;e3e}}<:v26hTs|t 8 January 2003 CATALYST FOR OXI DI ZI NG METHYLBENZENES AND
METHOD FOR PRODUCI NG AROVATI C ALDEHYDE TECHNI CAL FIELD 5 The bt %ﬁﬁb% 003
invention relates to a catalyst for use in the oxidation of neg nzenes,

a process For tic al dehydes by use of said catal yst, and
further a pr ocesmmnm “mﬂ““mm‘mang cycl ohexanedi nmet hanol fromthe
pht hal al dehyde so progysed. More particularly, the present to invention

relates to a catal yst SUI ted for the gas- r}hase oxi dation of a methyl benzene
in the presence of nol ecul ar oxygen to give the corresponding aromatic

al dehyde in high &l 9@5%)@1{ PR 49%{{9’&3%1 ENESWMEX‘QB@Q@%&%}BP?%O“S

phase in the presence o oxygen use of sa

produce 15 t HRQAGYTlsgddhitYdtar omati c aldehyde in high geld, and further a
process for hydrogenating the phthal al dehyde so produced to give

cycl ohexanedi net hanol . BACKGROUND ART. 2 aldehydes Have highly
reactive al dehyde groups and, annngﬁgff%gﬂ&ngﬁké conpounds, are

particul asly broad Tie phessp@ctnuanoﬁoappélaa@sItmya(iﬂﬁﬂghﬂhabaldebyde

(TPAL) . in pafdid %'d%rtuo\f‘{“'ocfh tyﬁ?%n%'e%@yd% h-QURs sMepar grBﬁéHh ns, 1s

a prom sing materi al exp he production o ar maceut i cal
product s, agrad@ﬁ@rﬁlt%laéde&y'é’@tsupﬁsuslel qdi g2¢fysesplystynmapg, féFéE‘?’Fl 2ally
conductive p@nseeiss, famdpheaichasi %ty@ﬂbhlékaﬁtedﬁﬁtet&ﬁﬁﬁg @kbﬂrmées and

there is a denmand f velo msnt cost tech oIo for the
production of® rRiFIBﬂL qéigg?‘ﬁl gtutcgﬁ‘pt tQ %r%dﬁ%’e Lfere htanealpcfeerﬁ?d‘et by
t he gas- phasen@ﬁlndtapmomeéfatpsx}lbeﬁeca&aéS'Sbaéklt@dafEal thy {engrhhase ago.
Japanese Kokoky ByRLIhGHE b ok cPRArbis 2&&6 Qltsl%l @§@§e@éb B¥inda Lafialysi

conposed of Wand Mo in a ratio of 1: 0: 1. Japanese Kokai Pub ca n
on Sho- 98- 9" '3 1YPs ENBsERT BE TRPAT {37 %%O%Wlaslldr?d‘wear‘rﬂ Bi-fheY 1 ®bdore Cs.
USP 3, 845, 13prdiceckoses @axidi Birkpruaryh2003n2eaat ah yiscomposadeofntttee t Wo

| t f tesel. f t
cons st i ng. of TeaeNgY o Pt o 1EASkyfOR 15 BOE W e 5L 8L A M IS i
di scl ose&5a @é}tani@'éte%imm@s@ﬂ agomits 16 @ Hdeh udie ey hvgbxy el dor asil fwothagst i c
acid, 5 and Bi pPébQ@s ﬂéﬁﬂ@d@ v\‘};eﬁ@% qu%sgﬁégﬁ?tt‘i’aﬁapf@é@de Gat gl¥sticed to

conpri sing Fe, as, supported by chem cal vapor deposition
(CVD) on debSrL(S’ﬁ’l 2@58188?6@??(‘;3% Engt al ol ecul ar sieves. However, these
catal ysts are invariably unsatisfactory 10 in the production yield of t he
obj ective product terephthal al dehygdg anrgkAQee Ahave been exploited wth
success on a comercial scale. Furthernore, the investigations of the

i nvent or8% proved t haPME hES ¢ ldahudast Saveail 9l ¢ dmesitt Yienple hYde BAarIshg
t he 15 decreaseq, i Bnbhe i eld Bfadic ayeluekexaaed prthasal adue wxrdd Sn

the spectrum of applicability. Terephthalaldehyde (TPAL), in
particular, which has two aldehyde groups in para-positions,
1s a promising material to be exploited in the production of

25 pharmaceutical products, agrochemicals, dyestuffs, liquid
crystal polymers, electrically conductive polymers, and heat
resistant plastics, among other uses, and there is a demand for
development of an uncostly technology for the production of
TPAL.

30 The first attempt to produce terephthalaldehyde by the
gas-phase oxidation of p-xylene dates back to a fairly long time
ago. Japanese Kokoku Publication Sho~47-2086 discloses an
oxide catalyst composed of W and Mo in a ratio of 1:1 to 20:1.
Japanese Kokal Publicalion Sho-48-47830 discloses a catalyst

3as comprising V and either Rb or Cs. USP 3,845,137 discloses a
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|l ow activity and its |ow selectivity for the objective conmpounds in

hydr ogenati on of the obtained terephthal al dehyde. Meanwhi | e, 8 03
cycl ohexanedi met hanol is an industrially useful conpound as a g?%ﬁ??%8
material for the production of 20 polyester series coatlLngs, synthetic
fibers and synthetic resins, anong other products. The hitherto-known
production technol ogy for 1, 4cycl ohexanedi net hanol includes (1) the process
starting mth a dialkyl terephthal ate which conprises hydrogenating the 25
benzene ring of the dialkyl terephthal ate ester and further hydrogenating
the resulting 1, 4-cycl ohexanedi carboxyl ate di al kyl ester, (2) the process
starting wthctéepéphthabigoaei d twhhehtwcorpeinses shydibgedafd pg uist gt bierrene

ring in the sgue OROREL A AROVE ﬁ%mf%ghﬁgomqr&&q@a&! otehcg, resul4i ng
30 1, 4-cycl ohexanedi carboxylic acid, (3) t e(ﬁgocess whi ch conpri ses

hydr ogenat i ng%the' beniZen&Pri Ag B seWi-y| 8RB 1Yl ‘afd SCAPSeRe? fidcdlsss t

whi ch conpri sesnpydeagenats ngx ter ephitthhal rawdekyde. o The: DS t i teiseda@itd ve
of these processes.is.the pr S ( : r, .the dialkyl

Cer opnthal arBrdely Sxl R PAPEPED B B BT EG 5 BBt & K tadve

synt hesi zed byoorrdizhaghe- Xele Hadaedterds pungorhedreguthémiqnl vapor
terephthalic gepdsWetHnaal)CohelerRNeniRcrsliefodio Q@ Briybea ORAEdME ¢
conmpound, the ester must be further subjected to two steps of

hydr ogenati on®*§KtS; this process 5 requires a nultiple-reaction schene. In
t he process (2), whesweetde, sttardd ngtaat/ertisah re s e epit halure saaisd awttioaty can
be obtai ned by _oxj diz] - ene o esterificati reactiqn is required
but as pgﬁhte noéégiékggpg%g%% *ﬂi%?(EﬁﬁﬁﬁéaQ%ﬁgéﬁgigggfﬁﬁgithe

hydr ogenat i ontesephbiph Vasdehede sndbinoad hrge haduntxpiobiedholtasudeess

sol vent, thusggaysisand hei sl saglvent age of | ow productivity. Furthernore, in
t hese processes, high-tenperature, high-pressure caondjtions are required
for the hyar ogenat | S WTCRNE e bBnth F il S b Cdar BTV Lt PP eEs
ester and, hencat iesdecalsel pita lspetital aedetinon reguiipmest cassesgelthieal .
[n additi@n. §0e-copbamn EReOPLL fy Gt 3l Sk SeflellnbAen BhEho BIAAS LA ON
contai ns chrom um whi ch i's poi sonous so that a |sposal‘pro% emis

i nevi tabl e. |HPW Re$a VEEXGATDAES 19M0Fhe ORETHE \CAPF Y- I'P ¢lp) @6l bfe Z2emRpHPggen
is required peh Rl eo@ind thieors ubstirat & opeund caRgh thaneededyhar ge anount
of hydrogen is CO”%&QFQNHf}gtheQﬂEﬁF, §jng%e%hnggﬁsigfaglco 8|tr55150r”3d
as a byproduct mthe 5}oces§ (pﬁ ange dIes of "Wat &7 'h th 6roc%ssy(2),

t he anounts ofssfak tdamparterisals skeqhi neded oer i t£pr ddwcrironugtecal

large. 2%qThesef pEfpet hasE LI CRSSEY Lanietchrecessahkhky Raqcapstdered to be
satisfactory fromecononmic points of view Referring to said process ( 3) ,
Japanese Kokali®Puhti ¢t bh Fele8PIE$3 5 for i nstance, discloses, in the

section of Exanpl e The aigreoass Knownolptraidnicngotheeobpetbyyefconpound 30
cycl ohexanedi ggng! / at.i z i f | yl.ene co
using a novef§ﬁ§Lrogé%é%#gﬁgggggﬂy§bgqﬁggs ?Eg @gﬁé§k?%igkﬁ?éﬁ¥é§ a 3%%,
under mld cohditdlonsl Yeramithadrdeesdchowerer Lsefehgdapoengt hag ekhal

xylyl ene gl yQQAn-.ALe%é/err%gewrtsievemaqmq,lmeir@ﬁmaasiav@ coruer ghd@l £3bther

producti on t%%ﬁyggégnggfgg“gﬁétéégait%%%a?[hgcgglggexggédicarboxylate
dialkyl ester, (2) the process starting with terephthalic acid
which comprises hydrogenating 1ts benzene ring in the same
manner as above and further hydrogenating the resulting

30 1,4-cyclohexanedicarboxylic acid, (3) the process which

comprises hydrogenating the benzene ring of xylylene glycol,
and (4) the process which comprises hydrogenating
terephthalaldehyde.

The most representative of these processes 1s the process

35 (1) . However, the dialkyl terephthalate used as the starting



8 January 2003 4 Japanese Kokai Publication fief-11-33531l, recently laid
open for public inspection, discloses a process correspondi ng,to sai
process (4) , that is a one-step hydrogenation reaction proce@g NURLY ¢p03
conpri ses hydrogenating the al dehyde groups and 5 the benzene ring of

t erepht hal al dehyde concurrently using a catal yst conprising nmetals of the
group VIIl of the long-formperiodic table under defined relatively mld
conditions. This process requires hydrogemati on of both the al dehyde groups
and the benzene ring but stoichi_onetrically only S noles 10 of hydrogen is
requi red per nole of the substrate and there is no by-production of al cohol
or water. |n mdderioh,lst hgnphocésedduesxnot zaaquirey aeeatay ststeantiaiimiang a

poi sonous CO”P[Q@GEESUl"@ivi@j/%re’re'pﬁt%QQQEdagidtxbl@h PLOCESSHhd OUnd GOITRIG al
production technology for the starting materjal 15 terephthal al dehyde has

not been est ab?i SHef BstBRetotdRF HYE SHGVEUPSt et el £EEFAL GE tdbEs THEEREIM ude
to any SpeCIf$@bp&ﬂ@ﬁﬂUﬂﬁtimfspéde@Eﬂ@y@ﬁ&@@@ﬁhﬂ$mldahydﬁ tBUMVBARY s sTf i E

I NVENTI ON 20 LD v%r%%cﬁ 'ﬁEHSHQY%e%t %nosckgﬁ art, the present invention
0

has for its objec rovi & novel catal “by use of which .
met hyl benzenes can'%etdxidniéwsﬁn(ééseubﬁfShabé Fharhéngr egeacéadf is

nol ecul ar  oxygere dipx 1t M& hRedG 1@spanthd @ rrxqRbi 1§ %;&thyﬂﬁfg Eﬂxﬁﬂlghe,
yields, a process for. ﬁr duc n an _aromatic 25. ahg%) de from

cor r espondi ng* aﬁFéﬂn t31 By Us b &5 cﬁ’oc‘é‘ttﬁdygt”t &fd a
process for pﬁaphnnsg)thﬂuﬂﬂmbanedtnenhahokSQhEéa,cbhprhsdsobydaOgenat|ng

pht hal al dehyde, ARG, the AcamBEie aldehudes,uni et cahde bhalned ag pbove.

30 The i nventor resent 1 nve an 1 ntensive searc
novel catalys&hWﬁtQ?w&ﬂW91§ﬁ¢ éﬂ@ﬁﬂﬂﬁétagéeﬁﬁdéowayrﬁéuﬁFéHﬂééd in ngh

yi el d by oxi di zi ng Etdeh(éQEan%pomdl egeg@t pybbepzenge hnggaseausrphase, in the
t=hat. a t al st hayi

f I
Conmos 1 on 35 dbdtrsa eraihat 101 2 e aat rg b2 ib A Bls e Son aFy st
8 January 200h&bacteve rdpacims the cauppontled anidofiites pesestant, haocgani c

carrier has exgel|Lnt Payr %'cﬁa)i' %éb@goﬁcéhuiér}{eﬁ@dlé hé‘&s@b{tk@i”g M“ S
catal yst, the object aromatic aldehyde can pr oduced yi el d. The

i nvent or s fur%qfélrtlfodhnahtah%ﬂpw 5“598%5@&?&%%‘)@%%1%%%{?&é‘l‘f‘yél%t?ﬁ stage
particul ar, amng itdiecad onbts @habdehmd&ﬁxdm thpeasvhuabeabtBhneddisposal
cyclohexanedlnetqgnolcan be . guced wi th high efficiency. The present

i nvention ha§3(1 ase 6He¥ﬁe above findings. 10 DETAI LED DESCRI PTI ON OF

THE | NVENTI ON The tler theget hpbbbhgese " stelgibeneler bl ko el @hyo Eonpound

having 0Bg oOrhyiflgdraliist Yeet]m@&fwérgﬁdmao%deUh@cghwsteaeedc&ﬁpébﬁdbsﬁaene
ring, and as representative exanp t he neth Ibenzea L here can be
on

nenti oned metf1%enfendsd&athicds ébﬁﬂé“HFﬁﬁ”%lFo oo 2 B iR as
p- Xyl ene, o0-xjilrere? maxbed eﬁea,lanwdocarfmtmedmsﬁ pleneduahd rduhengroddies

catal yst of thg present.avent go.cat alyzgs RS e X1 Al O of

reaction of neth%ﬁbenzenes in the presence oé cuﬁgr oxygen to gi ve the
corr espondi n@tﬂr@éwmterp@ls required for unit productlon are also large.

25 Therefore, these processes cannot necessarily be considered to
be satisfactory from economic points of view.

Referring to said process (3), Japanese Kokai Publication
Hei-8-187432, for instance, discloses, in the section of
Example 7, a process for obtaining the objective compound

30 cyclohexanedimethanol by hydrogenating the benzene ring of
xylylene glycol using a novel hydrogenation catalyst, i.e. the
Raney ruthenium catalyst, under mild conditions.

In this process, however, the starting material xylylene

glycol 1s very expensive, and an inexpensive commercial

35 production technology remains to be established as yet.



20 be specific, there can be nentioned the production of terephthal al dehyde
and p-tol ual dehyde from p-xyl ene; phthal al dehyde and o- tolualg% xde fr8§1
o-xyl ene; isopht hal al dehyde and m t ol ual dehyde from rn-xyl ene® January 20

2- met hyl t er epht hal al dehyde, 2, 4-di net hyl benzal dehyde, 25

2, 5-di et hyl benzal dehyde, and 3, 4-di net hyl benzal dehyde from pseudocunene;

3, 5-di net hyl benzal dehyde, 5-rnethylisophthal al dehyde and

1,3,5-trifornyl benzene fromnesityl ene; and 2,5-di net hyl t erepht hal al dehyde,
4, 5-di net hyl pht hal al dehyde, 2,q,5-trineth yl benzal dehyde, 30
2,4,5-trifornyl toluene and | 2 4,5-tetrafornyl benzene from durene; anon
others. Parti cul ar | Japanrs okpdat i Bib kEal Y@t Hef tiHe I%eddnt rEAgBAL K o ¥d nds

application, élh' Iﬂﬁrbh%ll!h@rlr@-‘ﬁb/@dﬁﬁgeﬂ disdiRss gy @dpﬁbt@ﬁs(ﬁorrespondlng

terefnhalald rom The catal yst for oxidatio
nethslbenzene %FﬁPﬁLPfoggﬁanhﬁ t?ﬁ%Sl%EbPQ?eﬁ¥%PnU§ﬂf?§%nﬁ éoeiﬁﬁﬁﬁﬁﬁﬁql<3n
02 thsvfolIompn@cgememamxﬂmmmmnmuids11wmﬁxb¥@6xl@@)t?érandmﬁym@nerahpéonnnla
(1), reg{ es@l%s @n%éjrﬂgstt %forger%;%gh%qr %fem egbcdr%%?rtr 3&%3% L&qn%f a

el enent s ected romtil foup consistin
represents athite%ﬂswbrs—‘@r@féﬁéﬁa @@Fééﬁe@lfftr UG VEEp @ nish e thiomy dio e,

Co, N, M, R@er@dlé/ td\ﬂﬂ,e -[lndezf deditndd reVatidre 168 ,miB.d Abndlik1093,. M,

Ca, Sr, Ba, Li, - 0 Jepfe ents an.o XY, 0 ferring
further, to the abgy”izgngFSst Srfh s EPE %rquHe@lPeﬁgfr %k F%%mé%éfi 4#
said P, Sb, Bireams Sndft'dre KehgeBb ity bntBFtowlnfrpl@tlbmmlglp@mtllyc@nn@rlleys

pr ef e”eqm Anf?f‘%)):debog@ﬂ i EeMré@ﬁgngYe M. hH su%rstr%'ﬂe $Ha t:\fxeLLé'51 15

B, Al, T1, Sn, Mj, Sr . nd as nentioned f Y, Y
isib5 preferdH?FYaPrPeégFlﬂﬂé”bPéﬁ%h?l§BiEéF@H frﬁﬁﬁpﬁétdpﬁupt%%ﬁgp§ﬁﬁﬁg of
Fe, Co, N, MpedmotCreqtilre\s Nvallist antaenlﬁgtamwxﬁbmmnfeonpehemably
at | east one el ene ct he gt i.stin f Ee

Cd and Mnh. FurtherQ&?ﬁgiﬁé ggnerggkp of tRH? %QB%e§%’ QOB glo§6SQal
represent t heP FReEHSEr® ot esthire-osty ﬁPthh? éﬁ@féﬂvgeﬂatﬁésﬁéctlvely,

provi ded,; showeyes hamtaud&y@reqp@g hbensedf edtab1 @aBHe8 A §o 6 UG M@bbw«}@n
a=12, b=0.5to 16) to 15 and merical value deter ?

e oxi di zod A e L bF EFpBUER Shet 2o bt HhhA 0 GBRC 1S5 CTHE O oS
of a, b and Erdqmef dralphtbadhltkbtydehen a=12, b=1 to 6 and c=0 to 8 and
x 1s a nunerical value determ ned by the oxidized states of the elenents
ot her than oxygen. The case of a=12 is taken Here for nerely illustrating
the proportions of a, b and c,S@RPRNEHN tHE VAN FNDFON assunes 30 a

di f f er entonunber, trhe wWalues @ﬁebaaadecSaaeecbangaé aeeopr dh@gbyesahe

OXI datl on cat al esntt.L%f ggnegoaffl lE? ? eact( :E) ?9895 Ie noQ/etlhca =} Sentb use

i nvention nay[be used as supporte e-resistant |norgan rrier

f or enhanced (afcwDVﬁhyneameSEanmre@v@dnmgkééliZéddm @@@@OUFh@ham\A@ the
fire-resistan esdhcladpaby e%QQ§r7o>!§ﬂjHrg@B'cj3u€@Eﬁb%oﬂJ@Mﬁﬁd‘gromatlc

fire-resistant inorganic carriers in common use_for e preparation of
catal ysts of aiiedydpsein R1ql niiedidsaxanBresess Wr%o%lcgmdgaﬁl fhngatic
silica, bbtarnlelehzidecOnba, U&lkm&&nspﬁmﬂuﬁa,metbylbanzbEenﬁm&iQﬁ@ﬂ ybeld

Partlcularly, |?FFSQ&CIfH8_%g{f%?gtarggd 3 %Eg&ﬂ% ﬁgg sbrog ar bi de each

havi ng a speC|f|c Ssurf aée area’of “not “hor é pre era Iy not nore
than 0.1 ne/ gychodeprapdipeghprehuseichecpinBkifps éVdéog@aeu@@is is | ow and

the object cemoundie@nybe ghtainedei Arbhghi¥i 8hdenyhesaRUBL Bfinthe

obtained as above.

U'IOOU'IU'I

30 The inventors of the present invention made an intensive
search for a novel catalyst with which an aromatic aldehyde may
be produced in high vield by oxidizing the corresponding
methylbenzene in gaseous phase in the presence of molecular
oxygen and found that a catalyst having tLhe composition

35 described hereinafter or a catalyst comprising the catalyst



10 catal yst active species to be supported is usually 5 to 90 nasso based
on the fire-resistant inorganic carrier. The nethod of preparbg e
ox| _dation catalyst of the present invention is not particula I%”V%¥?pp%ted
but the objer _tive catalyst can be prepared by the technol ogy which is 15
used generally in the production of catalysts of this type. A typical
nmet hod conpri ses addi ng an aqueous solution of antinony tartrate or a
powder of antinony trioxide, as well as arP aqueous sol ution of iron
nitrate, to an aqueous sol ution of annnniunlnetatungstate to prepare a
honbogeneous ﬁglggkpquﬁzsuspenS|o lghclnnershpq? res g% A%aﬁﬂkﬁieﬁﬂ sai d
sol ution or suspension, evaporéil the wat ér 16 Viiess, ectd ng
t he residue tQﬂmﬁ%ﬁrn@aéteS@@ﬂdezgop@fémdlcakeﬁhknQQaQCBletb amm)ubau it he
case of not ygjingy tmﬁs%rarﬂaqrystsalcd\es%gté&n aQronl%QﬁQe'&%'c%ml)‘d% Sub geted to
directly heating with stlrrlng ol I o 25 dr¥ at t he above

[

t enper at ur e, PAEGY iRy IoR6) lﬁédandT%%lt¥% TP EE the MoV WEhddradt dve.
The at nospherteydmogeniath righeh abeveldeyiydg 1anda cal ciha ng am® neat ¢ @ oduatt iics
not part'CU'%hqujﬁgg&&ISHcaﬁhﬂﬁj Bg%ﬁﬁxaRﬁﬁﬁt&9§§OH@Qa§8dE@£EBEQOP%Bn'”
any of an oxygen-rich or ox ean atnosphere, 30 a reducl ng atnDsP ere,
or an inert d¥s PaosyssRlerét ubhqaseﬁﬁ%g@ﬁy helliqim s edrlgdm vgas, i ogr héven

i ~r vac4ro. Asuidaal enkithd ebhoatdrasphengscan be judiciously sel ected
according to characteristics of the raw materials used in the preparation
of the catalyst. Conpared with calcining in the atnospheric 35 air,

cal ci ni ngoi n an oxygen- IDEaA IafFwo HPIER PIrewilis Ofo THESUNVENMLON8 January 2003
s a decrease in Ca%ﬂhy%%ractaggx Bubn 2k Ge&EaPQ Saﬁg§elhe€95 L9 an

i nprovenents in selectivity an §| Fd“*When S0 8 wdery oxi de matefial s
are used, cal@wpoNgdi Ra¥ANEnepe @ésaa?Hb@%hkﬁ%<4 “ﬁéﬁﬂﬂcGFQPP§ BlLepett &d.
The raw mat erjicddlngdf 66 this€ bdehidree Tiplepanat & Onr € rd heen teat iah ey Six aip@ eROb £
part ! out arty ESLELEY Sl RyL, L NaE. £00 e sgl NS L 1AL Sl date cgxl.de.
hydr oxi de, t1or| e Ycarbonat &, organi c acid s ﬁ? aci d, oxygen acid
annnniuniéalponwén@nogoﬁyééido éﬁcboafaﬂh@SeEeﬁén@St@ belaged eanybene,

enpl oyed. io IQ@l%h%pepQBdBBﬁmEhEe hesh i, aBhel NQREARALEGArTIEr fOr use in
t he preparation of the orted cat al i s not gartlcularl¥6restr|cted

either. For exanpl &he SPtGEVﬁtnﬁdeBep¥6868P§ bUY SaF 59" o Hel ¥Fehyrdxi de
powders, gel sassphasecandi &t Dvn cahche osed &atdthellp cnsed eac cordiengr & sehbhe

condi tions of f a S C I no
particularly Fﬂﬁ?%?% %g? é?Yﬁ%& t% %i ngy%ggﬂgx?%%%gﬁ'ga%qd%%gdﬁgn &O
etc. can2de el é@ter:\iéliy:u%areRéﬁér bﬁ-nt}getlél@h@dabb%m@@%%mw@for

prgﬂUang arQ@&Ebﬁtﬁb@ﬁhM@ﬁ?d@hbﬁB @oapnhgegeayagizkaﬁ ﬁh?yEQﬁé?Spondiﬂg 20
met hyl benzene ase i resence of nol ecul ar oxygen, e
process for B%&ha&?ﬁé gﬁaﬁ Sﬁétchaﬁ 583y§§ EE%mo?‘f%g “%atal yst for

oxi dati on oflﬂephyhbéazéabydesandbmdtaboaédebyaésbr@memaspéemeof t he
present i nveatln@eR@pgeéapﬁmg%naeﬁygﬁhyﬁleqcapmgehm@#ggﬂdéwa@t he

correspondln% benzene 25 in rocess. The present
inventiof®i s aﬁsGlW§F5VéﬁeP6aédﬁPb€%ssaFér p?o@h%?h@y erfdhdehvdal betyde
conpri sing opBQUQbagméh@ col reapaadhpobartL hylibepaene in gaseous phase in

t he presence .of cul a | say,a Process for producing
the 30 aronafi ¢ gﬁﬁghﬁagﬁﬁﬁ %g?g%?ygﬁlﬁn ia?ygtt¥onE&Y At on of PEit
nethylbenzen@esThelﬂBehybbénZeﬁedameahstaﬁrem@tmat@kd@myd@,the above

process for pr gda%geh?{lp@mgﬁg1&e@§,&§hy§ieqI§ @pim@@wm&k@gicyeﬂ Jicted
but is preferab benzene contalnlng 10 carbon atons, for
i nst ance3° 5a§u5F9 QBletoluene and 1,2 5- tetraformylbenzene from

durene among others. Particularly, the oxidation catalyst of
the present invention finds application, with particular
advantage, in the production of terephthalaldehyde from
p-xylene.

35 The catalyst for oxidation of methylbenzene of the



9 The above net hyl benzene containing 8 to 10 carbon atons includes the sane
conpounds as nentioned herei nbefore. Anbng them the process hor pro%m ng
an aromatic al dehyde according to this aspect of the inventiofJpauary
particularly suitable for 5 the production of terephthal al dehyde by

gas- phase oxi dation of p-xylene. In conducting the gas-phase oxidation
reaction in accordance with this invention, a diluent gas can be used in
addition to said nethyl benzene and nol eculear oxygen. As the io source of
nol ecul ar oxygen, air or pure oxygen is enployed. The nol ecul ar oxygen is
generally used in a proportion of 5 to 100 noles per nole of the

met hy| benzendr SR pridferid@dhPdent CHRROF 5E AR i Her thgyds L i agemiariadgen,
hel i um carbomgiaxd dajyand the lifce, or water vapor. 15 The reaction
conditions f as- phase oxidation of the present invention are not
particul arl y% e@{*}fl(ﬂi ed but it)&z sufficient to bring the above materi al
gas into contact wlnhtoatgdnestalf §prionidatlilonWofepiresdmvent fongs for agxanpl e
at a space ved PQbMS&fmé%Qoléepstlgﬁg%mof &%&H@@@&b@@dtﬁmﬁiﬁé E{rr%u%f 20
3S0 to 650 C. The preferred space vel ocit 200U to 50000 hr-" and t
preferred refé)c‘iso‘r?ttlé‘r‘?p‘éFé’tfu‘?% id AR Sttg %Gﬁpées?ﬁ‘ésa%'b\}garséa%? ghergnt
usual l'y carrised eetttecalf ratnmdEph@rowp preassiurte roy ofl Fght Cy, eﬂJeya{red R@r,essur e,
al t hough it RRY rried t hi Ssur e, or und

pressure. The 2 g%r’eagt’l g% sggf e%&igYnOI?gI %?el ﬁl{l 2}11 yr[;)les%{nl’ct d, EItﬁef
but may be aBé,xdd bé@ s¥st &y aadnbving- Eé§f§§§ﬂ§|ﬁh en axyperdpzew- bed

system 4 may al S(Retf%r@lﬁﬂeflﬁ)@@ﬁe§,\/3:T()eﬂh@ratﬁ)\}:@%)é@1le|r@g sysheM (Ihe pracess
for produci nga ycl ohexapedi net hanol

IO o R TR PR R S TR R S s :oﬁnPgauQ?ﬂg an

aromati ¢ al deydeitsi B kyhergepast {dwel si by tpngf et ed | alAmoeichylebednensial so
constitutes agpect, of ;t hg prese i nti on, by. usizng ,t hi sprogess,

cycl ohexaned?{rprlét E{ghoFcén beﬁ?bdﬁ%e%?’o%@yl%ﬁe dt rl%dw%((:%éstB ‘on A 2(E)fm§$m al
scal e. 35 Th¥dpr 68es8rf ofa privdudiang K1, Bbcyef ohexdnatitnaimthdlor Y8 Jahsary

2003 i 0 yWi clﬂ)r@q@%b&@salﬂydéag@nahbngléiﬂ@ntes@pebhahakelgﬂaydaeo@t@u;ﬁ\ed by

t he above-descri hed process for producing .an c I
constitutes gof‘ﬁr‘tsgréggaggeg?’ oéot H\Zl’p.r:%&erﬁ%’i E{fémd(mva g tus ﬁg thi s
process, 1,455 eydl Ohexanadipretfleandll ycah beapt cdur ed ereorh pekyteﬁe atomhow

cost on a Comggr gial, Seeh§1s£mheeaPovg PROCEEST OF Y OBYCLAG Mn .
cycl ohexanedi net hanoP ydr ogenat i on of pht hal al dehyde can be carri ed

out by any known tgh‘ﬁfﬁhaﬁe lEth%x‘é%‘FéaltE%Fré“%,%n(]oé nent?Porfedthe t o
st andar dzaret Iﬂ@dr@@@fﬁtl shBgnoAbsrBgothetsubsbralie xp veacd sk ydedydrogen in
the presence, ol acEeduelnd, cat alyet sueh.as CLh.acsunporied nobl e et a)

catal yst prepared by su ting a no um'group) Such as
pal | adi um pkad ﬁuﬁ?erw%n‘ifmﬁ whesdiamh2and=0r-iditeml Coangd €aPr Fer s as

activated cakbpg,s ddmal vk Dasa dicatierBeRPHEJEFY ttheObxt Bezblkfiatdd hracwebl e
netal oxi de s ch a adi um oxi de, pl ati num oxi de, rutheni um oxi de,

r hodi um oxi d8 PEp Fuﬁfh%d%h‘éﬂdo’fﬁ%e ike: (111) a noble netal such as

pal | adi ums bl ack, pfaéipoepdtacdkns raf keniburmnbl ackrer boelifarmbllac:kuramdtlumte
like;, {IV) a ey_¢at aj,yst  sugh e |, i, Raney
rut heni um angﬁgﬁ Eg b % f@)gaa%?j Bﬁ@t%dzﬁa&&kﬁgt cat aT&pp@Alre‘foar ed by
supporting adﬁégémhé@élbbnuae mqu@ed st adeSoPdahbe Wlﬁﬁe'ﬂﬁé ‘b?’é%’érﬁh‘?ﬁ

vention, pht Baygbqehyﬂee @Bsangfaﬂlzusxtak%noh&%nm h\@rEﬁ‘? flI@étx@(ﬁﬂ@e} ion
st age and th| oduct may be used as it out

purification® ?Ip’é télo‘ﬁ fag bR Pt iFi §8d ‘i"F‘e‘Eie T V&luﬁnt@%r%a{ac(ﬁ%‘hes

t enper atar e, ahglilf 6gean pantmniad r priess uwel ans of heramdndi dTeonshaaede

j udi ci ously gg%gg&ggq%pordi ng to the kind and anount of reducing catal yst
t her

used, anong O , .
The oxidation catalyst of general formula (1) according

to the present 1nvention may be used as supported on a
fire-resistant inorganic carrier for enhanced activity and

3s improved physical endurance. The above fire-resistant



30 paraneters, and are not particularly restricted. GEneraIIy speaki ng, the
reaction tenperature nmay range fromroomtenperature to 250 grefe g@%

50 to 200 C. If the reaction tenperature deviates fromthe abgd nyaly
reaction tends to be remarkably retarded or side reactions such as a
functional 35 group-leaving reaction may take place to drastically reduce

t he 8 January 2003 mselectivity of the reaction. The hydrogen parti al
pressure is preferably not less than 1 MP& Wen it is less than 1 MPa, the
xylyl ene glycol, fornmed on reduction of onIy t he al dehyde groups not
reacted in the 5 system tends to remain in | arge .proportion. The

hydr ogenat i ont MEAPE € &3 i outh UG thseusfderl‘st@ﬁ 16t bt H&Péﬂ&@ﬁ)‘fde in an
i nert medi umctmtrzle&sprief(edsrabmy uGar fcbecthmprasangtaos@:lﬂjtaoalybesejﬁ thisa
sui tabl e solvent sugh as an | cohol ther. The node dr ogenat.i on
may be bat chwidd tb seHPlSa? GrteL R S Thé cgtglx &t tcar

t he

filni 'Sl or cont I nUous.”
oxi dat i on of MEFﬁykbeﬁ@éﬁéﬂaéboﬁdﬂﬁ§omoC@H@lﬁﬁes@ﬁp |ﬁ@énbﬁoﬁeﬁégoé%éellent

partial oxi daéam&pltaw y l%rafis%%tﬂﬁ% e f@@%du%laoa of ) Al 9TRtd G 2l dehydes
fromthe 15 correspon in benzenes in h|9 yield. Furthernore, by the
process for produd Cﬂ?%??@)&%’ﬂéﬁ?%‘?%é‘nﬁ?e?h ’a‘i:(?b‘rrdFSﬁEeaWEt A ﬁPEgent

i nvention, cydlarhéx e@JnsﬂéﬁHuﬂthundt m@r@ftgaeao Vat'ue ,asra ptgférngd
”ater'a'forpql<9§%ne g5, SYNLE ¢hhbensaadsyniBet Laa2enEeshscean be

produced fro readily avail I nexpensi v

material, at qqywoe@@t C@rﬁ‘ é’ec@é)ztﬁﬁé‘ﬁé*l an Sagheyiptdt MiDE FoRITARNYI NG OUT

THE | NVENG! Oﬂaﬂh@lyfﬁl h@t’\w@ SPEITRIseE0 afeesﬁppbheédulsl u%wl \vecofod hes29
pr esent |nveq§|on Sy ver3|on r ectivit one-pass yi el d of

te
t he reaction, dﬁ@t§esﬁf%aggcéﬁﬁfga3%g é%FFh@ﬁ as fol |l ows.
Conver si on rate (nﬂhe mptho@thé puaberioff hbkesxoflathenreactbysktaftimg

conpound/the o8l 9, 'L%no st B8 cf Bd r$h 201 LPYy 3P cPPPOLDY) nr 100e
Sel ectivity (no he nunber of "nol es of each product conpound/

nunber of rroloé)s)e@ftlt‘fﬁecaéaétféa %«%larkﬁ R SBGFEEOuRY) LTe Heé ShuedéaYoth éSPbbﬁ
at ons Of1SaChls[él’d0dBﬁtr@D[T]bOLUﬂd/hTehﬁr@uﬂbE‘[oﬁ)fofC&l’alﬁGmyat@nfﬁfthﬁé‘leybéd A

starting Comounc)aé lﬁe&ogco§186é %'Sjsa(ychn é/at UeOL)S o£ p%on olrfbantgr}cl? E}Zl fesd

of each produ Pt ahuar co He nind
starting conﬁ@uﬁdﬁtenh@aWWWWé¢r@ﬁf@@tb@@nnﬁéﬁ9xeﬂeea@hwsﬂédv@@noympamnﬁ/the
nunmber of caromaLens rof rbhenf e et ardd ng ceREWAd)oXuk 08050 EXARR £ d
metatungstate to prepare a homogeneous solution or suspension,
20 immersing a molded carrier 1n sald solution or suspension,
evaporating the water off to dryness, subjecting the residue
to drying at 80 to 230 C and calcining at 300 to 700 C. In
the case of not using the carrier, sald solution or suspension
is subjected to directly heating with stirring, followed by
25 drying at the above temperature, pulverizing, molding and
calcining at the above temperature. The atmosphere in which
the above drying and calcining is carried out 1s not
particularly restricted. Thus, these operations can be
carried out 1n any of an oxygen-rich or oxygen—-lean atmosphere,
30 a reducing atmosphere, or an inert gas atmosphere such as
nitrogen, helium or argon gas, or even 1n vacupuo. A suitable
kind of atmosphere can be judiciously selected according to
characteristics of the raw materials used in the preparation
of the catalyst. Compared with calcining in the atmospheric

35 air, calcining in an oxygen-lean altmosphere tends to result in



As the source of antinony, an aqueous solution of antinony tartrate was
first prepared. In 310 m of water was dissolved 1S0.0 g of L-tartari gmd
fol loned by the addition of 36.5 g of antinony trioxide (puri£y28¢rya §0
powder, and the m xture was 10 refluxed for dissolution. To the solution
was added a small amount of water to nake a total of 500 g, whereby an
aqueous solution of antinony tartrate with an Sb concentration of 0.5
nmol / g was obtai ned. On the other hand, as the Ee source, an aqueous
solution of iron nitrate was prepared. Thus, 40.4 g 15 of iron nitrate
9H20 was dissolved in water to nake 100 g V\/ner eby an aqueous sol ution of
iron nitrate AP Te iCorécat VAL 6ﬁt6f’liyn%ﬂ g hese ot it rfstPeSTo 16909 g

of the above taﬂua@it‘@v%@lelmttlsomnOieBéﬁhtmﬂyy taafd Iyate&dV\laSWlaéllﬁlesd)LZLcD@ogld@fryt h| S
aqueous sol ut | On of |tr(%r£ ril trate IIo l é adrglatnl (Bﬂe(r) SaSGLg“O g) af.
ammoni um net &Ungs FACE TAG 5ot ¢ B magss o3y gi ve©a hotivgenied ©

i npregnating is mmtlcmazaxfgmfeftemgegﬂ— al U nlaa‘sup@mltlﬁ%zil@ (UNor tion the

3/ 8-inch %ph%@parawl%}ﬁakqmé eaé99y& a\a@sn@el%%qttl%l%%\yerw@mgr@é L
| i quor and the m xture was heated wth stirring on a water h fo

evapor ati on t'd'hSy meds Posspk thesindid akgs grilédtar prade: fé‘lydfexhgﬁrs and
cal cined in tdiacatirespherrbonaite  alo rg30 16 kefi d2 shauwr, s oxYhenf é&@dpabk!y@bﬁs

were dust ed Ofcf %f&mﬁicﬁ. %Egtshg"edtéznat;ﬁ}yfgc h%éfscamca)fapgleleelsement % be

foll owi ng exanp |ono
WL2Sb3Ee20x/ smwanm@ @Gm)@meldonal fl ow reaction tube was 30 packed with

20 g of ype above qalalyshe 3k RAGELIEWAS ﬁ%&tf@cﬁ@@%rtm use
following conditions. The results are shown jn Ta React i on resiure

at mospheric 34" ﬁé‘é@t‘&ﬁ?%&é%‘dﬁ‘b&@?tﬁ”&?of&%&?%ﬁ%fé?F Ls gpigpggtacularly
(p-xyl ene/ Z resd rianuar, ye 2008r 13 Forle25mB) e Raact antl ygasldeedraatetd bdb L

(vol ue of 933 4t AFuelaP Uiyt dfice MBadiar MRk SLaLe) b 1o 5 5680 hoe S

React i on terrperature cti ONs were
carried out Wedectite lyamsereaccrsdiegndrt £8a a9nflarrassnef 8F9i a§ the

limitati@s. Ildatshultd b@h@nﬁiﬁé§é0@ﬂ thatc VA npye hay eny@rpeek t@uddight Iy
owing to the diffe ce in % acked,specific gwt of the catalgt (the
same applies {5 5tﬂ’r€%ﬁgl’l B a%lsggfrefhep?éﬂﬁ ?at L afAd"PREYFTER

t he reacti onstar.e canolwe ﬁnlfabheely @5efxanpl e 2 Except that the anount of
the aqueous sol utiap et  2RLIfDRKLASL r@t%e‘ﬁ%%i%@y“%?%ﬁo%u%&% QroM@lc

procedure of Exa le 1 was otherw se repeated gre pare a catalyst. The
conposi tion &f d@ﬁ‘iyéieéat”éll??t CRABr14eH ﬁ’éé%ZW‘%SE FePOkI SAB2NBLIN20 Exanpl e
3 Except 20 ha'ﬁuelth@'lbﬁﬁuaheef 1hhga sepieoysh &) Ul ameob raBenmeny rtast ¢l kawas

adjusted to 4. rocedur was_ othervvl se.repeated to
prepare a cat Al )?sg %‘Eg E(E:)roorr(ffbsssl tt:%)gnngégngﬁl ' cata ys 1 aldelhsydg ﬁﬁ 53¢
W ZShZFeZOx/ 8ASPNS cakeaiysltef9r oxidation of methylbenzene descrlbed.above

is also one aspect of the present 1nvention and an aromatic
aldehyde can be produced from the corresponding methylbenzene
25 in high yield by this process.

The present i1nvention is also related to a process for
producing an aromatic aldehyde comprising oxidizing the
corresponding methylbenzene in gaseous phase 1n the presence
of molecular oxygen, that is to say a process for producing the

30 aromatic aldehyde by use of said catalyst for oxidation of
methylbenzene.

The methylbenzene as a starting material in the above
process for producing an aromatic aldehyde is not particularly
restricted but is preferably a methylbenzene containing 8 to

35 10 carbon atoms, for instance.



Except that the amobunt of the aqueous solution of iron nitrate was adjusted
to 3.00 g, the procedure of Exanple 1 was 30 repeated to prepgre a

catal yst. The conposition of this catalyst was | 9.6 nasso January 2003
W-2Sh, Fe, Ox/ SA5218. Exanple 5 Except that the anmount of antinony tartrate
was changed 35 to 2.00 g and the anmount of the aqueous solution of iron
nitrate 8 January 2003 14 to 1.00 g, the procedure of Exanple 1 was
faithfully followed to prepare a catalyst., The conposition of this catalyst
was 12.9 masss W ZSbh, Fel Ox/ SA5218. 5 Exanple 6 As the source of Zr, an
aqueous solution of zirconyl nitrate was prepared. Thus, 13.50 g of

zi rconyl nitrate~2H20: waievdi ssohyétdehnenat esnt oi make 8160 30 ades@idya tams

aqueous sol .Uthgé'l%ﬁseg'trh%‘)@)élne“&&ﬁ Sadd th ﬁxe%“ciBR@aet‘{'é{%{ht%f&EeQ- l'9
was i 0 obtained. ing an 1 npregnating |l1quor prepared by adding 1.0 g of
this aqueous St ité® BFogesedimd PRPEREE BIt EHEMAKP et h@t i nde 14girord sk d
in E?alrmlf 1,Tt<§ hen iy QR f t.eoQ]]: tFﬁ@ﬂHb@n@liMﬁsl@tﬂilﬁi%\iéﬁlgaf@waéﬁcté&éﬂmare
a catal yst. ne conposi t1 on | catalys S . nass o .

B9l o5h, Fosr oGP angs th otet Eeibt 3 AL e E it G855 Pese o dabigne
solution of cestwymemitrate was prepared. Thus, 9.75 g of cesiumnitrate was

di ssol ved in vater iip ke 0.0 Sherehy A0S IBhULLR WLLN .G C 20

concentration of 1 nmol/g was obtain ) ng an_ i npregnating |I'iquor
prepared by afefhglana g'idh thd sapovenddaeous dbluenbridt Edsitimusad dte to

the i npregnatadgi thduer sisednefhipepkend, ahbienPl ocetlar e 0fgdxanmplse thenas
ot her wi s§ . epeat ed tgggore ar.e a catalyst. The CO{BZOSI tion of thleSd catr%l yst

was. 19. 9 ‘asso 25 W e%&saor_%&?%%\‘sffg.o’é?gﬁﬁ SRS lt‘sheeﬂrlpsloo rce of b,

an aqueous sctaktd@nlof omivaglenuks oxericatal Masisgde para @.r opiord, 10120975 ¢-cofl 00
ni obi um oxal g{® d£LBePhAQ 8% NR2R_LnYRBAL 888! VeﬂxéhBr\é@E%eHQjﬁﬁl@qé%sg,

wher eby an aqueous sol ution of niobiumoxalate with a No concentration of
0.1 nmol / g wa's® o6t ARREY. 9B it Ah ASPrEGRIENNg ¢ 1 HiBr SRR €d a3y dgdanfg
5.0 g of the tahova dquenusvase@rutviapart.o the inpregnating |iquor used in

CaTpLe dp. 1o P SO L BT e RS AR LRERAR DR B e
the present invention are not particularly restricted but it
is sufficient to bring the above material gas into contact with
catalyst for oxidation of the 1nvention, for example at a space
velocity of 1000 to 100000 hr™' and a reaction temperature of

20 350 to 650 C. The preferred space velocity is 2000 to 50000
hr™ and the preferred reaction temperature 1is 450 to 600 C.
The above reaction is usually carried out at atmospheric
pressure or slightly elevated pressure, although 1t may be
carried out at a high pressure or under reduced pressure. The

25 reaction system 1s not particularly restricted, exrther, but may
be a fixed bed system, a moving-bed system or a fluidized-bed
system. It may also be aone-pass systemor a recycling system.

The process for producing cyclohexanedimethanol which

comprises hydrogenating the phthalaldehyde obtained by the

30 above-described process for producing an aromatic aldehyde
using xylene as the starting material methylbenzene also
constitutes an aspect of the present invention, and by using
this process, cyclohexanedimethanol can be produced from xylene
at low cost on a commercial scale.

35 The process for producing 1,4-cyclohexanedimethanol



this catalyst was 14 . 9 mass o WzSb3Fezt ~bo SOx/ SA5218 . Exanple 9 As the
source of Bi, an aqueous solution of bismuth 5 nitrate was prepared. Thus,
24.26 g of _ bismuth nitrate was dissolved in a solution prepa@@ﬂ“&ﬂyzom
diluting 20 g of 60 %nitric acid with SO g of water and made up with water
to 100 g, whereby an aqueous solution of bisnmuth nitrate with a Bi
concentration of 0. S mvol/g was obtained. First, using 6.0 g of this
bismuth 10 nitrate solution alone as the wapregnating |iquor, the
i npregnati on and evaporation procedure was carried out as in Exanple 1.
Then, a further inpregnation was carried out using a solution prepared by
t he aqueous s®lUER GPUER ig@ronY Uhe Rt at Uy St ke aprh Bipubdlde Ryl eiahdm igfed r on
g(tralte i)s US}fﬁﬁllT_llﬂa %Mf%sﬂzrlidéd"l@r@m&t S?oltsfﬁd_o@{ru%iNqSQnt heowalg cas in
anpl e : o) t he sane drying .and.cal cining operations as.in
Exanmpl e 1. Th%P%%%V% i"fb‘%lsoon Co%n%%hqgtugt%alaysf?lr&ﬁﬁsr c?bc’tpae’lcnegl%\iat 'C18 856N mss o
W zBi , FezOx/ Ss2dntQ on 2 carkek dnpluss 10 Wdiusg paroselsst i dn 4pr epar ed by di ssol vi ng
3.42 g of _5ph0¢?P@Péﬂlélga%¥é&in?éHrﬁaAa'l(E¥\K%% 9% 0 aMEED B mdp kv OE YALET 28,31
i npregnating [1quor, a catal yst was prepared as in Exarere 1. The
conposi tion o7 thi NS P92, 8 mass% W ZP~~x/ SA5218. 25 Exanple 11
Us: ng an i npregnat idmgthéqu:@ﬁ/emz&p&r@fby pdioﬁ&@llvﬂg][tgyalc&ﬂe;gazoédimelthanol,
silicotungstigc aci i 02-W 70O, =~ 26 in.5 t at st _was
prepared as i%%)%é’%%?ef.aLfﬁg %gn%rbglg%)aoln&ol}yﬁicg }%@cg‘%gf%{? ?A‘/gts%ffﬁfy
mass% W-zSi , OxiSab Xleg:hrixarepl eFe2 Asampke sotinere ofaiK, banmayueousd sbhait i on
of potasgoumdtiddpic WBEhBRERM B s i eauSil thokubatasslumd iddat givRS 35
di ssolved in vva%tgqr t o .make Sowg, wher'eby an agueous so{utl on 8 Jaguary
2003 16 of pctUEAIFH 't FAELHFTINGE 1R eonLEALFAPFoRA bR 1S T I AF wdd 2
obt ai ned. Usingpmrtierpnephat naga ¥ daudry ir epapedelyb addipygp € imqy aohobhées
aqueous sol ut ] 0 i LEr t i gnati.ng |19 in
Banpl e 5, akara yRPeyAETh UEby et B bl oI NNd hlo JERERURE
Exanple 1. Th& $ind o igflumhi §ncat ERY§1erwadch4as &ckhgated carbon,

W zSb, Ee£Bbo.a3Keh iSta%/ SA%2bRacebdameheth3oAsthBel1$RUE CEI0f &0noBNe AHHEHUS
solution of cohalt nifrate H}) %:gs Eregare . Thus, 1%64 tg{? C.obalt_d
nitrate~6Hz0 AP USRS T he Gt PXE g B Otk ?eb’g‘ Nqedtisae.
sol ution of odalitumpkidee W idiwan Gaidencentitat lokeof (1I el hgbwasmetal

obt ai ned. Usidig1:3..00 o 19k it kS n3GHROUS1 50k Hhh 01 9F k COPREheRl bh 8t Badp, 1 1 eu
of the aqueous solution of iron nitrate 5 increasi ng the anmount of the

, 1 t
aqueous sol uti'esiior Bherkoiid £hpttidie (V9. 2 GRNG YaRate hys Attt asfRapRY
amoni unpoet atiunggt, akanag. csbhltt ORSna8® 1Y tadth vadjaunst ithg tLhe&ecabei QVNga
tenperature t

emper e G R0, BaER BRYS) PRRELER e P N R B
mass 0 W-zSbes2dxp8AB2¢8rrier.

In accordance with the present 1nvention, phthalaldehyde
of high purity is obtained in the first oxidation stage and this

25 product may be used as it is without further purification. Of
course, it may be purified, 1f desired.

The reaction temperature, hydrogen partial pressure and
other conditions can be judiciously selected according to the
kind and amount of reducing catalyst used, among other

30 parameters, and are not particularly restricted. Generally
speaking, the reaction temperature may range from room
temperature to 250 °C, preferably 50 to 200 °C. 1If the reaction
temperature deviates from the above range, the reaction tends
to be remarkably retarded or side reactions such as a functional

35 group-leaving reactionmay take place todrastically reduce the



Exanpl e 14 Except that the anpbunt of the aqueous solution of cobalt nitrate
was increased to 9.00 g, the procedure of Exanple 13 25 was rgﬁgated 6
prepare a catal yst. The conposition of this catalyst was 16.7 2003

W zSb, Co60x/ SA5218. Exanple 15 As the source of Ni, an aqueous sol ution of
ni ckel nitrate 30 was prepared. Thus, 14.55 g of nickel nitrate~6HZ0 was

di ssolved in water to nake 50 g, whereby an aqueous sol ution of nickel
nitrate with a NI concentration of 1 mmol gy was obtai ned. Using 9.00 g of
this aqueous solution of nickel nitrate in |ieu of the agueous sol ution of
cobalt nitrate, a 35 catal yst was prepared in otherw se the sane manner as
in Exanpl e %eJ%ﬁ%bY&tb 3 therFeafi{d %Conposi tion of this catalyst was |5.4
masso W ZSh; t ~1'i _60nSASAE8gen Pranyilad dbe Sshse tilkep SOLE c&b D ndit, 1 @ds AGUESOUS

solution of zi nge i LiaLe NS Prepaiade ThHs, Mo 89,9080 FINGY W ahe

6HZO was di ssolvéd in wat Ion o
zinc nitrate o tredAn wordestrlat ithe @fldlfhméﬁﬁl ,qgom§ @l@ttalrﬁéétegsung the00 g

of this agueosssah UtduOfcZimGmalint iat @ u@lrlglee@r@botrfaqoaque'@t@é to solution
of cobalt nltrate a catal yst yas prepared in otherw se the sane nanner as

in Exanpl e 13YTHITEHIG t190h P65t eritd eCaliity 87 1Rds 4 §UgPRASLSN of
MVZSb3Zn60x/SﬁﬂZﬁ&iﬂEkanmkELﬂZﬂﬂSnésLmh&hsmuboeJafp@dfeaabaquﬁnugf&bbution

of cadm um n'&éﬁ'{ a%%u& %platfﬁéjreo Y&, ab;éléﬁbge% 1%‘#9 yun(]:lf{"a r%& gléb‘?lglwas

di ssolved in wate ﬁgg ere an aqueous sol ution C nitrate
with a cd corﬁfé?ltei'tdlelfon Bf‘el‘“ 19§ Wé%“b%%%‘?%é‘a“ RRY e P biet hi s

aqueous 30l utd«an -0fa teadmsemoH that-e nubuki.eu 20 of the aqueous sol ution of
cobalt nitrate, a catalyst was prepared in otherw se the same manner as in

Exanpl e 13. The conposition of this catal yst was 15.8 nassy
W~z Sb, cdsox/ SA5218.ThExaaph by 48 25 RsidheicowiceebhyMienagnaguemusiiga 0oi on

of manganese (jd [)@IegeM@SLrﬂfe%%'b%dhaJ%el]l%nt Bdrgi ol dﬁ%ac’l%%eia&i(rﬂ?

6H20 was di ssolved in water to nake 50 g, whereby an aqueous sol ution of
manganese ni takt €nNARESa S Eéﬁééﬁf#ﬁﬂl8ﬁ BFOTaHﬁBIPbdﬁﬁgd%BtQFﬂ%dthﬁblng
9. 00 g ofist hicora@ sl isgl weicaplbbnianganeaenhdghniyieade in lieu of the
aqueous sol ution of cgﬁilt n|tr te a catal yst suas E fpared i n ot herw-. se

the same manner as i n EXanp 5%%%sft|on T s™ %atalyst was | 2.7

masso W ZSh, M@@M@A@@ﬁ@lmessamém @cqgrdalﬁscg antiirshepogsent invention,

cyclohexanedimethanol which 1s of great value as a starting
material for polyester coatings, synthetic fibers and synthetic
20 resins can be produced from xylene, which is a readily available

and 1nexpensive material, at low cost on a commercial scale.

BEST MODE FOR CARRYING OUT THE INVENTION
The following examples are further illustrative of the

25 present 1nvention. The conversion rate, selectivity and

one-pass yield of the reaction, taking byproducts into account,

are defined as follows.

Conversion rate (mole %) = (the number of moles of the reacted

starting compound/the number of moles of the fed starting
30 compound) x 100

Selectivity (mole %) = (the number of moles of each product

compound/the number of moles of the reacted starting compound)

x (the number of carbon atoms of each product compound/the

number of carbon atoms of the fed starting compound) x 100

35 One-pass yield (mole %) = (the number of moles of each product



le As the source of Ca, an aqueous solutldl O calciumnitrate was
prepared. Thus, 14.37 g of calciumnitrate~4H20 was di ssolved in vvater to
nake 50 g, whereby an aqueous solution of calciumnitrate w t$hJapuegy 2003
concentration of 1 mml/g was 5 obtained. Using 3.00 g of this aqueous
solution of calciumnitrate in lieu of the agueous solution of cobalt
nitrate, a catalyst was prepared in otherw se the sanme manner as in Exanple
13. The conposition of this catalyst was {4.6 masss WzSh, CazOx/ SA5218 . io
Exanpl e 20 As the source of Sr, an aqueous solution of strontiumnitrate
was prepared. Thus, 10.69 g of strontiumnitrate was dissolved in water to
nmake 50 g, weemgbyinal tagueanbesobbtiohed So pftisd riont isummiitriatenpioinda Sr
concentratio f t de, e

sol ution of gt ?\on%lfr{zjgn?}m tr%\?%(?p alatlogﬁ oF %ﬁ&gﬁgﬁggﬁg és)({) {UI on&g}ue RH%b
nitrate, a catfakpsbonagtprepafedhienfefhetarsénghecnanenganet08s |n Exarrpl e
13. The conposition of this catalyst was 14.3 masso 20 W-zSh, Sr ZOx/ SA5218.
Exanpl e 21 As t he source oL La, an aqueous solution of |anthanumnitrate
was prepar edE*FRELE 21 . 67 g of lanthanumnitrate 6H20 25 was di ssolved in
water to make 100 Bs t\ldﬁaesenbycalmfammnenummsplauté@m@is banthanum habt ahenw t h
a La_concent £3li 00,010, & UNOLL 0P8 L AL NAch SLRA, & 00 808 EBbBved

aqueous sol ution of | ant hanum ate I n € aqueous so ution of

cobalt nitralé0-8 @a%%llyﬁawlp?r a@gdredol hoseHeP Wi Blee tatid idarmn wdnAér 5as in

wagggl ﬁ 38 /lé}fi Jﬁ&mesubwaeotpdm@y oat, abys;sow@ér,lan@ ma@mxculre was f

, X an ague S ,sol utl (0]
the ot unt8s RPE TR adhar R Enar ba Hhos 10 5a 35 10 el satuAtHErat ED ' g
January 2003at®unaso fii estod vetb imm vatert dta Inaide 580 g, whelr:eby an aqueous

sol ution of QBEQH‘iﬁH‘&ftaﬁP&%dw *aaqtgatgomgﬂtmtgmo%fcelqtml % ¥RSo. 5

obt ai ned. Except t aqueous solution of chromumnit rat e
was added to™Ad/ gm%gmﬁwge% q@é‘rt0§eﬁt‘i‘%f5h%nﬁ% tr@ Fg gQvar§st2fhas
prepared in @t;h@bwssgomel@armf NBFYE I iasScd de @@T@@ph&edTheTﬁogposmuo@ of
this catal yst _was mass o W zSh32n6Cro , Ox/ SA5218 . nr‘g%e 23%

Ep . oake FXordval

Except that P elF‘é%c't‘h'h’fab%s PEedi #gSr fﬁs%ge%dfﬁs‘t’%ﬁefo
state)/ m n anbetdeyraactgomotenpelative ¢b 5700 Q) it hete eatct!h om was

conduct ed US!:QQcéH@ﬁ@i@nQﬁt al ¥Rd 1 AS WMSedpERi FXaTPl &, 82 0@”&'%& the sk

conditions as in Exargp e 1. The results are shown in Table 1. 15 Exanple 24
aqueous solution of antimony tartrate was added 2. OO g of this

aqueous solution of iron nitrate, followed by addition of 5.56
20 g of ammonium metatungstate aq. sol. (50 mass% WO;) to give a
homogeneous impregnating liquor. To 20 g of the a-alumina
support SA5218 (Norton, 3/8-inch sphere), preheated to 100 C,
was added the above impregnating liquor and the mixture was
heated with stirring on a water bath for evaporation to dryness.
25 The residue was dried at 120 °C for 16 hours, and calcined in
the atmospheric air at 650 °C for 2 hours. The free particles
were dusted off to give a finished catalyst (the same applies
to the following examples) which had a composition of 14.3 mass%
W,,Sb;Fe,0x/SA5218. The conventional flow reaction tube was
30 packed with 20 g of the above catalyst and the reaction was
conducted under the following conditions. The results are

shown in Table 1.

Reaction pressure: atmospheric

35 Reactant gas composition: p-xylene/air =0.8/99.2 (p-xylene/O,



As the source of V, an aqueous sol ution of amoni um netavanadate was
prepared. Thus, 5.91 g of ammoni um net avanadate was di ssolved,in wa

make SO g, whereby an 20 aqueous sol ution of annoniun1netavaﬂ%&ﬂ?ﬁ’%ﬁ§%3a Vv
concentration of 1 mml/g was obtained. Except that 0.15 g of this aqueous
solution was added to the inpregnating liquor used in Exanple 16, the
procedure of Exanple 16 was otherw se repeated to prepare a catal yst. The
conposition of this 25 catalyst was 17 . 23mass o W-zSh, Zn~Vo | Ox/ SA5218
Exanpl e 25 Except that, 0.44 g of an aqueous solution of titanium

tetrachl oride gpontalnlng 16.0 to 17.0 0 of Ti) was added to 30 the

i npr egnat i ng 3 ild#or-8dsed in Exanple 16, a catal yst was prepared in

ot herw se th@es@mRnTBBaer Fasdi fatExanples 16.(vhheneospogi s ion oof, thisr3 x
catal yst was %61§Hnass%&ma€8b%2n61 ICM/SA5218 . 35 Exanpl e 26 8 January
2003 20 Except that’26‘g S 3 TeAr |ne3 silicon carbide carrier (5 nmm
sphere) was &%ed 5660 heu of the carrier SA5218, the procedure of Exanple 1

was repeagedRE%CQ&gRa%gmgeggggkgst55$h@;conp03|t|on of this catalyst was
13.6 masso W zSb3EezOx/ SIC Exanpl e 27 Except that the anpunt of the

aqueous solution of antinony tartrate was altered to 12.00 g, that of the
aqueous sol ution ofnittenfailoat egtexahG sy and rtelmait1©fnst\kn@r<awemu$adsmhuti on

of 0, 3mont Y 15 RUNGSKAL £obe day 13,0, 00, conduet i ag 4he

| ¢
operation in’s reans 0 ance nitro en)gﬁY he procedure
of Exanpl e 1limdtethenw skt r%pealtcédnet alrmeerﬁatro@da t@attaEYSmaYTheveomsﬁ:cﬂu on

of this g@takyshyheas kd:ify rtraststoe \Ar&af%l@r%%é%rs/ﬂﬁ%lgacké& s@é@rmh% @@a&ﬁ&*‘g a

suspensi on obtalned by usi ng 166 of aptinony triox ur i
99.9990) in PFifefh %fcftfr?elﬁéifue‘&uh? §8F‘8t?6ﬂlb‘FSa‘}ﬂ |tﬁ6n§°11§a?wgﬂee’é%m%

I mpr egnat i ng Thequanpand nids agen-egasl t20o 83 tichee gat toms ageaﬁmmspher'eabtéﬂe
procedure of ;Exanpl e 27 was otherw se repeated to prepare a catalyst. The
conposition of this catal yst was 25.0 nmasso W zSbh, EezOx/ SA5218. Exanpl e 29
25 Except that 9.00 g of an aqueous solution of bisnuth nitrate with a Bi
concent rgd i opxafp@e52mol /g was added to the inpregnating quuor used in

Exarpl ¢ 26, e PRGEIM €0l FATRLE.2% MERGOLISONSE, SPRRLSd 4 RSP © @
W zSbhq8i | EezOri 5AB2&8va Exdripséed0to 8.00 g, UuaprocedurecﬂfExamplel_was
otherwise repeated to prepare a catalyst. The composition of
this catalyst was 14.6 mass% W,,Sb,Fe,Ox/SA5218.
20
Example 3
Except that the amount of the agueous solution of antimony
tartrate was adjusted to 4.00 g, the procedure of Example 1 was
otherwise repeated to prepare a catalyst. The composition of
25 this catalyst was 13.6 mass% W,,Sb,Fe,0x/SA5218.

Example 4
Except that the amount of the aqueous solution of 1ron
nitrate was adjusted to 3.00 g, the procedure of Example 1 was
30 repeated to prepare a catalyst. The composition of this
catalyst was 14.6 mass$% W,,Sb,Fe,0x/SA5218.

Example 5
Except that the amount of antimony tartrate was changed

35 to 2.00 g and the amount of the aqueous solution of iron nitrate



As the source of Ce, an aqueous solution of ceriumnitrate was prepared.
Thus, 21.73 g of ceriumnitrate~6H20 was 35 dissolved in water to make 100
g, whereby an aqueous sol ution 8 January 2003 2i of ceri um Hiranuae293 h a
Ce concentration of 0.5 aunol/g was obtai ned. Except that 2.00 g of an
aqueous solution of ceriumnitrate was added to the inpregnating |iquor
used in Exanple 28, the procedure of Exanple 28 was otherw se repeated to 5
prepare a catal yst. The conposition of thig catal yst was 25.9 nass o WZSb4
FezCeo ; Ox/ SA5218 . Exanple 31 Except that the use of the aqueous sol ution
of iron to nitrate was omtted, the procedure of Exanple 1 was otherw se
repeated to preepand® g, chbalysicedihe odnfssinpiienl ofad Hiag thdtdllysfonhswdd. 8
masso W zSb, Qyf fo GOmBRAALLYC b SR R Ut A iTRERNGLNG o

| i quor prepared by diluting 5. of the aqueous sol ution of “amroni um

net at ungst at e %al b S&% W@%ﬁe&x/%difgflﬁ-t he procedure o f Exanple 1 was

otherwi se repeated to prepare a catalyst. The conposition of this catal yst

was 12.0 S VE%/S 218. 8 January 2003 22 Table 1 Reaction tenp. (
C)p-Xerngac§%$$F1€%ﬁgn (0)Sel ectivity (0)One-pass vyield

As the source of Z2r, an aqueous solution of zirconyl
nitrate was prepared. Thus, 13.50 g of zirconyl nitrate-2H,0
was dissolved 1nwater tomake 100 g, whereby an aqueous solution
of zirconyl nitrate with a Zr concentration of 0.5 mmol/g was

10 obtained. Using an impregnating liquor prepared by adding 1.0
g of this aqueous solution of zirconyl nitrate to the
impregnating liquor used in Example 1, the procedure of Example
1l was otherwise repeated to prepare a catalyst. The composition
of this catalyst was 14.4 mass$% W,,Sb;Fe,Zr, ;O0x/SA5218.

15
Example 7

As the source of Cs, an aqueous solution of cesiumnitrate
was prepared. Thus, 9.75 g of cesium nitrate was dissolved in
water to make 50 g, whereby an aqueous solution with a Cs

20 concentration of I mmol/g was obtained. Using an impregnating
liquor prepared by adding 0.5 g of the above aqueous solution
of cesium nitrate to the impregnating liquor used in Example
1, the procedure of Example 1 was otherwlse repeated to prepare

a catalyst. The composition of this catalyst was 14.4 mass$%

25 W,,Sb,Fe,Cs, ;O0x/SA5218.

Example 8
As the source of Nb, an aqueous solution of niobium

oxalate was prepared. Thus, 12.97 g of niobium oxalate (20.5%
30 as Nb,0,) was dissolved in water tomake 100 g, whereby an aqueous

solution of niobium oxalate with a Nb concentration of 0.1

mmol/g was obtained. Using an impregnating liquor prepared by

adding 5.0 g of the above aqueous solution to the impregnating

liquor used in Example 1, the procedure of Example 1 was

35 otherwise repeated to prepare a catalyst. The composition of
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1. 244. 69. 62755088 CeF2133 op2583124358688. Ye8P155:410 85/ 82955896. 262. 79. 060.
33. 83057092. 265. 83. 760. 73. 43155049.363.97.828.33.5C0npar. Ex

. 15501 5. 551. ?14. 1c7¥ 9% 2 TPAL :terephthal al dehyde, PTAL: p-tol ual dehyde
Exanpl e 32 5™W Gt “use of a carrier, the same solution as used for

i npregnation in Exaspkeelswascdi oécBILy gongantras eso ot drynessbisBudanuary

2003 23 op @ MRLEk bRLR E¥eB§§EHn9 Mid, sidrsdng on @ walel rﬁaédﬂa@d«a%“ ed

at 120 C 16 hours. e residue was pul verl zed and conpressi on-npol ded
into pel | et s9¢5SRHVEA Ht SrEPERXCB Hﬁﬁﬂao‘??@ é(n?ll%‘h%“b‘élzloeﬁsoﬁfxépé rhfElfed
in the atnosphed ¢i@hrrsmy &SWa€er and made up with water to 100 g, whereby

an aqueous solution of bismuth nitrate with a Bl concentration
of 0.5 mmol/g was obtained. First, using 6.0 g of this bismuth
10 nitrate solution alone as the impregnating liquor, the
impregnation and evaporation procedure was carried out as in
Example 1. Then, a further impregnation was carried out using
a solution prepared by the aqueous solution of ammonium
metatungstate and aqueous solution of iron nitrate as used in
15 Example 1 (the amounts used are also the same as in Example 1),
followed by the same drying and calcining operations as in
Example 1. The composition of the catalyst thus obtained was

14.9 mass$% W,,Bi;Fe,0x/SA5218.

20 Example 10
Using a solution prepared by dissolving 3.42 g of

phosphotungstic acid H;(PW,,0,) -nH,0 in 5 ml of water as an
impregnating liquor, a catalyst was prepared as in Example 1.
The composition of this catalyst was 12.8 mass®% W,,P,0x/SA5218.
25

Example 11

Using an impregnating liquor prepared by dissolving 2.84
g of silicotungstic acid (510,:W,,0,-26H,0) in 5 ml of water, a
catalyst was prepared as in Example 1. The composition of this

30 catalyst was 12.1 mass% W,,S1,0x/SA5218.

Example 12
As the source of K, an aqueous solution of potassium
nitrate was prepared. Thus, 5.06 g of potassium nitrate was

35 dissolved 1n water to make 50 g, whereby an aqueous solution



5 for 2 hours. The conposition of the catal yst thus obtained was

WzSh, EezOx. Using 10 g of this catalyst, a reactant gas feedégg rate of 6.
00 L (normal state) /mn (SV 42600 hr-1) and a reaction tenpe HaeY 690510
C, the reaction was carried out under otherw se the same conditions as in
Exanple 1. The results |10 were: p-xylene conversion 93.10; selectivity for
t er epht hal al dehyde 57. 7% sel ectivityforp-tol ual dehyde 5.9% one-pass yield
of terephthal al dehyde 53. 7% one-pass yielg of p-tolual dehyde 5.0% 15
Exanpl e 33 The exit gas during the 8 to 10 hour after the start of reaction
in Exanple 1 was trapped in cold nmethanol . The trapped gas was

concent r at ed dfh prtaesdpor atdgiratte giive d5Kgcohcantethanol p€ $ohabildg. wEhi s
sol ution CO“&QMQSQE&i06U9158QQPHHB§E@hQ@QMQQIg?nﬁpgrgpgée@ 9¥Iadd1ng 0.5

p-t ol ual dehyde. An autoclave was charged w't he above solution and i g of
ruthenrunronibéﬂbdﬁ”fr@NW@MUEWFE&HFéHP 8inResagy LaRdhEFAEEI E4l F)ecl osed.
After ni tl’Ogeﬁlpﬁlﬂﬁiartgngt heqavtacdave nwasarfp 14 & wi ddcdyghoges gaspdpeto an
i nt ernal ressurg 5 25 NPa %pdmggggrQ§9gepEgg 89€q_ Tq%erea%trgg vas
conduct ed>undd} °5pF Fwﬁﬁ o ABIE" HyurSgBR MRS adsor BEdPURET L F 1P Re

i nt ernal presﬁhﬂéneea@é@lwetdwep)14Aﬁteﬁse@nﬁh§br%hN@msKheOré%&$2b& t he
contents were withdrawn, filtered and anal yzed by gas chronmat ography. The
30 results indicated that the above reaction nixture contained 3.B5 g of

1, 4- cycl ohexd&r@diPEt Hanol and the conversion of terephthal al dehyde was
1000. Therefore t he shekduatetdieCd, 4ﬂyahoheuaneﬁhnnkheuﬁkmﬂﬁﬂﬂnmier&based

ont er eph Produ n 0 I &Ny Wi 0
January ;g %%% E%%ﬁﬁled34 %gex?§ €£;£ c¥§@tQ:9QJ§%hio Sf%gr&'agter the
start of reactisselivedetanphees v\esma'ffapcﬁbdm sedymenhagegornfdsolution

concentrateddﬁ1d@@aq%aggm@5@5 h@tﬁ'MeC85ch@én@rQEi8ﬁﬂ@fiP &méﬁﬂth@ﬁ Thi s
sol ution contained 4 %@ég ht h Ideh de and

p-t ol ual dehy & taAHegut6% hat e 197815 68é§§6%h510595ﬂ}ﬁ.g of
Raney nrckeln@mmekellnomUentogBQﬁenaqeeeusa$@h¢hummo@ﬁtzwmn5ntbr§tmass S)

and her nggi Cq' ¥ GlsQ8 dthé\f B%uﬂ't%@%ﬂep&'&\%&gs é&&@eor@ucspcmyﬁn

filled wth hydrogen up to an Internal "pressure of 4 MPa and heated at
60 C. The re&@ﬁtéﬁtﬁd§3@hppr@d”ﬁhFhEﬁH%¥”§%PﬁﬁﬂﬁbaﬁﬁPPPUPHEe%ﬁ%%ﬁiﬁ@%ﬁ@of
hydr ogen gas ahpdsseased 8( uaty) ddeadpueenal piessurcanhad eeapedatordrap) .
After conpletr f the actron t he contents 15 withdrawn, filtered,
A anal yeed S99 Sas % ARSHTGGr 28ty DEoRaPRotl 8L RGN ESE o e ety nne s
reacti on m xiagr Exesplai hed O Zappofs it idncp€l bhexaakdl yet hiames cErids kred

conversi 94 ouageqep@tmgggbd@hggeum@§/%gggl8Therefore the yield of the 1,
4cycl ohexanedi net hanol was 87 nol € o based on t er epht hal al dehyde. 20

Production of 5s p-xylylene glycol was noted. Conparative Exanple 2 The
exit gas anEwp&paeiwe Exanple 1 was trapped mthe same nmanner as in

Exanpl e 1 and prep qﬁgﬂy§h%d§ S %h€88%%ﬁ6§55§% qh%qg EH%% ﬁtron

contained 0.S6 g o e and t ol ua
hydrogenatroﬁlﬁéaéﬁrUﬁsmbﬁcé%ﬁ$¢QMFQnﬁ QQhSerthﬁepéﬁﬁﬁdeéﬁd@frﬁﬁﬁﬂﬁﬁﬁ|

Exanpl e 4ds Agag tepuhtedt b yi&drofa bademeisehexanedismbhanel onast 360 Hased

on the terephthala,defyde, 30, CRALIL-y sb,co0x/5A5218.

Example 15
As the source of Ni, an aqueous solution of nickel nitrate
30 was prepared. Thus, 14.55 g of nickel nitrate-6H,0 was
dissolved 1in water to make 50 g, whereby an aqueous solution
of nickel nitrate with a Ni concentration of 1 mmol/g was
obtained. Using 9.00 g of this aqueous solution of nickel
nitrate in lieu of the aqueous solution of cobalt nitrate, a

35 catalyst was prepared in otherwise the same manner as in Example



8 January 2003 2S C LAIMS 1. A process for produclLng an aron1t~c al dehyde
conpri sing gas-phase oxidation of the corresponding 5 nethyl zene£OB3the
presence of nol ecul ar oxygen, where in the catalyst for oxi dati?0H2df

met hyl benzene has a conpositLOn of the follow ng general Formula (1):
WaxXbYcOx (1) Wherein Wrepresents a tungsten atomp X represents at |east 10
one kind of elenent selected fromthe group consisting of P, Shb, Bi and Si;
Y represents at | east one el ement selected fromthe group consisting of Ee,
Co, Ni, M, Re, C, V, Nb, "Pi, Zr, Zn, Cd, Y, La, Ce B, A, T, Sn, M,

Ca, Sr, Ba, Li, Na, K, Rb and GCs; O represents an oxygen aton1 a b, ¢ and
X represent 15 thahAUABBPESHELIAR ofE BRIy CaCaWahdves teshetisvel y:

provi ded, howgyss Nifdwe/ Jsgaartions of a, b and c are such that when a=12,
b=0.5 to 10 and c=0 to 15; X represents a nunerical value determ ned by the

oxi di zed states of the elenents other that oxygen. 20 2. The process for
produclLng an Favaontel d balLdehyde according to claim 1l where in the catal yst

for oxidation of maihylbenzeng % SYPREI Ledeols s$1u€16§$i§EQBE hpergapic
carrier. 25 3. The process For producing an aronmatic al dehyde accordlng to

Cl ai m 2 wher &3F BRf2 Bt e- FE§FStéﬁt8%ﬁbP§éHﬁH3BéFFﬁ§F P&-Q it haset ve
silicon carbiidevaBOr toakanvary 23 R6ad aqlike upr ochsts: dioo fpraduci ga aa

aromatic_al dehyge aggardiang o G Bl RS/ 12idh LR Pezeng §99hai ns

8 to 10 carbon at _ .
g of this aqueous solutionof zincnitrate in lieu of the aquecus

10 solutionof cobaltnitrate, acatalyst was prepared inotherwise
the same manner as in Example 13. The composition of this
catalyst was 16.3 mass% W,,Sb,Z2n,0x/SA5218.

Example 17
15 As the source of Cd, an aqueous solution of cadmium

nitrate was prepared. Thus, 15.44 g of cadmium nitrate-4H,0O
was dissolved in water to make 50 g, whereby an aqueous solution
of ¢ nitrate with a Cd concentration of 1 mmol/g was obtained.
Using 9.00 g of this aqueous solution of cadmium nitrate in lieu
20 of the aqueous solution of cobalt nitrate, a catalyst was
prepared in otherwlse the same manner as in Example 13. The

composition of this catalyst was 15.8 mass$% W,,Sb,Cd,0Ox/SA5218.

Example 18

25 As the source of Mn, an aqueous solution of manganese
nitrate was prepared. Thus, 14.37 g of manganese nitrate- 6H,0
was dissolved in water to make 50 g, whereby an aqueous sclution
of manganese nitrate with a Mn concentration of 1 mmol/g was
obtained. Using 9.00 g of this aqueous solution of manganese

30 nitrate in lieu of the aqueous solution of cobalt nitrate, a
catalyst was prepared in otherwise the same manner as in Example
13. The composition of this catalyst was 12.7 mass$%
W,,Sb,Mn,Ox/SA5218.

35 Example 19



5. The process for producing an aromatic al dehyde according to Claimi4
whi ch conprises oxidizing p-xyl _ene as said nethyl benzene in P as ous
phase to give the 10 correspondi ng tereph thal al dehyde. 6. A\%
produci ng cycl ohexanedi net hanol whi ch conpri ses hydrogenating a
pht hal al dehyde obt ai ned by the process for producing an aromat LC al dehyde
according to 15 Claim4 using xylene as the nethyl benzene. 7. A process for
produci ng 1, 4-cycl ohexanedi met hanol whi chgconpri ses hydrogenating a
t _erepht hal al dehyde obtai ned by the process for produca _ng an aromatic 20
al dehyde according to Caimb5.
CAFY. AL 2. ALN?. Al e. A9 .tAS] sON&OR. AL] FaA9 ANIPANGONSAECAREAPNART . AplAaPulm 2 A e
}A L. 'g‘vzf‘&e]%tﬁa%ow%@ ; [[Q@EZ[@H&%; 14 ?7613 of calcium nitrate-4H, O] |
Xsni ca al ca calc al ca] ca] ca] ca] cal.ca] ca
ca] ca] ca] ca] ¢HI% % %Eﬁ%ﬁ E% <m§ Ugg w eer bR GRS eBhgRhen
(*b{vqlgb]VWdeﬂamﬂxuﬂ(ﬁﬂﬂﬁﬂﬂaahuahca]Ca]cahcahtabtapuapfapcahoanakaa]cZav

| ¢zl ca] ca] calsal saleal 62k gl sabaal oal otal ! Mhhdod IS ()) QD) QgRIf 4477

{ upkf a\ W ca] dd]da]tealicallé gl coh] Eaf cavied] Taltd] et & c arballdanéaFédpeapcal c
?]@Ca@]) (ég]n%g:(‘cﬂlﬁ?]y(‘sﬂ %%%k%ﬁ]e%HM\IPV]FE@g] %@-g;the rw1_|s_<e/ the s;a(r;;a( manner as in iilxainpl]e |

ePg = £]calca]ca]c
a] ca] ca] ca] cajta] chf@%?ﬁéf&%Tc%Fcé? ﬁ%ai%¥¥wé i c T ]%%ﬁ%ajca]ca]ca]c
a] ca] ca] ca] c&,SpEZR\O®/SAI2]8. 7" a, ab"bbcccdddd- e9e_gbgl ghzii } xsni d_Z] c] ca]
ca] ca] calga] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca]ca]ca%ca]ca]ca]ca!i-kpkkkkk9|:nenEoSonCpq4q?qqrrzstNmBmmxxxEyPy;
{F{z|}xsnid_EPﬁTEéFtépca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
] ca] ca] ca] ca] ca] cahesakeal eaheakcakcalrakhi| 3gxesasNio RUPMEE of strontium

LT e ) aned sl haptanlgthoo o stk ko
. L5ci x{} xsni dligsc)logdcahcapta} ctd oud loa] chlwabgredlycapcafivapual eal et} en] caj
ca] ca] ca} gal Al Gal-eakeahcal eakeal ¢atial opl |c5>$1%%}t)$:%rﬂl@.nzb(f] ¢ahea] 52@] @@i cajc

2] ca] cal cal cal cal cal cal G2 cal ealcal ¢l o2l oa) eal &l Saheal.oal ca) celoal caloal ©
3109F& () - 95 10%r&'te) 1h10%e 8 ¢ § - tHO%RIJudvVBSogwisd b 83" c#bOYp\ pi &F{)e SI4 " 93"

-Sﬁigggtg 8 %Ia%%ly%%q/ﬁ @rega?‘ed l%tjjgl{@\twl&(t)he game %%Qloé&r\&(l)n éygmple
13. The composition of this catalyst was 14.3 mass3

20  W,,Sb,Sr,0x/SA5218.

Example 21
As the source of La, an aqueous solution of lanthanum
nitrate was prepared. Thus, 21.67 g of lanthanum nitrate-6H,0O
25 was dissolved inwater tomake 100 g, whereby an aqueous solution
of lanthanum nitrate with a La concentration of 0.5 mmol/g was
obtained. Using 6.00 g of this aqueous solution of lanthanum
nitrate in lieu of the aqueous solution of cobalt nitrate, a
catalyst was prepared in otherwise the same manner as 1n Example
30 13. The composition of this catalyst was 15.5 mass$%
W,,Sb,La,0x/SA5218.

Example 22
As the source of Cr, an aqueous solution of chromium

35 nitrate was prepared. Thus, 20.03 g of chromium nitrate-9H,0
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Example 23

10 Except that the reactant gas feeding rate was adjusted
to 1.95 L (normal state)/min and the reaction temperature to
570 C, the reaction was conducted using the same catalyst as
used in Example 22 under the same conditions as in Example 1.
The results are shown in Table 1.

15
Example 24

As the source of V, an aqueous solution of ammonium

metavanadate was prepared. Thus, 5.91 g of ammonium
metavanadate was dissolved in water to make 50 g, whereby an

20 aqueous sclution of ammonium metavanadate with a V
concentration of 1 mmol/g was obtained. Except that 0.15 g of
this aqueous solution was added to the impregnating liquor used
in Example 16, the procedure of Example 16 was otherwise
repeated to prepare a catalyst. The composition of this

25 catalyst was 17.2 mass% W,,Sb;Zn,V, ,0x/SA5218.

Example 25
Except that, 0.44 g of an aqueous solution of titanium
tetrachloride (containing 16.0 to 17.0 % of Ti) was added to
30 the impregnating liquor used in Example 16, a catalyst was
prepared 1n otherwise the same manner as in Example 16. The
] composition of this catalyst was 16.8 mass%
W,,Sb,ZngTi,0x/SA5218.

35 Example 26
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Example 27
Except that the amount of the aqueocus solution of antimony

tartrate was altered to 12.00 g, that of the aqueous solution
of iron nitrate to 4.00 g and that of the aqueous solution of

10 ammonium metatungstate to 11.12 g and conducting the calcining
operation in streams of 1% oxygen gas (the balance nitrogen),
the procedure of Example 1 was otherwise repeated to prepare
a catalyst. The composition of this catalyst was 18.0 mass$%
W,,Sb;Fe,0x/SA5218.

15
Example 28

Using a suspension obtained by using 1.166 g of antimony

trioxide powder (purity 99.999%) in lieuof the aqueous solution
of antimony tartrate as an impregnating liquor and nitrogen gas

20 as the calcining atmosphere, the procedure of Example 27 was
otherwise repeated to prepare a catalyst. The composition of

this catalyst was 25.0 mass$% W,,Sb,Fe,0x/SA5218.

Example 29
25 Except that 4.00 g of an aqueous solution of bismuth

nitrate with a Bi concentration of 0.5 mmol/g was added to the
impregnating liquor used 1n Example 28, the procedure of Example
28 was ctherwise repeated to prepare a catalyst. The
composition of this catalyst was 23.0 mass$

30 W,,Sb,Bi, Fe,0x/SA5218.

Example 30
As the source of Ce, an aqueous solution of ceriumnitrate

was prepared. Thus, 21.73 g of cerium nitrate-6H,0 was

35 dissolved in water to make 100 g, whereby an aqueous solution
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ExXample
Except that the use of the aqueous solution of iron
10 nitrate was omitted, the procedure of Example 1 was otherwise
repeated to prepare a catalyst. The composition of this
catalyst was 13.8 mass% W,,Sb,0x/SA5218.

Comparative Example 1

15 Using an impregnating liquor prepared by diluting 5.56
g of the aqueous solution of ammonium metatungstate alone with
8 ml of water, the procedure of Example 1 was otherwise repeated
to prepare a catalyst. The composition of this catalyst was
12.0 mass% WOx/SA5218.
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TPAL PTAL TPAL PTAL

1 550 90.9 62.6 8.3 59.6 7.5

2 550 88.4 61.0 7.2 53.9 6.4

3 525 92.5 48,2 6.6 44 .6 6.1

4 500 89.0 416 .4 6.5 41.3 5.8

5 550 89.0 48 .2 6.0 42 .9 5.3

6 545 93.4 63.6 5.6 59.14 5.2

1 550 60.9 68.3 9.2 41.6 5.6

8 525 94.1 59.6 6.0 56.1 5.6

9 500 96.8 39.7 3.6 38.4 3.5

10 550 50.8 52.7 13.2 26.8 6.7

11 525 74.8 22.2 6.1 16.6 1.2

12 550 90.7 63.5 6.7 57.14 6.1

13 550 89.5 55.3 6.7 49.5 6.0

" 14 580 92.8 66.6 5.9 61.8 5.5
34 15 570 94 .8 56.1 4.7 53.2 4.5
E 16 580 49.6 73.6 8.5 36.5 4.2
% 17 580 93.6 61.4 4.0 57.5 3.7
= 18 580 74 .2 69.7 8.3 51.7 6.2
19 580 60.8 60.1 7.3 36.5 4.4

20 580 77.7 63.2 5.2 49.2 4.0

21 580 56.5 57.3 4.8 32.4 2.7

22 550 91.5 64.1 6.0 58.7 5.4

23 570 94 .0 65.8 4.9 61.9 4.6

24 570 93.0 61.7 5.4 57.4 5.0

25 580 91.7 58.1 4.1 53.5 3.7

26 500 85.5 52.2 11.2 44 .6 9.6

27 550 88.1 71.3 3.9 62.8 3.2

28 580 89.1 68.1 3.4 60.6 3.0

29 550 96.2 62.7 4.0 60.3 3.8

30 570 92.2 65.8 3.7 60.7 3.4

31 550 44 .3 63.9 7.8 28.3 3.5

Compar. 1 550 15.5 51.0 14.1 7.9 2.2

Ex.
TPAL :terephthalaldehyde, PTAL: p-tolualdehyde

Example 32
5 Without use of a carrier, the same solution as used for

impregnation in Example 1 was directly concentrated to dryness
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on a water bath by heating with stirring on a water bath and
dried at 120 C for 16 hours. The residue was pulverized and
compression-molded into pellets (5 mm in diameter x 5 mm long)
and the pellets were calcined in the atmospheric air at 650 °C

5 for 2 hours. The composition of the catalyst thus obtained was
W,Sb,Fe,0x. Using 10 g of this catalyst, a reactant gas feeding
rate of 6.00 L(normal state)/min (SV 42600 hr™') and a reaction
temperature of 510 °C, the reaction was carried out under
otherwise the same conditions as in Example 1. The results
10 were: p-xylene conversion 93.1%; selectivity for

terephthalaldehyde 57.7%, selectivity for p-tolualdehyde 5.4%,
one-pass yield of terephthalaldehyde 53.7%; one-pass yield of

p-tolualdehyde 5.0%.

15 Example 33
The exit gas during the 8 to 10 hour after the start of

reaction in Example 1 was trapped in cold methanol. The trapped
gas was concentrated in an evaporator togive 75gof amethanolic
solution. This solution contained 4.06 g terephthalaldehyde
20 and 0.44 g of p-tolualdehyde.
An autoclave was charged with the above solution and 1
g of ruthenium-on-carbon (ruthenium content 5 mass %) and
hermetically closed. After nitrogen purging, the autoclave
was filled with hydrogen gas up to an internal pressure of 5
25 MPa and then heated at 80 C. The reaction was conducted under
stirringuntil nomore hydrogen was adsorbed (until the internal
pressure ceased to drop).
After completion of the reaction, the contents were
withdrawn, filtered and analyzed by gas chromatography. The
30 results indicated that the above reaction mixture contained
3.85 g of 1,4-cyclohexanedimethanol and the conversion of
terephthalaldehyde was 100%. Therefore, the yield of the 1,4~
cyclohexanedimethanol was 89 mole % based on terephthalaldehyde.
Production of 4% p-xylylene glycol was noted.

35
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concentrated in an evaporator to give 75 g of a methanolic
5 solution. This solution contained 4.25 g of
terephthalaldehyde and 0.32 g of p-tolualdehyde.
An autoclave was charged with the above solution and 1
g of Raney nickel (nickel content 93~95 mass %, aluminum content
5 to 7Tmass %) and hermetically closed. After nitrogen purging,
10 the autoclave was filled with hydrogen gas up to an internal
pressure of 4 MPa and heated at 60 °C. The reaction was carried
out under stirring until the absorption of hydrogen gas had
ceased (until the internal pressure had ceased to drop).
After completion of the reaction, the contents were
18 withdrawn, filtered, and analyzed by gas chromatography. The
results indicated that this reaction mixture contained 3.97 g
of 1,4-cyclohexanedimethanol and the conversion of
terephthalaldehyde was 100%. Therefore, the yield of the 1,4-
cyclohexanedimethanol was 87 mole % based on terephthalaldehyde.

20 Production of 5% p-xylylene glycol was noted.

Comparative Example 2
The exit gas 1n Comparative Example 1 was trapped 1n the

Same manner as in Example 1 and prepared into 75 gof amethanolic
25 solution. This solution contained 0.56 g of
terephthalaldehyde and 0.14 g of p-tolualdehyde.

The hydrogenation reaction was carried out under the same
conditions as in Example 1. As a result, the yield of 1,4-
cyclohexanedimethanol was 56% based on the terephthalaldehyde

30 charge.
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cn#" UY"bcdgg é?f%g/‘a It% (Lélk)8 %g;fzé%(% JNq finl) R§' ed%. r\(b)’ %

cn#" 9% 10% & (Z)fl $C% 1008 ()5 BY @%z?cl()-'i%( dWpuZeF, 196 10% 8%. 1@%‘:&K()Rl$(%

0% & ()-$(% $(% ) 55 ( 98 QY $(% 10%.& (1 % &

Oy e (68 1 O%&Ja%éi% A%O(ﬁi%‘lgs/@(gt(%ﬁ)aﬁ% ()@%(t&)u 0((%& ()6& abdr (1 My & 2840

cn#"' gM i6g 1m&n(191b$1($/6q_f0%&m€) og(w Y and O, respectlvely provided,

cn#" % 10% & (Nowl &8 10¥R& (p)rogé)?/‘@;g&i/éz&oé) a$( ef, 194 10%0:8% 10%E& (s S(Bd0%e&

()-$(% 10%& () - $(0010%& ()-$(% 10%& ()-$(% 10%& ()-$(I M, 19 10% & () - $(

% 10%& () - $(TH209PEO( P- $09% HDIRE! ( F=( 9t°109%& () Fgpresents a numerical

cn#" gMB, 19 10%40&e( He B M IQUW & )t$( oxidized states of the elements other

cn#" 9% 10%2& ()-$(% 10%& ()-$(% 10%& ()-$(0oU61% 10% & ()-$(% 10%& ()-$(%

10% & () - $( %ti‘@%&"ﬁe%(% 10%2& ()-$(% 10%& ()-$(% 10%& ()-$(sT61% 10% &

() $(% 1092 & ()-3$( % 10%& ()-$(% 10%& ()-$( % 10%& ()-$(% 10%& ()-3$(% 10%

& () - $(

Y 61% 10%2& () - $(8% 1097 PFO 9% 10988 POt o toodd (FE42' 1092 871y 9% ;

cn#"' . gMBGEHrd 080G &t §) <36V 1Q%Z&idherB( ; thc catalyst for oxidation of

cn# %10‘Vi& g $§/£ 0 10% & () -$( % 10%2 & ) /237% >CoU61% 10‘Vi& ) - $§% 10%z &
() - $( % 1092 &Y $PeR A0V & F) - $LIFALTRR (O $Cos T00E & ) - H( W 10948 52 $( cOH

NOSsT619% 10%&rf)eB( %6 1092& ()-$(% 1092 & ()-$(% 109 & ()-$(% 109%2& ()-$(% 1

0% & () - )g% 109 & ()-$(STVY] bgl M 619% 10% & () - $( &% 10% & () - $( % 10% & () - $(

0% 10% & (- $(-% 10%& ()-$(; cn#" gkpt uvygM 61% 10% & () - $( &% 10%& () - $(;

cn#" % 10% & () - $(%. 100/(2['&0()p%%s’lsﬂo/i&r()p&é(}i}cﬁﬁ@lo/'oaﬂxOO/ir?&ﬂlalﬂoﬁ&a(l)ieﬂS(% 10%

& ()-$(% 10% & g)} b(g% 10% $(% 1092 & ()-$(% 10%& ()-$(1 M 619% 10%& () -

$(9% 10%& () €% 4 é:"() 10%& ()-$(% 10%& ()-$(;

cn#"gM 61% 10% & Q«he%é%ulos(ﬁl& ()$krresistant 1norganic carrier is -

cn#" 98 109 & () - $(% 10%& () - $(% 10%& () - $(eF61% 109% &% 10% &' () - $( % 10% &'

() - $( % 10% &ALPEPasAD AL EPL STz &' () - $( % 10%& ()-$(I M 61% 10% & () - $(

08 10% &' G)- $( % 10% & ()-$(% 10%& ()-$(% 10%& () - $(;

cn#' ' gM 61% 10%& ()-$(%w 10%& ()-3(;

cn#" 08 10% & () - $(% 10% & ()-$(% 10% & () - $(eF61% 10% &% 10% & () - $( % 10% &

()-$(% 109 & ()-$(% 10%& ()-$(% 10%& ()-$(% 10%& ()-$("' | M 61% 10% & () -

$(% 10%& ()-$(% 10%& ()-$(% 10%& ()-$(% 10%& () - $(;

cn#"' +04569gM 619 10% & () - $( % 10%& () - $(;

cn#" 9% 10% & ()-$(% 10% & ()-$(% 10%& () - $(9=BCKPTeF61% 10%2 &% 10% &' () - $( %
'10%& ()-$(% 10%& ()-$(% 10%& ()-$(% 10%& ()-$(% 10%& ()-$(TUVY] bgl M 6

196 1092 & ()-$(% 1092 & ()-$(% 109 & ()-$( 9% 109 & ()-$(% 109 & () - $(;

cn#" gkpt uvygM 619% 10%& ()-$(% 10% & () - $(;

cn#' 9% 10% & ()-$(% 10%& ()-$(% 10% & ()-$(y}eF619% 10%2 &% 10%& () - $( % 10%

& ()-$(% 10%& ()-$(% 10%& ()-$(% 10%& ()-$(% 10%& ()-$(| M 61% 10%& () -

$(% 10%&' ()-$(% 10%& ()-$(% 10%& ()-$(% 10%& () - $(;

cn#' ' gM 61% 10%& ()-$(%w 10%& ()-3(;

cn#" 08 10% & () - $(% 10% & ()-$(% 10% & () - $(eF61% 10% &% 10% & () - $( % 10% &

corresponding
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4, The process for producing an aromatic aldehyde
according to Claim 1
wherein said methylbenzene contains 8 to 10 carbon

atoms.

5. The process for producing an aromatic aldehyde
according to Claim 4

which comprises oxidizing p-xylene as said
methylbenzene in the gaseous phase to give the

corresponding terephthalaldehyde.

6. A process for producing cyclohexanedimethanol which
comprises hydrogenating a phthalaldehyde obtained by the
process for producing an arcmatic aldehyde according to

Claim 4 using xylene as the methylbenzene.

7. A process for producing 1, 4-cyclohexanedimethanol
which comprises hydrogenat ing a terephthalaldehyde
obtained by the process for producing an aromatic

aldehyde according to Claim 5.



