactibarafithe cataljstoor 8.rdthod Mly Kebysdthby whish fHe§f sreaddnitained in the
from 46 0.05 to 10 % by mass per catalyst. I'n

suppsitlid a@fancat | east one type of netal conponent
selected fromthe group consisting of alkaline netals,

[0118] kal i ne earth netals and rare earth netals nay al so
be contained in the catalyst. The content of these
[CatalyrtBhare] metal s, al kaline earth metals or rare earth
nmetals is selected fromw thin a range of 15 % by
mdbe specifiessurfane arsabfythe. cdtalysbaccdiding tohthe pressst embodiment,
third constituent elenments or alkaline netals,

as medcuréd @sing the BEF tritr6gen 8ds6rptioR dhéthole jsabieféRibIVoRithin a range
contained in the catalyst during production and

of floRRCA0 99 380 (H%gC HMdreY plefefibl? fEhNSE ERB0BEMAREGnBY even more
whi ch they are Contained In the support In advance.
preferably from 100 to 250 m%g, from the viewpoints of catalytic activity and

resistance to exfoliation of active components.
[0117]

The pore structure of the catalyst is an extremely important physical property
with respect to loading properties of metal components, long-term stability including
exfoliation, and reaction properties, and pore diameter is a physical value required for
demonstrating these properties. If pore diameter is less than 3 nm, although
exfoliation properties of the loaded metal are favorable, in the case of using the
catalyst in a liquid phase reaction and the like, pore diameter is preferably 3 nm or
more, from the viewpoint of maintaining high reactivity without making intrapore
diffusion resistance excessively large so that the diffusion step of the reaction

substrate is not the limiting step. On the other hand, the pore diameter is preferably
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[0116] [Catal yst Shape] The specific surface area of
the catal yst according to the present enbodi nent, as
nmeasur ed using the BET nitrogen adsorption method, is
preferably within a range of from20 to 350 n®/g,
nor e preferably from50 to 300 n2/g and even nore

50 mnefarr lassy franantheowienwpoirsoohpesistancenoft the witalyssi ta sracking and
of catalytic activity and resistance to exfoliation

resistanmet iovexfolintippnefibaded Odeitdl  Tus, ftloe pore diamteter isopreferably from
the catalyst is an extrenely inportant physical

3 t50 wen t morevprdferaisdy éoin Baol IBAMNENG eVBAMhbRSpRfer@Bhafrom 3 to 10
components, long-termstability including

meXfPHréa%IQﬁwe w%réi%@%!yowmlhoﬁefédg”é gfal?&np@‘le to 1.0 mL/g, more

di aneter is a physical value require

prefé‘gss : $tdrtd % b@ft‘ﬂﬁ@%‘?ﬁeé oré r@fé’i‘?olg 0 td ﬁ 3 ml/g, from

an 3 nm a og properties o
e ASEHEH AR Ao hN @ﬁaaecnbag&ps% el s
o b S Borla 2o o s oA e o ore camoter

maki ng i ntrapore diffusion resistance excessively
and parge/olignenat the diffusion step of the reaction
[01ﬁ1bstrate is not the limting step. On the other hand,
e pore dianeter is preferably 47 50 nmor less, from

t*@at‘élﬁY‘ﬁﬂir@tdl%'létérs'c%aﬂégs@;apy“%el&{t)%& gqeéqetnﬂ&qd on the type of

cracki'ng ‘and resistance t

reafBrE ) ok X BB I b Jonls” o Sirepted SRl Yor example
nor e eferabl nm Pore volu

pord) BltoBlef Hs Archrdin dn gBe snewnddesd fa 3onsiatathe, catalyst, and in
nore preferably from0.1 to 0.5 nlJg and even nore

the gage of separation Bysrontanepus setijngfis preferaklyfiamydfitnt200 um, more
of | oading properties and reaction properties. The

prefegabdy from g@d‘@ﬂﬁﬂngn and eved moesspreferabhofiome20 to 100 pm.

eferably satisfies the above ranges for pore
[01% aneter and pore volune. [0118]

[Process for Producing Catalyst for Use in Production of Carboxylic Acid Ester]

There are no particular limitations on the production process of the catalyst
according to the present embodiment provided a catalyst as previously described is
obtained, and a commonly used production process for a loading catalyst can be
applied, examples of which may include impregnation processes (such as adsorption,
pore filling, evaporation to dryness or spraying), precipitation processes (such as
co-precipitation, precipitation deposition or kneading), ion exchange and vapor
deposition. In the present embodimeht, impregnation and precipitation processes

are preferable, while precipitation processes are used more preferably.
[0120]

The following provides an explanation of a typical process for preparing the

catalyst according to the present embodiment using the example of precipitation. In
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Cat al yst pore dianeter can be suitably sel ected
dependi ng on the type of reaction. For exanple, when
using in a liquid phase suspended state, for exanple,
pore di ameter varies according to the nmethod used to
separate the catalyst, and in the case of separation
a firgjystep.oior axemple satqatalygl, presupmasiis obtaiped Ly preginitgtingrickel and
m nore preferably from20 to 150 m and even nore
comporgdron af suppard by cnerdaliging 0 Bpijic gamuesusssolation of a soluble
Produci ng Catal yst for Use in Production of Carboxylic
metahsall chatainihg Tieket aateX.noApthis stageathd nickéleandXcomparrents (such
production process of the catalyst according to the

as PHARBdSERS predibitatedY aflgdfieed A tié tsuppoRt eueots Ingutralization
described is obtained, and a comonly used production

reacﬁéﬁ%@ﬁﬁeéﬁpic&# 234 X BnE 3h he/ 8huESTs BBIUtiBRP! C¥thpounding of nickel

exanples o I ch may 1 nclude I npregnation processes
: FLI L . o
ana Gy RS B it a8 4 1o 3RB6TEIS By, Smuanousty
) i bitation. it ati q e
precipfaliag g = enedaaRie SahiopF 5o aappeRerBh. 1n (e
[012@Iesent enbodi ment, inpregnation and precipitation
processes are preferable, while precipitation

PNERE S8 eSsétchd SR, s %amyh‘t%q%bl'd&n? [t kROlpredéret embodiment can
foll owi ng provides an explanation of a typical process

be oféﬁi)%%ti{ qu’fﬂsﬂ‘ég bhe %rgiﬁgethésdaté“}?t%l@cﬂ%dr%ﬂtéiﬁeﬂriﬁﬁﬁggirgt step as

nt using t xanpl e of precipitation.

nece%%%é{fﬁgéﬁgg gﬁeﬁﬁé{mﬁ‘gm a catal yst precursor is

eclpitating nickel and conmponent X on a
[0128pppor t by neutralizing an acidi c aqueous sol ution of
a soluble netal salt containing nickel and X At this
sExgreplashef soloblel metal Saliscpdaieimgsnickelchsedhto grepare the catalyst
hydr oxi de) are precipitated and fixed on the support

may GhEludé® nickell hthaté ahickel acatat avd nivkelvenloridecké addifiol, examples
ions in the aqueous solution. Conpoundi ng of nickel

of sﬂggle_cﬁ@?ﬂn%l{s LohiMh§ X ARY YindREe palldefuriOEfoAde U Paliadium

simultaneously precipitating froma m xed aqueous

acetS@ Ml 1Y c8le HAIBRATRO ReRcted G %L kuthenium chioride and ruthenium

nitrate in the case ruthenium is selected for X, chloroauric acid, sodium
tetrachloroaurate , potassium dicyanoaurate, gold diethylamine trichloride and gold
cyanide in the case gold is selected for X, and silver chioride and silver nitrate in the

case silver is selected for X.
[0123]

Examples of bases used to prepare the catalyst may include sodium hydroxide,
potassium hydroxide, sodium carbonate, potassium carbonate and ammonia. In
addition, one or a plurality of types of basic metal components selected from the
group consisting of alkaline metals (such as Li, Na, K, Rb or Cs), alkaline earth
metals (such as Be, Mg, Ca, Sr or Ba) and rare earth metals (such as La, Ce or Pr)

may be contained in the support.
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Next, in a second step, the catal yst according to the
present enbodi nent can be obtained by rinsing and
drying the catal yst precursor obtained in the first
step as necessary followed by heat treatnent. [0122]
Exanpl es of soluble nmetal salts containing nickel used
[0124lb prepare the catalyst may include nickel nitrate,

NCHE 4 e g héSitiste of | saliié invetal salt containing
e@aﬁ% 2@5%‘03‘5’58?%'@ %t@glugsal tsl, cont ai ni ng X may
_incl ude pal | gdi.um_chl or] 288 with@adeewhile stirring 1o
”'qulf?é“ﬁgs'ﬁ rﬂgﬁaaﬂﬂ'ﬂhﬁ %]_Lp S éf g%@i’%r?grbhﬁghirglﬂ heni um ]
chloride and rutheniuym nitrate i hewd h
precipiais cieaR S OHCK KSR g X oo § ot " CBiéons suo
tetrachl oroaurate , potassjum di cyanpaur.ate, d
as thii eonpaniration afithe RAYEPHS SQM‘O@&O&XE"EWH?@&&iarTEf%’eb%%%e"H of the
gold is selected for X, and silver chloride. and si.l. eln of the
aquéddy abletion arit: teropetatyie ae spiakly) slectgdrQring p[%?i@gﬂ o
Exanpl es of bases used to prepare the catal yst may
nickéNsidigsmpedintnXhydr oxi de,  potassi um hydroxi de, sodi um

carbonat e, potassium carbonate and amonia. In
[0128§idi ti on, one or a plurality of types of basic netal

B fadh rronepBtnten (ofodiel Abusdle $BILARASLAERnGnicke! and X is
| kal i th metal |
sontihue 2T AL (AR 85 el ol faPBlons o 0

contained in the support. 49 [0124 the first .
mol&! &m] neote gueterablydn GePSite 8 aiol -sb-lr?'\?b'i joff Migked gnd X in the
containing nickel and X is mxed with a support anﬂ, f
aquébes soRtibnah iterms of tire btassicviatip of Nii/rk iisgreferably within a range ©
precipitate a precipitate of nickel and conponent X
fron® Bl O1c16 ibdes brefSaitsly foans. 2tech.0 and ekien cworeepreferablyyfrom 0.5 to
of the aqueous sol ution containing nickel and X, base,
30pH of the aqueous solution and tenperature are
"“'suitably selected during precipitation of the nickel
[0128)d conmponent X

In addition, the pH of the aqueous solution is adjusted with the
above-mentioned base so as to generally be within a range of from 5 to 10 and
preferably within a range of from 6 to 8. The temperature of the agueous solution is
generally within a range of from 0 to 100°C, preferably from 30 to 90°C and more

preferably from 60 to 90°C.
[0127]

in addition, there are no particular limitations on the amount of time during
precipitation of nickel and component X, and although this time differs depending on
such factors as the loaded species, amounts of nickei and X loaded and the ratio of
nickel and X, it is generally within a range of from 1 minute to 5 hours, preferably from
5 minutes to 3 hours and more preferably from 5 minutes to 1 hour.

[0128]
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[0125] The each concentration of the aqueous sol ution
containing nickel and X is generally within a range
of fromO0.0001 to 1.0 nol/L, preferably fromO0.001 to
0.5 mol/L and nore preferably from0.005 to 0.2
nmol /L. The ratio of nickel and X in the aqueous
sthattemperatures doging fheah dreatmpent of the §atﬁﬂvﬁtllpf$01)(59%'" the second
preferably within a range of from0.1 to 10, nore

steplis géperdily frdm a0 t8.900°C, préferabdy roem8tnbo 806?@1‘ moeeh pyeferably from
from0.5 to 3.0. [0126] In addition, the pH of the

200 qaumh@: HPIUELEON rhéred Girefataisly ird 80@ toab00G. meHeab redtment is
base so as to generally be W|th|n a range of from5 to

carnég GRn an?(?@?LeYe‘@ubH'db err(af‘ﬁﬁ'nﬁépﬁérﬁi%ﬁ) tc$3<|o‘$2|n§;r h#mosphere

nperature e aqueous solution is generally
D e
hyqupggqmy (ﬁcc{ Bﬁfgﬁ;ﬁ%ﬁﬁg rﬁﬁ” ';g rpg deb) ﬁ)ﬁrﬁ&{g gggsert%sgh&e (such as
v, i crstaper (s Yl S BERL A LGB s
ni ckel and X | oaded and the ratio of nickel and it
accardingdadhe hept ireatmentiempegatuse and amauntioi setalyss PSGCUTSOT

gi)urs preferably from 5 mnutes to 3 hours and nore
[012 eferably from5 mnutes to 1 hour. [0128] 50 The

L ER& g%‘é é&bﬁ)e”rglehﬁ@ﬁde& 68RO Ble Ofredﬁlﬁr?%‘f%éiﬁiéﬁt can be carried

precurs step 1s genera from40 to
o B3R e 8 e B BB 9Rf e
forrr';!_lcg,k3 gtglﬂs r ?@:tﬂg]qt:ﬁﬁlgz ﬁ@t§ Ll?étlrolgﬁg)c%l#régé ap@? 2L g hgqaj%%l?lt method in
WhlctSj‘such as oxygen, ozone, nitrogen oxi de car bon

dhe dexidizgdr @gthﬁ?l per 6%t compleiglis cFadiicsds tach gmgtal state.  The

i norganic / organic peroxide) or inert gas atnospher
temjfesmatireand duration of reducing treatment are suitably selected accordlng to the

type of reducing agent, type of X and amount of catalyst.
[0130]

Moreover, oxidizing treatment can aiso be carried out as necessary in air (or
atmospheric air) or an oxidizing atmosphere (such as oxygen, ozone, nitrogen oxide,
carbon dioxide, hydrogen peroxide, hypochlorous acid or inorganic / organic

peroxide) following the heat treatment or reducing treatment as described above.
[0131]

A third constituent element in addition to the nickel and X can be added during
catalyst preparation or under the reaction conditions. Alkaline metal, alkaline earth
metal or rare earth metal may also be added during catalyst preparation or to the
reaction system. In addition, raw materials of the third constituent element, alkaline
metal, alkaline earth metal and rare earth metal are selected from salts of organic

acids, salts of inorganic acids, hydroxides and the like.
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hel ium argon or nitrogen). The duration of heat
treatnent is suitably selected according to the heat
treatment tenperature and anmount of catal yst
precursor. [0129] Follow ng the above-nentioned
[013§fcond step, reducing treatnment can be carried out in
reduci ng at nosphere as necessary (such as hydrogen,

[Pro?égg %i%duéiﬁé@érbﬁxﬂfcAél&rEQtér]aCl d). In this case,

uction I's Carried out by selecting a treatnent

rn?&?@tgx&}h? ac‘ﬂﬁ1 bg{égtcgﬁ tlﬁ{%ﬂid@%@d 'ﬁ; T n‘gé) hiRieRPde ﬁﬁﬂ@l@ﬁrﬁ‘il Yr (b) one

erature and
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d t of talyst. [0130 i di.zi
producaian R FETRAIGASH SRetartamada e erren L LGRS, |
01%? at mospheric air) or an oxidizing atnosphere (such
[ oxygen, ozone, nitrogen oxide, carbon dioxide,

hwﬂt’h%ﬁgﬂ tREfL X80 pamwréﬂ IRRigationCord th aimount ef tatalyst used, and
or gani peroxi de) follow ng the heat treatnent or

can rb we{bﬁe reé‘W?@é‘Paﬁq%nQ %gﬂir@e@ ?&Oé)%mplboﬂ@iypéstdﬂrédction raw

el enent itrron'to the nickel
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addi tion, raw material s of thethlrg Sti Iuerﬂa f from
preferahty nsed gurhthatdhe selid congentzationindhe SiHRE S Hc?’ange" ro
rare earth netal are selected fromsalts of org
1 toaB0 det/vol%| peeferabily flogadi to %m&:ol%mdommedoramablwérom 10 t0 25
i ke. 51 [0132] [Process for Producing Carboxylic
wtivdi%d Ester] Carboxylic acid ester can be produced from
(a) al dehyde and al cohol or (b) one or nore types of
[013]cohol s in the presence of oxygen usi ng the catal yst

f 3 us&ﬁé?{f@ﬁi%ﬁﬁﬁ'@gﬂ%? ! Bcar 29 dxn%sh{a%v ?r?ét&ﬁl%trﬁﬁy include Cq to Cqo

aliphatic saturated aldehydes such as formaldehyde, acetaldehyde, propionaldehyde,
isobutyrylaldehyde or glyoxal; C; to Cqo aliphatic o+ B-unsaturated aldehydes such as

acrolein, methacrolein or crotonaldehyde; Cg to Czo aromatic aldehydes such as
benzaldehyde, tolylaldehyde, benzylaldehyde or phthalaldehyde; and derivatives of
these aldehydes. These aldehydes can be used alone or as a mixture of any two or

more types thereof.
[0135]

Examples of alcohols able to be used may include C4 to C+o aliphatic saturated
alcohols such as methanol, ethanol, isopropanol, butanol, 2-ethythexanol or octanoyl;
Cs to Cqo alicyclic alcohols such as cyclopentanol or cyclohexanol; C, to Cyo diols
such as ethylene glycol, propylene glycol or butanediol; Cs to Cio aliphatic

unsaturated alcohols such as allyl alcohol or methallyt alcohol, Ce to Cop aromatic
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[0133] Although there are no particular limtations
on the anount of catal yst used, and can be varied
over a wide range according to, for exanple, the types
of reaction raw nmaterials, catalyst conposition and
preparati on nethod, reaction conditiops or type of
alcoladact isoch i rast hebengeg orleahebt i NG heﬂﬁgﬁoéy?g&apﬁsthéum as
state of a slurry, the catal yst can be preferabllﬁ/. he f f
3-alkyE8chyaieXyrhéthlyldxetarso| i Eheserajevholacapbe wsedhaloge grif the form o
is within a range of from 1 to 50 wt/vol % preferably

a mi férbgaﬁptﬁgowdfgltgpwmemfe preferably from10 to 25
wt/vol %" [0134] Exanpl es of al dehydes able to be used
[01385 raw materials may include C, to C, o aliphatic
saturated al dehydes such as_f.ornpl dehy :
alret thed GRYAMCHIONT AFPEIRS Mg&ﬂg n?%gtgﬁt %??/?ezﬂtdg ybo?éj iment, @) a
gl yoxal; C3 to Clo aliphatic a p-unsaturated al.deh
corresprinding cachoXicnacideesigs reanioe BFO@*C@FoﬁXI ERAAd. Xlggﬁyde and
to C20 aromatic al dehydes such as benzal dehyde, .
alcohol, v @) bprespdruting carttylic acisr e$aE Aan aedgﬁé'd%?d by geacting one
derivatives of these al dehydes. These al dehydes can
or mife Wi G MBshals. as a mixture of any two or nore
types thereof. [0135] Exanples of alcohols able to be
[01373ed may include C, to Cl0 aliphatic saturated

al cohol s such a t hanol , . et hanol,, j
D Shropase SE PR ABbosYICpPE iy HOREARBREAS and alcohol, there
alicyclic al cohols such as cycl opent.anol

are myx patiisulasdimitationsoot, Heaweidht ralierpiatie.plohydg and alcohol, and
gl ycol, propyl ene glycol or butanediol; C3 to C,0 .

altheligtp proditionrceat be sasibcbdlopvsrs Wide rangeef ‘9’9*95‘ fliRsy, such as a
or nethallyl alcohol; C6 to C20 aromatic 52 al cohol s )

moltltio?st A1eskyde ® alobhol; ofdruin ooy D8 aredudtiontis fpically carried
3- al kyl - 3- hydr oxynet hyl oxet ane. These al cohols can be

out HFS%&%PFﬁidtlﬂitﬁiﬂé% Sfrg]rmﬁ 1/2ta#8ur e of any two or

nore types ereof. [01
[0138]

In the case of producing carboxylic acid ester from two types of alcohols as well,
there are no particular limitations on the weight ratios of the types of alcohols, and
production can be carried out at a molar ratio of one type of alcohol to another type of

alcohol of from 10 to 1/1000 and preferably from 1/2 to 1/50.
[0139]
Production of carboxylic acid ester can be carried out either in batches or

continuously using any arbitrary method such as a vapor phase reaction, liquid phase

reaction or irrigant reaction.
[0140]

Although 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 components,

such as hexane, decane, benzene or dioxane.

[0141]
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In the production process according to the present
enbodi nent, (a) a corresponding carboxylic acid ester
can be produced by reacting al dehyde and al cohol, or
(b) a correspondi ng carboxylic acid ester can be
produced by reacting one or nore types of f‘:tl coholgi. in th
[ ARBIUgh the téastionszanobe masiret PHt UsIEBHHRY ef ERAGYoRstnawn In the
from al dehyde and al cohol, there are no particular
priordriTisughia¥é fined bbe reacti, fluit bed osaction erl sfistegtankgaction, when
al cohol, and al though production can be carried out b od
tHy iBRAR thé linaidasHagen forosxarmpieh thees reactionl can be carrie
carrﬁl‘ﬁ:bgf‘odé z%ea(fghyde to glﬁcml of from10 to 1/1, 000,
iRg Wiy Qe éé?}t ! Rrdichdas @Ubulstle acalBinar reaetorpdraft tube
out @ﬁ["ﬁai n a%gngfel;o '?ﬁo\}rﬁéf% to 1/50. [0138] 1In the
ase of pr.oduci arboxylic acid ester fromtwo types
reac&r OJISS'BrF@IthE?%Pf, there are no particular
wa?m’tati ons on the weight ratios of the types of
al cohol's, and production can be carried out at a
Mharoxyghwset intke pyauiuatibnaf carkdxylie agisbester can be ipthe form of
al cohol "of from10 to 1/1000 and preferably from 1/2 )
moldculdd 8gelnd haflely Bxpgere baspepisecar dmiyed gaadn avhich oxygen gas is
can be ‘carried out erther in batches or continuously

dilutgai\ﬂi?'t %ﬂc}‘uq%!n? itlﬁécf%ﬁnéﬁtil‘i‘%’e $eisclions sach &oritropenr carbon dioxide
reaction, liquidp

hase reaction or irrigant reaction.

[0140] . Al ' Al on itive f the
gas 31 2l s PLeeHY oS3 1P e RRETE R ntBnal Buscltion the ease o
usi ng a sol vent h{]af‘ki s inert with respect to the
progeshize. eenonaRd g ke s uch as hexane, decane, benzene

[014;{ di oxane. 10141] 53 Although the reaction can be
Arried out using a type of reaction known in the
PrAIPoudhtoxygehbatialpresaae veridsracpording to the typepefialdehyde, type

reacti On or “stirred tank reaction, when
of alcohol and other reaction materials, reaction conditions or type of reaction vessel
and the like, in consideration of practical use, oxygen partial pressure at the reaction
vessel outlet is within a range that is below the lower limit concentration of the
explosive range thereof, and is preferably controlied to, for example, from 20 to 80
kPa. Although the reaction can be carried out over a wide range of arbitrary
reaction pressures, from depressurization to pressurization, the reaction is generally
carried out a pressure of from 0.05 to 2 MPa. It is preferable from the viewpoint of
safety to set total pressure so that the oxygen concentration of the reaction vessel

outflow gas does not exceed the explosion limit (oxygen concentration of, for

example, 8%).
[0144]
in the case of carrying out the carboxylic acid ester production reaction in a

liquid phase and the like, the pH of the reaction system is preferably maintained at 6

to 9 by adding an alkaline metal or alkaline earth metal compound (such as an oxide,
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carrying out the reaction in the liquid phase, for
exanpl e, the reaction can be carried out using any
type of reaction vessel, such as a bubble col um
reactor, draft tube reactor or stirred tank reactor.
[0142] The oxygen used in the production of . tal
hydromitepxatbanadeict aasbexylated todhe feaplkion sysiest.  Thasecalkgline meta
oxygen, nanely oxygen gas per se or a mixed gas in
or alkalisd caxthometa) aompountis carebevised alonisl arehwo ohmoredypes can be
inert in the reaction, such as nitrogen or carbon

usedlirPédiflBinaids, and air is preferably used for the
oxygen raw nmaterial based on the ease of the

[014B] ocedure, econony and the |ike. [0143] Although
oxygen partial pressure varies._according to t y :
oAlthoughyerredugijpr ofoearboxylip|@ @Sg?’hgﬁgr%%c?qt}ﬁﬁa 8t at a high
materials, reaction conditions or type of reaction .
tempemte 0in@00%@ Bnde abpue cforsithrR r tRACHAN oferpPamatyg, the reaction
use, oxygen partial pressure at the reaction vessel
tempeiiat@re isSprefdrably faomas@ o 208°Ci snarel preferablyl fary 40 ite; 150°C and
concentration of the explosive range thereof, and is

eveﬁrrﬁ&%r APMféra%W“frbﬁi Bedot f20°00r Fherendre, nd partic(art lanigations on the
Pa. t hough the reaction can be carried out over a

reaégiggletiﬁm@?gﬁnd’fau%taphfaﬁé(bierﬁﬁ%bi QRcHEEoREIRS definednsince it varies

ressurization to pressurization, the reaction is

eper al red u; Plo 26 PBUE.05 to 2
acegyedng ﬁh‘?éssegé%gbérﬁgggé{sfie&%r e é/ri%evvpoi nt of safety to
set total pressure so that the oxygen concentration of

the reaction vessel outflow gas does not exceed the
explosion limt (oxygen concentration of, for
[Exammplesle, 8% . [0144] In the case of carrying out the
rboxylic acid ester production reaction in a liquid
m“gﬂase and the like, the pH of the reaction systemis

ﬁ;@gﬁﬁﬁ' gq{gt}:lfﬂvﬁhgeﬂ'o@fde% at @ofe Rietaitbti eypRImatibhadf thee present

I ne earth nmetal conpound (such as an
oxdide r gyl teOpresRhP @rbadifent ds trist timited to
emdiEns e Sedples MBhf Meohresth
these examples. A person with ordinary skill in the art is able to carry out the
following examples as well as various variations thereof, and such variations are also

included in the scope of claim for patent.
[0147]

Furthermore, in the examples and comparative examples, determination of the
loaded amounts of Ni and X and the atomic ratio of Ni / (Ni + X), determination of the
contents of loaded constituent elements (Si, Al, basic metal, Mg), determination of the
composition ratios of nickel and loaded constituent elements, analysis of nanoparticle
crystal structure, analysis of the chemical state of catalyst metal components,
morphological observation and elementary analysis of nanoparticles, measurement of
the ultraviolet-visible spectra of the catalysts, analysis of the chemical state of nickel,

measurement of support and catalyst physical properties (specific surface area, pore
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or alkaline earth netal conmpounds can be used al one or
two or nore types can be used in conbination. [0145]
Al t hough production of carboxylic acid ester can be
carried out at a high tenperature of 200C and above
for the reaction tenperature, the reaction
diametarpeeretvaleme}, ghsenetion of suppartand eataiyst shape@nd measurement
preferably from40 to 150C and even nore preferably
of average ¢artice didGeterhwere aamiat ophiacconding t¢ ithe traethods described
on the reaction tine, and although unable to be
belowncondi tionally defined since it varies according to
the set conditions, is generally from1 to 20 hours.
[0148]Exanpl es] [0146] Al t hough the foll owi ng provides a

(DetarFizafn GheAASIEATRUR ISR N3 RratbLAERa e f'&\" * X

not limted to these exawles A person with ordin
skhe coneentrasions of nickghaad Xoindheoptalyst were ayantifi 9%%@19 the IRIS
exanples as well as various variations thereof, and

IntrepidcH ModeatXBhsIGR Emission iAndlyrerd (ICP-ARS, sM@r)enmufactured by
claimfor patent. [0147] Furthernore, in the exanples

ThermiacFishep8tiehtificKakanpl es, determination of the | oaded
amounts of Ni and X and the atomc ratio of Ni / (N +

>Qam?l%ts.e|f\)tfé|%at bpacéd t B9 welghmat so@f theadefalyst into a Teflon
constituent elements (Si, A, basic netal, 3’

decoﬁgiogftgi @ Qéldlhag.?ulﬁl?iepé’&d t4 gl : oﬁ I‘Rforl?iec‘i%coﬁ%smg by

const 't uent enents, ana nanopart i cl

neatfATHE kS FHEDS, ﬁ%@i@é@é AT gz@sfhﬁrﬂffacwred o
vile§e EEAL RIK) 3h8.ekparaing BLERAESE S Sins AT GUEN by avaing
anal ysis of the chem cal st ate _of nickel measur ene

nitric Foidh g A rashioue ARId o therprectpilatas Y. SECORASINg By heating

surface area, pore 55 dianeter, pore vol une),
with ebymrowavwdamnmsmtm apparatus, aaractusma@d)tuadflxed volume of the
measur enent
resulting decomposition liquid for the sample.
The quantification method was carried out by quantifying using the internal
standard method by ICP-AES and subtracting the value of a simultaneously tested
procedural blank to determine the contents of nickel and X in the catalyst and

calculate the loaded amounts and atomic ratioc.
[0149]

[Determination of Contents of Loaded Constituent Elements (Si, Al, Basic Metal, Mg)]

Samples obtained by dissolving the support with sedium silicate, and samples
obtained by dissolving with molten alkaline salt were prepared. The contents of
basic metal and / or Mg were measured in the samples obtained by dissolving with
sodium silicate, while the contents of Al and Si were measured in the samples

dissolved with molten alkaline salt using the JY-38P2 ICP emission analyzer
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of average particle dianeter were carried out
according to the nethods descri bed below [0148]
[ Determ nation of Loaded Anmpunts of N and X and
Atomic Ratio of NN / (Ni + X)] The concentrations of
ni ckel and X in the catal yst were quantified using
(ICPIAES) rhahufaptuted | biybSelkoxElectpnics: ML@HVA@M?&&-' foibwed by
(1 CP-AES, MS) manufactured by Therno Fisher
calcu'iﬁii@r%f frieCatbrric rativafrem the resyiting meadal egnteRiSghi ng out
the catalyst into a Teflon deconposition vessel,
[015@pdi ng sul furic acid and hydrogen fl uoride,

eSS Bomeesb sk Bt it BT Y ShpoR G s Eaments
o o SR8 M DS, 4 A R s et o

I'C acl
to the precipitated residue, deconposing by heating

measlidd abovecr owave deconposition apparatus, and using a
pure, fixed volune of the resulting deconposition
[0191 quid for the sanple. The quantification method was

ar.ri out _hy. g I f el ing the internal
lAnéy%mg&@”RB?ﬁ%be g@rﬁﬁwkﬁg@aﬁd subtracting the val ue

of a sinultaneous|y tested a n ing the Rint2500

dé’tﬂﬁl%ﬁlﬁé’ftf}?&w@@lﬁl{%%t"éy%?' ﬁﬁrﬁégfeeg%ﬁg b@ﬁiﬁﬂt Elétt ggltn 2 yset "

and cal cul ate the_| oaded unt s_and ] Q-

Powdet 4¥}ray| DiffiectiomaBYE8Mhi( Dnenigenfedihy Rigakd: Corp. under
Constituent Elenments (Si, A, Basic Mtal :
conditions axf usinguarcappey tube on U1%§-fﬁbfes%l§%2‘?'@ %)@hosng&)umeasunng

silicate, and sanpl es obtained by dissolving,_ w tg . d slit
rang;@bfsnoamgreesqam deg Esiepppaessuring spees Ok A2 dgg / min and s
asic netal and / or My were neasured in the sanples
wid?\%t(ébé‘l?&i diler§Onak, Teception) of ddiegres] 1 degras angh 0}t mm.
e contents of Al and Si were neasured in the sanples

i HROLUEH Y s Wefe ahig&mlgg_isfgrsewah agnomeciictingrample plate

_ on-anal'yzer 5 S) manuf actured by
andsf?{eléjpwﬁll'n %Cr%eroopr}c'eﬁgﬁlrﬂ.dUSt ry Co., Ltd., followed by
[01562]

[Analysis of Chemical State of Catalyst Metal Components]

Analysis of the chemical state of catalyst metal components was carried out
using the ESCALAB 250 X-ray photoelectron  spectroscopy (XPS) system
manufactured by Therme Electron Corp. under conditions of using Al Ka (15 kV x 10
mA) for the excitation source, analyzed surface area of about 1 mm (shape: oval),
using a survey scan (0 to 1, 100 eV) and narrow scan {Ni2p) for the uptake regions.

Measurement samples were prepared for XPS measurement by crushing
catalyst particles with an agate mortar and pestle and sampling from a dedicated

powder sample stand.
[0153]

[Morphological Observation and Elementary Analysis of Nanoparticles]

57




calculation of the atomc ratios fromthe resulting

metal contents. [0150] [Determ nation of Conposition

Rati os of N ckel and Support Constituent El enents]

Atom'c rati os were calculated fromthe contents of N,

My and basic netal as neasured above. [01511

[‘JSEM beght figld Nenagpas STEM: darky feld| immgescand STEM&EL)S icomposition

of nanoparticle crystal structure was carried out
analysasn(pdititeariiiysi@ S0@ppiPgudiee distributitn) Weex measuisd using the Model

(XRD) manufactured by R gaku Corp. under conditions

3100FERIStrafsmissidtPeelectibf nfitrdskep- 1aycamnihge tiaHink¥sion electron
200 mA), neasuring range of 5 to 65 degrees (0.02 deg

micréstgiﬁéo EREAITENY mafFaclired ¥ JED1/ (é&délé’rﬁﬂoﬁ'ddltage 300 kV,

(scattering, divergence,” reception)

equippéd Wih. E%n ﬁﬂﬁ%&e@geg( fﬁt dmbctyi’ﬁErﬁiggfl yst Sa”pl es

fe uni spersed’on a no ecting sanple

Pl Rl Sisr sty con e BAcHY, Dia] MicPoaria ver. 1.70.16 (Gatan)
onent Anal ysi.s of the c em caI state of, c
for TEND g, SN AB4EiSalc mpose URGH ugweﬁ@ume cﬁtM@Yr transform
250 X-ray photoel ectron s ectrosco_ly ( XPS
analysishfanel tesWQRAN Systemes Db asrs GorThermecbisnon Seantisies for EDS

of using Al Ka (15 kV x 10 mA) for the excitation
data smalysés (mapping éntage fracessing onipesition quamntitatiehealeulations).
oval ), using a survey scan (0 to 1, 100 eV) and

ncaswenent 6Ampis waret pepapddiksy cagihing .cai@igstupartioiés with a
sanpl es were prepared for XPS neasurenent by crushing

modﬁﬁ%@éésﬂl@%nbﬁé%ﬁdﬂwﬁ RetRéndiand siBfdclihgad uRBRohR %Iéémng for
sanpl |ng roma dedl cated powder sanplée stand. [0153]
abo*lanopa 89 cﬁ e%?;?r S piRg 28toELe Ml Bdenh M A{MS) $nidfogrid and

exposing to air to obtain TEM / STEM observation samples.
[0154]

[Measurement of Catalyst Ultraviolet-Visible Spectrum]

Measurement of catalyst UV-Vis spectrum was carried out using the Model
V-550 ultraviolet-visible spectrophotometer (UV-Vis) manufactured by JASCO
Corporation (integrating sphere unit, with powder sample holder) over a measuring
range of 800 to 200 nm and at a scanning speed of 400 nm / min.

Measurement samples were prepared by crushing catalyst particles with a
mortar and pestle, placing in the powder sample holder and applying to UV-Vis

measurement.

[0155]
[Analysis of Chemical State of Nickel]

Ni Ka spectra were measured with the Model XFRA-190 High-Resolution X-ray

Fluorescence {HRXRF) manufactured by Technos Corp., and each of the resulting
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TEM bright field i mages, STEM dark field i mages and
STEM EDS conposition analyses (point analysis,
mappi ng, |ine distribution) were neasured using the
Model 3100FEF transm ssion el ectron mcroscope /

scanning transm ssion electron mcroscope (TEM / .
typeS DEhrameterastare epmpargd erith Wese erséi‘chiﬁ 3\%!%?%655 4pigkel metal,
kV, equi pped with energy-di spersive X-ray detector . .
nickéEBXHE) 1&asetinatel thel shemicahestatecoh slokebyalsnce; gnd dpe like in the
M crographTM Ver. 1.70.16 (Gatan) for TEM and STEM
cataiyéfg.yti cal imges (length neasurenent, Fourier
ransform analysis), and the NORAN System SI X Ver.

¢ Uk isoRbid used f etaent withbut nwodification.
2 Re FRSE Rk SimpRecbie Usbd ffor nfdSureiment withbubmo

ping I'mage processing, conposition quantitative

Meagarspal o B o, SBESHA S baRtRAPLESINS IAAIIRCHal iode. At that

ar and pestl e,
~ dispersing in ethanol and | eCld enj sed for the
timeg |2 538 2 Pos!t RAYNG 2 veitizat é%‘g %Q&&@%ﬁgﬁ éﬁau n%g&brlilt o
a nol ybdenum (Mb) mcrogrid and exposi| i A
analysisaciysigEVaNd exciation yoliags &P%ﬁ%‘?@s‘!"e%%ﬁ]‘g 35 k¥ and 80 mA,
[ Measurenment of Catalyst U traviolet-Visible Spec
respéutivalye miilteropapat avass tused- farsthey Pﬁ?ﬁrv\)&% %&%rsﬁ?éw samples,
out using the Mddel V-550 ultraviolet-visible d
couhfist timeh avasreselectedV-for sgachinsampleuriad thy galabyst samples, an
Corporation (integrating sphere unit, wth powder

meSaFahRnio Wité JcapNed ourt Soahat iting peakrigtensity 8§ he Kespectrum was
nm and at a scanni ng speed of 400 nm/ nin.

3,0%@?@# 'bf'i@’s%tar?tﬁ{ﬁé SSuUMRIGRrRE SRR €0,009 counthonmoret aMpsisurements

cles w a nortar and pestle, placing in the

werﬁgy\gggrp % i el_ ﬁwg%@féaflﬂga%@,ﬂn@ga etbMsafhple was measured before

, ! alysi's of Chem cal State of
anddicocs nihsLERPATfed TR pefoit dbobppigcessing (5
meﬂ%ﬂ{?? 5&5{3‘?%8§¥c1553°£‘n”?h3e nC%%ra%Ufeca Qgeﬁ?afqhgfpeta'ﬂ(elocation, full width at
half maximum (FWHM) and asymmetry coefficient (Al) were calculated, and the peak
location was treated in the form of the displacement, or chemical shift (AE), from the

measured value of the metal sample measured before and after sample

measurement.

[0156]
[Support and Catalyst Physical Properties: Specific Surface Area, Pore Diameter,

Pore Volume]

Measurements were carried out with the Autosoap 3MP manufactured by Yuasa
lonics Inc. using nitrogen for the adsorbent gas (nitrogen adsorption method).
Specific surface area was measured using the BET method, pore diameter and pore
size distribution were measured using the BJH method, and pore volume was
measured by employing the adsorbed amount at the maximum P / Pg ratio.

59




types of paraneters were conpared with those of

standard substances (nickel netal, nickel oxide) to

estimate the chemi cal state of nickel valence and the

like in the catalysts. The nmeasurenent sanples were

used for neasurenent w thout nodification.
[015Kkasurenent of Ni Ka spectra was carried out in a

ar t.i al tinme, a Ge (220) slit
[Ob mtﬁ)@ %@%4@%?%?‘!%?5%%&9%% of 1 was used

cahpentPRelf kb oy afs bRl W beeived USbTER Antlel X090

respectively.
Filter paper was use r the Lo heyqst andar d
soansing plesondBiGARIGe R VN T e Al e o e
in the catal yst sanples, and neasure t e
[Measurement ofiSupportiaad @ﬁ'@‘yéég‘ﬂefarﬁeeﬁgritpyee@ﬁ?%@ﬁm
spectrumwas 3,000 cps or less and the counti ti
Wavelfyd partice ndiameterdvelumea-hasedndiass m@ﬁé#éé‘? 3{%%5!”2‘86 Model
five tinmes on each sanple, and a netal sanple S Coult
LS28B st (Difedcion PartitiefSiee Analyzeropanttastured sty %rﬁ,c#man- outter,
After perform ng snoothing processing (S-G nethod, 7
points, 5 cycles) on the neasured spectra, the peak
| ocation, full wdth at half maxi rum (FWHM) and
[0158ymet ry coefficient (Al) were cal culated, and the

peak |ocation was treated in the formof the
[RettireptenExawwle 1br chemical shift (AE), fromthe

nmeasured val ue of the netal sanple neasuted f.or d :
aflising s@ulipige of ressmeccialy avaiable] n'quﬂw&fﬁt (%0 PutE“Chemical
Cat al yst Physical Properties: Specific Surface Area, | were
Ind@Sfies DLRNE&er catast,e1Yoguak metbasivleinesnd Wemi- 04 Methgno
out with the Autosoap 3MP manufactured by Yuasa
chakgﬁéﬁ it ' RighipieaSuRd BURBRIVE-fypet feactials oebse (tofak volume: 120 mb)
Itrogen adsorption method). Specific surface area

' i el et closing theritoclave and
ma@%%@@g%‘é@ rohided Wittt aBRAgABic stren orAftetti dlosing the

ution were neasured using the BJH

rep thog%a@d. g{b? aq('glt E@eﬂ@ﬁuitﬂ%ﬁﬁr%ﬁﬁm oxitrogeh hmixed gas

maxi num P rati o. 59

Inc.

containing 7 vol% of oxygen was introduced into a vapor phase unit and the total
pressure inside the system was increased to 3.0 MPa. Next, the reaction vessel
was immobilized in an oil bath and the reaction was carried out for 2 hours at a
reaction temperature of 80°C while stirring. After cooling, residual pressure was
released and the autoclave was opened followed by filtering out the catalyst and
analyzing the filtrate by gas chromatography. As a result, the amount of methyl

methacrylate formed was 1.0 pmol.
[0159]

[Reference Example 2]
A reaction was carried out in the same manner as Reference Example 1 with
the exception of using nickel peroxide hydrate (Aldrich Corp.) for the catalyst instead

of nickel oxide. As a result, the amount of methyl methacrylate formed was 5.3
60




[0157] [Observation of Support and Catal yst Shape]
The support and catal yst particles were observed using
the Model X-650 scanning electron mcroscope (SEM
manuf actured by Hitachi, Ltd. [Measurenment of Support
and Catal yst Average Particle D aneter] Average
pmoparticle dianeter (vol unme-based) was neasured using
the Model LS230 Laser Diffraction Particle Size
[016@hal yzer manufactured by Beckman-Coulter, |Inc. [0158]

Ref le 1] Usi 0.5 f iall
[Ref%rgﬁp%ﬁ%@?q\%ig}o gxi Lle ({/\QEO Purg ?:he::np(r:rgfrm o .

;ﬁ335%154{3«@&%@?@%ag&'%ys%bp]ea}@%ﬁr%soﬁgmaﬁw lE%id?nple 1 with
the exsapiBN Aosing, nickalapet UWalen Buie o herbipa, Inilenes! Ltd.) for the

magnetic stirrer. After closing the autoclave and
catalysbinsteady of inickieh oixige. ofAs aere§y81 the fermatignneh mefad methacrylate
gas, a nitrogen m xed gas containing 7 vol % of oxygen
was vaablertbrbedemrdifimiedt o a vapor phase unit and the total
pressure inside the systemwas increased to 3.0 Mra.
[016Mext, the reaction vessel was immobilized in an oil
E Bﬁhﬁmd the reaction was carried out for 2 hours at a
[Exa &t on tenperature of 80C while stirring. After
cool ing, residual pressure was released and the
(0 aGﬁE?dYsg\PéeRﬁ@t'QBened followed by filtering out the
catalyst and analyzing the filtrate by gas ) .
cB0 ogaobpampmercially avedsbler y-aluminaiNeobsadaeMigusawa Industrial
met hacryl ate formed was 1.0 nol. [0159] [Reference
Chericais) | Ldd 3 weke razkiedi tora glass cantaiper containing 180 salref distilled water
manner as Reference Exanple 1 with the exception of
followed by droplsilg inesrescritiad ashioahts ¢l agabo@ nickel hitnate Belution and

catalyst Instead of nickel oxide. As a result, the
aquetTRUpANIRiumBEMSHd ERIOMSY WHilg diitfifg tat"89°C- &dding 0.5 N aqueous
sodium hydroxide solution to adjust the pH of the aqueous solutions to 8, continuing
to stir for 1 hour, allowing to stand undisturbed, removing the supernatant, washing
with distilled water until Cl ion was no longer detected, drying for 16 hours at 105°C
and firing in air for 5 hours at 600°C. Next, the resulting catalyst was subjected to
reducing treatment for 1 hour at room temperature under a hydrogen atmosphere to
obtain a catalyst loaded with 1.5 % by mass of nickel and 0.5 % by mass of palladium
(NIOPd / y-alumina). The atomic ratio of Ni / (Ni + Pd) of the resulting catalyst was
0.84. Based on the results of X-ray diffraction (XRD), diffraction patterns attributable
to nickel were not observed, thus confirming nickel to be present in an amorphous
state. On the other hand, although not able to be defined as a well-defined peak, a

broad peak was present corresponding to palladium crystals. Although the value of

this peak was close to the powder X-ray diffraction detection limit (2 nm), calculation
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60 nol. [0160] [Reference Exanple 3] A reaction was
carried out in the sanme manner as Reference Exanple 1
with the exception of using nickel nmetal (Wako Pure
Chem cal Industries, Ltd.) for the catalyst instead
of nickel oxide. As a result, the formation of nethy]|
of theravermgeytrstallitesizewusing Schermse's fomula viglded @alye of about 3 nm.
[Exanple 1] (1) Catalyst Preparation 30 g of _
With ¢@?@ﬁ% e yhavival state of tre Nivithe valiesbovaly confirmedip be 2 based
Industrial Chemicals, Ltd.) were added to a gl ass

on th%gﬁ%l%ﬁlté‘ gf Xﬁﬁgtp@io[ﬂ:éléctﬂ&ﬂsﬂéct&fso@byt(XPl&)d wat er

owed by dropping in prescribed anounts of an

u i ' ' ' ahé 2aialyst with
By A B e R e e e 0

agueous odi ur ' i i .
s RS e R B STl B adititnaisspRii naving o
hour, al.l owi.n 0 stand undi r.b. ' ;
maxwﬂ'@rqﬂ{lgﬁt @&)giem a@?n%tlpﬁ cg‘ls fin?rlnl :? 2% {\gﬁg?ﬁ%}ﬁpéﬁﬁﬁrage particle

~ion was no |onger detected, drying,for 16 hours at. .
diametsrc 3.8 men)f wetenpaded 01 the BUBPEIEr AN R1eBs TY @avsis (20 points)
resulting catal yst was subjected to reducin ) .
was caeiadront ohaach ehsarved nesoRatiiybY ANGIAN, eaBFaydispersive X-ray
hydrogen atnosphere to obtain a catal yst | oaded wth )
~ spectroscoppyEDX3sand nitkek ahd ralfadiun weg condiemed ipall ofdhgmarticles.
(NiOPd / y-alumna). The atomc ratio of NN / (N +

The Bdmiefratif ®f hitkel td paliridiral ofthes@somposite pBdiales (neahgalue) was
results of X-ray diffraction (XRD), diffraction

q104Patterns attributable to nickel were not observed,

““thus confirmng nickel to be present in an anorphous

[0162}ate. On the other hand, although not able to be
defined as a well -defined peak, a broad peak was

(2) pbypthesiscolCaboxylis Agidikstenl | adi um crystals. Al t hough

the value of this peak was close to the powder X-ray

d0f¥ gasfithe vatiystaibtainetiini(d) abovey) 1.0cgio methaerelein and 10 mL of
methanol were charged into a high-pressure autoclave-type reaction vessel (total
volume: 120 mL) made of SUS316 and provided with a magnetic stirrer. After
closing the autoclave and replacing the inside of the system with nitrogen, a mixed
nitrogen gas containing 7 vol% oxygen was introduced into a vapor phase unit and
the pressure inside the system was increased to 3.0 MPa.

Next, the reaction vesse! was immobilized in an oil bath and a reaction was
carried out for 1 hour at a reaction temperature of 80°C while stirring.  After cooling,
residual pressure was released and the autoclave was opened followed by filtering
out the catalyst and analyzing the filtrate by gas chromatography. As a result, the
methacrolein conversion rate was 18.2% and methyl methacrylate selectivity was
74.5%.

[0163]
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61 of the average crystallite size using Scherrer's
formula yielded a value of about 3 nm Wth respect
to the chem cal state of the Ni, the val ence was
confirmed to be 2 based on the results of X-ray
phot oel ectron spectroscopy (XPS). In addition,
[Exawiptep)at i on of the formof the active species of the
catalyst with a transm ssion el ectron m croscope

(A ks EMvas Préparsadint thet sarmeapanhéx bssn Hayiofigxample 1 with the
maxi mum particle dianmeter distribution of from3 to 4

excePgﬁgli(Qjl BFURRg ﬁ 86886uP3iVer fittateichifsreinsteadbofam agaeeus palladium

ed on"t support. An elenentary analysis (20

chlonﬁ@é gé@ippv"aﬁ' heabhiES Abums of dikke? RRY ¥Rk 'GIARaEEUIhG catalyst

ary éenergy-dispersive X-ray spectroscopy
d ni ckel dopal | adi i i, .
weregf":f %ﬁ"{g %gr'?%ﬁc ggd ;il%n e(E g}ypﬁ?décs%:naﬁé?%&g&%m :glﬁl[gﬂ? 'ofny Aldmina). In
acifh, 54 hary B NGAREALFWB 0 66! SBpbOEI 48 Rl o powcer
Ester 0.2 g of the catal yst obtained in éél\é?(ﬁbove, .Il. 0 tal
X-ray diffrastiom4XRE)e Bbrodd ReAkvast DresErhsRBRSARAING i3 sjuar crystals.
into a high-pressure autocl ave-type reactjon vesse

| |,
Calcgtatival of e average erysiglliteagize othegtnizaccaidingpta HSceger's formula
Wth a magnetic stirrer. After closing the autoclave

yieldedth v&nkatiabout 4enh nsOnethe fothérchamnd; teediffractionmatiesy atiributable to
a mxed nitrogen gas containing 7 vol % oxygen was

nickelWaP AYCELdr0EQ, Mu *BAfiMIRgIRaLmickelds pregent ipanssnorphous state.
I nside the systemwas increased to 3.0 MPa. Next, the

With[ %g@{eb% HETHR ML St &N, ke JaleRc@Wad torfitfrizdatachben2 based on

ron was carried out f_or 1 hour at a reaction

the ipEUGaE1aY eliotd ol pEalisctb PR ool ave s

ORRes 158 i o A 5 o BF YS! i vansisson
elecian mistogonre (VRIS TEMs. CODNEREH el nARGParHoBNaIGd yfraximum
particle diameter distribution of 4 to 5 nm (number average particle diameter: 4.2 nm)
were loaded on the support. An elementary analysis (20 points) was carried out on
each observed nanoparticle by ancillary energy-dispersive X-ray spectroscopy (EDX),
and nicke! and silver were confirmed in all of the particles. The atomic ratio of nickel
to silver of these composite particles (mean value) was 0.81.

In addition, as a result of investigating changes in the electron excitation state
of this catalyst by ultraviolet-visible spectroscopy (UV-Vis), surface plasmon
absorption peaks originating from silver nanoparticles were not observed in the
vicinity of 405 nm, while broad absorbance attributable to NiO; was observed over a
wavelength range from 200 to 800 nm.

A reaction was carried out in the same manner as (2) of Example 1 using this

catalyst. As a result, the methacrolein conversion rate was 6.2% and methyl
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62 [Example 2] A catalyst was prepared in the sane

manner as in (1) of Exanple 1 with the exception of

usi ng an aqueous silver nitrate solution instead of an

aqueous pal |l adium chloride solution. The | oaded

amounts of nickel and silver of the resulting catalyst
methserdate €electbytyrwas5aridel. 3 % by mass, respectively

&Ni OAg / y-alumina). In addition, the atomc ratio of
[0164] / (N + Ag) was 0.69. Based on the results of

0 X-ray diffraction (XRD), a broad peak was
[Exaﬁ'ﬂggit corresponding to silver crystals. Calculation

of the average crystallite siz f. ' #h th
Shvita SR 3aBrEd 71 b Sl e 58 iR bR, 1 win the
the other hand, a diffraction pattern attri.b I
exceaptiorepf Weitha@n @E%?‘&‘*édzﬁlﬁ‘?rﬁagr' o?ﬁ'ﬁgr?ﬁl\'\ QH%#gaﬁcéfetﬁﬂ aqueous
is present in an anorphous state. Wth respect to.the .
paltadtiemi chiorida solution. NThetlpaded paunts Q% n&Kﬁf aﬁﬁ&?ﬁ Bfme resulting
2 based on the results of X-ray photoelectron _
cataBReNarestams yRlss s Ord/ % byrmass,tiespedivelio (NiQ/U / y-alumina).

active species of the catalyst with a transm ssion

In aBHRIGh! Be Ht6MRS Fatie of NEM @UIEMAujowkisr 0r8d. t Based on the results of
nanoparticles having a maxi mum particle dianeter

powgkg%t%bifﬁaﬁﬁé]n n;b(RB)? angiffractisrepatieey agdbptable 6 eickel was not

were | oaded on the support. An

obsé@%ﬂ?@@g@ﬁ\@ﬁﬂnﬁfhﬁt ﬁﬁﬂgf@i ;ﬁfe§ént"lﬁ%n¢ﬁhbfrﬁ?ﬁ)u§tﬂtat@0 On the other

opar y ancillary
ne - di spersi v - I . C s . )
nand; aldpudt 7€ % o pe BORRF 4o, o B befitipeaiq dibroad peak was
particles. The atonjc ratio ni ckel [
preqqgggtgrrggng@@lng do lgg,rﬂ;l{ tptaqsf ;.( ng&?pqél ﬁ@\fﬂ%@ %Blllﬁg :’pe%frg was close to
addition, as a result of investigating changes in the
the epasederoX-eayc idiffraction sdeteetionflingihi @ EFal 933?3860" of e average
ul travi ol et-visible spectroscopy (Uv-\ﬁsf), surface , t
crystaliitensive usireoSphercer'pianslayielfdasa valpe elabayt 3 Bm. With respec

nanoparticles were not observed in the vicinity of

to tHO Themicahitate bf dhd Ni<he haterceawasi tanfubled tobsj based on the
was observed over a wavel ength range from 200 to 800

e of - ERLORARSCaARROY (P S MR
t NS IHLHASH BF fdrorNEthe! f2tive RpecidRofthe Yatdlgstrwitialtransmission
electron microscope (TEM/STEM) confirmed that nanoparticles having a maximum
particle diameter distribution of from 2 to 3 nm (number average particle diameter: 3.2
nm) were loaded on the support. An elementary analysis (20 points) was carried out
on each observed nanoparticle by ancillary energy-dispersive X-ray spectroscopy
(EDX), and nickel and gold were confirmed in all of the particies. The atomic ratio of
nickel to gold of these composite particles (mean value) was 1.14.
As a result of investigating changes in the electron excitation state of this
catalyst by uliraviolet-visible spectroscopy (UV-Vis), surface plasmon absorption

peaks originating from gold nanoparticles were not observed in the vicinity of 530 nm,
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63 nethacrylate selectivity was 55.1 % [0164]
[ Exanpl e 3] A catal yst was prepared in the sane nmanner
as in (1) of Exanple 1 with the exception of using an
aqueous chloroauric acid solution instead of an
_aqueous palladiumchloride solution. The | oaded
whileypnast absarbanes attribytable tel NID2 was phsgved Ryer @warslepgth range
were 1.4 % by mass and 0.4 % by nmss, respectively
from@2003aB00 gmal unina). In addition, the atomic ratio of
Ni / (N + Au) was 0.92. Based on the results of
pAwdactiofr wag chrfibd anttiinthé XBRe manmef fasa@) iob Exampleriusing this
attributable to nickel was not observed, thus

catalyS0f | A& NGebhiRt tHE ¢Histhatfoléihesemiersibnaratenwagh228% and methyl
State. On the other hand, although not able to be

metHRiIaR‘sAsctivitfilas §8ldoped peak, a broad peak was

present correSponding to gold crystals. Although the
[0168pl ue of this peak was close to the powder X-ray
diffraction detection limt (2 nm, calculation of the
[Refereacadamplodial | i te size using Scherrer's fornul a
yi el ded a val ue of about 3 nm Wth respect to the
cAanitaigst Iohdée with 115e%Nby mdss niskelndiOwasaluarinay wad dbdained by
be 2 based on the results of X-ray photoel ectron
prepafiRg bl RSI98YIn(tHEShme<hrdhenhs ¢M) of Exdrapleot withfthe lexception of not
active species of the catalyst with a transm ssion
addiﬁgeéﬁré’dhéﬂd‘sr afaditnt CHSRIENoIGRIH idn®ehot "édrrying out hydrogen
nanoparticl es "having a maxi mum particle dianeter
redugiiériri bution of from2 to 3 nm (nunber average
particle dianmeter: 3.2 nm were | oaded on the

S ort. An el enentar nal ysis (20 pai . .
cRBRElon, s CATEd o o 208 s el Bl bf 3&mple 1 using this
ancil | ary enerqgy-di spersive X-ragy spectr.osco X) ,
catalygly i< ideresiiy %QI GPTVEFHioR Jafe eﬁ}acgplpmop\f)a%hg.qg? g”d methyl
particles. The atomc ratio of nickel to gold of
methacedatecepipetityawamd®i28bes (nmean val ue) was 1.14. As a

1 é sult of investigating changes in the electron
[0168kcitation state of this catal yst by

(Conflé BBl 3) 0 Spectroscony (Wivie), s see

%ngﬁgfytsl Cltlnggecy\e Wwith rbog '%b%()err \rﬁ%%si of tphaﬁal iiu(r:ﬂ rHDtdleyf-algﬁ'lc?na) was
obtained by preparing a catalyst in the same manner as (1) of Example 1 with the
exception of not adding nickel nitrate. Based on the resuilts of powder X-ray
diffraction (XRD), a broad peak was present corresponding to palladium crystals.
Calculation of the average crystallite size thereof according to Scherrer's formula
yielded a value of about 3 nm.

A reaction was carried out in the same manner as in (2) of Example 1 using this

catalyst. As a result, the conversion rate of methacrolein was 10.3% and methyl

methacrylate selectivity was 52.4%.
[0167]

[Comparative Example 2]
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64 whil e broad absorbance attributable to N 02 was

observed over a wavel ength range from 200 to 800 nm

A reaction was carried out in the same nanner as (2)

of Exanple 1 using this catalyst. As a result, the

nmet hacrol ein conversion rate was 22.4% and net hyl .

natdataiyst lehded elitbct .5Viotby mass @f silver ([P@llaﬁ]alumlngyyaér;&tamed by

Exanpl e 4] A catalyst |loaded with 1.5 % by mass nickel
prepafih§d cata/stin nisg sepre atdrmienad (i) offtxarapient with the exception of

catal yst in the sane manner as (1) of Exanple 1 with

usin% rﬁ%ou@égg @ilbﬁf‘ nftfaté YolutRidind e ofagaecss palladidivuchloride solution
hlori de solution and not carrying out hydrogen

and :Pgoguﬁ&iﬂg' Ti%éigﬁﬁ@gnnpp’g&& adrf R8l relits oft pewd@mX-ray diffraction

ner a 1 using this catalyst. As a
sult, the co ' . ’ ' S ion of th
<ROF 3 stk e Bisesth cofeSpdiaif o SHE S Rales Caiguldlion of the
[ Conpar at j ve . Ex le 1] A cataly, e i
averbge Iy SoUKS (i3 ubTeR! Aeaodiga dp Sinariétas ortiy yibideda value of
preparing a catalyst in the sane nann a 1 e
aboab@mon.e Asva rasultf IN¥Qigating %ﬂnibai%&ﬁ%%&P‘*am” state of
nitrate. Based on the results of\ﬁgomderé(l-{{ay .
this dafdiysidyi vitrayiokehvisiblensprairoseary (HY-Yisbssusface plasmon absorption
corresponding to palladiumcrystals. Calcul ation of

peakderiginating ront yidiexinanbparticies whes ebsersed ¢t thengcindy of 405 nm.
Scherrer's fornula vyielded a value of about 3 nm A

I 2aelalciBn VR Catibd oUt fiithe sarhbenammer aminr(@) ohExample) using this
of Exanple 1 using this <catalyst. As a result, the

VeRsi e bofafetAdcréfdimwiasr til and methyl
catefify A\ F 1S IR BRICISIne e Sof Bt et

methacrylate selectivity was 25.3%.
[0168]

[Comparative Example 3]

A catalyst loaded with 1.5 % by mass of nickel and 1.4 % by mass of silver
(NiAg / y-alumina) was obtained by preparing a catalyst in the same manner as (1) of
Example 1 with the exception of using an aqueous silver nitrate solution instead of an
aqueous palladium chloride solution and changing the heat treatment atmosphere
from air to hydrogen.

Based on the results of powder X-ray diffraction (XRD} and X-ray photoelectron
spectroscopy (XPS), nickel was confirmed to have been reduced to a metal state,
and an alloy of nickel and silver was confirmed to have been formed.

A reaction was carried out in the same manner as in (2) of Example 1 using this
catalyst. As a result, the conversion rate of methacrolein was 1.5% and methyl
methacrylate selectivity was 5.1%.

Table 1 shows the physical properties and reaction results for the catalysts for
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[ Conparative Exanple 2] 65 A catalyst |oaded with 1.5

% by mass of silver (Ag / y-alum na) was obtained by

preparing a catalyst in the same nanner as (1) of

Exanple 1 with the exception of using aqueous silver

nitrate solution instead of aqueous &all di.um chlnéJr,_' deI 4 and
prodsofiarn iofrcarkoxylin acid @stergoh Examples i d. E4Cs Fxqapie 4 an

results of powder X-ray diffraction (XRD), a broad
Con'@?dﬁi\}wsxampmm tcc®r responding to silver crystals.

| cul ation of the average crystallite size thereof

[0168tcording to Scherrer's fornul a yi el ded a val ue of

about 5 nm As a result of investigating changes in
Tablede el ectron excitation state of this catalyst by

e TTayi OL&ddeNT S| Ni endp Ecddedsmopnts ( BW/ i s X) |sur fRagetion Results

pl asmbn _.absor.pti on | gi natin m|si | ver

nanoparFPE‘P%ss'tg Br e oB%e Shé%gil n. the v‘iﬂtgﬁﬁ)t\ of 405 nm

A r ea¢Nanopartiges car riNed ofit i Xt he | sarf@fanerOyESIOA MMA

(2) off Exanple 1 using this cataliystmo%p d rResei%), | Selectivity

the conversion rate of negthacrol eiln was 2. 1% and (%)

met hyll nmethacrylate seléctivity was 25, 3%| [0168]
ExalfpRparaopwdl,exanpl 53] A cabal yst| | od8ed Wi th1825 op 745

by—pssoatrnieket—and 149y mTEYS OfgSi | VET IAgl /  55.1
Exa?’j’glﬂarn?%'gfg%ﬁgs bt ailﬂr?ed by prq"gpnri ng aa,s_%ax !ysfsui\ln tg,e 554
Excgwiess (eMP&rARSs (1) 608 BExanpPé 1 i t h0-Phe axceftfon pf %%
Refbrehd (aTNiBIWERUS SiHeer nitrage sqlution instedd of mn 352

aqueoys pal I'adi um chl ori de sol utign and changi ng the
Exawia4 t|r eat nent dt nospherd  from ailr to hydrlogen Baskd
Comparafved 1 P&ALOs df podwder |X-r&p diflfraction | XRM-3and] 524

- phot oel ectiron spedtroscopy {( XPS), nilckel was
Exaﬁ?ﬁ]efalyr ned to have been reduced t nmet-alsitate

ComaeratiNel [0y AezR3 cKel atd si|l ver'Bwas |conf T rmed to\%’ﬁave 25.3
Exdapiip flormed. A rieaction was carried out in the sane
_.ncanne_r._%' a2 h—ef—Exangte—t—psingthis—catal y5t. BS 51
Comgaraive| ,'qu‘h'éo%onver1;5|,\on rate’of nethacrol e n was 1. 5%

Examipte 3ret hyl nethacryl ate |sel ectivifty was 5.1 %

[0170]
[Example 4]

A magnesium compound was impregnated and loaded onto commercially
available silica (CARIACT Q-15, Fuji Silysia Chemical, Ltd.) over a hot water bath
using an aqueous solution containing magnesium acetate. Next, the resulting
impregnated product was dried for 12 hours at 120°C followed by firing in air for 6
hours at 800°C. As a result, a silica-magnesia support (SiO-MgO) was obtained
that contained 5 % by mass of magnesium oxide as Mg.

Next, 100 mL of an agueous solution containing prescribed amounis of an
aqueous nickel nitrate solution and an aqueous chloroauric acid solution was heated

at 80°C. 30 g of the silica-magnesia support obtained above was added to this
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Tabl e 1 shows the physical properties and reaction
results for the catalysts for 66 production of
carboxylic acid ester of Exanples 1 to 3, Reference
Exanpl e 4 and Conparative Exanples 1 to 3. [0169]
Table 1 No. Loaded NI and X Loaded Anounts Ni (N
solutign fellayrach By Retirting Sor angpbaur whilg, gldings this At"estﬁr@ under stirring,
Nanoparticles NN X Ratio Conversion MVA (nol% Rate
thergy) pSetipitating tnyckel) anik aygidl ecdmpbnts Abaie3 the Supperin. sdext, this
18.2 74.5 Exanple 2 NNOAg/AI2G8 1.6 1.3 0.69 6.2 55.1

mixtimeanas alldwal GhstaRalRdistutb&d 4nd t8@ stiperha@ntdvas removed foliowed
Reference NO AI203 1.5 0 - 3.1 35.2 Exanple 4

by WaBAPGNitth ‘d%trﬁéﬂ@a?ceﬁuﬁtllocﬁons%ré M2 lohg eE@ét&ﬂt@d 1 After that, this
Conparative Ag/Al203 0 1.5 - 2.1 25.3 Exanp e

mlxt\f%”@g%%t’legd ghﬁgér%d?%} nitla% Polirs*af 165505&1%1 fuﬁ’fé“mj § mburs in air at

nesi um COITpOUﬂ

500"% elgtaat ed %}?&t @eead gﬂﬁ-tf) %q,/o ;Hm régag gwtcgﬁygﬁj @bé % by mass of
Ry r@%ﬁgm ABS RIS AELY blpauting cats

was 0.81.
[0171]
According to the results of powder X-ray diffraction (XRD) of the catalyst

described above, a broad diffraction peak attributable to gold was observed, and
calculation of average crystaliite size based on the spread of the line width of the
diffraction peak attributable to the Au (111) surface yielded a value of 3 nm. On the
other hand, since there were no diffraction patterns originating from nickel, the nickel
was presumed to be present in an amorphous phase. With respect to the chemical
state of the nickel, the valence was confirmed to be 2 based on the results of X-ray

photoelectron spectroscopy (XPS).
[0172]

The microstructure of the above catalyst was observed using a transmission
electron microscope (TEM/STEM). As shown in FIG. 1, spherical particles having a
particle diameter of from 2 to 3 nm are uniformly loaded on the support surface. The
number average particle diameter of the nanoparticles was 3.0 nm (nhumber of
nanoparticles used for calculation: 100). The nanoparticles were observed to have a
lattice pattern in further enlarged images of the nanoparticles (FIG. 2). As a result of
analyzing by Fourier transformation, a lattice pattern corresponding to the lattice

spacing of Au (200) (d = 2.039 A) intersected at 90°C, thus indicating this to be the
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I mpregnat ed product was dried for 12 hours at 120C
followed by firing in air for 6 hours at 600C. As a
result, a silica-magnesia support (Si Q2-MO was
obtained that contained 5 % by mass of magnesi um
oxi de as Next, 100 nmL of an aqueous sol ution
|aﬂ'°§oﬁﬂ%9¢n¢fg é200) belihusyotha Hasoparicl Qfy FOFIsedc kpystalline gold.
nitrate solution and an aqueous chl oroauric acid
Lattiss patteors casesparndiog tatthgdattica Bpgcimg ofhdu (200) and Au (111) were
silica-magnesi a support obtai ned above was added to
also bbservedin othert particles] | owed by stirring for one hour
while holding this m xture under stirring, thereby

PNegi, Paha lggof"cﬁlﬁﬁiosﬁ% qRJitts CBYPSTEM-EDStier td3h nanoparticle
support . his mxture was all owed to stand

mdn::éy mggﬁhﬁt% Qﬁﬁ g Pw rkf’ﬁgﬂ—ﬂ@d‘fn &8ch P&g&}éﬁ‘d T mR4Rdalue of the

Ing wt wat er unti I ons mere no

et 5G4l St S FBrmiies utbe S MEpppats oea o
a5 o oV ik b 0 i o e

L%ld NlOAu Si OZ- MgO) . The atomcratlo of Ni ([Ni

points it dhan Ake rnégepartwgescatMPwer wen n@norqgmslpf he observed
According to the results of powder X-ray diffraction

particheRDyersf analyzedt(&lGs8), T(ﬂl@saiiohb@d'atmcﬁfeNl & Asr ehdhe centers of the
diffraction peak attributable to gold was observed,

particled (o@lasutemhentn prfintavlr ages cd.y St ahile ethetz at btl'meopa]ticle edge
the spread of the line wwdth of the diffraction peak

(meafﬁdrémbht poirt 2)owhbe2 8. ( ticef andunisebil aitkel widrdadetected at
of 3 nm On the other , since there were no

otheF“pfoH'fcﬁﬁst bPThé’?EHﬁflél&s (rﬁbbghl'é%éﬁigpcﬁlhf)ﬁ) ni gk reéd?leof carrying out

ni ckel was p esuned e present 1 n an anDrp ous

s 28 ek o8 PO e e pona e
edagiodh 3]l paiees of BetdLBRNES of Mt s, SO0 Py &b 4&&%‘1 to nearly
observed using a transm SSi ctr Crosco .

comple @elywsf wil tiskesed end elfefdﬁ p&lem o@apping.  In

having a
addition, nickel was distributed one circumference larger than the distribution of gold

in all scanning directions (1, 2) based on composition line profiles (FIG. 4). In this
manner, since nickel is distributed over the gold and nickel is detected in larger
amounts around the edges of the particles, the nanoparticles contained in the
above-mentioned catalyst are considered to have a form in which the surfaces of gold

nanoparticles are covered with nickel.
[0173]
FIG. 5 shows the absorption spectra of NiOAu / SiO>-MgO catalyst particles

using ultraviolet-visible spectroscopy (UV-Vis). The Au/ SiO,-MgO sample has gold
nanoparticles loaded on the same support (catalyst prepared in Comparative
Example 4 to be described later), and surface plasmon absorption originating from
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particle dianmeter of from2 to 3 nmare uniformy
| oaded on the support surface. The nunber average
particle dianmeter of the nanoparticles was 3.0 nm
(nunber of nanoparticles used for cal cul ation: 100).
The nanoparticles were observed to have a lattice
the gald eancparticlest appeass! ix thal vigiaige ©f 3@ men. The NIO / Si0.-MgO
nanoparticles (FIG 2). As a result of analyzing by
sampleufcatalystrprephredhin Reference &danysle (fata be described later) and NiOz/
correspondi ng to the lattice spacing of Au (200) (d =

Si0 ét Athekédaby Hlbjeéting the) diapaple ngrepared tim Reference
%e the 6 Ia(??l ce |mageyof Au ?12%0) 'Iéﬁﬂﬁs t he

Exatﬂ @B"’lbtdﬁéhﬁﬁngcl‘?é'ﬁfﬁe?ﬁ%ﬂ{ Hﬁbé&ﬂlbféﬁlsgé’élé ha#@%bcﬁhmcles of NiO

tterns corrésponding to t [lattice spacing of Au

and (r?@)o ) Io % Iié% F}r\? Eﬁpg&ll S9n@ 151654 SebddP M 'bv%r a wavelength

f “conposition point

ranggn%“ﬁ 408 oFAERSRBE ML SR Pl heres
N0 V2SS oot e s b 2S5BS e wavelngt

cal cul ation: 50) was 0.82. Only trace anmounts of

ranggi ofidf0 1RefQ0 aax lé&amoraﬁtraetﬁ@uwa%e otablgh'!ysoxjﬂﬁeﬁl ni¢iegh oxide (NiOy2).
t he nanoparticles. Myreover, when nanoregions of the

In comtsasty edrfapamplasrhes absoeptmbf/gew (rFth@ vigjnityt bk 530 omodoes not
ratio of Ni / Au at the centers of the particles

appdaraathe easstof NIOMu ABi0aMgD, Hhd bluddeatidtabanate tittdbutable to NiO;
particle edge (neasurenent point 2) was 2.95. Only

is olseRie é@%ﬂb%éﬁeléﬂg{th%ng@bFZd@*t@BDQ%rﬂt ot her
portions of the particles (neasurenent point 3). As a

[017desul t of carrying out simlar neasurenments 20 ti nes,
| arger amounts of nickel were detected around th
e@ge@edaaseﬁ pf theseirepults, NiRAW/ §iQi-MgQ %tabfsts]a&aehw to be of
gol d was observed to nearly conpletely agree with

a fotrhiie whishdg@d athmsr aseuhot prdsebbSretharsutface heregf, but rather the
addition, nickel was distributed one circunference

surféwsgﬁrgdldﬁ aanbpertidiestare wovensd with digldy okidizdd niskelrmiide
directions (1, 2) based on conposition |line profiles

[0176FI G 4) In th| s rranner since nickel is distributed

r ol d kel detec ed i.n | er, .
aﬁal Fé‘? ﬁ'eo %’d °c e pérg iof| @?ﬂﬁ%ﬁ@em and 10 mL of

nanoparticles contained in the above-nentioned
methanal | were ahargegnistelar digh-pressuee Auteslaye-typshieartionevessel (total

surfaces of gold
volume: 120 mL) made of SUS316 and provided with a magnetic stirrer, and after

closing the autoclave and replacing the inside of the system with nitrogen gas, a
nitrogen mixed gas containing 7 vol% oxygen was introduced into a vapor phase unit
followed by increasing the pressure inside the system to 5.0 MPa.

Next, the reaction vessel was immobilized in an oil bath and a reaction was
carried out for 2 hours at a reaction temperature of 60°C while stirring.  After cooling,
residual pressure was released and the autoclave was opened followed by filtering

out the catalyst and analyzing the filtrate by gas chromatography.
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nanoparticles are covered with nickel. [0173] FIG 5
shows the absorption spectra of NiQAu / Si 02- MO
catal yst particles wusing ultraviolet-visible
spectroscopy (UV-Vis). The Au / Si Q2-MO sanpl e has
gold nanoparticles |oaded on the sanme support 0
( Ast al yasullrtheaconvensianogter 4fi nethasrglain avas (§1.8&% and methyl
described later), and surface plasnon absorption
metieadrglateasélegtifityowa$ 95t7%. gol d nanoparticles appears in
the vicinity of 530 rim The NO/ Si2-MO sanple
[0176tat al yst prepared in Reference Exanple 5 to be
described | ater) and Ni 02/ Si02- MO sanpl e
[Refegnice ’E@@ @y subj ecting the sanple prepared in

Ref erence Exanple 5 taq oxidizing,t e i .
héraalst loaded oyt 125y Mass QL Mickel B0 1% Mol yyps obtained by
Ni 02 | oaded on the same support, and broad absor banfce .
prepavieg i the damgtmanneh@s Exanple 4 vatip then xepfigaof not adding
with Ni02 / Si02-MgO was no | onger observed with N O
aquéold cRloMpQricTdid sokedioht neans that broad absorbance
over the wavel ength range of 200 to 800 nmis
d& ieactionaivas chrticzhost infthdisghieymanner as Exanuplel4 asing ¢his catalyst.
(Ni02). In contrast, surface plasnon absorption of
As 8%kduit NtH Eath&érldiy nverfom Tao AasN812% aite afiethyl mathacrylate
case of NNQAu / Si02- MO and broad absorbance

ANy la,t0o NiO2 is observed over the wavel ength
se}e?g‘?fg}e\gg%%goﬁﬁto 800 nm [0174] On the basis of these

[0177$sul ts, NNQAu / Si 02-MO catal ysts are believed to be

0 a formin which gold atons are not present on the

[Compafaiive Examplef4] but rather the surfaces of gold
nanoparticles are covered with highly oxidized nickel
0 EftalyisO lodled Wit 0 86 by meassaobgyldt(Anbt idneldgal) ovas obtained by
1.0 g of nethacrolein and 10 nL of nethanol were

iAGhEddié nidrerHLESSMpladivith ehe ekygstioreaichotoadding nickel
pre@g@?gll Ot(tot al  vol une: 120@1_) made of SUéS%m and

nitr gg"gﬂ?g‘ag}é{gﬁb %&?Iﬂ@téi& at icé[s.%‘iate&,rbgreﬁcgﬁfdd'ér X Ghpsiffiéiction (XRD)

eplaci ng the 1 nsi the system
v&th nitrogen gas, a
was 3 nm.

A reaction was carried out in the same manner as Example 4 using this catalyst.
As a result, the methacrolein conversion rate was 9.7% and methyl methacrylate

selectivity was 75.0%.
[0178]

[Comparative Example 5]

A catalyst loaded with 1.0 % by mass of nickel and 0.8 % by mass of gold (NiAu
/ Si0.-MgO) was obtained by preparing in the same manner as Example 4 with the
exception of changing the heat treatment atmosphere from air to hydrogen. Based
on the results of X-ray diffraction (XRD) and X-ray photoelectron spectroscopy (XPS)
of this catalyst, the nickel was reduced to a metal state, and an alloy of nickel and

gold was confirmed to have been formed.
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nitrogen m xed gas containing 7 vol % oxygen was
i ntroduced into a vapor phase unit followed by
i ncreasing the pressure inside the systemto 5.0 Mra.
Next, the reaction vessel was inmobilized in an oi
bath and a reaction was carried out for 2 hours
Fetgaction waspairigd au inthesamernaangr as EP(ﬁngiwdrtléﬁmg this catalyst.
cooling, residual pressure was rel eased and the
As aaresull, dbe methaspaeiadcomidrsinodraty was f1¢:3% qndomethylemethacrylate
catal yst and analyzing the filtrate by gas
seleciivitQvedg2&Aphy. 70 As a result, the conversion rate of
net hacrol ein was 61. 3% and nethyl net hacryl at e
[0178kl ectivity was 95.7% [0176] [Reference Exanple 5] A

cat al | oa with 1.0 % by mass of nickel (N /
[Congqu'gtl s‘aﬁﬁg gl})t ai ned by preparing in the sane

manner as Exqr;g oh t he exception of not O/aggi ng
afuetalyst foag uwtwal:./a Ry INAsoHRT ieny 8aE: O6n mass of gold
carried out in the sane manner as Exanple 4 using this
(Fe20ahul/\Si02-Mg@) waseshidinedithepreparing o ithe sagenwansebas Example 4
rate was 3.2% and nethyl nethacrylate selectivity was
with 3 Ex&eplidhl 67 LisingGrovp aitmte westead mbInické] nAratet alThetatomic ratio of
| oaded with 0.9 % by mass of gold (Au / Si Q2-MJO was

Fe / (bé 3 A19bflibe résifsy caGlystwalde).8ame nanner as Exanpl e 4
ﬁh?ﬁe exception of nyot addi ng nickel nitrate. The

é@%rFfﬁésF%g&btcﬁ‘ r%bé@u n % %Pﬁ&@t-%lﬂ?@"{@?ﬁv%j lspiéctrum of

raction A reaction was carried

%%;ﬁysa%c@@sﬂﬁ@@@ﬁ%o@w%n@@%ﬁgoﬁ@wﬁ@@sgamc'es et oo

e was 7% and met hyl nethacrylate selectivity was

530 t)(y%s
A reaction was carried out in the same manner as Example 4 using this catalyst.

As a result, the methacrolein conversion rate was 10.4% and methyl methacrylate

selectivity was 55.2%.
[0180]

[Comparative Example 7]

A catalyst loaded with 1.2 % by mass of cobalt and 0.8 % by mass of gold
(Co304Au / SiO>-MgO) was obtained by preparing in the same manner as Example 4
with the exception of using cobalt nitrate instead of nickel nitrate. The atomic ratio
of Co / (Co + Au) of the resulting catalyst was 0.83.

Based on the results of measuring the ultraviolet-visible (UV-Vis) spectrum of
this catalyst, surface plasmon absorption originating from gold nanopatticles (at about
530 nm) was observed.

A reaction was carried out in the same manner as Example 4 using this catalyst.

As a result, the methacrolein conversion rate was 2.6% and methyi methacrylate
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[ Conparative Exanple 5] A catalyst |oaded with 1.0 %

by mass of nickel and 0.8 % by mass of gold (Ni Au /

Si 2- MyyO was obtai ned by preparing in the sane manner

as Exanple 4 with the exception of changing the heat

treat nent _at rmsphere fromair to hydrogen. Based on
Se|e‘t7tWétYrV\é%ﬁ145§ f X-ray diffraction (XRD) and X-ray
[018?ﬂ0t oel ectron spectroscopy (XPS) of this catalyst,

e nickel was reduced to a netal state, and an all oy

[Con%ar%ii@é‘ﬁ&a%eggm d was confi r_rred to have been forned.

react s carried out in the sane nmanner as
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mass of iron and 0.9 % by nass (Fe2Q3Au
with @@gxmom@fsuwg £ORPAT Bgﬁraﬁe dnsiead) @f |”|'P|‘@i1€'t?éﬁe ae r?é@mlc ratio
as Exanple 4 wth the exception of using iron nitrate
of Cy ﬁé@@d‘g&)@rofrthel{%ummg catalystWas Q¥8nic ratio of Fe /
(Fe + Au) of the resulting catalyst was 0.81. Based on
t Basec ool the wfsulte afumeasgurire the ulteavicekvisibles (UVeVis) spectrum of
(UV-Vis) spectrumof this catalyst, surface plasnon

this @A sSUFACe Plaimén bBSorptieM diRlithting TRAAddl¢ haRopdticles (at about

about 530 nn) was observed. reacti on was carried
530 RM?Wd%éﬁ‘s”erﬁ?d’.e manner as Exanple 4 using this
cat al yst result, the nethacrol ein conversion

%gﬁﬁécﬂa% ﬁ@%? %%%éﬁ %%ﬁ@éraéﬁeEx%r?\lp%C% élt\éir@ﬂ}ls catalyst.
As ala?g%ﬁﬁ JW Detisrol ?’P’gpa\sge?’rﬁ)‘é%) AR fd;?%eang);neﬁwyl Hethacrylate

aring. i the same manner as Example 4
seiegmnt{[/J was g& 1&: P

Table 2 shows the physical properties and reaction results for the catalysts for
production of carboxylic acid ester of Example 4, Reference Example 5 and

Comparative Examples 4 to 8.

[0182]
Table 2
No. Loaded Composite Ni and Au Loaded Nif(Ni+Au) Reaction Results
Nanoparticles Amounts (%by mass) | Atomic Ratic
Ni Au (mol%) Conversi- MMA
on Rate | Selectivity
(%) (%)
Example 4 | NiOAuU/SiO,-MgO 1.0 08 0.81 61.3 95.7
Reference NiO/SiO,-MgO 1.0 0 1.00 32 301
Example 5
Comparative | Au/SiO,-MgO Y 0.9 - 9.7 75.0
Example 4
Comparative | NiAu/SiO-MgO 1.0 0.8 0.81 11.3 62.4
Example 5
Comparative | Fe,0;Au/Si0,-Mg0 117 0.9 0.81% 10.4 55.2
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with the exception of using cobalt nitrate instead of
nickel nitrate. The atomc ratio of Co/ (Co + Au) of
the resulting catalyst was 0.83. Based on the results
of measuring the ultraviolet-visible (U/-Vis) spectrum

Exanfple 6 L1 S _catalyst, purface prasmon [absor pti of]
originating from ngEd_n‘j\ZP_g,p i bout (—‘éQQ A
Compagative | SeQuRWSIOrMaLL t i b wals c%lgri gd o@?gi n the 28ame| 458

Examp®merl as Exanple 4] usi ng tthis catalyst. As|a result,

-he—rret "W_ ey g was 2g 6goand mytFyt 581
Com%?'ﬁ%:w AT % e ec{'lvity was 49, 8% [0151]‘g

Exampteghpar ati ve Exanple 8] A cjatal yst |l oaded witth 1.0 %

Dy) mass of coPper apd 0.8 % by mass aof gold (CuQAu_/

S’ doadesopmpast ebte Fieaded amebat eigo. 1 laadedsamauRkeifey.

as Exanple 4 wth the exception of using copper 6 ] ]

nPtatamic iatist afdde 6{Fe+ohe), *hatoric catiarb Cat /i +Au)i 8 atomic ratio

of Cu/ (Cu + Au) of the resulting catalyst was 0.79.

Befs€d /gQuthAuy esul ts of nmeasuring the

ultraviolet-visible (U/-Vis) spectrumof this

catal yst, surface plasnon absorption originating from

gol d nanoparticles (at about 530 nm was observed. A
[018Bpaction was carried out in the same manner as Exanple

4 using this catalyst. As a result, the nethacrolein
[Exaptles:pdp dR. Referenah Exappie &) Gaseparative Exapnje 8 e

selectivity was 58.1 % Table 2 shows the physical _

p2 dgeof siica sob (Srawtexdi-3temanufadtaied: by Nisgan Ghemiea)rindustries,

production of carboxylic acid ester of Exanple 4,
Ltd. R8®y eonenbExadheby mass)) Gmrpaadded ¢o B28np| efstiténiao s8l (STS-018

[0182] Table 2 No. Loaded Conposite Ni and Au Loaded

manbfdctiviedi By IsRiFh I Teeéhie BY.! Btd. (TiO, content: 30 % by mass)) and mixed

followed by holding the slurry for 24 hours at 15°C and spray drying with a spray
dryer set to an outlet gas temperature of 130°C to obtain a solid.

Next, a silica-titania support was obtained by firing for 2 hours in air at 300°C
and then for 3 hours at 600°C. The silica / titania ratio as oxides was 93.6 / 6.0.
Specific surface area as determined by the nitrogen adsorption method was 236 m/g,
and pore volume was 0.26 mL/g. The average particle diameter of the support was
60 um based on results obtained with a laser diffraction particle size analyzer. In
addition, the shape of the support was determined to be nearly spherical based on
observations made using a scanning electron microscope (SEM).

Next, 30 g of the silica-titania support obtained above were added to a glass
container containing 100 mL of distilled water, followed, while being stirred at 90°C,
by dropping in prescribed amounts of an aqueous nickel nitrate solution and aqueous
chloroauric acid solution, adjusting the pH of the aqueous solution to 7 by adding 0.5

N aqueous sodium hydroxide solution and continuing to stir for 1 hour
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Nanoparticles Anounts (%y mass) Atomc Ratio Ni Au
(nmol %9 Conversi- MVA on Rate Selectivity (%9 (%
Exanple 4 Ni QAu/ Si2-MgO 1.0 0.8 0.81 61.3 95.7
Reference NN SiO2-MgO 1.0 0 1.00 3.2 30 1 Exanple 5
Conparative Au/Si02-M0O 0 0.9 - 9.7 75
Subsequently; ithe aqued s selutigo was allgwedstp ﬁiarai wdASturbed and the
Exanple 5 Conparative Fe20aAu/Si O2-MgO 1.1 0.9 0.81
supdifiathnb was reflovedafgiioered i washirtg with cidiiedwatieozintiy Ol ions were
1.2 0.8 0.83 2.6 45.8 Exanple 7 Conparative
no Itﬁg@?\ld%c%d MIRing fdroeBhéuréat%0%5°88rid fifing far! hBurk)at 400°C in air

| oaded amount "of” Fe, 2) |oaded amount of Co, 3) |oaded

to pr%?%\’@ta &ftal%& m"@lhl@ﬁ Qﬁé (’atélﬁtc' @tl@fof R /(NI FeAd) WS ,chéhged to within

mc rat 6) atomc ratio

Au)
s Y90S L PO A i s
aﬂeéwgwﬁgr@aaw%ﬁt PSS o e Spagles. vl 3
showy tha maKcal PIRARFES! TG fasuling eotas a'ﬂe?n”g”&%%‘)ééanatwn activity
mass)) and m xed followed béﬂ_hol d| the slurry fo

for maethylirmethacngatearprs pindy mMekar ngma a0k phigkel and” gold (MMA
molfh/mol-Ni+Au).
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dryer set to an outlet gas tenperature of 130C to
obtain a solid. Next, a silica-titania support was
obtained by firing for 2 hours in air at 300C and
then for 3 hours at 600C. The silica / titania ratio
[01832 oxi des was 93.6 / 6.0. Specific surface area as
term ned by the nitrogen adsorption nethod was 236
Table®d g, and pore volunme was 0.26 nlUg. The average
particle dianmeter of the support was 0 _m based on
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si ze gnal gam@posité n addltlmby nB&s) shape 0Atoﬁ1|3:ERa$iblpp0A&tMty (MMA
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f distilled water flollowed, uhile
413

W&@fq@&)zg&goc by drdppi Y i n pres®&&bed

Exargieotunt swm;ﬁulalmzamgecus ne.gkel [nitrase sqlutiome ang 63.5
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Examplec unNiQA 808259l uti®h and cor®inuing t858tir |for W37

Exanipeio- Nmm@me 1y, 04 e dUUetEis Sofut T griowas 14.0

allowaed tgo stand undisturbediand the gupernatant! was

Referenseoy ¢ N9/5192d¥&d by wash?ng with 8istilll ed W8t er [until04

Exanﬁiee ors vvere no | gnger detegted, drying for 16 hours

|i||g for—3—hours—at '-I'OOCIII ait -
Comﬁé‘ratn{vé’ \Augluza af yst |in Whi ch the atomcl|ratis of N / 82

Exa"'(PH|9+ Au) was changed to within a range of from|O to

T.0 (whi '€ The total anount of ni ckel and gof d
remai ned constant), after which a reaction was
018§ﬂ”i ed out in the sane nmanner as Exanple 4. Table 3
[ ows the physical properties of the resulting
liypts along with formation activity for nethyl
[Exaﬁ@i%‘ﬁ yI ate per unit nolar amounts of nickel and gold

s SR e bl P o

and reaction conditions as Example 4 with the exception of using the catalyst
prepared in Example 4 (NiOAu / SiO,-MgO) and reacting acrolein instead of
methacrolein.

As a result, the acrolein conversion rate was 71.3% and methyl acrylate

selectivity was 96.8%.
[0186]
[Example 12]

An ethyl acrylate formation reaction was carried out using the same procedure
and reaction conditions as Example 4 with the exception of using the catalyst
prepared in Example 4 (NiOAu / Si0,-Mg0), reacting acrolein instead of methacrolein,
and reacting ethanol instead of methanol.

As a result, the acrolein conversion rate was 81.5% and ethyl acrylate
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Conposite (% by nass) Atomc Ratio Activity (MVA
Nanoparticles NN Au (nol % nol/h/ nol-N +Au) Exanpl e
5 N QAu/ Si Q2-Ti Q2 0.4 0.91 25.2 Exanple 6
Ni QAu/ Si O2- Ti Q2 .7 0.83 41.3 Exanple 7
Ni QAu/ Si O2- Ti O2 .3 0.70 63.5 Exanple 8
selestiviigwas €820 2 .7 0.61 52.1 Exanple 9
| QAu/ Si O2- Ti Q2 .1 0.53 43.7 Exanple 10
[018¢] oau/ Si c2- T102 .5 0.22 14.0 Reference

[Exawﬂﬁ%ﬁi 132-_'“ Q 1. .00 0.4 Exanple 6 Conparative
A |8-T|0204.308.3 EXQWpIGQ[QlSS] [Exarrple
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and 3’%@5@3@9%?@%%% ga%ﬁ?%%l\o%ﬂ\s%g?& Q titgﬁgof gtgi‘rlqu ﬁbe catalyst

acrolein instead of nethacrolein. As a result, Eh .
prepaced|ini Fxamplerki(BHOAH: & %-Mﬂ%%@ﬁf&msesﬁwalge ﬁ%t'@stead of

selectivity was 96.8% [0186 [ Exampl e 12] An et hyl
methanrglein, @ndoeagting ethaned insteadvabmetitanadd out using the

same procedure and reaction conditions as Exanple 4

wiAkha résulexbe fidnzaldehydei conversor aatel was 8&2%pand ethyl benzoate

Exanple 4 (NiQAu / Si 02-MgO, reacting acrolein
se|ebﬁ\ﬁwgs of. 2wt hacrol ein, and reacting ethanol instead

of et hanol .

[0188]
[Example 14]
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A methyl methacrylate formation reaction was carried out using the same
procedure and reaction conditions as Example 4 with the exception of using the
catalyst prepared in Example 4 (NiOAu / SiO-MgO) and reacting methallyl alcohol
instead of methacrolein.

As a result, the methallyl alcohol conversion rate was 59.2% and methyl

acrylate selectivity was 94.1%.
[0189]
[Example 15]

An ethyl acetate formation reaction was carried out using the same procedure
and reaction conditions as Example 4 with the exception of using the catalyst
prepared in Example 4 (NiOAu / Si0,-MgO), reacting ethanol instead of methacrolein
and methanol and making the reaction temperature 80°C.

As a result, the ethanol conversion rate was 30.4% and ethyl acetate selectivity

was 91.2%.
[0180]
[Example 16]
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As a result, the acrolein conversion rate was 81.5%
and ethyl acrylate 76 selectivity was 96.2% [0187]
[ Exanpl e 13] An ethyl benzoate formation reaction was
carried out using the same procedure and reaction
conditions as Exanple 4 with the exception of using
t Aanetayhglysolate farpation reactiomwescarrigdpairusing the same procedure
Si 02- MyyO), reacting benzal dehyde i nstead of

and netbtion alotiditiorandsr Eaamptey 4twitindhe | exstepdidnobf using the catalyst
met hanol. As a result, the benzal dehyde conversion

repafdd iINEXxafple ¥ NIOARL hBiIOLMyDRARd réattiel ethylehenglycol instead of
P p98. 2% [0188] Exanpl e 1%] A)?ret hyl rrtg}:ghacryyl ate

mettiZ4r8Rfd.0n reaction was carried out using the sane
procedure and reaction conditions as Exanple 4 with

LB S e Ry 1R PPt ot ol

L cohol .j ead of nethacrolein. As a result, the
se‘eﬁié‘f'tﬂé’l’ﬁlpbﬁ}li'ohol conversion rate was 59.2% and net hyl

[0192ﬁryl ate selectivity was 94.1 % [0189] [Exanple 15]

ethyl acetate formation reaction was carried out

[Exau§plea7jhe sane procedure and reaction conditions as
Exanple 4 with the exception of using the catal yst

(1) DS%EEgﬁq?r%E??é%ﬁpl e 4 (NNQAu / Si02-MJO), reacting

eth of nethacrolein and nethanol and

TR A AT RYHEIPEIS S A0y oA eyt ana s
g of %%I"/oa %ftirig iatc:}/cl Were d%%b%%’d in 5.0 L of pure water was gradually dropped into
20.0 kg of a stirred silica sol solution having a colloidat particle diameter of from 10 to
20 nm held at 15°C (Snowtex N-30 manufactured by Nissan Chemical Industries, Ltd.
(SiO. content: 30 % by mass)) to obtain a mixed slurry of silica sol and aluminum
nitrate. Subsequently, the mixed slurry was aged by holding at 50°C for 24 hours.
After cooling to room temperature, the mixed slurry was spray-dried with a spray
dryer set to an outlet temperature of 130°C to obtain a solid.

Next, the resulting solid was filled to a thickness of about 1 cm into a stainless
steel container with the top being open followed by heating in an electric oven from
room temperature to 300°C over the course of 2 hours and then holding at that
temperature for 3 hours. After further heating to 600°C over the course of 2 hours
followed by holding at that temperature for 3 hours, the solid was cooled gradually to
obtain a silica-alumna support. The amount of aluminum in the resulting support
was 10 mol% based on the total molar amount of silicon and aluminum. Specific
surface area as determined according to the nitrogen adsorption method was 145

m?/g, pore volume was 0.27 mL/g, and average pore diameter was 8 nm. The
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[0190] [Exanple 16] 77 A methyl glycolate formation
reaction was carried out using the sane procedure and
reaction conditions as Exanple 4 with the exception of
using the catalyst prepared in Exanple 4 (N QAu /
Si02-MgO and reacting ethyl en S@gl ycol instead of

average astigeadiameter ef thes aupport thasedhgn dhe rgsyitsopf measuring with a
conversion rate was 42.4% and nethyl glycol ate

laser diffratiion tparticls it Zralyfzet 9ds §Xxenpl le additiéa) the shape of the
Support Preparation An aqueous solution in which 4.16

suppest WasafoumdntoTbei héye spReadyidiasedl andotsetivatipry with% scanning
nitric acid were dissolved in 5.0 L of pure water was

e|ec96ﬁﬂﬂailds)gogé<@gg% into 20.0 kg of a stirred silica
solution having a colloidal particle dianmeter of

[0192] om 10 to 20 nmheld at 15C (Snowt ex N 30
manuf act ured by Ni ssan Chem cal |ndustries, Ltd.
(2) (CptalystdiroduetiorBo % by nass)) to obtain a mixed slurry
of silica so] and alum num nitrate. Subsequently, the
il 0eld of & wolutionasordgiaihgo®2 86| giohpicke! ritvatef hexahydraterand 20 mL of
After cooling to roomtenperature, the m xed slurry

a 1.3aBoBPayedls eshlovohlrie =il avlutidhywas Sedatéd ta80rd. | €300 g of the
tenperature of 130C to obtain a solid. Next, the

silicd-8RimihA Mppokt! &tmdféﬁd\@dwéﬂa IafoBUCihriﬁFéSa eoi@%luﬂon followed

cminto a stainless steel con ainer with

by a?j‘ﬁbﬂﬁg chﬂ’lth@r%‘a?le%s ré‘éﬁgi(?g%o'?“bfﬁdﬁlti%ﬁtdf '0?5 ‘N’?&Léeous sodium

rom roo tenpe ure to ove € course O

nyarfigtip St Rl ABiibd e B ﬁ';aa'idos%raa bl ot fp g for 1 hour

our di n t that tenperature
to depigtsha diske! apgolbforbanenEsite e suBRat Ty ro- obtai n
a silica-aluma support. The anmount of alum numin the

rMeyl. ¢ afiey alleping towstandy undisihesk sresnoving the gupernatant and

nol ar anount of silicon and alum num Specific _
washing several times with distilled water, the liquid was filtered. After drying the

filtrate for 16 hours at 105°C, the product was fired for 5 hours at 450°C in air to
obtain a catalyst loaded with 1.43 % by mass of nickel and 1.45 % by mass of gold
(NiQAu / SiO2-Alx03). The atomic ratio of Ni / (Ni + Au) of the resulting catalyst was
0.768, and the atomic ratio of Ni / Al was 0.144. Specific surface area as
determined by the nitrogen adsorption method was 150 m?/g, pore volume was 0.28
mL/g, and average pore diameter was 8 nm. The average particle diameter of the
catalyst based on the results of measuring with a laser diffraction particle size
analyzer was 61 um. In addition, the shape of the catalyst was found to be nearly
spherical based on observations with a scanning electron microscope (SEM).

Based on the results of powder X-ray diffraction (XRD), a diffraction pattern
originating from nickel was not observed, and the nickel was confirmed to be present
in an amorphous state. On the other hand, although not able to be defined as a
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surface area as determ ned according to the nitrogen
adsorption nethod was 145 n2/g, pore volunme was 0.27
mlJg, and average pore dianeter was 8 nm The 78
average particle dianeter of the support based on the
results of nmeasuring with a |aser diffraction
wellgigfined| peskz@ diwaag zpeakawasoprasenh cIERsPosAIng f@ gold crystals.
shape of the support was found to be nearly spherical )
Althbagte the vahies ef this ipeak was iclasestoathel pgwder defayodiffraction detection
m croscope (SEM. [0192] (2) Catalyst Production 1.0
limitL{(2fnm), sedlolliation csfinthee Evegags? .cipstgllitd sitec ksingniSohetreer's formula
hexahydrate and 20 nL of a 1.3 nol/L aqueous

yielddd 8VaR dfcabfiit @ Al ution was heated to 80C. 300 g of
h silica-alum na support obtai ned above were placed

the
LWPEE&A%%W&H% él‘n’éMFéa?EtJt@'fJf e C}H&.\F&Q’éﬁbﬁ wag dohfirREl to be 2

eous solution to by addition of 0.5 N

oxs 5215 T NP RS bbb A, e, v

deposit the .nickel and gold, c anents gnto the

cherdigap slate Renifkel sas Presuiiing 45 DGR ANAet figks] based on the
removing the supernatant and washing several  tines

resujtstaf highsresalutinéiray fluprascengs (HRXEF) and ayasdetarmined to have a
drying the filtrate for 16 hours at 105C, the product

chemical state diifferent froouthat af nigket oxideawhichois @ Bingile)campound, based
catal yst | oaded with 1.43 % by mass of nickel and 1.45

on diffénenoes $n i Kolsgecirdi Ofhe fulbwath/at2Gat) makimauet (FivEiM) of the Ni
ratio of NN I (Nl + Au) of the resulting catalyst was

Ko $hec®@m afthd BataRisP Bk Gbtdihed fRim Mhe medsungs spPedtidm was 3.458 and
pecific surface area as determ ned by the nitrogen

i 15 ; - -
the my&g%@ﬂa@gﬁ B 9881 15§nBHO widR'# R4 MBRIMAR (PWASM) of the Ni

age pore dianeter was 8 nm The average

Ko G} B GRET oileh e Firoc b 2L EphaHRf SUbRnte Bres 249 and the
[ I 61 I ddition, th h f th
Che%ﬁﬁb@@ﬁégﬁ% 744t o [Jne n(re]a?I yI tIsgﬂeritcgl Sbgg:doont ©
observations with a sc nr}i ng el ectron mcrosco
Sﬂl é& the

( Yerpditions efseryatina of dhe)fean Ve Bpegies oFthe catalyst with a

diffraction (XRD), a diffraction pattern ) .
transmission electron microscope (TEM/STEM) confirmed that nanoparticles having a

maximum particle diameter distribution of from 2 to 3 nm (number average particle
diameter: 3.2 nm) were loaded on the support. Observation of enlarged images of
the nanoparticles demonstrated that the nanoparticles had a lattice pattern
corresponding to the lattice spacing of Au (111). Analysis of composition points by
STEM-EDS for each nanoparticle confirmed that nickel and gold were contained in
each particle. The mean value of the ratio of nickel / gold atoms of the composite
nanoparticles (number. of nanoparticles used for calculation: 50) was 0.83.
Moreover, when nanoregions of the observed particles were analyzed, nicke! was
distributed over the gold in all particles, and larger amounts of nickel were detected

around the particle edges.
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originating fromnickel was not observed, and the
ni ckel was confirnmed to be present in an anorphous
state. On the other hand, although not able to be
defined as a 79 well-defined peak, a broad peak was
present correspondi to gold crystals. Al though the
vhiexb ast aresyt péuwee\g@atmgo@@ange& inthp@igietronkexeifation state of this
diffraction detection limt (2 nm, calculation of
catalyst by ertsgpaolet-yisiklé| Sp@stmszepms(UMyVEh esurtaces plasmaen aabsorption
yi el ded a val ue of about 3 nm Wth respect to the
pealcheniginafing fratregoit] riamophirticlédwera hehobsaraed o tha viemitytad 530 nm,
be 2 based on the results of X-ray photoel ectron
whilé Ib%‘éd QBQQIthnbé%ﬁnbuWIS% ENl tvins oBQ@l‘%Gadve‘itaﬂ%v@fength range
ni ck e mas presuned ﬁ spi n dival ent nickel
results of h| gh resolution X-ray

from or escence (HRX]I:{F) and was determ ned toI have a
: el B s (eSMASRIHBIIBE B Bl ¥ EatBypt accoraing
o 0 PR 3 R BB e of

fromthe neasured spectrumwas 3.458 and the chem cal
goldJranopaptigigs {gacovered wthrﬁ@kemandmameha stiffergnt sudaceglactron state

(FWHM) of the NI Ka spectrum of nickel oxide neasured
thandbatofgald manapadistasataraprisad of 2 stglemmetalspeciasni cal

Elft (AE) was 0.344. In addition, observation of the
[0195 rmof the active species of the catalyst with a

:ﬁgﬁ\tﬁ@sﬁ 6f°(9?r% H)gadrgsgépscope (TEM STEM confirnmed

t nanopar maxi mum particl e di aneter

%6(5 ,rglc$ Iegcpa‘ig[l&{srfe gt@g]zegt %ﬁc?vq,@l @A@S@?éﬁcf ﬂgvere charged into a

support. Cbservation of enlarged images of th

St'”"i‘&rﬁ%?ﬁim vessel madenat stainless ﬁ&?' hﬂ\énﬁﬁmﬂtﬂf@s§§lm%@f 1.2 liters
a lattice pattern corresponding to the lattice

and pravidedywith sagatalyst separatory siAn oxidative ssrhaxylic peichestenjormation
STEM EDS for each nanoparticle confirnmed that nickel

reactorn was therecarriednowt psingialdetadehapdrdlcohad. orTome weanore types of
value of the ratio of nickel / gold atons of the

alcoleslsTtsiiel stirrifgthBaddriténte Sof(thienfeaktio® fveBS&I0MR4 tdtitleP ip speed of 4
used for calculation: 50) was 0.83. Mbreover, when

mis. NGRS 9DyOindsiCoP hREh4EDISRA" / IS RENBPEBIABA! A8 Jeontinuously
supplied to the reaction vessel at the rate of 0.6 liters / hr, while a 1 to 4 % by mass of
NaOH / methanol solution was continuously supplied at the rate of 0.06 liters / hr, air
was blown in such that the reaction temperature was 80°C and the outiet oxygen
concentration at a reaction pressure of 0.5 MPa was 4.0 vol% (equivalent to oxygen
partial pressure of 0.02 MPa), and the concentration of NaOH supplied to the reaction
vessel was controlled so that the pH of the reaction system was 7. The reaction
product was continuously extracted from the reaction vessel outlet by overflow, and
the reactivity was investigated by analyzing by gas chromatography.

After 200 hours from the start of the reaction, the methacrolein conversion rate

81



di stributed over the gold in all particles, and | arger

anounts of nickel were detected around the particle

edges. 80 Next, as a result of investigating changes

in the electron excitation state of this catalyst by

ultraviol et-visible spectroscopy (UV-Vis), surface
Waspﬁaéﬁ’mnrrmmdrmﬁtlzﬂcrylpgmsgleﬂtwgv was 194.6%orangomethyl methacrylate

nanoparticles were not observed in the vicinity of 530
formatipn agttivitye per catdlysb swit veeigkt was 7i6lurabhikg-catNi Reactisity after 500

observed over a wavel ength range from 200 to 800 nm
houGnhadh eldsssids dief nbh ekange sigdificantighgietihg & ArethatroRiinbnversion

in the catalyst according to the present enbodi nent

rate V6 81 798 eiRfl Rriethadiglate fs‘éléEtiR/m[/ Wi 64 700 @l ileRfl Rlethacrylate
gol d nanoparticles is covered wwth nickel, and have a

formfakibh Hchlity ﬁP?TS@@%SUﬁIR IQp state than that of gold

nanoparticles conprised of a single netal species.

ol Y T HE i BR0E NEARG) S 5 TarS oy e reaction

sou55 Sl At SO0 S 8 Bhe TESFofth reacon,

. liters and provided with a catal yst separator. An )
Ni apg Ayawerel dmpafiless alchethdimes and Stwasohppreakiess @t both times,
was then carried out using al dehyde and al cohol or one
thusgonfisming iatsexipliatiore and| elution (of Nit and i Aw which coetaatalyst active
of the reaction vessel at a stirrer tip speed of 4
speces .asAwedl. ds %lbyormms sSiotvhivoht isnthestippoft o@mpeneht were inhibited.
sol ution was continuously supplied to the reaction

Whevetheetatalyst Was leitraciid ftér tdachhg for 500 hobird 8nd ifvestigdted with a

% by mass of NaOH / nethanol sol ution was
sca RO Phi £ fsPin) ! X | ofEnippi
r@ﬁ‘d was bl O\I/\%:ralgéngﬁsfﬁ W,a?‘iaetr%??seg%{@%%ﬁy eérn%gfr(iigu?géhlppmg of
nd t et 0 ' :
the LA B0GaRles! BNl ° rCA{A1S0, SABGE b By o8 ctprmines by
t.O OXx n arti ressyr.e of ,0.02 MPa), and fhe
the rifiodély BiSerbiAh nthoBiwas B8, Blye i mueiissidre diarpeterayas 8 nm.
s controlled sg that the pH of the reactjon system o
gxt; obseavatior of ghe gatalyst follevingothel reastiony with a transmission
extracted fromthe reaction vessel outlet by overflow,
electsery microscope (TEM/STEM) confirmed that nanoparticles having a maximum
particle diameter distribution of from 2 to 3 nm (number average particle diameter: 3.0
nm) were loaded on the support. Analysis of composition points by STEM-EDS for
each nanoparticle confirmed that nickel and gold were contained in each nanoparticle.
The mean value of the ratio of nickel / gold atoms of the composite nanoparticles
(number. of nanoparticles used for calculation: 50) was 0.85. In addition, when
nanoregions of the observed particles were analyzed, nickel was distributed over the
gold in all particles, and larger amounts of nickel were detected around the particle
edges. In addition, as a result of investigating changes in the electron excitation

state of this catalyst by ultraviolet-visible spectroscopy (UV-Vis), surface plasmon

absorption peaks originating from gold nanoparticles were not observed in the vicinity
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the reactivity was investigated by anal yzi ng by gas
chromat ography. After 200 hours fromthe start of the
reaction, the nethacrolein conversion rate 81 was
61.5% nethyl nethacrylate selectivity was 94.6% and
net hyl nethacrylate formation activity per catal yst
of 53thnm.wei ght was 7.60 nol/h/kg-cat. Reactivity after
500 hours had el apsed did not change significantly,
yi e@ndihedasisref theseotesults ccatalyst pbysicalatrepeftieslantghe structure of
met hyl nethacrylate selectivity of 94. 7% and net hyl
the natdpartiglestsf theoprestndentidimehl were €obfifimed to not have changed
nol / h/ kg-cat. In addition, when the concentrations of
befobé andafiePtheStedc®iBs. | N the reaction solution were
anal yzed by |1 CP-M5 at 200 and 500 hours after the
[0194f art of the reaction, N and Au were 0.1 ppmor |ess
at both tinmes and Si was 1 ppmor |ess at both tines,
[Exampig 18bnfirning that exfoliation and elution of Ni and
Au which are catal yst active species as well as
eAusilica-abdmisia whppbrti baving aupperific caurfanee areawofe 110 m?g was
i nhibited. When the catal yst was extracted after
obtainesichy fajlofvimg fHOsivmerprosedurcraeitt {1 alf &kamplé 1T with the exception
scanni ng el ectron m croscope (SEM, there was hardly

of addikg & @akiung ntFate NPHAIheTamdlif gTadlamitiim RAdS 15!r881% based on
observed. In addition, catalyst pore volune as

the l‘é{% ‘?E%F‘ fhdint Jf '3fticBhdRPSINRAGEY %@H%ﬁﬁﬂ%%&jﬁﬁﬁé t&mpErature to

average pore diameter was
7000@)servati on of the catalyst follow ng the reaction
W'th a transm ssion electron mcroscope (TEM STEM

confjrmed that nanoparti.cl havi ng a maxi .
8P, & Batalvalal PLipH0 e Pagte ARG 45t ofxample 17 with
(nunber average particle dianeter: 3.0 nm were ) )
the exeRRIPNPf( Hélnsug“gﬁ)rabovmaluygpa and cUsipgs#t46 g (i pickel nitrate
by STEM EDS for each nanoparticle confirmed that
hexahydrade. and gol d were contai ned in each nanoparticl e.
The nmean val ue of the ratio of nickel / gold atons of
t Tiee deagessameuntsnoipgickelcdresgoldrafithe resuifing aatzahgst tweree® 25 % by
used for calculation: 50) was 0.85. In addition, when

mas$ amdr 480%sbpimade rebssstiver. P tHdaithin, Weé el yatRAof Ni / (Ni +
ni ckel was distributed over the gold in all

A B8 15T SASRBTAIGEPNII &y BEa ot vore oot oot oo

OA UrBY& PeaRUIRApERANYED §Aid Bstlstihs PleSitt B the resuits
of powder X-ray diffraction (XRD). The average crystallize size thereof as calculated
according to Scherrer's formula was about 3 nm. On the other hand, diffraction
patterns originating from nickel were not observed, thus confirming that nickel is
present in an amorphous state.

The chemical state of nickel was presumed to be high-spin divalent nickel
based on the results of high-resoiution X-ray fluorescence (HRXRF), and was
determined to have a chemical state different from that of nickel oxide which is a

single compound, based on differences in Ni Ka spectra. The full width at half
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state of this catalyst by ultraviolet-visible

spectroscopy (UV-Vis), surface plasnmon absorption

peaks originating fromgold nanoparticles were not

observed in the vicinity 82 of 530 nm On the basis

of these results cat al yst physical properties and the
maxigymc(RUVEINGF of tthe Naﬂ@:panepg'uas affthehealglyst east obtained from the

enbodi mrent were confirmed to not have changed before
meagwedsnestrumwaséads2 and the théinicdl BhfnlE w83 0841. The full width

silica-alum na support having a specific surface area

at haif mMadmum FWAdM) aift tiendlil Ky spelctrant @8 ridiés] Soiie measured as a
procedure as in (1) of Exanple 17 with the exception

stan@drdasiibstihcd! was BUAdEAd meecﬁémtc%aghmgamrﬁ 394,

al um num was 15 nol % based on the total nol ar anount

Offy %dltléﬁ%@é@véﬂ%ﬂ'gﬁﬁﬁef&}ﬂpoﬁ e bfiﬁb gﬂéléé 'o?ghe cgtal%st with a

terrperatureto cata S pro

e R “%"é@é@ﬁ%ﬁf"ﬁ%“l% hopage navia
. ni ck tra a T, oaded anpunts of

max'ﬁmaaﬁﬂa Wi, aisREUEE i o 2 de 2 DET (EnBeToaverspe particie

. by :smd 1.43 % by mass, respectively. In

d'amsﬁ%ﬂ g??gﬁ,m wierelogded amihe,seppatt. /Ap Mlemenmy apalysis (20 points)
0.370 and the atomic ratio of NI /Al was 0.017. A

was gapiad suhior each sphaeatved) nanogartitie bys anl ancillary penargyidispersive
based on the results of powder X-ray diffraction

X-ray de®rtor(EOX9y endgvicked pat gold wers conafilnied #oall ebthe particles. The
cal cul ated according to Scherrer's fornmula was about

atomi ratio dPnidkes togbler ofithese cliposié paftitled Ghbah Oﬁiue) was 0.81.
originating fromnickel were not observed, th

MBFd VT, 'tk & 'ﬂé’éulﬂbﬂﬁ%sﬁg%tm [ s slifl tRE eRERRY, Hatipn state of

state. The chemical state of ni c el was presune
ris Qs NIALEN L SBBhoBBRGELAPy ool B absorton
peaks originating from gold nanoparticies were not observed (at about 530 nm).

A reaction was carried out in the same manner as (3) of Example 17 using this
catalyst. As a result, the methacrolein conversion rate after reacting for 200 hours
was 58.4%, methyl methacrylate selectivity was 94.7%, and methyl methacrylate
formation activity per catalyst unit weight was 7.220 mol/h/kg-cat. Reactivity after
500 hours had elapsed did not change significantly, yielding a methacrolein
conversion rate of 58.6%, methyl methacrylate selectivity of 94.9% and methy!
methacrylate formation activity of 7.260 mol/h/kg-cat.

In addition, when the concentrations of Ni, Au and Si ions in the reaction
solution were analyzed by ICP-MS at 200 and 500 hours after the start of the reaction,
Ni and Au were 0.1 ppm or less at both times and Si was 1 ppm or less at both times.
When the catalyst was extracted after reacting for 500 hours and investigated with a

scanning electron microscope (SEM), there was hardly any cracking or chipping of
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determ ned to have a chemcal state different from
that of nickel oxide which is a single conpound,
based on differences in NI Ka spectra. The full w dth
at half 83 maxi num (FWHM of the Ni Ka spectrum of
the catal yst as obtained fromthe neasured spectrum
the Gatalyst payticles phseavach e ih@ddition, the pnmbesayecag partitieediameter of
full width at half maxi mum (FWHM of the Ni Ka
the comapoesitennahopartitles asxdeterminesiiwitd aatransmigsiord etedttron microscope
substance was 3.249 and the chem cal shift (AE) was
(TENM) 36 314 mualdthusodenmirsttaviag i lkardf ahpeclianige deféreeand after the
active species of the catalyst with a transm ssion
reacBbgct ron m croscope (TEM STEM confirnmed that
nanoparticles having a maxi mum particle dianeter
[0198] stribution of from2 to 3 nm (nunber average
particle dianeter: 3.2 nm were | oaded on the
[Exagpi®dPl . An el ementary anal ysis (20 points) was
carried out on each observed nanoparticle by an
adl 19 af gommergialivi avadablevsilicx{(CARIAGTeQH 0, FEDS)lysianGhemical,
ni ckel and gold were confirned in all of the
Ltd.) weerei addesl. toTdh glasstoomtaineatortaining 508 ehl bbdtlled afater followed by
t hese conposite particles (nmean val ue) was 0. 81.
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94. 9% and nethyl nethacrylate formation activity of

followed b9 hoMing/df thataempeaiatans! fér D Rourd) ¢he 5BRJ was cooled gradually to
concentratrons of Ni, Au and Si ions in the reaction

obtaifi % WilicalalVFir@ éﬂ‘%édﬁ.edﬂ'i’é/ dn@ﬂ%@ﬂuﬁﬁﬂgﬁ”% ﬁ@r&%ﬂqﬁg support

after the start the reaction, Au were
was ggﬁ%ﬁ‘%i h%%ecd Th R foth! ARtarBhotint W SsifedPIh8  allffSul!  Specific
surface area as determined according to the nitrogen adsorption method was 183
m2/g.

Next, a catalyst was produced in the same manner as (2) of Example 17 with
the exception of using the above support and making the amount of nickel nitrate
hexahydrate 66.89 g.

The loaded amounts of nickel and gold of the resulting catalyst were 4.50 % by
mass and 1.44 % by mass, respectively. In addition, the atomic ratio of Ni / (Ni +

Au) was 0.913 and the atomic ratio of Ni / Al was 0.914.
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When the catal yst was extracted after reacting for 500
hours and investigated with a scanning el ectron
m croscope (SEM, there was hardly any cracking or
chi pping of 84 the catalyst particles observed. In
addi tion, the nunber average particle dianmeter of the
cdisead peaknwrespondingstoagold aargstaisnwas yiresent based on the results
transm ssion el ectron mcroscope (TEM was 3.4 nm

of pavides Xdeapdiffraction(@R12). dI Theaayerabe ngesthlize sizedthdredftasr calculated
the reaction. [0195] |[Exanple 19] 300 g of

accondingetoc Sahéyery dointllaewas | atsut (S Aih ACDNQhED ottiedi hand, diffraction
Silysia Chemcal, Ltd.) were added to a gl ass

paﬂe}?uﬁ‘t@ig‘ﬂaﬁtin"goﬂbﬁi Hidk! We”hopfabgéﬁrbh[ 'tﬁ|935 "é.‘gi;tnglfming that nickel is

| owed by the gradual addition of 98. am nu

jat: r as an alum num source to a silica
pres%‘r'étl ih earﬂlsw A4t

solu , dissolving in the silica gel solution
e rati t ryness . over a hot water, bath.. The, .
P YRR, bl o SRR Bs, S Ufal 0 righ-S8l pivalknt nickel
m.into a stainless, stee] . cogtainer with the
baseflaPq i, daSHER [BSBENTSALERRna B BHOBCenss (HIKRF), and was
fromroom tenperature to 300C over the course of 2 ]
deterined t have Rerharaical stgteadifferent frana thatrafnickel pyideawhih is a single
hours. After further heating to 600C over the course
compsfural, irased orf diffepemabsbin NDKdi spedita. t NEhe fudinwisitlatad half maximum

for 3 hours, the solid was cool ed gradually to obtain

(FWHMSIi dofi e Niukaaspaginm tof Fee catahstt agfolabhimednfiom the hheasured
resulting support was 5 nol % based on the total nolar

specRiRUWas 3,408 AP the? BemicalsRHMABP R&ist 6 3365 UThacmillakitith at half
as determ ned according to the nitrogen adsorption

xR D e g, gt of O Shd i RTS8 4 barcor
subs GRS 220 A1 PR SRS BB THRERD 12 1oV " e

bg?a?ﬂecﬁgq%m Y ‘?’\@ql;g)@n:'af {f}? fo?rrﬁdofgt?mledac?t{vet gp%crigssg h%en gatalyst with a
transmission electron microscope (TEM/STEM} confirmed that nanoparticles having a
maximum particle diameter distribution of from 2 to 3 nm (number average particle
diameter: 2.9 nm) were loaded on the support. An elementary analysis (20 points)
was carried out on each observed nanoparticle by an ancillary energy-dispersive
X-ray detector (EDX), and nickel and gold were confirmed in all of the particles. The
atomic ratio of nickel to gold of these composite particles (mean value) was 0.85.

Moreover, as a result of investigating changes in the electron excitation state of
this catalyst by ultraviolet-visible spectroscopy (UV-Vis), surface plasmon absorption
peaks originating from gold nanoparticles were not observed (at about 530 nm).

A reaction was carried out in the same manner as (3) of Example 17 using this
catalyst. As a resuit, the methacrolein conversion rate after reacting for 200 hours

was 57.6%, methyl methacrylate selectivity was 93.6%, and methyl methacrylate
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mass and 1.44 % by mass, respectively. In addition,
the atomic ratio of Ni / (Ni + Au) was 0.913 and the
atomc ratio of Ni /A was 0.914. 85 A broad peak
corresponding to gold crystals was present based on
the results of powder X-ray diffraction (XRD). The
formatien aghvity pet &ralaw unit weightrwas 72838 anel(h/kg-sat. Reactivity after
according to Scherrer's formula was about 3 nm On the
500 dwawss hadhdelagisedr dist im0t  changer significagtly aieldjngr anmethacrolein
ni ckel were not observed, thus confirm ng that nickel
convessiomprraterdf 57186 m&’thwhmaha(tryta@e sdiectiitgnof #3.8%atadd methyl
of nickel was presunmed to be high-spin divalent nickel

methBasAste JOrmh&for §§th¥~°on3° agp aiblfhmgglt:ﬁ :m 02e>d<- Itr gy have a

fl uorescence (HRXRF), and was

QHeﬁ?:ldiﬁbnSU\fI‘feﬁ ﬁief fcBhEBhtrd C}Td?'[)é‘a ?Ebn dﬁn?ikgll ionfd qﬁ the. reaction

I's a Si ng conmpoun erences

sowtfswﬁ%%ﬁgzpe;a;@ P i 50 O AR by o rsctr,
N o RSl BB T i T 0 st s

é‘ Ng the Ni. Ka spectrum of nickel oxide neasured

Whery the, c tai)fﬁavaf exiranted aiter fpactingotes 59chaurs anskinvesigated with a
shift (AE) was 0.344. In addition, observation of the

scanmlagrﬁl@ctr@mémsmacoees(ﬁ&hd)estheme was hardiy g8y cracking or chipping of
transm ssion el ectron m croscope (TEM STEM confirned

the catahtst partigles obséreedhain additionthei namberavérage pairtieie tdéameter of
distribution of from2 to 3 nm (nunber average

the cpmipiosité handparRiey as defemithediith haairmissiohectron microscope
support. An elenmentary analysis (20 points) was

(TENMG a\hﬁé 9311 ORifn, ARUS BGOSRt w h%?dlgpé"ﬁa}e cﬁ%ﬁg?ytzﬁg% anélzln gﬁer the

anci |l ary energy-di spersi tect
reactidhckel and gold were confirmed in all of the
particles. The atomc ratio of nickel to gold of
[0196])hese conposite particles (nean value) was 0. 85.
Moreover, as a result of investigating changes in the
[Exareplei2djon excitation state of this catalyst by
ultravi ol et-visible spectroscopy (UV-Vis), surface

Bl esmipereiatipravailable SIBeXaludfingi dorhpdehd (NGBQHNdmanufactured by
nanoparticles were not observed (at about 530 nm.

Nikki m.bgnggaaggﬁéémﬁ&;w alufhihd BaSed o RARC ol érﬁbuﬁ‘lf of silicon
and aluminum: 30 mol%})) was filled to a thickness of about 1 cm into a stainless steel
container with the top being open followed by heating in an electric oven from room
temperature to 300°C over the course of 2 hours and then hoiding at that
temperature for 3 hours. After further heating to 800°C over the course of 2 hours
followed by holding at that temperature for 3 hours, the solid was cooled gradually to
obtain the target substance. Specific surface area as determined according to the
nitrogen adsorption method was 348 m%/g.

Next, a catalyst was produced in the same manner as (2) of Example 17 with

the exception of using the above support. The loaded amounts of nicke! and gold of
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catalyst. As a result, the nethacrol ein conversion
rate after reacting for 200 hours was 57.6% nethyl
net hacryl ate selectivity was 93.6% and net hyl
nmet hacrylate 86 formation activity per catalyst unit
wei ght was 7.038 nol/h/kg-cat. Reactivity after 500
the Fﬁ%‘dg@g atalgstaye ] 140 Yn by masa@ndsi di2i Y %armays, respectively. In
yielding a nethacrolein conversion rate of 57.1%
additiost, Hyé atenicacatipl oft Ni £ ¢NeetAw) was @763 adth thadatomtidyatio of Ni / Al
nmet hacryl ate formati on activity of 6.992 nol/h/kg-cat.
was 0.048ddi ti on, when the concentrations of Ni, Au and Si
ions in the reaction solution were analyzed by | CP-M

EA bPsdY pesk @%ﬂe@ﬁﬂﬁésn%}c t edol& r&‘?ys%@r\kaﬁfpré%t rtﬁégﬁi dH'the results

Ni and Au were O | ess both'tines an

of poWdier X- |ﬂfaé,1t|8ﬁ O eac etéﬁége g%ﬁ'ﬂhié‘? ZEQf&@lje\‘Jf bs calculated

was extracte | ng

ool i e A L e g, amacon

t he cat al art] s observed. I n addition
Paﬂemﬁrﬁaplwﬁ P%Pﬁl‘“@rﬁu%f’%'#ef&?d { een{mngethat nickel is

nanoparti cl es as determined with a transm ssion

presedtd ap AMeRPEPUS StAYe. (TEM was 3.1 nm thus
denonstrating hardly any change before and after the

rldec chemicgl ostets of [riisketpivas Jiresumednterbei highyspin divalent nickel
avai |l abl e silica-al um na conpound (N631HN nmanufact ured

basethyon Ninlek restiiismiot ahigbeesolltion , XaapuiiorebcandgTi(AIRXRISEdand was
on total nolar anobunt of silicon and alum num 30

deterfmdd to Wifvefl & | drRehital StatdidifeiBAt fron ARRUSF Rick8! bRHE Which is a

stainless steel container wwth the top being open

singld @ohgy&%dblﬁagéég%%fﬁ&eﬁe?f ifi ST W% %é?&éér OfFhk @W width at half

rature over € course hour's

mas T EATS T s SRR e s o o
i BB iy R SRS A 125 25 e e

subst ance. d;\)leCI fic surface area as determ ned

at haffcmaxtmwy (FVHM ohithe dieKaaspestitim of niskelodxidasmeasured as a

n2/ g.
standard substance was 3.249 and the chemical shift (AE) was 0.344.

in addition, observation of the form of the active species of the catalyst with a
transmission electron microscope (TEM/STEM) confirmed that nanoparticles having a
maximum particle diameter distribution of 2 to 3 nm (number average particle
diameter. 3.0 nm) were loaded on the support. An elementary analysis (20 points)
was carried out on each observed nanoparticle by an ancillary energy-dispersive
X-ray detector (EDX), and nickel and gold were confirmed in all of the particles. The
atomic ratio of nickel to gold of these composite particles (mean value) was 0.80.

Moreover, as a result of investigating changes in the electron excitation state of
this catalyst by ultraviolet-visible spectroscopy (UV-Vis), surface piasmon absorption

peaks originating from gold nanoparticles were not observed (at about 530 nm).
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Next, a catal yst was produced in the sane manner as
(2) of Exanple 17 with the exception of using the
above support. The | oaded anounts of nickel and gold
of 87 the resulting catalyst were 1.40 % by nass and
1.42 % by mass, respectively. In addition, the ato
rﬁafeaﬁtm Was /carnigd PURIN t%§ame7mnaﬁa asHs) &f &ﬁamnlaﬁ?owlth the
of Ni / Al was 0.046. A broad peak corresponding to
exceplior of ugingathis catalyst.esata ressiid the metbacretain wonversion rate after
powder X-ray diffraction (XRD). The average
reacttrrg/ﬁiraZOO heuss wasté®4tnimethyl ahathbatytate sededivity vgas 84.3%, and
Scherrer's formula was about 3 nm On the other hand,

methgl iktRryiate fopmatien Retiory peneatalgt LinRWaiyistkiehs 7138 meol/h/kg-cat.
observed, thus confirmng that nickel is present in

ReacﬁUlt@'E?fféPhSGG ﬁétﬂ% naahéi s ﬂ' not %I‘Eﬂ\%@ g ggﬁ?an}’]}?fr\{lelding a

presunmed to Spl n |va ent nic
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erm ne ave a

from,that f ni c gl e conmpound
methy! BEasiyiafd fobnalisn adivine! €a0d o Baha Furt i dt
maxi mum ( FV\HV\@ of the N| Ka spectrum of t
jﬁt %cﬁ‘%@n-ayh@m then saneerimtians Ofré%lsd\rtbangpgbt'?fﬂﬁn'ﬂ)\ége reaction
3.492 and the chemcal shift (AE) was 0.329. The full
solutighgvere analyead byGPidEnat mﬂmncbﬁ @ heury after thpstant ofths reaction,

ni ckel oxi de nmeasured as a standard substance was
Ni and. 24 ez .1 ppncoreless at bsth fimeé AR Siawa® 1ppm or fkess at both times.
addi ti on, observation of the formof the active

Whersme:ba&lm vidiCeffddbd Sftenirédictin 3 for FOORGLEE Gihdeineestigated with a
m croscope (TEM STEM confirmed that nanoparticles

scanhiny! d1éctfon @ﬁéfdgégeealB‘EW Qh&é‘%&%arﬁlﬁ&ﬁ? *é%él@ﬁg %f' chipping of

to 3 nm (nunber erage particle

the c%%l'iyﬁstt ggﬂﬂ:‘ﬁgs BBséHE}SdS“HP@&amoﬁ”th | ﬁg@ﬂé@é%erﬁgé (@pézﬂrc?e q%g'neter of

arrred out on eac erve
an..ancill ary . ener di spersi.yve ray. det egt
the cBiNE anonBibies & HeieiraRea Wita, t5rshligiBh Gfiton microscope
articles atom ¢ of ni keI to gol d of
(TEth‘@g iénﬁ%.thes mPB$té%t“'(9n$§ﬁ?|Va¢%)° aBgebeiire and after the
Moreover, as a result of investigating changes in the
reaCt@lnectron excitation state of

[0197]
[Example 21]

An aqueous solution in which 4.86 kg of aluminum nitrate nonahydrate and 1.53
kg of rubidium nitrate were dissolved in 5.0 L of pure water was gradually dropped
into 20.0 kg of a stirred silica sol solution having a colloidal particle diameter of from
10 to 20 nm held at 15°C (TX11561 manufactured by Nalco Co., Ltd. (SiO; content:
30 wt%)) to obtain a mixed slurry of silica sol, aluminum nitrate and rubidium nitrate.
Then, the mixed slurry was aged by holding at room temperature for 24 hours.
Subsequently, the mixed slurry was spray-dried with a spray dryer set to an outlet
temperature of 130°C to obtain a solid. Next, the resulting solid was filled to a
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this catalyst by ultraviolet-visible spectroscopy
(UV-Vis), surface plasnon absorption peaks
originating fromgold nanoparticles were not observed
(at about 530 nm). 88 A reaction was carried out in
the sane manner as (3) of Exanple 17 with the
thickagge mfi abowf 1 Mgt i stainiess wieel gontaineewith the Hep being open
nmet hacrol ein conversion rate after reacting for 200
followedrisy hweati6g.id%n eEdiye ovenhhiaomytcane temipecatuve tty 4@G05C over the
94.3% and nethyl nmethacrylate formation activity per

cours@tafl ¥ slourdliandvitiegihholdhy At 4 temipdratuge ot 3 hours. After further
Reactivity after 500 hours had el apsed did not change

heatﬁi 586X bl the lﬂb@%f@ hﬂﬁk%ﬂbﬂbﬁ'tﬁ( RO & ﬂi’z’:t temperature

te of 61.0% nethyl methacrylate seleéectivity of

for 334%@{ fﬁ@lqsl%lw 5?515{'1 Iﬁﬁ%ﬁ I?rttﬁ Jﬂi\él\ﬁaé éiﬂﬁa BflrhMal¥bidium support.
The EBRGFT off MRl e, 1 SiipBE oot Z?'hsﬁ‘t?owiﬂimé%%%ﬁ% of siicon
and %Eﬁ'buhhe fe admicatin ! slidlite pstal” Bﬁkgﬁﬁ'&% egfth metal +

mes. Wen the catal yst was extracted aft
173 % @a@ﬁaﬁ@l metalsob! wae O8hnSperilicsuidageared as dstermlned according
scanni ng el ectron m croscope (SEM, there was hardly
to thenyitroger ladsgmitioncmietmchyas (127 mé/g: atEey averaget pasticle’ diameter of
observed. In addition, the nunber average particle

the slippoet based on the casultsscbft measningmittc belases diffrhetion padicle size
Wth a transm ssion electron mcroscope (TEM was 3.2

analWBr WAS B4 N RIditdG, e dhdpadf thEa ohe&ﬁé fo@itfl to be nearly
ter the reaction. [0197] FExanp l e An aqueous

sphe?i‘&bP%y b o%%ﬁ)%t:ég@%ﬂﬁga ?&%Hg@%&ﬁdﬂ ﬁ'\\'c,%@c cope (SEM).

nona rate an lumnitrate

%l%;f)'go@wa Sy e 1.8 81 Pl gt v 1
SRR R %%%5&19%4@9@ %eafqdd{‘o%%z 300 g of
content 30 %) to obtain a mxed slurry of sjlica

the sifica-alymisarukidiemr avRper Phtabedi akeys t‘ﬂ’%ﬁep'ac?ﬁeﬁ' thig eaqueous

m xed slurry was aged by hol ding at roomtenperature
solutiar fallowedupys holding at 90°C while stirring and continuing to stir for 1 hour to

deposit the nickel and gold components onto the support.

Next, after allowing to stand undisturbed, removing the supernatant and
washing several times with distilied water, the liquid was filtered. After drying the
filtrate for 16 hours at 105°C, the product was fired for 3 hours at 500°C in air to
obtain a catalyst loaded with 0.97 % by mass of nickel and 0.95 % by mass of gold
(NiOAu / SiO,-Al;03-Rb0). The atomic ratio of Ni / (Ni + Au) of the resulting
catalyst was 0.774, and the atomic ratio of Ni/ Al was 0.11 while the atomic ratic of Ni
/ Rb was 0.137. Based on the results of powder X-ray diffraction (XRD), a diffraction
pattern originating from nickel was not observed, thus confirming the nickel to be

present in an amorphous state. Although broad as previously described, a peak
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Subsequently, the m xed slurry was spray-dried with a

spray dryer set to an outlet tenperature of 130C to

obtain a solid. Next, the resulting solid was filled

to a 89 thickness of about 1 cminto a stainless

steel container with the top being open follo g % 30
was Ipredémadrrespondingctor gald avysials; éndrtheravesagR Icé)fstﬁ? te, gjze was

400C over the course of 2 hours and then hol ding at
nm.that tenperature for 3 hours. After further heating

to 580C over the course of 2 hours followed by hol di ng

aﬁ'hg AHerhRAPMAEUSE nidke! washgresumedicosbé i highaspire stivalent nickel
gra uaI y to obtain a silica-al uma-rubidi um support.
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o SHT B Sk RS P S fifbrom e

anal yzer was 64 m |In addition, the sha e of
measupgbspectem wamd 468 ansl heaheynicalshift (4 ) WBﬁQeg‘?%n The full width

observations with a scanning electron m croscop
at hafEMaxinhemt (FWHM)Lobfthe NioKat spectammitefi nicke! gqudg gegpured as a
ni ckel nitrate hexahydrate and 13 nlL of a 1.3 nol/L

starﬂ%@guﬁstﬁﬁb@ RALE. DAY amiddthe whetical shift (AfEawas 0t3H4O0C.
O g of the silica-alum na-rubidi um support obtai ned

a hnoft theSfoafiusiate activkuipeeies of theweatalyst with a
kfﬁ‘ﬁﬁd r@%se@%#m le stirring and cor?tl nuing to

trangé'h%%%rgﬁ{ejct@n X O|c@'(256 og%PgﬁM/stm\n &Jﬁ‘ﬁh‘leﬂr‘tﬁaﬂﬁhﬁopamcles having a

after allowing to

st and undi st urbe |
maximum g élﬂ%me% nc{éétn%u (9? I?lt%lnﬁ l‘ﬁgg:{ &gﬁ@:‘&uﬁ?}%r avera%e particle
vvasflltered After ng the iltra S
diametero3@ nlm(mfedeaé?g LR $uiipart,, Af Blipetap gBﬁ%% (20 points)
air to obtain a catal yst Ioaded ith 0.97 %
wasotarrieck eut mﬁdeaCQBDhﬁﬁb\}/ﬁdmoﬁﬁﬂﬁg Y ?'N. 3/f¥ energy-dlsperswe
Si 2- Al 203- Rbh20). The atomic ratio of N/ + ) h
X-raf déteetordE@X)] and nickehand gokbwes: gonfimadito tp%ca'ﬂ*@m in all of the

ratio of Nl / Al was 0.11 while the atomc ratio of Ni
parficlE®. Wik Catdihic rBtis esf pickelhto geddilof shese momposite- patticles (mean

diffraction (XRD), a diffraction
value) was 1.02.

Moreover, as a result of investigating changes in the electron excitation state of
this catalyst by ultraviolet-visible spectroscopy (UV-Vis), surface plasmon absorption
peaks originating from gold nanoparticles were not observed (at about 530 nm).

A reaction was carried out in the same manner as (3) of Example 17 with the
exception of using this catalyst and making the amount of catalyst 240 g. As a result,
the methacrolein conversion rate after reacting for 200 hours was 55.3%, methyl

methacrylate selectivity was 95.1%, and methyl methacrylate formation activity per

catalyst unit weight was 5.721 mol/h/kg-cat. Reactivity after 500 hours had elapsed
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pattern originating fromnickel was not observed, thus

confirmng the nickel to be present in an anorphous

state. Al though broad as previously described, a peak

90 was present corresponding to gold crystals, and the

average crystallite size was 3.0 nm The chen1d§I o thvl
did n®t ahangd sngrm‘ioalntlyvassetdnr@am@lthagrqj@nmogwegs‘wm rate\ol54-.9%. methy

ni ckel based on the results of high-resolution X-r ¥
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chem cal state different fromthat of nickel oxide
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carried out on each observed nanoparticle by an

the é&ﬁEbbﬁé YiafBpaditied 49 detdrrinedwithya densotission EBotrorapicroscope
nic and gold were confirned to be contained in all

(TERY) WHE 3P Ghee deiBndiifgC hardly carf change! béforeyaind after the
eseé conposite particles (nean value) was 1.02.
reover, as a result of investigating changes in the
IOQctron excitation state of this catalyst by
gq]traw ol et -vi si bl e spectroscopy (UV-Vis), surface
pllasnmon absorption peaks originating fromgold
[Exdraplen22jt i cl es were not observed (at about 530 nm). A
reaction was carried out in the sane manner as (3) of
Exangii@-aitmihhlstioRune suppbitowasf pusparedt i dheasamgsmanner as
and maki ng the anount of catalyst 240 g. As a result,

aygﬂe B4 NG he! gx P ISR éf %lr@\tzeQ@ngebf rsteurtiung rfitvate instead of
o net hyl

hours was
rubidium nitrate. The amount of aluminum was 11.5 mol% based on the total molar

rea

amount of silicon and aluminum, and the atomic ratio of (alkaline metal + 1/2 x
alkaline earth metal + 1/3 x rare earth metal) / Al was 0.53. Specific surface area as
determined according to the nitrogen adsorption method was 138 m%g. The
average particle diameter of the support based on the results of measuring with a
laser diffraction particle size analyzer was 62 pm. In addition, the shape of the
support was found to be nearly spherical based on observations with a scanning
electron microscope (SEM).

Next, a catalyst loaded with 3.98 % by mass of nickel and 0.97 % by mass of
gold (NiOAu / SiO,-Al,03-SrO) was obtained by a producing a catalyst in the same
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nmet hacryl ate selectivity was 95.1% and net hyl

nmet hacryl ate formation activity per catalyst unit

wei ght was 5.721 nol/h/kg-cat. Reactivity after 500

hours had el apsed 91 did not change significantly,

yi el ding a nethacrol ein conversion rate of 54.9%
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silica-alum na-stronti um support was prepared in the

preseninp ansamorplusis fatgnpl e 21 Wi th the exception of using
2.90 kg of strontiumnitrate instead of rubidium
ni Theatchemital stateuof nidkedlwas pueswmed 1td. be rhiyBespis divatent nickel
the total nolar anount of silicon and al um num and

basedh@natifsri resid i oF ﬁfgh@@sbﬂ]tlbﬁeXnifﬁyalﬂud:re“dc&n&e @-IFK)&RFme and was
earth nmetal + 1/3 X rare earth netal) / Al was 0.53
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observations with a scanni nﬁ eI ectron m croscog
meaguwegyspectrum was 3.464 and the chemical shift (AE) was 0.339. The full width

at half maximum (FWHM) of the Ni Ka spectrum of nickel oxide measured as a
standard substance was 3.249 and the chemical shift {AE) was 0.344.

In addition, observation of the form of the active species of the catalyst with a
transmission electron microscope (TEM/STEM) confirmed that nanoparticles having a
maximum particle diameter distribution of from 2 to 3 nm (number average particle
diameter: 3.0 nm) were loaded on the support. An elementary analysis (20 points)
was carried out on each observed nanoparticle by an ancillary energy-dispersive
X-ray detector (EDX), and nickel and gold were confirmed to be contained in all of the
particles. The atomic ratio of nickel to gold of these composite particles (mean
value) was 1.1.

Moreover, as a result of investigating changes in the electron excitation state of
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Next, a catalyst |oaded with 3.98 % by mass of nicke

and 0.97 % by mass of gold (NiQAu / Si Q2- Al 233- Sr O

was obtai ned by a producing a catalyst in the sane 92

manner as Exanple 21 with the exception of using the
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did rigdehange sigrificansicyeiding B MAMACERII, ConveReloR R R, methyl
at half maxi mum (FWHM of the NI Ka spectrum of the,
metralbtes selestivityt afi 9:8% aodnetbyl methannsate frsmation agiity of 5.451
3.464 and the chem cal shift (AE) was 0.339. The full
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ni ckel oxide neasured as a standard substance was
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soluﬁqﬁ@ Qs aﬂ%lﬁamﬁ 8’(‘?9@ afd SOCPRGUTs e the b6t oftthe reaction,

roscope nfirmed that nanoparticles

. _hay, : : ; _hanopart| f _
Ni and Ay Befe 0] W#ﬁ%%%d éé\’,tg‘r‘gg%%éﬁﬁ'?@ i '8?;}{ | bPlesglat both times.

| paded h . ' .
Whé]rghleggart;{@? \?va\%a%ﬁ%g&qcf éﬁggfﬁa{c |Hgﬁ‘§{: ﬁbg@@ﬁrgééd%@és}{@aﬁed with a
s ey he g SR rs G 5 S0 i f ipoing o

be contained in all of the particles. The atom c. ,

the catalyst partileebservedol th additior.dbedsimpeen average PARIGIR diameter of

(mean _
the composite nanoparticles as determined with a transmission electron microscope

(TEM) was 3.2 nm, thus demonstrating hardly any change before and after the

reaction.
[0199]
[Example 23]

A silica-alumina-magnesium-lanthanum support was prepared in the same
manner as Example 21 with the exception of making the amount of aluminum nitrate
nonahydrate 1.88 kg, and adding 3.5 kg of magnesium nitrate and 1.0 kg of
lanthanum chloride salt hydrate in place of rubidium nitrate. The amount of
aluminum was 4.8 mol% based on the total molar amount of silicon and aluminum,
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value) was 1.1. Moreover, as a result of investigating
changes in the electron excitation state of 93 this
catal yst by ultraviol et-visible spectroscopy (UV-Vis),
surface plasnon absorption peaks originating from
gol d nanoparticles were not observed (at abqut .
and B9 atofnicaatibici{alkaine metakd U&talkailnﬁrﬁa@hmﬁ?ﬂ'ahazg alkaline earth
(3) of Exanple 17 with the exception of using this it
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urs

after the start of the reaction, N, and Au wer L :
exc@ptiornrof| esing athebabhve | $HRPCSH @NG "Wé‘énglqﬁﬁn?wpupgsog é%:kel nitrate

o

both tines. Wen the catal yst was extracted after
hexBR{draté'8.460§. 500 hours and investigated with a

scanni ng el ectron mcroscope (SEM, there was hardly o

a%ér&gﬁh%eﬂn@r&fn@m a0l gdidief thee eésuitingoeateiyst agre 0.25 % by

observed. In addition, the nunber average particle i / (Ni

| gogt 0?@@&% angpattitiohe theaatatatcerationefdNi / (Ni +
ma% ?ﬁaa‘ﬁp?g{?sb Ergalsgh e ect‘r o'r? m croscope (TEM was 3.2

nm,, Lhus demon | d e astidef Mi ¢ Ahnas 0.064 while
Aughtas ety SRS AR 33) avo B achdegaion

silica-al uni.na- ' I t

the tepie 00| N AVEBICE) WS 08T "Er PRy Wieh the
excepti on of makin he a t of ,.al i ' t
oRasgdiran he resufigol AR akirgy SiBraEbR (RO & tfioad peak was

esi um
nitrate and 1.0 kg of ) i
present corresponding toggold crystals. The average crystallite size as calculated

according to Scherrer’s formula was about 3 nm. On the other hand, a diffraction
pattern originating from nickel was not observed, thus confirming the nickel to be
present in an amorphous state.

The chemical state of nickel was presumed to be high-spin divalent nickel
based on the results of high-resolution X-ray fluorescence (HRXRF), and was
determined to have a chemical state different from that of nickel oxide which is a
single compound, based on differences in Ni Ka spectra. The full width at half
maximum (FWHM) of the Ni Ko spectrum of the catalyst as obtained from the
measured spectrum was 3.493 and the chemical shift (AE) was 0.335. The full width
at half maximum (FWHM) of the Ni Ko spectrum of nickel oxide measured as a

standard substance was 3.249 and the chemical shift (AE) was 0.344.
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| ant hanum chl ori de salt hydrate in place of rubidium

nitrate. The anmount of alum num was 4.8 nol % based on

the total nolar anobunt of silicon and alum num 94
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was EEFH%‘?{ ofif o’ﬁxéﬂl?llm 33 sen n% ?\taﬁﬂﬁart% Bt ?ﬁ%ﬁ?ﬁlldﬁ?'éﬁbrb?@hsperswe

above support an e anount “of nickel " nitra

xR o v O A B S or v
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catal¥st was 0. 451, and t he atomc ratio of Ni / Al
valua)aso1 984 while the atonmic ratio of Ni / (My + La)
was 0.061. Based on the results of powder X-ray
dWeraayet iasna fesul) of investigatingechanges in the elgatron excitation state of
corresponding to gold crystals. The average
this catglystaby ulteavidlebvigible spectresapy @BLYIs)j syrface plasmon absorption
Scherrer's fornmula was about 3 nm On the other hand,

peak8 ofigirfatipgtfiam goRbharsparttliesiweeintd observed (ak aboue530nin).
observed, thus confirm ng the nickel to be present in

3 ré‘&Etfo‘Plh\Q% c%ﬁ‘ﬁéc? ouf it §§Fn'"eaf|naﬁhéF as c(B) oF ‘E&%Pnpﬂéﬂ 7 with the

presuned to be high-spin divalent nickel "based on th

exceétﬁ%*‘ &g gsﬂé tﬂlb%lélg%(%ﬂg iﬁ%ﬂ l’i‘l@yarmamrcﬁ%%?é]gﬁ M?Zﬁs a result,

etérmn ve¥a chenical stat
e thSBBgrain,SonlrBieL % e ik 3of 208 AL, FRUDBLERe, methy
methetawat%fc,se'a"%ﬁ@wnﬂ&nﬁ Wﬁo mfnfifwglee %ﬁ%ﬁ%ﬁf@t : U{Hfmﬁ#ifqﬁﬁactiviw per
catal?stgxgn%t v%gi%htt Is\fascg.%gl'fcn%llﬁlﬂlgfctat.( Alg)eag?vsi’tyoaftge3;5500m§u:suILalld elapsed
did not change significantly, yielding a methacrolein conversion rate of 53.3%, methyl
methacrylate selectivity of 95.2% and methyl methacrylate formation activity of 5.520
mol/h/kg-cat.

In addition, when the concentrations of Ni, Au and Si ions in the reaction
solution were analyzed by ICP-MS at 200 and 500 hours after the start of the reaction,
Ni and Au were 0.1 ppm or less at both times and Si was 1 ppm or less at both times.
When the catalyst was extracted after reacting for 500 hours and investigated with a
scanning electron microscope (SEM), there was hardly any cracking or chipping of

the catalyst particles observed. In addition, the number average particle diameter of

the composite nanoparticles as determined with a transmission electron microscope
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[0200]
[Example 24]

An ethyl acrylate formation reaction was carried out using the same procedure
and under the same reaction conditions as (3) of Example 17 with the exception of
using the catalyst prepared in (2) of Example 17 (NiOAu / SiO>-Al,03) and reacting
acrolein instead of methacrolein and reacting ethanol instead of methanol.

As a result, the acrolein conversion rate after reacting for 200 hours was 71.2%,
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the conposite nanoparticles as determned with a
transm ssion el ectron mcroscope 96 (TEM was 3.2 nm
thus dermonstrating hardly any change before and after
the reaction. Table 4 shows the physical properti es
of the catalysts for producing carboxylic ter
ethyl AlcrfxRsblectivity was 96.2%abnd eihﬂkacrﬁateaf%mat@m #Cé'é{%ém? catalyst
Loaded Rati os of Catalyst Constituent Al um na Anpunts
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Ni QAu/ Si 02- A1203- 95.2 4.8 0.25 0.4 m

Ni ad Aupgetea.d@ppm or less at both times and %Zwas ’? %pIQT Prds8 aPBbtn times.

When the catalyst was extracted after reacting for 500 hours and investigated with a

scanning electron microscope (SEM), there was hardly any cracking or chipping of

the catalyst particles observed. In addition, the number average particle diameter of

the composite nanoparticles as determined with a transmission electron microscope

(TEM) was 3.4 nm, thus demonstrating hardly any change before and after the

reaction.
[0201]
[Example 25]

(1) Support Production

An aqueous solution in which 3.75 kg of aluminum nitrate nonahydrate, 2.56 kg
of magnesium nitrate and 540 g of 60% nitric acid were dissolved in 5.0 L of pure
water was gradually dropped into 20.0 kg of a stirred silica sol solution having a
colloidal particle diameter of from 10 to 20 nm held at 15°C (Snowtex N-30
manufactured by Nissan Chemical Industries, Ltd. (SiO, content: 30 % by mass)) to
obtain a mixed slurry of silica sol, aluminum nitrate and magnesium nitrate.
Subsequently, the mixed slurry was aged by holding at 50°C for 24 hours. After
cooling to room temperature, the mixed slurry was spray-dried with a spray dryer set
to an outlet temperature of 130°C to obtain a solid.

Next, the resulting solid was filled to a thickness of about 1 cm into a stainless
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[0200] [Exanple 24] An ethyl acrylate formation
reaction was carried out using the sane procedure and
under the sanme reaction conditions as (3) of Exanple
17 with the exception of wusing the catal yst prepared
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instead of nethanol. As a result, the acrolein
roont éempertore tat3D0ACt ever Hac coarsef of 266ursand thes holding at that
71.2% 97 ethyl acrylate selectivity was 96.2% and
tempriréituire 361 3 1Hups.f OARIBI fuPthed Hdating o BU0°Cabwrytie caursé of 2 hours
wei ght was 8.942 nol/h/kg-cat. Reactivity after 500

folloWey 'bg I‘i‘tﬂ@mﬁ' étﬂﬁ&ﬂte%ﬂbrﬁﬂre f6h9MbRIrs | tHBidolid pdd Mmoled gradualiy to
yi el ding an acrol ein conversion rate of 71.5% et hyl

obtafi®a %h?#}&t S?b@ %ﬁﬁd(dr{t%/ Oggglgg %IW@B%M I‘n é@ﬁ th the resulting

ormati on acC IVItyO cat

PRl 4 5 . 049 el iy v o

500 hougs afﬁﬁer th start of, the reactlo NL
molafearoyn Igen, @ '&H”bcﬁf}ﬁi agnesiiy- s; Rﬁé‘é G sﬂﬁfﬁc‘érarea as
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scanni ng el ectron m croscope (SEM, there was hardly

was dh26 cmddgi apdoaveragpppare aliametes WaSaBme pafhe civesage particle
observed. In addition, the nunber average particle

diaméiteref the sﬁppbrlteaasedponithe resalty af trmehamirs witht 2 rlaserediffraction
Wth a transm ssion electron mcroscope (TEM was 3.4

partlélﬁlsuié‘ HAal2E0RaS Bﬂt;hrﬁg h@éébﬁ'oﬁn ﬂﬁ&cﬁ%p@ﬁduas found to
ter the  reaction. 01] [Exanp e 25] (1) Support

be rPe%?l% %ﬁﬁéﬁbaﬁ'ba%%eSHs ﬁs?rrb‘ét‘lé}% V"ggg@%rﬁnﬁg &8ctPdn microscope

umnitrate nona ate gnesi um
SEN). " E' o “pure et o 32/ aradual [y dropped into 20.0 |
[o208p of a stirred silica sol solution having a
(2) Catalyst Preparation

1.0 L of a solution containing 23.78 g of nickel nitrate hexahydrate and 19 mL of
a 1.3 mol/L aqueous chloroauric acid solution was heated to 90°C. 300 g of the
silica-alumina-magnesia support obtained above were placed in this aqueous solution
followed by holding at 90°C while stirring and then continuing to stir for 1 hour to
deposit the nickel and gold components onto the support.

Next, after allowing to stand undisturbed, removing the supernatant and
washing several times with distilled water, the liquid was filtered. After drying the
filtrate for 16 hours at 105°C, the product was fired for 3 hours at 500°C in air to
obtain a catalyst loaded with 1.52 % by mass of nickel and 1.49 % by mass of gold
(NiOAu / S8i02-Al03-Mgo). The atomic ratio of Ni / (Ni + Au) of the resulting catalyst

was 0.774, the atomic ratio of Ni / Al was 0.179, and the atomic ratio of Ni / Mg was
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colloidal particle diameter of from10 to 20 nm held
at 15C (Snowtex N-30 nmanufactured by N ssan Chem cal
I ndustries, Ltd. (SiQ2 content: 30 % by mass)) to
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above were placed in this aqueous sol ution

basegy oRdhgi Fagults efo&-fai plaoteelectoRgsrRerdrasceny C%é nu,vl\\ﬁ@reover, the
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chemical state of nickel was presumed to be high-spin divalent nickel based on the

results of high-resolution X-ray fluorescence (HRXRF), and was determined to have a
chemical state different from that of nickel oxide which is a single compound, based
on differences in Ni Ka spectra. The full width at half maximum (FWHM) of the Ni
Ko spectrum of the catalyst as obtained from the measured spectrum was 3.489 and
the chemical shift (AE) was 0.340. The full width at half maximum (FWHM) of the Ni
Ka spectrum of nickel oxide measured as a standard substance was 3.249 and the
chemical shift (AE) was 0.344.

In addition, observation of the form of the active species of the catalyst with a
transmission electron microscope (TEM/STEM) confirmed that nanoparticles having a

maximum particle diameter distribution of from 2 to 3 nm {(humber average particle
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gold nanoparticles is covered with oxidized nickel, and have a different surface

electron state than that of gold nanoparticles comprised of a single metal species.
[0203]
(3) Synthesis of Carboxylic Acid Ester

A reaction was carried out in the same manner as (3) of Example 17 using the
catalyst obtained above (NiOAu / Si05-Al,0s-MgO). As a result, the methacrolein
conversion rate after reacting for 200 hours was 65.3%, methyl methacrylate
selectivity was 96.1%, and methyl methacrylate formation activity per catalyst unit
weight was 8.192 mol/h/kg-cat. Reactivity after 500 hours had elapsed did not
change significantly, yielding a methacrolein conversion rate of 65.1%, methyl

101




Ka spectrum of the catal yst as obtained fromthe
nmeasured spectrumwas 3.489 and the chem cal shift
(AE) was 0.340. The full width at hal f maxi mum ( FWHM)
of the NI  Ka spectrum of nickel oxide neasured as a
standard substance was 3.249 and the chem cal. shifit.
metHeAilateaselBctaly. ofl 96.8%and snethybaethagrylale trmatiensagtivity of 8.159
of the active species of the catalyst with a
mol/h/kgngati ssi on el ectron nicroscope (TEM STEM confirned
t hat nanoparticles having a maxi mum particle dianeter

dj s taddftidn. ARG theosbrcantraions dfnNitbAu anerSigiens in the reaction
particle 100 diameter: 3.0 nn) were | oaded on the
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anoparti cl'es nonstrated that the nanoparticles had

Ni aﬁglégf ﬁé?{?ﬁﬁéﬁrﬁ&dﬂ?gg% Gﬁlﬂqn\qéé‘?na it 1 phhi Fless at both times,

alysi s of conposition points by
STEM EDS for each,.nanopart.i cl i ; ti
thusRerREmG{nat eS8 el ff FERe) Aol ddiclhale cafyst active
value of the ratio of nickel [ gold ato R
specieaasswel amalHan: ofcsiica is thy SHBHB'BE%%%‘?%@“J’%%@ inhibited.
for calculation: 50) was 0.85. More r, when. . .
Wheatte eajiatyst wais exteacterd aftee easting for 500 hsius 20 ipyestigated with a
ni ckel was distributed over the gold in all ) .
scaingi eleetson anicrdsaope (SEM)thereowasi hardly ary eragking pgghipping of

around the particle edges. Next, as a result of

the bBl&ﬁi;ﬁ@ﬁéléﬂ obBaR@ds ilm addition), eatalyst poreivclumerassdelesmined by
of this catalyst by ultraviolet-visible spectroscopy

the hith \éinsﬁdso?ﬁér?ﬁ%t FAERD, 2P Fll/g tarenaveragd pore diameter was 5 nm.
ori gql nating Trom gol d nanoparticles were not observed

oYL 9 e Sl Lo
e e B ey s o i
parfile diameer AISIHOMATLOH 7018 261§ 2ab Hbefherag8 bariEie dieneter: 3.2
erener el e 1 cotoied L1 o0 8 2ot B Sheke SN DS o

gol d nanoparticles conprised of a single netal, .
eachpearioparticlé @3ABjmed that nickel and gold were contained in each nanoparticle.

The mean value of the ratio of nicke! / gold atoms of the composite nanoparticles
(number of nanoparticles used for calculation: 50) was 0.82. Moreover, when
nanoregions of the observed particles were analyzed, nickel was distributed over the
gold in all particles, and larger amounts of nickel were detected around the particle
edges. Next, as a result of investigating changes in the electron excitation state of
this catalyst by ultraviolet-visible spectroscopy (UV-Vis), surface plasmon absorption
peaks originating from gold nanoparticles were not observed in the vicinity of 530 nm.

On the basis of these results, catalyst physical properties and the structure of
the nanoparticles of the present embodiment were confirmed to not have changed

before and after the reaction.
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(3) Synthesis of Carboxylic Acid Ester A reaction was

carried out in the sane manner as (3) of Exanple 17

using the catalyst obtained above (N QAu /

Si2-Al203-MyJO). As a result, the nethacrolein

conversion rate after reacting for 200 hours was
[02045. 395 nethyl nmethacrylate selectivity was 96.1% and

h nmet hacryl ate formati on activity per catal yst

[Exa'ﬁﬁh%]\/\ei ght was 8.192 nol/h/kg-cat. Reactivity after

5P0 hours had ela i 8/qAphs bBRIhéd in the same

A SUEPO eVt 7 SRR gk Hrea f ABBTmE/ A OB RIS

met hyl 101 net hacryl ate sel ectiyify O 0%, A¥ : d
manngst A§ {1 hef HEXATPIS; LIS o«?rcseﬁ%ﬂfyg%@ﬁ%if?é@“"L"“ nitrate an
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magmésiumunitiate % a istisa Sohsugk thatdbe iasmounts of algninwer and Hhagnesium

anal yzed by I CP-Ms at 200 and 500 houros after the d th
contaihed tin dhie Sippodaveieot3.6 mio!% randad. 3umokleg raspastively. pased on the

at both tinmes and Si was 1 ppmor less at both tines, .
total t FBRarCamMouRtioigsititat, akmuhumt aod magnesm,oandf makingethe firing

and gold which are catal yst active species as well as

koroBécsilica which is the support conponent were
tempférr]ﬁlfutr)?t eg. When the catal yst was extracted after

;@g% D Bataffct WS PRipated i thé saRld Arinpér Wst (2) &f Example 25 with

Aning el‘ectron mcroscope (SEM, there was hardly

any cracki ng_ory.chi,npjn BATdunt |t snickel nitrate
the ??Hzeé)?'\?@aok# F%“ﬁ&ﬂ%tébgdﬂe g%ﬁé\?@;altﬁ%p@?gﬁ{%ﬁ{fm as

det erm n_Zs by the nitrogen adsorption nethod was 0.27
hexarhver%tﬁd'i & age pore dianeter was 5 nm Moreover,

observation of the catalyst followi ng the r t] 0
be loadecaavists ohhickeLand aric e edesiiiRe Faffiiaiifsre 0.20 % by
confirmed that nanoparticles havi ra?_a ngxiz_gum. i of Ni / (Ni +
maspaarid ¢148 % bywnass,despestively. orln Addiiem theajomic fatio of Ni / (Ni
(nunber average particle dianmeter: 3.2 nn_?a were | ) .
Au) Weedra12nand thes stontic ratic\of Ny £ A4 weis @ 6rfawhilel e glemig gatio of Ni/
by STEM EDS for each nanoparticle confirmed that

Mg whs kEbagn B S d oMeRE résultstofsoivder Xaap diffractien (XBDR. a diffraction
The nmean value of the ratio of nickel / gold atons of

T | i . i itkellted ent
pattéljﬁe%ﬁgﬁ@?lﬂidafrgﬁrﬁleﬁé’l%é% ﬁb?ébséﬁéggﬁusﬁommml ede pres

use ation: 50) was O. Mor eover, when
in qrﬂyag\%itf hggss aélé{ef, Pgﬁ{ﬂg@f%hxgéri{o?ﬁgéé GhredioliBhe dasaiibeda peak was
present corresponding to gold crystals, and the average crystallite size was
calculated to be 3.0 nm.

The chemical state of nickel was presumed to be high-spin divalent nickel
based on the results of high-resolution X-ray fluorescence (HRXRF), and was
determined to have a chemical state different from that of nickel oxide which is a
single compound, based on differences in Ni Ko spectra. The full width at half
maximum (FWHM) of the Ni Ko spectrum of the catalyst as obtained from the
measured spectrum was 3.480 and the chemical shift (AE) was 0.334. The full width

at half maximum (FWHM) of the Ni Ka spectrum of nickel oxide measured as a
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gold in all particles, and | arger anmounts of nickel
were detected around the particle edges. Next, as a
result of investigating changes in the electron
excitation state of this catalyst by
ul traviol et-visible spectroscopy (UV-Vis), surfgce

standsrd substaaizeovas 3349 anshthe ehergicabshif JAE) wiasdhpdd-
nanoparticles were not observed in the vicinity of 530 |
N additiémeotmsvationt of thesformeelithesactive apgeies s ke cafalyst with a
properties and the structure of the nanoparticles of

transhii8siBhaSeRFore M8 E608 (TENES TEMY) confiuned thadtnanaperticles having a
changed before and after the reaction. 102 [0204]

maxihfﬁi'qg@@%gﬁaﬁie‘i&p@i@fﬂbtﬁiéﬁi6f9frémS:E)Q§i3 htn tnurhBeeaverege particle

was obtained in the sane manner as (1) of

dianﬁ?t‘é;-"rfg'tg nﬁ;ﬁ d%hé;%‘ggpﬁéﬁn?g% 'rb.ggp&ft. ali d1emhntiFy HHElysis (20 points)

e to a silica sol such
that the anounts of al upi [ ; j i i
ws ik S A Bl T SRR 905, Hpaf bR spersie
respectively, base n the . total | a : ;
X rasiplactp] (G Kivepd ot SpagiRi e ot fBE retined all of the
tenperature 700C. Next, a catalyst was prepared in e
particlese fivenstoraic ratip ef niskehie 998 of these; ﬁﬁ@?é@%tﬂ%ﬁa% (mean
of using the above support and naki ng the anount of
valug) wkel0.79.trate hexahydrate 3.72 g. The | oaded anounts

of nickel and gold of the resulting catalyst were 0.20

YiiteoVErs &s anslit4B inedsfigating charges it theetigctron excitation state of
addition, the atomc ratio of NN / (N + Au) was

i IiviTbe $pdt@sebpN(UV-ViE), vasfage(dldsmion| absorption
this gﬁ%o 'ctrrbg?i% of Ni F/% My w%g\'(o. 046. Based on the

pealiﬁeﬁﬁéiééprﬁ’%ﬁreﬂ%‘gﬁﬂ r?éir{og:\énﬂﬂéé (Rfd hBfokhsERd (&t about 530 nm).

tern originating from nickel was not

s v Sliq i 3 BpgidahRehEs KSFaFLkample &7 using this
catabielot A faswl: T TIRBRSIDIS G CyDY T IAG, SehhesliRg rér 200 hours
wascgtll.%l‘%,agrﬁa?hytﬂom%(teh;’drgla{]emselectivity was 95.8%, and methyl methacrylate
formation activity per catalyst unit weight was 8.054 mol/h/kg-cat. Reactivity after
500 hours had elapsed did not change significantly, yielding a methacrolein
conversion rate of 64.6%, methyl methacrylate selectivity of 95.7% and methyl
methacrylate formation activity of 8.071 mol/h/kg-cat.

In addition, when the concentrations of Ni, Au and Si ions in the reaction
solution were analyzed by ICP-MS at 200 and 500 hours after the start of the reaction,
Ni and Au were 0.1 ppm or less at both times and Si was 1 ppm or less at both times.
When the catalyst was extracted after reacting for 500 hours and investigated with a
scanning electron microscope (SEM), there was hardly any cracking or chipping of

the catalyst particles observed. In addition, the number average particle diameter of

the composite nanoparticles as determined with a transmission electron microscope
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The chem cal state of nickel was presuned to be

hi gh-spi n dival ent nickel based on the results of

hi gh-resol ution X-ray fluorescence (HRXRF), and was

determ ned to have a chemcal state different from

that of nickel oxide which is a single conpound,
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reacfighal yst as obtained fromthe neasured spectrum was

3.480 and the chem cal shift (AE) was 0.334. The full
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[Example@7dnd the chenmical shift (AE) was 0.344. In

addi ti on, observation of the for t active . .
s Pestipporohaying acspegifie sufpgsagea ot ﬁém‘r@%?"@% ohiaiced jp the same
m croscope (TEM STEM confirmed that nanoparticles .
manneviasg (D ofxampie 25 withl thedexeention af addinggjuspingm nitrate and
from2 to 3 nm (nunber average particle dianmeter: 3.3 ]
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contgﬁ@aoﬁ\r frieCd Neré12o.3 hwl% anerus mblshaespeetively, roased on the
etector (EDX), and nickel and gold were confirnmed to
! ' Of | esliva, afringaking the firin
totai?gr%cﬁgptoa?ﬁ%kgf s?ic();ba’olaéﬁ@&utnﬁzés@ g{c])ﬁ%%si te particl esg o
‘gn%im o e) was 0.79. Mreover, as a result of
temperAE Y8 hg changes in the el ectron excitation state

f hi I bv ul tr.aviol et -Visj ‘
(Dipts acatayst kas mivadieth PabBord giefhd, 38 18) EPESaRple 25 with
the %&Egéﬁgﬁb?%g&rﬁﬁegghgyéggﬁggh“ o ?ﬁaﬁﬁé SBQ %p&? e{)ﬂﬁ%kel nitrate

sane manner as (3) of Exanple 17 using this catalyst.
hexabydratee®720,9.t he net hacrol ein conversion rate after

reacting for 200 hours was 64.4% nethyl nethacrylate o

s atRsloadietl yaresnis Sofalickel rahdngoldydf thetreauiting patalyst were 5.0 % by

formation activity per catalyst unit weight was 8.054 _
mas®hhd/Kas ®Atby MeRe! redgectiaélier In 5aditiboutie htminiel rafioeaf Ni / (Ni +

did not chande significantly, yielding a nethacrolein

Iy e £l ey whité ¢he atomic ratio of Ni/

Au)grg egt%ﬁ???gagpg@g&g&f‘?ﬁ or}c\eq?ih{/lllxI Wﬁ?hacryl ate

Mggv%rsr@.%gn activity of 8.071 nol/h/kg-cat.

Based on the results of powder X-ray diffraction (XRD), a broad peak was
present corresponding to gold crystals. The average crystallite size as calculated
according to Scherrer's formula was about 3.0 nm. On the other hand, a diffraction
pattern originating from nickel was not observed, thus confirming nickel to be present
in an amorphous state.

The chemical state of nickel was presumed to be high-spin divalent nickel
based on the results of high-resolution X-ray fluorescence (HRXRF), and was
determined to have a chemical state different from that of nickel oxide which is a
single compound, based on differences in Ni Ko spectra. The full width at half
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In addition, when the concentrations of Ni, Au and Si

ions in the reaction solution were analyzed by | CP-NM5

at 200 and 500 hours after the start of the reaction,

Ni and Au were 0.1 ppmor |less at both tinmes and Si

was 1 ppmor less at both tinmes. Wen the, cat awst g f the
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investigated with a scanning electron mcro
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nanoparticles as determined with a transm ssion
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5.6 nol % respectively, based on the total nplar,.. .. :
diamaetenr. 1 gfm)ivere doaded oRithe mwnaﬂnagﬁb%'ﬁmﬁm%'ﬂaa’}%lﬁ'ﬁézo points)
the firing tenperature 800C. Next, a catal ){St was . .
waspEpiatedut ont éechs abservednpanepartiole by an apsliany sngrgydispersive
t he exception of using the above support and makin

ng .
x-ra\tyfubtéaew (EDX?, N Hiekelnand gold wérexenfiimerido be. cantginedig all of the
oaded anounts of nickel and gold of the resulting

particfl! Yile 6nﬁic|5rélic?/°oWnicl(@lSt% gold af 48esé lopmpwsite particles (mean
Y.

respective n addition, the atomc ratio of Ni /

|+ ) was 0.918, and the atomic ratio of N / Al
Val“\%glya@.%%'v\hile the atonic ratio of Ni / M was

8,!\%%%985? (S;%d? %‘ﬁlt’hgfaiﬁgégwigggih%&ggg ri?) ?@éés gl::tctron excitation state of
this&gyélsg’qph?; ﬂh?agrlié&-\%gibf%%@éé@é‘@pf&ﬁ/-@}’sﬁf &§%Face plasmon absorption
peaks originating from gold nanoparticles were not observed (at about 530 nm).

A reaction was carried out in the same manner as (3) of Example 17 using this
catalyst. As a result, the methacrolein conversion rate after reacting for 200 hours
was 64.1%, methyl methacrylate selectivity was 95.6%, and methyl methacrylate
formation activity per catalyst unit weight was 8.0 mol/h/kg-cat. Reactivity after 500
hours had elapsed did not change significantly, yielding a methacrolein conversion
rate of 63.9%, methyl methacrylate selectivity of 95.7% and methyl methacrylate
formation activity of 7.983 mol/h/kg-cat.

In addition, when the concentrations of Ni, Au and Si ions in the reaction
solution were analyzed by ICP-MS at 200 and 500 hours after the start of the reaction,
Ni and Au were 0.1 ppm or less at both times and Si was 1 ppm or less at both times.

When the catalyst was extracted after reacting for 500 hours and investigated with a
106




according to Schenmer's formula was about 3.0 nm On
the other hand, a diffraction pattern originating
from ni ckel was not observed, thus confirm ng nickel
to be present in an anorphous state. The chem cal
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fluorescence (HRXRF), and was determ ned to have a ..
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observation of the formof the active species of the
[Exapgplal28$t with a transm ssion el ectron mcroscope
(TEM STEM confirmed that nanoparticl es, havi ggp a )
M UBYBrPRaVihG leespliaifices enfack ated bl12H M Y Was taineg in the same
nm (nunber average particle dianmeter: 3.1 nm were
man'n%?%t%dsﬂ”of ERaRipP 25 withntiel exeeptiony ofiadding aluraioum nitrate and
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was carried out on each observed nanoparticle
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val ue) was 0.93. Mreoyer. as f i firin
total meiat i%‘&?qﬂ‘?gogﬁﬁﬁsas q\fwn{r}xr@'l eﬁi?ﬁ%ﬁ%ﬁ%ﬂ And, making the firing

of this catalyst by ultraviolet-visible spectroscopy
tempéeraties§Q0°Cur f ace pl asnon absorption peaks

originating fromgold nanoparticles were not obﬁg(vedI 25 with

( Nextpa aataigst wap preparedcini e saive JRARNYHES(R) PHEXARIPIE 2o Wi

same manner as (3) of Exanple 17 using this catalyst. )
the Aé‘xcép_ﬁ@ﬁ Ubft usinke tivetataveosepportomaking dhe rameunt wfr nickel nitrate

reacting for 200 hours was 64.1% nethyl nethacrylate )
hex?ﬁ%ﬁ%{é vblas ?%ogﬁta@%g ghiedamuhy of rfe3 healflyaqueous chloroauric acid

ormation activity per catalyst unit weight was 8.0

soldT%ln/H h.a;_—_cat . Reactivity after 500

The loaded amounts of nickel and goid of the resulting catalyst were 1.0 % by

reac

mass and 0.90 % by mass, respectively. In addition, the atomic ratio of Ni / (Ni +
Au) was 0.789, and the atomic ratio of Ni / Al was 0.025 while the atomic ratio of Ni/
Mg was 0.053.

Based on the resulis of powder X-ray diffraction (XRD), a broad peak was
present corresponding to gold crystals. The average crystallite size as calculated
according to Scherrer's formula was about 3 nm. On the other hand, a diffraction
pattern originating from nickel was not observed, thus confirming nickel to be present
in an amorphous state.
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hours had el apsed did not change significantly,
yi el ding a nethacrolein conversion rate of 63.9%
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prng of ~the catalyst particles observed. In
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the firing tenperature 800C. Next, a catal yst was
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t he exception of using the above support, making the
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particles. The atomic ratio of nickel to gold of these composite particles (mean
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Moreover, as a result of investigating changes in the electron excitation state of
this catalyst by ultraviolet-visible spectroscopy (UV-Vis), surface plasmon absorption
peaks originating from gold nanoparticles were not observed (at about 530 nm).

A reaction was carried out in the same manner as (3) of Example 17 with the
exception of using this catalyst and making the amount of catalyst 240 g. As a result,
the methacrolein conversion rate after reacting for 200 hours was 63.4%, methyl
methacrylate selectivity was 95.3%, and methyl methacrylate formation activity per
catalyst unit weight was 6.573 mol/h/kg-cat. Reactivity after 500 hours had elapsed
did not change significantly, yielding a methacrolein conversion rate of 63.6%, methyl

methacrylate selectivity of 95.4% and methyl methacrylate formation activity of 6.601
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Au) was 0.789, and the atomc ratio of Ni / Al was

0.025 while the atomc ratio of Ni / M was 0.053.

Based on the results of powder X-ray diffraction

(XRD), a broad peak was present corresponding to gold

crystals. The average crystallite size as cal cul ated
mol/hik@-6atli ng to Scherrer's forrmula was about 3 nm On the

ot her hand, a diffraction pattern originating from

fhcadditions when ties eoneentratfars obMii u ragndn iS¢ Kens tio the reaction

present in an anorphous state. 107 The chem cal state
solutioh wér@@halﬁm by ¢CRMS dt@00carid §0O sipurs dfterathendtamiof ked reaction,

based on t results of high-resolution X-ray
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e
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a spectra. maxi num

scanfling' dBcfibn 5@&?&%@?”‘?%““%@ GoRanpang Halg' or 'Hipping of
the cRBINLPHOIIeH GBRFIVRG. « JLBaaIN e A Rber Bysage RALLYF dimeter of

as a _standard substance was 3.249 and the cheni cal
the compasite A@nopasticles ag detemaipgd witha tanssnisaiongsiesiron jicroscope
formof the active species of the catalyst with a
(TEM)rwasn3fshon tbuecdemansirating depdly (amnicbanpy befere ranst after the
t hat nanoparticles having a maxi num particle dianeter
reactibnstri buti on of from2 to 3 nm (nunber average
article dianeter: 2.8 nm were | oaded on the
[020dupport. An el ementary anal ysis (20 points) was
E ca[ﬁr#ﬁd out on each observed nanoparticle by an
[Exarp ary energy-dispersive X-ray detector (EDX), and
ni C&E and gold were confirped to be cont |ned in

i a%m&;a@@ed Tnd 0ok, of SOdm siligatenselition o, &o&éjoz 28 to
of these conposite particles (nean value) was 1.
30 %\vbyooass, NasOa 9 iss 10t %oby imassit togadjus tmm& 9 follpn@d by the
el ectron excitation state of this catalyst by
additiont oAl (3@5); to sadjlist theasit rfos2.opMofddveYi sydiusualuatpate was then
pl asmon absorption peaks originating from gold
addef 20Ot TlecpHVIB! B t6 &.5 Afee wiich @poriedUtheredt wad dehydrated to
obtain a hydrogel containing about 10 % by mass of silica-alumina. After spray
drying with a spray dryer at 130°C, the hydrogel was washed until the Na;O content
was 0.02 % by mass and the SO, content was 0.5 % by mass or less. This was
then mixed with 300 g of MgO in the form of a sltjrry, heat-treated for 3 hours at 80°C,
filtered and washed followed by drying for 6 hours at 110°C, heating over the course
of 3 hours to 700°C, holding at that temperature for 3 hours and then cooling
gradually. The resulting support contained 79.1 mol%, 14.7 mol% and 6.3 mol% of
silicon, aluminum and magnesium, respectively, based on the total molar amount of
silicon, aluminum and magnesium. Specific surface area as determined according

to the nitrogen adsorption method was 223 m%g. The average particle diameter of

109



A reaction was carried out in the same manner as (3)

of Exanple 17 with the exception of using this

catal yst and meki ng the anount of catalyst 240 g. As a

result, the nmethacrolein conversion rate after

reacting for 200 hours was 63.4% nethyl methacrylate, )
the sappext vas 6§ unabassd v resulis pbtaiped withta lasegr gdifiraction particle size

formation activity per catalyst unit weight was 6.573
analyzer./ By kiirec obserRation iwith ya ataeningoelebtron smitadsenpgp$8EM), it was

did not change significantly, yielding a nethacrolein
foun&ﬁﬁt@lﬁébﬁ?pér@h%s‘élnﬁ%t Spheredlhyl nethacrylate .

selectivity of 95.4% and net hyl nethacrylate formation
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n’the concentrations of NN, Au and Si ions in the
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after reacting for 500 hours and investigated with a
solutiniahh Mg el ectron nicroscope (SEM, there was hardly

any cracking or chipping of the catalyst particles

obse foastied amouatsi ofi rigkelans grldsd the yesyitiag ﬁﬁ‘aﬁﬁ% mere 3.02 % by

di aneter of the conposite nanoparticles as determ ned. .
massiiahd GLOBr%nisyrinsassorespectivelyn in @ddiiompdhe @temjc tatie of i / (Ni +

nm thus denonstrating hardly any change before and

Au) whs 91914)@and catbaric rat26f7Ni / AEwast. 202 9jhiléthe wtdmic ratio of Ni/
acid was added to 10 kg of sodiumsilicate solution

374Si @2: 28 to 30 % by nmass, Na2Q 9 to 10 % by
Mgv&n%sg) to adjust the pHto 9 followed by the addition
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prosilt Ehrelh e 8T0d Rt iRy KRl g ing oo caoulaec
accozclailnlg %ﬁéﬁé&é}% g}pr%ﬁ.ﬁqr v@c’&g&ﬁgﬂéﬁ{rﬁgt ﬁnt {hg:oligé @én‘&f ¥ biffraction

content was 0.02 % by mass and the SO4 f;on,tent. vvzﬁ
patteynrigingtingsfsemarickel was el ebsgsved, thus confirming nickel to be present

in an amorphous state.

The chemical state of nickel was presumed to be high-spin divalent nickel
based on the results of high-resolution X-ray fluorescence (HRXRF), and was
determined to have a chemical state different from that of nickel oxide which is a
single compound, based on differences in Ni Ko spectra. The full width at half
maximum (FWHM) of the Ni Ka spectrum of the catalyst as obtained from the
measured spectrum was 3.490 and the chemical shift (AE) was 0.336. The full width
at half maximum (FWHM) of the Ni Ko spectrum of nickel oxide measured as a
standard substance was 3.249 and the chemical shift (AE} was 0.344.

In addition, observation of the form of the active species of the catalyst with a

transmission electron microscope (TEM/STEM) confirmed that nanoparticles having a
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then mxed with 300 g of MJgOin the formof a slurry,
heat-treated for 3 hours at 80C, filtered and washed
foll owed by drying for 6 hours at 110C, heating over
the course of 3 hours to 700C, holding at that
tenperature for 3 hours and then cooling graduall
maximhemrrasticle; digmatppdistribigienaehbieny? to oM number ﬁﬁe%ge particle
and 6.3 mol % of silicon, alum num and magnesi um
dlameet@’péc@ inne) \yerebb:mledomn till&s stppait. mBhaglementary asfalysis (20 points)
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ound that t upport was al nost

Next, a catal yst was prepared in the sane
valuéﬁﬂﬁ%r.% (2) of Exanple 25 with the exception of

usj ng t he above support.. making the anpunt. of nickel.
ﬂqr%?\@r AR 2dryHE 5f Investigating gﬁ@nmm"@etﬂ%&a%sm'%m state of
nol /L aqueous chloroauric acid . solution 13
this wialwsbauédtrawelﬂ%sﬂae sheskescepi (Y¥\isk sutface rﬂ!@ﬁﬂ‘?ﬁ‘ @psorption
catal yst were 3.02 % by nass and 0.95 % by mass
peakseyjginating=frgm goid aanopadicles wWereanotehsered (atca‘bout 580 nm).
(N + Au) was 0.914, and the atomc ratio of Ni / Al
WAgelctfl? walsi ¢ariet owdtinithe same marinekias/ (3)Mf Eveemple 17 with the
0.471. Based on the results of powder X-ray

exceptibh ol ehingthisddthlystahd ﬂ%kuﬁ?fﬁ{@ smdunpobeatalyst 240 g.  As a result,
corresponding to gold crysta The aver age

the Rfevdcibleirt %Pﬁ{/él% G r&te ﬁgéraFé‘é’ctln%CfH?r@bG‘%oh?s was 66, 2% methyl

Scherrer's orrruavvasaout 3n On the other hand

metlﬁé:ﬂééfer g&%t':ﬁﬂtg R/%%tﬁ Bo T4 04 RAlth Igmeb@éﬂrfl érn’(ﬁ%nnﬁ&lwty per

rm ng ni cke esen

catafjFEURRSPEIS Bes B e IRG o2 2 b s i copsed
did ngh ghapge %&ﬁ@%&:ﬁ,@%g33@@%@@%&?&&3&3&@ Falprt o, methyl

fromthat of nickel oxide which is
methacrylate selectivity of 95.9% and methyl methacrylate formation activity of 6.896

mol/h/kg-cat.

In addition, when the concentrations of Ni, Au and Si ions in the reaction

solution were analyzed by ICP-MS at 200 and 500 hours after the start of the reaction,

Ni and Au were 0.1 ppm or less at both times and Si was 1 ppm or less at both times.
When the catalyst was extracted after reacting for 500 hours and investigated with a
scanning electron microscope (SEM), there was hardly any cracking or chipping of
the catalyst particles observed. In addition, the number average particle diameter of
the composite nanoparticles as determined with a transmission electron microscope
(TEM) was 3.0 nm, thus demonstrating hardly any change before and after the

reaction.
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si ngl e conmpound, based on differences in Ni Ka
spectra. The full width at half rmaxi rum (FWHM of the
Ni Ka spectrum of the catalyst as obtained fromthe
measured spectrumwas 3.490 and the chem cal shift
[020?#“5) was 0.336. The full width at half maxi num (FWHV
the Ni Ka spectrum of nickel oxide neasured as a
[Exaphied®)d substance was 3.249 and the chemical shift
(AE) was 0.344. In addition, observation of the form
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ni ckel and gold were confirnmed to be contained in all )
based ontbe tptaltrelaeamaund oftsilican, rdgminusn andema@gnesiugb|and making

of these conposite particles (nmean value) was 1.12.
the ivigeteneperatife ®00eGul t of investigating changes in the
el ectron excitation state of this catalyst by
UNexBVa @afilystiwad beesdredtin ahe GRimd Wanfigh)as Q) éfaEgample 25 with
pl asnmon absorption peaks originating fromgold

the %ieéﬁl?dﬁ ! GSingeihe gBBvasﬁﬁidUﬁj fdkind e a'?ﬁ@uﬁl?g r(f)?\%kel nitrate

reacti on was carried out | thé same “manner as

s R o nd B B2 B br S50 L Ao i

| ghesﬁettacrol ein conversion rate after reacting for
Solu38D °HdliFs was 66.2% nethyl nethacrylate selectivity
was 95.8% and net hyl nethacr Ia} formgtion act. vi tey o
pdhe Ipaded pEtounts ef ickghand,ge regulting catRlyst were 7.50 % by
Reactivity after 500 hours had el apsed did not change )
masgi and Si‘lé)ag{q by, mgss| igispeclivelpt Haoadsﬁt@m theratemic satiq 9? Ni / (Ni +
of 66.1% nethyl nethacrylate selectivity of 95.9%
Au) was 0r89hzhd itied latamic mtie dfdNineAl was AcT24 whjledhe Git@d& ratio of Ni /
nmol / h/ kg-cat. In addition, when the concentrations of .
Mgwhs 14 and Si ions in the reaction solution were
anal yzed by I1CP-M5 at 200 and 500 hours after the

SBakkd %n 4RE re8aRks idPpowder X-ray diffraction (XRD), a broad peak was
present corresponding to gold crystals. The average crystallite size as calculated
according to Scherrer's formula was about 5 nm. On the other hand, a diffraction
pattern originating from nicke! was not observed, thus confirming nickel to be present
in an amorphous state.

The chemical state of nickel was presumed to be high-spin divalent nickel
based on the results of high-resolution X-ray fluorescence (HRXRF), and was
determined to have a chemical state different from that of nickel oxide which is a
single compound, based on differences in Ni Ko spectra. The full width at half
maximum (FWHM) of the Ni Ka spectrum of the catalyst as obtained from the
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Ni and Au were 0.1 ppmor |less at both tinmes and Si
was 1 ppmor less at both tinmes. Wen the catal yst
was extracted after reacting for 500 hours and
investigated with a scanning electron m croscope
(SEM, there was hardly any cracking or_chi pg of )
measured speatryst wpa A48 asd the ehemical Shl%a(d@)t\fvaﬂw 3B8e The full width
nunber average particle dianeter of the conposite
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el ectron mcroscope (TEM was 3.0 nm thus

standi iubstaicengad 31249yarmhihectirarpicabstiifi(ARERwasa0.844. t he
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acid solution 38 nL. The | oaded anobunts of nickel and
partiges.d Thetdterie satid i sfgnickelaty goldvaf ehésé dcorivpysiterpadicles (mean
and 3.10 % by mass, respectively. In addition, the
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peakgcq?ﬁrgq%r Sps;ﬁ gmlld nanopargil cf)e%twgrenr%t o%%erved &t’c ha%::;u{1 §§6' hm).

A reaction was carried out in the same manner as (3) of Example 17 with the
exception of using this catalyst and making the amount of catalyst 100 g. As a result,
the methacrolein conversion rate after reacting for 200 hours was 63.4%, methyl
methacrylate selectivity was 95.2%, and methyl methacrylate formation activity per
catalyst unit weight was 15.759 mol/h/kg-cat. Reactivity after 500 hours had
elapsed did not change significantly, yielding a methacrolein conversion rate of 63.2%,
methyl methacrylate selectivity of 94.9% and methyl methacrylate formation activity of
15.66 mol/h/kg-cat.

In addition, when the concentrations of Ni, Au and Si ions in the reaction
solution were analyzed by ICP-MS at 200 and 500 hours after the start of the reaction,
Ni and Au were 0.1 ppm or less at both times and Si was 1 ppm or less at both times.

When the catalyst was extracted after reacting for 500 hours and investigated with a
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pattern originating fromnickel was not observed, thus
confirmng nickel to be present in an anorphous
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{020gjcti ve species of the catalyst with a transm ssion
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the éxveptionhafcusing the aboves soppordt enakling rthe eamiount dfonickel nitrate
200 hours was 63.4% nethyl nethacrylate selectivity

gt 5 o e g gt £ e ko i
solutidgdd ity after 500 hours had

The loaded amounts of nickel and gold of the resulting catalyst were 3.0 % by
mass and 2.92 % by mass, respectively. In addition, the atomic ratio of Ni / (Ni +
Au) was 0.771, and the atomic ratio of Ni / Al was 0.174 while the atomic ratio of
Ni/Mg was 0.07.

Based on the results of powder X-ray diffraction (XRD), a broad peak was
present corresponding to gold crystals. The average crystallite size as calculated
according to Scherrer's formula was about 5 nm. On the other hand, a diffraction
pattern originating from nickel was not observed, thus confirming nickel to be present

in an amorphous state.
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el apsed did not change significantly, yielding a
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particles. The atomic ratio of nickel to gold of these composite particles (mean
value) was 0.65.

Moreover, as a result of investigating changes in the electron excitation state of
this catalyst by ultraviolet-visible spectroscopy (UV-Vis), surface plasmon absorption
peaks originating from gold nanoparticles were not observed (at about 530 nm).

A reaction was carried out in the same manner as (3) of Example 17 with the
exception of using this catalyst and making the amount of catalyst 100 g. As a result,
the methacrolein conversion rate after reacting for 200 hours was 61.3%, methyl
methacrylate selectivity was 95.4%, and methyl methacrylate formation activity per
catalyst unit weight was 15.269 mol/h/kg-cat. Reactivity after 500 hours had
elapsed did not change significantly, yielding a methacrolein conversion rate of 61.2%,

methyl methacrylate selectivity of 95.6% and methyl methacrylate formation activity of
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Au) was 0.771, and the atomc ratio of Ni / Al was

0.174 while the atomc ratio of N /M was 0.07. Based

on the results of powder X-ray diffraction (XRD), a
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reactioat ri bution of from4 to 6 nm (nunber average
particle dianeter: 5.2 nn) were | oaded on the
[0219lipport. An el ementary anal ysis (20 points) was
carfri ezj out on each observed nanoparticle by an
[Exampiei32lr y ener gy- di spersive X-ray det ector (EDX), and
ni ckel and gold were confirnmed to_be c tai neokP ﬂ@@:lla the same
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of these conposite particles (nmean value) was 0.65
manvier ey ¢1), ohExample 85 with thwesce@mn of asl mgg@g.lmlﬁlutrh@ltrate and

el ectron excitation state of this catalyst by .
magmesiuav inttate -ty isssilide ssipmaty that try afidunts sf) alumindmcand magnesium

pl asmon absorption peaks originating from gold
confAfAPR tHe® baSpore er8 o8.60meP% VAl 42t nedI%) trebBéctively, based on the
total molar amount of silicon, aluminum and magnesium.

Next, a catalyst was prepared in the same manner as (2) of Example 25 with
the exception of using the above support, making the amount of nickel nitrate
hexahydrate 5.94 g and making the amount of 1.3 mol/L aqueous chloroauric acid
solution 12 mL.

The loaded amounts of nickel and gold of the resulting catalyst were 0.30 % by
mass and 0.90 % by mass, respectively. In addition, the atomic ratio of Ni / (Ni +
Au) was 0.528, and the atomic ratio of Ni / At was 0.053 while the atomic ratio of Ni/
Mg was 0.069.

Based on the results of powder X-ray diffraction (XRD), a broad peak was
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A reaction was carried out in the same manner as (3)
of Exanple 17 with the exception of using this
catal yst and maki ng the anount of catalyst 100 g. Asa
result, the nethacrolein conversion rate after
reacting for 200 hours was 61.3% nethyl nethacrylate
preserd| eytespondingato geldiosystals. mEbeaverage ssystalite size” as calculated
formation activity per catalyst unit wei ght was
accofiing 66 Suhertsrsgfocraula Raacabotittd nai.t e@n3be dtber bandda diffraction
el apsed did not change significantly, yielding a

pattefe bhigitatihg ifrong eioke! diag motatbsepfed; thiddconfiratihg Inickel to be present
net hacryl ate selectivity of 95.6% and net hyl

in anBthbphouk atftef Or mation activity of 115 15.276
nmol / h/ kg-cat. In addition, when the concentrations of

. Do L0 in o . M i W _
s eSSl L Mo e e, B9 0 A Spcvant nicke
tart.,of Lhe. reaction b .an S

vasef 855 obAe SHchiMtaaation R MiEBsledsg RRkREESnd was
Wien the catal yst wa tracted, after, reacting, for, 500. ., .

deteiPd 19 dedIBAL AR (GTerent S thaf Bf DIskRbfide"Which is a

~ mcroscope (SEM, there was hardly any cracking_or .

single eqsppednchf basead opadiieyencesain il\b|%@ seatia, ed hg full width at half
addi tion, the nunber average particle dianeter of the

maxiomump o EVWHM)aab tiae thlic Kes spectiemeofiithe ccatalyat @s obtained from the

transm ssion el ectron mcroscope (TEM was 5.1 nm

measdured speorosi was 3o havdithe aomicabskift (AE) wvas G681af The full width
the reaction. [0210] |[Exanple 32] A support having a

at h&P fedxiten® ‘éFWH’Iﬂ% HraheON; idd spBégumest pidkel dafld médsared as a
same manner as (1) of Exanple 25 with the exception

sy R L ST PR TAE e Stk 0
FERFHAT SN 1B b BEOS i P oE P et i o
vansSRRSBY ke 5538 RIS B P Wi pafies avig

Exanple 25 with the exception of usi a‘%tthe gbove .
maxig\ysp oparticiea Kiargeten cdisibutionoef & dRed Ay (Ryraber average particle

diameter: 2.8 nm) were loaded on the support. An elementary analysis (20 points)
was carried out on each observed nanoparticle by an ancillary energy-dispersive
X-ray detector (EDX), and nickel and goid were confirmed to be contained in all of the
particles. The atomic ratio of nickel to gold of these composite particles (mean
value) was 1.15.

Moreover, as a result of investigating changes in the electron excitation state of
this catalyst by ultraviolet-visible spectroscopy (UV-Vis), surface plasmon absorption
peaks originating from gold nanoparticles were not observed (at about 530 nm).

A reaction was carried out in the same manner as (3) of Example 17 with the
exception of using this catalyst and making the amount of catalyst 240 g. As a result,

the methacrolein conversion rate after reacting for 200 hours was 62.1%, methyl
17
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[0211]
[Example 33]

An ethyl acrylate formation reaction was carried out using the same procedure
and reaction conditions as (3) of Example 17 with the exception of using the catalyst
prepared in Example 25 (NiOAu / Si0,-Al,03-Mg0), reacting acrolein instead of
methacrolein, and reacting ethanol instead of methanol.

As a result, the acrolein conversion rate after reacting for 200 hours was 75.4%,
ethyl acrylate selectivity was §7.3%, and ethyl acrylate formation activity per catalyst
unit weight was 9.577 mol/h/kg-cat. Reactivity after 500 hours had elapsed did not
change significantly, yielding an acrolein conversion rate of 75.2%, ethyl acrylate

selectivity of 97.4% and ethyl acrylate formation activity of 9.562 mol/h/kg-cat.
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Composition (nmol % Amounts of N Constituent Elenents

and Au (% by (Atomc Ratios) mass) Si Al Mg N Au

Ni /(Ni +Au) NI/A N /M Exanple N QAu/Si O2-A 203- 83.3
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of
(TEM) was 3.1 nm, thus demonstrating hardly any change before and after the

reaction.
[0212]
[Exampie 34]

A methyi glycolate formation reaction was carried out using the same procedure
and reaction conditions as (3) of Example 17 with the exception of using the catalyst
prepared in Example 25 (NiOAu / SiO;-Alz03-MgO) and reacting ethylene glycol
instead of methacrolein.

As a result, the ethylene glycol conversion rate after reacting for 200 hours was
52.4%, methyl glycolate selectivity was 92.4%, and methyl glycolate formation activity
per catalyst unit weight was 6.321 mol/h/kg-cat. Reactivity after 500 hours had
elapsed did not change significantly, yielding an ethylene glycol conversion rate of
52.6%, methyl glycolate selectivity of 92.3% and methyl glycolate formation activity of
6.33 moi/h/kg-cat.

in addition, when the concentrations of Ni, Au and Si ions in the reaction
solution were analyzed by ICP-MS at 200 and 500 hours after the start of the reaction,
Ni and Au were 0.1 ppm or less at both times and Si was 1 ppm or less at both times.
When the catalyst was extracted after reacting for 500 hours and investigated with a
scanning electron microscope (SEM), there was hardly any cracking or chipping of
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The chemical state of nickel was presumed to be high-spin divalent nickel
based on the results of high-resolution X-ray fiuorescence (HRXRF), and the Ni Ka
spectrum closely matched that of nickel oxide which is a single compound. The full
width at half maximum (FWHM) of the Ni Ko spectrum of the catalyst as obtained
from the measured spectrum was 0.325 and the chemical shift (AE) was 0.331. The
full width at half maximum (FWHM) of the Ni Ka spectrum of nickel oxide measured
as a standard substance was 3.249 and the chemical shift (AE) was 0.344.

In addition, observation of the form of the active species of the catalyst with a
transmission electron microscope (TEM/STEM) confirmed that nanoparticles having a

maximum particle diameter distribution of from 2 to 3 nm (number average particle
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In addition, when the concentrations of Ni, Au and Si ions in the reaction
solution were analyzed by ICP-MS at 200 and 500 hours after the start of the reaction,
the concentrations of Ni were 5 ppm and 3 ppm, those of Au were 1 ppm and 0.6
ppm, and those of Si were 10 ppm and 7 ppm, thus demonstrating exfoliation and
elution of Ni, Au and Si. When the catalyst was extracted after reacting for 500
hours and investigated with a scanning electron microscope (SEM), cracking and
chipping were observed in a portion of the catalyst.

In addition, the number average particle diameter of the composite
nanoparticles as determined with a transmission electron microscope (TEM) was 4.6

nm, thus observing sintering of the composite nanoparticles.
[0214]
122



fromthe neasured spectrumwas 0.325 and the chemni cal
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standard substance was 3.249 and the chemical shift (AE) was 0.344.

In addition, observation of the form of the active species of the catalyst with a
transmission electron microscope (TEM/STEM) confirmed that nanoparticles having a
maximum particle diameter distribution of from 2 to 3 nm (number average particle
diameter: 3.1 nm) were loaded on the support. An elementary analysis (20 points)
was carried out on each observed nanoparticle by an ancillary energy-dispersive
X-ray detector (EDX), and nickel and gold were confirmed to be contained in all of the
particles. The atomic ratio of nicke! to gold of these composite particles (mean

value) was 0.89.
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that nanoparticles having a
hours and investigated with a scanning electron microscope (SEM), cracking and

chipping were observed in a portion of the catalyst. In addition, the number average
particle diameter of the composite nanoparticles as determined with a transmission
electron microscope (TEM) was 4.2 nm, thus demonstrating sintering of the

composite nanoparticles.
[0215]
[Example 37]

A catalyst loaded With 1.60 % by mass of nickel and 1.52 % by mass of gold
(NiOAu / SiO2-TiO,) was obtained by producing a catalyst in the same manner as (2)
of Example 17 with the exception of using the silica-titania used as a support in
Example 5 for the support. The atomic ratio of Ni / (Ni + Au) of the resulting catalyst
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B ey B8 STERAST S’ BB 36 PaRl gt rike

sel ectivit 92.8%,. and t hyl nethacry .
baselicpighe Gre e ok piog-rEselBan YR TURECRarE NHRNRF)s apdgthe Ni Ka
nol / h/ kg-cat. Reactivity after 500 hours had el apsed
speclufb poseh: matdneg, that et nickel @xde witichds asinglegampound.  The full
selectivity, vyielding a nethacrolein conversion rate
widtro it halfavaximurhy(FWdM)aafr thealNe Keespectrumt of thie catalyst@as obtained
and nmet hyl nmethacrylate formation activity of 4.945

fromnhé Medgyredispetthurmddas 352 ae the Okemivat ehiftr(@E) eves 0330. The
Ni, Au and Al ions in the reaction solution were

full vadl AZRslf MaxirRBrMEVWIHMOSY hedNPRE spaistitinbf Alckehexide measured

start of the reaction, "~ the concentrations of N were

as a %}Ja%%‘gﬁ%%ﬁtaﬂ@%%ﬁﬁg Qndﬁge‘r’gfgl%ﬁggad%éﬁ’fg Slmﬁ% 9.7344.

ose were 1

%ﬂ@@ﬁ&?t #eh%é'g%&;q%yéfmeofbrﬁp f th‘aelt ééﬁi\éép'tafgérci& of fie %ﬂ%&st with a

en 't was extrac feactin

wane e A3 PSS ST SRR rBhBEARbpavng o
in a portion of the catalyst. In addition, the nunber .
maxigiLgn fasticle giameter distibutien ofifrere2 domHBaE} {number average particle

_ nanoparticles as determned with a transm ssion i .
diameterc 8rb nmyi werssloaged (orelhe sippart.2 Amelemenstary analysis (20 points)
denonstrating sintering of the conposite
was manighicut dregach observed nanoparticle by an ancillary energy-dispersive
X-ray detector (EDX), and nickel and gold were confirmed to be contained in all of the
particles. The atomic ratio of nickel to gold of these composite particles (mean
value) was 0.81.

Moreover, as a result of investigating changes in the electron excitation state of
this catalyst by ultraviolet-visible spectroscopy (UV-Vis), surface plasmon absorption
peaks originating from gold nanoparticles were not observed (at about 530 nm).

A reaction was carried out in the same manner as (3) of Example 17 using this

catalyst. As a result, the methacrolein conversion rate after reacting for 200 hours

was 55.3%, methyl methacrylate selectivity was 92.8%, and methyl methacrylate
125



[0215] [Exanple 37] A catalyst |oaded with 1.50 % by
mass of nickel and 1.52 % by mass of gold (N QAu /
Si 2-Ti @) was obtained by producing a catalyst in the
same manner as (2) of Exanple 17 with the except| on
of using the silica-titania used as_a support
formatiomh@ctivity per catalystugpbmeightnwas 92 mal{h/lsg@at N| Reactivity after
(NI + Au) of the resulting catalyst 124 was 0.768.
500 Bagrsdhad elapsadedeaimopstratesodeencases ay reactiomactivly angselectivity,
of this catalyst, a diffraction pattern originating
yieldingommetbietoleinsconversios eateedf 48189, metiiyl methgcrylatieeselectivity of
to be present in an anorphous state. On the other

92.1%240 miztiy PASthBEAkateds s £attivily U R86TheI/Megicat gol d
crystals, and the average crystallite size as

CIﬁ' SHH@E gy 'c%ﬁcéﬁtr%&l‘?sr 'b?rNiS AR'dRd &i BAs QHO@b reaction

em cal state of nickel was pr esuned

I I A
so'ut@rﬁﬂeresﬁﬁiﬂ%%’%hﬂ?r’%gf PIPEE RO MBS aPthel Saffiof the reaction,
ectru ose t ched ,t.hat of |ckel X1l de
the ‘W?PE'H‘D retiors 8 QL Ree & T Bpitan L0 e, Mofdar AL Wale 13 pem and
maxi mum ( FVWH of the NI Ka spectrum o the cata¥
pmowbrmw%wef%é GrReRy 2R 64 epe. (hvsslempnsiyating gxfoliation
the chem cal shift WE) was 0.330. The full width at

and glation @A NinAmaneV@ing When the mptalyst syascextraated affec keacting for 500
oxi de neasured as a standard substance was 3.249 and

hours lendc Irvestigatedhwith 4 ABpanning eledtdn ricrasitbpe (BEM), cracking and
observation of the formof the active species of the

chippiag ¥eyé obsktvedan & partisniof $he Baklyat! r imadditiowseatalgst pore volume
(TEM STEM confirmed that nanoparticles having a

as dBRfHIFYED RRChbidhG 16 ﬂf@eh&fog@nSbasaﬂﬂubﬁnn@fthéd Was (L46 nl/g and

nm (nunber average particle dianmeter: 3.2 nm were

aver%cgéaﬁﬁ% %ﬁh%gﬁerwqy nm’ " THeSHG ﬁb@téégrﬁ\@g ﬁbﬁmﬁ@g ameter of the

was carried out on each 0 anopar

comptei) Bl 'h?f@%eeni%%gaﬁin% " BolAnis'd t%@%&w microscope
(TEMS %%Ic:%g‘f v demonsed ﬁ&bﬁ%ﬁ?@@%iﬁ%&%ﬂﬁowﬁéﬁmeter and

. val ue{ was O 81. .
sintering of the composﬂe nanoparticles.

[0216)

[Comparative Example 10]

A catalyst loaded with 1.48 % by mass of gold (Au / SiO2-Al;03) was obtained
by producing a catalyst in the same manner as (2) of Example 17 with the exception
of using the silica-alumina support prepared in (1) of Example 17 for the support and
not adding nicke! nitrate hexahydrate. Based on the results of powder X-ray
diffraction (XRD) of this catalyst, a broad peak was present corresponding to gold
crystals. The average crystaliite size as calculated according to Scherrer's formula
was about 3 nm. When the form of the gold particles was observed with a
transmission electron microscope (TEM), gold particles having a number average
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Moreover, as a result of investigating changes in the
el ectron excitation state of this catalyst by
ultravi ol et-visible spectroscopy (UV-Vis), surface
pl asnmon absorption peaks originating from gold
nanoparticles were not observed gat about 530 n A
PaﬂIPIGaétar%ﬂem 3& nmeaveret confimed danke daaded anjo (e sepport. In
Exanple 17 using this catalyst. As a result t he
additien, Hherspeasific somfacs aramof thescatalyst was 48 mg? Ig,otherOre volume of
hours was 55.3% nethyl nethacrylate selectivity was
the ca2aléh asadetemmired byrtiehaitibgkeataisoiption metridd was @29 will/y, and the
per catalyst unit weight was 6.699 nol/h/kg-cat.

averkge plore diameter Was 80Ph.hoMbfed\ad, 84 anesdit ¢¢ imvestigaling changes in

decreases in reaction activity and sel ecti vi ty,

the léle@thinn %x@ﬁ%ﬁ‘ aghfd QNGO NYAGR/P nb)F atﬁzlfrTQ%}lé* &i dé spectroscopy

net hyl nethacrylate selectivit

(UV"’%5a%‘%‘*ﬂa%%%%ﬁﬁ%ﬁ%@%“e%%éky?@nét@&?”éﬁ*9 R -

i on action solution were analyzed by | CP-NM5
obseéye d'?éég rW?))urs after the start of the reacti on,
econcentratlons of Ni were 8.0 ppmand 3.0 p

6§§°taﬂn was\garded ogt jithesame gnanngigs @)cpftﬁpsﬁ@plefﬂsusmg this
vvere ppm and 6.0 ppm thus denonstrating
catalyst o|ASaa| resultaife methacselett conversignaiate siter eactinghtor 200 hours
catal yst was extracted after reacting for 500 hours
was @3 %on vresthyh anetthaviidte aseleetivifynwas| 8852 nand cnethyd prethacrylate
(SEM, cracking and chipping were observed in a

formaion iaetivief peheatayst! st welightawds t2.659 rellekydat.0OReactivity after
volunme as determ ned according to the nitrogen

500 ﬁéﬁ@ RAd %Mﬂém%%trgtﬁd%@a%é’ in FYSERIE aEﬁWIFy and selectivity,

diameter was 15 nm The nunber average particle

yse]dﬁ:!gaﬁ‘?ﬁgt{haefolélhecorﬁfé@ %Fe Biarll?%%th%lﬂ@ﬁ r@%@%ﬁ%ﬁ@ étbqgctwlty of

ransm ssi on e ron mcroscop
78.39Und BiSnAIFHEREERR ﬁghgtﬁér{eﬁétﬁfdtgfpg 578 ndiig-cat.
ggpgfcﬁéctgﬁ f\&es%aﬂ%%éﬁiqn bgfa Aﬁ%do%?wasgn(lt%g r)eactlon solution

2- Al 203) was obtai ned by producing a catalyst in
Weretafaalmﬁb birdhdreMSaat 28 and ERAMnWS Bftarithe star of the reaction, the

exception
concentrations of Au were 0.1 ppm or less at both times and the concentrations of Si

were 1 ppm or less at both times. When the catalyst was extracted after reacting for
500 hours and investigated with a scanning electron microscope (SEM), there was
hardly any cracking or chipping of the catalyst particles observed. In addition,
catalyst pore volume as determined according to the nitrogen adsorption method was
0.41 mL/g and average pore diameter was 13 nm. The number average particle
diameter of the gold nanoparticles as determined with a transmission electron
microscope (TEM) was 5.3 nm, and increased catalyst pore diameter and gold

nanoparticle sintering were observed.
[0217]
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of using the silica-alum na support prepared in (1) of
Exanpl e 17 for the support and not addi ng nickel
nitrate hexahydrate. Based on the results of powder
X-ray diffraction (XRD) of this catalyst, a broad
peak was present corresponding to gold crystals. The
[CompasativieExamplaiill te size as cal cul ated according to
Scherrer's formula was about 3 nm Wen the form of
tAecajalyst [padedcivisb Wd8 Ubbyrwmads vaft gold (Au 4B8iRsA0frMg0) was
el ectron m croscope (TEM, gold particles having a
obtainedtsr prodecigea chtflystantthel sante amarireer ay (3. &F Bamplec25 with the
confirmed to be | oaded onto the support. In addition,

exceplién ePASinGi the SHichafiBniiRmaifnesiRes ot pedpared® inl@8 of Example 25
n2/ g, the pore volune of the catalyst as determnm ned

for trﬁ shﬁﬁor‘i‘iénﬂoﬁ&naﬂggrr%ﬁ&rhiﬂ%h@%ﬁ’@ﬁ ezgﬂﬁéﬂé%ﬁg% results of

e average pore ameter was réover,

powc!aeii ?{-éqy?&dﬁﬁ@’cg%' g?hm? gf?@'{?%f}t;%t%%{,t I%e.berlogﬁt b9k was present
corre%lpigé%botlg%i%a ﬁ\}sgrlﬂlgpz %%q%zgﬁgf%m%aq{yt,eﬁ% ’@llsgca?gljlgt%%eaccording

anoparticles was  observed (at about 530 nm). A )
to SCheEAnSofPrila ¥as ABAUL S N Mbea dhe fRETnelr thes aplg) pariicles was
Exampl e 17 using this catalyst. As a result, the
obsemgacthwithoa dransoyasion stlectremmaicedscope r@&d), rapld gartigdes having an
hours was 25.3% nethyl nethacrylate selectivity was
averdife paeticlendiametey lof 184 e iweret confirmedetoi los Icardedy ohto ther support.
catal yst unit weight was 2.659 nol/h/kg-cat.

In adBtidn; the spedific surfadd Bréof thehdalgbwasd 5Q_erﬁ£19§tﬁea,§@@ volume of
decreases in reaction activity and selectivity,

the cita iR cleRnBAYYOhS! r??lr%% ?Q%@Poﬁ FhéthBh VJeZP rgrb%tﬁhr{/lf'lg’ and the

nmet’hyl net hacryl at'e sel e 78. 3% an

_ . . ¢ . ) .
averdli2 B3 dafcied BT WV Hidiebvb f¥n tedif o e ddkfinEpanges i
in the reaction lutiLon. wer nal yzed b CP- at
the Sf5atraf e53GaB, sBar bb s Sakeiudt By Uik ielisile, Sperroscopy
oncentrations of Au were 0.1 ppmor_|ess at both .
(UV-Yisheasuifaca Rlasmpn absaration Peaktonginating: gon gRichnanopagicles was
at both tines. Wien the catal yst was extracted after
obsepvesicat agorb$30 BOY. hours and investigated with a
scanni ng el ectron mcroscope (SEM, there was hardly
dnyeantieokwas) carriechoyitpinrtbe aanmd marmealagyB) péExamipds 17 using this
observed. In addition,
catalyst. As a result, the methacrolein conversion rate after reacting for 200 hours

was 29.3%, methyl methacrylate selectivity was 82.3%, and methyl methacrylate
formation activity per catalyst unit weight was 3.148 mol/h/kg-cat. Reactivity after
500 hours had elapsed demonstrated decreases in reaction activity and selectivity,
yielding a methacrolein conversion rate of 23.5%, methyl methacrylate selectivity of
80.1% and methyl methacrylate formation activity of 2.457 moi/h/kg-cat.

In addition, when the concentrations of Au and Si ions in the reaction solution
were analyzed by ICP-MS at 200 and 500 hours after the start of the reaction, the

concentrations of Au were 0.1 ppm or less at both times and the concentrations of Si
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catal yst pore volune as determ ned according to the
nitrogen adsorption nmethod was 0.41 nlJg and aver age
pore diameter was 13 nm The nunber average particle
di aneter of the gold nanoparticles as determ ned with
a transm ssion electron mcroscope (TEM was 5.3 nm

weregh gpher leas & beth timest  Yéhen thexpatalyst wag extlagted after reacting for
nanoparticle sintering were observed. [0217] 127

500 hagrgpand tinveastigatedhwith1d j[scanoimga¢iestroh onideasoopen(SEME there was
by mass of gold (Au / Si Q2-Al 203- MO was obtai ned by

hardlyr adycéragkiagcet ahjsding roft tie satalystapadicleds obdervetl. In addition,
Exanple 25 with the exception of using the

catalgst pra-wiufk - detenfred édePdlhg ORISR ARG adsbrp®in method was
anple 25 for the support and not addi"ng ni ckel

0:37 LT8O IRIARYS (2 BRS04 i o4iBage pari

. Nl t | ls.,. The. . .

a5 B SR8 b REhGRARRLS"Se' BefBtheL T siipign etctron

miorREBBEL TR HRTAR HEC S0 fherdaleh. it hord Hifblar and goi
el ectron m croscope (TEM, gold particles having an

nanopgeicie;einfIing weee absgrieds of 3.4 nmwere confirmed to

[021@6 | oaded onto the support. In addition, the specific
urface area of the catal yst was 152 n2/g, the pore

\Oh e basis df Wtﬁ% ﬁ%ﬁﬁ&c@@eﬁ%}%@%ﬁ%ﬁﬁ!yémr sk ril‘i’gmuction of

adsorption me average

j r S | . . .
carb iy B B acibinglfs R ese A Bud Btk eBientiopieios carvoxyiic
. e .this catalyst b ravi ol et-vjsjble
acid &8 af biatyseleENS S =1 aldervBe .l aichbl hSee orrure types of
p&ak%{%bgi nating from gold nanoparticles was observed
alcohols, menstialgs supedarc meshanieal sliepgthapdtchemicakstability of
same manner as (3) of Exanple 17 using this catalyst.
the sugport without the eecurancenfsiracking onebippinghof theecatalyst even after a
reacting for 200 hours was 29.3% nethyl nethacrylate

long periedt oiviinge hvas &ap88¢d. aimdaddition] therehic hatdly eany occurrence of
formation activity per catalyst unit weight was 3. 148

exfoliatibn bt eftiontof ekl andi dampdrietit X which are catalyst active components,
increased catalyst pore diameter or sintering of composite nanoparticles, thereby

enabling the catalyst to maintain a high level of reactivity even after a long period of

time has elapsed.
[0219]

The present application is based on a Japanese patent application filed with the
Japanese Patent Office on August 13, 2007 (Japanese Patent Application No.
2007-210962), a Japanese patent application filed with the Japanese Patent Office
on October 11, 2007 (Japanese Patent Application No. 2007-265375), a Japanese
patent application filed with the Japanese Patent Office on October 26, 2007

(Japanese Patent Application No. 2007-279411), and a Japanese patent application
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500 hours had el apsed denonstrated decreases in
reaction activity and selectivity, vyielding a
nmet hacrol ein conversion rate of 23.5% nmethyl
nmet hacryl ate selectivity of 80.1 % and net hyl
. methacrylate formation_ activit 457 nol / h/ kg
filed withathei Jaranesgrizatenh Off m}@@vﬁnriﬂﬁoaeoafumam @ﬁtenbﬁ@phcation
in the reaction solution were analyzed by | CP-M5 at
No. 2008-406163)0 the conteats efrwhich asedncorpbrated heeain biygeferenee.
concentrations of Au were 0.1 ppmor |less at both
times and the concentrations of Si 128 were 1 ppm or
| ess at both tinmes. When the catal yst was extracted
indusfriafApphabilitpg for 500 hours and investigated with a
scannlng el ectron m croscope (SEM, there was hardly
[0228hy cracking or chipping of the catalyst particles
observed. In addition, catalyst _pore volune a
dEhernfeRent Kveptien hyst the neteﬁlal- &feindyatsigl ptSieoﬂs e CAtAlyst used
was 0.37 nmJg and average pore dianeter was 10 nm The
whem predicing eathnxylia acidcester by deacting an aldehygiel and alcohol, or one or
nanoparticles as determined with a transm ssion
moretypesrof alcohiots, ds tleppreseRbe ofi@xyger nm and i ncreased
catal yst pore dianeter and gold nanoparticle
sintering were observed. [0218] On the basis of the
results described above, the catalyst for use in
production of carboxylic acid ester according to the
present enbodi nent efficiently yields carboxylic acid
esters at high selectivity froman al dehyde and
al cohol or one or nore types of alcohols, and
denonstrates superior nmechanical strength and chem ca
stability of the support w thout the occurrence of
cracking or chipping of the catalyst even after a
| ong period of tinme has elapsed. In addition, there is
hardly any occurrence of exfoliation or elution of
ni ckel and conponent X which are catal yst active
conponents, increased catal yst pore dianeter or
sintering of conposite nanoparticles, thereby
enabling the catalyst to maintain a high | evel of
reactivity even after a long period of tine has
el apsed. [0219]
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The present application is based on a Japanese patent
application filed wth the Japanese Patent O fice on
August 13, 2007 (Japanese Patent Application No.
2007-210962), a Japanese patent application filed with
t he Japanese Patent O fice on Cctober 11, 2007
(Japanese Patent Applicati@RARMS 2007-265375), a
Japanese patent application filed with the Japanese
We dlaimnt Of fi ce on October 26, 2007 (Japanese Patent
Application No. 2007-279411), and a Japanese patent

anp! iAcabiatyst 18P Usel ird préduttioheof) samipghic Rrid eistdX by qeacting (a)
on April 14, 2008 (Japanese Patent Application .

aldeﬁ?@é‘ai‘a@@&ﬁiol érB) 6ﬁ€td?ﬁﬁ§re°t§(pé§bfalc%hﬁle ﬂFﬂfeoﬁr'e%Ieﬁée of oxygen,
herei n by reference I'ndustfial Applicabil Ity [0220]
coméﬁgn resent invention has the potential for industri aI
s a catal yst used when producing carboxylic acid

e cting an al dehyde and al cohol, or one or
ng%@he@y@gﬁ%fé cohol S, in the presence of oxygen 130

m A catal yst for use,in pro

%&Qﬁs@zm R eeasits; of “lsas! dine: aigens Seibeterly o Hae group

al cohol , one or nore types of al cohols, |n
con%‘-tmeﬁt:ewbel @@ilg@wm n,lenwmsruigenw woldasivesiand cemr) loaded

X (wherein X represents at | east one el enent sel ected
ontofa supparbwithinua rangenef an atamicfratio ok &li / (Wit MXaaf fnem 0.20 to 0.99.

pl ati num ruthenium gold, silver and copper) | oaded

onto a support wthin a range of an atomc ratio of N

/[ (Nl + X) of fromO0.20 to 0.99. 2. The catal yst for

uge TheRiRalyst foP usefintpredGaidP Sy tHeC cabosty RS héid ester according to
according to Cl aim1l, conprising a conposite

Clanﬁa’?, mﬁ%ﬁl%{lﬁhé %ﬁe HanjoB rti?;’fé b sﬁhc&eﬂheg&ﬁmzéag\ickel and

presents at east one el enent

the X (LIS )@Fe(blllgs&ﬂgsét $64d1%ne element selected from the group consisting

of nickel, palladium, platinum, ruthenium, gold, silver and copper).

3. The catalyst for use in production of the carboxylic acid ester according to
Claim 2, wherein the composite nanoparticie is a particle having X at a core thereof

and a surface of the core is covered with the oxidized nickel.

4. The catalyst for use in production of the carboxylic acid ester according to
Claim 2 or 3, wherein the oxidized nickel is further independently loaded onto the

support, in addition to the composite nanoparticle.

5. The catalyst for use in production of the carboxylic acid ester according to
any of Claims 1 to 4, wherein the oxidized nicke! is a nickel oxide and / or a

composite oxide containing nickel.
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of nickel, palladium platinum ruthenium gold,
silver and copper). 3. The catalyst for use in
production of the carboxylic acid ester according to
Claim 2, wherein the conposite nanoparticle is a
particle having X at a core thereof and a surface of
the core is covered with the oxidized nickel. 4. The .
catal yst for use in production of the carboxylic acid
eBt elhematalysinigr iuse ial productiar oBthenbarbeixylie heidosster aecording to
ni ckel is further independently |oaded onto the
any ofi[fHaints 1 to &ddvtierein the sbppornpaai blumimaapeohfaiiieg slica-based
The catal yst for use in production of the carboxylic

compésitio YoptaiRivgOosifdd) @ntiCalufia,0Candlad Bfmolint @f%lumhﬁrnelug within a
the oxidized nickel is a nickel oxide and / or

rang?ocﬁfpﬁél‘nt § t8x301§1c9%“5§ Pncgn Y S moi'aff]arﬁouEWSf Per §|I|¥,5ﬁ and the
use in producti'on of the carboxylic acid
rding to any of Clains 1 to 5, wherein the
support is an alum numcontaining silica-based
conposition containing silica and alum na, and an
amount of alumnumis within a range of from1l to 30
nﬂl %I' based on a total nolar anpunt of the silicon and
the TBEGRYF for userB Regdeetipn of die earboxyligagid RstebaAccording to
of the carboxylic acid ester according to C aim6,
Claimifsrwhereiméhe spppett futdhenhecempoags iat deastioneapecieasf basic metal
speci es of basic netal conponent selected fromthe
component setected fiony thed groupatdragisting ofbamlalkadineah&tl, are alkaline earth
earth netal and a rare earth netal. 8. The catal yst
metdl ahduseré @apthagdeedi on of the carboxylic acid ester
according to Caim6 or 7, wherein a conpositional
ratio of nickel to alumna is from0.01 to 1.0 in
terns of an atomc ratio of NN /Al. 9. The catal yst
fgr ’1"@5 c'af%lggto@" ﬁgéq@ p%d@&ﬁ)ncé‘f m%xgérbssﬂ@o%?lﬁfégﬁéq according to

accor whérern a ¢

C'a'rﬁép?g‘fvmgte‘:r‘f%' el fondlyefio kel 1 BRRRRy # fropa R to 1.01n

al i ne pet ’&f}e alkaline earth metal + the rare
oof

term%&%?ﬂ glemig faul

alu

9. The catalyst for use in production of the carboxylic acid ester according to
Claim 7 or 8, wherein a compositional ratio of nickel to the basic metal component is
from 0.01 to 1.2 in terms of an atomic ratio of Ni / (the alkaline metal + the alkaline

earth metal + the rare earth metal).

10. The catalyst for use in production of the carboxylic acid ester according to
any one of Claims 1 to 9, wherein the support is a silica-alumina-magnesia
composition containing silica, alumina and magnesia, and comprises silicon at 42 to
90 mol%, aluminum at 5.5 to 38 mol% and magnesium at 4 to 38 mol%, based on a

total molar amount of silicon, aluminum and magnesium.
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10. The catalyst for use in production of the

carboxylic acid ester according to any one of O ains

| to 9, wherein the support is a

silica-al um na-magnesia conposition containing

silica, alum na and magnesi a, and conprises silicon at

42 to 90 nol % alumnumat 5.5 to 38 nol % and

magnesiumat 4 to 38 nol % based on a total nolar

airbunt hecatdlyst fonuselini productian af the caiaxylic 281 éster beording to

catal yst for use in production of the carboxylic acid
Clairast®rwhemmin dhe gompositiar raticdof wivkeb té alluraineoipemt 001 to 1.0 in

ratio of nickel to alumnais from0.01 to 1.0 in

termt &f e @torhiteratib@fiNi /1Al BAd Whe Nompoditionrafiotd¥hickel to magnesia is
conposition ratio of nickel to magnesia is fromO.01

from!P01 t& 11 NintBHRE FanHioAiCMto saiAng’ N / M. 12. The

catal yst for use in production of the carboxylic acid
ester according to any of Clains 1 to 11, wherein a
specific surface area is from20 to 350 nR/g, a

[ frequency of .a pore.dianeter i,.s from3 tq 50 ,
nlg- al o P IREUFR i pigustion Of na cartiylic 2R ester according to
frthIe di apeter is from1Q to 200 m 13. A process 9
any 8 Glrims,ditog 1L whemina spepifigsurfacepatasyis: frem 8P to 350 m/g, a
carboxylic acid ester, conprising: a first step of
maxigyina ifigalgnay ehadiorediametaris o tp58atmi agore yohinek és from 0.1
and a conponent X (wherein X represents at |east one
to 1.@ miafgnand alperticld diametdrtiefronotP to 200sinst i ng of ni ckel ,
pal | adi um platinum ruthenium gold, silver and
copper) on a support by neutralizing an acidic
solution of a soluble netal salt containing nickel and

% 3.aN8l pPoSREOHpRIERING a Ptalyst! le9 ub86n P& GtidnY of garbexylic acid

heat-treating the obtdined catalyst precursor. 1

esterpfz&ﬁgﬁﬁnbor produci ng carboxylic acid ester conprising
a step of reacting the catalyst for use in production

Q | i.c id ester,gccording to,any one, of .

& 5% BB i ToEiing Y, Setalvionfrsiania bl Besiitatng piskel and a

one or, I?DF]e tl¥|3f(=s of al cohols, in the presence of
com gﬁ(. wherei represents at least one element selected from the group
consisting of nickel, palladium, platinum, ruthenium, gold, silver and copper) on a
support by neutralizing an acidic solution of a soluble metal salt containing nickel and
X; and

a second step of oxidizing the nickel by heat-treating the obtained catalyst

precursor.

14. A process for producing carboxylic acid ester comprising a step of reacting
the catalyst for use in production of carboxylic acid ester according to any one of
Claims 1 to 12, with (a) aldehyde and alcohol, or (b) one or more types of alcohols, in

the presence of oxygen.
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133 15. The process for produci ng carboxylic acid
ester according to Claim1l4, wherein the aldehyde is
a compound sel ected from acrol ein, methacrolein and a
m xture thereof. 16. The process for producing
carboxylic acid ester according to Caim14, wherein
t e aT%@Wq@essSfcu Riosb6ingd cabloxylic acid eateacaasoeding to Claim 14,
met hacrolein and a mxture thereof, and the al cohol
wherein tiee raddelydel s aToempound sselécted piromuacioteinanethgtiotein and a
acid ester according to Claim 14, wherein one type of
mixture¢hateophol i s et hyl ene glycol, and another type of

the al cohol is nethanol. 134
16. The process for producing carboxylic acid ester according to Claim 14,
wherein the aldehyde is a compound seiected from acrolein, methacrolein and a

mixture thereof, and the alcohol is methanol.
17. The process for producing carboxylic acid ester according to Claim 14,

wherein one type of the alcohol is ethylene glycol, and another type of the alcohol is

methanol.
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