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Process for carrying out cat~lytic multiphase reactions, in particular 

vinylations of carboxylic acids 

The invention relates to a process for carrying out catalytic multiphase 

5 · reactions in a tube reactor, in particular for preparing vinyl esters py 
reaction of carboxylic acids with acetylene. Furthermore, the invention 

·relates.to the use of the vinyl esters. 

Vinyl esters are building blocks for the preparation of copolymers. Vinyl 

1 o esters of particular industrial importance are Uiose of tertiary C10 acids, 

also those of· tertiary Ca aci~s. These vi.,YI esters can be copolymerized · 

. with vinyl acetate and then s~rve as a comp0nent for paints. Other vinyl 

esters of importance are those of 2--ethylhexanoic acid, of isononanoic 

acid, but also of Jauric and stearic acids, for example for the pr~ion of 

15 adhesives. 

. . 
The reaction of carboxylic acids with acetylene to foiln vinyl est~ ~a~ . 

·been known for a long time (e.g. G. Hubner, Fette, Seifen, Anslrichm. 68, 

290 (1~)). and a review of currently used processes may be fo~d. for 

20 example, ·in Ullman's Encyclopedia of Industrial Chemistry, Fifth 

Completely Revised Edition, Volume A2.7, 43~34 . 

. The reaction of acetylene and vinyl esters can be desaibed by· ·the 

reaction equation · 

25 R-COOH+c2H2 -> R-COO-CH=CH2. 

As _catalyst, use is usuany made of the zinc salt of the carbOxylic a~d to be 

reacted, dissolved in excess carboxylic acid· (Of: 1238010, DE 1210810). 

In another m~thod, I.he reaction. is carried out in a paraffinic solvent which 

30 has a boiling point higher th,an the reaction temperature to be employed 

(e.g paraffin oils) and- the concentration of carboxylic acid is to be kept 

below 5% by weight ·and the zinc content is to be kept in the. range from · 

~.5 to 5% by weight, based on the reaction solution. The temperal~res 

employed are generally above 200°c, typically from 220 to 295°C. A 

35 considerable molar ~xcess Of acetylene over the Carboxylic acid lo be 

vinylaled has lo be employed; values of 5-20 mol of. acetylene per mole o~ · 

carbo)cylic acid to be reapled are typical. This means a high circulation of 

acetylene, wilh ·the vinyl ester and. unreacted carboxylic acid being 
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discharged with the waste gas as a function of their partial vapor pressure, 
subsequently conden~ed and separated from one another by distill.ation. 

The formation of low-boiling by-products such ~s acetaldehyde can lead to· 
5 resinification of the ~talyst. Furthermore, the formati~n of tJigh boilers due 

to polymerization of the vinyl ester fanned and also the formation of 
carboxylic anhydrides which no longer participate in the reaction can lead 
to a reduction in conversion. This can be corrected only by discharging 

· part of the reaction solution or the zinc salt melt, which in tum requires 
10 introd~ction of fresh catalyst. In the examples in DE 1237557, it can be 

seen that at an appropriately high molar excess of acetylene over 
caibo:xylic acids of from 5:1 to 20:1, selecli'(ities of from 74.3 to at most 
96.1 % are achieved. This corresponds to formation of fr.om 3.9% to 25. 7% 

15 

. · of by-products. 

In engineering. terms, the pre~tion of vinyl esters ·is a two-phase 
r~action in which the acetylene forms the gas phase, and the catalyst 
phase, the carboxylic acid to be reacted, the vinyl ester and any inert 
solvent f9flll the liquid phase. In order to achieve high conversions, it is 

20 ~herefore necessary to employ measures to bring the phases int«;> intimate 
contad with one another. Such gas-liquid reactions are· customarily carried 
out in bubble columns or stirred readers. Trickle ·reactors are .also 
mentioned in the literature. High pressures are specifically not wanted in 
reactions with acetylene, since acetylene tends to undergo 

25. autodecomposition and a gauge pressure of 300 mbar (absolute pressure 
= 1.3 bar) must not be exceeded in the case of pt.1'0 acetylene. Tt:lis · 
considerably narrows the choice of reactor. Thus, only short bubble 
columns or stirred reactors having a small height can be used for the 
vinylation, since even the static ·pressure ·of the liquid can require an 

3·0 acetylene admission pressure of greater than 300 mbar. In addition, the 
high acetylene circulations which inay be neces~ary require continual 
recompression of the acetylene. 

An alternative is the use of. more highly compressed acetylene, in wbich 
35 case the decomposition limit has to be lowered by. addition of large 

proportions of inert gases such as nitrogen. This measure leads to 
problems in ·the removal of the tailgE1s and Is also n~t _unproblematical in 
terms of safety. 
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For this reason, other proeesses which avoid or reduce these drawbacks 

have been developed. 1hus, EP O 622 352 uses platinum metal complexes 

(in particular those of ruthenium) as catalysts for the preparation of vinyl 

esters, by means of which the reaction temperat4re was able to be 

5 reduced signifi~ntly. However, this process is also preferably carried out 

at a molar ratio of acetylene/carboxylic acid of from 1.5:1 to 10:1 and .at 

acetylene pressures of from 15 to 20 bar in order to achi~ve satisfa~tory 

space-time yields. The high price of noble metal campounds n~ssitates 

complete circulation of the catalyst without it being decomposed or lost by 

1 o . unintended discharges. A further example of the ruthenium-catalyzed 

preparation of vinyl esters is given in US ~30179. 

A completely different process for preparing vinyl esters is transvinylation. 

Here, an industrially readily available vinyl ester such as vinyl acetate is 

15 reacted with ~ acid to be vinylated in the presence of noble metal 

catalysts such as Li2PdCt., forming an equilibrium mixture of vinyl acetate, 

acetic acid, the carboxylic acid to be reacted and its vinyl ester .. ProJllems. 

_here are the difficulty and expense of separating the equilibrium mixtures, 

the ·price of vinyl acetate and the formation of cont~inated acetic ac~d. 

20 

Taking into aecount all advantages and disadvantages, the vinylation of 

carboxylic acids ~sing acetylene in the presence of zinc salts as catalysts. 

·i.e. a multiphase r'3action, is on balance the most econo~ical .. and 

industrially simplest process. 

25 In the fpll~ng, the tenn multi(lhase reactions: i~ used to de~cr~be 

reactions which proceed with participati~ of two or more immiscible or 

only partially miscible fluid phases. This encompasses~ for example, 

reactions between a gas phase and a liquid phase (gl) as in th~ re~ction of 

acetylene with a carboxylic acid,· but also reaction~ bet~li two liqu!d 

3 o phases which-~re immiscible or have a miscibiUty gap under the prevailing 

reactio~ conditions (II) and react.ions. in whi~ both two liquid i'!'mi~cible or 

only partially miscibl~ phases and a gas phase participate (gll). 

Examples of in(Justrially important gas-liquid tea~ions {gl) are, apart lrom 
35 the .reaction of acetylene with carboxylic acids under consideration here, 

hydrogenations using homogeneously dissolved catalysts, oxidations 

using air or oxygen and the hydroformylation of olefins. 
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Mylliphase reactions are generally associated with a series of problems 

which makes.their engineering design significantly niore difficµlt than is the 

. case for simple homogeneous reactions. A few typical problems are 

described below: 

In all cases, the materials have to be brought into very intimate contact 

with one another in order to minimize the problem of mass· transfer: it is 

necessary lo generate a mass transfer area a. beJween the phases which 

is as large as possible. On the other hand, the phases have to be able to 

1 o be separated easily again after the reaction is complete: excessive mixing 

can lead to problems here. In the presence of two liquid phases, emulsion 

formation can occur,· while in the case of gas-liquid processes it is possible 

for foaming to occur. In the case of the 3-phase prbcesses mentioned, it is 

even possible for all of the problems to occur simul~neo~sly. 

15 

20 

25 

30 

35 

Apart from a high mass transfer area as. a very high mass transfer 
·' . 

coefficient k1 should be achieved in all m1,11tiphase reactions. Overall, the 

KLA value, i.e. the product of ka and as in the mass transfer equation 

j = ka·a.·cc·-e> 

where 

j [moUs]: the ~olar fl~ of reacting component through the 

phase interface (e.g. entry of acetylene into the 

·catalyst phase), 

ka [mis]: mass transfer coefficient, 

a.- [m2]: phase interface area in the reactor, 
c· [mol/m3

]: maximum solUbility- of · fhe starting material in the 

_seoond phase (e.g. a~tylene in lf:le catalyst phase) 

and 
c [mol/m3

): actual concentration of the starting material which in 

turn is ~upled to the ~action rate, 

should be a maximum. 

In view ·of the above, there is a need for a process for. carrying out 

multiphase reactions which avoids the abovemenlione~ _disadvantages and 

can also be implemented ih a simple ~anner. 
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It is therefore an object of the present invention to develop a process for 
carrying out muitiphase reactions which is suitable, in particular, for the 
preparation of vinyl esters by catalyzed reaction of carboxylic acids with 
acetylene. 

. . . 
In technical terms, the novel process should meet the following demands 
made ·of multiphase processes: 

• generation of high and stable mass tranSter between the participating 
10 phases 

• simplicity of implementation, if possible using customary industrial 
apparatuses 

• · simple and reliable heat rem0val 
·• high operating safety 

15 • simple and reliable scale-up 

In respect of the reaction· Of acetylene with carboxylic acid to be carried 
. out~ the following specific requirements are added: 

20 • high selectivity, avoidance ·of, in particular, high-boiling by-products 
• no or only little discharge of catalyst 
• high space-time yield, smatl reactors 

. • high acetylene conversion on a single pass, avoidance of cirqulation of 
acetylene 

25 • simple and safe handling Of acetylene 
• high product purity · 

In the process . of the invention, we have found a surpri~ingly. simple 
process for carrying o~t multiphase reactions which can be carried out in a. 

3 o tube. reactor; if deslred containing packing · or internal fittings, and is 
. suitabl~ for ~e vinylation of earboxylic acids by acetylene with. higJl space­
time yields and· selectivities. 

The pres~nt invention accordingly provides a process for carrying. out 
35 catalytic m ... rtiphase reactions in a tube reactor, Wherein -the catalyst ·is 

present in the continuous phase arid at least one starting material is 
pres~nt in a disperse~ phase and the loading factor B of the reactor is 
equal to or greater than 0.8. 
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In· .a specific· embodiment of the present invention, carboxylic acids are 
reacted with acetylene l;ly means of the multiphase reaction to give the 

. corresponding vinyl esters. 

5 The process· of the invention is suitable for the vinylalion of carboxylic 
acids; these may ci>nlain from 2 to 16, preterably from 4 to 13, carbon 

10 

. . 
atoms. Particular preference is given to using pivalic acid (Cs), 

2-elhylhexanoic acid (Ca), neononanoic acid (Ce), decanoic acid (C1"o), 
undecanoic acid (C11), lauric.acid (C12) or tridecanoic acid (C13). 

As already mentioned, the lube reactor can contain packing or intema·I 
fillings. For the purposes of the present invention, packing· encompasses, 
for example: Raschi§ rings, saddles, Pall rings; tellerettes, wire mesh rings 

. or woven wire mesh. Examples of internal fillings ~re filter plates, baffles, 
15. column trays, perforated plates or other mi~ng ®vices. However, for the 

purposes Of the present. invention, internal fillings can also comprise a 
plurality of narrow, parallel tubes to form a mullitube reactor. · Particular 
preference is given to structured mixer packings or demister packings. 

2 o ln the process of the invention, it is also of critical importance to adhere to 
or exceed a minimum cross..;sectional throughput of the tube reactor. In 
upflow operation of the reactor (flow direction from the bottom to the ·~op), 
the flooding point should be exceeded. The reactor is thus operated above 
.the pain~ at which bubble columns are usually operated. In downflow 

2 s operation (flow directiOn from the top to the bottom), the cross-sectional 
throughput m~st be set so that the reactor is completely flooded. Thus, the 
process is operated above the point at which it wou_ld be possible to speak 
of a trickle bed. 

30 To fix the minimum necessary loading of the reactor more precisely, the 
loading factor B of the tube reaclof is calculated as a dimensionless 
pressure drop 

35 
B =PD/PS 

where PD (Palm] is a pressure drop p~r unit length over the reactor under 
operating conditions and PS ·[Palm] is a mathemati~I. parameter having 
the dimensions of a pressure per unit !ength, defined as the ratio of mass 
flow M (kg/s] of all components in. the reactor to the volume flow V [m3/s] of 
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all components under operating·conditions, multiplied by g = 9.81" m/s2
, i.e. 

PS=(MN)°g. 

PS would be the static pressure per meter of a multiphase mixture in an 

5 upright tube if all phases were to flow at the same velocity. PS is a purely 

mathematical parameter which is derived from the mass flows fed to the 

reactor and is independent of the flow direction in the reactor, the _flow 

velocity of all phases or the flooding state of the r~actor. 

1 o The pressure drop PD (Pa/ml is used as a mathematical parameter to fix 

the process conditions and can be calcul~ted by established methods for 

single-phase ·or multiphase flows. Appropriate me~ of calculating the 

pressure drop PD in tubes, internal fittings or packed beds, etc. may be 

. found, for example, in the VD_l-Warmeatlas, 7th augme1_1ted edition, VDl-

15 Verlag GmbH, µasseldorf 1994, Sections La1 to Lgb7, and also in the 

standard work by Heinz Brauer, Grundlagen der Einphasen- und 

Mehrphasenstromungen, Verlag Sauerlander, Aarau and Frankf~rt am 

Main, 1971. 

20 The pressure drop PD in t11e· case of single-phase flow through an empty 

tube is given by 

25 

30 

where 
p [kglm'.f]: 

w (mis]: 
D (m]: 
Cw . [-]: 

density of the flowing nledium under operating 

conditions, 

flow velocity (volume flow/cross-sectional area); 

tube diameter and 

resistance coefficient of the tube lhro~gh which flow 
occurs .. · 

In the case of flow through packing,. beds or internal fittings:· the velocity w 

is to be replaced ~y the ·effective velocity (wl'I') ahd the tube diameter D is 
. . 

35 to be. replaced by the hydraulic channel diameter dH of the packing or 

internal fittings, so that: 
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where 
dH [m]: hydraulic channel diameter 
'I' [-]: empty tube fraction 
Cw. [-]: resistance coefficient of the ·apparatus with ·filling "through which 

flow occurs. 

The packing-related data d" and 'I' are frequently part of the. delive,.Y 
specifications for packing. For a series of packings, data ·are given in the 
abovementioned VDl-Warmeatlas. 

.. ·· The empty tube fraction 'I'· can also be determined experimentally by, for 
example, measuring the volume of the reactor before and after filling with 
the packing. The hydraulic channel. diameter can in turn be calculated, if it 
is not known, from the specific surface area F (m2/m3

] of the packing or 
15 internal fittings (ge1Jerally known or able to be deJermined experimentally) 

using the simple relationship 

2 o ~e resistance coefficient of tubes, internal fittings and ~eking is 
generally desaibed as a function of the Reynolds number Re Which gives 
information about -the flow state under the chosen conditions. In the case 
of packing, internal fittings, etc., the following relationship can almost 
always b~ employed: 

25 

where frequently employed exponents are n = 1·, m = O (method of S. 
Ergun, Chem. Engng. Progr. 48, (1948); 89), or n .:: 1, m ;::: 0.1 (method of 

30 ~rauer et al.). K1, ~are packing-related constants which are known from 
supply data or from the literature (examples may be found in the VDl­
Wahneatlas and in Brauer et al.). However, they can also ba determined 
experimentally by passing a liquid through the tube reactor containing 
packing at various velocities ·and determining Cw as a function of Re from 

35 the known data and the measl:fred pressure drop. 

Finally, the dimensionless Reynolds number Re is defi_n~d as 

Re=. w
0

(p/11f D for empty tub~s or 
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Re= (W/1.J1)
0

(p/ll)
0

du for tubes containing internal fillings or packing. In each 
case, p [Pa

0

s) is the viscosity and p [kg/m3
] is the density of the flowing 

medium. 

5 In the case of two-phase flows (here gas-liquid for acetylene/carboxylic 
acid), the pressure drop increases overproportionally. Usually, using the 
Lockhart-Martinelli method (in Brauer et al.), the pressure ~rop of the ~wo­
phase flow· Pia is expressed in relation to the pressure drop of one of the . . 

two phases, for example to the pressure drop of the pure flowing liquid 
1 o phase P1, and expressed in relation to the pressure drop of the two phases 

P, and P 9 regarded as flowing alone. 

To calculate pressure drops in two-phase flows, use is frequently made of 
·the dimensionless pressures. +2 = PiJP1 an~ X2 = PIP 9• The further 

15 relationship +2 .= function(X~) has frequently been examined. Exampl~s 
may be found in Ula following literature references: 

Y. Sato, T. Hirose, ·F. Takahashi, M. Toda: •pressure Loss and Liquid Hold 
Up. in P~cked Bed Reactor with Cocurrent Gas.-Liquid Down Fl~; J. 

20 Chem. Chem. Eng. Of Japan,·vol. 6 (No. 2), 1973, 147-152; 
D. Sweeney: •A Correl~tion for Pressure Drop in Two-Phase Concurrent 
Flow in Packed Beds•; AIChE-Joumal, Vol. 13, 711967, 663-669; 

. V. W~ Weekman, J. E. Myers: •fluid-Flow Characieristics of C~ncurrent 
Gas-Liquid Flow . in Packed Beds•; AIChE-Joumal~ Vol. 1 o (No. 6), 

25 11/1964,, 951-957; 
R. P. Larkins, R. P. White, D. W. Jeffrey: •Two-Phase Concurrent Flow in 
Packed Beds•; AIChE-Joumal, Vol. 7 (No. 2), 6/1961, 231-239 or 
N. Midoux. M. Favier, J.-C. ·charpentier: •flow Pattern, Pressure Loss and 
Liquid Holdup Data in Gas-Liquid Down-Flow Packed Beds with Foaming 

3 o and Nonfoaming Liquids•; J. Chem. Eng. Of Japanr Vol. 9 (No. 5), 1976, 
350-356. 

The relationship proposed by Midoux. which has been tested for many 
gas-liquid systems, is frequently util.ized for the ~lculation. In the case of 

3 5 nonfoaming systems,. for example: 

·. 41>
2 = 1 + 1/X + 1.14/X0

.54. 
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Th~s so-called Lockart-Martinelli relationship is depicted in graphical form 
in many works; detailed descriptions of it may be found in many text books 
on process engineering and publications, for example in Brauer et al. 

s The pressure drop of the multiphase ·now P1o is ·then derived from the 

experimentally determined pressure drop, or the pressure drop estimated 

as described above, of the pure flowing liquid phase P1 using · 

10 

and expressed as a function of the reactor length L (m] 

PD= PiJL. 

15 The pressure drop' of a multiphase flow: can thus be calculated by 
customary methods of chemical engineering. The same applies to the 
pr:eviously defined dimensionless pressure drop B, i.e. the loading factor of 
the multiphase reactor. ·. 

2 o J"he magnitude. of the dimensionless loading factor B is a necessary 
fundamental condition in the process of the invention; B should be greater 
than or equal to 0;8, preferably .greater than or equal to 0.9 or particularly 
preferably greater than or equal to 1. in the region where B is greater than 

_or equal ~o 0.8, a reactor operated from the top downward begins to flood. 
25 It may be expressly pointed out that.when these conditions are adhered to, 

the advantages of the process of the invention are achieved even when 
the reactor is operated from the bottom upward or in another direction. 

Higher cross-sectional loadings of the reactor (B >> 1 ), recognizable by 

30 the increasing·clifferential pressure over the reactor, are· possible at any 

time and even desirable as long as the increasing space-time yields justify 
the similarly increasing energy consumption. An upper iimit ·is therefore 

·imposed 9nly by practical considerations such as energy consumption or 

35 

. . 
difficulty of separating .the phases after the reactor is complete. 

It can thus be seen that, apart from. the volume flows of the individual 
phases or the empty tube velocities w::: V/(xD2/4) d~rived therefrom, the 
physical dim~nsions Of the-reactor (len~lh L, diameter D) and, in particular, 
the data for the packing used. (hydraulic diameter dH, empty tube fraction 
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v) play an important role. Correct selection of these parameters enables 

the process to be matched without difficulty to a wide variety of 

requirements; it is only important to adhere to the condition B ~ 0.81 

preferably B ~-0.9 and particularly preferably B ~ 1. 

In the case of a slow reaction, ~ne will, for example, select . a small 

hydraulic diameter of the packing or select a large specifi~ surface ~r~a. 

so that the required conditions for B are achi~ved even ·at small flow 

. velocities. In ·this way, sufficient residence tirries over the le~gth of a 

1 o . sensibly dimensioned industrial reactor are obtained. In the case of very 

fast reactions, a converse procedure is advisable. 

A further criterion in carrying out the proces~ of the invention is the ratio of 

·the mass flow of the liquid, catalyst-containing phase Mr to the mass flow 

15 of the disperse phase or phases M2• In the case of the vinylation ~f 

carboxylic acids, the mass flow of the catalyst phase· M1 is significantly 

greater than the mass flow of the disperse phase, i.e. t~ acetyl~ne phase 
M2. In the process of the invention, the mass ratio M1IM2 of the continuous 

phase (M1) to the disperse phases (M2) can b~ ·greater than 2; it is 

2 o preferred that M1/M2 > 10. Flaw ratios of M1/M2 > 100 are quite possible 
and frequently av.en advantageous. Under the condition MtlM!l > 2, the 
catalyst phase i$ the continuous phase, while the <;lisperse phase is 

· divid~ into fine bundles or into fine · droplets. In the proce~s oi· the 

invention, it is possible for at ·1east one starting material to· be disper:sed by 

25 means of Uie e~rgy introduced into the tube _redor by the conti~uous 

phase. This leads to dispersion of at least _one starting material -in bubbles 

or droplets within the continuous catalyst P.hase. 

This, too, can be estimated using customary engineering method~. 

3 o . Suitable metf:lods employ relationships involving · dimensionless 

param~ters, for example 

35 where 

ds: . diameter of the droplets or bubbles obtained. by the Sautet 

·method (in Brauer et al.), 

du: hydraulic diameter of the packing, 
Reg1: Reynolds number of the multiphase flow= w0i" (pi/111) • (du/'11), 
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• • 2 
We0,: Weber number of the multiphase flow = w01 (p1/0"01) (du/~, ), 

~.m,n: empirical constants (known or determined by experiments), 

w: empty tube velocity [m/s] = V/(xD2/4), 

V: volume flow under operating conditions [m3/s], 

5 p: density under operating conditions [kg/m3), . 

10 

11: viscosity under operating conditions [Pa
0

s] and 

y: interracial tension under operating conditions [N/m] 

and the indices I (liquid phase), g (gas phase) an~ gl (gas/liquid two-phase 

flow). 

In the case of structured packings such as Sulzer SMV or narrow tubes as 

internal fittings, it seems plausible that a calculated bubble or droplet 

diameter ds greater than the channel diameter is not sensible. However, 

this does not apply to permeable packings and packing ~laments such as 

15 wire mesh rings· or woven wire mesh (known as demister packings or 

droplet precipitators). In the proce~s of the invention, it is possible to use 
calculated droplet diameters which are at least equal to or smaller than the 

hydraulic channel diameter: 

20 dsld" ~ 1, preferably< 0.9. 

25 

30 

The calculated droplet diameter finally allows a mass transfer area to be 
. . 

calculated in accordance With 

For the phase fraction q>11 of the disperse phase (in the case of the 

vinylalion, the gas phase or the acetylene is dispersed), the ratio of the 

empty tube velocities of the phase's can be used: 

The r~sidence time -c of t~e phases flowing through the reactor can be 

"calculated approximately as 't - L\vlw1a. The residence time 't in the 

35 process of the invention is generally much less than one hour and can be 

in the minute range or even lower. N_evertheless, this completely unusual 

method of operation (high catalyst throughput in the r~~ctor, camparalively 
low proportion of starling· material in the reaction composition, and as a 
result a very short residence. time) surprisingly achieves high space-time 
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yields in the case of many multiphase reactions. Alternatively, at the same 
space-time yields it is possible to work at significantly lower temperatures 

than is customary, since the increase in the reaction rate, which can, for 

example, result in minimization of secondary reactions and thus improve 

s selectivity, makes this economically feasible. 

10 

The process of the invention can be matched very flexibly to a wide variety 

of requirements. For specific requirements, the following embodiments of 

the process of the invention are possible: 

If the application requires a very long mixing zone or calming zones are 

required, for example for decreasing mass flows, a ~scaded arrangement 
of tube reactors having internal fittings or packing can be employed. 

15 A cascaded arrangement of tube reactors or the alternative arrangement of 
packed and empty tube sections is advisable if a particularly low pressure 
drop is desired. 

Furthermore, parallel arrangement qt tube reactors or the use of a 
2 o mullitube reactor, in which the tubes can assume the function of internal 

fittings, is conceivable. In addition, reactors can be provided with multiple 

feed points for gas along the length of the reactor if the gas consumption is 
so high that unfavorable phase ratios of gas to liquid result from the two 
phases being combined upstream of the reactor. 

25 

The particular conditions of the process of the present invention allow 

further embodiments of the process. Thus, the high circulation of the 

catalyst phase or of the · continuous phase which is necessary can 

additionally be exploited for operating a jet nozzle which is arranged as a 

30 liquid-jet gas compressor upstream of the actual tube reactor. This can be 

used for thorough premixing of the two phases and for compressing the 

gas phase, which makes the operation mode with higher prepressures in 

the reactor possible. Finally, if, oonversely, the suction action is exploited 

instead of compressing the gas, it is even ·possi~le to circulate gas with 

3 s simultaneous premixing of the phases. The energy introduced into the tube 

reactor by means of the catalyst-containing continuous phase can be used 

for dispersing the starting material phase or at least one starting material. 
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In the case of reactions with acetylene, as in the vinylation of carboxylic 
acids, there is a risk of acetylene decomposition at elevated pressure 
(without dilution) above 1.3 bar absolute. However, this does not apply to 
acetylene which is · finely dispersed in ~ liquid, since possible 

5 decomposition in a single bubble ·is immediately stopped by the 
surrounding -liquid. Since compression occurs in the liquid-jet gas 
compressor by fine mixing into· the driving jet, this -makes greater· 
compression of acetylene possible without presenting a danger. If the 

· circulation pump fails, then~ is insufficient energy for compression, the 
1 o reactor runs empty and the acetylene liberated is again under atmospheric 

pressure. Finally, the reactor provided with packing or internal fittings acts 
like a decomposition barrier, so that double safety is ensured. . 

Heat removal in the case of strongly exothermic reaction~, for example as 
15 in the vinylation, · is also not critical in the process of the invention. The 

high throughput of the catalyst circuit acts as a heat exchange medium so 
th~t. even in the case of adiabatic operation of the reactor, only small 
temperature differences arise and a homogeneous temperature distribution 
in the reactor without temperature peaks results. The heat generated can 

2 o then conveniently be removed or exploited for energy recovery by means 
of any conventional heat exchanger located in the external catal}tst circuit. 
To imprqve removal of heat, it can sometimes be useful· to run the catalyst 
circuit at a higher circulation rate (i.e. at a higher B value) than is 
_necessary according to the experimental results, since· the catalyst circuit 

25 enables a smaller temperature gradient over the reactor to· be set. 
Compared to _the prior art, the process of the invention offers considera~le 

. advantages, for example: 

• High space-time yields can · be achieved . at comparatively low 
3·0 temperatures. 

35 

• The formation of by-products is eXtremely low; values of 1-2% by weight 
and less are possible. 

• The p~ocess is gentle on the catalyst and it suffers from very little 
deaCtivation; contirn,1ous ci"ischarge is not necessary. 

In the case of the vinylation of carboxylic acids using the process of the 
invention, th~re are further advantages: 
• The conversion of acetylene is very high and can. be 98% and more, so 

that recirculation of acetyl~he is riot necessary. In practice, one will 
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even deli.berately set a· small waste-gas fraction which is not necessary 

per se from the point of view of the process, since acetylene contains 

inerts which accumulate because of the high conversion and have to be 

discharged. 

s • The particular mode of operation makes it possible to operate an 

industrial reactor having a length. Of many meters despite the low 

permissible acetylene prepressure of only 300 mbar. 

The specific residence time and the loading · factor are selected in 

1 o accordance with the· process of the invention. For this purpose, the 

reaction can be carried out in one or more tube reactors with internal 

fittings corresponding to the forego~ng description . 

. In the process of the inventio~. particularly in the vinylation of carboxylic 

1 s acids, the mass. ratio of catalyst phase to gas phase at the inlet of the 

reactor can be in ·the range from 1000/1 to 2/1, preferably in the range from 
200/1 to 50/1. · 

The reactants can be fed in either after pr~heating .• i.e. in the region. of the 
2 o reaction temperature, or cold~ Owing to the high phase ratio to the catalyst 

phase, preheating. can also occur by means of the process heat. 

.. 
. The heat ·of reaction can be removed by means . of vari~s heat 

exchangers. These heal exchangers·do not have to be in the vicinity of the 

25 reaction ~.ace, but can also, if desired, be located outside the reacto~. The 

individual heat flows are dependent on the specific heat of reactiQn and on 

the desired temperatures in the reactor and in the work-up ~pparatuses. 

The heat of reaction which has been removed can thus be utilizect very 

30 simply, e.g. in the·process itself, for healing a·distillation apparatus or for 

generating steam.· 

Fig. 1 shows a possible embodiment of the process of the invention, in 

which it is assumed that a ga.seous starting ·material A reacts with a liquid 

3 5 starting material B in the . presence of a ·nquid · catalyst phase K The 

catalyst phase K in the catalyst circuit stream 3 is pumped directly to the 
top of the reactor R; . it is possible, if desired, for a liquid-jet gas 
compressor G, i.e. a jet nozzle; to be installed upstream of the reactor. The 

feed o.as in stream 1 is fed .in via the suction side of the liquid-jet gas 
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compressor (or the jet nozzle) G. If this is not present, the two streams are 

simply combined without further measures. After the reaction in the reactor 

R is complete, excess gas is separated off by customary engineering 
. . 

means (stream 5), e.g. by means of a degasser or a residence time vessel· 

s P. The organic phase goes to the ·vessel D for the actual product 

separation. The crude product VE can be separated from the catalyst 

phase.by, for example, distillation or flash evaporation of the ouiput froni 

the reactor if the catalyst and any solvent used have boiling points higher 

than that of the product. Other engineering methods appropriate to the 

1 o particular problem, for example extraction, pervaporation, etc., are also 

possible; the critical point is that the catalyst can be recovered and 

recirculated (stream 3). Apart from the circulation pump H, the heat 

exchanger W indicates the possibility of heating the reaction mixture in the 

case of endothermic reactions or cooling it in ~he case of exothermic 

15 react.ions or Of utilizing the heat of reaction.in another way, e.g. for steam 

generation. 

In general, purification of the product will be necessary downstream of the 

vessel 0, and this can be carried out as customary by distillation, 
2 o ~xtraction or any other product purification method (not shown). 

Furthennore, the tailgas can be circulated by means of the comection 4 

between stream 5 and stream 1. 

. .. 
25 The reactor can also be operated in the upflaw mode or in any other 

30 

positic;>n. In lt)e case of operation in the upflow mode, gas and catalyst ~re 

advantageously fed in at the bottom of the reactor and the degassing utiit 

is. located at the top of the reactor. After separation· of product and catalyst 

phases, the catalyst is recirculated to the bottom of the reactor. 

The process · Of the present invention is particularly suitable for the 

vinylation of carboxylic acids by means of acetylene. This is outlined in 

Fig. 2. T~e liquid-jet compressor (jet nozzle) of Fig. 1 can be included if 
. . 

desirecJ. The reactor is advantageously operated in the downflow mode 

35 and designed for a dimensionless loading factor B of greater than 0.8 at 

the inlet of the reactor. In the loading r~gion B = 0.8-1, the pressure drop is 

about equar to the static pressure, so that no pressure ~rop is apparent oh 
the gas side~ The acetylene can thus be fed in at atmospheric pressure or 
with a slight gauge pressure Qf not more than 300 mbar. Starting material 
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A {stream 1) is in this case acetylene, starting material B (stream 2) is the 
carboxylic acid t_o be vinylated. The catalyst circuit (stream 3) consists of a 

solution of the zinc sail of the acid to be vinylated in excess carboxylic acid 

B. 

In the process of the invention, the catalyst used can be a metal salt, 

preferably the zinc salt of the carboxylic acid to be vinylated. 

The catalyst is dissolved in excess carboxylic acid, so that in the present 

1 o case the continuous phas~ is formed by the catalyst solution and the 

disperse phase is formed by a.cetylene. 

As degasser downstream of the actual reactor R, use is made of a 

residence time vessel 81 wh_ich can be designed simultaneously as a 

15 buffer volume and working vessel. . 

Since. vinyl esters have lower boiling points than the carboxylic acid. used, 

they tan be separated from the catalyst by thermal means, for example by 

distillation. A particularly favorable meth~d, because it is· gentle on the 
20 prod~. has been found to be preliminary separation of the catalyst from 

products in a flash vessel F, with the vapors (i.e. gaseous product) formed 

in the flash vesse' being passed directly to a distillation column D in ~ich . 
. the vinyl ester VE (stream 6) is separated from residual carboxylic acid 

(stream 7) which is also carried over from the single-st~ge separ~tion in 

25 the flash .v~ssel as a result of the partial vapor pressure. 

The carboxylic acid obtained at the bottom of the column as stream 7 can 

be recirculated fo the reaction together with fresh carbo}(ylic acid to make 

up the amount consumed. Flash vessel F and column D are operated 
. . 

30 under reduced pressure in the case of vinyl esters having a relatively high 

35 

molecular weight and thus a relatively high boiling ~int, in which case the 

vacuum is advantageo~sly set so that the boiling temperature is just below 

the desired reaction temperature. In this way, the heat of reaction can be 
utilized directly for the distillation. 

Low boilers L are· obtained at the top of the column D, and these can 

generally be separated .off by occasional stripping of the runback. The 
vinyl ester taken off in ·the side stream 6 is highly pure and can be used 
directly for, for example, . homopolymerization or copolymerizalion 
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reactions. For prolonged storage, it should be admixed with a stabilizer in 
order to avoid undesirable autopolymerization. 

A steam feed D can be additionally provided at the top of the reactor R. · 
s . Here, small amounts of steam can be metered in so th~t the catalyst 

always contains a small amount of water, e.g. 0.1-0.5% by weight. 
Although this inhibits the reaction slightly, it prevents the formation of 
anhydrides of the carboxylic acid which would no longer be available to the 
reaction and would have to be discharged as inert. 

10 

The catalyst circuit 3 is preferably operated at a constant flow (FC in 
Fig. 2), which results· in very steady and stable behavior of the reactor. The 
aude product obtained in the degasser 81 is transferred under level 

. control. to the flash vessel F, and the liquid catalysUcarboxylic acid mixture 
1 s separated off here goes to a reservoir' B2 for_ the cataly~t circuit pump. 

The volume is constant throughout the entire ·plant, except for the reservoir 
B2. The decrease in level in B2 is _a direct measure of the proportion of 
product taken off in vapor form to the distillation column D, so that the level 
measurement in the vessel 82 is directly the control parameter for the 

2 o ~mount of replacement carboxylic acid. 

25 

The following examples illustrate the ia:ivention without restricting its s~pe. 

Example.1 (comparative example) 

The vinylaliof) was earried out in an experimental apparatus (see Fig.~). 
similar to that desaibed in the literature (G: HObner, Fette, Seifen 
Anstrichm. 68, 290 (1966), DE 1210810, DE 1238010). The reactor R had 
a heighl"of 20 cm and a diameter ·of 1 O cm and was ~ck~d with Raschig 

30 rings to improve mass transfer. The reactor was. able to be thermostated . 
by means of a double wall. Acetylene A and the carboxylic ·acid c to be 
reacled were fed in through a frit at the bottom of the reactor R.. 

the catalyst was the zinc salt of the acid to be vinylated, dissolved in an 
35 excess of acid. The reaction was carried out at a ooncentralion of from 55 

to 80% by weight of zinc salt in excess acid. The reactor charge was 
1 ~35 liters. 



- 19 -

In a modification of the procedure described in DE 1238010, the acetylene 

used was saturated with water at 40°C rather than at 20°C1 otherwise the 

catalyst resinifies too quickly. The product P was carried out with the waste 

gas together with unreacted carboxylic acid and condensed in the heat 

s exchanger W. The waste gas G was discharged into a waste gas line. 

10 

15 

20 

The carboxylic acid used was a mixture of tertiary nonanoic acids having a 

purity·of 99.73%, based on the content of tertiary nonanoic acids, and the 

following composition (figures in % by weight): 

2,2-Dimethylheptanoic acid 7.31 

2-Methyl-2-ethylhexanoic acid 54.30 

2-Methyl-2-propylpentanoic acid 7.09 

2,2-Diethylpentanoic acid 3.40 

2,2,5-Trimethylhexanoic acid 0.83 

2,2,4-Trimethylhexanoic acid . 0.81 

2,4-Dimethyl-2-ethylpentanoic acid 1.76 

2,2,3-Jrimethylhexanoic acid 2.54 
2-Methyl-2-isopropylpentanoic acid 5.44 

· 2,3:.Dimethyl-2-ethylpentanoic acid A 7.27 

2,3-Dimethyl-2-ethylpentanoic acid B 7.59 
2-Ethyl-2-isopropylbutanoic acid 1.19 

.Other Ca acids 0.20 

impurities not determined 0.27. 

25 In a series of experiments, the temperature dependence of the space-time 

yield (STY) was determined. 

At a reaction temperature of 190°C, hardly any conversioh took place; only 

in the region above 230°C were industrially interesting STYs of 0.3 t/m3~ 
30 achieved. In all experiments, the acetylene conversion was low, despite 

the fact that the carboxylic acid was present in a high excess. Circulating 

35 

· gas flC>Ws of acetylene of the order of from 100 mol per mole of vinyl ester 

formed at 1 ~0°C to {in the best case) - 6 mol per mole at 235°C have to be 

reckoned with. 

From analyses of the waste gas, it was estimated that about 10% of the 

acetylene reacted had reacted to form acetaldehyde at 235°C. In addition. 

benzene, butenyne, crotonaldehyde and further low boilers not determined 

were found in the waste gas .. The required prepressure of the acetylene 
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was - 0.09 bar/m, so that a reactor with the permissible prepressure of 
0.3 bar could be no more than 3 m high, since a certain pressure margin 
has to be allowed industrially for the pressure drop in lines and regulafors. 
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Exoeriment No~ 1 2 3 4 

Temperature f°Cl 190 210 . 220 225 

Acetvlen.e frnol/hl 22.00 22.00 22;00 22.00 

Vinvl ester rmcl/hl 0.22 . 1.10 1.69 2.27 

Yield of .vinyl· ester based on 1.0% 5.0% 7.7% 10.3% 

acetylene used 
STY ft/m3/h1 0.03 0.15 0.23 0.31 

5 6 7 

231 235 235 
22.o.o · 22.00 16.50 

2.71 '3.30 3.01 

12.3% 15.0% 18.2% 

. 0.37 .0.45 0.41 

8 

235 

19.25 

3.28 

17.0% 

0.45 

9 

235 

24.75 

3.45 

13.9% 

0.47 

N ...... 
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Example 2 (comparative example) 

. This experiment was carried out using, as shown in Fig. 4, a double-wall. 

thermostatable reactor R which was provided with Sulzer mixers to 
5 improve mass transfer. The catalyst and fresh carboxylic acid C having the 

composition given in Example 1 were fed in at the bottom of the reactor R 

at a c0nstant flow rate of 8 l/h. Acetylene A was fed in through a fril at a· 

constant 4.5 mol/h. The output from the reactor was, after 

depressurization, passed through a thin film evaporator F operated at 

1 o 80 mbar to distil off the vinyl ester together with about 15% of carboxylic 

acid. This is taken into account in the vinyl ester balance. 

15 

In the heal exchanger W, the tailgas G was disposed of and the product 

phase P was collected in the vessel 8. 

The reactor was operated. under th~ typical conditions for a bubble column 

and therefore not under the conditions of the process of the invention (B = 
0.27-0.52). 

2 0 ~n addition, the influence . of the water content Of the catalyst pl:lase was 
ex~mined under. otherwise constant conditions. This· was achieved by 

feeding i;1 small amount of steam into the acetylene feed ·and the water .was 

determi_ned in samples of the catalyst solution by Karl-Fischer titration .. 

Analyses of the zinc content and also density alid viscosity determinations 

2 s were carried out as a function of. temperature on these samples. The 

corresponding data for acetylene were interpolated from tables. 
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Apparatus parameters: 

Reactor DN40 Length of the packed zone L 

DiameterD 

Packing SMV 8 ON 40 

Hydraulic diameter dH 

Empty tube fraction 

Catalyst Circulation 

Zinc salUcarboxylic acid 

Results: 

Exoeriment No. 10 11 

Temperature [°CJ· 190 190 

Water content [wt%) 0.12% 0.21% 

Cat circulation 0.008 0.008 

rma/hl 

Cal circulation 7.336 . 7.336 

lka/hl 

" of cat. (kg/mi 917 917 

11 of cat. (Pa
0

s] 1.92E-02 1.53E-02 

. " of acetylene rl«itmi 0.68 0.68 

n of acetvlene fPa
0

sl 1.53E-05 1.53E-05 

Acetylene in [mol/h] 4.50 4.50 

Acetvlene out [mol/hl 2.16 2.72 

Acetylene in [kg/h] .0.117 0.117 

Acetylene out [kg/h) 0.056 0.071 

Acetylene in [m3/hJ 0.171 0.171 

Acetylene out [m3/h] ·0.048 0.061 

Acetylene conversion 52.1% 39~6% 

PD [bar] 2.14E-03 1.98E-03 

PS.R>ar] 4.09E-03 4.09E-03 

B 0.52 0.49 

Vinyl ester [kg/h] 0.42 0.31 

STY Jt/m3/h) 0.27 0.20 

1m 
0.0431 m 

(Sulzer) 

0.0072m 

~=83% 

0.008 m3/h 

55-60% by 
weight of Zn salt 

12 13 

190 1.90 

0.38% 0.72% 

.0.008 0;008 

7.336 7.336 

917 917 

9.27E-03 2.07E-03 

0.68 0.68 

1.53E-05 1.53E-05 

4.50 4.50 

2.97 3.36 

0.117 0.117 

0.077 0.087 

0.171 0.171 

0.067 0.075 

34.0% 25.3% 

1.68E-03 1.10E-03 

4.09E-03 4.09E-03 

0.41 0.27 

0.28 0.18 

0.18 0.12 

The conversions of acetylene· are still low, although the disadvantage of 

the product having to be discf":aarged with the waste gas as in Example 1 is 
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eliminated by the flash separation. However, in industrial implementation, 

this still requires an acetylene gas circulation of the order of 2-4 mol/mol, 

. based on vinyl ester formed. In addition, the required prepressure is in a 

similar range to that ih Example 1, so that a maximum reactor height of' 

5 about 3 m is possible from an engineering point of vie~. 

Example 3 (process according to the invention) 

The process of the invention was tested in a pilot plant as shown in Figure 

1 o 2 using the same tertiary nonanoic acid as in Examples 1 and 2. 

The reactor R was a ON 40 tube packed with a knitted wire mesh from VFF 

(Vereinigte FOllkOrper Fabriken, Type .T-20-M) as is used for the 

produCtion of droplet precipitators, also known as demister packing 

15 (experiments 14,· 15, 16). The knitted wire mesh was rolled more tightly 

than -usual and was packed into . the reactor so that a ·greater packing 

d~nsity and thus a smaller hydraulic diameter and a smaller empty tube 

fraction resulted. The length of the packing was 2000 mm. The empty tube 

fraction was determined by measuring the volume of the empty and packed 

2 o .reactor, while ·the packing density was determined by weighing the 

installed packing. The resulting packing parameters are indicated in the 

individual experiments. A liquid-jet compressor was installed upstream of . . 
the reactor in experiments 14, 15 and 16. An annular diaphragm could be 

. installed. at the bottom of the reactor to make it possible to increase the 

25 pressure at the reactor outlet. The pressure drop over the length of the 

packing was ~etenriine_d by means of a differential pressure measurement. 

For experiment 17, the knitted wire. mesh was removed and replaced by 

Sulzer mixers (Type SMV 8 ON 40). In addition, the liquid-jet gas 

3 o compressor was omitted. 

. . 

The catalyst stream comprising 65% by weight of the zinc salt of the 

carboxylic acid to be ·vinyla~ed dissolved in excess acid was fed in at the 
. . . 

top of the reactor. The acetylene was metered in via the suction side of the 

35 liquid-jet compressor (experiments 14, 15, 16) .. In experiment 17, the 

acetylene was introduced directly into ~he catalyst circuit via a tube directly 

upstream of the top of the reactor without further ~ixing aids. In this 

experiment, no . .regulation whatever o~ the acetylene feed was employed. 

Only the consumption which. is automatically established at the existing 
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acetylene admission pressure from the line (about 200 mbar) was 

measured. 

In all experiments, small amounts of steam were fed into the acetylene so 

5 that the catalyst had, according to analyses, a water content of 

0.25 ± 0.05% by weight. 

The output from the reactor was degassed in the residence tirne vessel 81 

and fed under level control to the evaporator F (flash evaporation under 

1 o . reduced pressure). The vapors were passed to a distillation column D and 

were fractionated into low boilers L, whi~ were stripped from the column 

runback from time to time, high boilers (together with carboxylic acid -in 

accordance with the partial vapor pressur~) which were obtained at the 

bottom and the vinyl ester of tf:le carboxylic acid used, which was taken off 

15 as the side stream 6. Column and flash vessel were maintained at a 

reduced pressure of 80-100 mbar by means of a vacuum compressor. 

The liquid output from the evaporator was conveyed via the intermediate 

vessel ~2 and a circulation pump LC b~ to the reactor. The f~ed of 

2 o carbo>_cylic acid, Consisting of lhe bottoms from the distillation column 

supplemented by fresh carboxylic acid, was controlled via the level in 82. 

- The fonnation of by-prod1.,1cts was so low that it could no l90ger be 

balanced. From long-term tests over a period of one week in each case, it 

2 5 was esti~~led that the total by-product formation was less than 1 % _of the 

total conversion. 

No decrease in the catalySt performance was observed either. Just the 

regular removal of analytical samples was obviously sufficient to bleed off 

3 o high boilers ·and other interfering substances which may have been 

formed. 



Experimental results: 

Exoeriment SeQuential No. - 14 

Reactor · Lenath m 2 

Diameter m 4.30E-02 

Packina· Twe - T-20-M 

Hvdraulic diam. m 4.71E-03 · 

Emctv tube fraction % 96:7% 

Oceratina data Temperature ·c 190 

. Precressure bar 1.46 

Back pressure bar 1.04 . 

Catalyst Circuit 1l m3/h 1.1 

Zinc salt w-%·. 65±5% 

Acetvlene Feed mol/h 17.43 

Vinvl ester Production mol/h 16.50 

Acetvlene Excess mo I/mo I 1.056 

Vinvl ester STY t/m3/h 1.047 

PS in M/v·a In mbar/m 63 

PS out M/v*a out mbar/m 85 . 

PD in p;JL in mbar/m 472 

PD out p,JLout mbar/m 143 

Factors reactor in - 7.45 

15 16 

2 2 
4.30E-02 4.30E-02 

T-20-M T-20-M 

4.71E-03 4.71E-03 

96.7% 96.7% 

190 190 

1.9 1.73. 

1.7 1.35 

1.1 1.1 

65±5% . 65±5% 

21.62 21.62 

20.82 20.11 

1.038 1.075 

1.321 1.276 

64 62 

.as. 67 

492 492 

141 141 

7.66 7.87 

17 

2 
4.30E-02 

SMV8DN40 

7.20E-03 

83.0% 

191 

1.04 

1.04 

1.3 

65±5% 

10.86 

9.33 

1.163 

0.592 

69 

87 

86 

. 67 

1.24 

"" °' 
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In experiment 14, an extraordinarily high space-time yield of over 1 t/m3/h 
was achieved at a very low temperature typical of the process of only 

190°C. A further improvement in the space-time yield could be achieved by 

slightly increasing the pressure (experiments 15, 16). 

s The acetylene excess was minimal, so that circulation of acetylene could 

be omitted. In particular, -the waste gas was no longer measurable in 

experiment 15. 

Finally, in experiment 17, the catalyst circulation was set so that the gas-
1 o side differential pressure-.above the reactor was zero, i.e. pressure drop 

and static pressure were eliminated. Nevertheless, the reactor was flooded 
and operated quietly and without trouble. The acetylene uptake 
established by itself led to a still very high space-time yield of almost 0.6 

. t/m3/h, so that a reactor of a11y length (possibly with multiple injection of 
15 acetylene) could be operated without problems at the permissible 

acetylene prepressure of not more than 300 mbar. 

Example 4 (process according to the invention) 

2 o Preliminary experiments on the vinylation of 2-ethylhexanoic acid (2EHA) 
were carried out in the experimental plant described in Example 3. Without 
further optimization, industrially interesting space-time yields of 0.3 t/m3/h 
were achieved here too, although this acid is much more difficuit to 
vinylate than is a tertiary carboxylic acid. 
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Experiment Seq.No .. - 18 19 20 

Carboxylic - 2EHA 2EHA 2EHA 

acid 

Reactor Length m 2 2 2 

Diameter m 4.30E-02 4.30E-02 4.30E-02 

Packing Type - SMVBDN4 SMV8DN4 SMV8DN4 

0 0 0 

Hydr.diam. m 7.20E-03 7.20E-03 7.20E-03 

Empty tube % 83.0% 83.0% 83.0% 

fraction 

Operating Temperature ·c 200 195 190 

data 

Prepressure bar 1.114 1.114 1.114 

Back pressure bar 1.04. 1.04 1.04 

Catalyst Circulation m3Jh 1.33 1.33 1.32 

Zinc salt w-% f~· 65±5% 65±5% 65±5% . 
Acetylene Feed molJh 8.739 6.757 7.432 

Vinyl ester Production molJh 5.65 a.10 4.90 

Acetylene Excess mollmol 1.548 1.825 . 1.518 

VinYI ester SlY t/m3Jh 0.331 0.217 0.287 

PS in MN·gin mbar/m 73 76 75 

PS out MN·gout mbar/m ·83 86 85 
.PD in P.Jlin mbat/m 129 134 140 

PD out P.Jlout mbar/m 106 110 116 

FactorB Reactor in - 1.78 1.76 1.86 

Example 6 (process according to the Invention). 

· 5 ·camoxylic acids having relatively short aliphatic ch~ins, e.g; butyric acid, 

are generally not able to be vinylated by the zinc salt method~ since the 

required ~eaction temperatures of usually > 200°C cannot be achieved 

because of the high v~por pressure of the acids. For example, butyric acid 

10 

. . . 
has a boiling point of 165.5°C at atmospheric pressure of 1013 mbar. 

The experiments were carried out as in Examples~ an~ 4, with a liquid-jet 
gas compressor Oet nozzle) for feeding in the acetylene· being installed 
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upstream of the reactor. The reaction temperature was chosen so as to be 

below the boiling point of the zinc salUbutyric acid mixture. 

In experiment 21, use was made of a reactor packed with 6"6 mm wire 

s mesh rings. These wire mesh rings are customary in distillation technology 

(VFF = Vereinigte FOllkOrper Fabriken}. 



Experimental results: / 

Exceriment SeQuential No. - 21 

Reactor · Lencth m 2 
· Diameter m 6.40E-02 

Packing Type - MOR 
6°6 

Hydraulic diameter m 2.SSE-03 

EmDtv tube fraction -% 91.5% 

Operatinc data TemDerature ·c ·180 

Precressure bar. 1.06 

Back Dressure bar 1.04· 

Catalvst Circu.lation 1) m3/h 1.04 

·zinc·salt w-% 50.0% 

Acetvlene Feed mol/h . 5.14 

Vinyl ester Production mol/h 1.52 

AcetYlene Excess mol/mol 3.37 

Vinyi ester . STY t/m3/h 0.027 

PS·in MN·ain mbar/m 88 
PS out. MN·a out mbar/m 99 

PD in P1Jlin mbar/m 239 

PD out P1Jlout mbar/m 113 

Factor.a reactor in . - 2.72 

. 22 23 
2 .2 

4.30E-02 4.30E-02 

SMV8DN40 SMV8DN40 

1.20E-03 7.20E-03 

83.0% 83.0% 

167 177 

2 2 
2.00 2 

1.59 1.26 

55.0% 84.2% 

6.31 10.405 

1.91 4.20 

3.30 2.48 

0.075 0.17 

97 90 

103 99 

146 99 

119 78 

1.50 1.10 

24 

2 
4.30E-02 

SMV8DN40 

7.20E-03 

83.0% 

177 

2.35 

2.3 

1.26 

84.2% 

11.937 

5.34 

2.23 
0.21 

90 

100 

99 

78 

1.10 

'-'> 
0 

,. 
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In experiment 21 (atmospheric pressure), slight formation of vinyl ester is 

observed. However, a significant increase in the space-time yield is once 

again achieved by increasing the pressure, increasing the zinc salt content 

of the catalyst and a moderate ethylene excess (circulating gas operation). 

s Experiment 24 achieves an STY of 0.21 t/m3/h which already represents an 

industrially sensible order of magnitude. Thus, even lower carboxylic acids 

such as butyric acid can be vinylated by the process of the invention. 
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Claims: 

1. 

2. 

A process for carrying out catalytic multiphase reactions in a tube 

reactor, wherein the catalyst is present in the continuous phase and 
at least one starting material is· present in a dispersed phase and 

the loading factor B of the tube reactor is equal to or greater than 

0.8.. 

The process as claimed in claim 1, wherein carbo)(ylic acids are 

reacted with acetylene in the multiphase reaction to give the 

corresponding vinyl esters. 

3. The process as claimed in claim _2, wherein the carboxylic acid 

contains from 2 to 16 carbon atoms. 

4. 

5. 

6. 

The process as cl.aimed in claim 2 or 3, wherein lhe catalyst is a 
metal salt of the carboxylic acid. 

The process as claimed in any of claims 2 to 4, wherein the catalyst 

is the zinc salt of the. carboxylic acid. 

The process as claimed in any of claims 1 to 5, wherein the loading 

factor B is greater than ~r equal to 0.9. 

25 7. The process as claimed in any of claims 1 to 5, wherein the loading 

factor B is greater than or equal to 1.0. 

30 

8. The process as claimed in any of claims 1 to 7, wherein the mass 

ratio of the continuous phase to the -disperse phase or phases is 

greater than 2. 

9. The process as claimed in any of claims 1 to· 81 wherein the 

continuous phase drives a jet nozzle upstream of the tube reactor. 

35 10. The process as claimed in any of claims 1to9, wherein at least one 

starting material is dispersed by means of the energy introduced 

into the tube reactor by the continuous phas~; 
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11. The use of a vinyl ester prepared as claimed in any of claims 1 to 1 O 

for the preparation of homopolymers or copolymers. 

12. The use of a vinyl ester prepared as claimed in any of claims 1 to 1 O 

s in adhesives. 


