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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: ITI.
Anwendungstechnik und angewandte Wissenschaft”, Dr. Dietrich
Steinkopff Verlag, Darmstadt, 1872, page 39 etc.; abbreviated
below to “Suter”). -

30 On the market, a phthalic anhydride gquality having the following
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 c¢olor number (Hazen) max. 40

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

45 numbers = primarily the melt color number and the heat oolor
number - ies particularly important. Color changes of the phthalic
anhydride under thermal load are of practical importance because
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anhydride. It serves various purposes familiar to a person

25 skilled in the art; for example, the byproduct phthalic acid is
evidently dehydrated to give the desired product phthalic
anhydride, which, even at low contents of phthalic acid, is of
considerable economic importance 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 phthali¢ 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 ig effected by continucus
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 c¢itraconic anhydride) i.e. substances having a
boiling point below the boiling point of the phthalic anhydride,
are separated off; in a gsecond step, phthalic anhydride is then
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We have found that this object is achieved by a process for the

25 preparation of on-spec phthalic anhydride by distillative
puxrification 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

3% phthalic anhydride ¢f 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, =2ush asz
Femmezrslal €rayes, padkings, for example bubble trays. tunnel
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nmbH, Weinheim 1988 30 In _general, the novel colum is divided into three
sections heRretic 1 plate is defined as that column unit which

concentrates the readily volatile component according to the

25 thermodynamic equilibrium, assuming that ideal mixing is present,
both phases are in egquilibrium and there is no entrainment of
liguid 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
t0 8, especially froem 2 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 phthaliec anhydride.
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fromtwo to. .
It 1s found particularly advantageous to use a tray column in

which the tray below and the 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,

25 preferably by from one to five times, in particular from two to
three times, the side take-off preferably preferably [sic] being
located c¢loser 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 ¢arry 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 concigderable depesits and locse coke-like
rpaymentd 2% dxffarent sises in the vapor plps of the bortem
cvaporator. A considerabie Pressura ﬂ}:—;ap g-f ;p ez 120 REET Was
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col ums ftoeatheé domstdinsakbond®f (as in the present case), owing to the

danger of the possible blockage of the pipes. Surprisingly, it

25 has been found that this known problem did not occur and that the
apparatus had no deposits. In the cold pipes, only gray acicular
crystals were found, essentially 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 liguid 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 recidence timeg led t& 4 reduction in undesired secondary

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

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 phthali¢ 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
achievod by cubjeceins the phthalic anhydride to precision
diztillation, for cxample via a side column, or by mounting a




pht hal i ¢ anhydride. On the other hand, falling-filmevaporators are not
used by those skilled in the art if the liquid to be treated contaj[]u:p[gggg‘
soli-ds as in the present case), owng to the danger of the possible

bl ockage of the pipes. Surprisingly, it 25 has been found that this known
‘problemdid not occur and that the apparatus had no deposits. in the cold
pi pes, only gray acicular crystals were found, essentially of condensed
pht hal i ¢ anhyditigderallwaktal o wbdveeadéd e dim kagﬁ&ﬁdnofﬁ‘het kelpmpe( | s.
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hi gher purity can, if desired, be achieved by subjecting the pht hal i c

anhydr i deTeo loweBbsions dhtslinkhath@sy FQk 1 EXAPE, Wrd 81§hdSoLQIA4™, Or by

mount i ng 2 lfllggagggp4lgudyr\éttghng wal | axialiy above a ceftain region in the
col urm .e. Petlyuk arrangenent). Recrystallization is also suitable

her e. a}&#gﬁ si de take-off, the on- spec\wght hal i c anhxdrlde I's usually 5

removed i SIFBENtONT X MPESsEheTiRady SHEpERRCe h addghoactprding ght of the
feed. | n “@$ErAubeshminalakinonledge t?e"%e;laanhle tdfe regmeinyg teeoved i S

pr ef er ablproporicéastoOiindeaired uimpins tieef etadart irnlbeashodd widhdpy wei ght,

based on ddmpliespbitdf dedparbeesh O sUpRthacOVelY B Bfﬂgbﬁii&l%hyfta de is
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accord|n§ or reducing the phthallde content (cf Us-A 4,165,324,
sodium bicarbonate, sulfuric acid, boric acid or mixtures of
sulfuric acid and boric acid. The use of such additives is not

25 part of the invention.

0f 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




Ageneral techni cal know edge are capable of reducing the proportion of

undesired inpurities, in particular those which conplicate the sepaf QEB?UM
of substances in the distillation, may 20 al so be added to the crude

pht hal i ¢ ‘anhydri de before or during the distillation. Exanples are al kali
metal hydroxide, for exanple for reducing the phthalide content (cf. US-A
4,165, 324), sodium bicarbonate, sulf&ric acid, boric acid or mxtures of
sul furic dc¢iadpaAadiboric acid. The use of such additives is not 25 part of
the invention. O course, the novel process can also be opti mally adapt ed
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(cal cul ated as
The crude phthalic anhydride thus obtained had the following

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
preasure of 0.2 bar at the top of tho oplumn, a tomporasure pg
200°C at the top of the solumn and 228°C at the bottom of the
c¢olumn, 980 g of purified phthalic anhydride were removed in the
same time via the side take-off at 224°C, condensed and isoclated
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
33.37 & by woignt of pRetRalia ankydrids
29 BBR BY wsxght &f bensoic acid




0.4% by wei ght of cesium, vanadi um oxide (4% by weight) and titanium

di oxi de (95.6% by weight) (cf. the prior German patent applicati OQU\/\F'EtBh?Um
file reference 198 24 532). The loading in the 20 reactor was 86 g of
o-xylene per nB (s.T.P.) of air. The reactor tenperature was from350 to
450C. The crude phthalic anhydride thus obtained had the foll ow ng
conposition: 25 99.24 % by wei ght of $hthalic anhydride 0.2 % by wei ght of
benzoi c agi 40 2@@n dpynmey ghei ghtmadfeinakehedmideydri de - 20 ppm by wei ght of
citraconi € amhyhi ikde wed3@nf. &r %iavBhohtaydiiiBal i ¢ acid and the renai nder

to 100% by . yes oty CQERELSI &n 18U nces. 1000 g/ h of this crude
pht hal i ¢ anhydri dgcweré ?egg ont | nlijgug%/d'a 35 (a) to the Colum. Wth a

refl ux gf 600 g (b), .an absolute pressure of 0.2 bar at the top or the

col umm, a®Renps ditednder 'Q@O]EPLO%AIQ-’YtH%l‘EIHb GSMPERB1iRG| ItheangupoBaneHS |t h6
bottom of the colum, 900 g of purified phthalic anhydride were renoved in
the sameThemeM zollbe sudeert ake- abienti A Cmmean Gradd Fepbafed 40

(g) : tTge LR &%%‘-?fof aBhR. ('ﬂ?ef W%_%tCQQf@P%ﬁQm't‘aFEd@%QOé etrt;nfm,fgngs agount ed to
abou 0; 0 e- iLa.(e) .amunted to out, g_an
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pht hal F€ &n e 3FsOP AtGed THPaCPRF WWHET: HR%- e ZeapuyeqAfke 10hao

foll owi n osition: 45 3 ( by weight of phthalic anhydride 49 by

wei ght of benzoic acid 2 0 FEB 2004 9 < 10 ppm by wei ght of naleic

anhydri degsankfleppm by wei ght of citraconic anhydride 0.025 % by wei ght of
phthalic acid 5 and the remai nder to 100% by wei ght conpri sing ot her

subst ange col or nber was det.erm.ned i diately after renoval
and wa2§5§1‘180r%32§%ﬂet eeaftorlg(?f“%f’gn AL 19B% e‘F’IrTﬁTIﬁé'(‘]‘SBgcng‘?IW? a
sanpl e of PIRAYGH PEIaPPYRIMTREUGES heated in an oven for 10 1.5 hours at
250C. Thel o & Waibbt afdenieicneabliried phshaDi@Enm@ride Exarpl e 2
purified by the novel distillation process and 10 ppm of benzoic

acid in the pure product having an otherwise unchanged

20 composition of the crude phthalic anhydride compared with Example
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 c) 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 ¢) and the tray
40 underneath and closest to said side take-off: 2 times the
usual tray spacing in the column and
- Distance from vapor pipe of the bottom evaporator to the
first tray arrangard above its 3 timee the ugual tray gpacing

15 in the eslumn in additien t& the usual distance between the
iavwarmaat tray and the vapor pips of rhe bottom BUAPOTIECE .




15 Starting fromthe follow ng specifications with respect-to crude

product and pure product: 0.3% by weight of benzoic acid in phthalicyqreg
anhydride to be purified by the novelldistillation process and 10 ppm ofB
benzoic acid in the pure product having an ot herw se unchanged 20
corrpositig;z?18l f.the crude, phthalic anhydride conpared wwth Exanple 1, the

configura dF T ™ Fay=col um to be used was nodified in the follow ng
manner: - Nunber of trays between gaseous side take-off (streamc) and 25
top of colum: _equivalent to 19 theoretical plates, - Nunber of trays

bet ween féed (&t rEERFETS antPX of 5T SGRRATRLiRyuidfal &8 sPBC8 PREHIES cal
pl ates, 3@nhydlider Wf tdiaysibetween dhet Fosa©fooldsm 2ndegageous ;3 de

t ake-of f (streamc): 10 dual-flow trays, Absolute pressure at top of colum
about 70 %B}e}?grf%@ - w#@ﬁf)é?at‘iﬁl@ei nplbéi‘étlo‘rﬁ of "B¥REHAE  fifomf230 ¥ 240C, -

Desi gn of dtibeibbitiem evapahateich fial ldpagaféd B aRRIRNObressit St aRge

bet ween sildg gli(?- of f_(stream g) and the tray ,40 underneath and cl osest to
sai d si de take off1° £19 eTPRE dSusdfet F8Y ShatPnghe nviweidel @ tisd 45

Di st ance ftopm empathepi pesoflldrd ohot tomeyaparat @lﬁet%d—@%ecfi Bihdiiay
arranged abgv{g icif!s 3 tines cﬁldt% usualﬁ tra%@sgaci ng ,in the colum in

addi tion PR sdal TEFSYEhCE BelRBeTPl FBwRrfiott “*8y°5hd the vapor

pi pe of the bottom operator 10 What is clainmed is: 1. A process for the
preparatign of on-spec phthalic _anhydride_by distillative purification of
crude pht %al ic? Bﬁ?l%jgrgl dé c@ﬁé‘?‘%ﬁi UG Mpht NERTRE s FIEI%P}]slqtéﬂ’nto a

di still at iencaotisth aahi clt ias pepesatechnttiecddped EPERS SB6Eumt her  drew boi l ers
are renoved %ttélbest LOr inthe vicinity of the top of the distillation
col um and‘the on-'sp phthalic anhydride is renoved fromthe colum via a
side take-off. 2. A process as clainmed in claim1, wherein the distillation
is carried out_at _a ressure_at &hienthp.of the colum of from._  0.05 to 0.5

A roc A8 Clalme im el’l h . .
bar. 3. A proces8 as ¢l ained ih clal ML wher 819 $e "GPs PP R A5 s
carried ous ¢armed aptcohlamtrad. cAlpmocess as clained in claim 3, wherein
the tray bel ow
4. A process as claimed in claim 3, wherein the tray below
and the tray above the point at which the side take-off ig
located are a distance apart which ig up to 5 times 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 preferably Ilocated closer to the upper of the two

trays.

6. A process as claimed in claim 1, 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 eclaim 1, wherein the lowormost
tray ie arranged higher by an amount of up to 6 times the
distande between the trays in the column, compared with the

usual position in the column.

8. A praocess as claimed in claim 3, wherein at least the

lowermost 1 to & Lrays are in the form of dual-flow travse.




and the tray above the point at which the side take-off is |ocated are a
di stance apart which is up to 5 tines greater than the usual diggga P8 S0
between the trays in the colum. 5. Aldrocess as clained in claim4,
wherein the side take- off is preferably |ocated closer to the upper of the
two trays. 6. A process as clained in claim1, wherein the on-spec

pht hali ¢ anhydride is renoved fromthe columm in gaseous form via a side

take-of f &. A pr op:lets:%s@s &8 ad NBGhekn 1G] a1k Vhefed A ihhe Oi’%'épstthe tray is
arranged hi gher bErylrﬁan amount. of up to 6 tines ‘the distance between the

trays in tHEYEoMIMAY COfpd'eR v'ﬁatkl‘? “PhE FSudm po tform i aft Beatoflemm. 2 0 F
E 8 2004 Brafgprocess as claimed in claim3, wherein at |east the

| owernmost i to 6 trays are in the formof dual-flowtrays. 11 20 FEB 2004
9. A process as clainmed in claim8, wherein at |east the trays below the
si de take1of.f ar@ricetbeatormoficdlupd -410M 4 a¥Rrell: 4 2/ B 9ERISE A%, cl ai med

inclaim1, wherein a falling-film evaporator is used as t
evapor at o VPBPTRHE St i FFeR i oR€ coFlifm. PRYEOR prerRws tes clfaﬂrrrecthen claim
8, wherei mitbell owmmestumklray is arranged hi gher by an anount of from2 to
4 times the distance between the trays in the colum, conpared with the
usual position in the colum. 12. A process as clainmed in claim8, wherein

the | owermast at pAycessatkardadnbaghar cBYiansamule 0f Snd i MBse i di st ance
between the trays in the colum, conpared with the usual position in the

col um. 1372A pF ot s Hlﬁf‘ﬁﬁdbﬁ’na’&laa‘i‘?ﬁn& OfhéFemn2 at© | £akimashehe

| oner nDst a2et ande t beyise sty etw ﬁﬂ@s‘ OfAN Ohe AU urdd OWdd@NEd IA+hA tpoCess as
claimed in_claim8, wherei Ieast the |owernmost 3 trays are in the form

of dual - f "8W#Pt r¥ ‘tion in t e co umn .

12. A process as claimed in claim 8, wherein the lowsrmost
tray is arranged higher by an amount of 3 times the distance

between the trays in the column, compared with the usual

position in the column.

13. A process as claimed in claim 8, wherein at least the

lowermost 2 to 4 trays are in the form of dual-flow trays.

li. A process as claimed in claim 8, wherein at least the

lowermost 3 trays are in the form of dual-flow trays.




