
Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art.
99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

Europäisches Patentamt

European Patent Office

Office européen des brevets

(19)

E
P

0 
97

1 
87

1
B

1
*EP000971871B1*
(11) EP 0 971 871 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention
of the grant of the patent:
09.06.2004 Bulletin 2004/24

(21) Application number: 98911611.6

(22) Date of filing: 12.03.1998

(51) Int Cl.7: C07C 51/265, C07C 67/08,
C07C 63/38, C07C 69/76,
C23F 14/02

(86) International application number:
PCT/US1998/004908

(87) International publication number:
WO 1998/043937 (08.10.1998 Gazette 1998/40)

(54) COMPOSITION AND METHOD FOR REDUCING FOULING IN PROCESS EQUIPMENT USED FOR
MANUFACTURING AROMATIC MATERIALS

ZUSAMMENSETZUNG UND METHODE ZUR HEMMUNG DER BELAGBILDUNG IN
PROZESSANLAGEN,DIE FÜR DIE HERSTELLUNG VON AROMATISCHEN STOFFEN
VERWENDET WERDEN

COMPOSITION ET PROCEDE DE REDUCTION D’ENCRASSEMENT DANS UN EQUIPEMENT
UTILISE POUR LA FABRICATION DE MATIERES AROMATIQUES

(84) Designated Contracting States:
AT BE CH DE ES FR GB IT LI NL

(30) Priority: 31.03.1997 US 41765 P
12.02.1998 US 22693

(43) Date of publication of application:
19.01.2000 Bulletin 2000/03

(73) Proprietor: BP Corporation North America Inc.
Warrenville, IL 60555 (US)

(72) Inventors:
• MOSSMAN, Allen, B.

Wheaton, IL 60187 (US)

• YOUNG, David, A.
Decatur, AL 35601 (US)

• BEHRENS, Paul, K.
Warrenville, IL 60555 (US)

• HOLZHAUER, Juergen, K.
Naperville, IL 60540 (US)

(74) Representative: Ritter, Stephen David et al
Mathys & Squire
100 Gray’s Inn Road
London WC1X 8AL (GB)

(56) References cited:
WO-A-93/10080 US-A- 3 492 219
US-A- 4 024 051 US-A- 4 927 519



EP 0 971 871 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

FIELD OF THE INVENTION

[0001] This invention relates generally to a method for
reducing fouling in process equipment used for manu-
facturing aromatic materials such as dimethyl naphtha-
lenedicarboxylates. More specifically, this invention re-
lates to a method for reducing fouling in process equip-
ment used for manufacturing aromatic materials such
as dimethyl-2,6-naphthalenedicarboxylate by treating
manufacturing process streams with one or more metal
complexing compounds.

BACKGROUND OF THE INVENTION

[0002] Dimethyl-2,6-naphthalenedicarboxylate, or
"NDC," is representative of a monomer that can be used
to prepare a variety of polyester materials. For example,
NDC can be condensed with ethylene glycol to form poly
(ethylene-2,6-naphthalate), or "PEN," a high perform-
ance polyester material.
[0003] Fibers and films made from PEN have consid-
erably improved strength and superior thermal proper-
ties relative to films and fibers made from poly(ethylene-
terephthalate). PEN therefore is an exceptional material
for preparing commercial articles such as thin films used
for the manufacture of magnetic recording tape and
electronic components. Additionally, because of PEN's
superior resistance to the diffusion of gases such as car-
bon dioxide, oxygen and water vapor, films made from
PEN particularly are useful for manufacturing articles
such as "hot fill" food containers. PEN also is useful for
preparing high strength fibers which can be used to
manufacture items such as tire cord.
[0004] Processes for manufacturing NDC and other
aromatic esters from aromatic acids are well known. For
example, U.S. Patent Nos. 5,254,719, 5,262,560 and
5,350,874 describe processes for manufacturing NDC
from 2,6-naphthalenedicarboxylic acid or "NDA" by re-
acting NDA with methanol. These and other processes
for manufacturing NDC and other aromatic esters typi-
cal involve one or more ester crystallization or recrys-
tallization steps, as well as a distillation step where the
aromatic ester is distilled, typically using a fractional dis-
tillation column, to prepare high purity esters suitable for
preparing PEN and other polyesters.
[0005] Aromatic acids useful for preparing aromatic
esters can be prepared in a number of ways. For exam-
ple, NDA advantageously is obtained by oxidizing a suit-
able naphthalenic feedstock such as 2,6-dimethylnaph-
thalene. Such oxidation reactions typically are conduct-
ed in a liquid phase mixture using one or more heavy
metal catalysts to catalyze the oxidation of the naphtha-
lenic feedstock to NDA. One preferred method uses a
mixture of cobalt and manganese catalyst metals in a
liquid phase oxidation of 2,6-dimethylnaphthalene. This
method uses a low molecular weight acid such as acetic

acid as the reaction solvent and air as the source of ox-
ygen for oxidizing the methyl groups on 2,6-dimethyl-
naphthalene to the carboxylic acid groups of NDA. One
such process is discussed in detail in U.S. Patent
5,183,933 to Harper et al..
[0006] We have discovered that when NDA is pre-
pared by such an oxidation. process, the catalyst metals
such as cobalt and manganese can cause severe foul-
ing of the process equipment used to manufacture NDC
from NDA. Process equipment exhibiting such fouling
includes heat exchangers used to increase the temper-
ature of a mixture of NDA and methanol for a subse-
quent esterification reaction, heat exchangers used to
increase the temperature of a mixture of NDC, NDA, and
methanol for a subsequent recrystallization, filter cloths
on equipment used to recover NDC particles from meth-
anol, heat exchangers used to heat and evaporate fil-
tration mother liquor to recover solvent, the internal por-
tions of the reactor and associated piping used in the
esterification process, and the internals of NDC distilla-
tion columns.
[0007] Equipment such as that noted above may be-
come encrusted or fouled with solid deposits which re-
duce the efficiency of the equipment. If operations con-
tinue under conditions that permit fouling, the equipment
can become completely plugged up or otherwise inop-
erative. Fouled equipment can substantially reduce
plant production rates. Furthermore, when fouling be-
comes severe, production of NDC must be stopped to
clean out the fouled equipment. Thus, manufacturers of
aromatic materials such as NDC require a method to
reduce or eliminate fouling of process equipment. Our
invention provides such a method.
[0008] The problem of fouling in e.g. crude oil refinery
process streams has been recognised in the prior art.
For example WO93/10080 discloses a process for re-
ducing fouling deposit formation in thermally cracked
feedstock such as naphtha, using an oxime compound.
This document suggests that the oxime compounds al-
so serve to aid metal coordination and that the metals
could be removed in a subsequent step using a separate
additive.
[0009] US 3,492,219, US 4,927,519, US 4,024,051
and US 4,578,178 disclose methods of reducing fouling
in the processing of petroleum hydrocarbons and in pe-
troleum and crude oil refinery. US 3,492,219 and US
4,578,178 suggest application of the anti-foulant com-
positions in feedstocks from other process streams, in-
cluding the production of chlorinated hydrocarbons and
in hydrodesulfurization processes. However, it is known
that the success of a given anti-foulant composition in
reducing fouling can vary from one hydrocarbon feed-
stock to another.
[0010] None of the above prior art discloses or sug-
gests a process whereby fouling can be reduced in
equipment used to process a metal-containing aromatic
feedstock mixture containing a heavy metal used to ox-
idise a substituted aromatic compound.
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SUMMARY OF THE INVENTION

[0011] We have found that fouling problems in the
production of aromatic materials from heavy metal-con-
taining feedstocks can be drastically reduced by using
a phosphorus-containing metal complexing agent dur-
ing the production process. Use of metal complexing
agents such as phosphorus salts has been found to in-
crease the run time of process equipment such as heat
exchangers and filters several fold, thereby dramatically
increasing plant throughput and minimizing the need for
fouling-related plant maintenance.
[0012] In a first embodiment of the invention, a meth-
od for reducing fouling in equipment used to process a
metal-containing aromatic feedstock mixture requires
treating a process stream of the aromatic feedstock mix-
ture with a phosphorus-containing metal complexing
compound.
[0013] Specifically, the first embodiment of the inven-
tion comprises the use of a phosphorus-containing met-
al complexing compound for the reduction of fouling in
equipment used in a process for manufacturing an aro-
matic ester from a metal-containing aromatic feedstock
mixture containing at least 1 part by weight of an aro-
matic compound selected from the group consisting of
aromatic acids, aromatic esters, and mixtures thereof,
and between 10-40,000 total parts per million of one or
more heavy metals having atomic numbers from 21 to
82.
[0014] The term "metal-containing aromatic feed-
stock mixture" refers to a mixture containing at least 1
part by weight, and preferably at least 5 parts by weight,
of an aromatic compound and between about 10 -
40,000 total parts per million of one or more heavy met-
als having atomic numbers from 21 to 82.
[0015] The term "phosphorus-containing metal com-
plexing compound" means any phosphorus-containing
compound that remains sufficiently stable under
processing conditions to complex with the heavy metal
or metals contained in an aromatic feedstock mixture to
prevent fouling of the processing equipment.
[0016] In a second embodiment of the invention, foul-
ing in equipment used to process a metal-containing
naphthalenic feedstock mixture is reduced by treating
the process stream of the naphthalenic feedstock mix-
ture with a phosphorus-containing compound. Suitable
phosphorus-containing compounds include both inor-
ganic and organic phosphorus-containing materials,
with inorganic phosphate salts often being preferred.
[0017] The term "metal-containing naphthalenic feed-
stock mixture" refers to a mixture containing 1 to 99
parts by weight of one or more naphthalenic materials,
preferably at least one part by weight of a naphthalenic
compound, and even more preferably, at least 5 parts
by weight of a naphthalenic compound, and in addition,
between about 10 - 40,000 total parts per million of one
or more heavy metals having atomic numbers from 21
to 82. Particularly preferred are such mixtures compris-

ing between 1 and 99 total weight percent of naphtha-
lene dicarboxylic acid.
[0018] Still another embodiment of the invention in-
cludes novel, low fouling compositions useful in the
manufacture of aromatic materials compositions.
[0019] In yet another embodiment of the invention,
processes for manufacturing aromatic carboxylates
from alkyl- or acyl-substituted aromatic compounds are
disclosed. These processes includes the steps of oxi-
dizing an alkyl or acyl- substituted aromatic compound
in the presence of one or more heavy metal catalysts to
form aromatic acids of the alkyl- or acyl-substituted ar-
omatic compound and then esterifying a reaction mix-
ture containing the aromatic acids and heavy metal cat-
alysts in the presence of a phosphorus-containing com-
pound in an amount equal to 0.1 to 2.0 moles of phos-
phorus, calculated as elemental phosphorus, per mole
of heavy metal, calculated as elemental metal.
[0020] The foregoing processes are particularly well
suited for minimizing fouling during the manufacture of
dimethyl naphthalenedicarboxylates, and have been
found to offer dramatic improvements in process equip-
ment run times over processes which do not employ
metal complexing compounds.

DETAILED DESCRIPTION OF THE INVENTION

[0021] We have discovered that treating process
streams used to manufacture aromatic esters such as
NDC with one or more metal complexing compounds
greatly reduces fouling in process equipment While our
invention will be described in detail below in connection
with an NDC manufacturing process, the invention is be-
lieved to be useful in other manufacturing processes us-
ing aromatic feedstocks, such as in the esterification or
purification of terephthalic or isophthalic acid.
[0022] NDC manufacturing process streams can con-
tain a wide variety of naphthalenic and other com-
pounds. In a typical manufacturing process, NDA is
mixed with an amount of methanol typically in excess of
that which would be required to convert all of the car-
boxylic acid groups of NDA to methyl esters. This mix-
ture is heated, with or without a catalyst, to form the
dimethyl ester of NDA. The temperature used to form
the dimethyl ester usually is from 93 to 371°C (200 to
700°F), and preferably 260 to 343°C (500 to 650°F).
The product from this esterification reaction is purified
by one or more crystallization, recrystallization and/or
distillation steps to form purified NDC. Typically, to form
highly pure NDC, a distillation step is required. Thus, the
process streams used to manufacture NDC from NDA
can range from a mixture comprising mostly NDA to
mostly NDC, or mixtures thereof, and may include var-
ying concentrations of methanol. The process streams
also can comprise the monomethyl ester of NDA and
other naphthalenic compounds. Several representative
processes for preparing NDC from NDA are disclosed
in U.S. Patents 5,254,719; 5,262,560; and 5,350,874.
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[0023] Processes for preparing NDA feedstocks are
described, for example, in U.S. Patent 5,183,933. NDC
manufacturing process streams typically contain one or
more heavy metals with atomic numbers ranging from
21 to 82 that were used to catalyze the oxidation of a
dialkylnaphthalene reactant In many cases, NDA pref-
erably is made by the liquid phase oxidation of
2,6-dimethylnaphthalene in the presence of cobalt and
manganese oxidation catalysts. The crude NDA result-
ing from such an oxidation step may contain from 10
parts per million by weight (ppm) to 20,000 ppm, more
typically 500 ppm to 10,000 ppm, and most typically
from 1000 ppm to 6000 ppm of cobalt and manganese,
calculated as elemental cobalt and elemental manga-
nese.
[0024] When NDA containing the above-noted con-
centration of oxidation catalyst metals is used in proc-
esses for preparing NDC, the equipment used fouls rap-
idly. Typically fouled process equipment includes heat
exchangers used for increasing the temperature of the
process stream comprising NDA and methanol prior to
the NDA esterification reaction, as well as reactors and
piping used in connection with the esterification reac-
tion. Metal-containing process streams also foul the fil-
ter surfaces used to fitter NDC from crystallization and
recrystallization solvents such as methanol, and foul in-
ternal portions of distillation columns used to fractionally
distill NDC to form highly pure NDC. The term "foul" as
used herein means the development or build-up of sol-
ids or other material on the working surfaces or internal
passages of process equipment which results in an ob-
servable decrease in the capacity of the equipment This
development or build-up of material on such surfaces or
in such passages results in a decrease in the efficiency
of the operation of such equipment and eventual can
result in inoperability of such equipment As used herein,
the term "inoperable" refers to a piece of equipment that
has been fouled to a point that it functions at less than
60 percent of its rated capacity.
[0025] We discovered that the addition of one or more
phosphorus-containing compounds to the aforemen-
tioned process streams greatly reduces or eliminates
fouling of such process equipment. The amount of phos-
phorus-containing compound added is an amount that
results in the reduction of the fouling of the process
equipment. The amount of phosphorus-containing com-
pound required to reduce fouling typically is 0.1 to 3.0
mole equivalents. However, preferably at least 0.5, and
more preferably at least 0.8 moles of phosphorus, cal-
culated as elemental phosphorus, per mole of total
heavy metal, calculated as the elemental metal or met-
als, are present in the process stream. Most preferably,
the amount of phosphorus-containing compound added
is an amount such that the mole ratio of phosphorus,
calculated as elemental phosphorus, to the total of the
heavy metal components, calculated as the elemental
metal or metals, is about 1:1. Mole ratios which exceed
1:1, however, have not been found to be detrimental to

the purpose of this invention.
[0026] Phosphorus-containing compounds useful in
the invention are any phosphorus-containing com-
pounds that will reduce or prevent the fouling of the
equipment. The term "phosphorus-containing com-
pounds" as used herein includes both inorganic and or-
ganic compounds. If organic phosphorus-containing
compounds are used, the compounds preferably are se-
lected so that they have a low volatility. Inorganic phos-
phorus-containing compounds useful in the invention in-
clude monomeric phosphates, dimeric phosphates, and
higher linear and cyclic polyphosphates, as well as the
alkali metal salts and alkaline earth metal salts of these
same phosphorus-containing compounds. Such com-
pounds include, for example, P2O5, H3PO4, H4P2O7,
H5P3O10, trimeta phosphoric acid, tetrameta phosphor-
ic acid, one or more sodium phosphates such as, for
example, NaH2PO4, Na2HPO4, Na3PO4, as well as hy-
drated versions thereof, and pyrophosphates such as
sodium or potassium pyrophosphates. Mixtures of the
foregoing are also well suited to use in the invention.
Inorganic phosphates and salts thereof are a preferred
source of phosphorus for the method of this invention.
Organic phosphorus-containing compounds such as
alkyl or aryl phosphates and phosphites also are be-
lieved to be suitable for use in the invention. For exam-
ple, trimethyl phosphate, triphenyl phosphate, trimethyl
phosphite, and triphenyl phosphite are believed to be
useful.
[0027] Phosphorus-containing compounds can be
added to one or more NDC manufacturing process
streams at any suitable point These streams can contain
anywhere from 1 to 99 parts, and more typically 5 to 70
parts, by weight of naphthalenic compounds. For exam-
ple, the phosphorus-containing compound can be add-
ed to the process stream containing NDA and methanol,
which stream is then reacted in an esterification reaction
to form crude NDC. The phosphorus-containing com-
pound also can be added to the methanol or to the NDA,
or to the mixture of methanol and NDA.
[0028] The mixture of NDA arid methanol so treated
typically comprises 5 to 50 parts by weight NDA and 50
to 95 parts by weight methanol. The NDA used for such
mixture typically contains 10 ppm to 20,000 ppm of
heavy metal, typically cobalt and manganese, based on
the weight of the metal. The molar ratio of cobalt to man-
ganese therein typically is 30:1 to 1:30, more typically
10:1 to 1:10, and most typically 4:1 to 1:1. The amount
of phosphorus-containing compound added is the
amount stated hereinabove, based on the amount of
heavy metal present in the process stream, i.e., at least
0.1, preferably at least 0.5, and more preferably at least
0.8 mole of phosphorus, calculated as elemental phos-
phorus, per mole of heavy metal, calculated as the ele-
mental metal.
[0029] While it is advantageous to add the phospho-
rus-containing compound to the process stream prior to
the esterification reaction, the phosphorus-containing
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compound can be added at a later stage in the process
to prevent fouling in downstream equipment such as the
filters used to filter solutions of NDC or the distillation
column used to distill NDC. The phosphorus-containing
compound can be added in increments to the process
stream or it can be added continuously. It can be added
at more than one location in the process and either si-
multaneously or at different times, depending on the ex-
isting need to prevent fouling in the process equipment.
[0030] Addition of phosphorus-containing compound
to various NDC process streams is illustrated by the fol-
lowing Examples.

EXAMPLE 1

[0031] A heat exchanger used to elevate the temper-
ature of a mixture of NDC, NDA, and methanol to a tem-
perature sufficient to melt the NDC was fouled and be-
came inoperable after 72 hours of continuous operation.
The mixture typically contained 30 wt.% methanol, 0.1
to 2 wt.% NDA, and 1000 ppm to 1300 ppm total cobalt
and manganese, based on the weight of NDC.
[0032] The addition of from 100 to 500 ppm of phos-
phorus, based on the NDC content and added as sodi-
um hexametaphosphate to the same mixture of NDC,
NDA, and methanol, provided for the operation of the
same exchanger for more than 900 hours without foul-
ing.

EXAMPLE 2

[0033] A filter used to recover crude crystalline NDC
from a stream containing NDC, NDA, and methanol
fouled and became inoperable after about 240 hours of
continuous operation. This stream was obtained after
cooling the total reactor effluent from the reactor used
to esterify NDA with methanol. This mixture typically
contained 20-30 wt.% NDC, 80-70 wt.% methanol, 0.1-2
wt.% NDA and monomethyl NDC, and from 1000 ppm
to 1300 ppm total cobalt and manganese based on the
weight of NDC present in the stream.
[0034] The addition of from 100 ppm to 600 ppm of
phosphorus, based on the weight of NDC in the stream
and added as sodium hexametaphosphate to the same
mixture of NDC, NDA, and methanol, provided for the
operation of the same filter for more than 900 hours with-
out fouling.

EXAMPLE 3

[0035] A heat exchanger used to elevate the temper-
ature of a mixture of NDC, NDA, and methanol to a tem-
perature sufficient to melt the NDC fouled and became
inoperable after 72 hours of continuous operation. The
mixture typically contained 30 wt.% methanol, 0.1 to 2
wt.% NDA, and 1700 ppm to about 2400 ppm total cobalt
and manganese, based on the weight of NDC.
[0036] The addition of from 300 to 1900 ppm of phos-

phorus based on the NDC content, added as sodium
dihydrogenphosphate to the same mixture of NDC,
NDA, and methanol, provided for the operation of the
same exchanger for more than 900 hours without foul-
ing.

EXAMPLE 4

[0037] A filter used to recover crude crystalline NDC
from a stream containing NDC, NDA, and methanol was
fouled after about 240 hours of continuous operation.
This stream was obtained after cooling the total reactor
effluent from the reactor used to esterify NDA with meth-
anol. This mixture typically contained 20-30 wt.% NDC,
80-70 wt.% methanol, 0.1-2 wt.% NDA and monomethyl
NDC, and from 1700 ppm to 2400 ppm total cobalt and
manganese based on NDC.
[0038] The addition of from 300 ppm to 1900 ppm of
phosphorus based on NDC and added as sodium dihy-
drogenphosphate to the same mixture of NDC, NDA,
and methanol, provided for the operation of the same
filter for more than 900 hours without fouling.
[0039] The following prophetic Example 5 provides
further guidance as to the use of our invention.

EXAMPLE 5

[0040] A reboiler is used to boil a mixture of NDC, mo-
noesterified monomethyl 2,6-NDC, and NDA at approx-
imately 260°C (500 °F) fouls after less than 1000 hours
of continuous operation. The mixture typically contains
approximately 7% NDA, 20% monomethyl 2,6-NDC,
70% NDC, and about 3 to 4 total weight percent of cobalt
and manganese.
[0041] About 0.7-1.3% of phosphorus is added, as so-
dium dihydrogen phosphate, to the same mixture and
provides for operation of the same reboiler for more than
1000 hours without fouling.
[0042] We believe similar results can be expected
when using other phosphorus-containing compounds
such as sodium hexametaphosphate, sodium dihydro-
gen phosphate, disodium hydrogen phosphate, triso-
dium phosphate, phosphoric acid, tripolyphosphates
such as sodium tripolyphosphate, trimethyl phosphite,
trimethyl phosphate, triphenyl phosphite, triphenyl
phosphate and mixtures thereof.
[0043] While the foregoing Examples illustrate the
particular utility of our invention with respect to the man-
ufacture of NDC from NDA, we believe that the process
is useful in connection with a wide variety of manufac-
turing processes in which a metal-containing aromatic
feedstock mixture is reacted under aromatic feedstock
processing conditions. Phosphorus-containing metal
complexing compounds may be added to these proc-
esses in the same ratios and manners as discussed
above in connection with the NDC based Examples.
[0044] As used herein, the term "metal-containing ar-
omatic feedstock mixture" means a mixture containing
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at least 5 parts by weight of an aromatic compound and
between 10 - 40,000 total parts per million of one or
more heavy metals having atomic numbers from 21 to
82. The term "aromatic feedstock processing condi-
tions" means an operating temperature of between 38
to 399°C (100 to 750 degrees Fahrenheit) and at oper-
ating pressures from between 2 kPa and 10.3 MPa (15
mm Hg absolute and 1500 psia).
[0045] For example, the invention is to believed to be
especially useful in processes for manufacturing aro-
matic carboxylates from alkyl- or acyl-substituted aro-
matic compounds which first oxidize an alkyl- or acyl
substituted aromatic compound in the presence of one
or more heavy metal catalysts to form aromatic acids of
the alkyl- or acyl- substituted aromatic compound and
which thereafter esterify a reaction mixture containing
the aromatic acids and heavy metal catalysts. The use
of a phosphorus-containing metal complexing com-
pound in an amount equal to 0.1 to 2.0 moles of phos-
phorus calculated as elemental phosphorus per mole of
heavy metal calculated as elemental metal should
greatly minimize operational difficulties related to fouling
equipment used in those processes such as fibers, heat
exchangers, and distillation columns. The following pro-
phetic Examples illustrate the utility of the invention in
some of these applications.

EXAMPLE 6

[0046] A heat exchanger used to elevate the temper-
ature of a mixture of terephthalic acid (TA), dimethyl
terephthalate (DMT) and methanol to a temperature suf-
ficient to esterify the TA [typically about 260°C (500°F)]
is fouled to the extent where heat transfer is significantly
reduced. The mixture typically contains about 80 wt.%
methanol, 16 wt.% TA, 4% recycle DMT, and 50 ppm to
200 ppm total cobalt and manganese, based on the
weight of TA.
[0047] The addition of from 25 to 100 ppm of phos-
phorus based on the TA content, added as sodium hex-
ametaphosphate to the same mixture of TA, DMT, and
methanol greatly extends the operating time before the
exchanger is significantly fouled.

EXAMPLE 7

[0048] A filter used to recover crude crystalline DMT
from a stream containing DMT, TA, and methanol is
fouled to the point where the filtration rate is seriously
reduced. This stream is obtained after cooling the total
reactor effluent from a reactor used to esterify TA with
methanol. This mixture typically contains about 23 wt.%
DMT, 75 wt.% methanol, 2 wt.% TA and monomethyl TA,
and from 50 ppm to 200 ppm total cobalt and manga-
nese based on the weight of DMT present in the stream.
[0049] The addition of from 25 ppm to 100 ppm of
phosphorus based on the weight of DMT in the stream,
added as sodium hexametaphosphate to the same mix-

ture of DMT, TA and methanol extends the operating
time before the filter is significantly fouled.

EXAMPLE 8

[0050] A heat exchanger used to elevate the temper-
ature of a mixture of DMT, TA, and methanol to a tem-
perature sufficient to dissolve the DMT is fouled to the
extent where heat transfer is significantly reduced. The
mixture typically contains 30 wt.% methanol, 0.1 to 2 wt.
% TA, and 25 ppm to about 100 ppm total cobalt and
manganese, based on the weight of DMT.
[0051] The addition of from 25 to 100 ppm of phos-
phorus based on the DMT content, added as sodium
dihydrogen phosphate, to the same mixture of DMT, TA,
and methanol, substantially extends the operating time
before the filter is significantly fouled.
[0052] Additionally, while phosphorus-based com-
pounds are the preferred compounds for treating metal-
containing aromatic feedstock mixtures in accordance
with our invention, we believe that the advantages of the
invention may be realized using other metal complexing
compounds. The term "metal complexing compound"
means any compound that remains sufficiently stable
under aromatic feedstock processing conditions to com-
plex with the heavy metal or metals contained in an ar-
omatic feedstock mixture to prevent fouling of the
processing equipment. Such "metal complexing com-
pounds" include, for example, phosphorus-containing
compounds as well as other metal complexing com-
pounds, for example, sulfur- and oxygen-containing
compounds such as sulfates, sulfites and oxalates, as
well as amine complexing agents and materials such as
crown ethers.

Claims

1. The use of a phosphorus-containing metal com-
plexing compound for the reduction of fouling in
equipment used in a process for manufacturing an
aromatic ester from a metal-containing aromatic
feedstock mixture containing at least 1 part by
weight of an aromatic compound selected from the
group consisting of aromatic acids, aromatic esters,
and mixtures thereof, and between 10-40,000 total
parts per million of one or more heavy metals having
atomic numbers from 21 to 82.

2. Use of 0.1 to 3.0 mole equivalents of phosphorus-
containing metal complexing compound per mole of
heavy metal calculated as elemental metal in the
process specified in Claim 1.

3. Use according to Claim 1 wherein in the process,
the metal-containing aromatic feedstock mixture is
processed under aromatic feedstock processing
conditions, wherein the metal-containing aromatic
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feedstock mixture comprises between 1 and 99 to-
tal weight percent of naphthalene dicarboxylic acids
and dimethyl naphthalene carboxylates.

4. Use according to Claim 1 wherein in the process,
the metal-containing aromatic feedstock mixture is
a metal-containing naphthalenic feedstock mixture
containing at least 1 part by weight of a naphtha-
lenic compound.

5. Use according to Claim 4 wherein the metal-con-
taining naphthalenic feedstock mixture is proc-
essed under aromatic feedstock processing condi-
tions, wherein the metal-containing naphthalenic
feedstock mixture comprises between 1 and 99 to-
tal weight percent of naphthalene dicarboxylic acids
and dimethyl naphthalene carboxylates, wherein
the heavy metals present in the mixture comprise
at least 50 weight percent cobalt, manganese, or
mixtures thereof, calculated as the weight percent
of total heavy metals, and wherein the phosphorus-
containing metal complexing compound is added to
the process stream in an amount equal to 0.1 to 3.0
moles of phosphorus calculated as elemental phos-
phorus per mole of heavy metal calculated as ele-
mental metal.

6. Use according to Claim 4 wherein the phosphorus-
containing metal complexing compound is selected
from the group consisting of sodium hexameta-
phosphate, sodium dihydrogen phosphate, diso-
dium hydrogen phosphate, trisodium phosphate,
phosphoric acid, trimethyl phosphite, trimethyl
phosphate, tripolyphosphates such as sodium
tripolyphosphate, triphenyl phosphite, triphenyl
phosphate and mixtures thereof.

7. Use according to Claim 4 wherein the metal-con-
taining naphthalenic feedstock mixture comprises
at least 5 weight percent methanol.

8. A process for manufacturing aromatic carboxylates
from alkyl- or acyl- substituted aromatic compounds
comprising the steps of:

oxidizing an alkyl- or acyl- substituted aromatic
compound in the presence of one or more
heavy metal catalysts to form aromatic acids of
the alkyl- or acyl- substituted aromatic com-
pound; and thereafter

esterifying a reaction mixture containing the ar-
omatic acids and heavy metal catalysts in the
presence of a phosphorus-containing metal
complexing compound in an amount equal to
0.1 to 3.0 moles of phosphorus calculated as
elemental phosphorus per mole of heavy metal
calculated as elemental metal.

9. The process of Claim 8 wherein the substituted ar-
omatic compound comprises a dimethyl naphtha-
lene, and wherein the heavy metals present in the
reaction mixture comprise between 1000 to 6000
ppm of the reaction mixture.

10. A composition comprising 1 to 99 parts by weight
of one or more naphthalenic materials, between
1000 - 6,000 total parts per million of one or more
heavy metals having atomic numbers from 21 to 82,
and a phosphorus-containing metal complexing
compound in an amount equal to 0.1 to 3.0 moles
of phosphorus calculated as elemental phosphorus
per mole of heavy metal calculated as elemental
metal.

11. The composition of Claim 10 further comprising at
least 5 parts by weight of methanol.

Patentansprüche

1. Die Verwendung einer Phosphor-enthaltenden me-
tallkomplexierenden Verbindung für die Reduktion
der Fäulnisbildung bei einer Ausrüstung, die in ei-
nem Verfahren zum Herstellen eines aromatischen
Esters aus einer Metall-enthaltenden aromatischen
Nahrungsmittelmischung enthaltend wenigstens 1
Gewichtsteil einer aromatischen Verbindung aus-
gewählt aus der Gruppe bestehend aus aromati-
schen Säuren, aromatischen Estern und Mischun-
gen daraus und zwischen 10-40.000 Gesamtteilen
pro Million eines Schwermetalles oder mehrerer
Schwermetalle mit einer Atomzahl von 21 bis 82
verwendet wird.

2. Verwendung von 0,1 bis zu 3,0 Moläquivalenten ei-
ner Phosphor-enthaltenden metallkomplexieren-
den Verbindung pro Mol Schwermetall berechnet
als elementares Metall bei dem Verfahren, das in
Anspruch 1 ausgeführt ist.

3. Verwendung gemäß Anspruch 1, wobei bei dem
Verfahren die metallenthaltende aromatische Nah-
rungsmittelmischung unter aromatischen Nah-
rungsmittelbearbeitungsbedingungen bearbeitet
wird, wobei die metallenthaltende aromatische
Nahrungsmittelmischung zwischen 1 und 99 Ge-
samtgewichtsprozent Naphtalindicarbonsäuren
und Dimethylnaphtalincarboxylate umfaßt.

4. Verwendung nach Anspruch 1, wobei bei dem Ver-
fahren die Metall-enthaltende aromatische Nah-
rungsmittelmischung eine Metall-enthaltende
naphtaline Nahrungsmittelmischung ist, enthaltend
wenigstens 1 Gewichtsteil einer Naphtalinverbin-
dung.
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5. Verwendung nach Anspruch 4, wobei die Metall-
enthaltende naphtaline Nahrungsmittelmischung
unter aromatischen Nahrungsmittelbearbeitungs-
bedingungen bearbeitet wird, wobei die metallent-
haltende naphtaline Nahrungsmittelmischung zwi-
schen 1 und 99 Gesamtgewichtsprozent Naphtalin-
dicarbonsäuren und Dimethylnaphtalincarboxylate
umfaßt, wobei die Schwermetalle, die in der Mi-
schung vorhanden sind, wenigstens 50 Gewichts-
prozent Kobalt, Mangan oder Mischungen daraus
umfaßt, berechnet als Gewichtsprozent der Ge-
samtschwermetalle, wobei die Phosphor-enthal-
tende metallkomplexierende Verbindung in den
Prozeßfluß in einer Menge von 0,1 bis zu 3,0 Mol
Phosphor hinzugefügt wird, berechnet als elemen-
tarer Phosphor pro Mol Schwermetall, berechnet
als elementares Metall.

6. Verwendung nach Anspruch 4, wobei die phospho-
renthaltende metallkomplexierende Verbindung
ausgewählt ist aus der Gruppe bestehend aus Na-
triumhexametaphosphat, Natriumdihydrogenphos-
phat, Dinatriumhydrogenphosphat, Trinatriump-
hosphat, Phosphorsäure, Trimethylphosphit, Tri-
methylphosphat, Tripolyphosphate, sowie Natrium-
tripolyphosphate, Triphenylphosphit, Triphenylp-
hosphat und Mischungen daraus.

7. Verwendung gemäß Anspruch 4, wobei die Metall-
enthaltende naphtalenische Nahrungsmittelmi-
schung wenigstens 5 Gewichtsprozent Methanol
umfaßt.

8. Ein Verfahren für die Herstellung von aromatischen
Carboxylaten aus alkyl- oder acylsubstituierten aro-
matischen Verbindungen, umfassend die Schritte:

Oxydieren einer alkyl- oder acylsubstituierten
aromatischen Verbindung in der Gegenwart
von einem oder von mehreren Schwermetal-
lenkatalysatoren, um aromatische Säuren der
alkyl- oder acylsubstituierten aromatischen
Verbindung zu bilden; und danach

Verestern einer Umsetzungsmischung enthal-
tend die aromatischen Säuren und die Schwer-
metallkatalysatoren in der Gegenwart einer
phosphorenthaltenden metallkomplexierenden
Verbindung in einer Menge, die 0,1 bis 3,0 Mol
Phosphor entspricht, berechnet als elementa-
rer Phosphor pro Mol Schwermetall, berechnet
als elementares Metall.

9. Das Verfahren nach Anspruch 8, wobei die substi-
tuierte aromatische Verbindung ein Dimethylnaph-
talin umfaßt und wobei die Schwermetalle, die in
der Umsetzungsmischung vorhanden sind, zwi-
schen 1000 und 6000 ppm der Umsetzungsmi-

schung umfassen.

10. Eine Zusammensetzung umfassend 1 bis zu 99 Ge-
wichtsteile von einem oder von mehreren naphtali-
nen Materialien, zwischen 1000-6000 Gesamtteile
pro Million von einem oder von mehreren Schwer-
metallen mit Atomzahlen von 21 bis 82, und eine
phosphorenthaltende metallkomplexierende Ver-
bindung in einer Menge, die 0,1 bis 3,0 Mol Phos-
phor entspricht, berechnet als elementarer Phos-
phor pro Mol Schwermetall, berechnet als elemen-
tares Metall.

11. Die Zusammensetzung nach Anspruch 10, weiter-
hin umfassend wenigstens 5 Gewichtsteile Metha-
nol.

Revendications

1. Utilisation d'un composé complexant du métal con-
tenant du phosphore, pour la réduction de l'encras-
sement dans un équipement employé pour la fabri-
cation d'un ester aromatique à partir d'un mélange
aromatique de départ contenant du métal et conte-
nant au moins 1 partie en poids d'un composé aro-
matique choisi au sein du groupe consistant en des
acides aromatiques, des esters aromatiques et des
mélanges de ceux-ci, et contenant entre 10-40.000
parties au total par million, d'un ou de plusieurs mé-
taux lourds ayant des numéros atomiques variant
de 21 à 82.

2. Utilisation de 0,1 à 3,0 équivalents molaires de
composé complexant du métal contenant du phos-
phore par mole de métal lourd exprimé en métal élé-
mentaire, dans le procédé spécifié dans la revendi-
cation 1.

3. Utilisation selon la revendication 1, dans laquelle,
dans le procédé, le mélange aromatique de départ
contenant du métal est traité dans des conditions
opératoires pour mélange aromatique de départ,
dans laquelle le mélange aromatique de départ
contenant du métal comprend entre 1 et 99 pour
cent en poids total, d'acides naphtalènedicarboxy-
liques et de diméthylnaphtalènecarboxylates.

4. Utilisation selon la revendication 1, dans laquelle,
dans le procédé, le mélange aromatique de départ
contenant du métal est un mélange aromatique de
départ naphtalénique contenant du métal et conte-
nant au moins 1 partie en poids d'un composé naph-
talénique.

5. Utilisation selon la revendication 4, dans laquelle le
mélange naphtalénique de départ contenant du mé-
tal est traité dans des conditions opératoires pour
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mélange aromatique, dans laquelle le mélange
naphtalénique de départ contenant du métal com-
prend entre 1 et 99 pour cent en poids total, d'acides
naphtalènedicarboxyliques et de diméthyl-naphta-
lènecarboxylates, dans laquelle les métaux lourds
présents dans le mélange comprennent au moins
50 pour cent en poids de cobalt, de manganèse ou
de mélanges de ceux-ci, exprimé en pourcentage
en poids, de la totalité des métaux lourds, et dans
laquelle le composé complexant du métal conte-
nant du phosphore est ajouté dans le courant opé-
ratoire en une quantité de 0,1 à 3,0 moles de phos-
phore exprimé en phosphore élémentaire, par mole
de métal lourd, exprimé en métal élémentaire.

6. Utilisation selon la revendication 4, dans laquelle le
composé complexant du métal contenant du phos-
phore est choisi au sein du groupe consistant en de
l'hexamétaphosphate de sodium, du phosphate
monosodique, du phosphate disodique, du phos-
phate trisodique, de l'acide phosphorique, du phos-
phite de triméthyle, du phosphate de triméthyle, des
tripolyphosphates tels que le tripolyphosphate de
sodium, du phosphite de triphényle, du phosphate
de triphényle et des mélanges de ceux-ci.

7. Utilisation selon la revendication 4, dans laquelle le
mélange naphtalénique de départ contenant du mé-
tal comprend au moins 5 pour cent en poids, de mé-
thanol.

8. Procédé pour la fabrication de carboxylates aroma-
tiques à partir de composés aromatiques à substi-
tuants alkyle ou acyle, comprenant les étapes :

- d'oxydation d'un composé aromatique à subs-
tituants alkyle ou acyle en présence d'un ou de
plusieurs catalyseurs à base de métaux lourds,
pour former des acides aromatiques du com-
posé aromatique à substituants alkyle ou
acyle ; et ensuite

- d'estérification d'un mélange réactionnel con-
tenant les acides aromatiques et les cataly-
seurs à base de métaux lourds en présence
d'un composé complexant du métal contenant
du phosphore, en une quantité de 0,1 à 3,0 mo-
les de phosphore exprimé en phosphore élé-
mentaire, par mole de métal lourd, exprimé en
métal élémentaire.

9. Procédé selon la revendication 8, dans lequel le
composé aromatique substitué comprend un dimé-
thylnaphtalène, et dans lequel les métaux lourds
présents dans le mélange réactionnel comprennent
de 1000 à 6000 ppm du mélange réactionnel.

10. Composition comprenant 1 à 99 parties en poids

d'un ou de plusieurs matériaux naphtaléniques, en-
tre 1000 et 6000 parties au total, par million, d'un
ou de plusieurs métaux lourds ayant des numéros
atomiques variant de 21 à 81, et un composé com-
plexant du métal contenant du phosphore, en une
quantité de 0,1 à 3,0 moles de phosphore exprimé
en phosphore élémentaire, par mole de métal lourd
exprimé en métal élémentaire

11. Composition selon la revendication 10, comprenant
aussi au moins 5 parties en poids de méthanol.
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