; e3e}”"z86nTYhl PROCESS FOR PRODUCI NG OLEFI N OXI DE Background of the
I nvention The present invention relates to a process fox producing olefin
oxi de 5 including propyl ene oxide, which is an inportant internediate -
chem cals for the production of synthejic reagent, synthetic resin, ox
rubber. For production nethod of olefin oxide, a nethod of reacting olefin
with oxygen in the presence of. silver catalyst is known (for exanple, 10

to _US 4845253, and JP-T 2002-510306) which

JP- A-1-231942, which ¢

corresponds to W98/ 58§§§%§%ﬁ%€mwew&owmm (epoxi de) is
not al ways satisfactory. According to the present invention, olefin oxide
can be readily 15 produced by reacting an olefin with oxygen in the

presence of Backitoifid 6848 Wdedilfh O- 2 ol or nore of water per nol of the
olefin. The silver catalyst tehat may be used in the present process is a

si ver catal yst cOhbgirone, hiverelorDfolatey bo/8Tp:08ROMD ¥yl Mo enide,

thereof,_and the silver catalyst usually contains si

more. The ubpdudinigpropylend oxide, sibivieis saibairtast ﬁ&brﬁ%ﬂiétﬁ‘ﬁh@%ﬁéaﬁfg%t ed,
and the silyer catalyst Containing silver |ess than 70% by wei g nmay pe
used. The stH4BF0 0 ofsynshetic spagunt, spnthetidrasihsowbikbared by reducing a
silver conpound_ Exanples of the silver catalyst include, for exanple, 25 a
sil ver-containing conmposition obtained by contacting silver netal or a

L e, T ML S Bl A S

the group ;3{15: sting an 1 norgantc sofli

and option cRygeh ireabe prssenebest asivhio %Ws g Siesting of, an
acid ari% a ._2 nitrogen containing corrpo_l‘jnd %Hr{t i E?lr%&gg%n%fggi%’%ﬁgh*

t her eoft) EXHRA 8223 Ml whicherorresmaingistta TS ¢g45258) afdaIPITE 2092510306

si |l ver-contaj nin COITD%EIFU 8& gbt ai ne bﬁgcont acting a silver conpouhd
with 1) an Th’&?’g‘%ﬁf%?@ do K OE8/68871) SThe pavduetivityaf elefiar oedBpéxidsgani ¢
solid oxidg P :-cantai ni ng conpound, and a reducing agent, or 3) a
nmet al carboﬁé@g%%%éggggggfaﬁ?ogr 10 4) a nmetal carbonate, and a

ni t rogen-cont ai ni ng conpound or 5) a netal carbonate, an acid and a

ni trogen-contai ni ng conpound: and a cal ci ned conposition of any one of 1)

to 5) above. According to the present invention, olefin oxide can be readily
15 produced by reacting an olefin with oxygen in the presence of a silver
catalyst and 0.2 mol or more of water per mol of the olefin.

The silver catalyst that may be used in the present process is a silver
catalyst containing silver or a silver compound or a mixture thereof, and the
silver catalyst usually contains silver 1% by weight or more. The upper limit

20  of the silver content is not particularly limited, and the silver catalyst
containing silver less than 70% by weight may be used.

The silver muetal may be a silver metal that is obtained by reducing a
silver compound.

Examples of the silver catalyst include, for example,

26 a silver-containing composition obtained by contacting silver metal or
a silver compound or a mixture thereof with

(A) at least one selected from the group consisting of an inorganic

solid oxide, and a metal carbonate, and optionally

(B)at least one selected from the group consisting of an acid and a




Preferred are: i ) the silver-containing conmposition obtained by contacting
a silver 15 conpound with a reducing agent in the presence of a netal
carbonate, ii) the silver-containing conposition obtained by contacting a)
silver metal or a silver conpound or gznixture thereof, with b) an
inorganic solid oxide, c¢) an acid, and 20 d) a nitrogen-containing conpound
and iii) a silver-containing conposition obtained by contacting a) silver

netal or a silver ¢ d.ox.a. mxture thereof. with b) a metal carbonate,
c) an acid, and 25 %Eplgolé%ﬁ@&&@ml?gﬁ%mﬂ‘ﬂ’é{’@&ﬁipound, and iv) a calcined
si | ver cont ai ni NgeLRMESEd : i+ y cal ci ning-the conposition of il,
ii) or iii) above. Exanpl gﬂgﬁlﬂ?hgtg?%vogr conpound i nclude, for exanple,

silver oxide, siIEaam;ﬂéé)ﬁflﬂwsilﬁéﬂUd%&lﬁt%é‘l&ﬂe,?&z‘ééﬁim fate, silver

cyani de, silver halide 3 (e.g. silver chloride, silve rom de, and

silver iodide), sl ¢dverenieuying eotragition | vietaincdt by € cosfacyini t&ergqq@i.e,

silver citrate, or.,silver lactate), and silver actyl acetonate. Exanples of

t he redg%iﬁﬁnﬁggﬂ?dﬁﬁah may be used to reduce the silver 5 conpound

i nclude, for exanpl e, .a reduci as, such as hygdxogen, al cohols such as
U daR

met hanol , et hanol * Tt SPpHeGHELC § side, apd\a meda onage,opy| enegl ycol ;

gl ycerine, am no - (] | am_noet hanol , sacchari des such as
gl ucose, frut osee%)%gggtg(%ég%@é Eie('\n‘%dé _e BripftaRE Lomroung, @ady de,
acet al dehyde, 10 propdurisieRyess, oeut yral dehyde, benzal dehyde, hydrazine
conmpounds such as hydrazi ne, nethyl hydrazi ne, ethyl hydrazi ne,
propy! hydr azi ne, Hut metghicadionete candhnmeid)edr azi ne, netal hydrides such as
l'ithi ug\ghydri de, 43odi um hydri de, potassium hydride, cal cium hydride, or

e

nmagnesi-tm hydri dé¥ 544 PAfe arhpcukgees wontainiby camponadi arm
bor ohydri de, potags|] rohydxi de, or .di net hyl am uoboran, and phosphites
such as sodi um hy r%é@h&gﬁgﬁ?ﬁi‘t& 28 ai}gt%%‘ii%ﬁtﬁ9ﬂ?$§%t%Hbﬁ)mmnomdb

reduction of the a8 =¥ : by 20 reacting the
silver conmpound vﬂdhagml&n%@?%ﬁgabﬁ%ﬁg%ﬁ éeﬁéggggﬁ?hgg?@%‘ht usual ly at
-30"i to 300g, pRakfabldwred” C to 200g. Exanples of the inorganic solid
oxi de include) for, ,example, a) silicon oxides, or b) alumna, calcia

(cal ci um oxi de), hﬂ@h@@h’?rtcbnmihéng)mmipmﬁidmobmmww @ataBlAk PNIHRS

thereofx(e.g. conplex.netal aqxides cqQnprising any two 25 or note of the
OXi desi%f §?“PR|“T’T’%<£1?(‘ requcing ageny 1n the prpsencsiofinmetal carbonats,des

typical Iy includg) tgb!shear 96hiahids &mposition obtained by contacting
a) silver metal or a silver compound or a mixture thereof, with
b) an inorganic solid oxide,
¢ an acid, and
20 d) a nitrogen-containing compound; and
i) a silver-containing composition obtained by contacting

a) silver metal or a silver compound or a mixture thereof with
b) a metal carbonate,

¢) an acid, and
25 d) a nitrogen-containing compound, and

iv) a calcined silver-containing composition obtained by calcining the
composition of V), if) or iii) above.

Examples'of the silver compound include, for example, silver oxide,

silver carbonate, silver nitrate, silver sulfate, silver ¢yanide, silver halide




di oxide) and silicates. Exanples of the silicates include, for exanple, i)
wat er-soluble silicate such as sodiumnetasilicate or potassium 4
netasilicate, ii) zeolite, which are typically crystalline silicates,

havi ng i sonor phous franmework structur such as zeolite ZSMb, ZSM 11,

ZSM 12, ZSM48 ox MCM 22, and 5 iii) nesoporous silicates having nesopores
wth dianmeters of 2nmto 50nm such as MCM 41, or MCM 48. Exanpl es of the

N . MM al o  Bxaml
havi g | noor ST S bt Liffer g, o GIRAETRGe). e g oo i ig ni n
their frameuibyde Sbetutbusaver BaALSALY, GBIRT Alrakl 0Bl BB BLES oD

e
referred to as waterinsoluble silicates. Preferred Silicon t termay
be used foragiydpmtongtd.he silver catal yst conposition are silica gel and
t he water-insoluble silicates, nore preferred axe silica gel and the
wat er - i nsol ubl e sPrpwRles obthe roduging aigent thatomayi ket el s galvtdeatie\siRbr
sili conr?gi oxi de, Tae oper ous sii@i cates descri beqd above can be produced,
for exarpl e BYRY PB@% THFERP@: &eLUEmE as diydmogen,

5008084, Zeol |t o, eBNORORF L 8555 Et%’r?q:ﬁ’?ﬂ%%oi@%%? : &iqr&:é?feg@?,
20 865 o?iﬁ@é? is ’ ,
opti on?al F; I?-o OV\I/léedgl giﬂﬁ%cgﬁ‘gg ﬁﬁlﬁ@f@:&n‘g ’I ?rzﬁ%t#ﬁ&%@hgﬁéﬁrgngwng

the tenplate by csccharidgsauch asqiRess| fhetode, 39E02ct809C. Al ternatively,
the silicate can he Brepared in the presence of the silver conpound.

Exanpl es of the rildghyder beomapeunde| ustesh f cas exfarmiaddedmegn atdtaldehyaeal
car bondPe, HRPHTRR RIS i GHa etec BrBETAEbYStion a5 mmgnesi um car bonat e
ot al car bonat o SR el ABSRRIRNT, SebC A4 CHGHAB. pisohutu ratne,
Tetal carbonat e A ! B phEn e

carbonate that mayetsd hpbudéssech asdithiiGuphydaidsy sv@ivgh thy i, YorRbsiud 1 tO

30 parts bﬁ4 v{g_i.gh}féﬁ)er part by weight of the silver contained in the
silver met Y14 alanm aydeidgpetmammesivm Inidtide,e t hereof . Exanpl es of the

acid 98,000, TObREIRLT, AAoean €80 4, g en organio A e e

and por oh S BXILRERORM AR, br b ISR B 71 C acid and 10

nitrous acid phosphites such as sodium hydrogen phosphite, or potassium
hydrogen phosphite.

The reduction of the silver compound is typically conducted by

20 reacting the silver compound with 0.1mal to 20 moles of the reducing agent,
usually at -30T to 300C, preferably, 0T to 200C,

Examples of the inorganic solid oxide include, for example, a) silicon
oxides, or b) alumina, calcia (calcium oxide), magnesia, titania or zirconia, or
complex metal oxides thereof (e.g. complex metal oxides comprising any two

25  or more of the oxides of Si, A, Ca, Mg, T4, or Zr).

Examples of the silicon oxides typically include, silica gel(silicon

dioxide) and silicates.

Examples of the silicates include, for example,

U water-soluble silicate such as sodium metasilicate or potassium




Exanpl es of the organic acid include, for exanple, an aliphatic carboxylic
acid such as oxalic acid, propionic acid, butanoic acid, citric acid,

mal efic acid, fumaric acid, or tartaric acid, and aromatic carboxylic acid
such as benzoic acid, dicarboxybenzengy tricarboxybenzene,

di car boxynapht hal ene x5 and di car boxyant hracene. Preferred organi c acids
are aliphatic carboxylic acid, and nore preferred are oxalic acid, or
citric aci gyeAR;3pyNt of the acid that may be used is 0.1 nole to 10 noles
per not of the silver contained in the silver netal or the silver conpound
or the m xture thereahlitEXam¥; t i gen- 5.2l Ni oynd

i nclude, for exa%l e, Zo%m?reg%fgg, Qlfétaﬁd %%%ggﬁg%%%% nis%lgcagrg anﬂ%ng
conpound smﬂmamlmusarﬁ*memmhomcmreansaehdagdgém;tesgl,tzgh,pg'eozsgpg_:f as
t he am ne %i\goxgl ate or the amine hydrochloride, an im ne conpound,  ani de
conpound, tk :t@Mo‘kﬁ)%MﬁM&BEmry&ni c nitroso conpound, or an organic
nitro c%rrpound, alg)d a quaterlr}%{iy amg)ni_um salt. Preferred are the am ne
conpourtl and t he™¥sEEPRORATHRLECAISR thavABE aBesandEhs Aith eametens afhmtyl at e

(e-g. the 1 t (FTI IA‘ a 0of, t he nitrogen-contai ni ng conpound
t hat may bg%g{gdﬁl%g %stslg‘aa ygb.wyt%?‘zo nol es per not of the silver
contai ned in thershhsies 1 iel e, .00 m xture thereof.
s Exanpl es of the akn?lﬁesﬁn%euﬁgl%aﬁgf ajgeltne]?gra e aﬁ%ﬁc‘i’e%&&%ﬁ--% gﬂ‘?%‘ﬁ i c or
aromat i ¢ ametallosiipatexihavitly iagorfirbydd M, Ry, Cat,'Bd, B VeV PCLMbaN] 1€

n- but yl am neé anmyl am ne, hexyl am ne, heptyl am ne, octyl am ne, decyl'am’ne,
dodecy! ani & SnsvHdiy theimiyamemektatiactivaes. Bhelsilidagesof ibhndiifl) ams 2gbne,

di but yam ne ri hyl am ne, triethyl.am ne, ethanol am ne, diethanol am ne)
triet >FI}'anoI gﬁ#ﬁ{ffrgffg#ﬁcﬁﬁtﬁﬁ'ﬁ@"l? ieréiﬁéﬂ%ﬂ- enedi ani ne)

pent anet hyl enedi am ne, diethylenetriamne, aniline, benzylam ne,

phenyl enedi am ne, and an am no acid such as glycin. Exanples of the imne
conmpound i ncl udePrdfosr<X ailidod) I [Mag! y. i.di i per di ne,
and pi pera2ine. Exanpl es gyot hgﬁg%&gago%gﬁ%%ﬁ%ﬁgli&ggéfeﬁggﬁie%(ghn%%gygr

acet am de, catadystecompositionEarmsilicn gél thd thd materdasslabns siln@tgdenotor
exanpl e, benzonitrile, and butyronitrile. 15 Exanples of the vitro conpound

i ncl ude, fR¥elegdppEe silicaoBeh Aade thenwaterinsojubld adicatmmd] #) ad tikip
nitro co . incl ude,,for exanmpl.e,.,nitrosodi net hyl aniline, and
ni tro?onap@%gﬁq&ﬁﬁﬁﬁqé@%fﬁfﬁﬁogﬁé?"‘éfiﬁary ammoni um sal t incl ude, for
exanpl e, 20 quat gmm’u X} h_as..tetranget hyl ammoni
hydr oxi de) tet ra?}ﬁe%lﬁfﬁéggjmm S_mgﬂy g%é;i%%?q%éﬁr 5%%@?%%%%%&3&%&
and a quateyamaple, ampni iR dralyAeg SUskyAsict etsﬂ%ehylémﬁgn chleidg, or
t et raet hyl anmoni um brom de.
tetraorthosilicate in the presence of a quaternary ammonium salt (USP
5008684, Zeolite, 18, 404-416 (1997)), a primary amine {Science, Vol. 267,

20  8665) or a block co-polymer (Science, vol. 269, 1242) as a template, optionally

followed by hydrothermal crystallization method, and removing the template
by calcining at a temperature of 300 to 800C. Alternatively, the silicate can
be prepared in the presence of the silver compound.

Examples of the metal carbonate include, for example,

25 an alkali metal carbonate such as sodium carbonate, potassium

carbonate, rubidium carbonate,

an alkaline earth metal carbonate such as magnesium carbonate,
calcium carbonate, strontium carbonate, barium carborate, and

a rare earth metal carbonate such as scandium carbonate, cerium




The silver-containing conposition of the present invention can be 25

obt ai ned by contacting silver netal or a silver conpound or a m xture
thereof with (A) at |east one selected fromthe group consisting of an

i norganic solid oxide, and a netal carponate, and optionally (B) at |east
one selected fromthe group consisting of an acid and a 7 nitrogen

cont ai ni ng conpound, usually in a solvent such as water) nethanol, ethanol,

propanol , tetrahydrofuran, toluene, hexane ox m xtures thereof, at 0 to
200g and cofREAaLes: 95 YHerbivsy sarhgnatene Brafewnedc omtal mambonatesi asd the

conposition : ained, for exanple, by calcgining the, ) )

si | ver - cont %‘g&%&%@ﬂ F%ﬁ’%ﬁf%ﬂ ned %E¥3559g tgx@ 3BovEanic 3obR quide erabl v
3d0 to 700 tke apefliXcAtHHSR i J caht-a ni Ng ;60Mposi tion . be
mol ded and t hen gg‘}lcic%%d, orgeitE et ca cisﬂneexgé% %ogﬁi%onqrg@yggﬁ%nh’d?&@t’

t her eaf t er . pigferablodes 3o G0 gd1es bPRIELE e i - Wk Se
or conti nuously, _bgt isopreﬁfer%b?y c%ndg?:{g%rﬁ ggcontéiﬁggfgvggggéﬁgﬁg\@rom
an 10 i fdusia the silvenpeital or et silyeri wabpourel beths wexommiHerabe t he silver

cat al yst describeg aboye is used in the present reaction. Typically, the
anount of the sil¥¥angpaespfthe apsk inehyde doxisnaimipde 0 ONGFamdt acid, @B N

ternms of si)ver .per. f the olefin. 15 An anpunt of water that may be
used is usu‘g]igi%ng?‘ﬁlﬁr@? ei?rtﬂ'cé b%FH%Fg%‘Pct%Féd-ol Expmples of the dnotgdamic
thereof is HQdRARRKIRU L{d L.on t.ne anount,. of wat er es not
adversely affect tﬁ%’ Ed;}g%:%asﬂgb IEthillg’qa%%lél gf:%r%ﬁf’ IPSHF%}‘%JPFSP‘JQ(?%&%@ AC

| ess. Pref exdil) aridhpepchlogic 9éidVatiBifd$cd-ia icl Rei ;

preferably 0.3 nole to 8 mal es per nol gf 1t ﬁg%)ﬁgf ?ﬁlﬁgTﬁg \;\qg%rér %dr%ﬂ be
suppl i df | mirqus asidf st eam Exanpl es of the olefin include, for exanple, a

C2-6 olefin such as et Igeyl ene, propylene, 1-butene, 2-butene, isobutene,
1-pentene, and 1- Rees ohother eresmiedarid pndpdecfor efaFplel efn nalighatihe
used as it j . . be ysed as,.a nmixture w.th ap .inert gas such as

ni trogen, heé Pﬂ%’r{hg?&c‘g’?‘b%haai°5%8é¢1§§rﬂnl%ﬁm£obuwlq aeid; chais adidt nay
be practicahhleifdddd T Sic Qe I £ p L_of.the,olefin.. The
oxygen may be Used &l one oF %}anggzaﬁgél& %@d,a%%gg%t{ﬁ%ar\kﬁ{(ﬁw AEd sl gas
as descri beuh drrodc adid, divanbixyterizifie OtY@ABokFEnZER%, Btal! |

accordipg to the reaction node, catalyst, react iI:)n t’errpeargf@%?ﬂelﬁﬂgg@ﬁns? 8
usual | $20. GRdrgrearbexyauthraress. BrefeoredbbyganidRaids arboaliphamt earbeiyli! of

the olefin. The reaction te rature,is usually 100 to 400 C, and is
pref erably "-’ffg T 35 P:fe%%ng‘g.aaﬁ%ﬁhaﬁ &7 cH¥ihetdnAnsarmonat of the atida

reaction t r i ght dyeed pre re,t | i ghtl re rized

pr esslure aﬁ'ggﬁn e}r”bgulg Edflesla(g{i i %x%le[)?oeggﬁgpe}sﬁ%gqoa #ﬁgelcsgﬂﬁi‘égg%; fI;le

wat er, thethbygilokehdtadse §Re kv @ﬂﬁg@gn&‘gﬁ't%hgmgﬁtf&eiog ty. The
icallTy at a

reaction of the invention nay be conducted typ ressure range of

0.01 to | MPa absduareplesrofithe atitnogtf-ddndining CoblfBandbeRiwieE fol Exifﬁgﬂ ]
present reaction, the ,silyer catalyst, water and olefin are m xed t ti)ri ng

t hem i A° c o ATHEP DR #nd & RIGOERR confaining lesgariscedmpountiesuchaas izon akdigei d or
the reacti i1S..C t ed. and i.sQl at by conventional _separation

net hod sucﬁ&gg’%gflgﬁrl %IF f?lf)ane.‘djdllg:t %&%@‘?fgﬁ“ﬂ%@ etmpng sahoxyiate asithai ned
include, famig¥amedeoctablieengn Oxh G, 5%@“ e Q@'@ge, t eng oxi de, .,and
pent ene oxi de. Exﬂ?rcrlpl es The’ p%(lasent i no\?e | ggd]i & I 5?%&3“5@' WAy gfLe
exanpl es i nompoandehaidrgdfiagittedd etpoldid, dil ah SrBRhid ]if,m.& @&nﬁmﬁﬁf\xﬁt Qnd
Reference Exanple 1 4g of crystalline silica having a framew 1
structure RsUWBesRas ampmoninmosalZsEreferedaare 4hg mhiriotoRyeiaAGmAEhET are
added a %@rfl gsk at , 20- 259&? a\}r}g1 under agitating 2.1g of silver citrate
are adthed ERg afgushFalt therepl\such a5 the adnine sarbowsdate dogetheuaming 60 ~
for 1 hour étg@%)resulti ng was dried by evaporation to give a solid

mat eri al . ﬁe obt ai ned powder was nol ded by a tabl et nol ding device, and
the nol ded mat er Aal afA8&ns b2 VIS n YL W - ' = nd {he sieved
mat eri al was 9 chargefj1 into a ca%ci %ﬁ%ﬁ@ﬁﬁgﬁggﬁ%{l%ggg aya%'au@'ﬁ‘i!{é? ned
under an nisudilpwodimdleows / 20 noicedt 0o dfothd Bioves doRtdinég anSilyer

catal yst. E)l<arrpl es 1tqQ 3.
sllver-metal or the silver compound or 2 mixture thereof.




5 2nmL of the silver catalyst obtained in the reference exanple 1 charged
into a fixed-bed gl ass tube reactor having | Onmi nside dianeter, at

at nospheri c pressure (corresponds to O | MPa absolute) at a reaction
tenperature o 200 ~, propyl ene was fedgat 360nL/Hr, air was fed at

360nL/ Hr, and water was supplied in such an anount as shown in table 1 10
and reacted. The results are shown in the following Table 1. Table 1

Exanpl e Condi ti orlhsEx. I Eex éF; 3Conparative Ex, I Water feed. (il Hr)O0. 3i 20Conv.
of Propyl ene (% X 3PFRRESgH! bFo%%’é?lec%Qi@% ipclysie, Hey oepmple, Gurpn28t i ve

| 1 ) : . i t i t.i iym |,
manner as chpiiyie PRy Beyd AR En PRI R5En oty tine, SRS s nown
in table 1pRBghRieiee ExbMydaRind Iragayﬁﬁfeereﬂgg@@ﬁ%' eEii;g%glle N

catal yst was prepared in a Simlar manner as the er enceé éxcept
that |g of cstylaering| t detplaweneys eiddecylithibepmateard]ldinens X P&l SR 1amaSe,
conductgd Itfﬂ %ﬁéi m | ar manner as in Exanple 1 except that the silver

cat al ysP optathidamine: diprepylaminee diityimine, taimetiadamineg, tfiethylamitd)e
cat al yst US%E i% Exanpl e a 'aﬁd that, reaction tenperature was set at 180C,
and propyl &YB3B%RRNRas ofteitABAlamNS, | o fBeERARARNBA, wasdmminoethane,

I ' : ' 1 , | [H. Co ' Ex I 2
0T exanb b o B Rncihit 8 8 tiffndthilanfianilre, o Met SN GTRRR,
exanpl e 4 exGRAS, bdidlylRLLL, ﬁwe'ﬁywﬁecﬁaﬂﬁiaé,e&ad iﬂda.ﬂﬁnc‘(‘ﬁéidcﬂ?:ﬁ:i z{s"@?' hat

propyl ene oxi de was not generatéd. In addition, propylene conver n-was

0.2% |5 Refer endxaitxpleplof the imitdeomnpbend includs afoRlexalapls, siHyl@Keieahal Vst
was prepared iq, simlar, manner as the reference exanple | except that
mesopot dus PIFFS Eﬁ%‘és piepuline ard DIRATAGRc t he et hod di sclosed in Zeolite,

18, 408-416 (1994, .was, us in pl.ace of the crystalline siljca having a
franmework struct %gn@egsogﬂ&gp € COMAYRD ;nc%g&;p, _or%p&, gacefpnude,
experi nent JWashdidahigd,. out in a simlar manner as exanple 1

Examples of the nitrile compound include, for example, benzonitrile,
and butyronitrile.
15 Examples of the nitro compound include, for example, nitrobenzene,
and nitropyridine.
Examples of the mnitroso compound include, for example,
nitrosodimethylaniline, and nitrosonaphthol.
Examples of the quaternary ammonium salt include, for example,
20 quaternary ammonium hydroxide such as tetramethylammonium, hydroxide,
tetramethylammonium hydroxide, tetrapropylammonium hydroxide, and a
quaternary ammonium halide such as tetramethylammonium chloride, or
tetraethylammonium bromide.
The silver-containing composition of the present invention can be
2b  obtained by contacting silver metal or a silver compound or a mixture thereof
with
(A} at least one selected from the group consisting of an inorganic
solid oxide, and a metal carbonate, and optionally

(B) at least one selected from the group consisting of an acid and a




except that silver catalyst obtained in the reference exanple 3 was used in
25 place of the silver catalyst obtained in the reference exanple 1.

Propyl ene conversion was 0.2% and propyl ene oxide formation rate was 5 a
mol / Hr. Conparative exanple 3 In exanphe 5, the experinent was carried out
in a simlar manner as 11 exanple 5 except that water wan not suppli ed,
and it was confirned that the propyl ene oxide was not fornmed. In addition,
t he propyl ene,conversion was 0. 1% Ref erence Exanple 4 To a sol ution

contai ni ng 774 BEH HRtERERE RN, ussadlysn aselyant Such ag vedter, methanol,

n- dodeeyl am f.silven nitrate,charged in a flask was added .
dropwi se a so Stﬁ ?grﬁ gé%{lgll rﬁ%ﬁx g%ﬂryblfa’é’tif?é“%‘i‘e’ agg oygupstures thereof, at 0

t et r aet hyl ortbh28913 ci® Bhedd y EL LT d was further stirred
10 at the same tenperatur ecforrggiggﬁgﬁér‘g%grﬁie% ’p?pgt %@v%ro?qnéwgr Faleingds
col | ect ed byohipasitioh @andws obizshed, firtdx 18! b9lcatiifaiw ' rjed
under reguced pressure_at 70" 1r. The obtag?%ed g(;:\fav%%r vﬁagh%rgpgglgc%@ﬂg%’g’lgjet
mol di ng PeviCEBIPOFHAOR pbtajned s atiavie A20MBLaER0CS preferablydsahnes 966°0 h 9nd
gl ass pi pe and gal ciﬂed \l,:@ger_ an 15 air, flow of 100nm.1 m nute, at 50U ~ for
3 hours to PepiResRhere. e silyen gentaininggomeeposition mag bel moldéd andithear

catal yst pr : i he refenence exanple 4. was charged into a fixed-bed
gl ass tube rﬁgac %C}’ (#a encg?lﬁlﬁeflﬁﬁﬁp%ﬁt&%f’é‘?y Be mof 28 tgﬂﬁf%ﬁfﬁerat at nospheri c

pressure, which c e . S nd, a Jeactian |
t enperat ure of _Zogrg::,{e ;ﬁ)%s?ggcehh\%aisﬂ\@gﬁ%t %ﬁf/%ﬁlﬁu&gﬁf\%ﬁs& &’é&&é{t‘”%@ﬁu Hr
and vat er wesnfisdonsly bat dd prefeFable cdnd et £3bhei R Blttiof Urak'en

e 2. a

reaction, The results are shown in the followi ng Ta

Exanpl etonddnsniatvierrointonp. Ex. 4Vater feed (nil Hr)10. 30Conv, of
Propyl ene (% 2. 41 /Propyl ene oxide ( a nollHr)39140 Conparative exanpl e
4 |n exanple 6, tﬁggwﬁ’éﬁﬁ%ﬁﬁec\ﬁé@ amoppg of dhe cadalyet deiseribed above

1s used in the present reaction. Typically, the amount of the silver catalyst
that may be used is 0.00005 mol or more in terms of silver per mol of the
olefin.

15 An amount of water that may be used is ugually 0.2 mole or more per
mol of the olefin, and upper limit thereof is no particularly limited as long as
the amount of water does not adversely affect the process. The upper limit is
typically 20 moles or less. Preferably the amount of water is 0.2 mole to 10
moles, more preferably 0.3 mole to 8 moles per mol of the olefin. The water

20 may be supplied in a form of steam.

Examples of the clefin include, for example, a C2-8 olefin such as
ethylene, propylene, 1-butene, 2-butene, iscbutene, 1-pentene, and 1-hexene,
and preferred is propylene. The olefin may be used as it 13, or may be used
as a mixture with an inert gas such as nitrogen, helium, or carbon dioxide.

25  An amount of the inert gas that may be practically adapted is 50 moles or
less per mol of the olefin.

The oxygen may be used alone or may be used as a gas mixture with
the inert gas as described above. An amount of the oxygen that may be used

varies according to the reaction mode, catalyst, reaction temperature, but is




5 except that water was not supplied. The result is shown ;", Table 2.

Ref erence Exanple 5 3g of silver carbonate and 10g of ion-exchange water
were charged into a flask and at 20'25 ~ under stirring 4 g of aqueous 28w
% ammoni a 10 was added thereto and wasgfurther stirred for 10 mnutes. 2 g
of oxalic acid, and 7.2g of cal cium carbonate were added thereto and
stirred for 1 hour at the tenperature. The resulting m xture was dried at
70°i and the obtai ned powder was nol ded by tabl et nolding device, and

si eved out wstially20.93 melehtsiP@anoles, prederaidy §e0S innole te I axdepppr weidf

cal ci ned undﬁr ?qggir flow of 100nLl minute at 350 "~ for 3 hours to
prepare a sitPg&relt al yst. Exanples 8 to 9 2 ml of the silver catal yst

prepared in the r r %ﬁ i{gcp ' : SsS
t ube reactor havi %%a%aﬁﬁﬁgﬁ%%?%lﬁfg mﬁgﬁg% a;@ n’oé%ﬁggpgg%F%sl ure,
whi ch corregpondedecO. | MPa absolute, and at a reaction tenperature of
200g, propylene was fed at 360nL/hr, air 13 was fed at 360nL/Hs, and

wat er wa8 fed as [Mistprbcess thbhe igvéitithés peadhaedtat gaeaytionttetdperature

reaction. The results are shown in the follow ng Table 3. Table 3 Exanple

Condi t i ons Eef BEghtlzoredaicad ipresre Instlightiepressurized) mresswcoand omder gighene
I

%9 3-84.90. 6Pro ene oxi de a. m | H)9211012 atative le 5 In
Ccnpl o 8, THESKAM BRESRONE TRRESCH Fh% 00 MPoQHAcob ¥ ean Hetel eletapbridaae
wat er was n ' | al, e ' a .z e
Exanpl e fSS G%cdég eltvﬁ%‘e%éggll ;’r?ngérll%‘;&vl]@%g 0 8\i,\fgérial-c ggghgﬁgggmﬁ%gpﬁ%b ggﬁgi) €
oxalic acid c@ﬁ&uét@d%rp@éa]g# h/ 8'pre¥d e fange I E0Tharadal {¥dhdte! paskrly
20-25 "Cunder stirring and was further stirred for 1 hour. 2.2 g of

et hanol 2@ n®,0DtR20.PoMRabhbisluatear bonat e and 30g of ion-exchange water were
added thereto and_15 stirres for 4 hours at the tenperature. The resulting

m xture was driedlntthel@eessnt renctin atheegilpenvratalyst mater g olefin are
ol ass. pi po. HEeAdp e ORI SRS TIERI B OBOmL / m nut e at 390 ~ for 3
hours to prepare asfl) MRS reaction, the reaction liquid or the reaction gas is collected
and isolated by conventional separation method such as distillation.
15 Examples of the olefin oxide thus obtained include, for example,

ethylene oxide, propylene oxide, butene oxide, and pentene oxide.

Examples _
The present invention is explained by way of examples in more detail

20 as follows, but it is not limited thereto.

Reference Example 1
4g of crystalline silica having a framework MFI structure
isomorphous to that of ZSM-5 and 40g of ion-exchange water are added to a
25 flask at 20-256 T and under agitating 2.1g of silver nitrate are added
thereto and after having agitated at an inner temperature of 60 T for 1
hour, the resulting was dried by evaporation to give a solid material. The
obtained powder was molded by a tablet molding device, and the molded

material was sieved out with 24-48 mesh-screen and the sieved material was




catal yst. 20 Exanples 10-11 2 ml o the silver catalyst prepared in the

Ref erence Exanple 6 was 14 charged into a fixed-bed gl ass tube reactor
having an, inner dianeter of 10 mm and at atnospheric pressure, which
corresponds to O | MPa absol ute, and atga reaction tenperature of 200°C,
propyl ene was fed at 360nL/hr, air was fed ~, t 360nL/1ir, and water was fed
as listed in Table 4 to the reactor 5 to carry out the reaction. The result

was shown i he -Table 4 -bel.ow, Jable. 4 | e , ]

Condi 11 ons EXEREEA Ritea IF BRE v B3 Teie of Pebancalrioed. mdraan sinflow of
Propyl ene ( =QRY | : 5107 ~14 Conparative
Exanpl e 6 131)%&2@%&&?3@@F:qgrxggroi%%%r@l? %Lég&%%ggt%ﬁ?tl nasimlar
manner as exanple 10 except that water was not supplied. The result is

shown in Table 4 above. Reference Exanple 7 15 At 20-25 "C, . 126g of an
aqueous si | vBramnlesfldoshl ution containing 26g of silver nitrate was added
dr opwi se%over 30 mnutes to 657.7g of a slurry containing 57-7 g of calcium
carbonat® and sti ##dd Hothe slyerscatmigstr ebiained gins dhedreforendealexnamle 1

col lected by, filtration.an shed fqur times with 100 ml of ion-exchange
water to gi a’ﬁdgm(%‘f’ aaﬁ%‘?‘gp\é\ggl%?s tg.ﬁqe\,r@acgq; kavmentinm intde dizmetramat e.

9.1g of theggl ar cal.ci car bpn AWXtur e charged into a
flask, and %gmggﬁelﬁ‘gnl?%%gﬁg%ggoggﬁgg?ngﬁdg%ﬁg@a2%£§/&1\fa\/géa(?ﬁe3u§eacﬁ°n

t et r amet hy| empedatird Yol 260 0€, viekiedy t g\a_l,% St LLi ri
hour. The resulting m xture wa\é\&:j(rgjl ed undaeéquggdﬁtcg prIé,sHs%rSaééa?E%Oég éﬁd
then the obB&PmddHpondd wates waé degplivd dntsiehesy ryhohng as ehiosd, B dalstiey ed
out with 24 to 48 nesh-sgreen, and then charged into a gl ass pi pe reactor
and cal neﬂngt reagbeg. 1 drhesresylissangrihomwmm she following Tdiglerd./ nin to 5
prepare a silver catalyst. Exanple 12

Table 1
Example Ex.1 Ex.2 Ex.3 Comparative
Conditions Ex.1
Water feed (mL/Hr) 0.3 1 2 0
Conv. of Propylene (%) 1.4 3.4 3.8 0.7
Propylene oxide 29 61 79 1
{ &£ mol/Hx)

Comparative example 1

15 In Example 1, the experiment was carried out in a similar manner as

example 1 except that water was not supplied. The result is shown in table
L .

Reference Example 2
20 In the reference Example 1, a silver catalyst was prepared in a

similar manner as the reference Example 1 except that 1g of silver nitrate

was used.




2 mM of the silver catalyst prepared in the Reference Exanple 7 was charged
into a fixed-bed glass tube reactor having an inner dianeter of 10 10 nm
and at an atnospheric pressure, which corresponds to O | MPa absol ute, and
at a reaction tenperature of 200k propy ene Was fed at 360ni/hr, air was
fed at 360nil. JHXx, and water was fed as listed in Table 5 to the reactor to
carry out the reaction. The result is shown in the following Table 5. 15
Tabl e 5 Exanpl e ConditionsEx.|2Conparative Ex. 7Water feed (m JHr) 0. 30Conv,
of Propylene (% 4.93. 8Propyl ene oxide ( a nol/Hr)8442 Conparative Exanple 7
I n exanpl e kR.theicexperiment was carried out in a simlar nanner as exanple
12 except that ter was not supplied. The result is shown in Table 20 5.

et erence EXarpl oThe ofciada: e A SEDANG! RLGALS UTHLIBNLS

m xture as prepared in the Reference Exanple 7, axz

wat er were &hesmjethatithe silvieramkalyandhaihgd Gh thiehmienedh vk nf18was 2geal
oxalic z,cbid.we e aof};&l d thereto at 20 to 25C, and stirred for 1 hour. 5 The

resul tiny mXPiae satalysthusad by Fxaanplednand ehabredati panpentueswag! ded
and t hen

by tabl et édi g i ce,and sieved,put with 24 to 48 nmesh-screen,

charged i n?g taagﬁﬁ ?/'p‘?lb%paﬂﬂﬁsgﬁ WS apfginag. Pranvienaporveraiorawasf | ow
f 100m / m ) i talyst.. 10 | 3vd 2 m of th

gi | ver ca':n aP‘y‘isth’ ﬁ%gg{?@}(’}gfl?o& %@J{?&%’e‘ﬁé‘%ﬁa@"éﬂﬁg ¥ rf:\kﬁarged iﬁto ae

fi xed-bed gl ass tube reactor having an inner dianeter of 10 mmand at an

at nospheric pressure, which corresponds to O | MPa absolute, and at a

reacti on tenfgemparativefE20Klep2 opyl ene was fed at 360m /hr, air 15 was fed
at SGOgIdHr, and i/vater was fed as listed in Table 6 to the reactor to carry
out the'teacti on. Brp%am@dedt theexpriiment warcsroiddonnin Tahinélat. mInkécad

Exampl e CongdjtionsEx, | 3Ex-.14 rati ve Ex.8Water feed (nLlHx)O0.3I0Conv. of

Propyl ene (é%éfhgi} gé?’iﬁg%ﬁs'@goﬁgg i Yas @oy W% qygbyt was confirmed that
propylene oxide was not generated. In addition, propylene conversion was
0.2%.

15 Reference Example 3
In the reference example 1, a silver catalyst was prepared in a
similar manner as the reference example 1 except that mesoparous silicate
prepared according to the method disclosed in Zeolite, 18, 408-416 (1997) was

used in place of the crystalline silica having a framework structure
20  isomorphous to that of ZSM-5.

Example 5
The experiment was carried out in a similar manner as example 1
except that silver catalyst obtained in the reference exaraple 8 was uged in
25 place of the silver catalyst obtained in the reference example 1. Propylene

conversion was 0.2%, and propylene oxide formation rate was 5 & mol/Hr.

Comparative example 3

In example 5, the experiment was carried out in a similar manner as




Conparative exanple 8 20 In Exanple 13, the experinment was carried out sane
as Exanple 13 except that water was not supplied. The result is shown in
Tabl e 6. 17 Reference Exanple 9 9.1g of the silver carbonate/cal ci um
carbonate m xture as prepared in the Reference Exanple 7, and 10 g of ion
exchange water were charged into a flask, and 1.1g of oxalic acid were
added thereto at 20 to 25°C, and stirred 5 for 1 hour. The resulting

m xture was dried at 100C gnd t hen the obtained powder was nol ded by a
tabl et nol dieFEIHREGScRXERE thakWatebwaswat supplied, a8dit Stasswndemedathhtithen

charged intg_a gl ass piLpe and cal ci ned _at ., C for 3 hqurs under _an air

f1 ow of 1oom?ﬂﬁﬁnﬁd>x§¢i€w%§r§aeaveFn@éffggygt ?haar@éiﬁa? SSRYEESIGN Al of
the silver | yst prepared in the Reference Exanple 9 was charged znto a
fi xed-bed gl'ass’ tube reactor having an inner dianmeter of 10 nmand at an

at nospheric pressure, which corresponds to O | MPa absolute, and at a
reaction tenperature of 200  C, propylene was fed at 360nL/hr, and 15 air
was fed at Tededariee Examplovdter was fed as listed in Table 7 to the reactor

to carry out the reaction., The result is shown in the follow ng Table 7.
Tabl e 7" Exanpl e C3Rd EPBHAX coBRinierfAgafaonwexchangwamveterf 60g of ethanol,

(m/Hr)0. 31 nv., of, Propylene (%i,E13..7Q, 4Propyl ene, oxide.( !~

moL" Hr) 3054??%8%5#3@?%%%&&%@1@ @-’fa Oéx%kfﬂreﬂ-ﬁ%?tet rhaEggskif e flaskawas
carried out 4i LI n Le excepi that t was_.not
suppl i ed. Tﬁgaﬁgs%&@% %\Nﬁaﬁlﬁl a?ﬁ%@%ngx{lrﬁgl %%ef%f@%%n@a%\,&egbﬁg t°f§ 13
30 m of iogetguetlonhtRilfate Sit! VEY-263DNIR dt&riﬁﬁ? aRAOWAL fRPtHdrSdtSed
Tabl e 8, and 28% aqueous anmoni um were added to a fTask at a tenperature

range ot0 20zt the sa2fieCempeaitdrofete?Q hdhen 5 g of calcium 5 carbonate was

added thereto to g)roduge slurry) and a_solution of mxture_ of hydrazine
monohydrate in t hereéfBifated Solidsmagerial Fean sobeciad hy fHtratiomamns: wasbeddded

thereto over; 078 BbESinHld $hriks SR d AriaRE i SRS, utcgcrieprggsrur]é A%,
The obtained powder was molded by tablet molding device, and sieved out
with 24-48 mesh-screen and charged into a glass pipe and calcined under an

15 aix flow of 100mL/ minute, at 500 C for 3 houxs to prepare a silver catalyst.

Examples 6 to 7
2 ml of the silver catalyst prepared in the reference example 4 was
charged into a fixed-bed glass tube reactor having an inner diameter of 10
20 rmm and at atmospheric pressure, which corresponds to 0.1MPa absolute,
and at a reaction temperature of 200%C, propylene was fed at 360mL/hx, air
was fed at 360mL/Hr, and water was fed as listed in Table.2 to the reactor to

carry out the reaction. The results are shown in the following Table 2.




solid materi al
mat eri al

to give the catalyst .
Ex.
Ex.

~~Ref. Ex. 10
120. 791. 130. 12

was collected by filtration using filter paper.

Ref .
Ref .

11 2.15
130. 390.

1.583.
570. 06

was washed with i owexchange water and dried at
Tabl e 8 No. AgzCGOa Cg)28 aNHs (g)NHaN tiz ~ HzO (qg)
2. 250. 38 0. 23Ref.
anples 17 to 20 1 m of the silver

Th
| 00C for

Ex.

e solid
5 hrs 10

catal yst prepared in the Reference Exanples 10 to 13 were each charged into
a gl ass pipergaast or having an inner dianmeter of 15 10 mmand at an

at nospheri ceptessure which corresponds to O | MPa absolute, and at a
reaction tgnp ure gf 20Q0C, propyl ene was fed at 3o0Onirnr, aiTwas fed at
360nL/ Hr, dnd wate Zapgde at (1 B8NP to|t héEx.cact or t oCempry out the
reaction. Thede%ul.ts a howt in the following Taggle 9. 20 25 19 Tabl e
9 onditions Ex.d

Ex. Conp. EX. EX. . np.ixanpl el7Ex} | OL8Ex. | | 19Ex. | 220EX. T3Condi ti ons
Cat al yst ( Ref— rfﬁcgé’rp()mEM’l’l 12121813Conv _0f0.3 4}

Propyl ene4, 290. %3. . 52.,50. 2@,. Q. 2(1 0) Propyl ene oxi dg5987510283282( a
nmol / Hr) Co I 4 4Reackiond-Gerelcarri@d out {n a
simlar mapner {@s anpl eg 17 tlo 20 _respectively excgept that water was not
supplied i ExfrFBPg DEORPE 20, (The Bresyl ts shgwn i nOrable 9.

Ref er ence anpl ¢ 6 30 i of ion-exchange watier, silver carbonate in
t he anmount i . v ni um were padded to a
flask at a 10 tenperature range. of 20Cto 25O in said order. Then 5 g of

and a sol ution of

cal ci um caraonate was added thereto to produce slurry,

aqueous 5% CrAragiverrxaamplend as |isted in Table 10 was added thereto over
10 m nutes. After keeping the resuli~ing mxture at 100 for 3 hours and
cool ed to room t etthEXERFIE, 6 B ERPSMESILI WanmaeTied oulsamel heckacthily 6

filtratison doeciticndy bldsh
i on- exchange wat er an

Tabl e 10 No. AgaCGOs (g)28%\Hs (g)aq. 5%iCHO (g) Ref.
Ex.15 1.582.2516. 7TRef. Ex.|16 0.791. 138."4 20
Reference Examyple 5

r...The splid i;exisl was washed with
??Vea%ng sﬁf(?ﬁ]'édr ereRBthis shewg weTable Zat al yst

Ex |4 2.153.7227. 6Ref .

3g of silver carbonate and 10g of lon-exchange water were charged -
Into a flask and at 20-25 C under stirving 4 g of aqueous 28wt % ammonia
10 was added thereto and was further stirred for 10 minutes. 2 g of oxalic acid,

and 7.2g of calcium carbonate were added thereto and stirred for 1 hour at
the temperatuxe.
The resulting mixture was dried at 70C and the obtained powder
was molded by tablet molding device, and sieved out with 24-48 mesh-screen
15  and charged into a glass pipe and calcined under an air flow of 100mL/

minute at 350 C for 3 hours to prepars a silver catalyst.

Examples 8to 9

2 ml of the silver catalyst prepared in the reference example 5§ was
20 charged into a fixed-bed glass tube reactor having an inner diameter of 10
mm and at atmospheric pressure, which corresponds to 0.1MPa absolute,

and at a reaction temperature of 200%C, propylene was fed at 360mL/hr, air




Exanples 21 to 23 1 nl of the silver catalyst prepared in the Reference
Exanples 14 to 16 were each charged into a fixed-bed gl ass tube reactor
having an i nner dianmeter of 7,0 mmand at an at nospheric pxessuxe, which
corresponds to 5 O_| MPa absol ute, andqgt a reaction tenperature of 200C,
propyl ene was fed at 360mL.| hr) air was fed at 360nLIF-Ir, and water was
fed at 1 mM/H to the reactox to carry out the reaction. The results are

shown in the following Table 11. 10 Table 11
Ex. Conp. Ex."Canfedrt C3 %ﬂm&a{ﬂ}@, a2d water was fed as listed in Table 3 to the reactor

~Ex. | 422EX. I823Ex | 6 nd|t| ons(at al yst 141415151616(Ref v of
Propyl ene2, 185255/ SBt > BRACIADy gﬁ@ﬁs@h@ 9&2.@@8@3&?%@%&“%%%1‘%‘%?%
Conpar ati ve Exanpl es 14 to 16 Reactions were carried out in a sinilar

manner as Exanples 21 to 23 respectively except that water was not supplied
in Exanpl esfapbletgo 23. The 15 results are shown in Table 11. Reference

Exanpl es 1£&+t6—19-30—m—of—i-oR-exchange—ivat-afr—siiv in the
anount as (lis in able112, and 289 oaneou%x ni wer e add dto a
flask at g4 20 tenp WEF ande of*®B~ tp 255 s cWIEPerraWSTenSgof
calciumcgrb 1@, a tHereto to pfoduce slurry, et hagmol in the
anount as dT0RY | H2—wes-adged—theret Afff?? 5!\ccp: ng the
resul ting ”‘W&é}&’%@ﬂ (]nggﬂflﬂr 3 hou6% and| cool id to roomt@nperature, t he
reSU|ting sot—ratert+at-—-was—aottettred—hy—f+t+tratian tS+16 g r paper.
The solid r@gﬁbgprg\ﬁsjew@s@@pl W t hqigon- ekcha wat [ at 100 for
5 hours tggrvetheS5—catatysty |a%i§c 12 No~ %\ég;cw ) Et hanol

(g)Ref. EN.I 72955%},&&,2&&83& Ex. 1 83. P. 2539fef . [Ex.19Q979 1.1330
2

Exanples 44 to 10 1 m of tlhe si ver catal yst prlepared in the Eteference
Exanpl es 17 to X% wel@Iwach charged into|a fixed-bgd gl ass tube(reactor
havi ng an Tnner ai ameter _or_I0 mmand at an at nosphneric pressure) which
corresponds to O 11VIPa absol ute, and at a reaction tenperature of 200C,
propyl ene feecLi P?; r, air was fed at 360m/H, and water was fed
at 1 n1/Hr ¥F FEATIR F to carry out the reaction. The results are

shown in the fol e

Ex. Conp. Ex. Conp. EQ%C%%E%Q%%%@%%M%@ A3, 2EFe At FAe B rapple 871710
181919( Ref extepiNhat)water. wad nbt eayplent:3. TRe tdsWlls 2% §Bbvlrﬁth'ﬁ‘efmemyl ene

oxi de690872320( a nol / Hr)

10 Reference Example 6
6.3g of ethylenediamine, 1.9g of ion-exchange water, 6.6g of oxalic

acid and 10.9g of silver oxide (I) were charged into a flask at 20-25 Cunder
stirring and was further stirred for 1 hour. 2.2 g of ethanolamine, 9.2g of
caleinm carbonate and 30g of ion-exchange water were added thereto and

15  stirred for 4 hours at the temperature. The resulting mixture was dried at
110C and the obtained powder was molded by tablet molding device, and
sieved out with 24-48 mesh-screen and charped into a glass pipe and calcined
under an air flow of 100mL/minute at 350 C for 3 hours to prepare a silver
catalyst.

20
Examples 10-11

2 ml of the silver catalyst prepared in the Reference Example 6 was




~z Conparative Exanples 17 to 19 Reactions were carried out

in asimlar

manner as Exanples 24 to 26 respectively except that water was not supplied

in Exanples 24 to 26. The results are shown in Table 13.
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5. A process according to claim

1, wherein tTeblanbunt of water is 0.2 nole to 20 noles per nol of the

ol efin. 20 ' ' - ; ' cat al yst
is a silver EQRLAIRI Ng Sikyerg | Y0t gy /0% by ight. 7. A process
according t Q?,%ﬂaher in %h](rao si | veﬁE’é'gIal ys\t@qrgpgranve

sil ver-cont ' bt ai ned by ical ci ni ng |t he sk] wer-cgntai ni ng
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conposition as defined rmctarmr2—25—8— l ai m 1,
wher ei z~ t he Waterdtedrefal/Hs) a |si | vgrs net @l obyai ned by regcting|the silver
conpound wijth a reduci ng agent,| 9. A procgssaccordrnny—to—ct+arm3, wherein
the silicor Gouvdef Peopplear- (%3d| ubl g osilicate gy sillica gglz 10. [A process
according tlo claim 9, wherein {ne wat er -1 n3or upt e sijficare s 24
Propylene oxide 100 107 14
( L mol/Hr)

Comparative Exarmple 6

10 In example 10, the experiment was carried out in a similar manner

as example 10 except that water was not supplied. The result is shown in
Table 4 above.

Reference Example 7

15 At 20-25 C, 126g of an aqueous silver nitrate solution containing

26g of silver nitrate was added dropwise over 30 minutes to 657.7g of a
slurry containing 57.7 g of caleium carbonate and stirred for 2 hours. The
resulting solid material was collected by filtration and washed four times
with 100 ml of ion-exchange water to give 91 g of a mixture of silver
20  carbonate/calcium carbonate. 9.1g of the silver carbonate/ealcium carbonate

mixture was charged into a flask, and 10 g of ion-exchange water and 5.4g of

26 wt% aqueous tetramethylammonium hydroxide were added thereto under




zeolite or mesoporous silicate. 11. A process according to claim?2, wherein
the nmetal carbonate is alkaline earth netal carbonate. 12. A process
according to claim1l, wherein the olefin is propylene and 6 the olefin
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Comparative example 8

20 In Example 13, the experiment was carried out same as Example 13

except that water was not supplied. The result is shown in Table 6.
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m Table 8, and 28% aqueous ammonium were added to a flask at a
temperature range of 20C to 25C in said order. Then 5 g of calcium
carbonate was added thereto to produce slurry, and a solution of mixture of
hydrazine monochydrate in the amount as listed in Table 8 and 10 ml of water
was added thereto over 10 minu.tes. After keeping the teraperature for 1 hour,
solid material was collected by filtration using filter paper. The solid
material was washed with ion-eXchange water and dried at 100°C for 5 hrs

to give the catalyst .

Table 8
No. Ag2COs (g} | 28%NHs (g) | NH,NH; - HaO (g) |
Ref. Ex. 10 2.15 3.72 0.38
Ref. Ex. 11 1.68 2.25 0.23
Ref. Ex. 12 0.79 1.13 0.12
Ref. Ex. 13 0.39 0.57 0.06
Examples 17 to 20

1 m] of the silver catalyst prepared in the Reference Examples 10 to
13 were each charged into a glass pipe reactor having an inner diameter of
10 mm and at an atmospheric pressure, which corresponds to 0.1MPa
absolute, and at a reaction temperature of 200C, propylene wags fed at
360mL/hr, air was fed at 360mL/Hr, and water was fed at 1 ml/Hr to the
reactor 1o carry out the reaction. The results are shown in the following
Table 9.
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Comparative Example 10 to 13

v

N
1

Reactions were carried out in a simjlar manner as Examples 17 to 20
respectively except that water was not supplied in Examples 17 to 20. The
5  results are shown in Table 9.

Reference Example 14 to 16
S0 ml of ion-exchange water, silver carbonate in the amount as listed
in Table 10, and 28% aquecus ammonium were added to a flask at a
10 temperature range. of 20C to 25C in said order. Then 5 g of calcium
carbonate was added thereto to produce slurry, and a solution of aqueous 5%
HCHO in the amount as listed in Table 10 was added thereto over 10
minutes. After keeping the resulting mixture at 100°C for 3 hours and cooled
to room temperature, resulting solid material was collected by filtration
15 using filter paper. The solid material was washed with lon-exchange water

and dried at 100C for 5 hours to give the catalyst .

Table 10
No. Ag2C0; (g) 28%NH; (g) |aq.5%HCHO (g)
Ref. Ex.14 2.156 3.72 27.6
Ref. Ex.15 1.58 2.25 16.7
Ref. Ex.16 0.79 1.13 8.4
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1 ml of the silver catalyst prepared in the Reference Examples 14 to

16 were each charged into a fixed-bed glass tube reactor having an inner
diameter of 10 mm and at an atmospheric pressuxe, which corresponds to

5 0.1MPa absolute, and at a reaction temperature of 200°C, propylene was fed
at 360mL/hr, air was fed at 360mL/Hr, and water was fed at 1 ml/Hr to the

reactor to carry out the reaction. The results are shown in the following

Table 11.
10 Table 11
Ex. [ Comp. | Ex. | Comp. | Ex. | Comp.
N xample (97 |py14 |22 |Ex.15 |23 |Ex.16
Conditions
Catalyst 14 14 15 15 16 16
(Ref. Ex.No.)

Conv. of Propylene | 94 | o2 |35 | 03 | 20| 02
(%)

Propylene oxide 68 3 47 5 56 3
( £ mol/Hr)

Comparative Examples 14 to 16
Reactions were carried out in a similar manner as Examples 21 to 23
respectively except that water was not supplied in Examples 21 to 28. The

15 results are shown in Table 11.

Reference Examples 17 to 19
30 m! of ion-exchange water, silver carbonate in the amount as listed
in Table 12, and 28% aqueous amumonium were added to a flask at a
20 temperature range of 20C to 25T in said order.- Then 5 g of calcium

carbonate was added thereto to produce slurry, and ethanol in the amount as




10%/$V&' () - 10%/$V& ()-9qqqqq q_?" 10%W/$V& ()- 10%/3$VE& () - 10?/6/$V&' 0)-
100/8V&' () - 10%/$VE ()- 10%W$VE ()- q!'q¥@&q’ q(qg) qvZ>" 10%/$VE& () - .
1098/3V&' () - 10%/$V& ()- 109%/$V& ()- 10%W/$SV& ()-5W M zX)q* q+q, q<q?qAqr R2
109/8V& () - 109%/BVE ()- 10%WSVE () -5WpM zX- 10W/SVE () - |
10%/$V& () - AgDgFql gKgLgZgl -~ 10%/$V& () -5W M zX 10%/$V& () - 10%/$V.& O)-
10%/$V& () - 10%W/3$VE ()-2Z9[qg\gl 9*q_g gt X* 10%/3$V& ()-5W M zX 10%W/3$VE& () -

10%/3V& () - E{%ge%%$¥§°bfe) 12 v&a%(@@c}/egd éﬂére%oc!%t\a/ﬁggﬁing the resulting mixture at
100°C for 3 hours and cooled to room temperature, the resulting solid -

material was collected by filtration using filter paper. The solid material was

washed with ion-exchange water and dried at 100%C for 5 hours to give the

§ catalyst.

Table 12
No. Ag:CQs (g 28%NH: (g) Ethanol (g)
Ref. Ex.17 2.15 3.72 30
Ref. Ex.18 1.58 2.25 30
Ref. Ex.19 0.79 1.13 30
Examples 24 to 26
10 1 m] of the silver catalyst prepared in the Reference Examples 17 to

19 were each charged into a fixed-bed glass tube reactor having an inner
diameter of 10 mm and at an atmospheric pressure, which corresponds to
0.1MPa absolute, and at a reaction temperature of 200°C, propylene was feed
at 360mL/hr, air was fed at 3601nL/Hr, and water was fed at 1 m¥/Hr to the

15 reactor to carry out the reaction. The results are shown in the following

Table 13.
Table 13
Ex. | Comp. |Ex. | Comp. |Ex. | Comp.
. ~gxample |94 Ey17 |25 |Ex18 |26 |Ex.19
Conditions
Catalyst 17 | 17 [ 18] 18 | 19 | 19
(Ref. Ex.No. )

Conv. of Propylene | g3 | 01 | 40| 02 | 26| 01
(%)

Propylene oxide 9 0 87 9 32 0
( 4 mol/Hr)
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1. A process for prdducing an olefin oxi&e, which comprises reacting an
olefin with oxygen in the presence of a silver catalyst and 0.2 mole or more of
water per mol of the olefin.

5 2. A process according to claim 1, wherein the silver catalyst is a
silver-containing composition obtained by contacting silver metal or a silver
compound or a mixture thereof with

(A) at least one selected from the group consisting of an inorganic
solid oxide and a metal carbonate, and optionally

10 (B) at least one selected from the group consisting of an acid and a
nitrogen-containing compound.

3. A process according to claim 2, wherein the inorganic solid oxide is
2) silicon oxides, b) alumina, calcia, magnesia, titania or zirconia, or complex
metal oxides thereof.

15 4. A process according to claim 1, wherein the reaction of the olefin with
oxygen in the presence of a silver catalyst and 0.2 mole or more of water per
mol of the olefin is conducted at a pressure range of 0.01 to 1 MPa absolute.
5. A process according to claim 1, wherein the amount of water is 0.2
mole to 20 moles per mol of the olefin.

20 6. A process according to claim 1, wherein the silver catalyst is a silver
catalyst containing silver 1 % to 70% by weight.

7. A process according to claim 1 or 2, wherein the silver catalyst is a
silver-containing composition obtained by caleining ‘the silver-containing
composition as defined in claim 2,

25 8. A process according to cleim 1, wherein the silver metal is a silver
metal obtained by reacting the silver compound with a reducing agent,

9. A process according to claim 3, wherein the silicon oxide is
water-insoluble silicate or silica gel.

10. A process according to claim 9, wherein the water-insoluble silicate is
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