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present invention generally relates to a rret hod and system for
continuously recovering liquid phase phthalic anhydride froma vapor phase
10 oxidation product without the formation of a solid phase. In
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products in a rectification tower so that the condensate does not solidify and so
that a vapor-to-liquid weight ratio in the range between about 5 to 20 is

15  maintained, thereby eliminating the need for switch condensers. In this way the
more volatile by-products are taken overhead from the separation vessel as a
vapor, while phthalic anhydride is taken out as bottoms without the formation of a
solid phase during the separation.

20
BACKGROUND OF TIIE INVENTION
Phthalic anhydride is an important commercial chemical useful in the
manufacture of plasticizers, polyesters, alkyd resins and dyes.
25 Phthalic anhydride is typically produced from raw materials such as

orthoxylene (o-xylene), petroleumn naphthalene, and coal-tar naphthalene, Various
well known processes are currently being used in the production of phthalic
anhydride, i.e., (1) air oxidation of o-xylene in fixed-bed reactors, (2) air oxidation
of petroleum or coal tar naphthalene in fixed-bed reactors, (3) fluid bed oxidation

30  of o-xylene, (4) fluid bed oxidation of petroleum or coal tar naphthalene, and (5)
liquid phase oxidation of o-xylene or naphthalene.

U.S. Patent No. 5,214,157 (Healy et al.), which issued on May 25, 1993, is
incorporated herein by reference and generally disclos=s the formation of phthalic
35  anhydride via the vapor phase oxidation of o-xylent . accordance with the
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desublime the vapor phase oxidation product using the cold condenser oil, and then

20  melt off the solid phase crude phthalic anhydride product using a hot condenser oil
heated with steam. |

A substantial amount of impurities exit switch condensers as part of the
vapor stream, whereas the crude phthalic anhydride product is plated out on the
25  heat exchange tubes as a solid during the cooling step and exits the switch
condensers at the bottom as a liquid during the melting step. The vﬁpor gases from
the switch condensers are sent to waste gas incinerators where the by-products are
destroyed by oxidation to carbon dioxide and water. |

30 Unfortunately, switch condensers contribute to a significant portion of the
capital and operating costs of a phthalic anhydride plant. Also, switch condensers
operate in a batch mode on 3-6 hours cycles to desublime solid phthalic anhydride
on the heat exchange tubes. Another problem associated with switch condensers is
that they necessitate frequent maintenance which requires that designated switch
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higher recovery of the phthalic anhydride from the vapor phase oxidation product;

15 (4) an economic advantage which increases with higher concentrations of organics
in the vapor phase oxidation product; (5) provides concentrated liquid maleic
anhydride, citraconic anhydride and benzoic acid by-product streams which could
be upgraded for commercial sale; and (6) benefits the environment since the waste
gas contains less by-products and less phthalic anhydride.

20

Others have attempted to recover liquid phthalic anhydride from the

reaction gases of the catalytic oxidation of o-xylene and/or naphthalene without the
formation of a solid phase by absorption, wherein the reaction gases are contacted
with an organic absorbent (i.e., a mass separating agent) such that the gus is

25  absorbed in the absorbent.

Absorption is described in Perry’s Chemical Engineerings’ Handbook Sixth
Edition, McGraw-Hill Book Company, pp. 13-9 and 18-3. Perry describes
absorption as “the transfer of a soluble component in a gas-phase mixture into a
30 liquid absorbent whose volatility is low under process conditions”.

Absorption processes operate on the theory that by introducing either fresh
or recycled mass separating agents or absorbents at the top of the absorption zone
the absorbents will contact the upflowing reaction gases, wherein the absorbents
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hen I oaded vi t h PRECqRErong! absorption methpd ipvolves the washing UL o or bent
zone as a | i dissolvingef phthalic anhydride and maleic anhydride from a reaction gas stream
15 by contacting the gas strean with either a dibutyl phthlate or dipropyl phthalate
absorbent. This method is disai_ivamageous since the absorbent or mass separating
agent must be successively subjected to distillation, cfystallization, and purification
before it can be returned for further absorption. Moreover, the absorbent
contaminates the resulfing phthalic anhydride requiring additional downstream

20 separation.

Still others have used tetradecane, petadecane and hydrocarbons primarily
consisting of Ca to Caq paratlins as mass separating agerits (i.e. absorbents).
These too introduce outside impurities into the crude phthalic anhydride product. -

25 -

U.S. Patent No. 4,285,871 (Keunecke et al.), which issued on August 25,
1981, discloses a process for the continuous separation of phthalic anhydride from
the reaction gas of the catalytic oxidation of o-xylene and/or naphthalene wherein
the reaction gas is treated with a maleic anhydride-based absorbent (i.e., mass

30  separating agent) containihg from O to 85% by weight phthalic anhydride. Due to
the larger pumparound rates required to removed heat from the gas, the material
balance of the overall system according to Keunecke ‘871 suggests that the
concentration of phthalic anhydride which exits the absorber vessel is essentially
the same as that contained in the malcic anhydride-bascd absorbent. As such, the

35 phthalic anhydride concentration discharged from the bottom of the absorber
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20 quantmes of both a benzoic acid and/or maleic anhydride absorbent.

Because of the recycling of liquid phthalic anhydride with the absorbent,
neither Keunecke ‘870 nor Keunccke 871 are able o attain a high weight percent
of phthalic anhydride concentration in the bottoms stream taken from the absorbent

25 vessel as does the rectification method according to the present invention. This is
due to the fact that the absorbent process requires the recycling of substantial
amounts of a mixture of liquid maleic and phthalic anhydride (i.e., the absorbent)
which acts to absorb the upflowing phthalic anhydride and maleic anhydride gases
and take them out as bottoms liquids together with the recycled absorbent.

30

A fundamental disadvantage of the above described absorption processes is
they require rather expensive absorbent recovery and recycle systems in order to
maintain the maleic anhydride material balance, within acceptable process |
conditions such that the amount of these by-products leaving the overall phthalic

35  anhydride recovery system is not greater than the amount of these by-products
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25 The present inventors have discovered that it is more economical and much

more efficient to treat the vapor phase oxidation reaction gases by rectification,
whereby a liquid phthalic anhydride product having a phthalic anhydride
concentration of between about 50 ta 100 wt.%, more preferably 90 to 100 wt.%,
is recovered as bottoms and the maleic anhydride and other light by-products are
30 taken out as vapor overhead. Moreover, the separationi methods of the present

invention maintain the maleic anhydﬁde material balance and do not require the use
of an expensive ﬁbsorbent recovery system as required in the absorbent systems of
Keunecke ‘870 and ‘871, and also avoids the need to recycle a substantial portion
of the phthalic anhydride bottoms stream back into the absorbent zone for the

'35 purpose of assisting in the absorption of upflowing gases (except for temperature
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The substantial technical differences between dsing absorption versus

20 rectification for separating out phthalic anhydride from a vapor phase oxidation gas
product without the formation of an intermediate solid phase can be understood by
comparing the vapor to liquid weight ratios (V/L) in the absorbent tower against
the V/L for the rectification tower. For example, the V/L for the absorbent tower
of Keunecke ‘871, as calculated from the example provided therein is 0.3 to 0.7.

25 The rectification tower of the present invention exhibits a V/L ratio of between 5
to 20, more preferably 8 to 15. That is, due to the substantial pumparound or
recycling of the bottoms stream which is required in any absorbent case, its V/L
ratio is only a fraction of that which occurs during rectification. The low V/L ratio
in the absorbent case of Keunecke ‘871 clearly demonstrates that due to these high

30 pumparound rates the absorbent fower is not providing any noticeable degree of
separation of liquid phthalic anhydride from a vapor phase maleic anhydride, such
as that recited in the present invention.

Therefore, the present inventors have developed a unique process wherein
35  crude liquid phthalic anhydride having a phthalic anhydride concentration in the
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' The present invention accomplishes this material balance by partially

condensing and refluxing a condensed liquid by-products stream of primarily

20  maleic anhydride, benzoic acid and citraconic anhydride at a temperature sufficient
to avoid solidification of the condensate and/or the condensing of a separate water
phase. Moreover, the vzipor phase oxidation product is cooled directly in the
present invention. In Keunecke ‘870 and ‘871, the heat is removed indirectly by
cooling the recycle absorbent streams. This indirect cooling method has the

25 disadvantage of requiriﬁg large liquid pumparound rates.

SUMMARY OF TIIE INVENTION
A process for recovering phthalic anhydride as a liquid from a vapor phase
30 oxidation product which comprises mixing the vapor phase oxidation product
" having a temperature of about 130°C (266°F) or greater with a mixed stream

comprising maleic anhydride and/or at least one compound selected from the group

consisting of: phthalic anhydride, citraconic anhydride'an.d benzoic acid in a

contacting means, i.e., a rcctification tower, such that a substantial portion of the
35  phthalic anhydride contained within the vapor phase oxidation product transfers
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The substantial technical differences between using absorption versus 20
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mal ei ¢ anhydr i dstreasiich as that recited in the present invention.

Therefore, the present inventors have devel oped a uni que process wherein
35 crude liquid phthalic anhydride having a phthalic anhydride
concentration in theThe mixed gweansjspreferably a by-product stream which results from theg

PCT/ US95/ 05891 separation of vapof hH3€ bhrARICHaRsn i liduid plfle phtndficahyditdd aken as

bottons froma recgtification tower, thereb ermtting operation at
the higher end RfPO¥Fe Morepver, the bypinfluctssiream must haye,a frepzing poigtwhighife whi ch
requi res subst dlowenthay thefeeezimg|peint ofipimgchhtinkiic amttydvide yh order to effebtivaly t he
crude liquid p | :ﬁlf&%ﬁ | ' ' i | an 5
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pr oduct . mixed stream typically eatapyises abaw 81t 28 male Sophthalisanhydridenabowt & ni ng

the mal gi c Bn hmdrsio_dﬂole % benzoic a_&ici}lt @tﬁi@b to@oansie %0 titlabeni@Xi@iyatide, rag& aﬁ&_&y
?)rlztegimngypgiom ;‘{HDS‘?I Iibgfqt‘é]gldﬁlﬁ‘g'éi“ W'ﬁ%‘g@ﬁi ng a condgg?{;gs' v (i(r)]S ggr t |t oﬁl {)f t he
overhead fromthe rectifier. The material bal ancing afforded by the
A preferred embodiment according to the present invention involves a
process for recovering phthalic anhydride as a liquid from a vapor phase oxidation
20  product which comprises: (a) cooling the vapor phasé oxidation product to a
temperature of about 130°C or greater: and (b) delivering the vapor phase
oxidation product to a contacting or rectification means which is capable of
causing the vapor phase oxidation product to come into contact with at least one
by-product stream having a (reezing point which is lower than the freezing point of
25  pure phthalic anhydride such that a substantial portion of the phthalic anhydride
contained within the vapor phase oxidation product transfers from the vapor phase
to a liquid phase and the by-products contained in the by-products stream which
are more volatile than phthalic anhydride transfer from the liquid phase to the
vapor phase and so that a vapor-to-liquid weight ratio in the range between about
30 5 to 20 is maintained, thereby forming a liquid phase phthalic anhydride product
having a phthalic anhydride concentration in the range between about 50-100 wt.%
phthalic anhydride, and a first vapor stream comprising off-gases, maleic anhydride
and other by-products. The rectification means also separates the liquid phase
phthalic anhydride product from the first vapor stream. This process may,
35  optionally, include an external means for cooling the first vapor stream to a
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Optionally, at least a small portion (i.e., 0-10%) of the liquid phasé phthalic

anhydride product of step (b) is recycled to the rectification means for composition
20  and freezing point control.

The rectification means according to this embodiment may, optionally,
include an internal cooling and separating step disposed at the upper section
thereof, wherein the first vapor stream is cooled to a temperature in the range

25  between about 25°C to 80°C (77-176°F) at or near the upper section of the
contacting means, thereby forming a first by-product stream and a second vapor
stream; separating the first by-product stream from the second vapor stream; and
condensing or returning at least a portion of the first by-product stream to the

~ intermediate and/or lower sections of the rectification means.

30 .

The process for separating phthalic anhydride froma vapor phase oxidation
product may also include a by-product (e.g., maleic anhydride) fecovery step
which includes the following steps: mixing the second vapor stream with an
absorbent to form an absorbent containing by-product stream; separating the

35  absorbent containing by-product stream into a desorbed by-product stream and a
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first vapor 26t " E4Enhl coolmg and separating devices for recycling refluxed by-products back to
the rectification tower;

Fig. 2 is a schematic diagram of the phthalic anhydride recovery process in
accordance with another embodiment of the present invention wherein an
25 integrated contactor/condenser rectification tower inciudes an internal reflux
section for recycling refluxed by-products back to the rectification section;

Fig. 3 is a schematic representation of a maleic anhydride recovery system
which can be attached to receive the cooled and separated vapor overhead from
30  the processing scheme shown in either Fig. 1 or 2; and -

Fig. 4 is a grapi comparing the freezing point of phthalic anhydride/maleic
anhydride binary mixtures with that of typical operating conditions for the phthalic
anhydride recovery processes shown in Fig. 1 and 2.

35
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20 The preferred embodiment according to the present invention involves the
configurations depicted in Figs. |1 and 2. These figures pertain to the use of a
contacting or packed tower having either an internal or external
cooling/condensing system. Fig. 3 depicts the unique process that can be used to
recover maleic anhydride from the vapor phase overheads taken from the processes

25  described in Figs. 1 and 2.

Fig. 1 describes a process for recovering phthalic anhydride as a liquid from

a vapor phase oxidation product. The vapor phase oxidation product of o-xylene,
naphthalene, and/or any other material capable of being catalytically converted to

30 phthalic anhydride is passed via conduit 6 through heat exchangers 2 and 4 wherein
the vapor phase oxidation product is cooled to a temperature of about 130°C
(266°F) or greater, preferable in the range between about 130°C to 177°C.
Temperatures higher than 130°C are less desirable because the additional heat is
rejected to cooling water and greater rectifier condenser surface area is required.

35  The cooled vapor phase oxidation product is delivered from conduit 6, following
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by- products back to the rectification tower;

15 It should be kept in mind that despite operating below the freezing point of
phthalic anhydride there is no formation of a solid phase anywhere within rectifier
tower 401 due to the choice of operating conditions.

The liquid phase phthalic anhydride product is removed from rectifier
20 tower 401 as bottoms via conduit 403, while the first vapor stream is removed
from rectifier tower 401 as overhead via conduit 405. Rectifier tower 401 has an
upper section 407, an intermediate section 409 and a lower section 411.

The first vapor stream which is taken as overhead from rectifier tower 401
25 has a temperature in the range between about 115 to 135°C (239-275°F) at a
pressure in the range between about 0.10 to 0.14 MPa (14.7-20 psia).

The first vapor stream taken overhead via conduit 405 is passed through a

heat exchanger or low pressure drop gas cooler 413 where it is cooled to a

30 temperature in the range between about 25°C to 80°C (77-176°F), thereby forming
a first by-product stream and a second vapor stream. This mixed phase stream is
then delivered to a vapor/liquid disengaging drum 415 (with or without a de-
entrainment screen) wherein the first by-product stream is separated from the
second vapor stream. The second vapor stream is then taken out overhead via

35  conduit 417 for either maleic recovery (for sales) a&ording to Fig. 3 or disposal
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reesing pont of Db itk Brask Phsc b roduct hich s erporeg foms)

Convent i onal sestifieritowenaschottoms pogferablychap g cerpentratipn é’emra pﬁlaﬁleQu dati on

product bel owgk A hydr| de
on t he %Z‘A‘%’%‘i@f{“‘%&e‘ﬁﬁ%lﬁ:‘;ﬁ°ﬂﬁbg§cﬂ ANGR Prireially efwet

Accor di ngl€ o bt 85-998wt.Yen plthalican formation of crude Iiquid pht haI ic

The liquid phase phthalic anhydride product passes via conduit 403,
optionally, into at least one decomposer 421 which operates under a slight vacuum
(about 700 mm Hg absolute) and high temperatures (e.g., 260°C (500°F) to

15  convert the small amount of phthalic acid that is present to phthalic anhydride.
Thereafter, the liquid phase phthalic anhydride product is pumped from
decomposer 421 to a light ends column or fractionation column 423 wherein a

- second by-product stream comprising low-boiling by-products, e.g., maleic
‘anhydride, citraconic anhydride and benzoic acid, along with a small amount of

20 phthalic anhydride are removed at the top of fractionation column 423, cooled via
heat exchanger 433, and at least a part of this stream is optionally returned to
rectifier tower 401 as a second by-product stream via conduits 424 and 435 with
the remainder of the stream bemg, purged via conduit 428 from the system to
remove benzoic acid. Crude phthalic anhydride is taken as bottoms from

25 fractionation column 423 and is optionally fed via conduit 425 to a second
fractionation column 427 wherein substantially pure phthalic anhydride is removed
from the top of fractionation column 427 via conduit 429, while heavy products
are removed from the bottom via conduit 431.

30 ' Optionally, a small portion (i.e., 0-10%) of the liquid phase phthalic
anhydride product removed as bottoms from rectifier tower 401 via conduit 403 is
recycled via conduit 435 to rectifier tower 401 for temperature and concentration
control in the tower.



anhydri de product wi thout the presence of an internediate solid phase

pht hal i c woos31#ydride is acconplished by contacting the _y ase
oXi dation preduct with recycl ed by-products which ha éﬁﬂg{?@ﬁ 1
freezing points than pure phthalic 15 %nhydri de, whereby the operating
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greater, prefera L .err] C
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oxi dati on productfrg s.deli er?d from c%]ndw fe 6, f%l kn%vm 09600 i WD 95/,31427
PCT/ USO5/ 05891  [irst Vapor phase stream passes rough liquid redistributor-509 into uppsr section
cooling to a l6em303.aWhile imuppepsestion!383, the fiest vamo|streah @3 cdoled wa todlingreoils

contacti ng 511EGH fenfifetatiiteify fhel ringebtaRbén zﬁ%uf:ﬂﬁ“@ t%ﬁsobbeth\é?e‘wggr?@‘?%ﬁ uct

oxi dati on product, to co I nto COJT[ act wth at |east one )
stream havi ng a ;flf'%gz-l ushstrgamgiidca secand vapor stream. The first by-product stream is

returned or recycled to the liquid redistributor and thereafter flows downwardly
into intermediate section 505 so as to come into contact with upflowing vapor
20 phase oxidation product, as discussed above. The second vapor stream passes
through a vapor/liquid disengaging section disposed at the top of upper section
503. The disengaging section may optionally include a de-entrainment screen 513
wherein any residual liquid phase [irst by-product stream is separated from the
- second vapor stream before the second vapor stream is taken overhead via conduit
25 515 for either maleic recovery (for sales) as shown in Fig. 3 and/or incineration.

The liquid phase containing phthalic anhydride passes through integrated
rectifier unit 501 in a downward direction until it reaches lower section 507 where
it is removed from integrated rectifier unit 501 as bottoms via conduit 403. The

30 liquid phase phthalic anhydride product is then finished in decomposer 421,
fractionation tower 423 and fractionation tower 427 as described above.

_Overall recovery of the phthalic anhydride from the reactor effluent gas
(i.e., vapor phase oxidation product) is approximately 99.7% for both processes
35  described in Figs. 1 and 2.
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The |iquid ph%%?’&}%ﬂ%%c ﬁ&t‘%ﬁé@t jRERG6r b éeﬁﬁyﬁqneffmaﬁ;@és{ér; 20
tower 401 as % ' %ono!ui- - 3’ I'Te P@é-'first vapor-streamis
renoved mixtursrfrom yesseli 72ris thenppssad to & Sashunit 76, (The;residuah yapar 1105
Cect i on' 400 aSReANd MEetlia condui RO ifchEriOr (odPshonty Thb Haslhend
_ i : . P r.st, vapor stream

which is t@kefasiuni i totanng g‘ﬁf‘”?&??"f‘?‘%‘F‘ctaﬂmndﬁdﬁsepfgﬁd "JFPAEE*E els&'?‘per ature
in the raﬂget Eﬁtdm Bticthia Ytactidriatibn cdlamnar t¢ver( 806 OF 1Y Mjntmizps-the amoant of ‘
pressure in ange | &9 .
The first vap8%{5@:}@%%?%%@%&%@ﬁ&gﬁd%?&@oﬁg ;f??ég%gﬁ%éi%%%éﬁﬁﬁough a
ggat exchangeVigually all, of theester eempinipg Hithe FsoV e _M?"WH@V@‘ }ISTEMR¥SYl ed to a

t enper at Ui pufigd dikain®20 Esbe inaycie fioetim 26 vould]be purgddQisarhehd along
(77-176[erp] F)...ther . form . | -
second vab%r i"?"’éﬁ?ﬁﬁ%f"s&“pﬂ{g@ r%sr%ug éu%ét%? eéfﬁﬂ’%fwmﬁa m@%eeﬁgégﬁn\}grg gdat 0 a
vapor /| i qui d visiluedordisppsalr (e dewries aster ifcogledtia beat gxelanger 90, and ent r aj nnent
screen) V\here}%?,&lg@tg {Phéﬁgsmgdpwq“%ngﬁi{wm is separated fromthe

stream e

second vapor _ econd vapor streamis then taken out overhead via
35 conduit 417 for either maleic recovery (for sales) according to Fig. 3 '
or di sposal The maleic anhydride recovered from the absorption step in fractionation

20  column 80 is sent to fractionation column 52 optionally along with overhead

stream 428 from fractionation column 423. F ractionation column 52 has three
. product streams, i.e., bottoms, overhead and a recycle side stream. The bottoms

are taken out via conduit 82 and primarily include benzoic acid and any heavier
components not rejected from fractionation column 50. 'Unlike other fecovery

25  systems, essentially all of the benzoic acid in the reactor effluent gas may be
recovered and concentrated in purge stream 82. By adjusting the amount of
benzoic acid purged, the benzoic acid content in recycle stream 56 and 424 can be
controlled to optimum levels. Although not identified, trace components in this
bottoms stream have been shown to cause color problems if not removed from the

30 final purge stream. Essentially all of the esfer that goes overhead in column 80 is
rejected to this purge stream. The side stream 56 is an impure maleic anhydride
recycle stream (i.e., a by-product stream) which contains no significant amounts of
phthalic anhydride. Overhead 84 is a higher purity maleic anhydride stream
suitable for upgrading for commercial sale.

35
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pht hal i ¢ anhydride are renoved at the top of fractionation colum 423,

cool ed via r ngﬁ&&&%@@&g% alohiol s?&ﬁs%x&l%oﬂoﬂ%ﬁm@?e Congél stream

is optionally ret ect as a
by- product str &9 alse%%m#l%es"mm{] ‘Wg"t“#\e recovery sectinp. Agilgohalr of

the stream bel wehighLis gqsiblel of forainl il nﬁﬁﬂeﬁtmmsﬁtbe‘m friafeid rophthalic renove
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renoved of MaRiB drhgdriRP ©of fractionation colum 427 via conduit 429,
whi | e heavy products are renmoved fromthe bottomvia conduit 431.
30 q)tlonally, a small portion (i.e., 0-10% of the liquid phase
pht hal i c [ﬁgjﬁlzﬁlegfupﬁdumbaﬁ:@mdﬁdeﬂﬁg peihts Cdfzyhﬂihﬁﬂhrﬂ@ﬁﬁﬁé/hﬂfeld ower

461 Vo £35S pmomsumed SANGHE4rtad Sty biha " €T 0ne"
processes shown in Figs. 1 and 2. This ﬁgure 4 illustrates how the tower and

condenser compositions can be controlled to ensure that the freezing point of the
liquids are always below the operating temperatures.

25 This unique process may also be extended to recover other anhydrides and
acids such as maleic anhydride, trimellitic anhydride, pyromellitic anhydride,
benzoic acid etc. from vapor phase oxidation products without the formation of a

solid phase intermediate.

30
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de-entrai nnent _screen. r | i quid phase first

by- pr oduct strE%FW@@B&#ﬁ%%W@%“‘wldoeﬁ%nd vapor ‘stream before

the secondl¥apor streamis taken overhead via conduit: 25 515 for either
mal ei ¢ recovery (foj sal $fgpdtess A0YIdinG t& idlim P wHakiPLaid Pirhilf ) dilte

concentration is in the range between about 90-100 wt.%.

3. The process according to claim 2 wherein said phthalic anhydride
20  concentration is in the range between about 95 to 99.8 wt.%.

25
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The fiqufd phase containi ng phthalic anhydride passes through integrated
rectifier %bt%ggf"z in a dowmnward direction until it reaches | ower section
5Q07 where t is removed fromintegrated rectifier uni PCHE$95405891

bottons via conduit 4 i d pfugse phthal i ¢ anhydride product
Is then finished in dggmﬂ @H}I“ﬁw}!“ml actionation tower 423 and
fractionation tower 4 esor | bed*above. Overal |
recovery of the phthalic anhydride fromthe reactor effluent gas
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uni que mal ei c angyggdug@wo@c&p@é%e,p&g@ess depicted in Fi g 3,
wherein the second vapor p treamis [

gasse vi a, condui t 417 to
m xi ng vessel 72 where it co ?IEYEFB%ISW ‘H"Hi}’ﬂ@?ﬁ ‘H%P‘&dé"’t@ra any ot her
ester having a siothetinglndahs Wwhichds cipablélo€ casingrsaidvapotyshaspexidatiompretict 70%

f th h Th
(r)ral te| g anhydr i dg?tl :%n?e ﬁPJ‘é’oanc?%WL[k mﬂl‘ﬁ‘r g’ﬁﬁeél}scé eéﬂ] ?ﬁﬁgﬁegﬂ’i%sﬁ%l t[oea
flash unit 76. Tmdichdslomenthanshsfiedzing point of PU@G#MPGMMG seghthat & conduit
78 to an inciner e&vafanﬁﬂ%n?dwme HhAlid dnﬁyklxiilefdbﬂtﬂned wifhin §dxd’>‘§§:d:‘ ?h&sem

cont ai ni ng the absgrbed el c e 1s separated ffomth ter

via distillat? on°¥lﬂa‘F‘?“a§HP e drep FFS%BWJ&\? v@por t°8’o"‘l Phase2R; Asybstantinle
amount  of pomhefthemytﬂiadweédimdemltﬁwy MelrstrdamSiHicibdte didte

Fomai ning’ i n"t e 8 YR ERERF Bphydide anstelsfort e i flonaSe 10 B8 vERhgee
stream 82. Est er andwheseip@ vaper-taetiguideigbtiratiotie theuragsdbetwees about/§ taRdisg

15 with the phémxteavaﬂmvmd &ﬂm{dﬁﬁ %&ns@ﬁ&i fifling h%umiﬂaﬂb phthdiease the
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about 50 to 100 wt.%, and a first vapor stream,; said contacting means is also
capable of separating said liquid phase phthalic anhydride product from said first
vapor stream.

20 5. The process according to claim 4 wherein said phthalic anhydride
concentration is in the range between about 90-100 wt.%.

6. The process according to claim 5 wherein said phthalic anhydride

concentration is in the range between about 95 to 99.8 wt.%
25

7. The process according to claim 4 wherein said contacting means is
a low pressure drop counter-current gas/liquid contactor.

8. The process according to claim 7 wherein said low pressure drop

30 counter-current gas/liquid contactor comprises between about 2 to 10 equilibrium
stages.

35



recycled to mixing vessel 72 via conduit 74. The mal eic
anhydr i dﬁ’ recovered fromthe absorption step in fractionation 20 colum
80 is seNP%B4¥ sctionation col umm 52 optional |l y al ong wiRGITO85/05894( .
stream 428 fromfr ' ta) I 423. Fractionation colum 52 has three
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columm 50. Unli ke @t herrecoyer .2 S essenti.al Ly all of the
benzoi ¢ acid in th reaﬁeo?rg‘é?s?%(ﬁcé’ﬁ?{" .é%aﬁjgigﬁﬁer Somprising {6 st5P8 At o
concentrated in purge sfo)eantesRyvingaiddiquisiphase phthalisraphydridefproduct from benzoi c

aci d purged, gahwcmg?ﬁ,egﬁggbggaﬁﬁ;nt In recycle stream 56 and 424 can be
controlled to optinumTgyels. Alitngggiﬂt}gnot i dentifjed, trace conmponents in

this bott oms st{%am KEPE Hofpor ream feom sid spntacting meansi f not

removed from aswmverhea®0 final purge stream Essentially all of the ester

t hat goes overhead in cglum | Sa: r£l | S .purge stream
The side stream 56 is a@.i npcl??’e“‘#rgﬂ“‘ef“&s‘_‘é%ﬁ%ﬁ‘g%g‘é'gpemi”&c‘&h%ag&? eam
(i.e., a by- pbetweenabout 2306)to\39°CHhershy Kirmingafisst byrprdduststreammndtas of |

phthal i ¢ anhygieostvapel strdaiad 84 is a higher purity maleic anhydride stream

sui tabl e for upgrading (for commer.ci al isal e. 35 WO 95/ 31427
PCT/ US95/ 05891 f) separating said first by_-product stream from said secong

The si destor eavapof stoeaimyamd 52 is preferably recycled via line 56 to the top
section of colum 401 /or,. el | ti onal | be recovere
relJRlih 1 K BhiL Gidhhg B Bl v (

for sal es and/or*furt, I I on. eic
anhydri de r ecié¢8pgersedtionsf stid sentpgting aesds.e i s uni que since only a

portion of the naleic anhydride is recovered requiring only one contacting
stage conpared to | tial e stages . .ip ofher. sorption processes. This
process al so fB.'Jt ak PJB?F&%?“&@@'&S {c’t‘ﬁﬂmfa%?ge‘gﬂkﬁmdtﬁét DYHPIOANSte anhydri de
and ot her 15heasiteam compeises about 55 to 90 mole % maleic anhydride, about 0 to 20 mole %
' citraconic anhydride, about 0 to 25 mole % phthalic anhydride, and about 0 to 35
mole % benzoic acid.

11.  The process according to claim 9 wherein said first vapor stream
20 which is taken as overhead from said contacting means has a temperature in the
range between about 115 to 135°C at a pressure in the range between about 0.10
to 0.14 MPa. '

12.  The process according to claim 9 further comprising the step of
25  separating said liquid phase phthalic anhydride product into a crude phthalic
anhydride stream and a second by-product stream.

13. The process according to claim 12 further comprising the steps of
cooling said second by-product stream to a temperature in the range between
30 . about 40°C to 120°C; and recycling at least a portion of said second by-product
stream to said contacting means.
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recover other anhydri such as m
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10 thereby forming a first by-product stream and a second vapor stream;
(d)  separating said first by-product stream from said second
vapor stream in said upper section; and
{¢) transferring the first by-product stream to the top of said
contacting means;
15 ® removing said liquid phase phthalic anhydride product from
said contacting means as bottoms; and
(8) removing said second vapor stream from said contacting

means as overhead.

20 16.  The process according to claim 4 wherein said vapor phase
oxidation product in step (a) is cooled to a temperature in the range between about
130°C to 177°C.

17.  The process according to claim 9 further comprises mixing said
25  second vapor phase stream with an absorbent, thereby forming a maleic
anhydride/absorbent stream; and desorbing said maleic anhydride/absorbent stream
to form an enriched maleic anhydride stream and a éo’ncentr_ated absorbent stream,
recycling at least a portion of said enriched maleic anhydride stream to steps (e),

(H) or (g).
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WHAT IS CLAIMED | S 1. A process for recovering ph_t hal'i c ‘
anhydride as a liquid froma vapor ~ phase oxidation product which
conpr i seWO09531429 ' i dation - pr odupdTriswéioRgh) 2

tenperature of abo Cor reater with a first stream 5
conprising nmaleic
group cons

a3t one conpound sel ected fromthe
onlc anhydri de, benzoic acid and .
pht hal i.c anhydride in a . cont acting neans such that a sgbst anti aIh :
portion of the phtgalic n n i.n sai d vapor phase’
oxi dati on product trans gﬁog? vemgﬁxc’ﬂlgga&%dngeBﬁﬁé@“'a&ro&‘?‘lEﬂf{‘)'d phase
and a subst arkliass O’ﬂmmﬁodﬂﬂ Nh@hmmpnmumms@&dtvapq:m“moxxdattbn said first
st ream whi ch prb@udtwith réstioh lbbfbrédlx%& aﬂb%ﬁiabﬁn@«ﬂ%%h&lﬂh&f 285, bt ifir om the

1 8 PSS Lo s S i o Bt .

contacti nd naanductmansfers;ﬁom the vaporfphass tog lquid mdammeymaaﬁs c anhydri de
AL e range

Detvean apour oRRilts 8 i paBASH B-hucts which aré ARGFUILAL MR il 0 L2007 i

to clai m1 whehndedeansfenftomahe liquid phase tejthe vapor phaseand-whereiata vapoi-s i n t he

‘range bet weenodignid wéight ¥affo itfthérange between about 5 to 20is exhibit28 vAfIRT &

t I 2 Wwh in,said. anh concentration is
Braits Pgngi Onfaskng megs, feghy 4 pae maieic ihydride product hyging

a maleic anhydride concentration in the range between about 50-100 wt. %

19. A process for recovering trimellitic anhydride as a liquid from a | ‘ '
- vapor phase oxidation product which comprises mixing said vapor phase oxidation |
product with reaction by-products in a contacting means such that a substantial
15  portion of the trimellitic anhydride contained within said vapor phase oxidation
product transfers from the vapor phase to a liquid phese_and the by-products
contained in said reaction by-products which are more volatile than trimellitic
anhydride transfer from the liquid phase to the vapor phase and wherein a vapor-
to-liquid Weight ratio in the range between about 5 to 20 is exhibited within said
20 contacting means, thereby forming a liquid phase trimellitic anhydride product
having a trimellitic anhydride concentration in the range between about 50-100
wt.%.

20. A process for recovering pyromellitic dianhydride as a liquid from a
25  vapor phase oxidation product which comprises mixing said vapor phase oxidation
product with reaction by-products in a contacting means such that a substantial
portion of the pyromellitic dianhydride contained within said vapor phase oxidation
product transfers from the vapor phase to a liquid phase and the by-products
contained in said reaction by-products which are more volatile than pyromellitic
30  dianhydride transfer from the liquid phase to the vapor phase and wherein a vapor-
~ to-liquid weight ratio in the range between about 5 to 20 is exhibited within said
) contacting means, thereby forming a liquid phase pyromellitic dianhydride product
having a pyromellitic dianhydride concentration in the range between about 50-100
wt.%.
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PCT/ US95/ 05891 o 4, A process for recovering phthalic
anhydride a¥ %% 4di d froma vapor— "  phase oxidation pPETUSISsIICH
conpri ses: |ng sai d vapor phase oxidation
prouct o a termer a HHID Y7 2acler ) o “or el ane™ 8
(b) delivering sai ct to a contacting

means which is capable of causing said vapor phase oxi dation product
to cone into contact th at | east one hy-product streamhaving a freezing
2 Jor meoveribe Demrgicasic,

poi nt whi ch &+ | ofkPropess fon feeovering benzoicasid s afiquid, fremavaper ¢
anhydri de such tphase oxidation produstubisitinoompdisep atiting said Vapgdr@hpdet ddéddtionanhydr i de
cont ai ned wi t hi (R rs.from

t he vapor phaseq’t %cﬂfagw}fgg&én&ﬂggroduéﬂ Y 93%&?& iﬂ% %%99&{;% thét ag@?’%tgﬂn%f t he
by- products contPartipacfithe hqﬂé‘”ﬁ)?‘“ g configined sithimseidwapen phase omguon product

vol atile thas phiahshdsGrodihe Vapstephhservosd lﬁfuuf plsuse hftBthel Lprédm&ﬁn& dtlHe

vapor phase ere or t 0- rat.i o i range
befvveeﬁ about SS?‘Sr%g -productsgé“ ’Pé‘t?fw’{;‘ﬁ ﬁ'@“&’l@“ﬁ%ﬁ?ggtt‘iaﬁ ﬁ‘ﬁ :
thereby form ngthe licjué;ljplusqatmahevmuﬂpbhsecandMerm hweparee-ljguatiweightvatio iy a
pht hal i c a”hyd”%er @%\8 benHbbBe’s g2 13%: éﬁi@ﬂ&?whﬁﬁl‘@ﬁﬁ%mactm Ehe15e to

100 wt. % and a or streany sai cont act mgﬁ
capabl e of sepaf@ming? iqHidiphase bwomprpﬁmdlamga DERic ard samamtmmm

said first 10 the nAgetienwéen@abbut 50-100wt.%. 5. The process according
to claim4 wherein said phthalic anhydride concentration is in the

range between about 90-100 wt. %
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6. The process according to claimb5 wherein said phthalic anhydride
concentration is in the range between about 95 to 99.8 wt. % 25
7 The pV8&3W2hccording to claim4 wherein said contact i Pg/HESSQ58% s
a |l ow pressure drop counter-current ggﬁ/liquid cont act or

m

8. The process according to cl ai rein said |l ow pressure drop 30
counter-current gas/liquid contactor conprises between about 2 to 10

equi librium st ages. 35 WO 95/ 31427

PCT/ US95/ 05891 9. The process according to claim4

further conprising the steps of:
| i qui d phase phthalic anhydride droduct from 413
as bottons; (d) renovi ng sai
fromsaid contacting neans gys_] as over head; (e)
cooling said first vapor streamtjo a tenperaturge_in F:

bet ween about 25[err]C to 80[err]|C, thereby forwYng _a t by- product
stream and a second vapor [stream ()
separating said first by-produc reanr!.:;p)m sai d-sqeore—% vapor stream

(c) removi ng said
ont acti ng neans
st vapper stream
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(9) recycling at least a portion of said first by-product streamto

t he upper section of said contacting neans. 10. The
process accWO@sA2To claim 9 wherein said first by-product HI/USs0sRN
conprises about 55 to 90 nole % nal ei ¢ anhydri de, about 0 to 20 nmole %
citraconi c anhydride, about 0 to 25 nnleZA?Mhthalic anhydri de, and about O
to 35 nol e % benzoi ¢ aci d. 11. The process
according-to claim9 wherein said first vapor stream 20 which is taken as
over head from said contacting nea 2 eTpeT atur e Tt range
bet ween about 115 to 135[err]C at |a pressure {ghe range between about
0.10 to 0. 14 MrPa. . 12. The process, according to
claim9 further conprisingmthe of 25 separating said |liquid phase
pht hal i ¢ anhydride product™i Nt de phthalic anhydri de stream

PR

further conprising the step of

recycling between about 0 to 10 w. %
of said liquid phase phthalic ag@8r

product of step (c) to said

and a second by-product stream 13. The process accordi ng

to claim 12 further conpreesi=fRg- te)s of cooling said second

by- product streamto a teﬂ?jgaﬁ , Pgrange bet ween 30 about

40[err]C to 120[err]C a [ C)cllng aj least a portion of said second

by- pr oduct stream 6Eucytbhﬂ%c i ng nmeans. WO 95/ 31427

PCT/ US95/ 05891 5 14.J The process according to claim9
de

contacting means, whereby said{N\ quf d phas¢ phthalic
501 ——
L~435
2 4
b
: 424 428
}507 i (
03— 433
r-423

(—421
429
—t - N

421

425~

FIG. 2 |
- | : 431:



anhydride product is only used for tenperature and conposition control.

5 15. The process according to claim4 further conprising
the fol |l owi W§95/31427 st eps: (c) c optTruspsmasd
first vapor streamto a tenperature in the range bet ween about
25[err]Cto 80[err]C in the upper sect§0ﬁ‘§f said contacting neans, 10
thereby formng a first by-product str nd a second vapor stream

(d) separating said first by-product streamfrom said second

vapor streamin said upper section; and (e)
transferring the first by-product streamto the top of said

contacti ng neans; 15 () renmoving said |liquid phase
pht hal i ¢ anhydri de product from said contacting neans as bottons;
and (9) removi ng said second vapor streamfrom said
contacting means -as over head. 20 16. The process
according to claim4 wherein said vapor phase oxi dation product in
step (a) is cooled to a tenperature in the range between about

130[err]Cto 177C 17. The process according to claim?9
further conprises mxing said .25 second vapor phase streamw th an
absorbent, thereby formng a maleic anhydri de/ absor bent stream and
desorbing said mal ei c anhydri de/ absorbent stream to forman enriched
mal ei ¢ anhydri de stream and a concentrat ed absorbent stream '
recycling at least a portion of said enriched nmal eic anhydride streamto
steps (e), (f) or (g). 30 35
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anhydri de we 5(3}4FEU| d froma vapor

conprises m xi ng said vapor phase oxi %a{e product with reaction
by-products in a contacting neans suc hat a substanti al portion of

t he mal ei ¢ anhydri de contained within gaid vapor phase oxidatign 5
product transfers frgmthe vapor phaseﬁo a liquid phase and e
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(54) TitleyfIQUID PHTHALIC ANHYDRIDE RECOVERY PROCESS
(57) Abstract

A process for recovering phthalic anhydride as a liquid from a vapor phase oxidation product which comprises mixing the vapor phase
oxidation product having a temperature in the range of about 130 °C or greater with a first stream comprising maleic anhydride and/or at
least one compound selected from the group consisting of: citraconic anhydride, benzoic acid and phthalic anhydride in a rectification tower
such that a substantial portion of the phthalic anhydride contained within the vapor phase oxidation product transfers from the vapor phase | °
to a liquid phase and the by-products contained in the first stream which are more volatile than phthalic anhydride transfer from the liquid
phase to the vapor phase and wherein a vapor-to-liquid weight ratio in the range between about 5 to 20 is exhibited within the rectification
tower, thereby forming a liquid phase phthalic anhydride product having a phthalic anhydride concentration in the range between about
30-100 wt.% , preferably 90-100 wt.%, without the formation of an intermediate solid phase,
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