0050/ 60592 Preparation of on-spec phthalic anhydride The present invention
rel ates to@ﬁﬂ&%zfor the preparation of 5 on-spec phthalic anhydride
by distillative purification of crude phthalic anhydride. Phthalic
anhydride is a key chem cal of the chemcal industry. It 1is used in

consi derable quantities as a starting material for 10 dial kyl phthal ates,
whi ch are enployed in |large anounts as a plasticizer for plastics such as

PVC. Crude mkggh{__gogrgy%rn_ geé %hc}:q{a(ﬂgcggh ﬂ%@ rially from naphthal ene

and/ or o-xyle catal yti atron In gas phase. Preferably a
crude phthalic anhydr| de prepared in this manner from o-xylene is used.
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of practical inportance_because 0050/ 50592 2
Depending on the chosen preparation process and in particular on

the starting materials and the catalysts, the product in each
case contains a specific range of impurities and byproducts (cf.

25 for example H. Suter: “Wissenschaftliche Forschungsberichte: II.
Anwendungstechnik und angewandte Wissenschaft”, Dr. Dietrich
Steinkopff Verlag, Darmstadt, 1972, page 39 etc.; abbreviated
below to ”Suter”).

30 On the market, a phthalic anhydride quality having the fOllOWlng
specification limits is expected:

Solidification point (°C) min. 130.8
Mass fractions (% by weight):

35 - phthalic anhydride min. 99.8
- maleic anhydride max. 0.05
- benzoic acid max. 0.10 or
max. 0.01 in the case of food quality
- phthalic acid max. 0.1

40 Melt color number (Hazen) max. 20
Heat color number (Hazen) max. 40

Because a phthalic anhydride without discoloring impurities is
required for most intended uses, characterization by the color

45 numbers - primarily the melt color number and the heat color
number - is particularly important. Color changes of the phthalic
anhydride under thermal load are of practical importance because



phthalic anhydride is usually stored and transported in the nolten state -
at about 16090750592ndustry, over the long period in which phthalic
anhydride has 5 been produced on an industrial scale, the renoval of these
byproducts by neans of distillation has becone established (cf. for
exanple: "U Il mann's Encycl opedi a of I pdustrial Chem stry", 5th. Edition,
Vol . A20, afard! QHﬁQ&[SfAé sighafsha st\&bahﬁh&ntré%%rtaégﬁ tel to 189;
abbr evi ate e O\Qttg naari\r% A g Q hner "Encycl opedi a of Chem cal
Technol ogy BGPtT oh S % jOhI’l Wley & Sons, New York, 1996,
pages 997 to 1006, abbreviated below to "Kirk-Q hner" ). Low boi | i ng and/ or
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cons1derab1e economic 1mportance in view of the large
industrially produced amounts of phthalic anhydride. The water
30 formed or other water is removed in the thermal pretreatment
because it may interfere with the subsequent distillation.
Furthermore, certain byproducts of the synthesis reaction are
converted into resins by the thermal pretreatment, which
facilitates the subsequent distillative purification of the
35 phthalic anhydride (cf. for example “Suter”, pages 41 - 45). In
the thermal pretreatment, it is also possible to add certain
chemical substances in order to change the range of byproducts
selectively before the distillation step.

40 The distillation - especially when it is effected by continuous
method frequently of particular interest from economic points of
view - is usually carried out by means of two columns in order to
obtain a sufficiently pure phthalic anhydride. In the first step,
as a rule the low boilers (for example benzoic acid, maleic

45 anhydride and citraconic anhydride) i.e. substances having a
boiling point below the boiling point of the phthalic anhydride,
are separated off; in a second step, phthalic anhydride is then



are separated off.; in a second step, phthalic anhydride is then 0050/ 50592
3 distill edsoi/8069@m t he hi gh boilers (for exanple, phthalic acid,

certain color-inparting conponents, condensates of ingredients of the
crude phthalic anhydride), i.e. substances having higher boiling points
than the boiling point of phthalic anlgdride or of 5 undistillable
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in which tlR@ have found that this object is achieved by a process for the

25 preparation of on-spec phthalic anhydride by distillative
purification of crude phthalic anhydride, in which crude phthalic
anhydride is fed to a distillation column which is operated at
reduced pressure, the low boilers are removed at the top or in
the vicinity of the top of the distillation column and the

30 on-spec phthalic anhydride is removed from the column via a side
take-off.

By means of the novel process it is possible, without the thermal
pretreatment which has become usual in industry, to obtain a

35 phthalic anhydride of high purity which fulfils the generally

known specifications of pure phthalic anhydride or even surpasses

them in particular in the color numbers: as a rule, a phthalic’

anhydride having a melt color number of less than 10 APHA and a

heat color number of less than 20 APHA is obtained.

40 :
Suitable distillation columns (also abbreviated below to
"columns”) in the context of the present invention are tray
columns, columns containing dumped packings and columns
containing stacked packings as well as columns in which the

45 technical features of these column types have been combined. Tray
columns are preferably used. Conventional internals, such as
commercial trays, packings, for exémple bubble trays, tunnel



45 technical features of these colum types have been conbi ned. Tray
colums ar@o®0A56592|y used. Conventional internals, such as commerci al
trays, packings, for exanple bubble trays, tunnel 0050/50592 4 trays,
val ve trays, sieve trays, dual-flowtrays and lattice trays,
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liquid drops (cf. Vauck, Miiller: Grundoperationen chemischer
Verfahrenstechnik, VCH Verlagsgesellschaft mbH, Weinheim, 1988).

30 In general, the novel column is divided into three sections which
are determined by the positions of feed, side take-off, top and
bottom. The number of theoretical plates for the upper two
sections and the reflux of the column are determined according to
the usual process and engineering considerations, depending on

35 the low-boiler fraction in the crude phthalic anhydride and the
desired residual content of low boilers in the purified phthalic
anhydride. The number of theoretical plates for the lower section
of the novel column is in general from 1 to 10, preferably from 2
to 8, especially from 3 to 7.

40
The novel process is particularly suitable for crude phthalic
anhydride as obtained by catalytic gas-phase oxidation of
o-xylene and preferably containing more than 95, particularly
more than 98, % by weight of phthalic anhydride.

45



more-than 98, % by wei ght of phthalic anhydride. 45 0050/50592 5 The
colum i s gos®/50%92 operated at an absolute pressure at the top of the
colum of fromO0.05 to 0.5, preferably from0.1 to 0.3, particularly
preferably fromO0.15 to 0.25, very particularly preferably about 0.2, bar.
The tenperatures in the coI um are ing5 general from about 160 to 230C at
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25 preferably by from one to five times, in particular from two to
three times, the side take-off preferably preferably- [91c] being’
located closer to the upper of the two trays.

In a preferred process variant, the column trays are arranged in
30 such a way that the lowermost tray is arranged higher by an
amount of from 1 to 6, preferably from 2 to 4, particularly
preferably 3, times the distance between the trays in the column,
compared with the usual position in the column. In this process
variant, the plant availability and the reliability of the
35 quality are further improved.

Usually, the lowermost tray of a column is arranged a certain
distance away from the vapor pipe of the bottom evaporator. It
has been found that, in the case of column trays installed in the
40 usual position, considerable encrustations occurred on the
lowermost 6, in particular on the lowermost 3, trays during
operation to carry out the novel process and could be
mechanically removed only with difficulty. Considerable
encrustations also occurred in the downpipes of said lowermost
45 trays, as well as considerable deposits and loose coke-like
fragments of different sizes in the vapor pipe of the bottom
evaporator. A considerable pressure drop of up to 130 mbar was



encrustations also occurred in the downpi pes of said | owernost 45 trays, as
wel | as copso)yosydx deposits and | oose coke-like fragnents of different
sizes in the vapor pipe of the bottom evaporator. A considerable pressure
drop of up to 130 nbar was 0050/50592 6 found over the | owernost highly
soi |l ed trays whi ch pressure drop i ngreased with increasing duration of
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t he falllrﬁfYFFPﬁF were found, essentlally of condensed phthalic anhydride,
which could readily be knocked off the pipe walls. Falling-film
evaporators are generally known in process engineering. They have

30 the advantages of a short average residence time of the liquid in
the evaporation region, resulting in gentle evaporation compared
~with circulation evaporators. Owing to the gentler treatment, it
was possible to reduce the tendency to solids formation, and the
short residence times led to a reduction in undesired secondary

35 reactions and hence to an improved yield in the bottom, and the
operating costs could be reduced.

l—_\

The steels German Material Number 1.4439 (X 2 CrNiMoN 17 13 5)
and German Material Number 1.4539 (X 2 NiCrMoCu 25 20 5) have

40 proven particularly suitable as materials for the falling-film
evaporator.

The on-spec phthalic anhydride is usually cooled directly after
removal from the column and is obtained as liquid or, after

45 solidification, as a solid. A higher purity can, if desired, be
achieved by subjecting the phthalic anhydride to precision
distillation, for example via a side column, or by mounting a .
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Of course, the novel process can also be optimally adapted for

individual separation problems. This adaptation can be carried

out routinely by a person skilled in the art if he follows the
30 disclosed teachings.

The purity of the phthalic anhydride thus obtained can be
determined by generally known analytical methods, such as gas
chromotography, UV spectroscopy and acid-based titration. In
35 particular, the melt color number (APHA/Hazen color scale, cf.
W. Liekmeier, D. Thybusch: Charakterisierung der Farbe von klaren
Fliissigkeiten, Editor: Bodenseewerk Perkin~Elmer GmbH,
Uberlingen, 1991) is generally determined by determining the
color number of phthalic anhydride immediately after sampling at
40 160°C. Furthermore, the heat color number is generally determined
by keeping the phthalic anhydride at 250°C for 90 minutes and then
measuring the color number.

. 45



by keeping the phthalic anhydride at 250C for 90 m nutes and then
freasuri ng ©A80£8P8A2nunber. 45 0050/50592 8 Exanple 1 A tray colum
according to the schematic figure 1 was used. The colum had 30 bubbl e
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botton1(rogggh$3é|1 the region between the fifth and the sixth theoretical
pl ate), and e feed was | ocated betmeen the 20t h and t he-21st tray above

the botto rou nthe venhthe retical .
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The crude phthalic anhydride thus obtained had the follow1ng

composition:
25
99.24 % by weight of phthalic anhydride
0.2 % by weight of benzoic acid
200 ppm by weight of maleic anhydride
20 ppm by weight of citraconic anhydride
30 0.5 % by weight of phthalic acid

and the remainder to 100% by weight comprising other substances.

1000 g/h of this crude phthalic anhydride were fed continuously
35 (a) to the column. With a reflux of 600 g (b), an absolute
pressure of 0.2 bar at the top of the column, a temperature of
200°C at the top of the column and 228°C at the bottom of the
column, 980 g of purified phthalic anhydride were removed in the
same time via the side take-off at 224°C, condensed and isolated
40 (c). The top take-off via (d) was condensed in a cold trap and
amounted to about 5 g; the bottom take-off via (e) amounted to
about 15 g and contained the high boilers and undistillable
matter. The analysis of the phthalic anhydride isolated via the
side take-off at (c¢) gave the following composition:
45
99.97 % by weight of phthalic anhydride
30 ppm by weight of benzoic acid



si de-take-off at (c) gave the follow ng conmposition: 45 99.97 % by wei ght
of pht hal igosouBeE92le 30 ppm by wei ght of benzoic acid 0050/50592 9 < 10
ppm by wei ght of nml eic anhydride < 10 ppm by wei ght of citraconic
anhydride 0.025 % by wei ght of phthalic acid 5 and the renai nder to 100%
By wei ght conprising other substancesg The nelt color nunber was

determ ned, i Ehaﬁggyea?httegfrmv-@ anﬁg'g y@é 5-10 APHA. The heat col or
Ry

nunber was ht hal i ¢ anhydri de was
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wei ght o8 dihzbeCratathder bt hads dyame)ght deoniprisdngpothésr atibByahdes novel
distillation process and 10 ppm of benzoic acid in the pure product having
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colum: exphaLal ent to 8 theoretical plates, 30 - Nunmber of trays between
bottom of col um and gaseous side take-off (streamc): 10 dual-flow trays,
- Absol ut eg,&rmgﬁguxée at top of columm about 70 nmbar, 35 - Tenperature in
bot t om of from 230 to 240C, - Design of the bottom evaporator:
falling-filmevaporator,, - Distance between side take-off (streamc) and
t he trals RFartdegntseh Hiad foldoeing spesificarinns mishorespert; tResrude
usual trayprshicitngnd rpuree product: and - Di st ance from vapor pipe*of the
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1, the configuration of the tray column to be used was modified

in the following manner:

- -Number of trays between gaseous side take-off (stream c¢) and
25 top of column: equivalent to 19 theoretical plates,

- Number of trays between feed (stream ¢) and top of column:
equivalent to 8 theoretical plates,

30 - Number of trays between bottom of column and gaseous side
take-off (stream c): 10 dual-flow trays,

- Absolute pressure at top of column about 70 mbar,
35 - Temperature in bottom of column: from 230 to 240°C,
- Design of the bottom evaporator: falling-film evaporator, -
- Distance between side take-off (stream c) and the'tray
40 underneath and closest to said side take-off: 3 times the
usual tray spacing in the column and
- Distance from vapor pipe of the bottom evaporator to the
first tray arranged above it: 3 times the usual tray spacing

45 in the column in addition to the usual distance between the
lowermost tray and the vapor pipe of the bottom evaporator.



W cl-aim 1. A process for the preparation of on-spec phthalic anhydride 5

by distil|@@39£59892fi cation of crude phthalic-anhydride, wherein crude
phthalic anhydride is fed to a distillation col Em"milch i s operated at

reduced pressure, the low boilers are renoved m ﬂu lu"
vicinity of the top of the distillatign colum ht, halic
2 A process

anhydride is 10 renoved fromthe colum via a side take 0
as clainme é lcll?‘ml wherein the distillation is carrled out at a
pressure a op of the colum of from 0.05 to 0.5 bar. 15 3. A process
as clainmed |n claiml1 or 2, wherein the distillation is carried out in a
tray col unh: 4A PYqResScSr sthe prepagatior|of MnsSPaRPhRlifcaphydrifg ow and
20 the tBay abbyelidtdljetive guniifichtitm of deudekphtiidliics anhpduidel, are a

di st ance apartwh@&&hx cguge eptitallibaanhp@ritaldls fdiistanciibetitrespidme trays
in the colum. LgoLu %ﬁﬁ@ﬁs§sEﬁbé?aﬁbﬁegt'fbdﬂé@d Ses¥hEd Cithe! D6wSbilers
take-off is ré)rreé‘%l;,%gl th cateég SLOerL H0 tlg Eggeéf c,p;%letgg LYP g aYs. 6.
A process as e e f Wﬁ P] Spec

pht hal i ¢ anhydﬂ%‘gﬂ tﬂ'gﬁDé%ﬁ‘l%&WTﬁE c‘?fhﬁ?ﬁ i B Sfﬁ?%l%'f’a si de
t ake- of £0 30 7remoyndEEss the @odvmBdvia arsidef tékarﬂfaf{% to 6, wherein the
| onernost tray is arranged higher by an anmount of from1l to 6, preferably
from2 to 4, pnrpircrdéser by PleimidlihycBaimi IewherBendilsd Aiseibehvesn dshe

trays in the Cﬁ %qqpaeeai ﬁ%ets'%ur§5a£ %&%‘6@' oBOfhd 'cQﬁuh\B beeggd) um. 8.
A process as c Pa§¥ A clainms 3t Wherein at |east the
v

| owernost 1 to B pre to 4, partlcul arly preferably 3, trays are
in the #8rm of dual -fl ow trays. 40. 9. A process as clained in claims§,

wher ei n at 3} eaBtPranessy a§sclaimesyinhelaimel gk @-ovhexgin ithet he f orm of

dual - fl ow t r aydistilllatdopr bsesgrriedcbut nid & rtragycolumiains 1 to 9, wherein
a 45 falling-filmevaporator is used as the bottom evaporator for the

d' illatign CR'{:&EHbesl;hlﬁ Sefledan Besin REPhACSdin NGy bbibddiddd

3 '156 1111&ﬂe tray above the point at which the side take-off is
located are a distance apart which is greater than the usual
distance between the trays in the column.

5. A process as claimed in claim 4, wherein the side take-off is
25 preferably located closer to the upper of the two trays.

6. A process as claimed in any of claims 1 to 5, wherein the .
on-spec phthalic anhydride is removed from the column in
gaseous form via a side take-off.

7. A process as claimed in any of claims 3 to 6, wherein the
lowermost tray is arranged higher by an amount of from 1 to
6, preferably from 2 to 4, particularly preferably 3, times
the distance between the trays in the column, compared with
35 the usual position in the column.

8. A process .as claimed in any of claims 3 to 6, wherein at
least the lowermost 1 to 6, preferably 2 to 4, particularly
preferably 3, trays are in the form of dual-flow trays.

9. A process as claimed in claim 8, wherein at least the trays
below the side take-off are in the form of dual-flow trays.

10. A process as claimed in any of claims 1 to 9, wherein a
45 falling-film evaporator is used as the bottom evaporator for
the distillation column. _ e S
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