12 March 2007 PROCESS FOR PRODUCI NG TRI MELLI TI C ACI D BACquqw qi£E7THE

| NVENTION- 1) Field of the Invention The present invention re At to a
process for producing trinmellitic acid by liquid phase oxidation of
pseudocunene as a starting material, and specifically to a process for
producing trimellitic acid which conprises oxidizing pseudocunene as a
starting material in water solvent and producing internediate products
step by step and oxidi zi ng thereof, thereby producing trinellitic acid of
a final product in a high vyield. 2) Prior Art Terephthalic acid has been
industrially produced in many states by air oxidation of pxylene in
acetic acid solvent in the presence of a bromne- transition netal
catalyst. In a |iqBRECHRESEOBXPBAPVEANG r BRENEION BIvl2ayimg ar omat i ¢
hydrocarbons as raw material, it is indispensable to use acetic acid as a

sol vent ierﬂdéGRO{DNtmi@Fam iINPe yearpexylic acids. Wen acetic acid
is used as such solvent, loss of acetic acid occurs by conbustion. 1 12
March 2007) Field of the Invention
The present invention relates to a process

for producing trimellitic acid by liquid phase

oxidation of pseudocumene as a starting ma'teriel, and

specifically to a process for producing trimellitic acid

which comprises oxidizing pseudocumene as a starting

-material in water solvent.an‘d producing intermediate

products step by step and oxidizing thereof, thereby

producing trimellitic acid of a final product in a high

yield.

2) Pr.iorArt
Terephthalic acid has been ind'ustria-lly
produced In many states by air oxidation" of p xylene

in acetic acid solvent in the presence of a bromlne

'transrtmn metal catalyst. In a liguid phase oxidation

're.a_ction _ell_mploying aromet.ic hyldrocarbons as raw
m.ate'risl i.t is i-n'dispensa'ble to use ac-eti.c.-acid ag a
solvent in order to obtain aromatlc polycarboxyllc

' acu:ls When acetlc amd rs used as such solvent loss o.f'

acetlc ac::d oceurs by combustion




Pseudocunene is oxidized with air in the presence of a hea,é%ge ﬁk(ﬁgta!yst
in the sanme manner as other al kyl aromatic conpounds, wher I1itic
‘acid is produced. However, it is known that trinellitic acid thus produced
forms a conplex with a heavy netal (s) due to ortho structure of two
carboxylic groups in trinellitic acid to cause deactivation of the
catalyst, so that its yield is lower than that in other alkyl aromatic
conpounds. As a conv&rftdbRar yreaesdsforiproddcvngh aiknmed [ité c aci d, USP
No. 3,.491, 144 di scl oses a process for producing trinellitic acid mhlch
conpri ses Priefieth @ | §f oxibdi 2V pgmpsealdoaurmsiyes ti inackei saacé dniam A e presence
of Co brom de and adding Co, M and brom de thereto and further oxidizing
at 200C omsabobher Buikiyienr oapaneseo gl @@h dRUbLICatipy No. 58- 2222

di scl oses a process for producing trinmellitic acid by oxidizing a

ol yal kyl +subishilh bl ech c A1 AEbig ok deBY U8 o0r o X1 S (dpLI¥ablye diher eof [ n
water. solvent with nolecular oxygen. In the production o ri litic acid

by oxida f nangs| ticC i | oss of acetl acid as the
sol vent OE£8@§Q6§P€§ g#lon ° Eﬁ??%ﬁFCl?ﬁég%sa?e %@ﬁg'ﬁ? that when

it is av0|dable to
~oxi dationyis fré%rt”ﬁ? 5ndla1'%e !)Colaﬂl ure of two carboxylic

groups in trimellitic acid to cause deactivation of the
catalyst, so that its yield is lower than that in other
alkyl aromatic compound's..

As a conventior;al process for producing
“trimellitic acid, USP N0.3,491,144 discloses a process
for producing trimellitic acid which comprises
initially oxidizing pseudocumene in acetic acid in the
presence of. Co bromide and adding Co, Mn and bromide
thereto and further oxidizing at 200°C or above.

Further, Japanese Patent P.ublication
‘ No'.58-.2‘22.2‘discloses a prdcess for producing

trimellitic acid by oxidizing a polyalkyl-substituted

-aro'ma'tic-arldehyd_e Droxidé derivative thereof in water
" solvent with molecular D%cygen.

‘- Inl,the product'ion of trimelliti_c- acidr by
oxidation of Ps'eu'rdocume;-h.e -_in acetic a‘cid,rr'loss of
acetic ,_acid"as the solvent .o-c.curs by éo'mb'uétion.
-Fur.the.r_, th_ere' are some-‘probiems that whén' r"oxida_tio:n.

is performed in acetic acid'_s_olvenrt, it is a'v-oiﬂable to .




2 12 March 2007 apply a batch wi se. Thus, a process for pr cin
trimellitic acid in a high yield w thout using acetic acid1%i@”ﬂégw7
required. On the other hand, the case where a pol yal kyl -substituted
aromati c al dehyde or oxide derivative thereof as a starting material is
oxidized in water solvent has the defect that the polyal kyl -substituted
aromati ¢ al dehyde or oxide derivative thereof is expensive. SUWARY OF THE
| NVENTI ON Di scl osed herein is a process for producing industrially and
continuously trimellitic acid in a high yield by |liquid phase oxi dation of

cheap pseudocungne as a Sstartin terial w thoyt using acetic acid as a
sol vent. ABPRY ,ﬂggﬂf?f{ - eili“@n%l’r\?gesé U tE‘B‘Pﬂ‘élclaﬂg 5 art probl ens,
t he inventpkf que tound_thaé trimellitic acid can be obtai ned

cont i nuous¥ilG Withpuh YR acetiepqid B Reen BRBIRY pseudocumene as a starting
materi al and produci ng internediate products step by step and oxidi zi ng
thereof. In an asped the gterhdnd, the gase Feieren privlled subsiituted sameting
trimellitic acid which conprises: 3 12 March 2007 step A for oxidizing
pseudocuneldchydner etige ddsivalive thereof asaatariinmatiexinlis exidgapm witeny di net hyl
benzoi c acid, dinethyl benzyl alcohol, and dinmethyl benzal dehyde step B
f or separ atalvayt bastbe tftct ittean deipolyabiiytisubstituted aromatic aldehyde or oxide

derivative thereof is expensive. -

SUMMARY OF THE INVENTION
Disclosed herein is a process for producing industrially and

continuously trimellitic acid in a high yield‘by liquid phase oxidation of cheap
pseudocumene as a starting material without using acetic acid as a solvent.

As a result to extensive studies to solve the prior art problems, the
inventors have found that trimellitic acid can be obtained continuously in a high

. yield by oxidizing pseudocumene as a starting material and producing intermediate

products stép by step and oxidizing thereof.

In an aspect, there is provided a process for producing trimellitic

acid which comprises:




di net hyl benzyl al cohol and di nethyl benzal dehyde fron1th% Hgacﬁ%ﬁ%
m xture obtained in step A step C for oxidizing dinmethyl b'% JF ohol
separated in step B, thereby obtaining dinethyl benzoic acid and di et hyl
benzyl al dehyde and then feeding dinethyl benzoic acid and di net hyl benzyl
al dehyde thus obtained to step B, and step D for oxidizing dinethyl benzoic
acid and/or dinethyl benzal dehyde separated in step B, thereby obtaining
trimellitic acid. DEFARPED DESCRkPIE @ ©Fp Thia d NVENTI N Thes pyegent
invention will be described in nore detail below (Step A) Pseudocunene of

a starting netierimg £ are a ok datink tha @ ousfdi sMnkhe i FESEPF T nvention is
present in a Cs distillate of catalytic reformng oils or “thermal cracking

oi | s. Commenti@]c W&dl{cﬁsrﬁg'gﬁ?quén]z% 1MBi €D 2407, nﬁeei?‘ég%?lg%i)y

distillation can be used. The Starting material 'for ox may contain

di et hyl qung@j@gH§ (3, 4-di net hyl benzal dehyde, 2, 4-di net hyl
benzal dehyde and 2, 5-di nethyl benzal dehyde) and di nmet hyl benzoic

aci d( 3, 4-di net hyl .
( y step B for separating dimethyl benzoic acid,

dimethyl benzy! alcohol and dimethyl benzaldehyde
from the reaction mixture obtained in stép A,

step C for oxidizing dimethyl benzyl alcohol
separated'in step B, thefeby obtaining dimethyl
benzoic acid and dimethylv benzyl aldehyde and then
‘feeding dimethyl benzoic ‘aci‘d and dimethyl benzyl
aldehyde thus obtained to step B, and |

s‘tep D for oxidizing dimethyl benzoic acid
and/or dimethyl benzaldehyde separated in step B,

thereby obtaining trimellitic acid. _

"DETAILED DESCRIPTION OF THE INVENTION
The present invention will be described in

mofé detail below.

'(Step A)

| .-.Pseudocumgne of a start.ing.'_ma,terial for
o.xidatjon to Be psed in t,h,e rprese-nt inven‘.ti.on is
b_-rgsent iln' a Cé distill_étéof_catalytic' refor_m.ing 0oils or

.therm_a-l'cr_acrking,oils. Comiﬁe-rcial products-'thereof :




benzoi c acid, 2,4-dinmethyl benzoic acid and 2,5-di net hyl ,& 0|c |d)
which are internediate products of pseudocunene In step A qﬁ unene
is subjected to liquid phase oxidation with nolecul ar oxygen, mhereby a
reaction m xture conprising dinmethyl benzoic acid, dinmethyl benzyl al cohol
and di net hyl benzal dehyde is obtained. Herein, dinethyl benzoic acid,

di methyl - benzyl al cohol and di methyl benzal dehyde are general terms

i ncl udi ngs8paraped-bundi@fblliasoner & a@hereingd 41T het H8a SAIEg MeANI NG SO
long as it is not sepecially mnentioned). In this reaction, |t IS

preferabl @4 veunsel fwat @rxiasa @i oD@ ¢ ol i S iGREEHL yihe wWeight ratio (S R)
of the solvent to pseudocunene is preferably in the range of 0.2 to 10 and

nore prefeealdl ¥ donthe 1@nge 49y e dn ht is preferable that
di et hyl benzoic agld is used toge%ﬁegeﬁF%gdaﬁgﬁgoCunene and present in

the reacthpo ferabl e hat an anmount of
di et hyl %e?z§?§§§ﬂ§ iqoéghglgglf%n? %H%ZBNE @H“ﬁ%b%y is in the range of

0.1 to 40% hy t Fbrel new hyl benzoic acid may be fed or
di met hyl ge%zzoa:/&edgﬁ g’ s8pd é{‘éﬁetﬁyrféﬁn@%e‘s@rcllﬁéﬁ Hadém evelyy be

benzoic acid, 2,4-dimethyl benzoic acid and
2,5-dimethyl benzoic acid) which are intermediate
products of pseudocumene.

In step A, pseﬁdocumene 18 subjected to
liquid phase oxidation wi’eh molecular oxygen, whereby
‘a reaction mixture compri.sin,_g dimethyl benzoic aeid,
dimethyl ben.zyl alcohol and dimethyl Benzaldehyde is
obtained. Herein, dimethyl benzoic acid, dimethyl
benzyl alcohol and dimethyl benzaldehyde are gener.al
terms including 3,4-, 2,4- and 2,5 isomers (hereinafter,
the sam.e. meaning so long as it is not sepecially
'mentioned).l

In th.is reaction, it is preferable to use
water.as a solvent. In this case, the Weight ratio {(SR)
of the 'eo-llvent to_pseudoce‘mene i.‘s prefel‘ably in the
-range of Q. 2 to 10 and more. .preferably in the range of
1 to 5. Further 11: 18 preferable that dlmethyl benzow

_ acid is used together Wlt,h pseudocumene and present
Sin the r-eactlon system. In this case it 1s.p.referable _

that an amount of dlmethyl benzom a01d to the solvent




circul ated and used. Wen di nethyl benzoic acid is used aqg&gn§$§g%
together with pseudocunene as a starting material in water vent,
‘the selectivity of dinethyl benzal dehyde and di net hyl benzoic acid as

i ntended products in step Ais remarkably inproved. In step A it is -
preferable to use at | east one species of heavy netal conmpound as a
catalyst. Herein, as the heavy netal, cobalt, nanganese, iron, zirconium

and ceriurnsai®e tBedraampng fwhi tht cobabit byareé DFh FRMYARESE, i15e ar €)
preferable. It is preferable that these netals can be used as conpounds

such as ariganit® ydc bh@ nSad #cS a chal e |Q@SfeﬂtofSdﬂﬁ%ft‘ﬁrﬂbh@nz%l%se acetic
acid salts thereof. The anobunt of the catalyst I1s in"the range of 0.0l to

2% by wei ghtj sand A eferably v ptBeqbangsyefy 9, ? ?g tg 1W by wei ght as neta
atomto pseudocunene as the starting nmateria 6f &4%atd on. I'n step A

the reacti,Qn rat he I|qU|d ph S xidation is in the range of

90 to 1708 Chgggﬁe éﬁ% I{i/n;ltd én?an qﬁ quﬁni%BK:acﬁ%és reaction

pressure is ran e of 0.1 2. 0 MPaG, preferably in the range of
F@ﬁ@r&ﬁ

i
0.2 to.1. 2 aé‘éﬁd 8n‘p ‘y‘?i’h“?h%swrﬁ‘g@lbmemmat%ao.s MPaG 6 12

March 2007 Trinmellitic acid can be produced by using
starting material in water as a solvent, the selectivity

~of dimethyl benzaldehyde and dimethyl benzoic acid as
intended products in step A is remarkably improved.
In step A, it ié preferable to use at least
one species of heavy meta‘1 compound as a catalyst.
"Herein, as the heavy metél, cobalt, manganese, iron,
zirconium and cerium are used, among which cobalt
and/or manganese is (are) preferable. It is preferable
that these metals can be used as compoundé such aé
organic a.cid' salts, halogenides It is preferable to use
acetic aC1d salts thereof. The amount of the catalyst 18
in the ran_ge of 0.01 to 2% by weight and preferably in
~the range of 0.05 to 1% by weight as metal atom to
pseudiocuméﬁe as the startihg material f'01-' oxidation.
In step A, the reraction tempe'rature of the
'Vl_.i.quid phase oxidation isrin the ranrge of‘90. t_ol170°C
and .prefer..abl‘y'in. the range of 120.t0  150°‘(3. The
| react'ion,.pr-eslsure- is in'thé rangé of 0.1 to .2 0 MPaG.
preferably An the range of 0 2 to 1.2 MPaG and more

preferably 1n the range.of 0 4 to 0 8 MPaG




the reaction mxture obtained in step A as a raw nmateri al ?rlg%ﬁ%dogrm' ng
its liquid phase oxidation. However, when produced di net h);I al cohol

and unreacted pseudocunene are present in the raw nmaterial, the yield of
trimellitic acid becones Iow. Therefore, in the present invention, it .is
preferable to produce trinmellitc acid via the followng steps B, C and D.
(Step B) In step B, djnethyl benzoic acid, dinethyl benzal dehyde and

di met hyl benzyl alco d]lna?ghfsléparcaﬁeélaflrbm phe dreeaed i lop wskhgre obt ai ned
in step A.  The reaction m xture contains mainly unreacted pseudocunene,
di met hyl Bédrfzdiec eigio mii xetingl o bienza dehydep pdidmatshyl rbenzyl al cohol ,
wat er and catal yst conponents. The process for separating dinethyl

benzoic amdtedinbtdyld penzakdehygdei endiqdii@ebhyd s enzyd 2 gl gohol is not
limted. For exanple, the reaction mxture is separated into an oily phase

cont ai ni ngI s &r pSAUSACHIBRE: ¢ dit "B AN ¢ ReZ @ 1 4,y . 1di Tt hyl
benzoal dehyde and di net hyl benzci/l al coholmaﬁg%aﬁpgg‘ulgguhség%ans%. Then, the

oi Iy phase dfWsctsaPRsaLarh d SnsdRbegt 80,19, ¥aGuMN disti)lation, whereby 7
12 March 2007 ,

material, the yield of trimellitic acid becomes low.

Therefore, in the present invention, it is preferable to

produce trimellitc acid via the following steps B, C

and D.

(Step B)

In step B, dimethyl b‘enzoic acid, dimethy!l
benzaldehyde and dimethyl benzyl alcohol are
separated from the reaction mixture obtained in step A.
The reaction mixture contains mainly unreacted
pseudocﬁmene, dimethyl benzoic acid, dimethyl

: benzaldehyde’, dimethyl bénzyl alcohol, water anci

' -catalyst com.ponents. The prof._cess_for separating
-dimet_hyl bepzoic acid, dimethyl ,benzaldehydé and

‘ di'meth'ﬂ'ben'zyl _alcohol iis' 1'1071: Iimited. For example,
'th.e.reacti-lqn mi'xture is s:eparated into én -oiiy lphase
c_dnta'ining_‘_mainl'y pseud'ocumene, dimethy'.l- bezoic acid,

‘dimfethyl.bén'zoaldehyde_ _and_.dimethy‘l benzyl alcoh_oli
‘g-nd -an'a.queoué.phase.-T'lhen','t'heAOily'pha's_e.-'ilfhu.s_

separated is subjected to-v,'a"cuum 'distillat-ibn,- wh.ere,by




each distillate conprising each of pseudocunene, dinethyl qg 0i,C Oﬁ id,
di net hyl benzal dehyde and di net hyl benzyl al cohol as main yﬂﬁ%rh% i's
obt ai ned. Dinethyl benzoic acid and di nmet hyl benzl dehyde thus separated
are oxidized in the following step Dto covert to trinellitic acid.
Conmponents other than the main conponent nmay be contained in the
above-nenti oned each distillate. However, it is referable that preferable
pseudocuméries brd i tidd Byle bemyykisd wphoichso fiod s eadbvaivied nie) di met hyl
benzoi c acid or dinethyl benzal dehyde to be fed in step D. Wien they are

cont ai ned,ditnh@yhs'dn’aeinrmsioem&ritd,bad,xddlfﬂyll%ﬂf@uﬁaldbm?dé?aacﬁilon in step D.
On the other hand, dinmethyl benzyl alcohol separated in step B is oxidized

in the foldiewt 0fyst B nGy BB clo@B&E 150N Pk PHUS ined_ b i datiion are
fed to step Dvia step B and effe(?ti vely Jcogr’nﬁ/lel??ggnﬁog?r(l}ﬁ?rgﬁ??fic aci d.

Thus, accaoydj t . Of e;. present .invention, trinellitic acid
e oy an o) VA PERE SR Bl B WSS RN el bR o ©

can be produced in a high yie W t hout “suf I

di et hyl o) , Further,, . pseudo ne. separated in Step B can be
reused aslgt%{l}zaylls g‘%‘?.%gg Cr’rg?%%?%fi PE 2 %ptcoﬁqg’r‘”’a%ga‘s%f‘oﬂ’v}%n'foi n step C

Step C 8 . .
( p O Covert to trimellitic acid. Components other than the

main component may be contéined in the
above-mentioned each distillate. However, it is
preferable that pseudocumene or dimethyl benzyl
alcohol is not contained iﬁ dimethyl benzoic acid or
-dimethyl benzaldehyde to.be‘fed in step D. When they
are contained, they sometimes exert bad influence on
the reaction in step D.
On the other hand, dimethyl benzyl alcohol
separated in step B is oxidized in the following step C
and r-e_ac‘tion products obtained by oxidation are fed to
' slfep D \}i_a. step B and effe.ctively converted to
: trimellitic acid. Thus, according to the'pro;:éss of the
present inve.ntion, trimelliit'ic acid can be-.pro'duced in
a 'hig._hf‘yiéld wiﬁhout suff,erin.g any influence of
'di-methyl_b_enz,yl alcohol, .Furthe_r, pséudo_c‘umene
sépa'rated_l.i_n Step B can"']rae reused Ias the étarting

‘material in step A or as a solvent in step C.

.‘(Step 'C-),'-




12 March 2007 1In step C, dinmethyl benzyl alcohol is subjec to,liquid
phase oxidation with nol ecular oxygen, whereby a reaction ﬁﬁ@%@“%ﬁdf}
conprising dinethyl benzoic acid and di net hyl benzal dehyde is obtai ned.
The solvent to be used in the oxidation of . dimethyl benzyl alcohol is
aromati ¢ hydrocarbons and/or water, preferably pseudocunene and/or water
and nore preferably %seudocunene_ The anobunt of the solvent is in the
range of 1 to 12 and lpy eftématty dimetbylabea asdi ghtohatli os (SR) of the
solvent to the raw material for oxidation (dinethyl benzyl alcohol). It is
pr ef er abl & 4l axee pstaddaunshe lands o xwdhed o aswtihd 150l ¥€Rlasi NCe any extra
separation step is not required in feeding of the reaction m xture

obt ai ned iox g ep, Cv lteor sb gpa B e 4 ¢ t16n Phakaral %otIE'EEiQ§§ docunene is
contained in the reaction systemof step C since the selectivity of

dimethyl danzakHshy de A dlammhyl d RANALG ACHY 5% | gl fPdled; product s in

step Cis inproved. In step C, it is preferable to use | east one

speci es of pheawe aet c c llyst.,, Herein, cobalt{, nanganese,
copper, iron, zi?ggﬁ?hﬁ1gﬁEQHggr?ﬁn?%rggﬁgeanaghPh%xhgé&ﬁoﬁe? |, anong

whi ch cogqhietﬂgqggnese‘pnq/OEHﬁpPger is (are) preferable.

enzyl alco aromatiec ‘hydrocarbons
and/or watler, preferably pseudocumene and/or water
and more preferably pseudocumene. The amount of the
solvent is in the range of 1 to 12 and preferably 2 to 8
as a weight ratio (SR) of fhe solvent to the raw
-material for oxidation (.di-me‘thyl benzyl alcohol). It is
preferable'to use pseudocumene and/or water as the
solvent since any extra separation step is not required
in feeding of the reaction mixture obtained in step C
to step B. It is preferable that pseudocumencec is
contain‘e‘d.in the reaction system of step C since the
- se]ectiv"i_ty of dimethyl beﬁzalde'hyde and dimethirl
.‘ benzoic acid as intended products in step C is
Vimprolvedf.
In stép C,_ it i's p‘re.ferable to use at least
'(.)ne speci_er_s of heavy metal compoun.d as a-c.ata.lyst.
Herein, co_.bralt, manganese, cop.per, iron, zirconium and
cerium are used as fhe-he'a\'zy,-me'tal,'ramong. which
V'cobarlt, mangan.es'e an&lof- co_'pp_'er-is (are) i)_-réferz;ble.

These metals are used as cbm.pounds such as drganic




These netals are used as conpounds such as organic 9 12 Marggézooz acid
salts and hal ogenides. It is preferable to use organic aci d 2P 2Q¥ e r eof
such as acetic acid salts and naphthenic acid salts. The anmount of the
catalyst is in the range of 0.01 to 1% by weight and preferably 0.02 to
0.5% by weight as netal atomto dinmethyl benzyl alcohol as a raw materi al

for oxidation. In step C, the reaction tenperature of |iquid phase
oxi dat i on&¢d dj §alpe radyéd ko gpnides210Ci sandefrehdrabty d50 to 180C . The
reaction pressure is .in the range of 0.0 to 2.0 MPaG, preferably 0.1 to

1.6 MPaGoald ot ei qirdefserlalsl yher2 dfosO.cth MRaGcelie heagt &Nt g XL Hr e
obtained in step Cis fed to step B and di nethyl benzoic acid and di net hyl

benzal dehyde prhdwdedaicidstapt & are separated. Di met hyl benzoic acid and
di et hyl benzal dehyde separated in step B are fed to the follow ng step D.

Herein, the process fof, faelggiu_r;:tgt tn%i};tégagtait)%ga,@gtﬁwri% the giaﬁg%g: to step B

is not limted. For exanple, i m . the rea m xt ure of
step A or ity Iy pe 1%eﬁgdwe%%ﬂ%’ﬁésﬁ’%gl‘%‘%@f%‘?%ﬁ?} 5091 3tER G By A% @

t wo- phase separator wthout a XI
weight as metal atom to dimethyl benzyl alcohol as a
raw material for oxidation.
In step C, the reaction temperature of
" liquid phase oxidation is in the range of 120 to 210°C
and preferably 150 to 180‘°C. The reaction pressure is
-in the range of 0.0 to 2.0-MP,aG, preferably 0.1 to 1.6
MPaG and more preferably 0.2 to 0.8 MPaQ.
T'he reaction mixture obtained in step C is
.fed to step B and .dim'ethyl benzoic acid and dimethyl
benzaldehyde produced in step C are separated.
Dimethyl'bénzoic acid and dimethyl benzaldehyde
' 'separated.il‘l step B are fed to the following step-D.
~Herein, the process for feeding the reaction mixture of ..
-step C to step B is nét limited. For exampie, it may be
‘mixed in the ‘reé.ction mixture of step A or it may be
'fed_directily to e.ach apparatus of step B such as a

two-p'hase‘s_epa'ra'tor without any mixi’ng_.

(Step D)

~ In step D, dimethyl benxoic acid‘ and/or

10




(Stéep D) In step D, dinethyl benxoic acid and/or 10 12 Nhrgﬁn qgﬁ07
di met hyl benzoal dehyde is subjected to |iquid phase oxi dat i'6Maf§

mol ecul ar oxygen, whereby trinellitic acid is obtained. It is the nost
preferable that the solvent to be used is water. Al so other solvents such
as aliphatic carboxylic acid and a m xture of aliphatic carboxylic acid
and water may be used. The weight ratio of the solvent to a raw materi al
for oxi daﬁléfhe@)’hheﬂr%}%ledmbmlfe 0s2¢abjectoAltand qrief arlabky 1/1 to 5/1.
In step D, it is preferable to use at |east one species of heavy netal
conpound asx id actitoal yeith Herleicw ] aobalitg e nangaresSy itrQm e EiikgeNi um and
cerium are used as the heavy netal; anong which cobalt and/or nanganese

is (are) prefleiabdetaThese neh&l%h&rQlogﬁqﬂr@ﬁePQHPQUﬂ9§tSHP@ as organic
acid salts thereof and hal ogenides. It is preferable to use acetic acid

salts. theoeok nof ¢BrpEl 48 ctihgkerfs ¢ UM hhe eferable to use a
brom ne conpound(s) as thg cafa ;gt Exanp 3 %ELS H?ngronfﬁg%Conpound

cobal t br o 4a P EadiETEAED S %géﬁiucﬁﬂ%&‘ LT AbF o HANE idrong
carboxylic acid and water may be used. The weight
ratip of the solvent fo a raw material for oxidation is
in the range of 0.2/1 to 10/1 and preferably 1/1 to 5/1.
| In step D, it is preferable to use at least
- one species of heavy meta'I compound as a catalyst.
.Herein, cobalt, manganesé, i‘ron, zirconium and cerium
are used as the heavy metal, among which cobalt
and/or manganese is (are) preferable. These metals are
used as compounds such as org.anic acid salts thereof
and halogenides. It is preferable to use acetic acid
salts.théreof or bromide thereof.
Further, 1t is more preferable to use a
| _ bromine compound(s) as the catalyst. Exam‘ﬁles of the
Vbromi‘ne com-poun.d incrluderinorganic bromid_és such as
' hydro'g'én bromide, sodium br{-)mide and cobait bromide
‘and organlc bromldes such as tetrabro@oethane among
which hydrogen bromlde cobalt bromide and
'mangane.se bromide are th'ermost. pr'e-ferable
| The amount of the cat‘alyst is in the range

of 0 01 to 1% by welght and preferably 0. 05 ‘to 0.8 by

1




whi ch hydrogen brom de, cobalt brom de and nmanganese brom r nost
prefera%le.gThe anount of the catalyst is in the range ofggﬁ%ﬁgl%E§@6by
wei ght and preferably 0.05 to 0.8 by 11 12 March 2007 wei ght as netal
atomto the solvent. Total brom ne concentration in the reaction systemis
in the range of 0.1 to 4.0% by weight and preferably 0.5 to 2.5% by

wei ght as bromine atomto the solvent. In step D, the reaction tenperature
of 1iqui ¥ prale d%ivstionatemnte Hd e sger it 160 ttad 2@O@ imad pref erably
180 to 240C . The reaction pressure is in the range of 0.5 to 5.0 MPaG and
preferabl gobapnbragignMaGhé reachi oni spttom rngad i vie of a sgepsfA, C and

D, an oxygen-containing gas is used. Exanples of the oxygen-containing gas

include abrl oxyged%gads; wikxeHt gaves r@ffedangl|n andihners 4gases such as
nitrogen and:- argon. Air is industrially the nost advantageous. A stirring

vessel o wa Dbl £s COOF HATY AN Bfin Y580 0850 1 NEn¢XI dation reactor, among
which a stirring vessel is preferable since stirring is sufficiently

perf‘or nEd in the rea‘f’;logteﬁSDt,h{ah{aeggglc(%ri]oplrQg%\lspsérz?'ltlxreogfbatCh W se, a
sem cont I nuous process and” a

liguid phase oxidation is in the range of 160 to 260°%C
and preferably 180 to 240°C. The reaction pressure is
in the range of 0.5 to 5.0 MPaG and preferably 1.0 to
3.5 MPaG.
‘In each oxidati.on reaction of steps A, C and
D, an oxygen-containing gas‘is used. Examples of the
oxygen-containing gas include air, oxygen gas, mixed
gases of oxygen and inert gases such as nitrogen and
argon. Air is industrially the most advantageous.
A stirring vessel or a bubble column can be
us..ed as the oxidation reactor, among which a s‘pirring
vessel is pr_eferable since stirring is sﬁfficiently
"_rperfor_med in the reactor. As the reaction process, all
of batch wise, a semicontinuous process and a
' co‘n'tinﬁaus procé.ss may be applied, ambng which a
'gontinuous process is préferable_.
._The 0Xygen concen.tratiorn in 'a-.n exhaust gas
from the réactﬁr is Vin .th.e'rrange‘of' 0.1 _1:0'8% by volume
l‘aind.- r.prefera.blyr.rl to 5% bly vpl-;i_m'e. It is pl.'e.f'e:'rable_that

the reactor is equipped with a refhlux co'.ndén-sér to

‘fﬁ12\7-




cont'i nuous process may be appli ed, anong which a continuo C _
preferable. The oxygen concentration in an exhaust gas g%ﬁ%ﬁ%”ﬁ®2ctor IS

in the range of 0.1 to 8% by volune and preferably 1 to 5% by vol une. It
is preferable that the reactor is equipped with a reflux condenser to 12
12 March 2007 condense a | arge anount of solvent to be entrained in an
exhaust gas and wat er to be produced in the oxidation reaction. Although
the conderfSeydediSvet 1anAE weart ek vdr @ fusehy ¢ ytref Ihuxed toa thedr gact or, a
portion thereof is withdrawn also outside the reaction systemin order to
adj ust a et e¥xkemcdngrat iaond imattke toehet pro d RREFERREDhEVBODI MENT OF THE
| NVENTI ON The present invention will be described in nore detail bel ow,

referring otxd dexainpd s a i coh. A eth M@k hi AheNded den bé &1 Lo iPengcope of the
present invention. Exanple 1 (Step A) A titanium autoclave of 2L,

equi pped wid & ﬂat@&saﬁéhﬁ%ﬁan')p‘%e"f‘lhllead re@f b W% 989'c't’89 tybe, a gas
In] ection nozzle and a stirrer was used as a react ]

portion thereof is withdrawn also outside the reaction
system in order to adjust a water concentration in the

reactor.

PREFERRED EMBODIMENT OFTEHﬁINVENTION

The present ixtvention will be described in
-more detail below, referri-ng‘to Examples, which are
not intended to limit the scope of the presént

invention.

Example 1
 (Step A)
A titanium autoclave of 2L, equipped with a
'gas exh'aust pipe with a reflux.coqling tube; a gas
‘inje.ct_ion,_nozzle and a stixfr'er was used as a reactor.
' Ps'eud.o'lcu'mene as a starti'ng material at the rate of 331
‘g/.h,- 2,4-dﬂime.thy1 benzoic acid at the rate of 55 g/h
and Water as a solvent at the rate of 342 g/h were fed
tolthe r.eactor Cobalt acetate tetrahydrate salt as a
'cratalyst was added thereto so. as to ma1nta1n a cobalt

concentratlon of 500 ppm to the solvent The reactor

13




Pseudocunene as a starting nmaterial at the rate of 331 (g/h; - di get hyl
benzoic acid at the rate of 55 g/h and water as a solventqgﬁﬁ¥ﬂbﬂ¢gfe of

342 g/h were fed to the reactor. Cobalt acetate tetrahydrate salt as a
catal yst was added thereto so as to naintain a cobalt concentration of 500
ppmto the solvent. The reactor 13 - ------ --------- 12 March 2007
interior tenperature was raised in a nitrogen atnosphere. Ar was

i nt roducednttiegrieirntam 12OCt uuredeva 8. da MRad iand: thie r@@¥h NUOUS reacti on was
performed in a residence tinme of 50 mnutes. (Step B) The reaction m xture

obt ai ned iart ni be p hahoy e-AEN DHEth £1eP€hic@A Was retianding ofg@cseparate into an
aqueous phase and an oily phase conprising pseudocunene. This oily phase

was subj egtegle £ 0p ¥ aguuimdinsid @l i QM &Bu%o?e%%rtrioinnwa distillation
colum corresponding to the theoretical step o st eps %%ereby separati ng

pseudocu ) the_ o] Ly. phase ,separ seudocunene i s subjected to
vacuum g?g?ﬁf}g??gnggn e#L§bEF§FF i &%ggﬂl ??BEGEOIunn correspondi ng
to the theoretical step of 15 steps, whereby each distillate conprising

each of di et hyl
(Step B)

The reaction mixture obtained in the
above-mentioped reaction was standing to separate
into an aqueous phase and an oily phase comprising
pseudocumene. This oily ﬁhase was subjected to
"vacuum distillation undex" ZQO torr in a distillation
column corresponding to the theoretical step of 8 steps
thereby separating pseudocumene. Then, the oily phase
separated pseudocumeéne is subjected to vacuum
distillation under 20 torr in a distillation column
corre-sponding. to the theoretical step of 15 éteps,

- whereby e.a_ch distillate co.mprising each of dimethyl
benzoic acid, dimethyl benzaldehyde and dixﬁethyl

benzy‘l alcohol as a main component was separated.

'_.(Step c)

"Dimethyl benzyl alcohol separated as a raw .

material at the rate of 200 g/h and pseudocumene as a

solvent at the rate of_'_SOO g/h were fed tro. the same.

reactor as d.e,_scribed' above.‘-_Manganese 'naph‘thenate-

14




benzoi c acid, dinethyl benzal dehyde and di nethyl benzyl a'é@%ﬁ”&?@ a main
conponent was separated. (Step C) Dinethyl benzyl al cohol 1 d as a
raw material at the rate of 200 g/h and pseudocunene as a solvent at the
rate of 800 g/h were fed to the sanme reactor as described above. Manganese
napht henate 14 ---- - ------- 12 March 2007 and copper naphthenate as a
catal yst were added thereto so as to nmi ntain nanganese concentration 200
ppm and cAPpere COREENP AR besd Igpmst 8 ER&addistemere Brkdedact or interi or
tenperature was raised in a nitrogen atnosphere. Air was introduced
therei n atherzoe $edas ¢o4mPaGt ahel nha ontiseucws) ceatt & tio n V@S0 per f or ned
in a residence tine of 120 minute. The reaction mxture obtained in this
reacti on wasmaddeld cto@ it be ©dhyephaseicandn Sig@ tPSENFoSHIROgLi N t he
above-nentioned step B. (Step D) D nethyl benzoic acid at the rate of 50

g/h and dilnetiwd c benzal dehysle tatm bee aftat& af 140, 94D aSepayated in the
above-nentioned step B as a raw material and water as a solvent at the
rate of 23Qt96Ben atmosphere. Air was introduced therein at
170°C wnder 0.4 MPaG and the continuocus reaction
was performed in a residence time of 120 minute.
The reaction mixture obtained in this

reaction was added to the oily phase comprising

pseudocumene in the above-mentioned step B.

(Step D)
| Dimethyl benzoic acid at the rate of 50 g/h
and dimethyl benzaldehyde at the rate of 10 g/h
separated in the above-mentioned step B as a raw
‘materia.l and water as a solvent at the rate of 230 g/h
- were fed to a zirconium auntoclave of 2L, equippea with
" a gas exhaust pipe with a refllux c_ondenser-_fube,'a.l gas
'inj‘e_ct‘ion nozzle and a stirrer as a reactor. Ma-nganese
‘ br'o'm_id‘e_tetrahydratelsalt and hydrogen bromide as a
‘catalyst were added th.eréto 80 as to maintain
man'ganes.c.a- ‘concentr_ation 0.43 % by weight and
'br-'olmin_e éohcen.tr'ation.2.4: by .weig‘ht. The re.actror :
'i.ntér-ior tempe?ature waélrraise_drir.l a nitr.'oge‘n

atmosphere. Air was introduced'therein-__at 220°C

15




weré fed to a zirconium autoclave of 2L, equipped with a h pi pe
with a reflux condenser tube, a gas injection nozzle and gai%?éﬂ@#ﬁas a
react or. Manganese brom de tetrahydrate salt and hydrogen brom de as a
catal yst were added thereto so as to maintain nanganese concentration 0.43
% by wei ght and brom ne concentration 2.4 % by wei ght. The reactor
interior tenperature was raised in a nitrogen atnosphere. Air was

i ntroducel®theF et 8 M PR Goents the wemcti OO s updeti@n3whEaG and t he
continuous reaction was perfornmed in a residence tinme of 90 m nutes. The
reaction mextfaren ¢ Ausn obtizd sicte mas tamal pXedDd Theyies d of trimellitic acid
to reacted pseudocunene was 71.0 nol % The result is shown in Table 1.

Exanpl e 2 The experi Tt rwas tieff of idurd tha sSamRaikRINgFa@s in Exanple 1
except that the feeding rate of dinmethyl benzoic acid in step A was

changed tnk85 4/ d. TAbey [&Bdldt ks i SNOWA ¢ P J@P&emléxelé&%ni e 3 The

experinment was perfornmed in the sane nanner as in 1 except that

CObalt pseudocumene was 71.0 mol%. The result is shown in

Table 1.

Example 2

The experiment was performed in the same -
manner as in Example 1 evxcept that the feeding rate of
~dimethyl benzoic acid in étep A was changed to 165 g/h.

The result is shown in Table 1.

Example 3
The experiment was pe’rf_ormed in the same
manner as in Example 1 except that cobalt
B naphthe'nat_e ‘was used insfead of manganese

_'naphthenate in step C. The resultﬂis shown in Table 1.

' Compafative Exémple 1

The experiment was performed in thle same
manner as in’ Example 1 except that the feedlng rate of
'd1methy1 benzom acui in step A was changed to O glh

The result is shown in Table 1

16 _




napht henat e was used instead of nmanganese naphthenate in slitzﬁgaﬁ%%@ze
result is shown in Table 1. Conparative Exanple 1 The exper

performed in the same nmanner as in Exanple 1 except that the feeding rate
of dinmethyl benzoic acid in step A was changed to 0 g/h. Theresult is
shown in Table 1. 16 a'', 12 March 2007 Conparative Exanmple 2 The
experinment, was perforned in the sane nmanner as in Exanple 1 except that
the feedi RGP AP afi vendiesr male Zolvent in step A was changed to 0 g/h. The
result is shown in Table 1. Conparative Exanple 3 The experinent was
perfornmed in the sanBhemammperr ias einnt Exasp er flo exeapt ot hate shenfeeding rate
of pseudocunene as a solvent in step C was changed to O g/h. The result

i s shown i dabkeat. i CopRarmpilve 1ExamRpe 414 (cahal yst dhhgui-d 11 yed
zirconium acetate, manganese acetate tetrahydrate salt, a 47 % by wei ght

hydr ogen hraqréld@saquggwe%qglfhi Qreepghagiha?é ACELEG a2¢hdo BPH . WRh g

- (zirconium concentration O. % by " wel

result is shown in Table 1.

" Comparative Example 3

The experiment was performed in the same
manner as in Example 1 except that the feeding rate of
pseudocumene as a solvenAt in step C was changed to 0

g/h. The result is shown in Table 1.

Comparative Example 4
A catalyst liguid mixed zirconium acetatel,
manganese acetate tetrahydrate salt, a 47 % by weight
hydrogeﬁ bromide agqueous solution, glacial ace_tic acid
“and water (zirconium concentration 0.01 % by weight,
| -mangahése concentration 0.37 % by Weigh't,'_l.)romi.r.le
-concéntration 0.4. % bry weight and wat_er' cron.centration
40 % by weight) at the rate of 300 g/h and
‘ps.epd.ocumrene at the rate of 73 g/h weré fed tor a
zi1j¢bnium a_ruto.c'lal‘ve of 2L, eq{li.pp.e'd with a gas-
exh_aust _pipe rwith. ‘a.reflux cond.ens'er. tu_be, a gas
‘i'nje-ctio.n. nozzllé'and a'lst.i‘rr-er as a reactor. Air v;fas

introduced th‘erei_h at 220-°C‘1‘1nder“—3.3.MPaG and

i




manganese concentration 0.37 % by weight, brom ne concent r&h%acggb%og % by
wei ght and water concentration 40 % by weight) at the rate /h and
pseudocurnene at the rate of 73 g/h were fed to a zirconi um autocl ave of
2L, equipped with a gas exhaust pipe wth a reflux condenser tube, a gas
injection nozzle and a stirrer as a reactor. Air was introduced therein at
220t under 3.3 MPaG and 17 12 March 2007 oxidation was perforned in a
cont i nuous *drika Eteayev e & e nfegimedcent 4 neo wfi90 onisnwives s thiye nasalt is
shown in Table 1. As clear from Exanples, intended trinellitic acid can
be obt ai ned sin ean e ghiyeebd HY maxiwdiezd NT Isd e oyl Stigps RSGUEGGUNENE as a
starting material in a liquid phase according to the process of the
present irfvwentd an. The process of the present invention has a very |large
industrial significance .since liquid phase oxidation of cheap
pseudocunene is continuously perforned. 18 F,, 12 March 2007 O

As clear from Examples, intended
trimellitic acid can be obtai'ned in a high yield by
oxidizing étep by step pseudocumene as a starting
material in a‘liquid phase according to th.e process of
the preseﬁt invention. The process of the present
invention has a very largé industrial significance
-since liquid phase oxidati0n1of cheap pseudocumene is

continuously performed.

18
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~ac U>>.c LoC0t- +Cl1 000C-i 4C C Co6 Co6 ~6 00 00
&/a a~l 6 UgwUQad) Co CO19 12 March 2007 WHAT I§ggﬁ%FNEé 1S 1
A process for producing trinellitic acid which conprises: step A for
oxi di zi ng pseudocunene, thereby obtaining a reaction m Xxture conprising

di methyl  benzoic acid, dimethyl benzyl alcohol, and dinethyl benzal dehyde
step B for_se aratin&oginethyl benzoic acid, dinethyl benzal dehyde and

di net hyl DERzyT &PcbHoA IMEdMIthe reaction nixture obtained in step A step
C for oxidizing dinethyl benzyl alcohol separated in step B, thereby
obt ai ning dinethyl benzoic acid and dimethyl benzyl al dehyde and then
feedi ng di nethyl benzoic acid and dinethyl benzyl aldehyde thus obtained
to step 13, and stepADyfoteexi dbzipgodumly k-hanzai ¢ aci ¢ q
which comprises:
step A for oxidizing pseudocumene, thereby
obtaining a reaction mixture comprising dimethyl
“benzoic acid, dimethyl benzyl alcohol, and dimethyl
benzaldehyde
step B for separating dimethyl benzoic acid,
dimethyl benzaldehyde an.d dimethyl benzyl alcohol
-from the reaction mixturé ob‘tained in step A,
step C for oxidizing dimethyl benzyl alcohol
separated in step B, thereby obtaining dimethyl
benzoic acid and dimethyl benzyl aldehyde and then
feeding dimethyl benzoic acid and. dimethyl benzyl
alldeh.yde' thus obtained to step B, and
step D for oxidizing dimethyl benzoic acid

and/or dimethyl benzaldehyde separated in s'tep-'B,

thereby obtaining trimellitic acid.

2. The process acéording to claim 1, wherein
water is used as a solvent and dimethy]l benzoic acid is
used_aﬁ.d present together with pseudocumene in the

bxid—ation reaction of step A.

90,




and/ or di nethyl benzal dehyde separated in step B, thereby ai nj
trimellitic acid. 2. The process according to claim1, wheﬁ%ﬁ%mcmgﬂgr i's
used as a solvent and di methyl benzoic acid is wused and present together

wi th pseudocunene in the oxidation reaction of step A. 20 12 March 2007

3. The process according to claim2, wherein a weight ratio of the sol vent
to pseudogunene is ip.the range of 0.2 to 10. 4. The process according to
claim2 oﬁ‘S, wher ef H eaR "t aofc i et dyio sdmdan c2 aci Hereinhe sol vent
isin the range of 0.1 to 40% by weight. 5. The process according to anyone
of cl ai msWieight 4,2 yierodi hhat Sloiagtntom speuidas: wh dwavis mat ahe conpound is
used as a catalyst and the reaction tenperature is in the range .of 90 to
170C and rhagea edcDi.8ntpreédsure is in the range of 0.1 to 2.0 MPaGin step
A. 6. The process according to claim5, wherein said heavy netal is cobalt
and/ or manganese and an anount of the catalyst is in the range of 0.01 to
2 % by weight as netal atomto pseudocunene. 7. The process according to

claim1, wherein at Ty, process according to claim 2 or 3,
wherein an amount of dimethyl benzoic acid to the -

solvent is in the range of 0.1 to 40% by weight.

5.'_ ' The process according to anyone of claims 1
to 4, wherein at leést one' species of heavy metal
.compound 1s used as a caﬁal'){st and the reaction
temperature is in the range of 90 to 170°C and the
reaction préssure is in the range of 0.1 to 2.0 MPaG in

step A.

6. . The process according to claim 5, wherein
~sald heavy metal is cobalt and/or manganese and an
-amount of the catalyst is in the range of 0.01 to 2 %

by weight as metal atom to pseudocumene.

7 o The process according to -clairm 1, w}iere_in at
least" one s‘pe‘cies‘.of heav.y metal compound is QSBd as a_
'cat_alyst__an'd aronllratl'ic hydroc.arbrons ";'u-e used as a
's:olvent aﬁd th-e'r'eact.io-n‘temperétur.e"is in the range

of 120 to 210C a-nd-the reaction pressure is in the

21




| east one species of heavy netal conpound is used as a Cat12'|\%(5fthfdbg
aromati ¢ hydrocarbons are used as a solvent and the reactio Lhperature is
in the range of 120 to 210C and the reaction pressure is in the 21 12

March 2007 - range of 0.1 to 2.0 MPaG in step C. 8. The process according to
claim7, wherein said heavy netal is at |east one netal selected from the

group consi sting pf. cobalt, anese and copper and an anount of the
catal yst [&45&° t(hfg O-dnga %fogﬁ%gaat 621868ByC -wei ght as netal atomto

di met hyl benzyl alcohol. 9. The process according to claim7, wherein a
.weight ratio of the solvent to dinmethyl benzyl alcohol 1is in the range of
1 to 12. 10. The process according to anyone of clains 1 to 9, wherein at
| east one8speci es of Theawy owetsd a cconpbiimng end 1a il oni Reh epapeund are used
as a catalyst and water and/or aliphatic carboxylic acid is (are) used as

a solventsandshemy db.talhes O189% A6SQ Gh BPal Os &l A fB LGy oWerein  said
heavy nmetal is cobalt and/or nanganese and an anount of total heavy metal
i's in theihangeotfp & distorinlg %O% WRI ANt nBSn PRLA s ALAM L&, SpLYENt .

and an amount of the catalyst is in the range of 0.01

to 1 % by weight as metal atom to dimethyl benzyl

aleohol.

9. The process according to claim 7, wherein a
-weight ratio of the solvent to dimethyl benzyl alcohol

is in . the range of 1 to 12,

10. " The process according to anyone of claims 1
to 9, wh.erein at least one species o_f heavy metal
cofnpou.nd and a bromine compound are used as a
-c_at‘alyst’ and water andlor.aliphatic carboxylic ac‘id 18

"(are) used as a solvent in step D.

e . The process according to claim 10, wherein
said heavy metal is cobalt and/or manganese and an
amount of_total heavy metal is in the range of 0.01 to

1 % by weighf as metal atom to solvent.

12. The pr‘bcess according to claim 10 or 11,

.22




12. “The process according to claim10 or 11, 22 12 March ﬁgg{ %Zein
total brom ne concentration in the reaction systemis int E\ f 0.1

to 4.0 % by weight as bronmine atomto the solvent. 13. The process
according to anyone of clains 1 to 12, wherein step A step C and step D
are conducted in a continuous process. 23

wherein total bromine concentration in the reaction
system is in the range of 0.1 to 4.0 % by weight as

bromine atom to the solvent.

13. The process according to anyone of claims 1
to 12, wherein step A, step C and step D are conducted

1 a continunous process.
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