Process and apparatus for preparing vinyl acetate nononer The
invention relates to a process and an apparatus for 5 preparing vinyl
acetate nononer in a heterogeneously catal ysed, continuous gas phase
process by reacting ethylene with acetic acid and oxygen in a tube
bundl e reactor. 10 Vinyl acetate nmononer (VAM is prepared in a
continuous process with recycling of the purified product, stream
(cycl e gas Byeees§. #nda AEPera§EReofiSFy PIERRAFISG (¥ PWHasEPivtRs,
et hyl ene regsisnad-th acetic acid and oxygen over fixed bed catal ysts
whi ch generally 15 conprise palladiumand alkali netal salts on a
support material and may additionally be doped with gold, rhodium or
cadm um Thenhet hyteneionxygeatasdtacat ptoaeisd meac tantspraneatads for

reacted.in an exot herm.c reaction.(VAM 99 = - 17
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The heat ofr¢ae®®fion here is A511299 = - 1324 kJ/nol! 30 The

et hyl ene conversion is about 10% the acetic acid conversion 20 to
30% and the, oxi/gen conversion up to 90% In the preparation of vinyl
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condensed ogitofithe £¥8! engas aadiseshal Dy WaskUpdopsgongensedgold,
product is scrubbed out in ,a scrubber operated with acetic acid. The
cycle 10 ga&8flWmpe¥t F8A™tWer eof , before being adni xed again with
the reactants, is purified to free it of carbon dioxide forned. The
condensed vinyl et.at e nonomer. an ter, pr.odu a
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prelimnary dewateri ng}, azeotropi ¢_distill'atiop, pure VAM. col unn,
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reacti on teppehakire idndder fixed bgdvtubesinyidl eaceaater, genenatty
from 130C to 200C,_is set by neans of evaporative water cooling at a
pressure of C#le g fHsh3pPH Th%so?i OT%BC%%CZDQ%%'IQ%V\/\&{ g\é\gl n- process steam
25 genermal ly at a tenperature of 120C to 185C, at a pressure of 1 to
10 bar, preferably.2.5 tq 5 bar.,The decli in fVity. he
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oxygen reactants, and brought to reaction temperature



25 The procedure in the prior art to date has been to conpress to a
hi gher degree wi th hi gher-performance cycle gas conpressors, in order
that the flowrate of the cycle gas was increased, and the axial heat
renoval was optim zed. Di sadvant ages arg the higher pressure 30
differences in all cycle gas apparatuses, and the difficulty of
controlling the high gas velocity of the cycle gas. For the _
convent i onalkidMAMstatabppesatiekle 8Tt obxwhepbers - bd&hfeepydb® 8/ 700 g
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medi um even wWth the abovenenti oned neasures for 5 increasing the
cycle g&s velocity, is too slow. The consequences are that there is
not just ingreased @egur nenee iafn,l ocahet enperatipe i npredsess  and
(hotspots) in the reactor and an .associa ti i I
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used to prepare [ acetate nononmer consist generally of a
cylindrical 10ebsal i Thiwi derasnuftedide KOWEy| RRdATTAT RS PERB™
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the tubes, is 30 to 40, rm _A.water/st.eam ni .as. a t hange
medi um f | om&‘#ﬁ‘?‘é’ﬁ%h the | Hﬁgla?tcieéi/es %@t m%)ékfghglggbesﬁ? ems% ves, 15
and the tubesmpetatheeyessele. f otheool dprEratTheg i npessisoaef ur@her the

rovid an _a I fo fo he -pr o or«H
p ) gg% aratysd ??g%% éépttlé' TR 0CERSe AEE 1§k@9c€8a&9@t,

i nvention, rising a be Ibe bundl e reactor with 2 )
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35 possible a reaction temperature.

In general, the fixed bed tube bundle reactors are

formed from several thousand, typically 2000 to 6000,



25 3 to 6 mm The nost noticeable inprovenent in the inventive
procedure was the significant increase in ethylene selectivity, and
the parallel significant rise in 30 space-tine yield (STY). The
oxygen selectivity also inproved noticeably. Mreover, the values in
the tables show that it was possible't@ enpl oy al nost 10% | ess
condensate circulation. Thus, over and above the gain in selectivity
and STY, it iightahso gaes@idl erid achitdvally aspoaegesavi oylindrieal
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was optimized. Disadvantages are the higher pressure

I

30 differences in all cycle gas apparatuses, and the
difficulty of controlling the high gas velocity of the
cycle gas. For the conventional VAM catalysts, the STY
of which is Dbetween 400 and 700 g of VAM/1 of
catalyst x h, such measures, with all the disadvantages

35 mentioned, were sufficient.

In the case of high-performance catalysts for VAM

preparation, the STY of which is significantly above
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.8 Condensate circulation (kg/h) 1340 1240 GHSV(Il/h) 3740 3720 (GHS
( \
Gas Hourly Space Vel ocity) STY (kg VAM 1 cat x h) 850 850 C2£M

selectivity 92.1 93.3 02 selectivity 65 - 70 75 - 80 Figure
1;Iﬁngerat?rep;gth$of bothreactorsaft%r 5 300 h (upper line = tube
Wi i amet er 6 Reactor temp.l | - T ----
U 180 np ube 0 33 MM Tube

700 g of VAM/1l of catalyst x h, the heat of reaction
formed is significantly higher, with the conseguence
that the removal of heat in the steam/water cooling
medium, even with the abovementioned measures for
5 increasing the cycle gas velocity, is too slow. The
consequences are that there is not Just increased
occurrence of local temperature increases (hotspots) in
the reactor and an associated reduction in ethylene
selectivity, but also shortened catalyst service lives

10 and higher by-product formation overall.

EP 1033167 A2 discloses a tube bundle reactor with
graduated internal diameter, wherein the tubes in the
region of the inlet of the reaction mixture have a
15 smaller diameter than in the region of the outlet of
the reaction mixture. The document advises against a
general reduction in the diameter of the tubes of a
tube bundle reactor, since the manufacturing costs of
the reactor (more tubes) would thus increase and the

20 expenditure associated with filling them would rise.

I+ was an object of the invention to improve the
process for preparing vinyl acetate monomer by reacting
ethylene with acetic acid and oxygen in a
25 heterogeneously catalysed, continuous gas phase process
to the effect that high-performance catalysts with a
space-time yield (STY) of more than 700 g of VAM/1l of
catalyst x hour can be used, with avoidance of local
temperature increases {hotspots) and associated

30 reduction in ethylene selectivity.

The invention provides a process for preparing vinyl
acetate monomer (VAM) by reacting ethylene with acetic
acid and oxygen in a fixed bed tube bundle reactor in a
35 heterogeneously catalysed, continuous gas phase
process, characterized in that a high-performance
catalyst with a space-time yield of > 700 g of VAM/1 of

catalyst x hour is used for catalysis, and in that the
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fixed bed tube bundle reactor comprises tubes with a

ratio of inner surface area to volume of 2 130 m*.

The fixed bed tube bundle reactors used to prepare
vinyl acetate  monomer consist generally of a
cylindrical wvessel in which a multitude of cylindrical
tubes {(the tube bundle) are arranged vertically. The
tubes are arranged tightly packed in the Dbundle.
Typically, a fixed bed tube Dbundle reactor for
industrial scale use comprises 2000 to 6000 tubes. In
general, the distance between the tubes, i.e. between
the central internal axes of the tubes, is 30 to 40 mm.
A water/steam mixture as a heat exchange medium flows
through the interstices between the tubes themselves,

and the tubes and the vessel, for cooling.

The invention further provides an apparatus for
performing the process according to the invention,
comprising a fixed bed tube bundle reactor with
cylindrical tubes with a ratio of inner surface area to

volume of = 130 m?.

Useful reactors for industrial scale use are fixed bed
tube bundle reactors with a height of several metres,
i.e. generally a tube length of 4 to 7 m. The tubes are
steel tubes with a wall thickness of genexally 1 to
3 mm. According to the invention, the dimensions cf the
tubes are such that the ratio thereof of surface area
(in the tube interior) to tube volume is = 130 md,
preferably 130 to 160 m™l. The internal diameter of the

tubes is preferably constant over their entire length.

It was found that, compared to the conventional A:V
ratio of about 100 to 120 m}, especially at a surface
area/volume ratio of 130 to 160 m!, improvements with
regard to heat removal of > 30% are achievable. Even
more significant removal of heat is achievable with

significantly smaller tube diameters, but the tube



0 4 235 Reactor height Irn] - 10 - Table 2: (Conditions and
performance after 400 hours) Tube diameter33 nmm 27 nm Cycl e gas
pressure (Pc)8.58.5 AcOH (% 12.311.5 C2H4 (% 6565 Tenperat ure

(C) 150150 02 (% 8.68.8 Condensate circulation (kg/h) 13401240 GHSV
(1/h)37503750 STY (kg VAN'1 cat x h) 900935 C2H4 sel ectivity91.092. 3
02 selectivity65 - 70 75 - 80 Figure 2: Tenperature profile of
bot h react ofsl hfrier tbed0bdyifuspper bepeme tuNSEARCNH-Cdi apiet ERS3BVRY

11 a narrower tubes result, in the course of filling, in
considerable bridge and gap formations of the catalyst
bodies, particularly at the walls. Although this can be

5 counteracted by a reduction in the catalyst particle
gize, this in turn leads to a reduction in the void
volume and hence to a considerable rise in the pressure

difference.

10 For catalysis, the tubes are filled in a known manner
with particulate high-performance catalysts with a
space-time yield of > 700 g of VAM/1 of
catalyst x hour, preferably 800 to 1500 g of VAM/1 of
catalyst x hour, more preferably 900 to 1500 g of vAM/1

15 of <catalyst x hour. They are generally supported
catalysts based on an inert, inorganic support material
such as titanium oxides, silicon oxides, aluminium
oxides, which are coated with a palladium compound in
combination with alkali metal salts, and may

20 additionally be doped with gold, rhodium or cadmium.
The supported catalysts may be present in the form of
spheres, c¢ylinders or rings, the dimensions thereof
being matched to the tubes used, and they generally
have lengths and widths of 3 to 10 mm and diameters of

25 3 to 6 mm.

The most noticeable improvement in the inventive
procedure was the significant increase in ethylene
selectivity, and the parallel significant rise in
30 space-time vyield (STY). The oxygen selectivity also
improved noticeably. Moreover, the values in the tables
show that it was possible to employ almost 10% less
condensate circulation. Thus, over and above the gain
in selectivity and STY, it is also possible to achieve

35 a power saving in the condensate circulation pumps.
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The thermal reaction profile was compared in Iwo
tubular reactors equipped with tubes with a diameter of
33 mm (comparative) or tubes with a diametex of 27 mm
(inventive).

A) A reactor with four tubes (length 6.30 m, internal
diameter 33 mm; A/V = 120 m™*); cooling medium:
water/steam with a condensate circulation of 1300 kg/h;
external heat removal via a steam drum. One tube
equipped with a temperature measurement chain, one
measurement point every 20 cm. _

B) A reactor with 7 tubes (length 6.30 m, internal
diameter 27 mm; A/V = 148 m™')}, cooling medium:
water/steam with a condensate circulation of 1240 kg/h;
external heat removal via a steam drum. Two tubes
equipped with a temperature measurement chain, one

measurement point every 20 cm.

Both reactors were filled with a VAM catalyst,
KL, 7900 SH from Kataleuna, Germany {Pd 1.5% by weight;
Au 1% by weight). Since the results, in the case of use
of the space-time yield (8TY = g of VAM/1 of
catalyst x hour), relate to 1 litre of catalyst, the
greater amount of catalyst in the 7-tube reactor is

unimportant.

In a VAM pilot plant with the two reactors A and B,
identical catalysts were tested under identical
reaction conditions.

The reaction conditions, space-time yield and
selectivity are shown in Table 1 (after 300 h), Table 2
(after 400 h), Table 3 ({(after 1000 h) and Table 4
(after 1500 h). The temperature profile in the reactors
is shown in Figure 1 (after 300 h), Figure 2 {after
400 h), Figure 3 (after 1000 h) and Figure 4 {after
1500 h).
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As early as after 300 hours, a significantly improved
temperature profile was found in the inventive
procedure. The temperature difference Dbetween the
comparative reactor and the reactor equipped in
accordance with the invention was up to more than 10°¢C,
which became even more clear after an operating time of
400 h. It was thus possible to obtain an increase 1in
the ethylene selectivity of more than 1% in the initial
period (300 to 400 h). The advantages became even more
clear with increasing experiment time, in spite of
another increase in the amount of condensate circulated
in the reactor with large tubes, but homogeneous
circulation in the case of the 27 mm tubes, i.e. less
cooling in the reactor with 27 mm tubes, the ethylene

selectivity in the latter improved by 25%.



61.3 63.1 Tenperature(C) 150 155 Condensate circulation (kg/h) 1530
1230 GHSV(I/h) 3660 3820 STY(kg VAM 1 cat x h) 920 980 C2H4
selectivity 90.9 93.3 02 selectivity 55 - 60 65 - 70 Fi gure 3:
(conditions and performance after 1000 @ours) 5 (upper line = tube

with dianmeter 33 nm R eactor tenpi - Tube 0 33 nm -4-Tube 0 27 nm
160 175 170 L. 4 1160 155 160

Table 1: (Conditions and performance after 300 hours)

Tube diameter 33 mm 27 mm
Cycle gas pressure {(pe) 8.5 8.5
AcOH (%) 12.0 11.5
CoHs (%) 65 65
Temperature (°C) +150 150
02 (%) 6.8 6.8
Condensate circulation {(kg/h) 13490 1240
GHSV (1/h) 3740 3720
(GHSV = Gas Hourly Space Velocity)

STY (kg VAM/1 cat x h) 850 850
CyHs selectivity 82.1 93.3
0, selectivity 65 - 70 75 - 80

Figure 1: Temperature profile of both reactors after
5 300 h (upper line = tube with diameter 33 mm)
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Table 2: (Conditions and performance after 400 hours)

Tube diameter 33 mm 27 mm
Cycle gas pressure (pe) 8.5 8.5
AcOH (%) 12.3 11.5
CoHa (%) 65 65
Temperature (°C) 150 150
02 (%) 8.6 8.8
Condensate circulation {(kg/h) 1340 1240
GHSV (1/h) 3750 3750
STY (kg VAM/1 cat x h) 900 935
CoHy selectivity 81.0 92.3
O, selectivity 65 - 70 75 - 80

Figure 2: Temperature profile of both reactors after
5 400 h (upper line = tube with diameter 33 mm)
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023456 Reactor height [n] - 12 - Table 4:(Conditions and performance
after 1500 hours) Tube dianeter33 mmR7 nm C2H4(96) 61.0 62.0
Tenperature(C) 150 155 Condensate circulation (kg/h) 1750 1260

GHSV(1/h) 3600 3800 STY (kg VAM 1 cat _x h) 930 980 C2H4 sel ectivity
91.4 93.4 02 selectivity 60 - 65 70‘-1§5‘

Table 3: (Conditions and performance after 1000 hours)

Tube diameter 33 mm 27 mm

CaHs (%) 61.3 63.1

Temperature (°C} 150 155

Condensate circulation (kg/h) 1530 1230

GHSV (1/h) 3660 3820

STY (kg VAM/1l cat x h) 920 980

CsHs selectivity 90.9 93.3

O, selectivity 55 - 60 65 - 70

Figure 3: (conditions and performance after 1000 hours)
5 (upper line = tube with diameter 33 mm).
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Figure 4:

= tube with dianmeter 33 mm

0 27 mm |
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(conditions and performance after
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Table 4:

(Conditions and performance after 1500 hours)

Tube diameter

CzHs (%)

Temperature

(°C)

Condensate circulation (kg/h)

GHSV

{1/h)
STY (kg VAM/1 cat x h)

CoHs selectivity

Figure 4:

(upper line = tube with diameter 33 mm)

0, selectivity

33 mm
61.0
150
1750
3600
830
91.4

60 - 65

27 mm
62.0
155
1260
3800
980
93.4

70 ~ 75

i ne
ube

(conditions and performance after 1500 hours)
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02356 Reacthrheightm - 13 - Cains: 1. Process for preparing vinyl
acet ate nononer (VAM by reacting ethylene with acetic acid and
oxygen 5in a tube bundle reactor in a heterogeneously catalysed,
conti nuous gas phase process, characteri,zed in that a

hi gh- performance catalyst with a space-tine yield of nore than 700 g
of VAM1 of catalyst x hour is used for catalysis, 10 and in that

t he tube bu#eRims$ eactor conprises tubes with a ratio of inner surface
area to volune of = 130 m1. 2. Apparatus for perform ng the process

according to 15 Caim1l, conprising a fjxed bed tube bundle r or
Wih cyl Pndri cal PYOBRES wiPR BEERETANSE THNGr SuPFabe APITEG \Giihe
of 130 m1. 3. Rspcesscandgappaldtdite avtohdiargtic Galdn &ndr dkygen

??gg?;g tfgiigg %ngbaanﬁﬂf %%%hﬁeOfIEQB Ersuiga%§iﬂé%%fébéﬁééﬁ§i§s
catalysed, continuous gas phase process,
characterized in that a high-performance catalyst
with a space-time yield of more than 700 g of
VAM/1 of catalyst x hour is used for catalysis,

10 and in that the tube bundle reactor comprises
tubes with a ratio of inner surface area to volume
of > 130 m™.

2. Apparatus for performing the process according to
15 Claim 1, comprising a fixed bed tube bundle
reactor with cylindrical tubes with a ratio of

' -1
inner surface area to volume of = 130 m .

3. Process and apparatus according to Claim 1 or 2,

20 characterized in that the ratio of inner surface

area to volume is from 130 to 160 mt.



