Specifi'‘cation Title of Invention: PROCESS FOR PRODUCTI ON OF

H GH PURITY TRIMELLI TIC ACID Technical Field [0001] The present
invention relates to a process for the production of high-quality
trimellitic acid froma dinmethyl benzal dehyde and/ or an oxi di zed
derivative of the dinethyl benzal dehyde by continuous |i qui d-phase
air oxidation in high yield in an industrially advantageous manner.
Background Art [0002] A processd§€g§4£q i&gﬁjecting pseudocunene to
air oxidation in an acetic aci ofvent With a

cobal t - ngngan -LRLLRekased catal yst has been conventionally
known as a production process for trinellitic acid (Patent Literature

1). In additj e I 1 RO S k{%(P
Literature Z?QSCﬁ%tFé%,é%ﬁ&%ocungﬁgﬁggﬁaﬁeg%a I"on %LngI?a ecrllDaI
is changed to 2, 4-dinethyl benzal dehydeor 2, 4-di nethyl benzoic acid,

and a netal chosen from manganese and cerium and a brom ne conpound

are use I upon |i qui d-phase oxidation of the oxidation
raw mat cejrre?%n%\?\:ntatqh%ﬁ'gcul ar oxygen in an aqueous solvent. [0003] In

ddi tion, : . fal | owi h
product | 99CP tri mefPE; Paekanh SiraRERal Yol et ek BRI afud
2 0 mBENAD o ot o, biarsslptblh I bRRERFEL SO "y srom o
3, 4-di hyl i i /i d . ial
i qui o pHARr e RREeaR o ko eie a7 e Brades SR TR RO T oLty the
oxygen 'dlﬁ@%ﬁﬂTﬂ%%%%l%%h¥88tb§rkdﬁ.%nuous liquid-phase air oxidation in

high yield in an industrially advantageocus manner.

Background Axt

[0002) A process involving subjecting pseudocumene to air
oxidation in an acetic acid solvent with a
cobalt-manganese-bromine-based catalyst has been conventionally
known as aproductionprocess for trimelliticacid (Patent Literature
1). In addition, the following process has been known (Patent
Literature 2). That is, pseudocumene as an oxidation raw material
is changed to 2, 4-dimethylbenzaldehyde or 2, 4-dimethylbenzoic acid,
and a metal chosen from manganese and cerium, and a bromine compound
are used as catalysts upon liquid-phase oxidation of the oxidation

raw material with molecular oxygen in an agqueous solvent.

[0003] Inaddition, Patent Literature 3discloses the following
process for the production of trimellitic acid. That is,
2,4-dimethylbenzaldehyde, 2,5~dimethylbenzaldehyde,



presence of a catalyst formed of brom ne or of brom ne and a heavy
metal. In exanples in the literature, trinmellitic acid is produced
from 2, 4- di net hyl benzal dehyde in an aqueous solvent with a catal yst
formed of nmanganese and bromine. [Patent Literature 1] US 3491144
[Patent Literature 2] JP 56-26839 A [Patent Literature 3] JP

2002- 3440 A Summary of Invention Technical Problens [0004] In Patent

i eralyre g desrihet ARG 151G geldnl Brdiced 2ccordino

to a conti nuous ocess an dmne is~4& ;

and henget he t_of .an_organobroni ne ,campound,, to_be produced as
2 by- pr URCe PR T A e 760 { Mo it~ GFNER Y L BPRERLBrashaTe/ 15
conpound_to be produced as by-product i s desiraply , further reduced
becauseu??fg Py oagurcatvf charltaae éf‘gaﬁbg}lbﬁfﬂ}éa%% 1ogs i3 BPRSPEEEst
| eads tp the | gss of a _bronine conponent gs a catalyst conponent. In
hddi i off T a2 R SRLECHERN TOHRNAE FRafSoRYGh FUNARE Lb the
trinmellitic acid _should be produced [n additionall hi.gh yield by
reduci ng* 35 Wt é\fv—zsa?e?aqarle\éft ﬁFmﬁga‘ﬂ% BAPTGHBCRT of Ellgﬁe@’é‘ﬂta heavy
invention is tqQ_provide a,gr cess. 2 for the industrial production of
i gh- qUAFEa Y. RPGRERTRTaS LB e E FeFREI5e] dTiReRpE EhCRCId 18 Produced
di net hyl benzal dehyde, and/ or an oxidi zed, derivative of the

di met hy 5%?%@1@%@@&?1@?%3&% 18 A3AneR ey Saf vensorift aratalyst
Probl e 00024%The i nventors of the present invention have nade

ext ensi VFREU AL IGQFRSCaBSFe PEPBBPE. As a result, the inventors

have found the follow ng. That is, 3, 4 -dinme thylb en z al dehyde
shows Patent Literature 1] US 3491144

[Patent Literature 2] JP 56-26839 A

(Patent Literature 3] JP 2002-3440 A

Summary of Invention

Technical Problems

[0004] InPatent Literature 3describedabove, trimelliticacid
is produced according to a continuous process and bromine is added
at the second stage, and hence the amount of an organobronine compound
to be produced as a by-product reduces. However, the amount of the
organobromine compound to be produced as a by-~product is desirably
further reduced because the production of the organobromine compound
as a by-product leads to the loss of abromine component as a catalyst
component. In addition, for example, it has been demanded that
high~purity trimellitic acid should be produced in additionally
high vield by J_:ecluc:ing a wastewater treatment load.

An object of the present invention is to provide a process



behavi or conpletely different fromthat of 2,4-dinethyl benzal dehyde
used in Exanples in Patent Literature 3. \When the process descri bed
in Patent Literature 3 is applied and 3, 4-di net hyl benzal dehyde is
used as a raw material, high-purity trinmellitic acid cannot be
advant ageously produced owing to a reduction in yield. However, the
addition of a specific amount of iron as a catal yst conponent

enabl es .one to_produce high-quality, trinellitic acid wth small i
anountsfSP b @%rcﬁﬁﬁyéiqﬁﬁgh gE°9“F¥?ﬂ%II9 i ¢L98rquBLoRv de highmpurity
i ndustriall dvant ageous nper ... Thus,. the inventors have reached
the preESRPHRVERE oS TOUBBF ATt me Sy hens R Rudiet an Qriothasss
the fol l.owmng, .pro ses, faor, the prqduction of, high-purity )
trimel | FEF E"g& e 0%%%%31}?%%933%%?@%#@&%@15&? %:? a;pgiavigiatesial .
trimellitic acid including subjecting a dinethyl benzal dehyde and/ or

an oxidized derivative of the dinmethyl benzal dehyde to |i qui d-phase
oxi dat i | ecul ar oxygen in an aqueous solvent containing a

n Lth
catalyngnggﬂ?o ACRFERISAT 1itic acid, in which:
3,4-din?é8¥gifnzaldeh de 3 and/or 3,4-dinethyl benzoic acid are/is
used as mat erid ; 1BVeREPEF yof R PREFRRD. OBVent iomahevey mdkss
of one or nore kinds of netals selected fromthe group consisting of
cobal t , SHRARERRER SLUdaRE ot Ekerboyegorrbkang. 0885 pasel by thasusmtors
metallic iron and/or iron obtained froma water-soluble iron salt,
and 1 tBa%efaungd bye feddowandnr oitate i th ¢elinethvlbengelgahydeghows
mass of the aqueous solvent is used as the catalyst; and the
li qui d-pRBREIeXFaBPLeRely didépuant daomtthe t @fdef at imetyf 1InOr 1 lsi<2B0E;
2. the process for the production of high-purity trinellitic acid
accor di WgeE e Freanlife ipEahent biterntera Re (Whan thopaosessidimdrided
in Patent Literature 3 is applied and 3, 4-dimethylbenzaldehyde is
used as a raw material, high-purity trimellitic acid cannot be
advantageously produced owing to a reduction in yield. However,
the addition of a specific amount of iron as a catalyst component
enables one to produce high-quality trimellitic acid with small
amounts of by-products such as a trimellitic acid bromide in an
industrially advantageous manner. Thus, the inventors have reached
the present inventioen.
(0006] That is, the present invention provides the following
processes for the production of high-purity trimellitic acid:
1. a process for the production of high-purity trimellitic acid
inecluding subjecting a dimethylbenzaldehyde and/or an oxidized
derivative of the dimethyibenzaldehyde to liquid-phase oxidation

with molecular oxygen in an aqueous solvent containing a catalyst

to produce trimellitic acid, in which: 3,4-dimethylbenzaldehyde



i s conducted according to a two-stage continuous process and 5 to 50
mass% of a total brom ne supply anount is supplied at a second

stage; and 3. the process for the production of high-purity
trimellitic acid according to the above item1 or 2, in which the
aqueous solvent has a nass 1 to 4 tinmes as large as a supply anount
of 3, 4-di net hyl benzal dehyde and/or 3, 4-di met hyl benzoi ¢ aci d.

Advant ageays ELfects of, I nvention [0007] According to the process_of
t he pre%@%?ofn éﬁf?bﬂ?ghﬁrﬁ?ﬁ%ﬁkﬁi4ﬁﬁd ﬁ%@ﬁ;ﬁu???? 3% iEPK PpEeRtRY/ 2
with extr%nﬁb% snalg .ampunfs_of by-produgts such as an internediate
of oxi d&Ai 8 Y>4nCREaiPiBH o%ngﬁuﬁ Rd &Y 3P§an66r BREner chepouktnds
can be oltaine from 3, 4-di net hyl benzal dehyde and/ or

3, 4- - di et RGFHERSGLEFENTFAm UheBEORR |GPNSA SEd nYdRT G L ty H2 R gam eltRM
ratio of hrom pe used as a catalyst is high. As a result, the

[ epl oni SRACAECARDUN HI0bsHPnAOWRERINEY BRFA| 96 et idey bred sy or
reused r,educes, and _hence a production <cost is curtailed. Further,
the di s¢ARPgRPEABRGE ‘FFomhR WREABCESL4RER HRemsalsy gahdbk Gi¢i Beparts by
conpound to be discharged in a purification step reduces by virtue
of the f“BFégagn*gFOW% dduInesrgchalf ohP dparty dut mass PEadhe calmieaems
Therefore, according to the process of the present invention,

hi gh- pufPLYeREi #é| HFedcanchie Gat e riodicedhien laaui ddpkase v idation
advant ageous manner. Description of Enbodi ments %0008] Her ei nafter,
the pres&nfOoPrAVERedontia BeEReYafarq wf 200 to 250°C;

2. the process for the production of high-purity trimellitic acid
according to the above item 1, in which the_liquid-phase oxidation
is conducted according to a two-stage continuous process and 5 to
50 mass% of a total bromine supply amount is supplied at a second
stage; and

3. the process for the production of high-purity trimellitic acid
according to the above item 1 or 2, in which the aqueous solvent
has a mass 1 te 4 times as large as a supply amount of

3,4-dimethylbenzaldehyde and/or 3,4-dimethylbenzoic acid.

Advantageous Effects of Invention

[0007] According to the process of the present invention,
high-quality, high-purity trimellitic acid with extremely small
amounts of by-products such as an intermediate of oxidation, an
addition compound, and an organobromine compound can be obtained
from 3, 4-dimethylbenzaldehyde and/or 3, 4-dimethylbenzoic acid in

high yield.



detail .- A large nunber of kinds including 2,4-dinethyl benzal dehyde,
2, 5-di net hyl benzal dehyde, 3, 4-di net hyl benzal dehyde,

"2, 4-di net hyl benzoi ¢ acid, 2,5-dinethyl benzoic acid, and

3, 4-di net hyl benzoi c acid are avail abl e as di nmet hyl benzal dehydes and
oxi di zed derivatives of the dinethyl benzal dehydes each serving as a
raw material for the production of trinellitic acid based on

ity bsed SOULL T e SRR B U e T Pl atalist
o 4 i PR Ao G S R e TS TSk S TP S M P4 Egrdne when the
addi tion tge roduction, process of %re present invention is a .
process PSR bFoaﬁEY?%%doﬁn rTTHAS tﬁ%##ﬁ@?d fPenhgpread pypduction
oxi dant _and wat er E%%Zﬁﬁolvent in which a catal yst obtai ned by

addi ng P86t £6 "€ tonal catalyst is used. Wth the process,
trinmellitic agid can be roducgd according tQ a continuous process.
ne of 3, 4-d HEF’H?FbeﬁQ% gefiFaardfd aBount yphe DNy PEERREEE AV
serving as a raw naterial can be used, alone, or both of them can be
used asCAIAPRKPEPELINEOBEBPOERE bP RBr 81RFPYCIH et 2l BUSET b8t ekrn r osP
t he group consistin% of cabalt, nmanganese, and nickel are used in
the cat ZBFEEESoPYt NeIbr8sOht thAVERFREAINEF thdse, Feihbancdevastewater
particul arl referred. One kind of conmpounds containing those
netal s Eéﬁa%QQBEeaoéﬁoﬁ%?uc%ﬁ'tmo or nore kinds of them can be used
as a mxture. |In addition, the conpounds containjng those netals may
each be used TREEAYOFHr AFCORAINEE BAG PTRECEA f AR esaNt brvention,
i norganic salt. The conpounds _

high-purity trimellitic acid can be produced in an industrially

advantageous manner.

Description of Embodiments
[0008] Hereinafter, the present invention is described in
detail.

A large number of kinds including 2, 4~dimethylbenzaldehyde,
2,5-dimethylbenzaldehyde, 3, 4-dimethylbenzaldehyde,
2,4-dimethylbenzoic acid, 2, 5-dimethylbenzoic acid, and
3,4-dimethylbenzoic acid are available as dimethylbenzaldehydes
and oxidized derivatives of the dimethylbenzaldehydes each serving
as a raw material for the production of trimellitic acid based on
liquid-phase oxidation. Of those, 2,4-dimethylbenzaldehyde has
been mainly used so far. In the production process of the present
invention, in particular, 3, 4-dimethylbenzaldehyde and/or

3,4-dimethylbenzoic acid are/is used as a raw material.



are desirably present as anion in the aqueous sol vent. The conpounds
are nore preferably brom de salts, or specifically, cobalt brom de,
"manganese brom de, and ni ckel brom de. Brom ne used in the catalyst
preferably exists as an inorganic brom ne conpound that generates a
brom de ion, and any such nmetal brom de salt as descri bed above can’
be used. Hydrobromc acid is nore preferably used. [0010] The
content of the nmetal selected fromthe group consisting of .cobalt,
manganese, and APERELOPs HROBTPEUGT LR PIRFESE dhLDe BYeRY PP 1eML

to 0.5 part by mass with respect to 100 arts. by nass .of the aqueous
sol vent1s |5 RIRAYIDECT D&teoﬁ’gﬁguéﬁﬁf’@n?f €’é”&e}cjo¥%lcpa€’r°t’sd Wtﬁaé T 8f

preferably 1.5 to 4 parts by mass_ with respect to 100 parts by mass
of the YRGS HandoPRENYtEDASLIE RRLEEDF LR M hnd/ 6Rtalyat aRtedings) BY
iron salt are/is wused as iron to_be added as a catalyst to the
aqueoustEBIRGAEONThE a8 RRRELDEHPDRF Aty stal & USAT ch "AED I R EE6FESRAT ¢
salt or an inorganic_ salt, is preferably present as an ion in the
aqueoust%JdllQ/JekﬁtIQEBFldé;éah%ﬁéérqdéﬁeﬁca‘a%‘f g tQ ¥ EPPELBURAT PFOCesS -
ferric halide, ferrous sulfate, ferric sulfate, ferrous nitrate, |
ferric nitrat@ne ahd: ‘hydratbylsartalédghydrandan deddmnesbydbenzoty acid
those, ferric bromde is preferred. Only one kind of the netallic
i ron aneHah IYRVingapsr asmwimatanisd saptke msebalesed, obrbatib odr theme
kinds of them nmmay be used as a m xture. A netallic iron ion eluted
from necan |he vggpiar d sid@WaFe.ncl uded. An iron content is 0.0001 to
0. 0015 part by mass, or preferably 0.0002 to 0.0010 £art by mass
with respe2®] to 10@nganrs meyrenmkdadsop it hetagsevrsegind ditom the group
consisting of cobalt, manganese, and nickel are used in the catalyst
of the present invention. Of those, manganese is particularly
preferred,

One kind of compounds containing thosemetals canbeusedalone,
or two or more kinds of them can be used as a mixture. In addition,
the compounds containing those metals may each be used in any form,
and may each be an organic salt or an inorganic salt. The compounds
aredesirablypresent as anionin the aqueous solvent. The compounds
are more preferably bromide salts, or specifically, cobalt bromide,
manganese bromide, and nickel bromide.

Bromine used in the catalyst preferably exists as an inorganic
bromine compound that generates a bromide ion, and any such metal
bromide salt as described above can be used. Hydrobromic acid is
more preferably used.

[0010] The content of the metal selected from the group

consisting of cobalt, manganese, and nickel is 0,05 to 1 part by



[ 0012] -A |iquid-phase oxidation process, is preferably a continuous
process. The continuous process is preferably a nulti-stage
"continuous process, or nore preferably a two-stage continuous
process. A |liquid-phase oxidation two-stage conti nuous process is
the follow ng process. Areactor 1 and a reactor 2 are connected in
series. An oxidation raw material, a catalyst-containing solvent,
and air are Ioaded:éron1the inlet of 7 the reactor, 1, and then

li qui d-PiSe OxiRFAGFHAY Cortdet 8dS RATERY T3 Wil FefPadte touLP8t
of the reactor is delivered to the inlet_of the reactor 2, Air is
furt herPFoaRRY MARSP t hBSARGXNS P LVee | FRAW A% DRFEREPEFOSent
conducted._  [0013] In the Iiquid-phase oxidation two-stage continuous
processisilt s> grF et RAITEREr BF RAHESHEYdded T 4 RETEE A asmhyith
brom ne be added in an amount corresponding to 5 to 50 mass% of the
total bFFRefE difbdrft0 Mdhfe Wef9sd SfafBet 8URSRUT e3RYEMT. When

brom ne is added dividedly as described above, an oxidation rate

i ncreas€20lhhd an defaddbFonFeR FWHISSUAII FLE 1RO IPdrehiPs Rk mgedéa
so that its anpunt nmay reduce. As a result, the amount of an

i nt er neded @So#r@}%ifdhéieoﬁd@@d@@ prepfirclatp iy Sauices aqnecvsdsphygnt. The
trinmellitic acid can be obtained in hi%P yield. [0014] Water used as
t he sol WakRITa0 et adR ¢a lte Wb be afl stphned Saagtads an inorganic
i on-exchanged water, or nenbrane-filtered water, or nore preferably
wat er oBakind® Prefrnabby @reaantt psnep dgpaiatine aguehus polvemer . Foa
addition, the aqueous solvent is used in an anount in the range of
pr ef er ap¥amule o ferrigesetort ey £ qunolisrbl ide 1 atfrrrid hedids, Ifargeouas
t he amount of 3, 4-di net hyl benzal dehyde and/or 3, 4-di net hyl benzoi c
acid asswulfatenaferiit snlfates Sermous nitrate, ferric nitrate, and

hydrated salts of them can each be used. Of those, ferric bromide
is preferred. Only one kind of the metallic iron and/or the
water-soluble iron salts may be used, or two or more kinds of them
may be used as a mixture. A metallic iron ion eluted from metallic
piping is also included.

An iron content is 0.0001 to 0.0015 part bymass, or preferably
0.0002 to 0.0010 part by mass with respect to 100 parts by mass
of the aqueous solvent.

(0012} A liquid-phase oxidation process. 1s preferably é
continuowus process. The continuous process is preferably a
multi-stage continuous process, or more preferably a two-stage
continuous process. Aliguid-phase oxidation two-stage continuous
process is the following process. A reactor 1 and a reactor 2 are
connected in series. An  oxidation raw material, a

catalyst-containing solvent, and air are loaded from the inlet of



mass ratio. [0015] The reaction tenperature is 200 to 250C, or
preferably 210 to 230C. The reaction tenperature at each stage in
‘the nulti-stage continuous process can be selected fromw thin the
tenperature range. e Although the reaction pressure is not
particularly limted as long as the reaction liquid can be kept in a
|l i quid phase, the reaction pressure typically falls within the range
of 1.6 to 6 MPa. The reactjon pressure at each stage in the
mul ti - st&§e r(,e@ﬁtioﬁuéusangr 5eeRsligniBePRaie AR Wist KopdupEed. A
pressure range. g0016¥ Thelfrocess for the production of trinellitic
aci d of TeREIPedALIE BNt P UIRS PEsThAreREE QK 19 Aedavered) be, the
3, 4- di met hyl benzal dehyde and/or_ 3, 4-di met hyl benzoi c_acid as a raw
mat er i aFPLEAdOf SERMFCREEOE 2ed A ERafurHEhlonded ioke tdw agartor 2,
ratio of the bromi ne compound used as a catalyst is high. The term
"br oni défidort 1L FaRRRSEaPrbdahEoR sk FBIMIGEadefers to a ratio at
whi ch bromine (in the formaof a brom de ion) provided as a catalyst
remai ns [iO91de f or n¥Bf theprdAdd-rhase nokhda hyeR otivo- B2 §@ NEOM: LINGRMES
turning into an organobrom ne conpound as a reaction by-product. The
br oni de Fr&FeEErves b3 RFafegqeshitnas hwaning bg addafyin twonstenabnghyd
the brom de ion provided for the reaction turns into an
or ganobPgviiaec bepsdaadainaag epmeint reatuesraddinige trefatndep masshi o
as a catalyst having oxidation activity in the aqueous solvent. Wen
t he rat itdeatotil drcphneamideaEdhe eaadnd stagehko ddugcoesc tsat 2entWhers
hi gh, the recycling of the aqueous solvent to the reaction allows
t he resbdgaingr fi dddedrdioldadiat iasndascalbed atlyate, AR axidstiitn rate
anount of a brom de ion that nmust be newly added can be reduced.
increases, and an organobromine compound in the system is decomposed

so that its amount may reduce. As a result, the amount of an
intermediate of oxidation to be produced reduces. Accordingly,
trimellitic acid can be obtained in high yield.

[(0014] Water used as the solvent is preferably, for example,
distilled water, ion-exchanged water, or membrane-filtered water,
or more preferably water obtained from a water purifying apparatus
with a polisher. 1In addition, the agueous solvent is used in an
amount in the range of preferably 1 to 8 times, ox more preferably
1 to 4 times as large as the amount of 3,4-dimethylbenzaldehyde
and/oxr 3,4-dimethylbenzoic acid as a raw material in terms of a
mass ratio.

{00151 The reaction temperature is 200 to 250°C, or preferably
210 to 230°C. The reaction temperature at each stage in the
multi-stage continuous process can be selected from within the

temperature range.



In other words, a state in which the ratio at which the brom de ion
remai ns in the aqueous solvent after the reaction is high, i.e., a
"state in which the bromde ion residual ratio is high neans that 9
the ratio at which bromine is utilized as a catalyst is high. [0017]
To be specific, the above bromde ion residual ratio in the case
where 3, 4-di net hyl benzal dehyde and/or 3, 4- dinethylbenzoic acid

are/is used terial is remarkably h as conpared w th
the brom de ?%]nt%%%%@e FaPbL SR TR ik, L suaf pare ST 1¥hnitea
2, 4-di net Ibenzal de and/ ar, 2,.4-di net hyl benzoic acid, ,are/is used
25 r a0 AR B SRt SREr19B L HE SRBURE EAPGAT Br LAWoL dfaRe. the
conpound in the forner case. i s snalher than that in the | atter_case.
Ther ef oF"eaCYh%“ P&ﬁsﬁuéte Wﬁ'c‘frﬁ‘ltlh‘é LBl oM gn tRaranse Pk tash #ra.
catalys@hls hi As a result, %I eglenlshnent apopunt of a hrom ne
conpoun PSRSFUES FHafe LhhepBul bdueerge SR TASNGES
hi gh- pur trlnE||ltIC acid can be produced in a cost-effective
nmanner . pf‘b‘%ﬁ%"j IHMatPe Seharss JEQ%WﬂgplﬂhEhﬁr%‘Eﬁ%‘F%% 9S4 el litic
acid of the present invention enables the production of _hi qual ity
trinell [$9%8 ﬁci d exd¥® PERFeFA, f%rth&aﬁﬁ%ctbmiqutahaeﬂﬁrﬁgmaymd of
conposi tion because the anpunt of an organobrom ne conpound to be

pr oduceti®s R 9RRYT odB¥eREEOR neinvolgied atheharsmnmefyi ngd thegticular,
production of any other inpurity can be reduced. In addition, the

br omi de3i Wlm%%b%nﬁraakdqsly@fe ang/ ofihd -démeshndbenzpic add as araw

catal yst can be increased, and hence.hlg Eurlty trimellitic acid

can be Pripmiel and dlgeharscaresized ABnABAL Foe tiremideciqn desdsivad

excellent in terns of environnmental consciousness because the

di schar Bt ertht thefbrguigeofedpsuadcisad an ar gakdbydhi ke hdafpound to

be di scharged

The term "bromide ion residual ratio" as used herein refers

to a ratio at which bromine (in the form of a bromide ion) provided
as a catalyst remains in the form of a bromide ion in the agueous
solvent without turning into an organobromine compound as a reaction
by-product. Thebromide ionservesasareactantaswellasacatalyst.
Accordingly, the bromide ion provided for the reaction turns into
an organcbromine compound at a certain ratio, and the remainder
remains as acatalysthavingoxidationactivityintheaqueoussolvent.
When the ratio at which the bromide ion remaing in the agqueous solvent
is high, the recycling of the agqueous solvent to the reaction allows
the residual bromide ion to function as a catalyst. As a result,
the amount of a bromide ion that must be newly added can be reduced.
In other words, a state in which the ratio at which the bromide

ion remains in the aqueous solvent after the reaction is high, i.e.,

a state in which the bromide ion residual ratio is high means that



in a purification step reduces by virtue of the foregoing and hence
10 a wastewater treatment |oad reduces. Exanples [0019] Next, the
"present invention is specifically described by way of exanples.
However, the present invention is not limted by these exanples. A
reacti on product was anal yzed with a gas chromatography apparatus
(GC apparatus) under the follow ng conditions in each of the

foll ow ng exanpl es, and, conpar ati ve, exanpl.es. Model; Agl | ent  6890N
( manuf a&gﬁr §G‘NE§? akg'@éﬁ}f‘ng’é%fb?dﬁ tidgegmisusedatpbygt is high.

(manuf a by Agll Technol ogj es). Anal ysi s conditions:

I nj ect i ﬁﬁ%ﬁgp 30000 (2 e?é:te&rl T‘é’rrpgééo e¥e hrPnicifdra: greidual gragio
100C for, 3 mnutes increased to 280C at 5C/ mn_-. held at 280C for
35 minutt®s DERRct ort2%4ydr o@'@ﬁrf-’l ane3i bt RAGoH beszaddgpyder| p)and/or
AnaIyS|s met hod; First, 1 of a reaction liquid is precisely

wei ghed 3afgdiBerBytbanzeic at':égta’{q{tié HERRR agfa ﬁ@amﬁeﬁéiiatrﬁ repggisably
and is then diluted with 3 g of nethanol. Further, 3 g o

tri et hyP&FPn@ShePRRIROMidd: &8¢ Poorfdes l?lf*llh%?tlkﬁﬂalpﬁéfrﬁﬁaf-é Bl case
added to the resultant., The m xed liquid is subjected to a nethyl

est eri f WE&EROIF ﬁrééf“ﬁﬁﬁﬁ'lﬁ?nﬁémghl‘u‘é%t gadéer 180€-dbre Yoy henaas aqid

The treated liquid is cooled to roomtenperature, and then 20 m
are/is used as a raw material. In addition, the amount of an

organcbromine compound in the former case is smaller than that in
the latter case. Therefore, the ratio at which the bromide ion can
be reused as a catalyst i1s high. As a result, the replenishment
amount of a bromine compound upon reuse of a catalyst liquid can
be reduced, and hence high~purity trimellitic acid can be produced
in a cost-effective manner.

{00L8] That is, the process for the production of trimellitic
aclid of the present invention enables the production of high-cuality
trimellitic acid excellent in, for example, purity and impurity
composition because the amount of an organobromine compound to be
produced as aby-productis small, and at the sane time, theproduction
of any other impurity can be reduced. In addition, the bromide ion
residual ratio of a bromine compound to be used as a catalyst can
be increased, and hence high~purity trimellitic acid can be produced
in a cost-effective manner. Further, the process is excellent in
terms of environmental consciousness because the discharge amount
of by-products such as an organcbromine compound to be dischafged

in a purification step reduces by virtue of the foregeing and hence
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of .chloroformare added to the liquid. Further, 0.1 g of
triphenyl net hane as an internal standard material for GC analysis is
" precisely weighed, and is then added to and uniformy dissolved in
the liquid. After that, 200 mMl of water are added to the chl oroform
solution, and then a liquid-liquid partition process is perforned
twice. A chloroformlayer obtained by |eaving the resultant at rest
i's anag%zed wth the GC apparatus. A brom de ion concentration was
neasur Wﬂﬁﬁﬁwﬁqﬁ?fQquﬁﬂeﬁﬁ le8AdFefeResS: Titrati on appar at us:
Automatic potentionetric titrator AT-510 (manufactured by Kyoto

El ectroni cs Manufacturing Co., Ltd.) Titrant: 1/250 normal silver
nitrate solution Detection el ectrodes: Conbi ned gl ass el ectrode

C- 172 $43RF1%% ectrode M 214 Tenperature conpensation el ectrode T-111
Measurenment method; A stirrer nmade of Tef|on (registered  tradenarKk)
i s placEPEH a 200 NeKthebiRePrefeRt RoveRint b EopPeat bl calol Aes6r 1hed
sanple is |oaded into the beaker (the nass of the sanple is =
preci s&¥ Yadi gRcrRamRless pEPHARRY, thmypeesprbrinvenid@adis ggthaéinited
beaker so that a liquid anount in the beaker may be about 150 nmi.
Fur t herbY B¢ 2XANRIRS60 mass% nitric acid are added to the beaker.
Precipitation titration is performed with the above automatic
titrator, and t4RBFLLRE Brofigé vVoR babYIrRd atitdh 4 gagechrpmasagraphy
[0020) Exanple 1 12 The |iquid-phase air oxidation of .

3, 4- di mRBRY Pk alClempiaratys)- DBARY Ghe tohrming canditdossntinngsas
t wo- stage reactor obtained by connecting a reflux condenser, a
stirri mf dgparfaidewing examples and comparative examples.

Model: Agilent 6880N (manufactured by

Agilent Technologies)

Column used: DB~-1 {(manufactured by Agilent
Technologles)
Analysis conditions: Injection Temp 300°C

Detector Temp 300°C

Column temperature: Held at 100°C for 3 minutes —
increased to 280°C at 5°C/min - held at 280°C for 35 minutes

Detector: Hydrogen flame ionization detector
{FID)

Analysis method: First, 1 g of a reaction liquid is
preciselyweighed and collected in a test tube made of heat-resistant
glass, and is then diluted with 3 g of methanol. Further, 3 g of
triethylamine hydrochloride and 10 ml of trimethyl phosphate are
added to the resultant. The mixed liquid is subjected to a methyl

esterification treatment by being heated at 180°C for 40 minutes.
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a heati-ng apparatus, and two oxidation reactors nmade of zirconium
each provided with a raw material introducing port, a gas introducing
“port, and a reaction product discharging port and each having an
internal volume of 2 L. Then, 1422 parts by nmass of water obtained
froma water purifying apparatus with a polisher, 37.3 parts by nass
of an aqueous solution of hydrobromic acid (reagent: manufactured by
Wako Pure Chem cal |ndustries, Ltd., HBr: 47.0 to 49.0 mass%, 30.5
parts byIhfadesfednBlguitpls (Gaodgento Haomf senraxaiurey RResthen 20 ml
Chem cals Co,, Ltd.) , and 0.08 part by mass of a 50 mass% aqueous
sol ut i orPfof chepFatesmgede :addatlf Bet edbyMieidmaCiamtears ot , g of
Ltd., Fe content: 9.4 nmass) were m xed at the foregoing ratio. Thus,
a cat al ySURHYIIMCADRRS PF PaiBBeTRA] fidindagd materiph oy GHyampkesish
wat er and 4.3 parts by mass of an aqueous_solution of hydrobromc
acid (reggPiecifphlifiridiast ppd\iskshraraddgocand widesmlyedissqlved
HBr: 47.0 to 49.0 nmass) were mixed at the foregoing ratio. Thus, a
cat al ystift te@ilddBidas Mitarakeat, £00picfwatsar angeddgd ép threckbertfonm
| i qui dAwer e charged into the reactor at the first stage, and then
1000 g ofclieodat angsthen pglianife el @hd ped tifiontiegessclorrexiqrmed
second stage. Nitrogen was injected fromthe gas introducing port of
each redétisie. afiFhlore foraskaler ehtained bydegvingstisceeatbant gtirest
MPa. in addition, the tenperature of each reactor was increased to
220C wi tiF analyeedheatbnghappar epparatil@ t he t enperature was

mai nt ai ned during the reaction. Next, 3,4-dinethylbenzal dehyde and
the catal yst A lgoemida indy eoneqizitalon vappidesyred wades toe PODLeying
and 750 g/h, respectively to the reactor at the first stage. The

i nfl ow cforitionss initiated fromthe gas introducing port

si mul taneously wth _
Titration apparatus: Automatic potentiometric titrator AT-510

(manufactured by Kyoto Electronics Manufacturing Co., Ltd.)
Titrant: 1/250 normal silver nitrate solution
Detection electrodes: Combined glass electrode C-172

Silver electrode M-214

Temperature compensation electrode T~111
Measurement method: A stirrer made of Teflon (registered
trademark) is placed in a 200 ml beaker, and then an appropriate
amount of a sample is loaded into the beaker (the mass of the sample
is precisely weighed with a balance). Pure water is added to the
beaker so that a liquid amount in the beaker may be about 150 ml.
Further, about 2 ml of 60 mass$ nitric acid are added to the beaker.
Precipitation titration is performed with the above automatic
titrator, and then the bromide ion concentration is determined.

[0020] Example 1
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the. supply of 3,4-dinme thyl benzal dehyde, and the flow rate was
controll ed so that an oxygen concentration in a gas discharged from
‘the reactor mght be kept at 2.5 vol % Next, liquid transfer from
the reactor at the first stage to the reactor at the second stage

was initiated while the liquid surface in the reactor at the first
stage was kept constant. At the sane tine, the catalyst liquid B was
supplied at a rati,of_ 0 g/h to, the reactor at_ the second stage
inflow of air B an

¢ ge, . the
BSErR O dgadon T ctrfcidigepbri benagldenede
flom1ratz m$s controlled so that an oxygen concentration in a gas
di schar g&dr $7t heVf 2 aCPBAURT Rt He tRet GRNELINRH D, tHp2HedgPnreactor
product was extracted fromthe reactor at the second stage at 1150
g/ h whi | 2P¥#ER9d RY FOBNLFEERT| & Befd Wegehdrnaert e sSdadaadserp@ra Wi,
kept constant. During the foregoing, the pressure in the reactor at
the first Peatddy ARBAKBBYES arrsl Svwppeidafd ath& eprESEareade, ofhalFeariwh
at the second stage was kept at 2.9 MPa. The anount of the aqueous
sol vent S3EPIoYAded wadhasraumgeesial fatrgfuging pirivetthgd HeREEPARAIRIG
interms of amass ratio,. Wth regard to the amounts of the i
respect i Rereat3id & regshponamiednghdischanging beoki e washohaviagtan
by mass in total, _the ampunt of manganese was 0.39 part by mass, and
t he amoukteFnal ¥oluss ke b: odtb@npafﬂ%@aﬁﬁsbwwfmamrr ehpatred
to 100 parts by nass of water. In addition, the amount of brom ne
suppl i ed® ¥ the'ahda o faingharpatahes sthige addudhed f 87 - 30psrhashys
of the total amount of brom ne_supplied. (0022] After the
conposi tT¥H | PTeadR raHIVIS haglBEEowe it AYPspbronie hdoidsuf Fapgent:
reaction product liquid was subjected to nethyl esterification, and
was t herffaibfaciwed bydiakpdiurs Shemical Industries, Ltd., HBr: 47.0 to

49.0 mass%), 30.5 parts bymass of MnBr;+4H;0 {reagent: manufactured
by Mitsuwa Chemicals Co., Ltd.), and 0.08 part by mass of a 50 mass$
aqueous solutionof FeBr: (reagent: manufacturedbyMitsuwa Chemicals
Co., Ltd., Fe content: 9.4 mass%) were mixed at the foregoing ratio.
Thus, a catalyst liquid R was prepared. In addition, 55.7 parts
by mass of water and 4.3 parts by mass of an aqueoué solution of
hydrqbromic acid (reagent: manufactured by Wako Pure Chemical
Industries, Ltd., HBr: 47.0to 49.0mass%) weremixed at the foregoing
ratio. Thus, a catalyst liquid B was prepared.

{0021] First, 1490 g of the catalyst liquid A were charged into
the reactor at the first stage, and then 1000 g of the catalyst
licquid Awere charged into the reactor at the second stage. Nitrogen
was injected from the gas introducing port of each reactor, and
the pressure in the reactor wz'm increased to 1 MPa. In addition,

the temperature of each reactor was increased to 220°C with the
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As a result, the yield of trinellitic acid (TMA) was 91% the yield
of atrinellitic acidbromde in which brom ne was added to
“trinellitic acid was0.1% the yield of dicarboxynethyl benzenes as
internedi ates of oxidation in each of which one carboxyl group of
trinellitic acid turned into a nmethyl group (2-methylterephthalic
acid and 4-nethylisophthalic acid: DCVB) was 0.4% the yield of
trinmellides as internediates of oxidation (1-carboxy-3, 4-phthalide
and 1- BERBARY- APBR YAl iadE) Thasterpesa fkee yas nadhtphnhdl der bwd d:hien
whi ch one carboxyl group of trinellitic acid was detached was 0.0%
and t hergaekdont ﬁﬂ?&mgkﬂtﬂmgﬁhﬁlquqam&mm@ e catinbysy| 1 igndieh
was added to the aromatic ring of trinellitic acid was 0.1% 1In
addi t i ofy, wedsr o Rr 4t i esirkialed aat orabies82% 2MHbl @/l shdwd S0hey/h,
results. (0023] Exanple 2 A reaction was conducted in the sanme manner
as in Exagpeetivelxdepthehneacter @it thestiddtggtdgeonts tinddowast air
prepared so that the iron content m ght be 0.0002 part by mass (2
ppm W WaAsr énpetatedof 190 P temshyinmaeducfingaper aivdubtaeamislon with
product was subjected 15 to GC analysis. As a result, trinellitic
aci d washebrapbpéy iof S0%dimetiylbhencabdthydec acddtheofilde wase was
obtained in 0.1%vyield, dicarboxynethylbenzenes were obtained in
0. 4% yi ebot:rolledlda thst amcoryolh aionednitrratidfoiyi alghs dikbhbirgeddidm
was obtained in 0.0% vyield, andpyronellitic acidwas obtained in 0.2%
yi el d. theadehd¢ticonmigatbveriiete pan2 resicdgal Mett o MramiS8Btradebée firom
shows the results. [0024] Exanple 3 A reaction was conducted in the
same nmabherreascior Btatpkefirsexsepte tthatht heeasicat wat thegsédond stage
conposition was prepared so that

was initiated while the liquid surface in the reactor at the first

stage was kKept constant. At the same time, the catalyst liquid B
was supplied at a rate of 60 g/h to the reactor at the second stage,
the inflow of air was initlated from the gas introducing port, and
the flow rate was controlled so that an oxygen concentration in
agasdischargedfromthereactormightbekeptat4.5vol%. Areaction
product was extracted from the reactor at the second stage at 1150
g/h while the liquid surface in the reactor at the second stage
was kept constant.

During the foregoing, the pressure in the reactor at the first
stage was kept at 3.2 MPa, and the pressure in the reactor at the
second stage was kept at 2.9 MPa. The amount of the aqueous solvent
was 3.24 times as large as that of 3, 4-dimethylbenzaldehyde in terms
ofamassratic. Withregardtotheamountsoftherespectivecatalyst
components, the amount of hromine was 2.3 parts by mass in total,

the amount of manganese was 0.39 part by mass, and the amount of
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the iron content m ght be 0.001 part by mass (10 ppm) with respect
to 100 parts by mass of water, and a reaction product was subjected
“to GC analysis. As a result, trinellitic acid was obtained in 92%
yield, atrinellitic acid brom de was obtained in 0.1%yield,
di car boxynet hyl benzenes were obtained in 1.1%yield, trinellides
were obtained in 2.0%vyield, phthalic acid was obtained in 0.1%
yield, andpyronellitic acidwas obtained in 0.1%yield. In addition,
a brom d&*?B3edi-808P PAFF PNvE$SS496 HRMI &ithsKeaBefhcte A parts by
(0025) Exanple 4 A reaction was conducted in the same manner as in
Exanpl e #2sa fepateRat Phedddfiperatthe apauaicdf bespise sipphipdisoethe
to 210C, and a reaction product was subjected to GC analysis. As a
resul t, TeRFHRY 3% teatraond YR Acgorntedofan &10d5 masst rad Ithei sotal
aci dbrom de was_obtained in 0.1%yield, dicarboxynethyl benzenes were
obt ai ned2®¢@nY P Bnonine ypdirddes were obtained in 3.1%yield,
phthalic acid was obtained in 0.0%yield, and pyronellitic acid was
obt ai ned[04%2] n 0. 1%5rea Ehe ncampPsi ke albr eaicte dantlossikadl beaene
was 82% Table 1 shows the results. £9026] Exanpl e 5 A reaction was
conduct e8t3FLeRRT Yarkhargiaferl tadti ReEruheh uodust dpuidaresheubbeated
anmount of brom ne used was 1.5 parts by mass (of which 10.5 nmass %
was usedt® meHwk efdedd facathenscathdast &jen, subhecked dacGloanplpaust
was subjected to GC analysis. As a result, trinellitic acid was
obt ai ned®s i 0ewyteltde Hiedimsd trimelhtic modai (RMA WS S0t Bi i Yheld
0. 1% yiel d, dicarboxynethyl benzenes were obtained in 0.9%yield,
trinel | i 93 tdreldptarped dibronigeoiyivatich harnmtiald was added s rébedl hvic
in 0.08 yield, and pyronellitic acid was obtai ned

acidwas 0.1%, theyieldof dicarboxymethylbenzenes as intermediates

of oxidation in each of which one carboxyl group of trimellitic
acid turned into a methyl group (2-methylterephthalic acid and
4-methylisophthalic acid: DCMB) was 0.4%, the yield of trimellides
as intermediates of oxidation (l-carboxy-3,4-phthalide and
l~carboxy-4, 5-phthalide) was 1.2%, the yield of phthalic acid in
which one carboxyl group of trimellitic acid was detached was 0.0%,
and the yield of pyromellitic acid {PMA) in which one carboxyl group
was added to the aromatic ring of trimellitic acid was 0.1%. In
addition, a bromide ion residual ratio was 82%. Table 1 shows the
results,
[0023] Example 2

A reaction was conducted in the same manner as in Example 1
except that the catalyst liquid composition was prepared so that
the iron content might be 0.0002 part by mass (2 ppm) with respect

to 100 parts by mass of water, and a reaction product was subjected
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in0.2%yield. In addition, a bromde ion residual ratio was 79%
Table 1 shows the results. [0027] Exanple 6 A reaction was conducted
“in the sane manner as in Exanple 1 except that 3, 4-di nethyl benzoic
acid (3,4-DBA) was used instead of 3,4-dinethyl benzal dehyde as a raw
mat eri al, anda reactionproduct was subjected to GC analysis. As a
result, trinellitic acid was obtained in 93%yield, a trinellitic
acid brom de was_obtained in 0.1%yield, dicarboxynethyl benzenes
wer e obt%l FEd2RalBSkss yiAd 8, regHithelrineslikie E&G-PZWﬁéthﬁﬂlﬂeg%‘»n 89%
yield, phthalic acid was obtained in 0.0%yield, and pyronellitic
aci d wasYtbthi redtFHOLAbELG aacid Brpmidie (Wam, okt aimad den i Ont Y egielshd
ratio was, 86% Table 1 shows the results. [0028] Conparative Exanple
1 17 A Fehenmiisvibeagenas vere o tadredninnerihyieddexanpnel Lides
except that the 50 nmass% aqueous_sol uti on of FeBr3 was not used, and
a react i'Bir prafficdomad ns dbjt8cyédl o Rt el g ficdd masaobbsiyned in 0.0%
trimellitjc acidwas obtained in 66%yield, a trinellitic acidbrom de
was obt a¥¥felf i RREPYUATE bl bt i ¢rekd pox Phte iRt dinLeRdyindde obn afidikiionn
0.8%yield, trimellides were obtained in 4.4%yield, phthalic acid
was obt & RE@Tiife0ien, Jeeidpalagatorvarii3t cTablea hwahovist shactesults.
0.1%vyield. In addition, a bromde ion residual ratio was 74% Tabl e
2 shows tHEZ4lesul t sEXpBD29] 3 Conparative Exanple 2 A reaction was
conducted in the sane manner as in Exanple 4 except that the
cat al yst |i quifd*garpssitvah agaslugtegatedivd semgt manher iysodncBraepte 1
m ght be 0.0020 part by mass (20 ppm) with respect

except that the catalyst liquid compositlon was prepared so that

the iron content might be 0.001 part by mass (10 ppm) with respect
to 100 parts by mass of water, and a reaction product was subjected
to GC analysis. As a result, trimellitic acid was obtained in 92%
vield, a trimellitic acid broﬁide was obtained in 0.1% yield,
dicarboxymethylbenzenes were obtained in 1.1% yield, trimellides
were obtained in 2.0% yield, phthalic acid was obtained in 0.1%
yield, andpyromelliticacidwasobtainedin0.1%yield. Inaddition,
a bromide ion residual r;';\tio was 84%. Table 1 shows the results.
[(0025) Example 4

A reaction was conducted in the same manner as in Example 1
except that the temperature in each reactor was adjusted to 210°C,
and a reaction product was subjected to GC analysis. As a result,
trimelliticacidwasobtainedin89%yield, atrimelliticacidbromide
was obtained in 0.1% yield, dicarboxymethylbenzenes were obtained
in 1.2% yield, trimellides were obtained in 3.1% yield, phthalic

acid was obtained in 0.0% yield, and pyromellitic acid was obtained
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to 100 parts by mass of water, and a reaction product was subjected
to GC analysis. As a result, trinellitic acid was obtained in 86%
‘yield, atrinellitic acid brom de was obtained in 0.1%yvyield,

di car boxymnet hyl benzenes were obtained in 1.4%yield, trinellides

were obtained in 3.9%vyield, phthalic acid was obtained in 0.1%
yield, andpyronellitic acidwas obtained in 0.4%yield. In addition,

a bromde ion residual ratio was 76% Table 2 shows the results.
[0030] CoRparht e Eeanbh @dilifioBact ikyemige &ondurRaisialnrahéo e 82%.
manner as jn Exanple 1 except that the oxidation raw material was
changed 8212 4. ghoiss i aismildéhyde (2, 4-DEAL), and a reaction
product was subjected to GC analysis. Asa result, trinellitic acid
was obt ailABd6]18 in Bxamyieel™, a trinellitic acid brom de was
obtained in 0.9%vyield, dicarboxynethylbenz.enes were obtained in
0.31 yield, trhma3qdes wasrecpdiaierkdn hhe. 98ue meinderphs hit iFxaagile 1
was obtained in 0.0% vyield, andpyronellitic acidwas obtained in 0.1%
yiel d. | AXgEEEtHAT thy Beedd daoust eEdinbusine used was 136%afablhy Rass
shows the results. n%0031] Conparative Exanple 4 A reaction was
conduct edf iR irh 48re MaFhdr vas YsedEkanpie rsacegceyt thhaseddred stage),
oxidation raw material was changed to 2,4-dine thyl benzal dehyde, and
a reacti 8Rdpr geactinhsPredjcic Wag subi&Tethaloy6C analysd sneshib ta result,
trimellitic acidwas obtained in 83%yield, a trinellitic acid
broni de ®azmebl bt hedcidwesoltpiskd, in Hitcwl dokyatrhpk bbhzbnasiderenide
obtained in 0.7%yield, trinellides were obtained in 2.0%yield,

pht hal i cWagi e tigisreshini heldh ivaeddouiisaxiiak ymeidiyibemebhes ive me obtasned
obtained in 0.2%ield. Inaddition, a bromde ion residual ratio was
34% Tabi® 2-8hdlieliche tréngliddes were obtained in 1.8% vield, phthalic

acid was obtained in 0.0% yield, and pyromellitic acid was obtained
in 0.2% yield. 1In addition, a bromide ion residual ratio was 79%.
Table 1 shows the results.

[0027] Example &

A reaction was conducted in the same manneé as in Example 1
except that 3,4-dimethylbenzoic acid (3,4-DBA} was used instead
of3,4-dimethylbenzaldehydeasarawmaterial,andareactionproduct
was subjected to GC analysis. As a result, trimellitic acid was
obtained in 93% yield, a trimellitic acid bromide was obtained in
0.1% yield, dicarboxymethylbenzenes were obtained in 0.4% yield,
trimellides were obtained in 1.5% yield, phthalic acid was obtained
in 0.0% yield, and pyromellitic acid was obtained in 0.1% yield.
In addition, a bromide ion residual ratio was 86%. Table 1 shows
the results.

[6028] Comparative Example 1
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[ 0032] -Conparative Exanple 5 Liquid-phase air oxidation was conducted
in the sane manner as in Conparative Exanple 3 except that the 50
"mass% aqueous solution of FeBr3 was not used. As a result,
trimellitic acid was obtained in 91%yield, atrinellitic acid

brom de was obtained in 0.8%yield, dicarboxynethylbenzenes were
obtained in 0.4%vyield, trinellides were obtained in 2.1%vyield,
phthalic acid mas obtained in 0.1% vyield, andpyronellitic acid was
obtained in 0.AF2AFEIMN YRS GRRAIGHH inatheoratkse Mashereas dirlExeapile 4
was 56% Table 2 shows the results. 19 a) 4 N1-aa AMOMNMHNO
M ON E cei‘f%P NFRED o0 m@sEl eueeys Npoluiven RENFEBE: 4/a®] notoused)
0) Fy a, Qr~NOOr-100I10r- Ox WMN aQMOMCcO-I .-1 N
N O N rfﬁmﬁ a erectBON N%ﬂ%f— WMe® ebjeeied to §F apadwdio.-MAs N Nesultp

c-1r1b C& N 11, O NOOWM co O
tr mell:.tlc acldwas obtalned in66%yield, atrimelliticacidbromide

was obtained in 0.2% yield, dicarboxymethylbenzenes were obtained
in 0.8% yield, trimellides were obtained in 4.4% yield, phthalic
acid was ocbtained in 0.1% yield, and pyromellitic acid was obtained
in 0.1% yield. In addition, a bromide ion residual ratio was 74%.
Table 2 shows the results.
[0029] Comparative Example 2

A reaction was conducted in the same manner as in Example 4
except that the catalyst liquid composition was prepared so that
the iron content might be 0.0020 part by mass (20 ppm) with respect
to 100 parts by mass of water, and a reaction product was subjectad
to GC analysis. As a result, trimellitic acid was obtained in 86%
yield, a trimellitic acid bromide was obtained in 0.1% yield,
dicarboxymethylbenzenes were obtained in 1.4% yield, trimellides
were obtained in 3.9% yield, phthalic acid was obtained in 0.1%
yvield, andpyromelliticacidwasobtainedin0.4%yvield. Inadditicn,
a bromide ion residual ratio was 76%. Table 2 shows the results.
[(0030] Comparative Example 3

A reaction was conducted in the same manner as in Example 1
except that the oxidation raw material was changed to
2,4~dimethylbenzalaehyde (2,4~DBAL), and a reaction product was

subjectedto GCanalysis. Asaresult, trimelliticacidwas obtained
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in 87% yield, a trimellitic acid bromide was obtained in 0.9% yield,
dicarboxymethylbenzenes were ohtained in Q.3% yield, trimellides
were obtained in 1.2% yield, phthalic acid was obtained in 0.0%
vield, andpyromelliticacidwasobtainedin0.1l%yield. Inaddition,
a bromide ilon residual ratioc was 39%. Table 2 shows the results.
[0031] Comparative Example 4

A reaction was conducted in the same manner as in Example 3
except that the oxidation raw materxial was changed to
2,4-dimethylbenzaldehyde, and a reaction product was subjected to
GCanalysis. Asaresult, trimelliticacidwasobtainedinB8i3%vyield,
a trimellitic acid bromide was obtained in 0.9% vyield,
dicarboxymethylbenzenes were obtained in 0.7% yield, trimellides
were obtained in 2.0% yield, phthalic acid was obtained in 0.0%
yield, andpyromelliticacidwasobtainedin0.2%yield. Inaddition,
a bromide ion residual ratio was 34%. Table 2 shows the results.
[0032] Comparative Example 5

Liquid~phase air oxidation was conducted in the same manner
as in Comparative Example 3 except that the 50 mass$% aqueous solution
of FeBri; was not used. As a result, trimellitic acid was obtained
in 91% yield, a trimellitic acid bromide was obtained in 0.8% yield,
dicarboxymethylbenzenes were obtained in 0.4% yield, trimellides
were obtained in 2.1% vyield, phthalic acid was obtained in 0.1%
vield, andpyromelliticacidwasobtainedin0.1%yield. Inaddition,

a bromide ion residual ratio was 56%. Table 2 shows the results.
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Cl4 Cqg 9 EW ~p H.21 [0035] It should be noted that, in
Tabl es 1i§H§5§ 3,4%,&%0“12% E-Lrsmed &hata, &0 (Rabkes dawndm el 4-9BAL,
represen% 3.4-di net hyl benzal dehyde, 2, 4-di net hyl benzal dehyde, and
3, 4- di mefhrBERY o c . redbdES veldE A Eaval ySetesipbfient represent
concentrgtioa.is thf mass. of a catal yst conponent per 100 parts by
mass of CHE-SYNBBRYIRpIAIHehYdRe vi el d- 4ofimetulbensaldstivdeor t heand
like is lar ratjo ($), of trimellitic, acid or the Iike obtained
with resgeg?df%eF?ﬁd?ﬁRﬁgiqeﬂﬁ%ﬂatéﬁﬁ&??tlﬁﬂﬁythe broni de ion residual
ratio is a nolar ratio (%9 of the bromde ion in a reaction product
|OI i qui qbt 0 bL o F& HEd S BeMPRN s GRPFFRETa hkom iGathe s cofiporetelyst
escri bed above.

component per 100 parts by mass of the aqueous solvent, the vield
of trimellitic acid or the like is a molar ratio (&) of trimellitic
acid or the like obtained with respect to the above raw material,
and the bromide ion residual ratio is amolar ratio (%) of the bromide
ion in a reaction product liquid to bromine (bromide ion) supplied
as a catalyst component as described above. m

l-carboxy-3, 4~-phthalideasoneof thetrimellides isacompound

represented by the following chemical structural formula on the

right side.
{0036] [Chem 1]

0 o

Q Q
HO OH
OH HO
O
o

Trimellitic acid Trimellide

[0037] Tables 1 and 2 show the following.

(1) As can be seen from Examples 1 to 5 and Comparative Example

1, wheniron isnot addedtoacatalystupon liquid-phaseairoxidation
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1-carboxy-3, 4-phthalide as one of thetrinellides is a conpound
represented by the follow ng chem cal structural formula on the
“right side. [0036] [Chem1l]] OO HOOH OHHOO Trinellitic acid
Trimellide [0037] Tables 1 and 2 show the followi ng. (1) As can be
seen from Exanples 1 to 5 and Conparative Exanple 1, when iron is
not added to a catal yst upon |iquid-phase air oxidation 22 of
3,4-dinet9y|ben al dehyde as_a raw material in an aqueous sol vent
accor di n§*t3r L igathy Bgazploehyde af ¢ FaWimRE gRiadehl arny@medin solvhat
yield of trine|llitjc acid does not reach 70% and hence a

sat i sf acBBFPFGRY dtR dhIf AN HEUSHEaPREdeS fiowRy e TePiesent dnxension.,
at a congcentration of 2 ppm 5 ppm or 10 ppm trinellitic acid can
be obtaj hB38 ¥YheiBolf §6W9ﬂ+1al,c WAFER feemmehidusach afdy, sandibérer a
yi el d. [003?% %2% As can be seen from Conparative Exanples 3 to 5,
when 2, 453Fhef 25t DN YAR4EIGPAROtHRR CRE31BEEN CHIRRSIRT. OMReT jrabaid atided .
used as a raw material,, the best yield is achieved in the case where
iron is AbtZaTRRCENEIRF19Me Ofi €l BPReddcBRMasCt N amsunttréfelilishc acid
i ncreases. [0039] (3) Wwen Exanple 1 and Conparative Exanple 5 in

whi ch t fRrBgRRtednseiim b tRYty ie kd dulrbeh bpeaindisireatbyputéicient

use of 3,4iginethylbenzaldehyde as a raw material like the present
yield.
[0038] {2) As can be seen from Comparative Examples 3 to 5,

when 2,4-dimethylbenzaldehyde that has been conventionally used
is used as a raw material, the best yield is achieved in the case
where iron is not added, and the vield reduces as the amount of
iron increases.

[0039] (3) When Example 1 and Comparative Example 5 in which
the same trimellitic acid yield was obtained are compared, the use
of 3,4-dimethylbenzaldehyde as a raw material like the present
invention enables the production of extremely high-purity
trimellitic acid with small amounts of a trimellitic acid bromide,
trimellides, phthalic acid, and the like as compared with that
obtained in the case where 2, 4~dimethylbenzaldehyde as a
conventional raw material is used.

[(0040] (4) When 3,4-dimethylbenzaldehyde is used as a raw
material like the present invention, the residual ratio of a bromide
ion that can be utilized as a catalyst is high, and hence the amount
of a bromine compound to be newly added upon recycling and reuse

of an aqgueous solvent can be reduced. For example, in the case where
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i nvention enabl es the production of extrenely high-purity

trinellitic acid with small anounts of a trinellitic acid brom de,
“trinellides, phthalic acid, and the like as conpared with that
obtained in the case where 2, 4-di net hyl benzal dehyde as a

conventional raw material is used. [0040] (4) Wen

3, 4-di net hyl benzal dehyde is used as a raw material |ike the present
inventiqg, the r sigﬁﬁl ratio of a bromde ion that can be utilized
as a catalysrmerhyilhrnzaldehydee and camdurf-digrethyBbeRrEARS c GPECUrRE t @
be new y_ added .upon re%yclin%,and reuse of an aqueous solvent can be
r educed CPNEERETBe T8 MateTdade aRRéiE spRigched) ket hjRBéAzBhdG YT

and/ or 2’4}g%£2}h¥|QSPZOiC acid as a conventional raw materi al
arel/is &Y B HheRTae PR S8 L¥PRE apgogsingnt ¢ @ cortinmumpuprocess,
sol vent according to a_ continuous process, a brom de ion residual
rati o ot EADYOR BRPARNA IBLS RiOPE 2t sRddyvotaTa T iyef yramigdedi o ameubhe
reaction is about 50% In contrast, in the case of
3, 4- di ne¥fPSeARd aéhgBcthndrercBion dismebhyptbéA%oi dradostrestt hén the
present application on condition that trinellitic acid is obtained
in the &&%€ Pifef afz@3ingiyibenasd debode endéorthettioetdeylbeoroic acid
residual ratio is as high as about 80% and hence trinellitic acid
can be PfodbeeBrefcAt capligaidan va ganderionooud] fSredilikicegaid i®
the production of by-products, in particular, when the amount of a
trimel | obt@iseddinrohe danss visldoagaivalr dmi mbecabpoumbsey hibepboouidel
in the case where 2, 4-dinethyl benzal dehyde and/ or
2, 4- di meCRyFBERdBREE BRTEP ds 4s bbalvern jaboak 8%, natdhiealceateinsl Lkt
is set to 1, the anount of the trinellitic acid bromde in the case
where 2cdddicget byl beagatddhymea agnl ore X ebtdivee taynkenzoi ¢ aci d of
t he

[0041] (3) With regard to the production of by-products, in

particular, when the amount of a trimellitic acid bromide as an
organcbromine compound to be produced in the case where
2,4-dimethylbenzaldehyde and/or 2,4-dimethylbenzoic acid as a
conventional raw material are/is used is set to 1, the amount of
the trimellitic acid bromide in the case whare
3,4-dimethylbenzaldehyde and/or 3, 4-dimethylbenzoic acid of the
present invention are/is used as a raw material reduces to 0.11
to 0.125 (1/9 to 1/8).

[0042] (6} In addition, when the amount of a trimellide as an
intermediate of oxidation to be produced in the case where
2,4-dimethylbenzaldehyde and/or 2,4-dimethylbenzoic acid as a
conventional raw material are/is used is set to 1, the amount in
the case where 3, 4-dimethylbenzaldehyde and/or 3, 4-dimethylbenzoic

acid of the present invention are/is used as a raw material reduces
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present invention are/is used as a raw material reduces to 0.11 to
0.125 (1/9 to 1/8). [0042] (6) In addition, when the anount of a
“trinellide as an internediate of oxidation to be produced in the
case where 2, 4-di net hyl benzal dehyde and/ or 2, 4-di net hyl benzoic acid
as a conventional raw material are/is used is set to 1, the anount
in the case where 3, 4-di net hyl benzal dehyde and/or 3,
4-dinetq¥lgfggoic j&ig of t?e present invention are/is used as a raw
mat eri alt% dacd? 12418 §951¢b) 1 (1/2 to 1/1). [0043] (7) Further, in
t he case where 3, 4-di et hyl benzal dehyde and/or 3, 4-di net hyl benzoi c
aci d of Ol%%dr esent Wh\?é‘ﬁ%?‘@ﬁra"ﬁ’ew?%caﬁgé’@eég%%Q\Nmﬁﬁbé'ﬁbﬁﬂ?aﬂ-ﬁéhycie
amounts of Dby-products and internmedi ates of oxidation remarkably
reduce. o&x amréimpghyhbenzeie apid el ithe seiesens bevpnsdonedrenis
t he case where 2, 4-dinethyl benzal dehyde and/or 2, 4-di net hyl benzoi c
acid as Uée@o%%@nﬁ“'bﬁéfie?éﬂz meber prpunr e PyrPagdics st éakgrmediates
produced. As a result, high-quality, high-purity trinellitic acid
can be Pfodtdatiqmremarkail wreduce eddiom e¥amme ain i sofagsht bhthalic
acid to be produced |eads to the reduction of the production of
di octyl 3§ e ereperrddpoih pratricRebh 2ot ~dinpthgiben zakdghydoanglor
trinellitate: TOTN& by the esterification of trinellitic acid with
octyl akedh@iLmelbydRpnzRee afcgideds Betraweagrt ionatlheaw aetenheleare/is used
3, 4- di net hyl benzal dehyde and/or 3, 4-di net hyl benzoic acid are/is used
as a rawsSneE@RIGHLY ikecduredr edehtai nesnitonhighdgaébient highrpohity
in the case where 2, 4-di net hyl benzal dehyde and/or 2,
4- di net RyllpeAddtécaeridacay ibe pooducedd tBe pridiitdudaref ai redutbiom in
catal yst not only remarkably inproves the yield of trinellitic

amount of phthalic acid to be produced leads to the reduction of

the production of dioctyl phthalate (DOP) upon production of a
plasticizer (trioctyl trimellitate: TOTM) by the esterification
of trimellitic acid with octyl alcochol.

[0044] Therefore, behavior in the case where
3,4~dimethylbenzaldehyde and/or 3, 4-dimethylbenzoic acid are/is
used as a rawmaterial like the present invention is different from
that in the «case where 2,4-dimethylbenzaldehyde and/or
2,4-dimethylbenzoic acid are/is used, and the addition of iron to
a catalyst not only remarkably improves the vield of trimellitic
acid but also provides extremely high-purity trimellitic acid. In
addition, the bromide ion residual ratio is as high as about 80%,
andhence trimelliticacidcanbeproducedinacost~effective manner.
Accordingly, the production process of the present invention is
found to be a production process excellent in terms of environmental

conscliousness.,
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acid but also provides extrenmely high-purity trinellitic acid. In
addition, the bromde ion residual ratio is as high as about 80%
“and hence trinel | itic acid can be produced in a cost-effective
manner. Accordingly, the production process of the present invention
is found to be a production process excellent in terns of
environnmental consciousness. 25 Clains [Claim1] A process for
production of high-purity trinellitic acid, the process conprising
subj ecting a di met hyl benzal dehyde arfd¥®¥™S an oxi di zed derivative of

t he dinetEélbe aédeh de tﬁ Iiguid- hase _oxidation with nolecular
oxygen i ﬁl’ﬂg@e B RF PEREHFREAD Clab LR BWEITY SThredbtkic acid,
trinelli%’c acid, wherein: 3, 4 -dine thylbenz al dehyde and/or :
3, 4- di metfy| BEAZEPE GRUMRFLHY iSMbIs64 a8 a AnmeHarhenaaldehysieappdy ox
containing 0.05 to % Eart Qg n?s of one or nore kinds of netals

sel ect ed P BMIIRE TSR EoHEs CF i Ty BimeChareenzaidriuresto L frokare
0.0001 to 0.0g15 part g%ﬂhas of netalljic iron and/or_iron obtained
froma warEHAEEPRNTECR MO OSHLAr avKaan ity an AgRe’uE SHREantHEoBtaAPART
with resgect to 100 parts, by mass _of the agueous solvent is used as
the cataPySBEaGHEt ¢ R?Qﬂﬁ%&qﬂi&?@lékFaﬁtP%hdi§m%ﬁﬁﬂﬁﬁted at a
tenperature of ﬂ%o ,to 250C. [Claim?2] The process for production of
hi gh-purity trinel$ingtdyihergaddebraengnddos & drdimppbyibanzehe acid
| i qui d- phase, oxi dation is conducted_according to a two-stage
continuoﬁ§92+%c%% 1 Ahd Fab ™G emddd% of a total bronine supply

anount is supplied o
a catalyst containing 0.053 to 1 part by mass of one or more

kinds of metals selected from the group consisting of cobalt,
manganese, and nickel, 0.0001 to 0.0015 part by mass of metallic
iron and/or iron obtained from a watexr-soluble iren sélt, and 1
to 5 parts by mass of bromine with respect to 100 parts by mass
of the aqueous solvent is used as the catalyst; and

the liquid-phase oxidation is conducted at a temperature of

200 to 250°C.

[Claim 2] The process for production of high-purity trimellitic

acid according to claim 1, wherein:

the liquid-phase oxidation is conducted according te a

two-stage continuous process; and

5> to 50 mass% of a total bromine supply amount is supplied

at a second stage.

[Claim 3] The process for production of high-purity trimellitic
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at .a second stage. [Claim 3] The process for production of
high-purity trinmellitic 26 acid according to claim1l or 2, wherein
" the aqueous solvent has a mass 1 to 4 tines as large as a supply
anount of 3, 4-di net hyl benzal dehyde and/ or 3, 4-di net hyl benzoi ¢ aci d.
27

acid according to claim 1 or 2, wherein the agqueous solvent has
a mass 1 to 4 times as large as a supply amount of

3,4-dimethylbenzaldehyde and/or 3,4-dimethylbenzeoic acid.

27



