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i nvol ved in Fem cal reaction are particu y corrosive especially
under the comprises bromine or a bromine-containing compound. The invention has

particular application in the production of terephthalic acid.
Aromatic carboxylic acids such as terephthalic acid have
commonly been produced by the oxidation of substituted aromatic
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compounds such as p-xylene by means of molecular oxygen in a lower
aliphatic monocarboxylic acid solvent (preferably having from 2 to 8,
and more preferably from 2 to 6, carbon atoms, foc example acetic
acid) and in the presence of a catalyst comprising one or more heavy
metal compounds and bromine or a bromine-containing conipound.

It is widely recognised that the chemicals involved in this

10

chemical reaction are particularly corrosive especially under the
conditions of temperature and pressure usually employed to realise
high yields. This necessarily leads to the extensive use of suitable
corrosion resistant materials for construction of the reactor vessel
and associated items of plant. Acccrdingly, expensive titanium and
titanium alloys have figured exténsicely as construction materials in
plant for effecting oxzdation of fcr example p-xylene to terephthalic
acid especially in circumstances where the oxmdation reaction is
carried out using a lower aliphatic monocarboxylic acid solvent in

15
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the presence of bromine or a bromine-containing compound. Thus, to
quote from US-A-4330676 (Column 4, lines &7 to 54): "Where the _
catalyst contains a bromide a material must be used capable of
withstanding the resulting highly corrosive reaction mixture, for
example titanium, but in the absence of bromide less expensive

25

materials such as stainless steels are suitable®.
| With a view to allowing the use of less expensive materials of
construction such as stainless steels, proposals have been made from
30 time to time involving modification of the reaction conditions, ie
"the materials employed in the oxidation reaction and/or parameters
such as temperature and pressure under which the oxidation reaction
is carried out. For instance, US-A-4278810 and GB-A-2094800 disclose
processes for the production of terephthalic acid in which bromine is
35 deliberately excluded from the oxidation reaction, water is used as a
substitute for acetic acid and the reaction is carried out under .

relatively low temperature conditionms.
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materials S%Bs@ﬁﬁgé"iyoﬁéicﬂc&ﬁﬂo%nar&cﬁu&st dBldxylene in an aqueous, lower
allphatic monocarboxylic acid reaction medium in the presence of a
catalyst system comprising cobalt, manganese and bromine,
characterised in that at least some of those plant components which,
in use, are exposed to the reaction medium (especially those exposed

10 at elevated temperatures and pressures in excess of 180°C and 8 bara

respectively) are fabricated from duplex stainless steel.

By duplex steel, we mean a stainless steel composed of ferritic
and austenitic phases, usually containing about equal parts of
austenite and ferrite.

s Components- of the plant which are exposed to the reaction medium
under the defined conditions include the reactor vessel in which said
liquid phase oxidation reaction is carried out and also a first stage
crystallisation vessel forming part of a series of crystallisation
stages in which controlled crystallisation of the aromatic carboxylic
from mother liquor is effected. The conditions prévailing in both of
20 ‘these vessels are particularly severe and, hitherto, it has been
‘necessary to employ titanium and titanium alloys as the materials of
construction for these vessels. ' |

Preferably said components are fabricated from a nitrogen
alloyed grade of duplex stainless steel having a molybdenum N
constituent and which, when exposed to a non-agitated liquid phase

medium having the composition defined below at a temperature of 191°C

25

for a duration of 14 days, exhibits a corrosion rate of no greater
than 0.1 mm/year, the ligquid phase medium composition being:
Acetic acid: © 88.01% wlw
Water: 11.997 w/w
Bromide: 944 ppm
Cobalt: - 410 ppm
Manganese: 412 ppm
Sodium 98 ppm
The above temperature and composition represents a typical
temperature and composition for the reaction medium present in the

first crystalliser of terephthalic acid production plant.

30
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Wth a viewto allow ng the use of |ess expen5|ve_nnLer|aIs of constructlon
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i nvol vi ng nodi fication of the reaction conditions, dmﬁmmﬁaz

enpl oyed in the oxidation reaction and/or paraneter rature
and pressure under which the oxidation reactlon S n

I nstance, US-A-4278810 and GB- A- 2094800°i scl ose processes f

production of terephthalic acid in which bromne is dellberately excl uded
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and the reaction’is carfie r glve ow %
conditi ons. be the corrosion rate C obtained from the following formula.

C = W/(S.D) x 3650/E (units: mm/year)
where W is the weight loss (grams) suffered by a specimen having
a surface area S (cm?) in the course of exposure to the liquid
phase-mediom for E days, the specimen alloy having a density of
D (gm/cm3).
Preferably the duplex stainless steel is one which, in the
defined conditions, exhibits a corrosion rate no greater than
0.05 mm/year, more preferably no more than 0.04 mm/year and most

10
preferably no more than 0.025 mm/year.

According to a second aspect of the present invention there is
provided a process for the production of an aromatic carboxylic acid,
comprising oxidising an aromatic compound such as paraxylene in an
aqueous, lower aliphatic monocarboxylic acid reaction medium at a
temperature within the range 180 to 220°C and a pressure within the -
range 8 to 20 bara and in the presence of an oxidation catalyst

15

system comprising cobalt, manganese and bromine to produce said
aromatic carboxylic acid, feeding mother liquor and said aromatic
20 carboxylic acid f;om the oxidation reacto; to a series of
crystalliser stages in which controlled crystallisation is effected,
characterised by: o o o o
carrying out the oxidation process andfor at least said first
crystallisation stage in an oxidation and/or crystallisation
vessel of which those surfaces contacted by the reaction medium
2 are fabricated from a duplex stainless steel; and
controlling the reaction conditions and, in particular, the
water content of the reaction medium, to correspond to those for
which the corrosion rate of a solution annealed duplex steel i
having the nominal composition specified below, when exposed to
30-- liquid phase reaction medium under such conditions, does not
exceed 0. 15 mmlyear, the said composxt;on comprising the

following constituents in the amounts specified, % 5%:
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respectively) are fabric&dddicdy om nitrogen al Pefded dupl ex st ainl ess st eel
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i ncl ude -t I‘?e, reactor vessel I n which said|i quig? 7Dhase oxidation reaction is
10

carried out and also a fiPEPage crystallisdt1On vessel forming part of a

: Nickel 6.72
Molybdenum 3.8
Nitrogen 0.28
o] : <0.1

10 opper

Tungsten <0.1l
Iron Remainder

Preferably the reaction conditions are controlled to correspond
to those for which the corrosion rate of a duplex steel having the
: defined duplex steel composition, when subject to such conditioms,
33 does not exceed 0.1, more preferably 0.05, mm/year.

Typically at least the first of said crysta;liser stages is
operated at a temperature and pressure greater tﬁan or equal to 180°C
and 8 bara respectively,

_ In a more specific aspect of the invention} the reaétor vessel
20 and/or the crystalliser vessel and other components located within or
associated with the reactor vessel and/or crystaliiser vessel and
which are exposed to liquid phase reaction medium under the defined

temperature and pressure conditions are fabricated from a duplex

stainless steel which, under the stated conditions, exhibits a
23 corrosion rate no'greater than 0.15 (more preferably, 0.1 and most
preferably 0.05) mm/year.

Preferably the dupiex stainless steel used for the fabrication
of the reactor vessel and/or the first érystalliser vessel is one

having a composition lying within the follow ranges:
30 _ _




15 series of crystallisation stages in which controlled crystallisation of
the aromatic carhgxylic fromnother liquor is effected.—Fhe—conditions
prevailing i W hotH of these vessels are particularly severe and, hitherto,
it has been necessary to enploy titaniumand titanium all Replaced
materials of construction for these vesgels. Preferably s , ﬁH ml are
fabrictated froma nitrogen all oyed grade of 20 duplex st

havi ng a nol ybdenum constituent and whi ch, when exposed to a non-agitated
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of [err] for a duration of, 14 days, exhibits a corrosion rate of no greater
than 0.1 mmiyear, the |iqgttdeBRase medi um conp®d ®#n being: Acetic acid:

88.01% w w 25 Wt eManganese 1.99% v .\w Raom de: 944 ppm
Cobal t : 410 ppn1ﬁ§£%ﬁagﬁﬁ: 412 ORD pax
5 - sulphur : 0.04 max
- Chromium 24 - 26
Nickel 5-8
Molybdenum -
Nitrogen 0.2 - 0.3
10 Tungsten 1.0 max
Copper 2.5 max
Iron Remainder

The components fabricated from duplex stainless steel may be
substantially wholly fabricated from such materials; alternatively
15 -they may be fabricated from a first material which is less corrosion'.
resistant than said duplex steel, with the duplex steel forming a
lining or barrier over said less corrosion resistant matérial to
protect the same from exposure to the corrosive fluids. For instance,
the reactor vessel may be internally lined with duplex steel, the
20 - duplex.steel lining being attached or bonded in any suitable fashion
" to a material which is less corrosion resistant, such as a carbon
steel, so that the less corrosicn resistant material is protected by
the lining of duplex steel.

Furthermore, we do not exclude the possibility of parts of the
__plant andfor plant components being fabricated from two or mor;
materials, including a duplex steel and material which has superior
corrosion resistance to the duplex steel under the conditions of
operation. For instance, we have found that in certain parts of the
plant, such as the oxidation reactor, the chemical composition mayhbe
_ particularly corrosive in the vapour phase as a result of the water

- constituent in the vapour phase being greater than in the liquid -
phase. In'SuCh.a cﬁse.'it may be preferable to fabricate that part of
ihe plant, eg the oxidation reactor andf/or the first crystalliser
vessel, in such a way that those zones exposed to the liquid phase

_ are constructed using duplex steel (or a lining thereof) whilst those

3 zones exposed to the vapour phase and the interface between the
liquid and vapour phases are constructed using a material having

superior corrosion resistance (or a lining thereof), eg titanium,

I



Sodi um 98 ppm 30 The above tenperature and conposition
represents a typical tenperature and conposition for the m&&g&g@d@rﬁhm '

present in the first crystalliser of terephthalic acid n,
the termcorrosion.rate is to be understood to be the corr
obtai ned fromthe follow ng formla: [‘él"r] (units: myear i e
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steel is onemlMbych, in the defined conditions, ’

The present invention has particular application in plant in
which the oxidation process is carried out under relatively high
temperature and pressure conditions in the presence of bromine and
water such that the resulting crude terephthalic acid has a
4-carboxybenzlaldehyde (4-CBA) content ranging from 300 to 7000 ppm
relative to the crude terephthalic acid produced. Where the oxidation
reaction is relatively mild such that the 4-CBA content is in the '
higher part of the specified range, the subsequent purification of
the crude terephthalic acid may include a further oxidation reaction
of an aqueous solution of the crude terephthalic acid by means of an

oxidising agent such as gaseous oxygen or other agent (which need not

10

be in the gaseous phase) so as to convert at least part of the 4-CBA
15 content to terephthalic acid. This further oxidation reaction may be
followed by a conventional hydrogenation reaction involving
contacting an aqueous solution of the terephthalic acid with hydrogén
under reducing conditions in order to convert remaining impurities to
forms which are either tolerable in the end product and/or are
20 soluble in the aqueous mother liquor (thereby pefmitting their
removal by suitable separation techniques such as integrated
filtration and wﬁshing'using for instance.a Pannevis belt filter
system such as that described in Filtration & Separation, March/April .
1979, Page 176 et seq).

The composition of the liquid phase mixture within the oxidation
2 reactor vessel(s) typically comprises: 85-97 Iw/w acetic acid,
3-15 Iw/w water, 300-3000 ppm bromide concentration, 250-2000 ppm
manganese content, 100-2000 ppm cobalt content and 0-250 ppm sodium
content. Preferably the water content relative to the water/acetic
acid content is from 3-10 Iw/w and the cobalt and manganese contents
may each be up to 750 ppm. Usually of the bromine present in the

oxidation reaction, & minor probortidn-théreof (typically about 202

30

to 30Z) is in the ionic form. : o
Surprisingly, the water content in the liquid phase mixture
within the oxidation reactor has been found to be particularly
important. We have found that the conditions prevailing in the vapour
phase generated in the course of the oxidation reaction tend to be

more severe than in the liquid phase and the main contributory factor

35
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According to'a second aspect of the present invention ded a
process for the production of an aromatic carboxylic imuﬂlma‘mul
oxidising an aromatic conpound such as Rparaxylene in - I ng
nonocar boxylic acid nediumat a tenperature within the range 180 to [err]

and a pressure within the range 8 to 20 bara and in the presence of an
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produce said aromatic carboxylic acid, feeding mother |iquor and said
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exposed to the vapour phase in operation. Accordingly in a preferred
aspect of the invention, the water content of the liquid phase
mixture in the oxidation reactor is maintained at a level not
10 exceeding 8 Iw/w based on the water/acetic acid mixture, most
preferably in the range 4 to 8 Iw/w. In this manner, it is possible
to maintain the water content of the vapour phase within a range
which mekes the use of duplex steels in the vapour phase zone viable.

. The water content within the oxidation reactor is conveniently
controlled by withdrawing vapour from the reactor, condensing
monocarboxylic acid and water from the vapour, adjusting the water .
content of the condensed liquid and returning the condensed liquid
after such adjustment to the reactor as a refluf.

A currently preferred duplex steel'alloy for the fabrication of

15

the reactor vessel and/or the first crystalliser vessel and
associated components is Sandvik SAF 2507 alloy (UNS No. $32750)
which is commercially available from Sandvik AB of'Sandvikeh, Sweden.

20

When exposed to the non-agitated liquid phase composition at 191°C
for 14 days as mentioned hereinbefore, the SAF 2507 alloy was found

to exhibit a corrosion rate of 0.01 mm/year. However, duplex steel

25 alloys which are metallurgically similar and have similar
compositions may be used, for instance Creusot-Loire Uranus UR52N+
alloy (UNS No. $32550) and Zeron 100 (UNS No. S$32550) available from
Weir Materials Services Limited of Manchester, England. The

30 compositions of the Sandvik Type 2507, and equivalents thereof are

given in Table 1 herein.
Unexpectedly, in the conditions (reaction medium composition and

the stated elevated temﬁerature and pressure conditions) typically
prevailiné in the oxidation reactor and the first crystalliser,
Sandvik SAF 2507 alloy has been found to suffer much less corrosion
35 than a number of higher alloyed austenitic stainless steels,
including Sandvik 2RK65 alloy (UNS No. NO8904), Avesta 254SMO alloy
(UNS No. $31254) and Sandvik Sanicro 28 alloy (UNS No. N08028).

]
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reaction conditions and, in particular, the water
wat er-contai ning acid, to correspond to those for whi tngh Qﬂﬁggéﬁﬁgqgkdrate
of & sol ution anneal ed dupl ex steel having the nom na
speC|f|ed bel ow, when exposed to |iquid phase 25 reaci ‘al ni ng
aci d under such conditions, does not exeeed 0.15 ' ye

conpuosi tion including the follomﬁng constituents in the anount s speC|f|ed,
[err] 5% 4 Carbon 0.017 Silicon 0.21
Manganese Moreover, Sandvik ZAF pﬁggm;% steel has been foupdgdg such .

conditions, to exhibit significantly improved corrosion resistance
over other duplex stainless steels such as Sandvik 2205 alloy and
Ferralium 255 (UNS No. §32550), to the extent that the 2507 alloy"

possesses sufficient corrosion resistance to make it a much more
viable alternative to titanium and titanium alloys in the fabrication
of at least parts of the oxidation reactor'and first crystalliser -
vessels.
Experimental evidence obtained from electrochemical noise
10 measurements of corrosion rate demonstrates that the corrosion rate
of the 2507 alloy increases as the water content of a typical
oxidation reactor composition increases but, if the water content is
maintained within the range of 4 to 8 Iw/w in the liquid phase, the
increased water content in the vapour phase can be kept within limits
consistent with corrosion rates that can be tolerated, ie below
15 0.15 mm/year (more preférably 0.1, and most preferably, _
0.05 mm/year). Electrochemical noise measurements also indicated that
variation in oxidation reactor temperature (over the range 180 to
220°C) and bromine content (over the range 1000 to 2600 ppm) are
relatively less important factors as far as corgosion rate is
20 _concerned. The technique of electrochemical noise measurement of
corrosion rates is well;known - see for extmple Paper No. 223
entitled "Electrochemical Noise Techniques For Determining Corrosion .
Rates And Mechanisms®” by A N Rothwell et al, from Corrosion 92, the
NACE Annual Conference and Corrosion Show available from NACE ~
Products Division, PO Box 218340, Houston, Texas 77218, USA.

A typical plant for the production of terephthalic acid further

25

comprises a product recovery section, a solvent recovery section, a

dehydration section and a catalyst removal/recovery section; in each

of these sections processes are carried out in environments involving
30 at least hot acetic acid and water and, in most cases, bromide,
cobalt, manganese, and possibly sodium constituents. at various
temperatures and pressures. Certain processes are carr;ed out in the
presence of acetic acid and water but under less severe temperature
and pressure conditions and lower bromine content. In these cases,
35 whilst conventional practice has been to employ titanium or titanium
alloy as the material of construction, in accordance with the present

invention a duplex stainless steel having suitable corrosion
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Preferably the reaction conditions are controlled to- corr
for which the corrosion rate of a dupl e steel having the de | up ex

steel conposition, when subject to such conditions, does not exceed 0.1,
nore preferably 0.05, mmyear. Typically at |east the first of said
crystalli serrediagascd sapper ahplbyad. Berawgectbe wondinidnpraresless §eearter t han

or equal to ﬂéﬂé&Lr. such parts of the plant may be fabricated, in part or
substantially wholly, of a duplex stainless steel such as Sandvik
2205 alloy (UNS No. $31803) which, though we do not exclude it as a
possible material of construction for the oxidation reactor and first
crystalliser vessel (and associated components such as overhead
vessels, heat exchangers, vapour 1ift and reflux return systems, and '
associated piping, pumps, valvage and agitation equipment), has been
found to have adequate corrosion resistance when exposed to fluids.
comprising acetic acid and water at temperatures and pressures lower

10 .
than those prevailing in the oxidation reactor and first crystalliser

vessel.
The composition of the Sandvik 2205 alloy is given in Table 2.

It will be appreciated that duplex stainless steels which are
metallurgically equivalent, and similar in composition to Sandvik
2205 alloy, may also be employed for these less arduous duties;
examples of equivalent alloys are AFNOR 23 CND 22.05.AZ, Uranus
UR45N, SS 2377 and UNS No. 531803 alloys generally.

The invention will be further illustrated bg way of example only

15

20 with reference to the following Examples.

EXAMPLE 1 _
In the laboratory, the corrosion resistance of Sandvik SAF 2507 -

alloy was evaluated by exposing samples of predetermined dimensions
to a liquid phase medium having the composition specified which is

23 representative of the acetic acid/water reaction medium present in

the first crystalliser stage of a typical terephthalic acid

production plant: _

Acetic acid:water 88.01:11.99 (Iw/w)

Bromide 994 ppm

Cobalt 410 ppm

Manganese - - 412 ppm

Sodium 98 ppm
The samples were of rectangular configuration dimensioned

50 x 25 x 3 mm and were'exposed to the liquid phase medium within an

30

35 autoclave without agitation for a period of 14 days at a temperature

of 191°C, which is representative of the temperature prevailing

within a typical first stage crystalliser vessel.



and 8 bara respectively, In a nore specific aspect of Lhe_LﬂMenlLDﬂT—LhE——
react or vessefzard/oor the crystalliser vessel and other qionents | ocat ed

within or associated with the reactor vessel and/or crys acen g
whi ch are exposed to liquid phase reaction nedi um under I
tenperature and pressure conditions arelfabricated fron1 Ss
st eet~whi ch, under the stated conditions, exhibits a corrosion rate no
greater than 0. 15 (more preferably, 0.1 and most preferably 0.05) mmiyear.
Preferably the dififeesozrosion aate spgcfetgsninedofromhshe meightndpres syfierad

reactor vessely enlsen %]Iellemfé:r the Ge¥ b okt &Rosi S 3R wat LRMANEY DRI A
composi tion IyhPgubLil Tt i ShAddiEAN0eS:

Under the same conditions, Sandvik 2205 alloy was found to have
8 corrosion rate of the order of 0.06 - 0.07 mm/year while, for
comparison, 317L stginless steel had a corrosion rate in excess of

0.5 mm/year.

Tests were carried out to assess the corrosion resistance of a
number of commercially available stainless steels when exposed to the
process conditions prevailing in those parts of terephthalic acid
production plant which are currently fabricated from titanium or
titanium slloy. The tests involved the installation of welded

10

corrosion coupons of the steels at appropriate locations within the
plant, each coupon of stainless steel measuring

125 mm x 50 mm x 3 mm. The exposure of the coupons was in all cases
in excess of 3 months and, in some cases, considerably longer. The .

results of these tests are of a somewhat qualitative nature since the

15

corrosion rates measured were distorted by the occurrence of greater
material loss at the weld sites (and which could;be substantially
reduced by the adoption of more satisfactory welding techniques well
known to those skiiled in the art). Nevertheless, as all of the
samples tested were subject to increased material loss at the weld

20

sites, the results do provide an indicator as to the relative merits
of the materials tested. N
Example 2

First crystalliser: this is one of a number of vessels in which
crystallisation 6f terephthalic acid from mother liquor is carried

out following the oxidation of paraxylene in acetic acid solvent

25

reaction in the presence of a catalyst system comprising cobalt,
30 manganese and bromine. The conditions prevailing in the first

.crystalllser are typically: _ _ _

| "Liquid phase region = Vapour phase region
Acetic acid: water 88:12 Iw/w ' 77:23 (Iw]w)
Temperature 191°C 191°C

Cataljst metals 790 ppm Trace

Total bromide 940 ppm 130

Ionic bromine 330 ppm ' Trace

35



5 Carbon 0.03 max Silicon _Sz_l._g_ﬁgﬁ__wggggﬂ_esg
2.0 max Phosphorus 0.04 max 5 ul phur

0. 04 max Chromi um ¥ 24 - 26 Nickel et HabBeenReplaced
Mol ybdenum 3 - 4 Nitrogen | M\m“mmm\“‘
Tungst en 1.0 max Copper

Renai nder -11-

Exposure to these conditions for & duration of 350 days revealed
the following results: X

Alloy Type Liquid phase corrosion Vapour phase corrosion

rate (mm/year) rate (mm/year)
5' 2507 _ _ 2 0.11 0.09
- F255 ' ' >0.44 0.11

2205 >0.4 ) 0.10

2RK65 >0.4 | ©0.25

2545M0 0.32 ' 0.16

10 Sanicro 28 ' >0.§ 0.12

Of these alloys, Sandvik SAF 2507, Sandvik 2205 and Ferralium
255 (F255) are all duplex alloys whilst the remainder (Sandvik 2RK65,
Avesta 2548M0.and Sandvik Sanicro 28 alloys) are more expensive

15 highly alloyed austenitic stainless steels.

From the foregoing, it will be seen that in the harsh liquid
phase conditions prevailing in the first crystalliser (ie high
temperature and substantial bromine content), the SAF 2507 suffered
much less corrosion than the others in the liquid phase conditions.

20 In the less severe vapour phase conditions, all of the duplex stee;
alloys showed s1gn1ficant1y better corrosion resistance than the
highly alloyed austenitlc alloys.

Example 3

A similar test was carried out in the liquid phase region pof the
first crystalliser for a duration of 170 days, usiﬁg a coupon of

2 SAF 2507 alloy under the following conditions:

Acetic acid: water 92:8 (Iwfw)

Temperature 191°C

Catalyst metals 630 ppm

Total bromide 750 ppm

30 Ionic bromine - 260 ppm

In this instance, the corrosioh rate was found to be
0.06 mm/year, illustrating the effect of reducing the water content
and bromine content in the liquid phase.

Example 4

35

Another similar test was carried out in the liquid phase region
of a first crystalliser for a duration of 240 days, again using &
coupon of SAF 2507 Alloy under the following conditions:



The conponents fabricated from dupl ex stainless steel may be substantially

whol |y fabri eaegfromsuch naterials; alternatively 15t hey may be——«——

fabricated froma first material which is |ess corr05|0ﬁhgg@e

sai d duplex steel, with the duplex steel formng a linin

said.l ess corrqgsion resistant materi al _.jg protect the sa %’ gﬁf to

the Ccorrosive fluids. For instance, the reactor vessel

lined with dupl ex 20steel, the duplex steel |ining belng attached or bonded

in any suitabl e fazebi®ncio: ameed eri al 9aké qlawjw) | ess corrosi on resistant,

-such as a carbon 1,'steeel so that the |2§§° orrosion resistant material is
protected by the R 56:5? dupl ex steél. Furthernore, we do not exclude the

possi bility of p#etslyst méral25pl ant am®@0 @pmpl ant conponents bei ng '

fabricated from tpag. ProdREiG Material sgyh %Lnudi ng a dupl ex steel and

material which has superior
} : Ionic bromine _ 280 ppm

s In this case, the corrosion rate for the SAF 2507 alloy wﬁs
found to be less than 0.01 mmlyear, again illustrating the effect of
maintaining a low concentration of water in the reaction medium.
Example 5

10 A coupon of SAF 2507 Alloy was installed in an oxidation reactor
for producing terephthalic acid by the liquid phase oxidation of
paraxylene in acetic acid solvent in the presence of a catalyst -
comprising cobalt, manganese and bromine. The conditions prevailing
in the oxidation reactor were: .

15 Acetic acid: water 93:7 (Iw/w)

Temperature 215°C

Catalyst metals 650 ppm

Total bromide 770 ppm

Ionic bromine 190 ppm .

After exposure to these conditions for a duration of 146 days,

20 the corrosion rate of the 2507 Alloy was found to be 0.03 mm/year.

TABLE 1
Constituent wt/2X SAF 2507
i Specification Typical X
2 Carbon 0.03 max 0.02
Silicon 1.2 1.2
Manganese | 0.8 0.3
Phosphorus 0.035 0.02
Sulphur 0.02 0.002
30 Chromium 24-26 25
Nickel _ . 5.5-7.5 7
Molybdenum = 3.5-4 3.9
Nitrogen 0.25-0.3 0.28
Tungsten - -
35 Copper ' - : -

Iron Remainder Remainder



corrosion resistance to-the duplex steel under the condLLLQﬂ§_QL_QE§%§;;SE;_
For instance, if it is found that in certain parts of the plant, sucC
the.oxidatiggkgﬁggpor, t he chemi cal conposition is 30parﬂﬁbﬁmaﬂmggagm£ gi e
in the vapour phase as a result of the water constituent i e
phase being greater than in the liquid phase, it may be pr IEUW”I
fabricate that part of the plant, eg B8 oxidation reactor an rst
crystalliser vessel, in such a way that those zones exposed to the |liquid
phase are constructed 35usi ng duplex steel (or a lining thereof) whil st

t hose zones exposed CamsthtuengpwthZ phase and EB22Bnterface between the
liquid and vapour phases are construciyReiticabiord Mattypiedl havi ng superi or

corrosion resistance (or a lining ther%(.)gl_,o.gg titani ym,

Carbon
Silicon 1.0-1.75 1.2
Manganese 0.2-0.75 0.3
> Phosphorus 0.02-0.03 0.02
Sulphur 0.0001-0.001 0.002
Chromium 24-26 25
Nickel 5.5-7.5 6.5
Molybdenum 3.2-3.9 3.7
10 Nitrogen 0.2-0.23 0.24
Copper 1.5-2.5 1.6
Tungsten - -
Iron Remainder Remainder
- Constituent wt/Z . Zeron 100
Specifiqation . Typical
Carbon 0.03 max 0.02
Silicon 1.0 max 0.7
Manganese 1.0 max | 9.4
20 Phosphorus 0.025 max 0.02
Sulphur 0.03 max <0.01
Chromium 24-26 25
Nickel 6-8 7
Molybdenum 3-4 3.7
2 Nitrogen 0.2-0.3 0.25
Copper ’ 0.5-1.0 0.7
Tungsten 0.5-1.0 0.6
Iron Remainder Remainder



6 titaniumalloy or a nickel-based alloy such as a_suitable Hastell oy
alloy. The present. i nvention has particular application in plant in which
the -oxi dati ori®protess is carried out under relativelThisfhegyH e and
pressure conditions in the presence of brom ne and vval Wu he
resulting crude terephthalic acid has g.4- 5 carboxy 4- CBA)
content ranging from 300 to 7000 ppmrelative to the crude terephthalic
acid produced. Where the oxidation reaction is relatively mld such that
the 4-CBA content is in the higher parfspgpg 4 he specified range, the
subsequent purification of the crude terephthalic acjd may include a
further oxidation reSeRsdkuedt ¥/hqueous sol ut im ‘crude terephthalic
acid by neans of an oxidising agent such gpeci®icggdssous ORppdeal or ot her
agent (which need not, be in the gaseous ph sQ as to conyert at |east
part of the 4-CBA cohPﬁl?ﬂn to terephthalic ?:’l%é.mf‘ni s furt herbr'%%xi dation

_reaction y be foll sikitdny a conventi onal 2wdmagenati on rdadtion invol ving
contacti ng _ :

Manganese ' _ 2.0 max ‘ 0.5
Phosphorus 0.03 max 0.02
Sulphur 0.02 max <0.01
Chromium 21 - 23 22

1o Nickel 4.5 - 6.5 5.5
Molybdenum 2.5 - 3.5 3.1
Nitrogen 0.15 - 0.17 0.17
Copper - -
Tungsten - -
Iron ' Remainder Remainder

15



an aqueous solution of the terephthalic acid with hydrogen under reducing
conditions in order to convert remaining inpurities to forns which are
either tolerable-in the end 15 product and/or are soluble in the aqueous
not her |iquor (thereby permtting their renoval by suitable separation

techni ques such as integrated filtration and washing] , i e a
Panrrevis belt filter system such as thas-described i r”mm" illu’"!w’mr
the

Separation, March/April 1979, Page 176 et seq). The cdnpdsitioh

| i quid phase m xture within the oxidation reactor vessel(s) 20 typically
conprises: &BATMS% w w acetic acid, 3-15 %W w water, 300-3000 ppm brom de
concentration, 250-2000 ppm nmanganese content, 100-2000 ppm cobalt content

and 0- 250 ppm sodium content. Preferably the water content relative to the
wat er / acet i dt-aBeptc§Ar e productiam3and) praressing afhan BgwaErticafarhRxIdbhese

contents mMayac@aGhhd@ik tHeOarexat PP Barbbtakt YacQh iéﬂ?:éu&@hnﬁy RheSARuidn the
oxi dation reaction,, a noggrogor_t I on, 25 tlla.;eo typically about 20%to
300 15 15 HESE EEHIFPE o, SHPYSIUER STETRE Lot POt PR &8 PRTASTLERR d
phase m Xt uria whtdyueoide 1oweriatiighhtic monocarboxylic acid reaction medium in
the presence of a catalyst system comprising cobalt, manganese and
bromine, characterised in that at least some of those plant
- components which, in use, are exposed to the reaction medium are

10 fabricated from duplex stainless steel.
2. Plant as claimed in Claim 1 in which at least those plant
- components which are exposed to the reaction medium at elevated
temperatures and pressures in excess of 180°C and 8 bara respectively
15 are fabricated from duplex stainless steel.
3. Plant as claimed in Claim 2 wherein said plant components which
are so fabricated include a reactor vessel in which said liquid phase
oxidation reaction is carried out. :
20 ' ' '
4. Plant as claimed in Claim 2 in which said plant components which
are so fabricated inclﬁde a first.stage crystallisation vessel
forming part of a series of crystallisation stages in which
controlled crystallisation of the aromatic carboxylic from mother
- liquor is effected.
25 :
S. Plant as claimed in any one of Claims 1 to 4 in which said
components are fabricated from a nitrogen alloyed grade of duplex
stainless steel having a molybdenum constituent and which, when
exposed to a non-agitated liquid phase medium having the composition
39 defined below at a temperature of 191°C for a duration of 14 days,
exhibits a corrosion rate of no.gteatér_fhﬁn 0.1 mm/year, the liquid
phase medium composition being:
——

“I'his Sheet Has Been
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react or has been founrl to be particularly inportant.. W have found that the
condi ti ons pf8%atdi n i n t he vapour phase generat edmrsgﬁ—%he

oxi dation reaction t ere than m ght
result of the increas t of 30 the vapl) ﬂmmgﬂ 1 ting
the anmount of water pr qul"ﬁ phase, it 1$ possi |nt ain

the -water content in the I|qU| d and vapour phases at a level whi ch permts
the use of duplex steglgikndidose parts% { Qg react or exposed to both the
li qui d and vapour phases In operation. AcCordingly it is a preferred aspect
of the invention, Yatere water cont &3:99% wiMe | i quid phase nixture in the
oxidation reactor is gmimagei ned at a lgyelpnot exceeding 8% w w based on
the water/acetic acid m xture, nost preferably in the range 4 to 8% ww. In
this manner, it is pd&hFe to nmaintait% PR vater content of the

5 Manganese: 412 ppm
Sodium 98 ppm.
6. Plant as claiﬁed in Claim 5 in which the duplex stainless steel is
one which, in the defined conditions, exhibits a corrosion rate no
10 greater than 0.04 (more preferably no greater than 0.025) mm/year.
7. Plant as claimed in Claim S in which the duplex stainless steel
has the following composition: _
Carbon 0.03 max
15 Silicon 2.0 max
Manganese 2.0 max
Phosphorus 0.04 max
Sulphur 0.04 max
Chromium 24 - 26
20 Nickel 5<8
Molybdenum 3 -4
-Nitrogen 0.2 - 0.3
Tungsten 1.0 max
Copper 2.5 max
25 Iron Remainder
8. A process for the production of an aromatic carboxylic acid,
comprising oxidising an aromatic compound such as paraxylene in an
aqueous, lower aliphatic monocarboxylic acid reaction medium at a
temperature within the range 180 to 220°C and a pressure within the
0 range 8 to 20 bara and in the presence of an oxidation catalyst
system comprising cobalt, manganese and bromine to produce said
aromatic carboxylic acid, feeding mother liquor and said aromatic
carboxylic acid from the oxidation reactor to a series of
35 crystalliser stages in which controlled crystallisation is effected,

characterised by:
carrying out the oxidation process and/or at least said first

crystallisation stage in an oxidation and/or crystallisation



vapour phase within a range which nmakes the use of duplex steels in the
vapour phasg,, S —The - water—content within t ' ion reactor is

conveni ent | "y*?'cdr‘f#r X | rawi.ng vapour from i
nonocar boxyl i ¢ aci SMIS ek Vﬂeg'pg f%m"fjhg vagour, adj ulsﬂﬁ ﬁ@ﬁmmﬂﬂmggfggg
of the condensed Ii qEﬂ IJ wtm I ng.{he condensed’ls I'd. ar¥ ers sach
adrustnent to the re lux. A currently preferred dupl ex steel
alloy for the fabrication of the reactor vessel 10 and/or the first
%[J Két ﬁllo i Zgrz 7\5/8)5,53#13?6_mﬁcfﬁsedszlﬁqmenh&c&sd Sgntlhe lreStHops0etigm| oy

: IS, CO rciall.y_availahl e ndvi k AB of
Sandvi ken, Swed&i® %/é’éﬁcﬁsfﬁog%%‘ Pog'{%éxnscfﬁ;%ge?tsa?%er Qﬂ%'d phase °
conmposi tion at [centioliidng ithedzsestion wonditdnnel andy dinnpertdculan.nsh&SAF 2507

all oy was found_t L.b] CQL.r s r -

dupl ex steel al Iwgﬁgg%%g#tar%g ﬁ{& g? c(t}?al:i ?ae?f'g’lgo %ir?na%%?‘aaﬁodwﬁg%qgfm | ar

((:E)JQ;OSNB tions mawhbeh udedcorrosiomseatmof Traodubion spnealed Avplex REok al | oy -
: 32550)ha@§3€§ 4%@%&991 (c ﬂ@ibrﬁ% eoibied Vi1 b P |vﬁeﬁréiliibm lto

Materials Services LTmted of M E t . )OS L

the liquid phase rea?:ic:iOGns mgéiuméggc{e%ngucthgndCi%qggss ,I tdlogsn Snogf the

exceed 0.15 mm/year, the said composition comprising the

following constituents in the amounts specified, % 32:

10 Carbon 0.017
Silicon 0.21
Manganese , 0.44
Phosphorus 0.018
Sulphur 0.001
Chromium ' 24.74

- Nickel | 6.72
Molybdenum 3.8
Nitrogen - | 0.28
Copper _ <0.1

20 Tungsten | <0.1
Iron Remainder

9. A process as claimed in Claim 8 in which the reaction conditions
are controlled to'correspond to those for which the corrosion rate of'
25 a duplex steel having the defined dup;ex steel composition, whe;
exposed to the liquid phase reaction medium under such conditions,

does not exceed 0.1 mm/year.

10. A process as claimed in Claim 8 in which the reactor vessel

and/or the crystalliser vessel and other components located within or
30 associated with the reactor vessel and/or crystalliser vessel and
"which are eprsed.to reaction medium underlthe_defiﬁed temperature
and preésure conditions are fabricated from a duplex stainless steel
which, under such conditions, exhibits a corrosion rate no greater

than 0.15 mm/year.
35

11. A process as claimed in Claim 8 in which said corrosion rate is

no greater than 0.1 mm/year.



SandV|k Type 2507, and equivalents thereof are given in Table 1 herein.

Unexpectedly,tbn«ipe conditions (reaction nedlun%eeﬁpﬁsrtrUﬂ—a“ﬂ_Fﬁé stated

20 elevated tenperature and pressure conditions) Ilng in
t he oxidation reactor and the first crystalliser, ﬂi‘m &‘“&H‘E ~all oy
has peen found to suffer nuch | ess coragson than |g er

al l oyed austenitic stainless steels, including Sandvi k 2RK65 al | oy (UNS No.
NO8904), Avesta 254SMD al l oy (UNS No. S31254) and Sandvi k Sanicro 28 all oy

(UNS No. NO8Q28)A procédw sevelzimé&hridvary owé- oZS5Claics8 eo 1;1 dal winlch bleen
found, in sucl, Gandi { AT, sdfof HyBkd11Tben kb 68" kbt ds RE Y nROISROS 108,
resi st ance o&g? é(}tr& er %&pl%dqg? egssﬁs eles églutg é’!dr andv E%Efgéﬁ | oy
and Ferral i ufebsatefiFon. 8 $3zs6@nterialt vlchxivdess mgrm@nzwzlsaa%y
than said duplex steel and in which the duplex steel forms a lining
5 over said less corrosion resistant material.
13. A process as claimed in any one of Claims 8 to 11 in which'thé
water content of the reaction medium within the oxidation reactor is
maintained within the range 3 to 102 w/w relative to the total
10 'monocarboxylic acid/water content.
14. A process as claimed in Claim 13 in which the water content of
the reaction medium within the oxidation reactor is maintained within
the range 4 to 8% w/w relative to the total monocarboxylic acid/water

content.
15

15. A process as claimed in any one of Claims 8 to 14 in which the
water content within the oxidation reactor is cdntrolled by
withdrawing vapour from the reactor, condensing monocarboxylic acid
and water from the vapour, adjusting the water c;ntent of the

20 condensed liquid and returning the condensed liquid after such

adjustment to the reactor as a reflux.

16. Plant or a process as claimed in any one of Claims 1 to 4 or 8 to
15 respectively in which the duplex steel is a nitrogen alloyea

23 duplex steel having a molybdenum content.

17. A process for the production of an aromatic carboxylic acid,

comprising oxidising an aromatic compound such as paraxylene iﬁ an

aqueous, lower sliphatic monocarboxylic acid reaction medium at a

30 temperature within the range 180 to 220°C and a pressure within the
range'a to 20 bara and in the presence of an oxidation catalyst
system'coﬁprising cob&lt. manganese and bromine to produce said
aromatic carboxylic acid, feeding mother liquor and said aromatic
carboxylic acid from the oxidation reactor to a series of

35 crystalliser stages in which controlled crystallisation is effected,

characterised by:
This Sheet Has Been Re{ilaced
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possesses sufficient corrosion resistance to make it a much nore viable
alternative to titaniumand titaniumalloys in ' ' t | east
part-s of t hd* 38X i*&*1% on reactor and first crystal | _ peri ment a
evi dence obtained from el ectrochem cal noise rrea%‘mmmﬁmmml% osion rate
dempnstrates that the corrosion rate of;gthe 2507 al'T'ey i now eases as the
water- content of a typical oxidation reactor conposition increases but, if
the water content is naintained within the range of 4 to 8 Zww in the

liquid phase, th&éﬁ@ﬁf%ﬁﬁdtﬁé@kmmaﬁ ?}Bcééns Litquﬁ,o\eapp%gwaﬁ 4 @Rspe kept

within limts consiStent with corrosion rates that can be tolerated, ie
bel ow 0. 15 nmt ye®¥ystablisasies stags (inoan oxidnatipp sndfercayetalyisarion

myyear). Electresdieli 68 whieh T8ofE IGHFREB dchtabdd by Hhedtaetibined Bint At i ON

in oxidation reactor. temperature (over the range 180 to
are fa{‘:n{g&teg from a( duplex stainlegs steel thav:l.ng the

following composition:

> Carbon | | ' " 0.03 max
silicon 2.0 max
Manganese 2.0 max
Phosphorus 0.04 max
10 Sulphur | 0.04 max
Chromium 24 - 26
Nickel 5-8
Molybdenum 3-4
Nitrogen 0.2 - 0.3
Tungsten 1.0 max
13 Copper 2.5 max
Iron Remainder; and
controlling the water content within the oxidation reaction such
i that the water component in the ligquid phase: reaction mixture is
no greater than 10 Iw/w relative to the water/monocarboxylic
20 acid content. | -
18. A process as claimed in Claim 17 in which the water component in -
the liquid phase reaction mixture is no greater than 8 Iw/w.
25 . - .
19. Plant or a process as claimed in any one of Claims 1 to 4 or 8 to:
18 respectively in which the oxidation reaction is carried out under
conditions resulting in the production of crude terephthalic acid
having a 4-CBA content within the range 300 to 7000 ppm relative td
30 the crude terephthalic acid produced.

eet Has Been Replaced
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[err] and bromi ne content (over the range 1000 to 2600 ppnm) are relatively
| ess inportant factors as far as corrosion rate is concerned. The technique
of ‘el ectrochem cal noise neasurenment of corrosion rates is well-known - see
for exanple Paper No. 223 entitled "El ectrochem cal Noi-se Techni ques For
Det €rm ni ng Corrosion Rates And Mechaniggis” by A N Rothwell et al, from
Cortosi on 92, the NACE Annual Conference and Corrosion Show avail able from
NACE Products Division, PO Box 218340, Houston, Texas 77218, USA, A typical
pl ant for thasgmRadncti on of terephthalic acid further conprises a product
recovery section, a solvent recovery section, a dehydration section and a
catal yst renoval /recovery section; in each of these sections processes are
carried out PBROMINE| GATALESHD: OXERATION (RROGESSESast hot acetic acid and water
and, in nost cases, brom de, cobalt, manganese, and possibly sodi um
constituents, at various

: 5 In plant for the production and processing of an aromatic carboxylic

acid such as terephthalic acid, at least some of the plant components
(especially those exposed to an acidic reaction medium at elevated
temperatures and pressures in excess of 180°C and 8 bara

respectively) are fabricated from duplex stainless steels and the
conditions under which such plant components are exposed to the

reaction medium are controlled to maintain a low corrosion rate.

10
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It as a possible material of construction for the oxidatiqn !r‘eactor and

“first

SAATEe e e me iy e, L

compounds to aromatic carboxylic acids using a catalyst whic
comprises bromine or a bromine-containing compound. The invention has
particular application in the ?:oduction of terephthalic acid.

Aromatic carboxflic acids such as terephthalic acid have
commonly been produced by the oxidation of 5ubstitutéd aromatic
compounds such as p-xylene by means of molecular oxygen in a lower
aliphatic monocarboxylic acid solvent (preferably having from 2 to 8,
and more preferably from 2 to 6, carbon atoms, for example acetic
acid) and in the presence of a catalyst comprising one or more heavy
metal compounds and bromine or a bromine-containing compound.

It is widely recognised that the chemicals involved in this
chemical reaction are particularly corrosive especially under the
conditions of temperature and pressure usually employed to realise
high yields. This necessarily leads to the extensive use of suitable
corrosion resistant materials for construction of thé reactor vessel
and associated items of plant. Accordingly, expensive titanium and
titanium alloys have figured extensively as construction materialé in
plant for effecting oxidation of for example p-xylene to terephthalic
acid especially in circumstances where the oxidation reaction is
carried out using a lower aliphatic monocarboxylic acid solvent in
the presence of bromine or a bromine-containing compound. Thus, to
quote from US-A-4330676 (Column 4, lines 47 to 54): "Where the
catalyst contains a bromide a material must be used capable of
withstanding the resulting highly corrosive reaction mixture,:for
example titanium, but in the absence of bromide less expensivé
materials such as stainless steels are suitable".

7 With a view to allowing the use of less expensive materials of
construction such as stainless steels, proposals have been made from
time to time involving modification of the reaction conditions, ie
the materials employed in the oxidation reaction and/or parameters
such as temperature and pressure under which the oxidation reaction
is carried out. For instance, US-A-4278810 and GB-A-2094800 disclose
processes for the production of terephthalic acid in which bromine is
deliberately excluded from the oxidation reaction, water is used as a
substitute for acetic acid and the reaction is carried out under .

“

relatively low temperature conditions. This is the replacement sheet
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crystalliser vessel (and associated conponents such as—overhead vessels,
heat exchangers, vapour |ift and reflux return systens

s AL CdnRebked
pi pi ng, punps, val vage and agitation equi pnent), has bed Speef a3 Bn e
adequat e corrosion resistance when exposed to fluids co m “H‘ acid
and water at tenperatures and pressurgs |ower than those t he

oxidation reactor and first crystalliser vessel. The -conposi tion of the .
Sandvi k 2205 alloy is given in Table 2. It will be appreciated that dupl ex

stainl ess st eel geobifdy doCok®eladpedt! gf Gkl Yreddht iakeitiondtRes® Bkl ar in
conposi tion todS ndyi kK 2205 .all o al so bg el | oyed for these |ess
ar duous dutPF8E: %(BX‘EH% °5ftl'i?q8f'%°g§¥n éf‘?(ﬂ’? ?frggﬁ\ 7% ERB*22. 05. AZ,
Uranus URATMrb&ty1id7dciandptéferhbly $8tdihihal dcoysid)enkemdinythellaeomatient i on
w il be f‘“Jé@@éx§ﬂ1L“Eéf&aigckJ%éuXEﬁ’b9ftééxfiﬁﬂiﬁ ﬁﬂgég oxidation of a
substituted aromatic compound such as paraxylene in an aqueous, lower
alihhatic monocarboxylic acid reaction medium in the presence of a
catalyst system comprising cobalt, manganése and bromine,
characterised in that at least some of those plant components which,
in use, are exposed to the reaction medium (especially those exposed
at elevated temperatures and pressures in excess of 180°C and 8 bara
respectively) are fabricated from duplex stainless steel.
J By duplex steel, we mean a stainless steel composed of ferritic
and austenitic phases, usually éontaining about equal parts of
austenite and ferrite. i
- Components of the plant which are exposed to the reaction medium
under the defined conditions include the reactor vessel in which said
liquid phase oxidation reaction is carried out and also a first stagé
crystallisation vessel forming part of a series of crystallisation
: stages in which controlled crystallisation of the aromatic carboxylic
from mother liquor is effected. The conditions prévailing in both of
these vessels are particularly severe and, hitherto, it has been
. necessary to employ titanium and titanium alloys as the materials of
construction for these vessels. .
Preferably said components are fabricated from a nitrogen
alloyed grade of duplex stainless steel having a molybdenum ~
constituent and which, when exposed to a non-agitated liguid phase
medium having the composition defined below at a temperature Bf 191°C
for a duration of 14 days, exhibits a corrosion rate of no greater

than 0.1 mm/year, the liquid phase medium composition being:

Acetic acid: 88.012 wiw
Water: 11.992 wilw
Bromide: 944 ppm
Cobalt: 410 ppm
Manganese: . 412 ppm
Sodium 98 ppm

The above temperature and composition represents a typical
temperature and composition for the reaction medium present in the

first crystalliser of terephthalic acid production plant. This is the replacement ==
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with reference to the foll ow ng Exanpl es. EXAMPLE 1 | oratory,
corrosion resistance of Sandvik SAF 2507 alloy was eval uat gd.5is BeR Q“T

sanpl es of predeterm ned dinensions to a |liquid phase ne
conposition specified which is representative of the acet|
reaction nediumpresent in the first crystalliser stage o

te.r_epht halic acid product lon plant: Acgtic acid:water 88. 01. 11.99
(Zw w) Bromi de 994 ppm Cobalt 410 ppm
Manganese. 412 ppm Sodi um 98 ppm The

sanpl es were ofAs emkdrigaredn, cef tepr abimmsich mensiioned be understood to .

be the corrosion rate C obtained from the following formula:
C = W/(S.D) x 3650/E (units: mm/year)
where W is the weight loss (grams) suffered by a specimen having
a surfape area S (cm?) in the course of exposure to the liguid
phase medium for E days, the specimen alloy having a density of
D (gm/cm3).
Preferably the duplex stainless steel is one which, in the

defined conditions, exhibits a corrosion rate no greater than
0.05 mm/year, more preferably no more than 0.04 mm/year and most
preferably no more than 0.025 mmlyéar..

According to a second aspect of the present invention there is
provided a process for the production of-an aromatic carboxylic acid,
comprising oxidising an aromatic compound such as paraxylene in an
aqueous, lower aliphatic monocarboxylic acid reaction medium at a
temperature within tﬁe range 180 to 220°C and a pressure within the
range 8 to 20 bara and in the presence of an oxidation catalyst
system comprising cobalt, manganese and bromine to produce said
aromatic carboxylic acid, feeding mother liquor and said aromatic
carboxylic acid from the oxidation reactor to a series of
cryéﬁalliser stages in which controlled crystallisation is effected,
characterised by: '

carrying out the oxidation process andf/or at least said first

crystallisation stage in an oxidation and/or crystallisation

vessel of which those surfaces contacted by the reaction medium

" are fabricated from 2 duplex stainless steel; and 3

controlling the reaction conditions and, in particular, the
"™ water content of the reaction medium, to ccrrespond to those for
which the corrosion rate of a solution annealed duplex steel
having the nominal composition specified below, when exposed to
liquid phase reaction medium under such conditions, does not
exceed 0.15 mm/year, the said composition comprising the

following constituents in the amounts specified, % 51:
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53 x 25 x 3 nmand vere exposed to the liquid phase nmediumw thin an
autocl ave without agitation for a period of 14 days at a tenperatiure of
ferr], which is representative of the tenperature prevailing within a
typical first stage crystalliser vessel. " 10 The corrosion rate was
determ ned fromthe weight |oss suffered by the sanples over the peri o#:of
exposure and was found to be 0.01 nmmsear in such conditions. Under the
sanme conditions, Sandvik 2205 alloy was found to have a corrosion rate of
the order of 0.06 - 0.07 mmiyear while, for conparison, 317L stainless

steel had a corrosion r&8gb¢h excess of 0.017 .
Silicon . 0.21
Manganese 0.44
Phosphorus 0.018
Sulphur 0.001
Chromium ' 26.74
Nickel 6.72
Molybdenum 3.8
Nitrégen 0.28
Copper <0.1
Tungsten <0.1
Iron Remzinder

Preferably the reaction conditions are controlled to correspond
to those for which the corrosion rate of a duplex steel hﬁving the
defined duplex steel composition, when subject to such.conditions,
does not exceed 0.1, more preferably 0.05, mm/year.

Typically at least the first of said crystalliser stages is
operated at a temperature and pressure greater tﬁan or egqual to 180°C
and 8 bara respectively, ; _

In a more specific aspect of the invention, the reactor vessel
and/or the crystalliser vessel and other components located within or
associated with the reactor vessel and/or crystalliser vessel and
which are exposed to liquid phase reaction medium under tﬁe defined
temperature and pressure conditions are fabricated from a duplex
stainless steel which, under the stated conditions, exhibits a
corrosion rate no greater than 0.15 (more preferably, 0.1 and most
preferably 0.05) mm/year.

"~ Preferably the duplex stainless steel used for the fabrication
of the reactor vessel and/or the first crystalliser vessel is one '

having a composition lying within the follow ranges:
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0.5 mmyear..Tests were carried out to assess the cor-ros;_ﬁﬁ\ resi stance of a
i

nunber of conmercially avail able stainless steels when e t Has B eplaced
process conditions prevailing in those parts. of terephthal l o
production plant which are currently fgbricated fromtitani '

titaniumalloy. The tests involved the installation of welded corrosion
coupons of the steels at appropriate locations within the plant, each
coupon of stainless steetagBaasuring 125 nmm x "&d3nmx 3 nm The exposure of
the coupons was in all casgs.in excess of 3 and, in sone cases,

consi derably | onger. The'Tésul'ts of these tests are of a sonewhat .
qualitative nature sinceMsdganese rosi on rates #€ampaxred were distorted by the

occurrence of greater rfagﬁﬁ' ﬁgﬂlsos_s at the Wej,.q,,‘sm,@s (and which coul d be
substantially reduced by t 8 adoption of nore satisfactory wel ding
t echni ques wel | _ Sulphur 0.04 max

Chromium 24 - 26

Nickel 5-8

Molybdenum 3 - 4

Nitrogen 0.2 - 0.3

Tungsten 1.0 max

Copper 2.5 max

Iron Remainder

The components fabricated from duplex stainless steel may be
substantially wholly fabricated from such materials; alternatively
.they may be fabricated from a first'mate}ial which is less corrosion
resistant than said duplex steel, with the duplex steel forming a
lining or barrier over said less corrosion resistant material to
protect the same from exposure to the corrosive'fluids. For instance,
the reactor vessel may be internally lined with duplex steel, the
duplex steel lining being attached or bonded in any suitable fashion
to a mﬁte;ial which is less corrosion resistant, such as a carbon
steel, so tﬁat the less corrosion resistant material is protected by
the lining of duplex steel.

Furthermore, we do not exclude the possibility of parts of the
.plant and/or plant components being fabricated from two or mor;
materials, including a duplex steel and material which has superior
corrosion resistance to the duplex steel under the conditiﬁn; of
operation. For instance, we have found that in certain parts:of the
plant, such as the oxidation reactor, the chemical composition may'be

_ particularly corrosive in the vapour phase as a result of the water .
constituent in the vapour phase being greater than in the liquid
phase. In such a case, it may be preferable to fabricate that part of
the plant, eg the oxidation reactor and/or the first crystalliser
vessel, in such a way that those zonés exﬁosed to the liquid phase

_ are constructed using duplex steel (or a lining théreof) whilst those
zones exposed to the vapour phase and the interface between the
l1iquid and vapour phases are constructed using a material having

superior corrosion resistance (or a lining thereof), eg titanium,
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known to those skilled in the art). Nevertheless, as all of the sanples
tested were subject to increased material |oss at th&hipsl

-results do provide an indicator as to the relative nerl i erials
tested. Exanple 2 First crystalliser: this is one of sels in
‘which crystallisation of terephthalicegacid fron1nDther I|quor S carrleﬂ
out follow ng the oxidation of paraxylene in acetic acid solvent reaction

in the presence of a catal yst -system conprising cobalt, manganese and
brom ne. Thetamina dlldySopreendtkdliPasdtl biloy’ sticH aery suakhblcHasfellbypi cal | y:

Eiquid phas«hregl on Vapour phase region Acetic aci.d: water .
88:12 Zw' w 77:23 (ZwW w) Tenperature [err]
[err] The present invention has particular application in plant in

which the oxidation process is carried out under relatively high
temperature and pressure conditions in the presence of bromine and
water such that the resulting crude terephthalic acid has'a
4-carboxybenzlaldehyde (4-CBA) content ranging from 300 to 7000 ppm
relative to the crude terephthalic acid produced. Where the oxidation
reaction is relatively mild such that the 4-CBA content is in the
higher part of the specified range, the subsequent purification of
the crude terephthalic acid may include a further oxidation reaction
of an aqueous solution of the crude terephthalic acid by means of an
oxidising agent such as gaseous oxygen or other agent (which need not
be in the gaseous phase) so as to convert at least part of the 4-CBA
content to terephthalic acid. This further oxidation reaction may be
followed by a conventional hydrogenation reaction involving
contacting an aqueous solution of the terephthalic acid with hydrogén
under reducing conditions in order to convert remaining impurities to
forms which are either tolerable in the end product and/or are
soluble in the aquebus mother liquor (thereby pefmitting their
removal by suitable separation techniques such as integrated
filtration and washing using for instance a Pannevis belt filter
system such as that described in Filtration & Separation, MarcHIApril-
1979, Page 176 et seq).

The composition of the liquid phase mixture within the oxidation
reactor vessel(s) typically comprises: 85-97 Iw/w acetic acid,

3-15 Xw/w water, 300-3000 ppm bromide concentration, 250-2006.ppm
manganese content, 100-2000 ppm cobalt content and 0-250 ppm sodium
cagtent. Preferably the water content relative to the water/acetic
acid content is from 3-10 Iw/w and the cobalt and manganese contents
may each be up to 750 ppm. Usually of the bromine present in the
oxidation reaction, a minor proportion thereof (typically about 202
to 30%) is in the ionic form.

Surprisingly, the water content in the liquid phase mixture
within the oxidation reactor has been found to be particularly
important. We have found that the conditions prevailing in the vapour
phase generated in the course of the oxidation reaction tend to be

more severe than in the liquid phase and the main contrzbutory factor
“This is the replacement sheet
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Gat al yst netal s 790 ppm m

940 ppm ' 130 lonic br.om ne This Shegrifys

Trace Exposure to these conditions for a duration (’ﬂ pkwgﬂal ed
the following results: Alloy Type J7.qui d phase co mm"{ phase
corrosion rate (mmyear) rate (mm year) 2507

0.11 0. 09 F255 . >0. 44

0.11 2205 in this respect has bebn4identified 2s the water compodéht? pkéfent in

>_0' 4 the vapour. The a.:gouzé of water present in the vapour phase is
governed by the amount present in the liquid phase. By limiting the )
amount of water present in the liquid phase, it is possible to
‘maintain the water content in the vapour phase at a level which
permits the use of duplex steels in those parts of the reactor

’exposed to the vapour phase in ope.rat:lon. Accordingly in a preferred
aspect of the invention, the water content -of the liquid phase
mixture in the oxidation reactor is maintained at a level not
exceeding 8 Iw/w based on the water/acetic acid mixture, most
preferably in the range 4 to 8 IZw/w. In this manner, it is possible
to maintain the water content of the vapour phase within a range
wi'zich makes the use of duplex steels in .the vapour phase zone viable.

. The water content within the oxidation reactor is conveniently

controlled by withdrawing vapour from the reactor, condensing
monocarboxylic acid and water from the vapour, adjusting the water .
content of the condensed liquid and returning the condensed liquid
after such adjustment to the reactor as a reflu:;.

A currently preferred duplex steel alloy for the fabrication of
the reactor vessel and/or the first crystalliser vessel and
associated components is Sandvik SAF 2507 alloy (UNS No. 8§32750)
which is commercially available from Sandvik AB of -Sandviken, Sweden.
VWhen exposed to the non-agitated liquid phase composition at 191°C
for 14 days as mentioned hereinbefore, the SAF 2507 alloy was found
to exhibit a corrosion rate of 0.0l mm/year. However, duplex s;:eel
alloys which are metallurgically similar and have similar
comi:ositions may be used, for instance Creusot-Loire Uranus URS2N+
alloy (UNS No. S§32550) and Zeron 100 (UNS No. S32550) availa.ble from
Weir Materials Services Limited of Manchester, England. The
compositions of the Sandvik Type 2507, and equivalents thereof are
given in Table 1 herein. .

Unexpectedly, in the conditions (reaction medium composition and
the stated elevated temperature and pressure conditions) typically
prevailin.g in the oxidation reactor and the first crystalliser,
'Sandvik SAF 2507 alloy has been found to suffer much less corrosion
than a number of higher alloyed austenitic stainless steels,
iﬁcluding' Sandvik 2RK65 alloy (UNS No. NO8904), ‘Avesta 254SMO alloy
(UNS No. §31254) and Sandvik Sanicro 28 alloy (UNS No. N0O8028). .
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254SMO , 0. 32 0.16 Sanicro 28 . .

>0. 4 0.12 O these alloys, Sandvi k SAF 2507, Sandvi k
2205 and Ferralium 255 (F255) are all duplex alloys whil st the remai nder
{Sandvi k 2RK65, Avesta 254SMO and Sandsd-k Sanicro 28 alloys) are nore =~
expensi ve highly alloyed austenitic stainless steels. Fromthe foregoimg,

it wll be seen,that in the harsh liquid phase conditions prevailing in the

first crystMorpeear. SendwilnSAR: 350t suptex steels basihesni founds ot Backontent ),

the SAF 250%cauiffmsd iWQthﬁS\:S s EHIEPSA vt HFRoTEIE cOt PSS iTnl f’eiib@aﬁdéqu' d
phase condltlons In he | ess s vere vapour }{)hase condltlons of .t he

dupl ex st eel9VEF| PPETSHRRIEHF §"r’dﬁ F?*’céﬁf?‘;ﬁ Buth 87 3aRAvLEiZAed r%jslt"gta?ﬂce t han
the highly aﬂet:eymmalss NS | No.abb285%) , oA Ed @xBent that the 2507 alloy

possesses sufficient corrosion resistance to make it a much more
viable alternative to titanium and titanium alloys in.the fabrication
of at least parts of the.oxidation reactor and first crystalliser
_vessels.

Experimental evidence obtained from electrochemical noise
measurements of corrosion rate demonstrates that the corrosion rate
of the 2507 alloy increases as the water content of a typical
oxidation reactor composition increases but, if the water content is
Eaintained within the range of 4 to 8 2yfw in the liquid phase, the
increased water content in the vapour phase can be kept within limits
consistent with corrosion rates that cé; be.tolerated. ig below
0.15 mm/year (more preferably 0.1, and most preferably, .
0.05 mm/year). Electrochemical noise measurements also indicated that
variation in oxidation reactor temperature (over the range 180 to
220°C) and bromine content (over the range 1000 to 2600 ppm) are
relatively less important factors as far as co:gosion rate is’
concerned. The technique of electrochemical noise measurement of
corrosion rates is well-known -~ see for example Paper No. 223
entitled "Electrochemical Noise Techniques For Determining Corrosion .
Rates And Mechanisms® by A N Rothwell et al, from Corrosion 92, the
NACE Annual Conferenge and Corrosion Show available from NACE
Products Division,.PO_Box 218340, ﬁouston, Texas 77218, USA,

A typical plant for the production of terephthalic acié further
comprises a product recovery section, a solvent recovery se;tion, a
dehydration section and a catalyst removal/recovery section; in each
;f these sectioms processes are carried out in environments_invoiving
at least hot acetic acid and water and, in most cases, bromide,
cobalt, manganese, and possibly sodium constituents, at various
temperatures and pressures. Certain processes are carried out in the.
presence of acetic acid and water but under less severe temperature
and pressure conditions and lower bromine content. In these cases,
whilst conventional practice has been to employ titanium or titanium
alloy as the material of construction, in accordance with the present

invention a duplex stainless steel having suitable corrosion
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A sinmlar tegtawwas carried out in the Iiquid phase region of the first
_crystalliser for a duration of 170 days, .using a coupon of SAF 2507 all oy

under the follow ng conditions: Acetic acid: water 92:8 (Zw w) _ _
‘Tenperature [err] Catalyst netals 630 ppm Tot al
broni de 750 ppm | oni c brom ne 260 ppmIn this =z
I nstance, the corrosion rate was found to be 0.06 mmiyear, illustrating the

effect of reabsjangetray hatemploped e Becaynt bheyconditions ane Less 1severequi d
phase. Examplevér ABRENYParss Be Bhe (ALt WBS £&thbLEaRud, 153 bh#x lorqui d phase

Tegion of a first crystalliser | Srdu%lé’i”s%ih?{és?fs:%ﬁ? days, agal,y using a
2205 alloy (UNS No. S31803) which, though we do not exclude it as a
possible material of construction for the oxidation reactor and first
crystalliser vessel (anﬁ associated components such as overhead
vessels, heat exchangers, vaﬁour 1ift and reflux return systems, and
associated piping, pumps, valvage and agitation equipment), has been
found to have adequate corrosion resistance when exposed to fluids
comprising acetic acid and water at temperatures and pressures lower
than those prevailing in the oxidation reactor and first crystalliser
vessel

The composition of the Sandvik 2205 alloy is given in Table 2.
It will be appreciated that duplex stainless steels which are
metallurgically equivalent, and similar in composition to Sandvik
2205 alloy, may also be employed for these less arduous duties;
examples of equivalent alloys are AFNOR 23 CND 22.05.AZ, Uranus
UR4SN, SS 2377 and UNS No. 531803 alloys generally.
s The invention will be further illustrated b? way of example only

with reference to the following Examples.

EXAMPLE 1 '

In the laboratory, the corrosion resistance of Sandvik SAF 2507 -
alloy was evaluated by exposing samples of predetermined dimensions
to 2 liquid phase medium having the composition specified which is
representative of the acetic acid/water reaction medium present in
the first crystalliser stage of a typ;cal terephthalic acxd

production plant:

Acetzc acid:water 88.01:11.99 (Iw/w)
Brom;de 994 ppm .

Cobalt 410 ppm

Manganese 412 ppm

Sodium _ 98 ppm

The samples were of rectangular configuration dimensioned
50 x 25 x 3 mm and were exposed to the liquid phase medium within an
autoclave without agitation for a period of 14 days at a temperature
of 191°C, which is representative of the temperature prevailing

within a typical first stage crystalliser vessel.. ‘
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.-coupoh of SaE 2807 Al oy under the foll ow ng conditi-ons: -12- Acetic

aci d: water 94:6 (Zw w) Tenperature - [err] Cat al yst
net al s 690 ppm Total brom de - 810 ppm lonic brom ne
280 ppmIn this case, the corrosion rkoe for the SAP 2507 all oy was found
to be less than 0.01 nmyear, again illustrating the effect of maintaind ng

I on of ter in the reaction nmedium Exanple 5
a I'ow concent raﬁxleocorros on rate was determined from the weight loss suffered

by the samples over the period of exposure and was found to be
0.01 mm/year in such conditions. _
Under the same conditions, Sandvik 2205 alloy was found to have
a corrosion rate of the order of 0.06 - 0.07 mm/year wﬁile, for
- comparison, 317L stginless steel had a corrosioﬁ rate in excess of

0.5 mm/year.

Tests were carried out to assess the corrosion resistance of a
number of commercially available stainless steels when exposed to the
process conditions prevailing in those parts of terephthalic acid
production plant which are currently fabricated from titanium or

_ tftanium-alloy. The tests involved the installation of welded
corrosion coupons of the steels at apﬁro;riate locations within the
plant, each coupon of stainless steel mé;suring
125 mm x 50 mm x 3 mm. The exposure of the coupons was in all cases
in excess of 3 months and, in some cases, considerably longer. The .
results of these tests are of a somewhat qualitative nature since the

: corrosion rates measured were distorted by the occurrence of greater
material loss at the weld sites (and which could'be substantially
reduced by the adoption of more satisfactory welding techniques well
known to those skilled in the art). Nevertheless, as all of the
samples tested were subject to increased material loss at the weld
sites, the results do provide an indicator as to the relative merits

-

of the materials tested.

Example 2 .
First crystalliser: this is one of a number of vessels in which
crystallisation of terephthalic acid from mother liquor is cérried
r;;ction in the presence of a catalyst system comprising cobalt,
manganese and bromine. The conditions prevailing in the first

crystalliser are typically:

Liquid phase region Vapour phase region
Acetic acid: water 88:12 zﬁlw 77:23 (Iwlw)
Tempe;ature 191°c 191°C
Catalyst metals 790 ppm Trace
Total bromide 940 ppm 130
Ionic bromine 330 ppm Jrace
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A. coupon of . SAF 2507 Alloy was installed in an oxi dation reactor for
produci ng t er epht Hal i c acid by the liquid phase oxidation of paraxylene in
acetic acid solvent in the presence of a catal yst conprising cobalt, . __
manganese and brom ne. The conditions Sieval ling in the oxidation r eact or

were: Acetic acid: water 93:7 (ZwW w) Tenperature ferr]
Catalyst netals ., 650 ppm Total brom de 770 ppmlonic
broni ne Exposut@OtPREL A (Rhd LIRS Ut & QurBeSch 68NFEd ueps reféald
dur ati on of h14 &%ﬁi the orrosion rate of the 2507 Alloy was found to be
0- 03 mm yeat® 98 R FTUent W/ Z ' SAF 2507 .

Alloy Type Liquid phase corrosion Vapour phase corrosion

rate (mm/year) rate (mm/year)

2507 : : ©0.11 0.09

F255 . >0.44 . 0.11

2205 >0.4 . 0.10

2RX565 >0.4 : 0.25

254SM0 0.32 0.16

Sanicro 28 0.4 0.12

. Of these alloys, Sandvik SAF 2507, Sandvik 2205 and Ferralium
255 (F255) are all duplex alloys whilst the remainder (Sandvik 2RKES,
Avesta 254SMO and Sandvik Sanicro 28 allpys) are more expensive
highly alloyed austenitic stainless steelﬁ.
From the foregoing, it will be seen that in the harsh liquid
phase conditions prevailing in the first c¢rystalliser (ie high
temperature and substantial bromine content), the SAF 2507 suffered
much less corrosion than the others in the liquid phase conditionms.
In the less severe vapour phase conditiops, all of the duplex steel -
alloys showed significantly better corrosion resistance than the
highly alloyed austenitic alloyé.' ' '
Example 3
A gimilar test was carried out in the liquid phase region of the
first crystalliser for a duration of 170 days, using a coupon of
SAF 2507 alloy under the following conditions:

Acetic acid: water - 92:8 (Zw/w) g
Temperature _ | 191;0
.- Catalyst metals 630 ppm
Total bromide 750 ppm
b Tonic bromine 260 ppm

In this instance, the corrosion rate was found to be
0.06 mm/year, illustrating the effect of reducing the water content
and bromine content in the liquid phase.
Example 4

Another similar test was carried out in the liquid phase region
of a first crystalliéer for a duration of 240 days, again using a
coupon of SAF 2507_Alloy under the following conditions:
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Speci fication Typi cal Carbon 0. 03 max 0. 02
Silicon 1.2 1.2 Manganese : : 0.8
‘0. 3 Phosphor us 0. 035 0. 02 Sul phur

0. 02 0. 002 Chrom um 24- 26 25 Ni ckel
5.5-7.5 7 Mol ybdenum 3.5-4 3.9 Nitragen
0.25-0.3 0. 28 Tungsten ~12- - Copper

- lron Remai nder Remai nder

Acetic acid: water
Temperature
Catalyst metals
Total bromide
Ionic bromine

94:6 (Iw/w)
200°C
690 ppm

. 810 ppm

280 ppm

In this case, the corrosion rate for the SAF 2507 alloy was

found to be less than 0.01 mm/year, agéin illustrating the effect of

maintaining a low concentration of water in the reaction medium.

Example 5

A coupon of SAF 2507 Alloy was installed in an oxidation reactor

for producing terephthalic acid by the liquid phase oxidation of

paraxyleﬂé in acetic acid solvent in the presence of a catalyst -

comprising cobalt, manganese and bromine. The conditions prevailing

in the oxidation reactor were:
Acetic acid: water
Temperature
Catalyst metals
Total bromide

Ionic bromine

93:7 (Iw/w)

215°C
650 ppm

770 ppm
190 ppm

After exposure to these conditions for a duration of 140 days,

the corrosion rate of the 2507 Alloy was found to be 0.03 mm/year.

Constituent wt/ZX

Carbon
Silicon

T Manganese
Phosphorus
Sulphur -
Chromium
Nickel
Molybdenum
Nitrogen
Tungsten

Copper

Iron

TABLE 1

SAF 2507

Specification

0.03 max
1.2

0.8
0.035
0.02
24-26
5.5-7.5
3.5-4
0.25-0.3

Remainder

Typical

0.02
1.2
0.3
0.02
0.002
25

7
3.9
0.28

Remainder
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13 Constituent w/ %

0.01-0.03 0.02 Silicon [er] SDECifiC?tB?E 75 Typieal C?rgon
('*J/ngagege 0.2-0.75 0..3 Phosphor us '
Cﬁro;ﬁ iJmB 0.02 Sul_ phur 0 0001-0. 001 0.002
6.5 Ml ybdenum 24-28 - 25 N ckel - 5.%7.5
- . 3.2-3.9 _ 3.7 Nitrogen
0-2-0. 25 . 0.24 -13-
) Constituent wt/Z DRS2N+ -
Specification Typical -
Carbon 0.01-0.03 0.02
Silicon 1.0-1.75 1.2
Manganese 0.2-0.75 0.3
Phosphorus 0.02-0.03 0.02
Sulphur 0.0001-0.001 0.002
Chromium 24-26 25
Nickel 5.5-7.5 6.5
Molybdenum 3.2-3.9 3.7
. Nitrogen 0.2-0.25 0.24
Copper 1.5-2.5 1.6
Tungsten - -
"Iron Remainder Remainder
Constituent wt/Z Zeron 100
SPecifigation . Typical
Carbon 0.03 max 0.p2
Silicon 1.0 max 0.7
Manganese 1.0 max 0.4
Phosphorus 0.025 max 0.02
Sulphur 0.63 mai <0.0i'
Chromium 24-26 25
Nickel - 6-8 7
Molybdenum 3-4 3.7 .
Nitrogen 0.2-0.3 0.25 B
. Copper 0.5-1.0 0.7
| Tungsten 0.5-1.0 0.6
Iron Remainder

i\

Remainder
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Copper 1.5-2.5 1.6 Tungsten Iron )
Renai nder Renai nder Constituent wt/Z Zeron 100
-Speci fication Typi cal Carbon S 0. 03 max 0. 02
Silicon 1.0 max 0. 7 Manganese . 1.0
max 0.4 Phosphorus _ 0. 025 max 0. 02 Sul ghur
0. 03 max <0.01 Chromu -14- 24- 26 25
N ckel 6- 8 : 7 Mol ybdenum 3-4
3.7 Nitrogen 0.2-0.3 0. 25
- TABLE 2 -

Constituent wt/Z 2205 Alloy -

Specification Typical

Carbon 0.03 max 0.02

Silicon 2.0 max 1.0

Manganese 2.0 max 0.5

Phosphorus 0.03 max 0.02

Sulphur 0.02 max <0.01

Chromium 21 - 23 22

'NiCkEJ. 4.5 - 605 5.5

Nitrogen 0.15 - 0.17 0.17

Copper - -

Tungsten - -

Iron Remainder - Remainder

This is the replacement sheet

. 21 AUG 1996

Date:



Copper 0.5-1.0 0. 7 Tungsten X
0.5-1.0 0.6 Ilron Renmi nder ‘Remai nder

-14- TABLE 2 Constituent w/ % -, 2208 Al oy Speci fication
Typi cal Carbon _ 0. 03 max : con .
2. 0 max 1.0 Manganese Ogﬂrmi] P:z5
Phosphor us 0. 03 max 0.

. W

CLAIMS

1. Plant for the production and processing of an aromatic carboxylic
acid wherein the aromatic carboxylic acid is produced by the liquid
phase cxidaiion of a substituted aromatic compound such as-haraxyleng
in an aqueous, lower aliphatic monocarboxylic acid reaction medium in
the presence of a catalyst system comprising cobalt, manganese and
bromine, characterised in that at least some of those plant
componentg which, in use, are exposed to the reaction medium are

fabricated from duplex stainless steel.

2. Plant as claimed in Claim 1 in which at least those plant
components which are exposed to the reaction medium at elevated
temperatures and pressures in excess of 180°C .and 8 bara respectively

are fabricated from duplex stainless steel.

3. Plant as claimed in.CIaim 2 wherein said plant components which
are so fabricated include a reactor vessel in which said liquid phase

oxidation reaction is carried out.

4. Plant as’ claimed in Claim 2 in which said plant componengs which
are so fabricated include a first stage crystallisatioﬁ vessel
forming part of a series of crystallisation stages in which
controlled crystallisation of the aromatic carboxylic from mother

liquor is effected.

5. Plant as claimed in any one of Claims 1 to 4 in which said
cégponents are fabricated from a nitrogen alloyed grade of duplex
stainless steel having & molybdenum constituent and which, when
exposed to a non-agitated liquid phase medium having the composition
defined below at a temperature of 191°C for a duration of 14 days,
exhibits a corrosion rate of no greater than 0.1 mm/year, the liquid

phase medium composition being:
[
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Sul phur ///E max <0.01 Chromum

21 - 23 Sheerdas laced | 4.5 - 6.5 - 5.
Mol ybdenum This 5 - 3.5 . 3.1 Nitrogen

0.15 - 0.17 “‘\ﬂm ' m

Remai nder er The cligins defining thu", mnmmllmﬁm
fall ows: 1. A plant for the production and processi ng *of® art aMométi t

carboxylic aci d wherein the aromatic carboxylic acid is produced by the
I i qui d phase oxi dathcstiefacddsubst it (A8Q12 wiw

Water: 11.992 w/w N
Bromide: 944 ppm

Cobalt: 410 ppm

Manganese: 412 ppm

Sodium |

- - 98 ppm.

6. Plant as claimed in Claim 5 in which the duplex stainless steel is
one which, in the defined conditions, exhibits & corrosion rate no

greater than 0.04 (more preferably no greater than 0.025) mm/year.

7. 'Plant as claimed in Claim 5 in which the duplex stainless steel

- has the following composition:

8. A process for the production of an aromatic carboxylic acid,

Carbon-
Silicon

Manganese -

Phosphorus
Sulphur
Chromium
Nickel
Molybdenum
Nitrogen
Tungsten
Copper

Iron

0.03 max
2.0 max
2.0 max
0.04 max
0.04 max
24 - 26
548

3 -4
0.2 - 0.3
1.0 max

2.5 max

gemainder -

compr151ng oxidising an aromatic compound such as paraxylene in an

aqueous, lower aliphatic monocarboxylic acid reaction medium at a

temperature within the range 180 to 220°C and & pressure within the

range 8 to 20 bara and in the presence of an oxidation catalyst

system comprising éobalt, manganese and bromine to produce said

aromatic carboxylic acid, feeding mother liquor and said aromatic

carboxylic acid from the oxidation reactor to a series of

crystalliser stages in which controlled crystallisation is effected,

characterised by:

carrying out the oxidation process and/or at least said first

. crystallisation stage in an oxidation and/or crystallisation

*" This is the replacement shest
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. § aromati @oapoand such as paraxylene in a water-cont ai n|

al i phati ¢ nonocearbexyHe—actd—rediumi.n the presence of

i ncl udi ng cobal t manﬁa es and brom ne; wherein at | east

pl ant corrponent mu g llJ Illlare gexposed to said nedi

from ni trogen al nless steel having a nol ybdenum
constituent. 10 2. plant as clained in daim1l in which at | east t hose
pl ant conponenvessgdi of vaﬂehes@m;seemf@csh@onms#m theli naschione medinm d

tenperatures apgle HapeseHtaa ffbup&cmesefsz{a%ﬂssaeéee& bags respectively are
fabri cat ed fromdtpl ex stainl ess steel lant as. cl.ai rre'g‘ in Glaim2
e

wherein said pFERtEolding oAt keagtien %P%i%i@nf a‘&flrcjé’( 2ATtifAlB0e BRer eact or
vessel in whi chated dohtstw_ dfpﬂﬁséemﬁidﬂtﬂeﬁlmﬁe&ﬁtﬁmekﬁo%toCﬂ{o!’sh'eﬁb:OUt- 4.

A plant as clai aim2 in which said ant c opents which are so
Cabr fcat eq | nokB 5hp Gerofondats yiE & JLEEEFO FRABLER SR PR SRFehar ¢ of &
seri es of cryshﬂin@&hemmhagmmpmemhpemaIlbee.dwcrm&ipmal'cm of the
aromatic car boxxL

e laced

'fiquierghase reaction medium under such conditions, does not
exceed 0.15 mm/year, the said composition comprising the

following constituents in the amounts specified, * S5ZI:

Carbon 0.017

. 8ilicon - 0.21

) Manganese 0.44
' Phosphorus 0.018
Sulphur 0.001

Chromium 54.74
Nickel 6.72

Molybdenum - 3.8

Nitrogen . 0.28

: Copper _ <0.1
Tungsten <0.1

Iron Remainder -

9. A process as claimed in Claim 8 in which the reasction conditions
.are controlled to correspond to those for which the corrosion rate of
a duplex steel having the defined duplex steel composition, whe;
exposed to the liquid phése reaction medium under such conditions, -
does not exceed 0.1 mm/year. ' . . g
10. A process as claimed in Claim 8 in which the reactor vessel
and/or the crystalliser vessel and other components located within or
associated with the reactor vessel and/or crjstalliser vessel and
which are exposed to reaction medium under the defined temperature
and pressure conditions are fabricateq from a duplex stainless steel
which, under such conditions, exhibits a corrosion-rate no greater

than 0.15 mm/year.

11. A process as claimed in Claim 8 in which said corrosion rate is

no greater than 0.1 mm/year. S
This is the replacement sheet
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nmot her liquor is effected. 20 5. A plant as cl ai‘ﬁéd—i—ﬁ—&ny—anuu:l ai s
1to 4 in which said conponents are fabricated from en aIoned
-grade of duplex stainless steel having a nol ybdenumc edhi ch,
when expo's'e(clr._ . giiaed | i quid phase nedi um haB I sition
defined bel mmlmamﬂmnm e of [err] for a duratio exrfi bits
a corrosion raté of nb gteater than 0-¥-mm year, the liquid phase medi um

‘conposition 25 being: Acetic acid: 88.01% w w Water: - 11. 99%

w w Brom de; 44 . :
- 12. A processgas EPanggbﬁl tany one of claf&sospa;n 11 in which the

reaction vessel and/or crystalliser vessel and/or said.components are:
fabricated from a first ma-t;erial which is less corrosion r.esistant
than said duplex steel and in which the duplex steel forms a lining

over said less corrosion résistant material.

13. A process as claimed in.any one of Claims 8 to 11 in which the
water content of the reaction medium within the oxidation reactor is
maintained within the range 3 to 10X w/w relative to the total
monocarboxylic acid/water content. '

14. A process as claimed in Claim 13 in which the water content of
the reaction medium within the oxidation reactor is maintained within
the range 4 to 82 w/w relative to the total monocarboxyl:.c acidlwa.ter

content .

15. A process as claimed in any one of Claims 8 to 14 in which the
water content within the oxidation reactor is controlled by
withdrawing vapour from the reactor, condensing gxonocarboxylic. acid.
and water from the vapour, adjusting the water content of the
condensed liquid and returning the condensed l:.qu:.d after such

ad;ustment to the reactor as a reflix.

16. Plant or a process as claimed in any one of Claims 1 to 4 or 8 to
15 respectively in which the duplex steel is a nitrogen alloyea

duplex steel having a molybdenum content.

17. A process for the production of an aromatic carboxylic acid,
comprising oxidising an aromatic compound such as paraxylene iﬁ an
aqueous, lower aliphatic monocarboxylic acid reaction medium at a
temperature within the range 180 to 220°C and a pressure within the
range 8 to 20 bara and in the presence of an oxidation catalyst
system comprising cobalt, manganese and bromine to produce said
aromatic carboxylic acid, feeding mother liquor and said aromatic
carboxylic acid from the oxidation reactor to a series of
crystalliser stages in which controlled crystallisation is effected,

characterised by: This is the replacement shest

21 AUG 19%
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6.
one whi ch,
"than 0. 04 (

clainmed in
conposi tion:!
2.0, max Phosphorus

¢hr omi um

Lned conditions,
referably no greater than.0.025) nmyear.

I 22 <7 ==

" $0.94 max 10-19-

‘A plant as claimed in aimb5 in which the duplex stainless steel is

exhibits a corrosion rate ho greater

Sul phur :
5 - 8 Ml ybdenum

has the 5
2.0 max Mangaiese

7. . - A plant as
fol |l ow ng

0. 04 nmax
3-4 Nitrogen

0.2 - 0.3

24-26 Ni ckel

carrying out the oxidation process andfor at least said first .

crystallisation stage in an oxidation and/or crystallisation

vessel of which those surfaces contacted by the reaction medium

are fabricated from a duplex stainless steel having the

following composition:

Carbon
Silicon
Manganese
Phosphorus
Sulphur
Chromium
Nickel
Molybdenum
Nitrogen
Tungsten
Copper

Iron

0.03 max
2.0 max

2.0 max
0.04 max
0.04 max
24 - 26
5-8

3 -4
0.2 - 0.3
1.0 max

- 2.5 max

Remginder; and

controlling the water content within the oxidation reaction such

that the water component in the liquid phase; reaction mixture is

no greater than 10 Iw/w relative to the water/monocarboxylic

acid content.

18. A process as claimed in Claim 17 in which the water component in -

the liquid phase reaction mixture is no greater than 8 Tw/w.

19. Plant or a process as claimed in any one of Claims 1 to Afor 8 to-

18 respectively in which the oxidation reaction is carried out under

conditions resuiting in the production of crude terephthalic acid

having a 4-CBA content within the range 300 to 7000 ppm relative to

the crude terephthalic acid produced.

-

Sheet Has Been Re‘ilaced
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15 Tungst en 1.0 max Copper 2.5 max lron
Remai nder 8. A process for the production of an aromatic carboxyllc aci d,
*i'ncl udi ng oxi di sing an aromati c conpound such as paraxylene in a
wat er - cont ai ni ng nonocarboxylic acid 20 nediumat a tenperature within the
range 180 to [err] and a pressure within the range 8 to 20 bara and i & % he
presence of an oxidation catal yst syst#mincluding cobalt, manganese and
brom ne to produce said aronatic carboxylic acid, feeding nother |iquor and
said aromatic _carboxylic acid fromthe oxidation reactor to a series of
crystal i séPSSR&tes in which controlled crystallisation is effected,-
wher ei n éaid process 25 includes: carrying out the oxiddtion process
and/ or t | i stage in an oxidation and/or
crystalli sapg%mgég@{“}sr@ m&@ﬁéggﬁaces contacted by the reaction
medi um are fabricated froma duplex stainless steel; and controlling

In plant for the production and processing of an aromatic carboxylic °

acid such as terephthalic acid, at least some of the plant components
(especially those exposed to an acidic reactioﬁ medium at elevated
temperatures and pressures in excess of 180°C and 8 bara
respectively) are fabricated from duplex stainless steels and the
conditions under which such plant components are exposed to the

reaction medium are controlled to maintain a low corrosion rate.

"

*

This is the replacement shest
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t he rreaction conditions and, in particul ar, -the water content 'ﬁ %e _
mefdi ufm to 30 - correspond to those for which the corrosioli rate Fof as
sol ution anneal ed dupl ex steel having the-nom nal conposition specified
bel ow, when exposed to the I|iquid phase water-containing nedi um under such
condi tions, does not exceed 17 0.5 myeasr, the said conposition .

i ncl udi ng thAcﬁordlogntognrta)aspedtLdmhe plreserttenwuwnthes@m:pfomd beplaht ﬁ%the

Car bon 0.017 Silicon 0. g
0. 44 pthI@g and progem@ of an aromatic carboxyllc acid (preferably terepht ahc acrd)
wherein the aromatic carboxylic acid is produced by the liquid phase xidation of a.
substltuted aromatic compound such as paraxylene in a ‘water-containing, lower
. 5 aliphatic monocarboxylic acxd medium. in the presence of a catalyst system including
cobalt, manganese and bromine, wherein at least some of those plant components
which, in use, are exposed to said medium (especially those exposed at elevated
‘temperatures and pressures in excess of 180°C and 8 bara respectively) are fabricated

from nitrogen alloyed duplex stainless steel having a molybdenum constituent.
10 By duplex steel, we mean a stainless steel composed of ferritic and austenitic

phases, usually containing about equal parts of austenite and ferrite.
Components of the plant which are exposed to the reactlon medium under the
defined conditions mclude the reactor vessel in which sald liquid phase oxidation
reaction is carried out and alg@ a first stage crystallisation vessel forming part of a
* 15 #series of crystallisation giages in which controlled crystallisation of the aromatic
carboxylic from mother hquor is effected. The*conditions prevailing in both of these
vessels are particularly severe ‘and, hitherto, it has been necessary to employ tltanlum
and t_ltamum alloys as the materials of construction for these vessels.

Preferably said c":"omponents are fabricated from a nitrogen alloyed grade of .

20  duplex stainless steel having a molybdenum constituent and which, when exposed to a

- " non-agitated _liquid phase medium having the composition defined below at a

temperature of 191°C for a duration of 14 days, exhibits a corrosion rate of no greater

fﬁan 0.1 mm/year the liquid phase medium composition being:

" ' Ace%nc acid: «88.01% wiw REPLACEMENT § QHEETS) SG
: I [ Description : paged 7% *t5’ paged ...
25 ‘\Lyater. - $1.99% wiw B Claim(s) :paged.!S.to page:llhl“ M
2 camide: B Drawing(s) : paged .. to paged "...
Bromide: 944 ppm W Abstract  : paged #. to paged 7.
Cobalt: 410 ppm a7
' ' f .
Manganese: - 412 ppm DATE OF RECEIPT .................
“ . Sodium 98 ppm R |
30 The above temperature and composition represents a typical temperature and

composition for the reaction medium 'present_ in the first crystalliser of terephthalic acid -

production plant. This is the replacement shest
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Sul-phur 0. 001 Chrom um 24.74 Ni ckel . 6.72 10

M3l ybdenum 3.8 N trogen - 0.28 Copper ' <0. 1 Tungsten
<0.1 Iron Remai nder 15 9. _.3A process as clainmed in Caim8 in
whi ch the reaction conditions are controlled to correspond to those for
which the corrosion rate of a duplex steel having the defined dupl ex steel

conposi tion, Adhesedtereit the tetra dorfbsich pitasie tochee understoodito be#ié borosider
such conditions, does not exceed 0.1 nmfyear. 10. A process as clained in
d ai m 8 rate Grpkipineddrerdbedpliowingdormute or the 20 crystalliser vessel and

other  componeat gy} a3} §4eHoE nifd: ifRaGft 64 Wi th the reactor
where W is the weight loss (grams) suffered by'a specimen .having a surface

5 area S (cmz) in the course of exposure to the liquid phase medium for E days, the
specimen alloy having a density of D (gm/cma).
| Preferably the duplex stainless steel is one which, in the defined conditions,
exhibits a corrosion rate no greater than 0.05 mm/year, more preferably no more than
0.04 mm/year and most preferably no-more than 0.025 mm/year.

10 'According to a second aspect of the present invention there is provided a
process for the production of an aromatic carboxylic acid, including oxidising an
aromatic compound such as paraxylene in a water-containing monocarboxylic acid
medium at a temperature within the range 1é0 to 220°C énd a pressure within the
range 8 to 20 bara and in the presence of an oxidation catalyst system including cobalt,

15 manganese and bromine to produce said aromatic carboxylic acid, feeding mother
liquor and said aromatic carboxylic acid from the oxidation reactor to a series of

- crystalliser stages in which controlled crystallisation is effected, wherein said process
includes:

carrying out the oxidation process and/or at least said first crystallisation stage in
20 an oxidation and/or crystallisation vessel of which those surfaces contacted by the
e reaction medium are fabricated from a duplex stainless steel; and controlling the
reaction conditions and, in particular, the water content of the medium water-containing
acid, to correspond to those for which the corrosion rate of a solution annealed duplex
steel having the nominal composition specified below, when exposed to liquid phase
25 reaction water-containing acid under such conditions, does not exceed 0.15 mm/year,
the said composition including the following constituents in the amounts specified, +

5%:

* This is the replacement shest

04 Hov 1991
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vessel and/or crystalliser vessel and which are exposed to nedi um under the
défined tenperature and pressure conditions are fabricated froma dupl ex
stai nl ess steel which, under such condjtions, exhibits a corrosion rate no
greater than 0.15 nmmyear. 11. A process as clainmed in Caim8 in which
said corrosion rate i@ Oreater than 25 g5 Qalp gy year. 12. A process as
claimed in any one of Clains 8 to 11 in which the reaction vessel and/or
crystalliser vessel atdY % ai d conmponent - @Kabricated froma first
materi al which is | exfarfanie®® on resi st ant2 tthaaxsai d dupl ex steel and in
whi ch the dupl ex ste forns a |ining over id_l ess corrosion resistant

mat eri al . 30p 13. /f%%?ﬁggﬁgugs clai%ed iﬁLZﬁymSﬁe of Clainms 8 to. 11 in
whi ch the water cont estlpdfurt he nedi um wit .94t mexoxi dation reactor is
mai ntained within theyapgend to 10% w.w rgl atihge to the total

nmonocar boxyl i c aci d/water content.

Nickel 5 -8
Molybdenum 3 -4
Nitrogen 0.2 - 0.3
10 Tungsten 1.0 max
Copper 2.5 max
Iron Remainder

The components fabricated from duplex stainless steel may be

- substantially wholly fabricated from such materials; alternatively

15 they may be fabricated from a first material which is less corrosion
resistant than said duplex steel, with the duplex steel forming a
lining or barrier over said less corrosion resistant material to
protect the same from exposure to the corrosive fluids. For
instance, the reactor vessel may be internally lined with duplex

20 steel, the duplex steel lining being attached or bonded in any
suitable fashion to a material which is less corrosion resistant,
such as a carbon steel, so that the less corrosion resistant
material is protected by the lining of‘duplex Steel. _

Furthermore, we do not exclude the possibility of parts of the

25 plant and/or plant components being fabricated from two or more
materials, including a duplex steel and material which has superior
corrosion resistance to the duplex steel under the conditions of
operation. For instance, if it is found that in certain parts of the
plant, such as the oxidation reactor, the chemical composition is

30 particularly corrosive in the vapour phase as a result of the water
constituent in the vapour phase being greater than in the liquid
phase, it may be preferable to fabricate that part of the plant, eg
the oxidation reactor and/or the first crystalliser vessel, in such
a way that those zones exposed to the liquid phase are constructed

35using duplex steel (or a lining thereof) whilst those zones exposed
to the vapour phase and the interface between the liguid and vapour
phases are constructed using a material having superior corrosion

resistance (or a lining thereof), eg titanium,

This is the replacement sheet
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14. A process as claimed in Gaim13 in which the water content of the
reaction mediumwi thin the oxidation reactor is maint afhgdshe remiagerpentsheet
4 to 8% wWwrelative to the total nonocargooxylic acid/ water content. 15. A
process as claimed in any one of Clains 8 to 14 in whi ,he%eﬂ[}\(c' ent
5 wthin the oxidation reactor is controlled by w thdrawng vapour from
the reagiasiuntansiess anickalemadbaoy suthoas d suitdbleHastellopmliohe vapour,

adj usting the wat'er content of the condensed. liquid and returning the _
condensed | i dlhel paesent wentianjhas: particutas aprilicatiantiprplast i M@N"U%.‘e pxidation

Udang fod al . .
< 2 10 Prapesein RRRIatboRtuate el Mathinee 2t S Blenriis o ftne
process oL hRhe RHpditiid GRdWafel sBER TRA! theCrishifting étid8AefepHtRalic/dtiithas a 4-

oxi di sinfg an aronati c conmpoun sucE as par axyl e?rilréI I n an aqueous, | ower

al i phat i@rﬁ@ﬂ_fvs@«mmﬁhyde q4-CBAR 2ohtemt medingfratm 300etop?0@0 wpan weldtive tohthe
range 180 to [err] L o o i ]
crude terephthalic acid produced. Where the oxidation reaction is relatively mild such

that the 4-CBA content is in the higher part of the specified range, the subsequent’
purification of the crude terephthalic acid _méy include a further oxidation reaction of an
aqueous solution of the crude terephthalic acid by means of an oxidising agent such as
10 gaseous oxygen or other agent (which need not be in the gaseous phase) so as to
convert at least part of the 4-CBA content to terephthalic acid. This further oxidation
reaction may be followed by a conventional hydrogenation re_action involving contacting
an aquebus solution of the terephthalic acid with hydrogen under reducing conditions in
order to convert remainihg impurities to forms which are either tolerable in the end
15 product and/or are soluble in the aqueous mother liquor (thereby permitting their
removal by suitable separation techniques such as integrated filtration and washing
using for instance a Pannevis belt filter system such as that described in Filtration &
Separation, .March/ApriI 1979, Page 176 et seq).

The composition of the liquid phase mixture within the oxidation reactor vessel(s)
20 typically comprises: 85-97 % w/w acetic acid, 3-15 %w/w water, 300-3000 ppm bromide
concentration, 250-2000 ppm manganese content, 100-2000 ppm cobalt content and 0-
250 ppm sodium content. Preferably the water content relative to the water/acetic acid
content is from 3-10 %w/w and the cobalt and manganese contents may each be up to
| 750 ppm. Usually of the bromine present in the oxidation reaction, a minor proportion

25 thereof (typically about 20% to 30%) is in the ionic form. |
Surprisingly, the water content in the liquid phase mixture within the oxidation
reactor has been found to be particularly important. We have found that the conditions
prevailing in the vapour phase generated in the course of the oxidation reaction tend fo
be more severe than might be expected as a result of the increased water content of
30 the vapour phase. By limiting the amount of water present in the liquid phase, it is
possible to maintain the water content in the liquid and vapour phases at a level which
permits the use of duplex steels in those parts of the reactor exposed to both the liquid

and vapour phases in operation. Accordingly it is a preferred aspect of the invention,



and a pressure within the range 8 to 20 bara and in the presence of an
oxi dation 15 catalyst systemincluding cobalt, manganese and brom ne to
produce said aronatic carboxylic acid, fepding mother |iquor and said
aromatic carboxylic acid fromthe oxidation reactor to a series of
crystalliser stages in which controlled crystallisation is effected,

wher ei n theawates cententrsf thedijuid phage Meixtuk i ke @&idéaroh%aaf&qesﬁam@lh@a Ala
| east sal d f| rst crystallisation stage in 20 an oxi dation and
crytal | i!6uel et %Mlngﬁ‘ywm/mbamen éhewatee/acem acldemm;rre;, hnostqanafemmy in

| |
e ) 308 5 465 WA B s 8 e e e e

Manganesgapour phasé WittfiRs Fﬁ?ﬁ%‘\nﬂfcﬂsmakes ttfe 08e BRYUEXALLIS in the vapSuPFniEs

5 The water content within the oxidation reactor is conveniently controlled by
withdrawing vapour from the reactor, condensing monocarboxylic acid and water from
the vapour, adjusting the water content of the condensed liquid and returning the
condensed liquid after such adjustment to the reactor as a reflux.

A currently preferred duplex steel alloy for the fabrication of the reactor vessel

10 andfor the first crystalliser vessel and associated components is Sandvik SAF 2507
alloy (UNS No. S32750) which is commercially available from Sandvik AB of
Sandviken, Sweden. When exposed to the non-agitated liquid phase composition at
191°C for 14 days as mentioned hereinbefore, the SAF 2507' alloy was found to exhibit
a corrosion rate of 0.01 mm/year. However, duplex steel alloys which are metallurgically |

15 similar and have similar compositions may be used, for instance Creusot-Loire Uranus
URS2N+ alloy (UNS No. 5325'50) and Zeron 100 (UNS No. S32550) available from

- Weir Materials Services Limited of Manchester, Engiand. The compositions of the
Sandvik Type 2507, and equivalents thereof are given in Table 1 herein. |
Unexpectedly, in the conditions (reaction medium composition and the stated
20 elevated temperature and pressure conditions) typically prevailing in the oxidation
o, reactor and the first crystalliser, Sandvik SAF 2507 alloy has been found to suffer much
less corrosion thén a number of higher alloyed austenitic stainless steels, including
Sandvik 2RK65 alloy (UNS No. N08904), Avesta 254SMO0 alloy (UNS No. S31254) and
é'and_vik Sanicro 28 élloy (UNS No. N08028).

-y
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Chriori um
3'- 4 N trogen

max

wi.t hin the oxidation reaction such that the water co
phase reaction mixture is no greater than 10% w w reI

8 30

Ormv("

Nbl ybdenum

i+

26 Ni ckel 5 -
0.2 - 0.3 Tungsten

Renai nder; angscont roI | | ng t he

24 -

19 Iron

wat er / nohecalabos definingcihe: invention are as follows:

10

15

1. A plant for the production and processing of an aromatic carboxylic acid wherein
the aromatic carboxylic acid is produced by the liquid pﬁase oxidation of a substituted
aromatic compound such as paraxylene in a water-containing, lower aliphatic
monocarboxylic acid medium in the presence of a catalyst system including cobalt,
manganese and bromine, wherein at least some of those plant components which, in
use, are exposed to said medium are fabricated from nitrogen alloyed duplex stainless
steel having a molybdenum constituent. _

2. A plant as claimed in Claim 1 in which at least those plant components which are
exposed to the reaction medium at elevated temperatures and pressures in excess of
180°C and 8 bara respectively are fabricated from'duplex stainless steel.

3. A plant as claimed in Claim 2 wherein said plant components, which are so
fabricated include a reactor vessel in which said liquid phase oxidation reaction is
carried out.

4, A plant as claimed in Claim 2 in which said plant components which are so

- fabricated include a first stage crystalliéation vessel forming part of a series of

crystallisation stages in which controlled crystallisation of the aromatic carboxylic from

mother liquor is effected.

20 6. A plant as claimed in any one of Claims 1 to 4 in which said components are
- fabricated from a nitrogen alloyed grade of duplex stainless steel having a molybdenum
) constituent and which, when exposed to a non-agitated liquid phase medium having the
composition defined below at a temperature of 191°C for a duration of 14 days, exhibits
é'corrosion rate of no greater than 0.1 mm/year, the liquid phase medium composition
25 being: - ~ | '
Acetic acid: 88.01% wiw
‘Water: 11.99% wiw
Bromide: 944 ppm
Cobalt; 410 ppm
0 Mangan_ese: 412 ppm This is the replacement sheet
Sodium 98 ppm.

Date:

0 4 NOV 1087



5. 18. A process as clained in Caim17 in which the—water—conpone in
the liquid phase reaction mxture is no greater t %vv/w A proc Ss
as claimed in any one of Clains 8 to 18-i1g-whi choﬂml ”ﬂ Jmfictlon i s

carried out under conditions resulting in the pr

terephthalic acid having a 4-CBA content within the range 00 to 7000 ppm

rel ativé.t o thelantateclBimeddn éhbininﬁl inawhichdhe rduplmestairfiéss stegllisione whlch in

cl ai madﬁb one of..clains..l. to 7 in which said nediumcontains 300 t
3000 pp %%&9 congditions, p¢>smblts ACATQsioR datenne gieater than ik 04 {maeel r»yre&%rably

her ei nbﬂ@&r%a?@?ﬂanbﬁézgl@p{%%g?rence to any one of the exanples. 15 22.

A process,®accordin ‘'or 17 substantially as hereinbefore
descri bed witA piléﬁﬁraﬁ‘%lﬁfédaw (ﬂaﬁnos ihh@hforRARe edupléR stainless steel has the

5 following composition:

Carbon 0.03 max
Silicon _ 2.0 max
Manganese 2.0 rhax
Phosphorus 0.04 max
10 Suiphur * 0.04 max

' Chromium 24 -26
Nickel 5-8
Molybdenum 3-4 ,
Nitrogen - 02-03

15 Tungsten 1.0 max
Copper 2.5 max
iron ' Remainder

8. A process for the production of an aromatic carboxylic acid, including oxidising

an aromatic compound such as paraxylene in a water-containing monocarboxylic acid
20 medium at a iemperature within the range 180 to 220°C and a pressure within the
s range 8 to 20 bara and in the presence of an oxidation catalyst system including cobalt,
manganese and bromine to produce said aromatic carboxylic acid, feeding mother
liquor and said aromatic carboxylic acid from the oxidation reactor to a series of
crystalhser stages in which controlled crystalhsatlon is effected, wherein said process

25 includes: i
carrying out the oxidation proceés and/or at least said first crystallisation stage in
an oxidation and/or crystallisation vessel of which those surfaces contacted by
the reaction medium are fabricated from a duplex stainless steel; and controlling
the reaction conditions and, in particular, the water content of the medium, to
30 correspond to those for which the corrosion rate of a solution annealed duplex
steel having the nominal composition spéciﬁed below, when exposed to the
liquid phase water-containing medium under such conditions, does not exceed
This is the replacement sheet
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10

15

20

30

T

0.15 mm/year, the said composition including the following constituents in the

amounts specified, + 5%:

Carbon 0.017
Silicon 021
‘Manganese 0.44
Phosphorus 0.018
Sulphur 0.001
Chromium - 2474
Nickel 6.72
Molybdenum 3.8
Nitrogen 0.28
Copper <0.1 |
Tungsten <0.1 ,
Iron Remainder
9. A process as claimed in Claim 8 in which the reaction conditions are controlled to

correspdnd to those for which the corrosion rate of a duplex steel having the defined

- duplex steel composition, when exposed to the liquid phase water-containing medium

under such conditions, does not exceed 0.1 mm/year.

10. A process as claimed in Claim 8 in which the reactor vessel and/or the
crystalliser vessel and other components located within or associated with the reactor
vessel and/or crystalliser vessel and which are exposed to medium under the defined
temperature and pressure conditions are fabricated from a duplex stainless steel which,
under such conditions, exhibits a corrosion rate no greater than 0.15 mm/year.

11. A process as claimed in Claim 8 in which said corrosion rate is no greater than
0.1 mmlyear. ' ~

12. A process as claimed in any one of Claims 8 to 11 in which the reaction vessel
and/or crystalliser vessel and/or said components'are fabricated from a first material-
which is less corrosion resistant than said duplex steel and in which the duplex steel
forms a lining over said less corrosion resistant material.

13. A process as claimed in any one of Claims 8 to 11 in which the water content of
the medium within the oxidation reactor is maintained within the range 3 to 10% w/w

relative to the total monocarboxylic acid/water content.  * 1.0 e the replacement sheet
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14, A process as claimed in Claim 13 in which the water content of the reaction

‘medium within the oxidation reactor is maintained within the range 4 to 8% w/w relative

to the total monocarboxylic acid/water content.

156. A process as claimed in any one of Claims 8 to 14 in which the water content
within the oxidation reactor is controlled by withdrawing vapour from the reactor,
condensing monocarboxylic acid and water from the vapour, adjusting the water
content of_ the condensed liquid and returning the condensed 'liquid after such
adjustment to the reactor as a reflux. ,

16. A process as claimed in any one of Claims 8 to 15 in which the duplex steel is a
nitrogen alloyed duplex steel having a molybdenum content.

17. A process for the production of an arohﬁatic carboxylic acid, including oxidising
an aromatic compound such as paraxylene in an aqueous, lower aliphatic
monocarboxylic acid reaction medium at a temperature within the range 180 to 220°C
and a pressure within the range 8 to 20 bara and in the presence of an oxidation
catalyst system including cobalt, manganese and bromine to produce said aromatic

carboxylic acid, feeding mother liquor and said aromatic carboxylic' acid from the

- oxidation reactor to a series of crystalliser stages in which controlled crystallisation is

effected, wherein the process includes:
carrying out the oxidation process and/or at least said first crystallisation stage in
an oxidation and/or crytallisation vessel of which those surfaces contacted by the

reaction_medium are fabricated from a duplex stairiless steel having the following

composition: _
Carbon 0.03 max
Silicon 2.0 max

Manganese ™ 2.0 mas

Phosphorus 0.04 max
Sulphur 0.04 max

Chromium 24 -26

Nickel 5-8

Molybdenum 3-4

Nitrogen . 0.2-0.3

‘Tungsten 1.0 max This is the replacement sheet
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controlling the water content within the oxidation reaction such thaf the
water component in the liquid phase reaction mixture is no greater than 10% w/w
relative to the water/monocarboxylic acid content. _
18. A process as claimed in Claim 17 in which th.e.water component in the liquid
phase reaction mixture is no greater than 8% w/w.
19. A process as claimed in any one of Claims 8 to 18 in which the oxidation
reaction is carried out under conditions resulting in the production of crude terephthalic
acid having a 4-CBA content within the range 300 to 7000 ppm relative to the crude
terephthalic acid produced.
20. A plant, as claimed in any one of claims 1 to 7 in which said medium contains
300 to 3000 ppm bromide.
21. A plant, as claimed in claim 1, substantially as hereinbefore ‘described with
reference to any one of the exampies.
22. A process, according to claim 8 or 17 substanﬁally as hereinbefore described

with reference to any - one of the examples.

This i the replacement sheet

Date: 04’_ NOV fag7



