PROCESS FOR PRODUCI NG TRI MELLI TI C ACID BACKGROUND OF THE | NVENTI ON 1)
"Field of the Invention The present invention relates to a process for
producing trimellitic 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
wat er sol vent and producing internediate products step by step and
oxi di zing thereof, thereby producing trinellitic acid of a final product
ina high yield. 2) Prior Art Terephthalic acid has been industrially
produced in many states by air oxidation of p-xylene in acetic acid
solvent in the presence of a bromne- transition nmetal catalyst. In a

i quid phase oxi dRE@ESS ¢ast IPRODETANCY TRGMELOAATCCcARYOr ocar bons as raw
material, it is indispensable to use acetic acid as a solvent in order to

obtain ar@mK@R@MQ@wangE acijasy NWhed p@cetic acid is used as such
sol vent, loss of acetic acid occurs.%y conbustion. 1 Pseudocunene is

oxi di zed vy éyd'lfﬁtFQeInQ LSence of a heavy netal catalyst in the same
manner as other al'k ar omatt ¢ conpounds wher eby

The present invention relates to a process
for producing trimellitic acid by liquid phase
oxidation of pseudocumene as a starting material, and
specifically to a process for producing trimellitic acid
which comprises oxidizing pseudocumene as a starting
material in water solventland producing intermediate
products step by step and oxidizing thereof, thereby
producing trimellitic acid of a final product in a high

yield.

2) Prior Art

Terephthalic acid has been industrially
produced in many states by air oxidation of p-xylene
in acetic acid solvent in the presence of a bromine-
transition metal catalyst. In a liquid phase oxidation
reaction employing aromatic hydrocarbons as raw
material, it is indispensable to use acetic acid as a
solvent in order to obtain aromatic polycarboxylie
acids. When acetic acid is used as such solvent, loss of

acetic acid occurs by combustion.



trinellitic acid is produced. However, it is known that trinmellitic acid
“"thus produced forns 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 conventional process for producing trinellitic acid, USP
No. 3, 491, 144 di scl oses a process for producing trinellitic acid which
conprises initially exidioxivy epgseudoowidne eidn vacEt ixiradndthe the presence
of Co brom de and adding Co, Mh and bromide thereto and further oxidizing
at 200C arr abovee bdrihkeaviapanesé PatehdsbPuld itdad | 0nm eNen 5802222

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

polyal kylas siibisé r tatedl af 9Bl i @lodRPyden @5, O¥Xhde odgyivative thereof in
wat er solvent with nol ecul ar oxygen. In the production of trinellitic acid

by oxi dati QR e @f; ASLYUAQQUIENSy b B vAGES | %@ﬁiedml,m iof kr?c?@ttx)]i ¢3¢ d as the

sol vent occurs by conmbustion. Further, there are sone problens that when
oxi dati on, i, Pe{{Qlmad ;N RGEL 16 AFL HoROkYERLs d Lod 23U daRle Lo 2 apply a
bat ch mnse.%$ﬁus, a process or pro%UC|ng £ fel19% Pc®deid it %a high yield
Wi t hout ugtiaggya%?eteicgl(sa)dddugago %eretr]ngesqturiligtgﬁre 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 compounds.
As a conventioﬁal process for producing
trimellitic acid, USP No.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 Publication
No.58-2222 discloses a process for producing
trimellitic acid by oxidizing a polyalkyl-substituted
aromatic aldehyde or oxide derivative thereof in water
solvent with molecular oxygen.
In the production of trimellitic acid by
oxidation of pseudocumene in acetic acid, loss of
acetic acid as the solvent occurs by combustion.

Further, there are some problems that when oxidation

is performed in acetic acid solvent, it is avoidable to



On the other hand, the case where a polyal kyl- substituted aromatic

“al dehyde or oxide derivative thereof as a starting material is oxidized in
wat er solvent has the defect that the polyal kyl - substituted aromatic

.al dehyde or oxide derivative thereof is expensive. SUMVARY OF THE

| NVENTI ON An object of the present invention is to provide a process for
produci ng industrially and continuously trinellitic acid in a high yield
by liqui dapphase bxitdat moisecof Tdheap pyeudocusefe axral staiging materi al

wi t hout using acetic acid as a solvent. As a result to extensive studies to

sol ve thetriphiedli @it apri@bi 6Me, hipa yaveat @ishhave Joww dhatic trinmellitic
acid can be obtained continuously in a high vyield by oxidizing

pseudocunepgd a8, @ Bhakt kRG JBLLIT @l and producing internediate products
step by step and oxidizing thereof and have acconplished the present

invention. That is re ty e oY des a Rrocess for producing
trimellitic acid mhlcﬂ égnpﬁﬁgegj%guyé qh foréOX| |Z|ng pseudocunene,

t hereb t t dimethyl b d,
i oty BRRSY KA c BRI ik ai”q‘%%ﬁ%gﬁi Phdyfie T odide o0 ©

derivative thereof as a starting material is oxidized in
water solvent has the defect that the
polyalkyl-substituted aromatic aldehyde or oxide

derivative thereof is expensive.

SUMMARY OF THE INVENTION

An object of the present invention is to
provide 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 step by step and
oxidizing thereof and have accomplished the present
invention.

That is, the present invention provides a

process for producing trimellitic acid which comprises:



step B for separating dinethyl benzoic acid, dinethyl benzyl al cohol and
“di met hyl benzal dehyde fromthe reaction m xture obtained in step A step C
for oxidizing dinmethyl benzyl alcohol separated in step B, thereby
_obtaining dimethyl benzoic acid and di nethyl benzyl al dehyde and then
feedi ng di net hyl benzoic acid and di methyl benzyl al dehyde thus obtai ned
to step B, and step D for oxidizing dinethyl benzoic acid and/or dinethyl
benzal dehyde separ atsce i A sftoap oB,i d itzh@rgelpys eobd ac ninmgnter, i tiekkiehivc aci d.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention will be

describetbbhtainbfie detanlthehow ixSiep &) mhseudecunenge@hyd starting
material for oxidation to be used in the present invention is present in

a C9 di stydhabecof ceat al whieq el Ol £91 01 cH 1061, bHES B mGHAGKI Ng Oil's,
Commerci al products thereof 4 separated by distillation can be used. The

startingy nisal oxi dation may contain di nmethyl benzal dehyde
(3,4-dinetﬂg%ggg%g%%géhyde, 2,4-dimethyl benzal dehyde and 2, 5-di met hyl
benzal dehyde) and di neth éﬁﬁpZOIC aci d ngﬁhﬂgt ;ngenbe020|ci£F|d,

2, 4-di met hyl benzoi ¢ & separatin zoic ac
dimethyl benzyl alcohol and dimethyl benzaldehyde
7 from the reaction mixture obtained 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
aldehyde thus obtained to step B, and

step 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

more detail below.

(Step A)
Pseudocumene of a starting material for
oxidation to be used in the present invention is
present in a Co distillate of catalytic reforming oils or

thermal cracking oils. Commercial products thereof



2,5-di net hyl benzoic acid) which are internediate products of

" pseudocunene. In step A pseudocunene is subjected to |iquid phase

oxi dation with nol ecul ar oxygen, whereby a reaction m xture conprising
_dinmethyl benzoic acid, dinethyl benzyl al cohol and di nethyl benzal dehyde
is obtained. Herein, dinmethyl benzoic acid, dinmethyl benzyl alcohol and
di net hyl benzal dehyde are general terns including 3,4-, 2,4- and 2,5

i somers (dwer ek nabideby dtikeidbaei oeard ngbsoukendg A% d tstiag thatg sepecial |y
mentioned). In this reaction, it is preferable to use water as a solvent.

In this casgerihe Mot ohfidation(SRy fnihenselmtnyp pseudocunene is
preferably in the range of 0.2 to 10 and nore preferably in the range of

1to 5. ﬁ}gﬁgqueigg&g Ps ef &f quhtﬂaq)equng}%%hythe@zoi c acid is used

toget her wth pseudocunene and present 1nt eaction system In this

case, it Js, prefer e ha amount of ., di net hyl .bhenzoic acid to the
é,.tl &%St%‘i)l betnz%hg?&ytde /;j)bfl, niflglﬁte.thljér

sol vent is 1nthe’range o 0 y ein, new dinethyl
benzoi c acid e fed or .dinethyl nzoic, acid parated in step B
Goseri bed 1 AF ATty 8 h Eul ATHUT hhd HEA0  tneR A1 et Hg| mEdnbl ¢ acid i s
used and present together with pseudocunene as a starting nmaterial in
wat er as 2 88Pventcidhe? Jeldigepyhil benzoic acid and

2,6-dimethyl benzoic acid) which are intermediate
products of pseudocumene.

In step A, pseudocumene is subjected to
liguid phase oxidation wit.:h molecular oxygen, whereby
a reaction mixture comprising dimethyl benzoic acid,
dimethyl benzyl alcohol and dimethyl Eenzaldehyde is
obtained. Herein, dimethyl benzoic acid, dimethyl
benzyl alcohol and dimethyl benzaldehyde are general
terms including 8,4-, 2,4- and 2,5 isomers (hereinafter,
the same meaning so long as it is not sepecially
mentioned).

In this reaction, it is preferable to use
water as a solvent. In this case, the weight ratio (SR)
of the solvent to pseudocumene is preferably in the
range of 0.2 to 10 and more preferably in the range of
1 to 6. Further, it is preferable that dimethy!l benzoic
acid is used together with pseudocumene and present
in the reaction system. In this case, it is preferable

that an amount of dimethyl benzoic acid to the solvent



of di nmethyl benzal dehyde and di met hyl benzoic acid as intended products in
"step Ais remarkably inproved. In step A it is preferable to use at | east
one speci es of heavy netal conpound as a catalyst. Herein, as the heavy
~metal, cobalt, manganese, iron, zirconiumand cerium are used, anong which
cobalt and/or manganese is (are) preferable. It is preferable that these
netal s can be used as conpounds such as organic acid salts, hal ogeni.des.

It is preferiabkaet pawse: @atetictacidsal § swthghaeof HeThanamaunt of the
catalyst is in the range of 0.01 to 2% by weight and preferably in the

range of @i Q% ttho L%Peayz ¥ a; Bsn BBt dle 2LAML04 i RSEUIPEWERE s the
starting material for oxidation. In step A the reaction tenperature of the

i qui d phase, Qi dat5hon o Sal 85Len aNa8. O P 10,0470 £y god preferably in

the range of 1 to 150 reaction pressure 1s’in the range of 0. 1

to 2.0 MPaG . preferablly in {h ange, .of 2.tp 1.2 MPaG.gnd nore

pref er abltiil“ricnu Fhe (?a?]lég of° e(#'4%Yée . gll%g v8 E’Pinr?eolllci f“icégabf d can be

pr oduced b% sing, the reaction nm xture gobtained in step A as a raw
mat eri al AREYpBPf oM GRE RESt 6 EP G pHddd B8t POH e B6we¥eR, when produced

di et hyl benzy] al cohol and unreacted pseudocunene are present in the raw
mat eri al , S thet i@l @ adfe niglngp| wa i e d heedved tohhe 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-l compound as a catalyst.
Herein, as the heavy metff;ll, 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 compounds such as
organic acid salts, halogenides. It is preferable to use
acetic acid salts thereof. The amount of the catalyst is
in the range of 0.01 to 2% by weight and preferably in
the range of 0.05 to 1% by weight as metal atom to
pseudocumene as the starting material for oxidation.
In step A, the reaction temperature of the
liguid phase oxidation is in the range of 90 to 170°C
and preferably in the range of 120 to 150°C. The
reaction pressure is in the range of 0.1 to 2.0 MPaG,
preferably in the range of 0.2 to 1.2 MPaG and more

preferably in the range of 0.4 to 0.8 MPaG.




Therefore, in the present invention, it is preferable to produce
“trinmellitc acid via the followwing steps B C and D. (Step B) In step B,

di mret hyl benzoic acid, dinethyl benzal dehyde and di net hyl benzyl al cohol
~are separated fromthe reaction mxture obtained in step A The reaction
m xture contains mainly unreacted pseudocunene, dinethyl benzoic acid,

di met hyl benzal dehyde, dinethyl benzyl al cohol, water and catalyst
conponents. The prockssmfeddiseparitd g o di vathyd vberdz dive vadings  di et hyl
benzal dehyde and dinethyl benzyl alcohol is not Iimted. For exanple, the
reacti on Wigtueecitsosepandtuede ialt taamedi 1y phaseA £ond aiaiwng nmai nly
pseudocunene, dinethyl bezoic acid, dinethyl benzoal dehyde and di net hyl

benzyl almceholriAnd mh peuEOUs iphases Thedi dtHB aicl ¥ xpAass othus separat ed
iS subjected to vacuumdistillation, whereby 7 each distillate conprising

each of pEQUASGURENGL o iRl MYk AR 618Gy o diNAL BYE o RAGNZ2Ldehyde and
di met hyl benzyl al cohol as main conponent "is obtained. D nethyl benzoic

aci d and lneile 3zl dahuds, Lhs o SERRTALEG are Xl izgd in the follouing

step Dto covert to trinellitic aci npone er than the main

Corrponentma yerblealc,ogfxgl 9?glﬁno%q%imellitic 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, dimethyl
benzaldehyde and dimethyl benzyl alcohol are
separated from the reaction mixture obtained in step A.
The reaction mixture contains mainly unreacted
pseudocumene, dimethyl benzoic acid, dimethyl
benzaldehyde, dimethy! benzyl alcohol, water and
catalyst components. The process for separating
dimethyl benzoic acid, dimethyl benzaldehyde and
dimethyl benzyl alcohol is not limited. For example,
the reaction mixture is separated into an oily phase
containing mainly pseudocumene, dimethyl bezoic acid,
dimethyl benzoaldehyde and dimethyl benzyl alcohol
and an agqueous phase. Then, the oily phase thus

separated is subjected to vacuum distillation, whereby



above nentioned each distillate. However, it is preferable that

" pseudocunene or dinmethyl benzyl alcohol is not contained in dinethyl
benzoic acid or dinmethyl benzal dehyde to be fed in step D. Wen they are
_contained, they sonetines exert bad influence on the reaction in step D.
On the other hand, dinethyl benzyl alcohol separated in step B is oxidized
inthe followng step C and reaction products obtained by oxidation are
fed to stephDlvshildtagp Boamdréfieegt buehy odopeentddcimdmenel litic acid.
Thus, according to the process of the present invention, trinellitic acid
can be prdidueead siinbea Ho Db ad ial d dwint HON 1SHE her e @pd el Bhlguence of

di met hyl benzyl al cohol, Further, pseudocunene separated in Step B can be

reused asg{fe ;HtyAr Wz y MBS BIdRb1 1 £s SheR oA ¥ %&é@'ivsef&thﬂﬂnsf;@ﬁ C (Step
C 8 1In step C, dlﬂEtth benzyl alcohol is subjected to liquid phase

8 In step | _ cted 1 as
@ mothy! Domsarey har ar akde o ke rUDBREEY ey R b AT R SR N ERE (Ol Vet

to be US%ﬂgiQrt e ox%%g%iqﬁi%% di hyl nzyl al cohol_.is aromatic -
hydr ocar bons 528ﬁ09 Wwat’ér’, pré%éfggﬁyy682§88§&ﬁbﬁ &hd) df° water and nore
prEferab“%ayg?%%ﬂ?%ﬁ%%?élﬁﬂ%caggggt 82n§§ghen¢5 other than the

main component may be contained in the

above-mentioned each distillate. However, it is

preferable that pseudocuﬁnene or dimethy!l benzyl

alcohol 1s not contained iﬁ dimethyl benzoic acid or

dimethy! benzaldehyde mibe 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 reaction products obtained by oxidation are fed to

step D via step B and effectively converted to

trimellitic acid. Thus, according to the process of the

present Ilnvention, trimellitic acid can be produced in

a high yield without suffering any influence of

dimethyl! benzyl alcohol, Further, pseudocumene

separated in Step B can be reused as the starting

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

(Step C)



solvent is in the range of 1 to 12 and preferably 2 to 6 as a weight ratio
"(SR) of the solvent to the raw material for oxidation (dinethyl benzyl

al cohol). It is preferable to use pseudocunene and/or water as the
.solvent since any extra separation step is not required in feeding of the
reaction mxture obtained in step C to step B. It is preferable that
pseudocunene is contained in the reaction systemof step C since the
selectivity of dimetlhylstsenza) detnydéharidbdinest hyllcobenzasc aci d as i nt ended
products in step Cis inproved. In step C, it is preferable to use at

| east onmeubpected 06 heavid neh als ecorpdurtd cas vai tdatmbyst ulaler ei n, cobal t,
manganese, copper, iron, zirconiumand ceriumare used as the heavy netal,

among whichy ge@hakih e FERgaREseaanslhar nCiOPPEF e | S h@f Q) iRref erabl e.  These
netals are used as conpounds such as organic 9 acid salts and hal ogeni des.

It is prefenaklie i @ duso P GAN £ ﬁ@h%?ﬁ'é&%hﬁ&ﬁ a$HEM yAse Geti ¢ acid

salts and naphthenic acid salts. The anoun e catalyst 1s in the

arge ol 80 Moty LA MU0 LRy (G O3 100 e O e,
step C, tJ‘Fm%‘ﬁ%}f %r!elgzeypearlactoul{gl%fs aromatic hydrocarbons

and/or water, 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 6
as a weight ratio (SR) of the solvent to the raw
material for oxidation (di.methyl 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 pseudocumene is
contained in the reaction system of step C since the
selectivity of dimethyl benzaldehyde and dimethyl
benzoic acid as intended products in step C is
improved.

In step C, it is preferable to use at least
one species of heavy metal compound as a catalyst.
Herein, cobalt, manganese, copper, iron, zirconium and
cerium are used as the heavy metal, among which
cobalt, manganese and/or copper is (are) preferable.

These metals are used as compounds such as organic



| i qui d phase oxidation is in the range of 120 to 210C and preferably 150
"to 180C . The reaction pressure is in the range of 0.0 to 2.0 MPaG
preferably 0.1 to 1.6 MPaG and nore preferably 0.2 to 0.8 MPaG The-
‘reaction mxture obtained in step Cis fed to step B and di nethyl benzoic
acid and di methyl benzal dehyde produced in step C are separated. D nethyl
benzoi c acid and di net hyl benzal dehyde separated in step B are fed to the
followi npstepdts Herdilmalohe nprdeces$tfior pfreeihimgb tde or @acti on ni xture of
step Cto step Bis not limted. For exanple, it nay be mxed in the
reaction cixhauie atidteplds ahdtethysbeh Aedadbteectdyid @ Hashagpparatus of
step B such as a two-phase separator without any mxing. (Step D) In step

D, di net hyh phhamxoh €c acd b angd/tqr, 10 di net hyl benzoal dehyde is subjected to
i quid phase oxidation with nolecular oxygen, whereby trinellitic acidis

obtained. It is theﬁﬁﬂéta8{§£ﬁka9keH£QQ§ E% qlvggtthg pg ed is water.

Al so other solvents such as aliphatic car |c aci d and a Hxture of
allphatlc ar o I cid and ter Q AT atio of the
sol vent t% ? Pa §éaté}ﬁa Y Y&P& 85?1 ﬁ?Yh% &Zn % Bil to 10/ 1
and preferably 1/1 to 511. In ste D it is referable to use at | east

P e?g){lt as metal atom topdlmethyl bpenzyl alcohol as a

raw material for oxidation.

In step C, the reaction temperature of
liguid 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 MPaG, preferably 0.1 to 1.8
MPaG and more preferably 0.2 to 0.8 MPaG.

The reaction mixture obtained in step C is
fed to step B and dimethyl benzoic acid and dimethy!l
benzaldehyde produced in step C are separated.
Dimethyl benzoic acid and dimethyl benzaldehyde
separated in step B are fed to the following step D.
Herein, the process for feeding the reaction mixture of
step C to step B is not limited. For example, it may be
mixed in the reaction mixture of step A or it may be
fed directly to each apparatus of step B such as a

two-phase separator without any mixing.

(Step D)

In step D, dimethyl benxoic acid and/or

10



one speci es of heavy netal conpound as a catalyst. Herein, cobalt,
"manganese, iron, zirconiumand cerium are used as the heavy netal, anong
whi ch cobalt and/or manganese is (are) preferable. These netals are used
~as conpounds such as organic acid salts thereof and halogenides. It is
preferable to use acetic acid salts thereof or brom de thereof. Further,
it is nore preferable to use a brom ne conpound(s) as the catalyst.

Exanpl es ®fmtehéd y bibem neatdapouhd iisnchuide dtreat ganilcq bidnpdessesuch as

hydr ogen brom de, sodi um brom de and cobalt brom de and organic brom des

such as tetidbeoomewhahe m ahonglawhs hglydr adesr Bbgnt em «a0baid brom de and
manganese brom de are the nost preferable. The anount of the catalyst is in

the rangeacod iG @b a0 nl DY tWek 1Y o 84S A 8@k 18 Q% 410 ¢8.c8 by 11 wei ght
as netal atomto the solvent. Total brom ne concentration in the reaction

system i .41, {fig r@nge @éedolslvkgtéw%zpyo 0p @@%@ﬁgé%@@hy. 0.5 to 2.5%

by weight as ronlne atomto the sol vent n ste e reactlon

t enperat u Uld Xi dat i in_th rangs 0 to 260' C and
preferablégfgﬁii g %ﬁéq?ed%fl n p e8stir! %%fe ?ﬁé & of 0. 5to

ferably. 1. o 3.5 MPaG
5.0 MPaG a”dbE’E(?,ﬁcaEc}'d agdtwater may be used. The weight

ratio of the solvent to 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.l compound as a catalyst.
Herein, cobalt, manganese, iron, 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 organic acid salts thereof
and halogenides. It is preferable to use acetic acid
salts thereof or bromide thereof.

Further, it is more preferable to use a
bromine compound(s) as the catalyst. Examples of the
bromine compound include inorganic bromides such as
hydrogen bromide, sodium bromide and cobalt bromide
and organic bromides such as tetrabromoethane, among
which hydrogen bromide, cobalt bromide and
manganese bromide are the most preferable.

The amount of the catalyst is in the range

of 0.01 to 1% by weight and preferably 0.05 to 0.8 by

11



In each oxidation reaction of steps A, C and D, an oxygen-containing gas
"is used. Exanples of the oxygen -containing gas include air, oxygen gas,

m xed gases of oxygen and inert gases such as nitrogen and argon, Air is
_industrially the nost advantageous. A stirring vessel or a bubble colum
can be wused as the oxidation reactor, anong which a stirring vessel is
preferable since stirring is sufficiently perforned in the reactor. As the
reacti on wpebgbdsasamlet of agatmhtoitlee w0 beegm ¢ orffd tabdsr pnooess and a
continuous process may be applied, anong which a continuous process is
pref er ablemndbhatoxygen canckat rahicanonnsgntexhaust ngake Faapd e reactor is
inthe range of 0. 1 to 8%by volune and preferably 1 to 5% by volune. It

i s preferghl ot hab % the weaghar ainsd gk RPEL W th. & LT we cppdenser to 12
condense a | arge anount of solvent to be entrained in an exhaust gas and
water to pg;phedyced b INE . 0xhdali QR o €34 .. Al though the condensed
solvent and water are usual?y refluxeg to the reactor, a portion thereof
is wthdrawn al so oytsi t reaction . .systemin order to. adjust a water
concentration in thgglfggékgfit%%Eﬁﬁﬁégﬁ éhéfﬂfﬁ@ﬁfﬁﬁfﬁ' | NVENTI ON The
present Inyenty ok #hb! o 28a 95885 P84 d ke range of 160 o 260%

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
used as the oxidation reactor, among which a stirring
vessel is preferable since stirring is sufficiently
performed in the reactor. As the reaction process, all
of batch wise, a semicontinuous process and a
continuous process may be applied, among which a
continuous process is preferable.

The oxygen concentration in an exhaust gas
from the reactor is in the range of 0.1 to 8% by volume
and preferably 1 to 5% by volume. It is preferable that

the reactor is equipped with a reflux condenser to

12



nore detail below, referring to Exanples, which are not intended to limt
"the scope of the present invention. Exanple 1 (Step A) A titanium

aut ocl ave of 2L, equipped with a gas exhaust pipe with a reflux cooling
‘tube, a gas injection nozzle and a stirrer was used as a reactor.
Pseudocunene as a starting nmaterial at the rate of 331 g/h, 2,4-dinethyl
benzoic acid at the rate of 55 g/h and water as a solvent at the rate of
342 g/ h weredeede tao lehhger @acvorn t Gdbabivamet abebtet nahydnatde isalt as a
catal yst was added thereto so as to naintain a cobalt concentration of 500
ppm to thensekyuantst Bhies re@dt @ra thd itht 8ki gk oldanped aimrghavas raised in a
nitrogen atnosphere. Air was introduced therein at 120C wunder 0.4 MPaG

and the conidAUONE Feackion WasthBIPYRd ddh e heY JeNAS o4 fre of 50
mnutes. (Step B) The reaction mxture obtained in the above-mentioned

reaction yag gt ng. 49, s ?£92|?fﬂ 942h, agye0 gagP9§e and an oily phase

conprising pseudocunene. | y phase was su [ected fo  vacuum

i sti Ll aty ony e, 200, ;fo” # D Ragh 3l A LR O  £PR 4T, SO g g3pRRgi NG to the

system 1in order to adjust a water concentration in the

reactor.

PREFERRED EMBODIMENT OF THE INVENTION

The present iﬁvention will be described in
more detail below, referring to Examples, which are
not intended to limit the scope of the present

invention.

Example 1
(Step A)

A titanium autoclave of 2L, equipped with a
gas exhaust pipe with a reflux cooling tube, a gas
injection nozzle and a stirrer was used as a reactor.
Pseudocumene as a starting material at the rate of 331
g/h, 2,4-dimethyl benzoic acid at the rate of 55 g/h
and water as a solvent at the rate of 342 g/h were fed
to the reactor. Cobalt acetate tetrahydrate salt as a
catalyst was added thereto so as to maintain a cobalt

concentration of 500 ppm to the solvent. The reactor
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t her eby separating pseudocunene. Then, the oily phase separated
“pseudocunene is subjected to vacuum distillation under 20 torr in a
distillation colum corresponding to the theoretical step of 15 steps,
~whereby each distillate conprising each of dinmethyl benzoic acid, dinethyl
benzal dehyde and di met hyl benzyl al cohol as a main conponent was
separated. (Step C) Di nethyl benzyl alcohol separated as a raw naterial at
t he rate iof t 200 g/th ape rpsrtdocuaBNeadased isohventragenhe rate of 800 g/h
were fed to the sanme reactor as described above. Manganese napht henate 14

and coppes ¢ mapdy henat eAas RaGatalkysti vy € Adgdedinthere2osso as to maintain
manganese concentration 200 ppm and copper concentration 50 ppmto the

sol vent. , The,  GAGt @) pi defjﬁerthgnpsmm Syes satpetif a nitrogen

at nosphere. Air was iIntroduced therein at 0C under MPaG and t he
conti nuou ?gctlo ICE Q@gj rﬁgg §55geQQ%‘t me of 120 m nute. The
reaction ure o taln reagtlon was ‘a deﬁgto the oily phase

conpri si ng pseudocunene |n the above mentioned step B. (Step D) Di net hyl
benzoic acid at the rate of 50 g/h and di nethyl benzal dehyde at the rate

of 10 g/h
g (Step B)

The reaction mixture obtained in the
above-mentioned reaction was standing to separate
into an aqueous phase and an oily phase comprising
pseudocumene. This oily ﬁhase was subjected to
vacuum distillation undef 200 torr in a distillation
column corresponding to the theoretical step of 8 steps
thereby separating pseudocumene. Then, the oily phase
separated pseudocumene is subjected to vacuum
distillation under 20 torr in a distillation column
corresponding to the theoretical step of 15 éteps,
whereby each distillate comprising each of dimethyl
benzoic acid, dimethyl benzaldehyde and dimethyl

benzyl 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 800 g/h were fed to the same

reactor as described above. Manganese naphthenate

14



separated in the above-nentioned step B as a raw material and water as a
"solvent at the rate of 230 g/h were fed to a zirconium autocl ave of 2L,
equi pped with a gas exhaust pipe with a reflux condenser tube, a gas
.injection nozzle and a stirrer as a reactor. Manganese brom de
tetrahydrate salt and hydrogen brom de as a catalyst were added thereto so
as to maintain manganese concentration 0.43 % by weight and brom ne
concent r a2 PENC2 P2 DK 32 RBILAHPN a Thea s enctioia 1y nt of poe 28dpak ature was rai sed
in anitrogen atnosphere. Air was introduced therein at 220C 15 under 3.3
MPaG and thhereont s muosist v gaet ndr iwasn a perafos srede ¢ mcanresitdemc® &4 ne of 90
m nutes. The reaction m xture thus obtai ned was analyzed. The yield of

trimellitppraciddt oo peact ed n qrsetdocli®nNBoWes v 1t D td %o lTherresult is
shown in Table 1. Exanple 2 The experinment was perforned in the sane

manner asThR Exanplos 1n@%6ept toaipd Petfieediings afig Qf indimet hyl benzoic
acid in step A was changed to 165 g/h. The result is shown in Table. 1.

Exanpl e 3, e, exReni:iit p Yas Pehhior fBd i 0% AR «BDREL 3 in Exanple 1
except that cobalt
170C under 0.4 MPaG and the continuous 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-mentionéd step B as a raw
material and water as a solvent at the rate of 230 g/h
were fed to a zirconium autoclave of 2L, equipped with
a gas exhaust pipe with a reflux condenser tube, a gas
injection nozzle and a stirrer as a reactor. Manganese
bromide tetrahydrate salt and hydrogen bromide as a
catalyst were added thereto so as to maintain
manganese concentration 0.43 % by weight and
bromine concentration 2.4 % by weight. The reactor
interior temperature was raised in a nitrogen

atmosphere. Air was introduced therein at 220°%C

15



napht henate was used i nstead of manganese naphthenate in step C. The
“result is shown in Table 1. Conparative Exanple 1 The experinment was
performed in the same nmanner as in Exanple | except that the feeding rate
of dinmethyl benzoic acid in step A was changed to 0 g/h. The result is
"shown in Table 1. 16 Conparative Exanple 2 The experinent was performed in
the same manner as in Exanple 1 except that the feeding rate of water as
a sol ventundest 8p3 AMNR8 Gc handjeth ¢ oc On ¢l hu oThe r eregstuilotn ivsashown in Table 1.
Conpar ati ve Exanple 3 The experinment was perforned in the sane nanner as

i n Exanplpe Af @xeept ithat rehe dfeandi ng i atef &fo mwsewdegunene as a solvent in
step C was changed to O g/h. The result is shown in Table 1. Conparative

Exanpl e 4 A catal ystrh b qud 8 B X80niGON WA 2665 Bt 81 n c ABAGANESE acet at e
tetrahydrate salt, a 47 % by weight hydrogen brom de aqueous sol ution,

glacial agehig,Bel droaNg (aLep (GO IR CANGaNLhatL gl 8401 6 by welght,

manganese concentrati on o by wei'g romine concentration 0.4 % by

wei ght - and, yaber, LRUGENLT AL 97 040 JpRY PRLOPLL 3% {12 Alg 9h 300 o/h and

Table 1.

Example 2

The experiment was performed in the same -
manner as 1n Example 1 e.xcept 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 performed in the same
manner as in Example 1 except that cobalt
naphthenate was used instead of manganese

naphthenate in step C. The result is shown in Table 1.

Comparative Example 1

The experiment was performed in the same
manner as in Example 1 except that the feeding rate of
dimethyl benzoic acid in step A was changed to O g/h.

The result is shown in Table 1.
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pseudocunene at the rate of 73 g/h were fed to a zirconium autocl ave of
"2L, equipped with a gas exhaust pipe with a reflux condenser tube, a gas
injection nozzle and a stirrer as a reactor. Air was introduced therein at
.220C under 3.3 MPaG and 17 oxidation was performed in a continuous one
stage in a residence tine of 90 mnutes. The result is shown in Table 1.
As clear fromExanples, intended trinellitic acid can be obtained in a high
yield by Coxiplaziangvst Exdm pdtee@ pseudocunene as a starting material in a
| i qui d phase according to the process of the present invention. The process
of the present invéhhbooxpPas ianyekywlad @adifvdustd ah shgnshinc@nce since
| i qui d phase oxi dation of cheap pseudocunene is continuously perfornmed. 18
WIillo I'l'lihlalgherM sOin Example 1 except that the feeding rate of

water as a solvent in step A was changed to 0 g/h. The

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 solven't in step C was changed to 0

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

Comparative Example 4

A catalyst liguid mixed zirconium acetate,
manganese acetate tetrahydrate salt, a 47 % by weight
hydrogen bromide aqueous solution, glacial acetic acid
and water (zirconium concentration 0.01 % by weight,
manganese concentration 0.37 % by weight, bromine
concentration 0.4 % by weight and water concentration
40 % by weight) at the rate of 300 g/h and
pseudocumene at the rate of 73 g/h were fed to a
zirconium autoclave of 2L, equipped with a gas
exhaust pipe with a reflux condenser tube, a gas
injection nozzle and a stirrer as a reactor. Air was

introduced therein at 220C under 3.3 MPaG and

17
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oxidation was performed in a continuous one stage in a
residence time of 90 minutes. The result is shown in

Table 1.

As clear from Examples, intended
trimellitic acid can be obtained in a high yield by
oxidizing step by step pseudocumene as a starting
material in a liguid phase according to the process of
the present invention. The process of the present
invention has a very largé industrial significance
since liquid phase oxidation of cheap pseudocumene is

continuously performed.

18
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CO X0 O0 QQ C COcV oQ O u7r-1000vCDM MCN 00 \P V 190 53 19 WHAT IS
"CLAIMED I'S: 1. A process for producing trinmellitic acid which conprises:
step A for oxidizing pseudocunene, thereby

WHAT IS CLAIMED IS:

1. A process for producing trimellitic acid
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 obtained in step A,

step C for oxidizing dimethyl benzyl alcohol
separated in step B, thereby obtaining dimethy!l
benzoic acid and dimethyl benzyl aldehyde and then
feeding dimethyl benzoic acid and dimethyl benzyl
aldehyde thus obtained to step B, and

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

thereby obtaining trimellitic acid.

2. The process according to c¢laim 1, wherein
water is used as a solvent and dimethyl benzoic acid is
used and present together with pseudocumene in the

oxidation reaction of step A.

20



obtaining a reaction m xture conprising dimethyl benzoic acid, dinethyl
"benzyl al cohol, and dinethyl benzal dehyde step B for separating dinethyl
benzoic acid, dinethyl benzal dehyde and di nmet hyl benzyl al cohol fromthe
.reaction m xture obtained in stop A step C for oxidizing dinethyl benzyl,
al cohol separated in step B, thereby obtaining dinmethyl benzoic acid and
di net hyl benzyl al dehyde and then feeding dinethyl benzoic acid and

di met hyl benzyl al déh§der @ heigsobE apaddnEo tet eha BN Sndwdtesy id faor oxi di zi ng
di met hyl benzoic acid and/or dinethyl benzal dehyde separated in step B,

t her eby obeaghitngatipnef Itité caloicht 2o Pre pldocasseaccosdimglto claim 1,
wherein water is used as a solvent and di nethyl benzoic acid is used and
present trogegheofw) it tpsdawdocunene in the oxidation reaction of step A 20
S. The process according to claim?2, wherein a weight ratio of the sol vent
to pseudocunene is in the range of 0.2 to 10. 4. The process according to
claim2 or 3, wherein an anount of dinethyl benzoic acid to the solvent

is in therange of @ue ty §0%BYa¥EL IRt n gDt oThEa PROGESS gecording to anyone
of clainms 1
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 is used as a caf;alyst and the reaction
temperature is in the range of 90 to 170°C and the
reaction pressure is in the range of 0.1 to 2.0 MPaG in

step A.

6. The process according to claim 5, wherein
said 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. The process according to claim 1, wherein at
least one species of heavy metal compound is used as a
catalyst and aromatic hydrocarbons are used as a
solvent and the reaction temperature is in the range

of 120 to 210C and the reaction pressure is in the
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to 4, wherein at | east one species of heavy netal conpound is used as a
"catalyst and the reaction tenperature is in the range of 90 to 170C and
the reaction pressure 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, rdegeinfdl. 1 gas.Ondl Bpéeiias sdfe thdavy nmetal conpound is used as a
catal yst and aromati c hydrocarbons are used as a solvent and the reaction
tenperature is in the range of 120 to 210C and the reaction pressure is in
the 21 range of 0.1 to 2.0 MPaGin step C. 8. The process according to

claim?7, grherein saikk heayye BBt akcbsdah ¢l @ast1oN8 nNetgh salacted from the
group consisting of cobalt, manganese an§ copper and an anount of the

catal yst d. d mém[‘,rﬁm@apfl 0afl1et9: L 60 6] 0% 133 (BRI 2k o3t om t O

di net hyl benzyl cohol . e process according to claim7, wherein a

wei ght ratyj I h I h he range of
1to 12. % %1 'Sgr(éggés\s{%ggc% 8| ng % Xlt q@%e %)?ﬁl % 9 dlcsoﬂ.ipe%
and an amount of the catalyst is in the range of 0.01

to 1 % by weight as metal atom to dimethyl benzyl

alcohol.

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, wherein at least one species of heavy metal
compound and a bromine ¢compound are used as a
catalyst and water and/or aliphatic carboxylic acid is

(are) used as a solvent in step D.

11. 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 weight as metal atom to solvent.

12, The process according to claim 10 or 11,
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to 9, wherein at | east one species of heavy netal conpound and a brom ne
“conmpound are used as a catalyst and water and/or aliphatic carboxylic acid
is (are) used as a solvent in step D. 11. The process according to claim
.10, wherein said heavy netal is cobalt and/or manganese and an anount of
total heavy netal is in the range of 0.01 to 1 % by weight as netal atom
to solvent. 12. The process according to claim10 or 11, 22 wherein total
bromi ne coheertimattiocdn li hrphei n eact horn tyesttiem iis ithet he arcdnge of 0.1 to 4.0
% by weight as bromne atomto the solvent. 13. The process according to
anyone ofsyédeémsid id o HE, r nherebl BteptoA4 .St 6p K3 andighapal are conduct ed
in a continuous process. 23

bromine atom to the solvent.

18. The process according to anyone of claims 1

to 12, wherein step A, step C and step D are conducted

in a continuous process.
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