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ABSTRACT 

Apparatus and processes are provided for forming epoxide compounds. In one 

embodiment, a process for the manufacture of an epoxide is provided including adding an 

oxidant, a water-soluble manganese complex and a terminal olefin to form a multiphasic 

reaction mixture, reacting the terminal olefin with the oxidant in the multiphasic reaction 

mixture having at least one organic phase in the presence of the water-soluble manganese 

complex, separating the reaction mixture into the at least one organic phase and an 

aqueous phase, and reusing at least part of the aqueous phase. The invention is also 

related to a device for performing the above process.



Process for the manufacture of a 1,2-epoxide and a device for carrying out said process 

Field of invention 

The invention relates to the manufacture of a 1,2-epoxide in the presence of a water-soluble 

manganese complex as an oxidation catalyst and to a device for carrying out said process.  

Background of invention 

A process for the manufacture of a 1,2-epoxide is described in the published European patent 

application EP 2149569. It describes the catalytic oxidation of a terminal olefin using a water 

soluble manganese complex as the oxidation catalyst.  

The process described is carried out in a multiphasic, e.g. biphasic system, i.e. a system 

comprising an organic phase, which may be a liquid or a gaseous phase, and an aqueous 

phase. The actual reaction takes place in the aqueous phase, while the resulting epoxide 

product separates from the aqueous phase into the organic phase due to low solubility of, or 

extraction or stripping by the organic phase. For this reason, the 1,2-epoxide is produced at 

high turnover numbers (TON), with high selectivity towards the 1,2-epoxide with moreover 

improved ease of isolating the produced 1,2-epoxide.  

Typically the catalyst system used to achieve the above advantages comprises a manganese 

atom or a number of manganese atoms coordinated with a ligand or ligands. Of particular 

interest are binuclear manganese complexes. As an example of the above manufacture of 1,2

epoxide, reference is made to the European patent application publication EP 2149570, which 

describes the oxidation of allyl chloride to produce epichlorohydrin. EP 2149569 denotes 

further that the process may be carried out in a reactor, but does not elaborate on this. It turned 

out, however, that upon isolation of the 1,2-epoxide, an aqueous phase was left which 

comprised an active catalyst fraction. EP 2149569 does not describe any further use for this 

fraction, meaning that part of the catalyst is wasted, which is not efficient. Another example 

about a manufacturing method of propylene oxide is presented in the non-published European 

patent application 09075528.
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in light of the above mentioned drawbacks. it would be advantageous to provide a process for the 

manufacture of an epoxide with improved catalyst efficiency, 

It would also prove beneficial if such process can exhibit improved selectivity towards the product.  

Such process would also benefit by having low energy requirements for tie separation and purification 

steps.  

Sumnary of the Inveinidon 

10 In accordance with the present invention there is provided a process for the manufacture of an epoxide.  

cotmprisin-g: 

otiatng an aqueous phase comprising a water-aolubie catalyst and oxidant in a 

reactor; 

providing a terminal olefin having a water solubility ranging from 0,01 g/L to 100 g!L in an 

15 amount sufncienit to form an organic phase at a vournetrc ratio of the aqueous phase to the organic 

phase front 10: 1 to 1 5; 

dispersing the organic phase into the aqueous phase to fori Organie phase droplets 

having an average size less than 3 mm in the aqueous phase; 

reacting tde tenninal olcfin with the oxidant in the presence of the water-soluble 

20 catalys stand 

separating the organic phase ron the aqueous phase, wherein the separated 

aqueous phase comprises the water-soluble catalyst.  

Also described herein is a process for the manufacture of an epoide including adding an oxidant, a 

25 water-soluole manganese complex, and a termtuial oleoin to fon a multiphasic reaction mixture, 

wherein the water-soluble nianganese complex is a mononuclear species of the general formula (T): 

i. rMnNY (), or a binulear species of the general famiula (11): [L i(itXh.n (Y (H) wherein 

Mn is a manganese; L or each L independetly is a polydentate ligand, each X idependendy is a 

coordinating species and each p~X independently is a bridging coordinating species, and wherein Y is a 

30 non-coordinating coumer ion, reacting the tenninal oAein with the oxidant in the mu'iphsic reaction 

mixture having at least one organic phase in the presence of the water-soluble manganese complex, 

separating the reaction mixture into the at least one organtc phase and an aqueots phase, an reusing at 

least part of the aqueous pha.seS 

35 Detailed Description of the Figures 

The following isa brief description of figures wherein like nunbering indicates like elements,
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FIG. 1, illustrates a schematic representation of an embodiment of a device for the 

manufacture of epichlorohydrin.  

Mode(s) for carrying out the Invention 

The invention is based on the observation that the separated aqueous phase contains catalyst 

which is still active. This has led the current inventors to the insight that reusing at least part 

of the separated aqueous phase comprising the catalyst, leads to a more efficient use of the 

catalyst, and lower energy consumption in subsequent separating steps. The combination of a 

well dispersed biphasic reaction system and reuse of the aqueous phase may lead to a high 

turn over number, (TON), which is the number of moles of terminal olefin a mole of catalyst 

can convert before becoming inactivated. Said combination may further lead to a minimized 

energy consumption for subsequent separation and purification steps, high selectivity towards 

product for all raw materials and effective usage of reactor volume leading to a less 

complicated process. The invention is hereafter discussed in greater detail.  

The process is carried out in a multiphasic system of an aqueous phase and at least one 

organic phase. The oxidation (step a)) of the terminal olefin is believed to take place in an 

aqueous phase, whereas the organic phase is believed to extract or strip produced 1,2-epoxide 

from the water phase. The inventors have found that the organic phase contains little or no 

water soluble byproducts and catalyst. It is beneficial to use a terminal olefin which has 

limited solubility in water, for example, allyl chloride and allyl acetate instead of 

conventionally used allyl alcohol. The multiphasic system may be created by adding the 

terminal olefin with limited solubility to an aqueous phase in an amount greater than what 

dissolves in the aqueous phase. Preferred terminal olefins have a maximum solubility of about 

100 g/L (at 20'C), more preferably of from 0.01 to 100 g/L.  

The volumetric ratio of the organic phase to the aqueous phase, both inside the reactor, and 

the degree of contact between the phases are important parameters in the performance of the 

catalyst system. If the amount of organic phase is too high, the aqueous phase is no longer the 

continuous phase. In this case, there may be insufficient mixing of the ingredients. This means 

that the conversion rate of terminal olefin is considerably lowered. On the other hand, if the 

aqueous phase inside the reactor is too high with respect to the amount of organic phase, the
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terminal olefin concentration in the aqueous phase will be too low with respect to oxidant 

concentration. This may lead to the production of undesirable side products and catalyst 

deactivation. Therefore the volumetric ratio of aqueous phase to organic phase inside the 

reactor is preferably in the range of from 10:1 to 1:5, with emulsion formation as a maximum 

limit.  

The above limitations can also be influenced by the degree of mixing. In practice this means 

that the organic phase needs to be well dispersed into the continuous aqueous phase, such as 

in the form of droplets, preferably as small as possible, for example, less than 3 mm.  

Upon dispersion of the organic phase into the aqueous phase, the reaction (catalytic oxidation) 

of the terminal olefin and the oxidant in the presence of the catalyst may occur (step a)). The 

resulting reaction mixture is discharged from the reactor. The discharged reaction mixture 

comprises both product and unreacted starting material. The discharged reaction mixture is 

allowed to settle into its separate phases, the aqueous phase and the at least one organic phase.  

The at least one organic phase may comprise two organic phases, such as one dispose below 

and one disposed above the aqueous phase.  

The current inventors surprisingly found that the aqueous phase contains catalyst which is still 

active. The catalyst contained within the separated aqueous phase, can be reused, thereby 

increasing the catalyst efficiency.  

It is believed to be beneficial that the aqueous phase contains at least trace amounts of the 

terminal olefin. Without being bound to any theory, it is believed that the presence of terminal 

olefin allows the catalyst to remain active, whereas it is believed that without the presence of 

terminal olefin and/or due to the presence of the epoxide and/or oxidant without terminal 

olefin present the activity of the active catalyst reduces. Cooling may also be used to reduce 

the decrease in catalyst efficiency.  

The aqueous phase can be reused by feeding at least a portion (part) of the separated aqueous 

phase to a next reactor or by recycling at least a portion of the separated aqueous phase to the 

same reactor (step d)). Preferably, the at least a portion of the aqueous phase is recycled into
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the reaction mixture. This way, catalyst present in the recycled aqueous phase is not 

discharged, but efficiently used again.  

When the process is running, per unit time, certain volumes of aqueous starting materials, 

such as the oxidant, catalyst and, if needed, buffer, are supplied to the reaction mixture (step 

a)).  

These aqueous starting materials are indicated as the aqueous components. Simultaneously, 

per unit time, also a certain volume of separated aqueous phase is recycled into the reaction 

mixture. The mass ratio of the volume of aqueous components to the volume of recycled 

aqueous phase added to the reaction mixture at every instant is indicated as the water recycle 

ratio. In order to achieve the advantageous effects of recycling the catalyst, said water recycle 

ratio preferably is in the range of from 10:1 to 1:10, more preferably of from 2:1 to 1:5 and 

most preferably 1:3.5. Also, turbulent conditions such as a high velocity of the aqueous phase 

will prevent agglomeration of the organic droplets dispersed in said medium.  

The molar ratio of terminal olefin to oxidant is very important in the process of the current 

invention. The molar ratio of terminal olefin to oxidant may be greater than 1:2. Preferably, 

this ratio is in the range of from 12:1 to 1:1. More preferably, this ratio may be 1:1, 1.2:1, 2:1, 

or 4:1, or 2:1 to 12:1. If too much oxidant is used, then the selectivity towards the 1,2-epoxide 

reduces due to the production of undesirable side-products. Another consequence of too much 

oxidant with respect to terminal olefin is rapid catalyst deactivation. If not enough oxidant is 

used, then the turnover number is suboptimal. This is therefore significantly different from 

bleaching conditions described in the prior art, where excessive amounts of oxidant, i.e.  

hydrogen peroxide are used. To ensure optimal peroxide efficiency, the oxidant is preferably 

added to the aqueous phase at a rate about equal to the reaction rate of the catalytic oxidation.  

The reaction (catalytic oxidation) is carried out using hydrogen peroxide, or a precursor 

thereof, as an oxidant. Hydrogen peroxide has strong oxidizing properties. It is typically used 

in an aqueous solution. The concentration of hydrogen peroxide may vary, from 15% (e.g., 

consumer grade for bleaching hair) to 98% (propellant grade), with a preference for industrial 

grades varying from 30 to 70%. More preferably, the concentration of hydrogen peroxide is
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70%. Other oxidants that may be used include organic peroxides, peracids, and combinations 

thereof.  

The reaction (catalytic oxidation) of the terminal olefin takes place in the aqueous phase. The 

aqueous phase may have a pH from 1 to 8, such as from 2 to 5. The aqueous phase may 

further comprise a buffer system to stabilize the pH in a certain range. For instance, it has 

been found advantageous that the aqueous phase is stabilized in a pH range of from 1 to 8, 

more preferably of from 2 to 5. The pH is therefore (well) below that used when bleaching 

olefins with hydrogen peroxide as the oxidant, typically carried out at more alkaline 

conditions (e.g., pH adjusted with NaHCO 3 to 9.0). The suitable or preferred range may be 

achieved by several known acid-salt combinations, with the preferred combination being 

based on oxalic acid-oxalate salt, acetic acid-acetate salt, malonic acid-malonate salt, and 

combinations thereof..  

The aqueous phase may further comprise minor amounts, if any, of other organic compounds.  

The aqueous phase may also contain minor amounts of co-solvents, e.g. to increase the 

solubility of the olefin. Suitable co-solvents include, for example, acetone, methanol, and 

other water-soluble alcohols. Co-solvents may be used in amounts such as to keep a biphasic 

system, preferably in an amount < 10 weight percent.  

The aqueous phase may further comprise a phase transfer agent and/or a surfactant, in 

particular if a terminal olefin is used with low solubility (e.g., below 0,1 g/L water). Known 

phase transfer agents that may be used in the process of the invention include quaternary alkyl 

ammonium salts. Known surfactants that may be used in the process of the invention include 

non ionic surfactants such as Triton X10OTM available from Union Carbide.  

The catalyst system comprising a water soluble manganese complex is described as follows.  

The oxidation catalyst is a water soluble manganese complex. Advantageously, the manganese 

complexes include mononuclear species of the general formula (I): 

[LMnX3]Y (I), 

and binuclear species of the general formula (II): 

[LMn(p-X)3MnL](Y),, (II),
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wherein Mn is a manganese; L or each L independently is a polydentate ligand, preferably a 

cyclic or acyclic compound containing 3 nitrogen atoms; each X is independently a 

coordinating species and each g-X is independently a bridging coordinating species, selected 

from the group consisting of: RO~, Cl~, Br~, I~, F~, NCS~, N3~, 13, NH3, NR3, RCOO~, RSO3, 

RSO 4 , OH-, O2, 0'~, HOO, H 20, SH~, CN~, OCN, and S42 and combinations thereof, 

wherein R is a C1-C20 radical selected from the group consisting of alkyl, cycloalkyl, aryl, 

benzyl and combinations thereof, and Y is a non-coordinating counter ion selected from the 

group consisting of RO~, Cl~, Br~, F, F~, S02-, RCOO~, PF 6~, acetate, tosylate, triflate (CF 3SO3~ 

) and a combination thereof with R once again being a C1 to C20 radical selected from the 

group consisting of alkyl, cycloalkyl, aryl, benzyl and combination thereof. The non

coordinating counter ion Y may provide for the charge neutrality of the complex and the value 

of n depends upon the charge of the cationic complex and anionic counter ion Y, for example, 

n may be 1 or 2. In one embodiment, an ion of CH3COO- or PF6 -may be used as the non

coordinating counter ion. Ligands which are suitable for the present invention* are acyclic 

compounds containing at least 7 atoms in the backbone or cyclic compounds containing at 

least 9 atoms in the ring, each having the nitrogen atoms separated by at least two carbon 

atoms. A preferred class of ligands is that based on (substituted) triazacyclononane ("Tacn").  

The preferred ligand is 1,4,7-trimethyl-1,4,7,-triazacyclononane ("TmTacn").  

Dinuclear manganese complexes are denoted as preferred, because of their greater activity and 

solubility in water. Preferred dinuclear manganese complexes are those of the formula 

[MnW2(p-0)3L2](Y)n (same as formula: [LMn(p1-0) 3MnL](Y)n), wherein n is 2, and L and Y 

have the meaning identified above, preferably TmTacn as ligand, and PF6 ~ or acetate 

(CH 3CO2~, hereinafter OAc) as counterion.The catalyst system comprising a water soluble 

manganese complex is described above. The preferred complex for the current invention 

comprises 1,4,7-trimethyl-1,4,7,-triazacyclononane ("TmTacn") as the preferred ligand or 

ligands. This ligand is commercially available from Aldrich.  

The manganese complex is used in catalytically effective amounts. Typically, the catalyst is 

used in a molar ratio of catalyst (Mn) to the oxidant of from 1:10 to 1:10,000,000, preferably 

of from 1:100 to 1:1,000,000, most preferably of from 1:1000 to 1:100,000. As a matter of 

convenience the amount of catalyst may also be expressed in terms of its concentration, when 

keeping in mind the volume of the aqueous medium. For instance, it may be used in a molar
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concentration (based on the Mn) of from 0.001 to 10 mmol/L, preferred of from 0.01 to 7 

mmol/L and most preferably of from 0.01 to 2 mmol/L.  

The reaction conditions for the catalytic oxidation may be quickly determined by a person 

skilled in the art. The reaction is exothermic, and cooling of the reaction mixture may be 

required. The reaction is preferably carried out at temperatures anywhere from -5*C to 40'C, 

dependent upon such physical parameters as melting and boiling point of the used terminal 

olefins.  

According to the invention, the terminal olefin used is an epoxidizible olefin which may be 

functionalized. The terminal olefin may be a liquid under process conditions, e.g., allyl 

chloride or liquefied propylene, but also a gas, e.g. gaseous propylene.  

Examples of suitable terminal olefins include terminal olefinically unsaturated compounds. In 

one embodiment, the terminal olefinically unsaturated compound may have at least one 

unsaturated -C=C- bond, such as at least one unsaturated -C=CH 2 group. The olefinically 

unsaturated compound may comprise more than one unsaturated -C=C- bond. Moreover, the 

unsaturated -C=C- bond need not be a terminal group. Terminally olefinically unsaturated 

compounds may have one or more terminal -C=CH 2 bonds.  

Suitable examples of terminal olefinically unsaturated compounds therefore include the 

following compounds: 

R-CH=CH 2 

R'-(CH=CH2), 

X-CH=CH 2 

Y-(CH=CH 2)2 

wherein R is a radical of 1 or more carbon atoms optionally comprising 1 or more heteroatoms 

(such as oxygen, nitrogen or silicon); R' is a multivalent radical of 1 or more carbon atoms 

optionally comprising 1 or more heteroatoms wherein n corresponds with the valence of the 

multivalent radical; X is a halogen atom, and Y is an oxygen atom.  

Of particular interest are olefinically unsaturated compounds selected from the compounds: 

(a) vinylchloride or allylchloride;
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(b) 1 -alkene, preferably propene: 

(c) mono-, di- or polyallyl ethers of mono-, di- or polyols; 

(d) mono-, di- or polyvinyl ethers of mono-, di- or polyols; 

(e) mono-, di- or polyallyl esters of mono-, di- or polyacid; 

(f) mono-, di- or polyvinyl esters of mono-, di- or polyacids; 

(g) divinylether or diallylether.  

The terminal olefin may have limited solubility in water, for example, the terminal olefin may 

have a maximum solubility in the aqueous phase at 20"C of about 100 g/L, more preferably of 

from 0.01 to 100 g/L at 20"C.  

In a more preferred embodiment of the present invention, the terminal olefin is selected from 

allyl bromide, allyl chloride and allyl acetate. In a most preferred embodiment of the 

invention allyl chloride is used for the manufacture of epichlorohydrin, because of the 

commercial interest and ease of isolating the produced epichlorohydrin.  

According to another preferred embodiment of the present invention the terminal olefin is 

propylene in order to produce propylene oxide, and the reaction is carried out at temperatures 

in the range from -5*C to 40*C. Propylene is preferably used in excess over the oxidant.  

According to still another embodiment of the invention, the buffer, if any, and oxidation 

catalyst are fed as a pre-mixed mixture into step a).  

Another aspect of the invention is related to a device carrying out the above process for the 

manufacture of 1,2-epoxide. According to the invention, the device comprises a reactor for 

performing the catalytic oxidation having an inlet for feeding the oxidant, the oxidation 

catalyst, optionally a buffer and the terminal olefin to the reactor, and an outlet for discharging 

the reaction mixture from said reactor, separating means connected to the reactor outlet for 

separating the reaction mixture into the at least one organic phase and an aqueous phase, 

recycling means for recycling part of the aqueous phase separated in the separating means, 

dispersing means for dispersing the terminal olefin into the aqueous phase and cooling means 

for controlling the temperature of the catalytic oxidation process.
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According to the invention, the device comprises a reactor for carrying out the process having 

an inlet and an outlet. Via the reactor inlet the reactants are fed to the reactor, whereas via the 

reactor outlet the reaction mixture is discharged. The device further comprises separating 

means connected to the reactor outlet for separating the reaction mixture into the at least one 

organic phase and the aqueous phase as explained above. Preferably, this separation means 

comprises a straight forward liquid to liquid separator, such as a settling tank, since the 

product forms at least one separate organic phase which phase separates from the aqueous 

phase when allowed to settle. Other devices such as hydrocyclones can also be used.  

The aqueous phase is recycled into the reactor via the inlet of the reactor. This recycling 

means may be of simple design, e.g. a pipe connecting an aqueous phase outlet of the 

separation means and the reactor inlet equipped with a pump to transport the aqueous phase 

into the reactor. It is noted here that the skilled person will be aware that the reactor according 

to the invention is equipped with standard process technological elements like e.g. pumps, 

valves and control mechanisms.  

The reactor according to the invention further comprises dispersing means for dispersing the 

organic terminal olefin phase into the aqueous phase and cooling means for controlling the 

temperature of the catalytic oxidation, because of its exothermic nature.  

About the reactor type, several reactor designs are suited to carry out the process according to 

the invention. The reactor may be a plug flow reactor (PFR). Due to the required high velocity 

for dispersing and the long residence times a PFR used in the present invention will be a very 

long PFR. The reactor may also be a continuous stirred tank reactor (CSTR). When using a 

CSTR, special care should be taken in dispersing the terminal olefin into the aqueous phase.  

According to a preferred embodiment of the invention, the catalytic oxidation may also be 

carried out in a loop reactor. In a loop reactor, the reaction mixture is circulated. When the 

circulation rate of the loop reactor is about 15 times the rate at which the aqueous components 

and the terminal olefin is fed, i.e. the feed rate, the loop reactor can be described as a CSTR 

because of the high degree of back mixing. The advantage of using a loop reactor in the 

present process is that it allows for the well defined mixing behaviour of a pumped system 

combined with dispersing means in a compact reactor design.
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According to yet another preferred embodiment of the invention the dispersing means is a 

static mixer, since this mixer will provide maximum break up of organic droplets in the 

continuous aqueous phase.  

According to another embodiment of the invention fresh oxidant and olefin are fed to the 

aqueous phase in subdivided portions to the reactor through multiple inlet parts distributed 

over the reactor housing.  

The present invention is further explained by means of FIG. 1, which shows a schematic 

representation of an embodiment of a device for the manufacture of epichlorohydrin.  

It is noted here that the skilled person facing the task of constructing the device for carrying 

out the process according to the invention, will be aware that all process technological 

elements of the device are constructed and operated by using common general process 

technological knowledge.  

In this embodiment, the device 10 comprises a loop reactor 20 comprising an inlet 21 and an 

outlet 22. Hydrogen peroxide, a water soluble manganese complex as the oxidation catalyst, 

an oxalate buffer solution and allyl chloride, which are disposed in separate feeding tanks 15, 

are fed to the reactor 20. The reactants are transported from the feeding tanks 15 to the reactor 

inlet 21 through feeding conduits 11 by means of feeding pumps 12. A pre-mixing means 50 

may be disposed between the inlet 21 and one or more of the feeding pumps 12 to pre-mix 

some of the components, such as the catalyst and oxalate buffer in FIG 1. The reactor inlet 21 

advantageously comprises several inlet ports, one port for each reactant. The reaction mixture 

is discharged from the reactor 20 via the reactor outlet 22 into a separating means 30. The 

reactor outlet 22 and separating means 30 are connected via a discharge conduit 13. The 

separating means 30 comprises a separation inlet 31 through which the reaction mixture is 

supplied to the separating means 30. In the separating means 30 the at least one organic phase 

and the aqueous phase are allowed to phase separate. The organic phase comprising 

epichlorohydrin is isolated from the separating means 30 through the product outlet 32.
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At least part of the aqueous phase in the separating means 30 is recycled to the reactor 20 via a 

recycling conduit 41 connecting a recycling outlet 33 of separating means 30 and reactor inlet 

21. A recycling pump 42 is comprised in the recycling conduit 41 to transport the aqueous 

phase. The organic phase inside the reactor 20 is dispersed in the aqueous phase using a 

dispersing means 23. The reactor 20 further comprises a reactor pump 26 for transporting the 

reaction mixture and cooling means 24 to cool the reaction mixture. Said cooling means 24 

may be e.g. a water cooler or other types of heat exchanging means. However, the choice of 

the type of cooling means 24 is left to the expertise of the skilled person.
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CLAIMS: 

.1. A process for the manufacture of an epoxide, comprising: 

forming an aqueous phase comprising a water-so]uble catalyst and. oxidant in a 
reactor; 

5 providing a termiunal olefin having a water sohibility ranging from 0.01 g/L to 
100 g/L in an amount sufficient to form an organic phase at a volumetric ratio of the 
aqueous phase to the organic phase from -10: 1 to 1:5; 

dispersing the organic phase into the aqueous phase to fbrm organic phase droplets 
having an average size less than 3 mn in the aqueous phase; 

10 reacting the ternminal olefin with the oxidant in the presence of the water-soluble 
Catst and 

separating the organic phase from the aqueous phase, wherein the separated 
aqueous phase comprises the water-soluble Catalyst.  

2 The process of claim L wherein the molar ratio of terminal olefin to oxidant 
15 comprises the range front 1 ;1 to 1:1.  

3, The process of clai 1. wherein the manufacture of the erpoxide comprises a 
continuous process.  

4, The process of claim I . wherein the oxidant comprises hydrogen peroxide, a 
precursor thereof, or a compound selected fror the group consisting of organic peroxides, 

20 peracids, and combinations thereof.  

5, The process of claim 1, wherein the reactor comprises a continuous stirred reactor, 
a plug flow reactor, or a loop reactor, 

25 6. The process of claim 1, wherein the organic phase comprises a liquid phase or a 
gaseous phase.  

7. The process of caim 1, further comprising reusing at least a portion of the 
separated aqueous phase to a second reactor, recycling at least a portion of the separated 

30 aqueous phase to the reactor, or a combination thereof 

8. The process of claim I wherein the separating the organic phase friom the 
aqueous phase comprises a centripetal force or setting.  

35 9. The process of claim 1, wherein the aqueous phase further comprise a buffer 
system, 

10, The process of claim 1, wherein the aqueous phase has a pHIfrom I to 8.  

40 
I . ile process of claim 1, wherin the aqueous mediumn contains phase transfer 

agents, surfactants, or both.
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12. The process of claim 11, wherein the phase transfer agents comprise quaternary 
aummnm salts.  

5 13. The process of claim I wherein the terminal olefin comprises the compounds of; 

R4CH=CH2 

X-CH=CH 2 and 
10 Y-(CH-CH2)2; 

wherein R is a radical of ' or more carbon atoms optionally comprising I or more 
heteroatomas (such as oxygen, nitrogen or silicon); R' is a multivalent radical of I or nore 
carbon atoms optionaily con rising I or more heteroatoms wherin n corresponds with 

15 the valence of the nultivalent radical: X is a halogen atom, and Y is an oxygen atoni, 

14, The process of claim 13., wherein the terminal olefin comprises compounds 
selected from the group of 

20 (a) vinylcAloride or allyIchloride; 
(b) I-alkene; 
(c) mono di~ or polyallyl ethers of mono di- or polyols; 
(d) mono- di~ or polyvinyl ethers of mono- di- or pools; 
(c) mono- di- or polyallyl esters of mono- di- or polyacid; 

25 ) mono- di- or polyviny esters of monos- d- or polyacids; and 
(g) diviny1i$kether or diallyiether, 

-1.5 The process of claim 3, wherein the teninal olefin conmprises allyl chloride or 
propylene.  

30 
16. The process of claim 7, wherein the recycling at least a portion of the separated 
aqueousp to the same reactor comprises recyCling a volume of -.Cyoied separated phase rech reeycled 
aqueous phase to a volume of aqueous components at a ratio from 10:1 to 1:10.  

35 
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