WO 02/ 057247 PCT/ US02/ 00265 ADDI TI ON OF M NERAL ACI DS OR SALTS THEREOF TO
A TMA PRODUCTI ON PROCESS 5 Field of the Invention This invention is
general | woet/et7ed t o the production of 1, 3-di hydro- 1, 3-di P&RDUS2/00265

I sobenzof uran carboxylic acid nore commonly known as trinellitic anhydride
(TMA). More specifically, the invention is related to the addition of a

m neral acid or salt 10 thereof in the production process of trinellitic
anhydride. Background of the Invention Trinellitic anhydride (TMA) is a
comrerci al chemcal internediate useful in various areas includin
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anhyd¢ide. The oxidation of pseudocunene to trinellitic acid is preforned
using a netal catal yst system A | | f pseudocunene and
dehydration to formthe anhydri di:?éia oftieiRive ﬂo'Qg crude TMA is fed into a
fracti onati on Tt imventiar ispgendralhatelated tbrihe pred@iodi oft §,B1diydra- 1s8-elioxa-be

de TMA i ted into a relatively |ow boili int fracti d
Cess vol SobpaZOBEeRReHAlS AgH Mofkoraasy Koagh s et kantifee Al e: o
from t hw@%@%{ciﬁfcaﬁy,%é Wérﬁi%mﬁﬁé%}]&ﬂtoﬁ?@ aMdiitich 6N niiRbiPaBidf sragdit on

falls to't tomof the co ere it is recycled back to the col um
t hr ou@h #herebbin te.protiectiont procsss df tinélbtic aohydrides TMA and vari ous

I mpurities including: 1) nultiyalent t %s Ifr m. rpe 25 catal yst system
used for oxidation of pseydocﬁ%ﬁ@%m&ém—é— pol ycarboxylic acids
byproducts . Jiigalitid8sfydridUTMALS RESmARTIERNERENRAI inetréediarR tsutal in
fraction as it is recycled, sone anmount of the bottoms portion is

peri odi caRrigusareasinciwdingphasticizaipant spetiglly eodbidsons purge stream and

conbi ned with er wast e t e J: DGt ne r m

encount er ed dﬂ'gés Fﬂ@n}ﬁ%i%)chg‘[ét\égn&s&hle%po%'a;&!%aéﬂ{’%d\?ﬁggﬁésr{%t@t’]éd]g t he

bott 955 hiimetHyiieriZepes &saindlitic 6idqatd,emenazenewichibuxylic byid) éollowextbyand t he
nore volatile TMA is renoved. |f unchecked, the viscosit reachelﬁggag% nt

wher e f odlehiigrasion tgifaggithyashydnde.1 Fae oxisialion o PSELARFUHEEE Q INMB
comonl yinemfgnnée((jj ?F?@Ié%ét éaﬁ'glyﬁtbﬁstt | eads to fouling or plugging of

t he bottons purg am and/ or e ‘reboil er.
After oxidation of pseudocumene and dehydration to form the anhydride, the

resulting crude TMA is fed into a fractionation column for purification. In this

20 distillation step, the crude TMA is separated into a relatively low boiling point fraction
and a less volatile bottoms fraction. The low boiling point fraction is recovered from
the top of the column as purified TMA while the bottoms fraction falls to the bottom of
the column where it is recycled back to the column through a reboiler. The bottoms
fraction contains TMA and various impurities including: 1) multivalent metals from the

25  catalyst system used for oxidation of pseudocumene and 2) aromatic polycarboxylic
acids byproducts . Since these impurities are concentrated in the bottoms fraction as
it is recycled, some amount of the bottoms portion is periodically or continuously
removed though a bottoms purge stream and combined with other waste streams to
be incinerated.

30 A problem encountered during the disfillation step is that the viscosity of the
bottoms fraction increases as the bottoms are continuously recycled and the more
volatile TMA is removed. If unchecked, the viscosity reaches a point where fouling or
plugging of the fractionation column occurs. More commonly a high viscosity in the

bottoms leads to fouling or plugging of the bottoms purge stream and/or the reboiler.
-1-



-1 WD 02/ 057247 PCT/ US02/ 00265 Such fouling or plugging neans a
significant economc loss due to: 1) the tine and expense required to

cl ean anovoetns7mt he col unm to an operable state and 2) therees00263f
production capacity. One solution to the problem has been to maintain high

nt or ¢ uSR TGS ot edRai R Rns B GRr eBhaflc bt iR B8 bREPe N o
resul t sekperise/ fet|uireldas Tledn gnd rétorn the' eslaverty a@rf opdfable stard had 2Yphefosshe
columm since high levels of TMA exit the fractionation caolumm though the

bot t ons OpRiagkiCEeR €araciist @aa . Soldiasy tgithgIpFoblem has baenbe maiiaimBigs lewels

0 StERs = e ! | VR ot
Cont ai ngh TR Bl RS RACHIFINGTEPR Houy Rz Visliodtg UMBRUNRENETE - ot o
10 TAVA neiptairdag high leeelsadf{TVIA in theobettemt ffaatibnrgsyitsipg pigldilodspi.¢.iloweel y

i ncreasi ng the unt of TMA recovered fromthe top of _the columm. Sunmar
of t o [GFWRDY oiT HALTeebe oD oh B polumnsange bigh eV Bl EMAGH S tHer easi ng ¢ ne
| evel Ofragﬁ%atf&w%ﬁ ethBu%h iﬁelﬁcsdtfaﬂ?é Bﬂ@iecéﬁéﬁm irY!iﬁé@. AlcEOrdm Y SP vl

foul i ng/ plugging o 15 columm res ng fromthe high viscosity of the
bot t onrsbé desirable. toTliscoyes aamay of tashcingntheovisessitytifshe redyictad betterhe addi ti on
of a mperal acid.or,salt thereof to th cess. It has been surprisingly
di scovelraatomaen BB IrbiTiaon dawbnaer B Borebkireddend FE0 AT 1 " he
Vi sppsi Tmtedlirdiftthe Bottons togsralést fbbﬁﬂng%lémg?fnd ane ultinemelysinefeasiigtHen t he
bottonms fraction necessary to prevent fouling/plugging. 20 Wiile it is not
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20 While it is not intended that this invention be bound or limited by any particular
theory, it is believed that the viscosity of the bottoms fraction is related to the
presence and interaction of impurities in the crude TMA. Impurities in the bottoms
fraction comprise multivalent metals that are present from the metal catalyst system
and organic by-products from the oxidation of pseudocumene to trimellitic acid.

25 Multivalent metals that are present as impurities may include cobalt(ll), cobalt(lll),
cerium(lll), cerium(lV), manganese(ll), manganese(lll), zirconium(lV). Organic
impurities may also include various aromatic polycarboxylic acids and anhydrides
thereof. Examples of these aromatic polycarboxylic acids are trimellitic acid, 1,2,3,4-
tetracarboxylic acid, 1,2,4,5- tetracarboxylic acid and 1,2,3,5-tetracarboxylic acid.

30 It is theorized that the multivalent metals and the polycarboxylic acids and
anhydrides thereof form polymeric complexes which increase the viscosity of the
bottoms fraction. It is believed the formation of these polymeric complexes results

~ from the ability of the multivalent metals to form complex salts with the aromatic
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bottoms fraction. It is believed the formation of these polyneric conpl exes
results fromthe ability of the nultivalent netals to formconplex salts
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invention may be better understood though the following description of a typical TMA

production process. The production of TMA may be described as comprising four
20 steps: 1) oxidation, 2) crystallization and filtration, 3) dehydration, and 4) distillation.
In the first step, pseudocumene in the presence of acetic acid solvent and a
catalyst solution, is oxidized to trimellitic acid in oxidation reactors operated under
pressure to maintain reaction temperatures. The catalyst solution typically comprises
cobalt acetate, cerium acetate, manganese acetate, zirconium acetate, and hydrogen
25 bromine. Compressed air is metered into the reactors and air oxidation of the
pseudocumene to trimellitic acid occurs. The exothermic heat of reaction is removed
by condensing the boiling solvent and returning it as subcooled condensate directly to
the reactor.
In the second step, crystallization and filtration, total reactor effluent is
30 crystallized in a depressuring-cooling cycle, with solvent vapor removal, to separate
trimellitic acid as a crystalline solid from the soluble oxidation by-products, .

intermediates, and multivalent metals. The crude trimellitic acid crystals are



30 crystallized in a depressuring-cooling cycle, with solvent vapor
renmoval , to separate trinellitic acid as a crystalline solid fromthe
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crude trimellitic acid crystals are -3 WO 02/ 057247 PCT/ US02/ 00265
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present in the fractionation tower bottons. .
of the bottoms and prevent fouling, artisans have resorted to maintaining large
20 amounts of TMA as solvent in the bottoms fraction. -
The specific teachings of TMA production may be found in the following U.S.
Patents all of which are hereby incorporated by reference: 4,754,062, 4,764,639,
4,786,753, 4,895,978, and 4,992,579.
Addition of Mineral Acid or Salt Thereof

25 The preSent invention is drawn towards adding a mineral acid or salt thereof to

a TMA production process and/or a TMA distillation process for viscosity reduction.
The mineral acid or salt thereof may be added at any point after the oxidation step of
a TMA production process, such that it is present in the fractionation tower bottoms.
Preferably the mineral acid or salt thereof is added after the crystallization and
30 filtration step in order to prevent multivalent metal impurities from crystallizing as salts
in the preparation of the trimellitic acid cake.
Examples of suitable mineral acids include sulfuric acid, nitric acid, boric acid,

phosphoric acid, hydrobromic acid, and mixtures thereof. Suitable salts of these

-4-



Preferably the mneral acid or salt thereof is added after the
crystallization and 30 filtration step in order to prevent nultival ent
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acid. Gempajative\gxample, dropped into nolten trinellitic anhydride for
dehydration TR dy: 4 ri
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Tabl e 2 bel ow
the bottom of the fractionation tower was controlled by the amount of purging of this

20 bottoms stream. This was adjusted to give about 80 weight percent TMA in the
bottoms fraction in order to maintain the low viscosity needed for reliable operation
(avoid fouling and plugging). The viscosity of the bottoms was measured using a
Brookfield RVDV-ll+ viscometer (available from Brookfield) with a S21 spindle at 100
rpm and at 400°F and 450 °F. Results for measurements at 400 °F may be found at

25 column 1 of Table 1 below. Results for measurements at 450 °F may be found at
column 1 of Table 2 below. '
Example 1

Trimellitic acid cake was obtained by: 1) oxidation of pseudocumene in the
presence of a metal oxidation catalyst and an acetic acid solvent, 2) crystallization in

30 a depressuring-cooling cycle with solvent removal, 3) separation of the crystals from
the mother liquor by vacuum filtration, and 4) washing the crystals with acetic acid.
The amount of total multivalent metals impurities in the cake was determined by X-ray

fluorescence. Phosphoric acid was then added to the cake in a 1:2 mole ratio of
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Exanple 1 Trinellitic acid cake was obtained by: 1) oxidation of

pseudocunene in the presence of a netal oxidation catalyst and an acetic
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trlmellltlc anhydride for dehydration resulting in crude trimellitic anhydride. The crude
20 trimellitic anhydride was then fed into a fractionation column for distillation. The
purge rate of the fractionation tower bottoms was controlled to maintain a low
viscosity while reducing the TMA content in the bottoms fraction to 60 wt %.The
viscosity of the bottoms was measured by a Brookfield RVDV-Il+ viscometer
(available from Brookfield) with a S21 spindle to measure the viscosity of the bottoms
25 fraction at 100 rpm and at 400°F and 450 °F. Results for measurements at 400 °F
may be found at column 3 of Table 1 below. Results for measurements at 450 °F

may be found at column 3 of Table 2 below.



25 fraction at 100 rpm and at 400F and 450 OF. Results for measurenments at
400 OF nay be found at columm 3 of Table 1 below Results for neasurenents
at 450 Owonmys7be found at colum 3 of Table 2 bel ow. -6 PO/QRNDHZAA7

PCT/ US02/ 00265 Table 1 (Viscosity Measured at 400 F TMA wt. % in No H3PO4
Added 1:2 Mole Ratio of 1:1 Mle Ratirgb&H bottoms fraction H3PO4 to Metals
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2-5 tipes andgmveraged to the nearesf teng@cpw datja 10 As**show by| t he
tabl es[above,gghe invention & Tows al drop19h cp¥A W|. % Trggps

* viscosity was measured 2-5 times and averaged to the nearest ten

** no data
5
Table 2
(Viscosity Measured at 450 °F)*
TMA wt.% in No H3;PO4 Added | 1:2 Mole Ratio of | 1:1 Mole Ratio of
bottoms fraction HsPO,4 to Metals | HzPO4 to Metals
80 ~40 cps ~40 cps **
70 ** ~40 cps **
65 ** ~40 cps **
60 ** ~60 cps ~20 cps
* viscosity was measured 2-5 times and averaged to the nearest ten
** no data
10 As show by the tables above, the invention allows a drop of TMA wt. % from

80 to 60 without adversely affected viscosity. This represents an increase in yield of
TMA recovered of 2%.



80 to 60 without adversely affected viscosity. This represents an increase
inyield of TMA recovered of 2% -7 WD 02/057247 PCT/ US02/ 00265 That
which i swobat/esmes7is: 1. A nethod for nmaking trinellitic aprbydsiad®265
conprising: a) oxidizing pseudocunene in the presence of a solvent and a

cat al ysﬁ'haﬁwﬁf&ﬂﬂéic ilddgmi tivalent netals to produce trinmellitic acid b)
crystal l'1'zi ng an ITtering said trinellitic acid to produce a crude

trimellitic acid cake having inpurities conprising said nultivalent netals
c) dehydrating said crude.trinellLitic cake to formcrude trinellitic
Chhyar de- of Tapgiod or Hipking e itk abhyahaa SETErSREy dr  de | 1 a

fractionatio pngag i il } iof & } er step a)
but before sta )e?é?gggj%ﬁg?%gﬂg:ég@v'ﬁé@%?ﬁéﬁﬁod| fai :tecﬁﬁ?ﬂéts%rﬁgggg%eﬂ?ﬂ sai d

bot tons fract i cwom@isimgoutivaient rottals to praduskdrimefliticlesidi scosity nodi fi er
is added to e crude. tri litic .aci.d ke. . The net hod of, .cl ai.m 1
wherein t he bl Svapnngtnd Tiisrind, S8Refift Seidte BEuUER = ShoB g gr oup
consi sting of sydid gake having imputities cofiptisiriPsdia m@tivaleRDaraRaeri ¢ aci d,
hydrobrom c acid, and m xtures thereof. 4. The nethod of claim1 wherein
the vi scosit 9) rAslydrating said erudecimeltitic apkeitq fosay ernde amegllitis anhydride

m neral acid . 1 . [,k 1 i I nitric
acid, boric gﬂbﬁ&ﬁ%é@ﬁ‘ocﬁ{}@e gjci:rlﬂgfﬁtlﬁ%@ﬁgéﬁ%%%cggrg?ﬂ{);}%ﬁldﬁ %&Qbﬂ‘r es thereof.
20 0 The newheteinfa vibeosityiImpbitieelsnadded sfteicstep tay bubdefdrerstés dpbosipdtor i ¢
acid. 6. The nethod of claim1 wherein the viscosity nodifier is an al kali
or alkali eaP®if Visgasily neditielis RIRSAMIB S Bettems Jractig. net hod of claim5

wher i not he Wh@%ﬁ&%hfof%ﬁ;im aﬁh@%ﬁqhw@agﬁy ggilsgiérq albak tégﬁ"? BRlfe ratio

of phosphorus to total tivalent neta cake 1s rom1:10 to
10: 1. 8. Thetrim¢lhticlacid cadkai m 7 wherein said nole ratio is froml:4 to 4:1.
9. The gre ' ho?hgfmgtlh%idngfz:leyiwne{ %ihgré%itﬁe r\]/ﬁ(l)slc(ca)s{t)"/i Ho%ifilesr ié raormnle:rg' aEc?d %:h%éen -8
15 from the group consisting of sulfuric acid, nitric acid, boric acid, phosphoric
acid, hydrobromic acid, and mixtures thereof.
4. The method of claim 1 wherein the viscosity modifier is an alkali or alkali earth
metal salt of a mineral acid chosen from the group consisting of sulfuric acid
nitric acid, boric acid, phosphoric acid, hydrobromic acid, and mixtures thereof.
20 5. The method of claim 1 wherein the viscosity modifier is phosphoric acid.
The method of claim 1 wherein the viscosity modifier is an alkali or alkali earth
metal salt of phosphoric acid.
7. The method of claim 5 wherein the phosphoric acid is added to said cake so
that the mole ratio of phosphorus to total multivalent metals in said cake is
25 from 1:10 to 10:1.
The method of claim 7 wherein said mole ratio is from 1:4 to 4:1.

9, The method of claim 7 wherein said mole ratio is from 1:3 to 1:1.



