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25 Furthermore, the catalyst can be irreversibly damaged above a
particular hot spot temperature.

The hot spot temperatures are usually in a temperature range from
400 to 500°C, in particular from 410 to 460°C. Hot spot

30 temperatures above 300°C lead to a severe decrease in the
achievable PA yield and in the operating life of the catalyst. On
the other‘hand, hot spot temperatures which are too low lead to
an excessively high content of under-oxidation products in the
phthalic anhydride (in particular phthalide), resulting in a

35 significant deterioration in the product gquality. The hot spot
temperature depends on the xylene locading of the air stream, on
the space velocity of the xylene/air mixture over the catalyst,
on the state of aging of the catalyst, on the heat transfer
conditions in the fixed-bed reactor (reactor tube, salt bath) and

40 on the salt bath temperature.

To reduce this hot spot, various measures have been proposed in,
for example, DE 25 46 268 A, EP 286 448 A, DE 29 4B 163 &, EP 163
231 A, DE 41 0% 387 A, WO 9B/37967 and DE 198 23 362 A. In

45 particular, as described in DE 40 13 051 A, a change has been
made to arranging catalysts of differing activity in zones in the
catalyst bed, with the less active catalyst generally being
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zone making up from 70 to 30% of the total length of the catalyst

25 bed. This is said to reduce the temperature of the hot spot.
However, it has been found that the yield of phthalic anhydride
even at the low o-xylene loadings in the starting gas mixture
(maximum 85 g/standard m?) employed in this publication leaves
something to be desired. A similar process is disclosed in DE 30

30 45 624 A. -

DE 198 23 262 describes a process for preparing phthalic
anhydride using at least three coated catalysts arranged one
above the other in zones, with the catalyst activity increasing

35 from zone to zone from the gas inlet end to the gas outlet end.
In this process, the difference in the hot spot temperature from
catalyst to catalyst is not more than 10°C.

It is an object of the present invention to provide a process for

40 preparing phthalic anhydride which gives high yields of phthalic
anhydride even at high o-xylene or naphthalene loadings and at
high space velocities.

We have found that this object is achieved by carrying out the
45 preparation of phthalic anhydride over two catalysts having

differing activities and arranged in zones and controlling the

process in such a way that the hot spot temperature in the
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Furthermore, the process is carried out so that the hot spot
25 temperature in the first catalyst zone is less than 470°C,
preferably less than 450°C.

The difference in the hot spot temperatures can be adjusted in
various ways. For example, it can be done by increasing the

30 admission pressure of the starting gas mixture by up to 10% or by
lowering the amount of air used for the oxidation by up to 20%.
However, the temperature difference is preferably controlled by
means of the bed length ratio of the two catalysts or by means of
the temperature of the heat transfer medium (hereinafter,

35 reference will always be made to the preferred heat transfer
medium, namely a salt bath), in particular when the two catalyst
zones are thermostated by means of different salt bath circuits.
The bed length of the first catalyst zone preferably makes up
more than 60%, in particular more than 70% and particularly

40 preferably more than 75%, of the total height of the catalyst bed
in the reactor tube. -

If the salt bath temperature is used for control, an increase in
the salt bath temperature leads to an increase in the hot spot

45 temperature in the first catalyst zone and to a decrease in the
second catalyst zone. For this reason, a slight increase or
decrease, e.g. by 1, 2 or 3°C, is generally sufficient to set the
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Supported oxidic catalysts are suitable as catalysts. In the
25 preparation of phthalic anhydride by gas-phase oxidation of
o-xylene or naphthalene, use is made of spherical, ring-shaped or
dish-shaped supports comprising a silicate, silicon carbide,
porcelain, aluminum oxide, magnesium oxide, tin dioxide, rutile,
aluminum silicate, magnesium silicate (steatite), zirconium
30 silicate or cerium silicate or mixtures thereof. Catalytically
active constituents are generally titanium dioxide, particularly
in the form of its anatase modification, together with vanadium
pentoxide. In addition, the catalytically active composition may
further comprise small amounts of many other oxidic compounds
35 which act as promoters to influence the activity and selectivity
of the catalyst, for example by reducing or increasing its
activity. Examples of such promoters are alkali metal oxides,
thallium(I) oxide, aluminum oxide, zirconium oxide, iron oxide,
nickel oxide, cobalt oxide, manganese oxide, tin oxide, silver
40 oxide, copper oxide, chromium oxide, molybdenum oxide, tungsten
oxide, iridium oxide, tantalum oxide, niobium oxfde, arsenic
oxide, antimony oxide, cerium oxide and phosphorus pentoxide. The
alkali metal oxides act, for example, as promoters which reduce
the activity and increase the selectivity, while oxidic
45 phosphorus compounds, in particular phosphorus pentoxide,
increase the activity of the catalyst but reduce its selectivity.
Catalysts which can be used are described, for example, in
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- for the first zone:

from 3 to 5% by weight of wvanadium pentoxide

from 0.1 to 1% by weight of an alkali metal oxide, e.qg.

25
cesium oxide
from 94 to 96.9% by weight of titanium dioxide
.30 - for the second zone:
from 6 to 9% by weight of vanadium pentoxide
from 0 to 0.3% by weight of an alkali metal oxide, e.q.
cesium oxide
from 0.05 to 0.4% by weight of phosphorus pentoxide
35 {calculated as P)
if desired, from 1 to 5% by weight of a further promoter, in
particular Sb;03
from 85.3 to 93.95% by weight of titanium dioxide
40

In general, the reaction is carried out in such a way that the
major part of the o-xylene and/or naphthalene present in the
reaction gas is reacted in the first reaction zone.

For the reaction, the catalysts are introduced into the tubes of
a shell-and-tube reactor so as to form adjacent zones. The
reaction gas is passed over the catalyst bed prepared in this way
at temperatures of generally from 300 to 450°C, preferably from

45
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and 15 parti cul.arl referably from80 to 120 of
ifigﬁgag g%dgf as down treamlélnls lg reactor¥ as described, fog

example, in DE 198 07 018 or DE 20 05 969 A, can be additionally
20 provided for the preparation of phthalic anhydride. As catalyst
for this finishing reactor, preference is given to using a
catalyst which is even more active than the catalyst of the
second zone. In particular, this catalyst has the following
composition:
25

from 6 to 9% by weight of vanadium pentoxide
from 1 to 5% by weight of an activity-increasing promoter, in
particular Sb,0;
from 0.1 to 0.5% by weight of phosphorus pentoxide
30 {calculated as P)
from 85.5 to 92.9% by weight of titanium dioxide.

The process of the present invention has the advantage that
phthalic anhydride can be prepared in high yield and with low

35 concentrations of by-products, in particular phthalide, even at
high loadings of o-xylene and/or naphthalene and at high space
velocities. Under the conditions of the process of the present
invention, the phthalide concentration is no higher than 0.1% by
weight, based on PA. The advantages of the process of the present

40 invention are particularly evident when the activity of the
catalyst system used decreases due to aging. Even after a long
period of operation, there is only an insignificant increase in
the hot spot in the second catalyst zone.

45 The temperature control used according to the present invention
can also be employed in the preparation of other products by
catalytic gas-phase oxidation, e.g. acrylic acid (from propene),



napht hal ene per standard nB of gas. |If desired, a downstream finishing
reactor, as described, for exanple, in DE 198 07 018 or DE 20 05 96p7pg%g%p
be additionally 20 provided for the preparation of phthalic anhydride.
catalyst for this finishing reactor,_preference is given to using a

catal yst which is even nore active t han t he catal yst of the second zone. In
parti cul amaleht sandmdaliiet (faemt¥rndegiel, obiihgne compesatieme) 25 from 6 to 9% by
vei ght of pyacaelilieigeanbydedé r oftdm TdQ_rEB{ieby W@Jz%gt: gEi@n from % b
activity- n 1 : cyl ar 1.0.0Q. 5% by

wei ght of %Eﬁ*éf‘%%%r g‘s?‘%é’?‘ggg%iﬁﬁé&sdo%ggr‘cﬁl’S’Eleejgéé Eg?‘?ﬂo‘gn‘%%%a?%ggz. 9% by
wei ght of ‘EF PR U FESR T dB T THe Thrlde 8T PEPPE IR -pPELBACTY hfe ACHOn (FE™ ¢ he
advant age 1EABEteHh ARPELRAGYERINRe (E4AmbRaphtdifdiead) i natt hyteapiisbdeand with

| ow 35 corn€eotrattioasect ) byaqryoldudtts i len( fecr iprdpane phdddl i de, even at high

| oadi ngs abtRacow 19 t2RULOF s AP NtdeBge pNd at high space velocities. Under
the conditions of the process of the present invention, the phthalide

concentratjon_is nq higher than Q.1% by weight, based on PA. The advant ages
of the per%s@P%ﬁOWFHE F%@E}ﬁs<ﬂ§%”ﬁ&éﬂ¥?0%P%u%§VﬁQF%?%LW%%”QVtevident when t he
activi ¢ sesthctiagt akgssceyest em used decreases due to aging. Even after a
|l ong period of operation, there is only an insignificant increase. in the
hot spot gpafdessecond catalyst zone. 45 The tenperature control used
according to the present invention can also be enployed in the preparation
of ot her ?roducts by catalytic %as-phase oxi dation, e.g. acrylic acid (from
propene), 11 Erqduetponopf the gatdlysipnddriddd (from benzene, butene or
but adi dAe), pyronellitic anhydride (from durene), benzoic acid (from
t ol uene) , casophdthal:ic acid (from mxylene), terephthalic acid (from
p- xyl ene), acrolein {frompropene), nethacrylic acid (from5 isobutene),
napht hoqui hone (from papht hal ene).. anthraqui none. f r.om ant hr acene),

28X > )l J; é’ﬁg) . The
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scope. 20 were heated to 160°C in a coating drum and sprayed with a
suspension comprising 28.6 kg of anatase having a BET surface
area of 20 m?/g, 2.19 kg of vanadyl oxalate, 0.176 kg of cesium
sulfate, 44.1 kg of water and 9.14 kg of formamide until the
weight of the applied layer was 10.5% of the total weight of the

25 finished catalyst (after calcination at 450°C).

The catalytically active composition applied in this way, i.e.

the catalyst shell, comprised 4.0% by weight of vanadium

(calculated as V;0s5), 0.4% by weight of cesium (calculated as Cs)
30 and 95.6% by weight of titanium dioxide.

Catalyst II

50 kg of steatite (magnesium silicate) rings having an external

35 diameter of 8 mm, a length of 6 mm and a wall thickness of 1.5 mm
were heated to 160°C in a coating drum and sprayed with a
suspension comprising 28.6 kg of anatase having a BET surface
area of 20 m?2/g, 4.11 kg of vanadyl oxalate, 1.03 kg of antimony
trioxide, 0.179 kg of ammonium dihydrogen phosphate, 0.045 kg of

40 cesium sulfate, 44.1 kg of water and 9.14 kg of formamide until
the weight of the applied layer was 10.5% of the total weight of
the finished catalyst (after calcination at 450°C).

The catalytically active composition applied in this way, i.e.
45 the catalyst shell, comprised 0.15% by weight of phosphorus

(calculated as P), 7.5% by weight of vanadium (calculated as

V20s5), 3.2% by weight of antimony (calculated as Sb;03), 0.1% by



Exanpl es 1) Production of the catalysts I - Il1l 15 Catalyst I: 50 kg of,
‘steatite (magnesiumsilicate) rings having an external diameter of 18 ppg 28}
|l ength of 6 M and a wal | thickness of 1.5 mm 20 were heated to 16000|n a
coating drum and sprayed with a suspenS| on conprising 28.6 kg of anatase
having a BET surface area of 20 mZ/g, 2.19 kg of vanadyl oxalate, 0.176 kg
of cesi unwegght av®e,cebbuhn Kgadfulwtest aznds). 4dd l&P .06%f by eed gt wdt i | t he

wei ght of tiRena@pldieskilgayer was 10.5% of the total weight of the 25 finished
cat al yst (after cal ci nat ion at 4500C). The catalytically active conposition
appl i ed 'E %_: # wg%/ .e. the catalyst shell, conprised 4.0% by wei ght of
vanadi um “@Ear¥Lk r&d as V205), 0.4% by weight of cesium (cal cul ated as Cs)
30 and 95.6% by wei ght of titanium dioxide. Catalyst Il 50 kg of steatite
(magnesi uBDsky | chtsteatiings (haynexgiun sexiestd] ridgsdhavbierarofex8epiala | ength

rum BN oo P B ehora et SR Pl e BEcA Tl ng 4
rum

BET surfacg gyheate"d; t?olﬁg&t?p OEg (r)? é’ﬂ‘ag?% 5&5‘1"% "”'f 03 kg of

anti nony SPFPIRJIRR CG“‘E?QSW@‘?O? -e?mlfﬁnP fin?RR ARG B8N FRTAEEr£8C045 kg of
40 cesil@nesesfef 6,1 #4/9, k. ©F hgaoér vanady¥l bkakgtef ¢80Ty d€ amtinonyt he
vei ght of tkbexapp! iced 3baygr ofasmitd.i 246 @fhjdierdent ho gm Qfy,1tRg 44 ni shed
catal yst {af Prarf@bc'l'aaf(bogf afmﬁé%‘ihe J{'&fz%' ¥ITEE.§ | ¢ %‘h% éSRgo osition

applied i at a y wei ght
oPpphosphg?:ﬁ%r e g&l é?e‘af as"P)to 5/eb offl % GAteLEFtul ated as
V205), 3. Q%W WalgHPasionmt {eal cul ated as Sb203), 0.1%by 1 7 FEB

2005 81&ei ght of cesium (cal cul at ed as Cs) and 89.05% by weight of titanium
di oxi de. @aéa&a&tlyttllbailﬁoa&gw@‘ c%'tn@@éi’&fbr( Rgresauln Sidiscakg) {idgs having

m “ver e boey SIRER At g B e ARt ension
conpri si né %f“ga%gd Cﬁiﬂt ase%n |ﬁ ig] % §’3F1F f:‘é’}{ (calculated’as
205}, % by weight of antimony (calculated as Sb;03} and 90.3%

20 by weight of titanium dioxide.
2) Oxidation of o-xylene

2a) Preparation of PA - according to the present invention and
25 comparison

{(setting of the hot spot temperature difference by variation of

bed length)

In a 10 1 tube reactor (99 normal tubes and 2 thermocouple

30 tubes), firstly (at the bottom) catalyst II (comparison: 1.30 m;
according to the present invention: 0.70 m) and subseguently
catalyst I (comparison: 1.70 m; according to the present
invention: 2.30 m) were in each case placed in each of the 3.60 m
long iron tubes having an internal diameter of 25 mm

35 (thermocouple tubes 29 mm with thermocouple sheath of 10 mm
internal diameter and 30 installed thermocouples {every 10 cm)).
By means of pressure balancing, it was ensured that the same
inlet pressure prevailed at each tube inlet. If necessary, a
little catalyst I was added or removed to/from the 99 normal

40 tubes; in the case of the 2 thermocouple tubes, pressure
balancing was achieved by addition of inert material in the form
of steatite spheres or quartz spheres. To regulate the
temperature of the iron tubes, they were surrounded by a salt
melt which was located in two separate salt baths. The lower salt

45 bath surrounded the tubes from the lower tube plate to a height
of 1.30 m, and the upper salt bath surrounded the tubes from the
height of 1.30 m to the upper tube plate. 4.0 standard m3/h per



10 area of 11 nR/g, 3.84 kg of vanadyl oxal ate, 0.80 kg of antinony
trioxide, 0.239 kg of ammoni um di hydrogen phosphate, 44.1 kg of watf¥e] FBERAN
9.14 kg of formam de until the weight of the applied |ayer was 12.5% of the
total weight of the finished catalyst (after calcination at 450C). 15 The
catal ytically actlve conposi tion appl Ped in this way, i.e. the

cat al yst - Si® ofcakprianan gizh byO vieighto8abt phosgriguby vedgltulctt ed as P),
7.0% by wei-glyllené penatiandatdaintbhiedd wsre \Bied Zhboudly i @lbedf 2t i noNy
(cal cul at Qmeagogea@a)pm Qf@% 20 ddhisel 0t « ffe e ABOUEN LU cEns )

Oxi dat i on ,qf, arati.on of accordi ng ent
i nvent i %1}3& ¥ %ﬁ arl son ?%Ctor' FhFh‘é Reg RESGHC Feﬁ?)%r H?’Ff erence
by vari at i6f Bfl tQetf §47¢ tﬁ)afl“ﬁ RASHE 1tP€|%‘é9'1‘r e agi ababig fimdishinges and 2

t her nocouple@cgort (beternali diahgte¢mt 0.HE hot heightcattalysh) |¢hargedpaelitison:

1.30 m aoookdi &if) da}.an.lyetpmsent invention: 0.70 m and subsequently
catal yst | (corrparl son: 70 m accordl ng to the present invention: 2.30 m

were in e d ac t.he 3 m long iron_tubes having an

i nt er nal %%rré?é? Iglf %’fg E {] 88u ?}él? Ji5eE ?gtﬂ'?ﬁ‘%ﬁl i theFfocoupl e

sheat h 1% experimentf e(tdﬁ‘al dﬂ%%@%ﬂétsgnlmraiﬂnedfrh@rtﬁ&:@plses (every 10

cm). Bysteahsupfofprdesarneabpstan BTy topt = sl tebatthedetpdtatulte sanene i Nl et

pressure Bh@t’abéﬁﬁ rtlaredehthelbgeddtoet mhétn%%uom% gdild bachat alyst |

was added.@f, EP iefl g0t hE OB Eﬁé%% ngggét 49,4 yhes: ou%} tcaﬁg of, the 2
achi e 55 §iti on_ 5P imert

th |
ma'ta (ra;rloglou % ?I%Otfo re%?iggf%a? tté‘ ﬁﬁég%%%r“e(ﬁfaﬁfzt%rma&t“nn%%*gu| ate the

t enper ét5UIH§ B‘Pt’%% T hek ERPkstennexptuse cof heogrdedydy measmist thelt which
was | ocat gdacter waetdepar BERE sat txylenkscoftent ewphtBal idel prbaihessr r ounded

tthtgbters]cBﬁﬂéTmﬁ %&Qﬁ;&rﬁﬁ@epﬁ@k@ Egsaagf%x&%tge fin%}O%hd t&eataggrt he up![oe[)

sa a bggéaodw b E LDess of; ) Mg €; nper  tube
| at 7 OB Be § ‘%*Etoloo f
88a5°e/o st r oA %% cbné 1 OQBRPI fxy% féﬁ@ 15 %’ia&ﬁﬁéfdo é?ﬁ = T eV\BF% sedg °

t hr ough tﬁ@ ftll’SnFl’t‘h%hH'tﬁ tr@ﬁFEBFvard (after a running-up tine of about
two nont hg)
ed Day SBT top/ HS top (HS bot~ |Tem- PA
SBT bottom tom pera- |yield
ture
dif- [m/m% ]
25 [d] [°C] [°C] fer-
[OC] ence
(°C1]
Compari- [100 348/348 434 366 68 113.1
30 |son 150 348/348 434 375 57 112.9 .
170/130 200 3487348 421 390 31 112.0
250 348/348 419 394 25 111.3
According |[100 348/348 430 362 68 113.3
to the 150 348/348 431 363 68 113.1
35 Ipresent 200 348/348 425 368 57 112.9
invention |250 348/348 421 371 50 112.7
230/70

2b) Preparaticn of PA - according to the present invention
40 {Temperature variation and temperature structuring)
For the catalyst combination operated as comparative experiment
in 2a), a temperature difference of > 40°C was set after
operation for 250 days by means of temperature structuring (SBT
45 pottom decreased or SBT top increased) or temperature variation



After leaving the main reactor, the crude product gas streamwas 5 cooled to
280-290C and passed through an adiabatic finishing reactor (interndl7 FEB 2005
dianeter: 0.45 m height; 0.99 m charged with 100 kg of catalyst Ill. The
data listed in the follow ng table were obtained in these 10 experinments
(day = day of operation starting frod@he first start-up of the catal yst;
SBT top = (S$atbdatdm tamdpenpt ineredsddie Asal dtiat kxpeainsitdilheonaacions i nl et

SBT bot t ORfezeSAbt daldyedt HBRT elode i6f Ek?@rﬁﬁ’éﬁt bahh nearest the reactor
outlet; HS top = hot spot tenperature of the catalyst nearest the reactor

inlet; 15 HS bottom = hot spot {enperature of the catal yst nearest the

react or oG‘PFeg?t"PHBE‘tGP % Eﬁ% RNI=C PPt H9TGe OBE2LGREAS thBdAtent of the
crude progdperieentafidey thdayiod sinergtiencsartingasedmorhelitilraki c. anhydri de;
PA yie!d sgﬁf?%:pﬂﬁiithe@hgyazwiginssTba5§d=Qﬁﬁg?E%&QUBsmgaﬁa%megf69“%%@30 a5
anal ysi s gh14 heaaf Uda resedis A3 el bRk 8 !QQﬁhﬁaﬁ Qé:

BedDaySBT _t op/ HS t opH t - Tem PA SBT bottont onpera-vyi el ure_dif-[mnd

[d] [C]y[C] FS‘F‘geT%%ﬁgé’%lg% S%ggrrﬁ’frtlﬁ- PEBS9EY 481 3R36EER 1L 1T HS {op T ™)
son150348h8%sameiz Tsgperatore 7 g2 0e8aky Y awaresn3tha xepctor inlet;
250348/13488 1939426 1 bo8 speicorahpeye084 84 8434303626840 hehrie@t the

t he150348r3484H 33081 ) 3pHpI I 5 811 2A8 3484 34B4 25388R{Lilde Br xvlene _
ot OnEaRBaR BEBARL Tt 1o b fl0610 2P RRRE AL AN (EReRoRe oL N0 O

t he prese on_an St ructuri ng)

For the c§%§+§\slclennt@:5‘g'gﬁih‘fi?fﬁ’ egﬁggaﬂa%l%ﬁalpét yyelddderd REnyeight

based on 100%-pure xylene from the analysis of the crude product
15 gas after the finishing reactor.

Bed . _ Day |SBT top/ |HS HS Tem- PA
170/130 SBT bot- (top |bot- |pera- |yield
tom tom ture
[dj dif- |[[m/m%)
20 [°C] ' fer-
[eCj [°C] |ence
[°C]
Comparison without 250 348/348 419 384 25 111.3
25 Femperature structur-
ing
According to the pres-|[252 |349/349 428 |387 41 112.3
ent invention with 254 |350/350 437 |381 56 112.5
30 temperature increase .
According to the pres-|256 [349/348 429 |385 44 112.5
ent invention with 258 |350/348 438 379 58 112.8
temperature structur-
ing 260 1348/343 419 |381 38 112.0
: 262 |348/338 418 |370 48 112.9
35 264 |348/335 (419 [365 |54 113.1

The results reported under 2a) show that the PA yield correlates
with the hot spot temperature difference, i.e. under operating
conditions relevant to practice, PA is obtained in a higher yield
40 when the temperature difference is above 52°C,
The results reported under 2b) show that when the hot spot
temperature difference is too small, increasing the salt bath
temperature top and bottom simultanecusly and slightly or
45 reducing the temperature of the lower salt bath by keeping the




in 2a), a tenperature difference of > 40C was set after operation for 250
days by neans of tenperature structuring (SBT 45 bottom decreased on 7988 #ikp
i ncreased) or tenperature variation 1 7 FEB 2005 10 (SBT bottom and top
increased). Al other experinmental conditions were not changed fromthose
in Experiment 2a). The data |isted i Althe following table were obtained in
this 5 ekpmpénsmre( diythe dippesf seper batlwrecastsarntngs fsuwfditcienti €6t start-up
of the caintysise SBE h6p spsaldempatBthLoneratetetcef té MoreS@hhnbgejdy near est
the reactor inlet; SBT bottom= salt bath tenperature of the salt bath
nearest the reactor outlet; HS top = hot spot tenperature of the catalyst
nearest the reactor inlet; 10 HS bottom = hot spot tenperature of the

catal ys® nearest the reactor outlet; PHDE or xylene content = phthalide or
xyl ene content of the crude product gas after the finishing reactor, based
on phthalic anhydride; PA yield = PAyield in % by weight based on

100% pure xylene fromthe analysis of the crude product 15 gas after the
finishing reactor. 20 25 30 35 BedDaySBT t op/ HSHSTem PA 170/ 130SBT

bot -t opbot -pera-yield tomtonture [d]dif- [mnB] [Cfer- [C]C ence

Conpar £8on wi t hout 250348/ 34841939425111. 3 tenperature structur- ing
According to the pres-252349/34942838741112. 3 ent invention

wi t h254350/ 35043738156112.5 tenperature increase According to the
pres-256349/ 34842938544112.5 ent invention w th258350/ 34843837958112. 8
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tenperature structur- ing260348/34341938138112. 0 262348/ 33841837048112. 9
264348/ 33541936554113. 1 The results reported under 2a) show that the} PAEB 2005
yield correlates wth the hot spot tenperature difference, i.e. under
operating conditions relevant to practjge, PAis obtained in a higher yield
40 when the tenperature difference is above 52C. The results reported under
2b) show that when the hot spot tenperature difference is too snall,

i ncreasi nYet bkatmit bath tenperature top and bottom sinultaneously and
slightly or 45 reducing the tenperature of the |ower salt bath by keeping
the 1 7 FEB 2Q0 e er ath constant is

suffici n'fE tog ?n%‘?eesaé%r& é@%gé&ﬁ’ tp}&%a'iera Arcﬁd%f é?’ B2E RSFore t han
52C. 5 P0 15 9898tiqp of Xylgge, fmfﬁhz"é 591‘21'\/%’-’@“5%1 thereofs oyesEsEwe or
prepari ng pht Aafferenthyidmiedebey cpttalysaseadraxgathtinogonés xin ene, napht hal ene
or nixtures tbreebiamirennbewpeacdtds andrh fibxegehrdteatal ¥ptmeals arged in

(ranst or med Loy ro L B e B e e i Ve
Jone_ i n-t et bos ey, 208 Ere EBEe Y efaenign 1R AL i Shms ot
t enper &Pur e i hO¥FR Fhansith 8a¥‘é¥’y’%‘%m tEgwerapuren igy shes§inst Gafisdwati n cI aiml,

wherein the nagieum tenperature in the second catal yst zone is at |east
550C 15 lower than that in the first catalyst zone. 20

2. A process as claimed in claim 1, wherein the maximum
temperature in the second catalyst zone is at least 559C
15 lower than that in the first catalyst zone.

3. A process as claimed in claim 1, wherein the maximum
temperature in the second catalyst zone is at least 60°C
lower than that in the first catalyst zone.

20
4. A process as claimed in any of the preceding claims, wherein
the temperature difference between the maximum temperature in
the first and second catalyst zones is controlled via the bed
length ratio of the catalyst zones,
25

5. A process as claimed in claim 4, wherein the bed length of
the first catalyst zone is more than 60% of the total bed
length of the two catalysts.

30 6. A process as claimed in claim 4, wherein the bed length of
the first catalyst zone is more than 75% of the total bed
length of the two catalysts.

7. A process as claimed in any of claims 1 to 3, wherein the
35 temperature difference between the maximum temperature in the
first and second catalyst zones is controlled via the
temperature of the heat transfer medium.

8. A process as claimed in any of the preceding claims, wherein
40 the maximum temperature in the first catalyst zone is less
than 470°C. B

9. A process as claimed in any of the preceding claims, wherein
a gas phase having a loading of from 80 to 140 g of o-xylene
45 and/or naphthalene per standard m? of gas phase is used.




3. A process as clained in claim1, wherein the maxi num tenperature in the
second catal yst zone is at |east 600C lower than that in the first ¢catfgigy80s
zone. 4. A process as clained in any of the preceding clainms, wherein the
tenperature difference between the maxi mumtenperature in the first and
second catal yst zones is controlled ¥i3a the bed | ength ratio of the

cat al yst A8ned. ppocess Aspicdeamedasn dmi wdd the prededihg wheims n wheeelbad
length of thehéi tetpeaitalrgsbfzone Neatmrankhan KWL ikhe tojerl, bed length
of the two catalysts. 30 6. A process as claimed in claim4, wherein the bed
| engt h of first catal ¥t Z9Ne IS rmre han_75% of t e, total bed Iength
of the twd CasaP?%‘fesss 75 K 8?"8%‘8533“ Y OfatABPTSF goF 2img mheredn g,
wher ei n5t he 35PecPRAGAMELECAET { @F ciite J36t Wéé’ﬁuk'?lelmﬂﬁﬁ%hénperature in the
first and second catal yst zones is controlled via the tenperature of the
heat transfer nedium 8. A process as clained in any of the preceding
clains, wherein 40 the maxi numtenperature in the first catalyst zone is

| ess than 4700C. 9. A process as clainmed in any of the preceding clains,
wherein a gas phase having a |loading of from80 to 140 g of o-xylene 45
and/ or }®apht hal ene per standard M3 of gas phase is used. 1 7 F E B 7000 13
10. A process as clained in any of the preceding clains, wherein the
tenperature of the heat transfer nmediumis < 360C. 11. A process as clai ned
in any of the preceding clains, wherein 5 the space velocity of the gas

m xture is > 2000 h-1. 10 15 20 25 30 35 40 45
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