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57 ABSTRACT 
Organic impurities in aqueous salt solutions; e.g., alkali 
or alkaline earth chloride solutions in particular, brines, 
are oxidized with chlorate ions at a pH of no greater 
than 5.0 and a temperature of at least 130° C. to convert 
the organics to carbon dioxide. The process has particu 
lar applicability to oxidation of organic impurities in an 
aqueous brine solution derived from the saponification 
of a chlorohydrin to olefin oxide, prior to introduction 
of the brine into an electrolytic cell. 

24 Claims, 3 Drawing Figures 
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1. 

OXIDATION OF ORGANICS IN AQUEOUS SALT 
SOLUTIONS 

This invention relates to the treatment of aqueous salt 
solutions containing organic impurities, and more par 
ticulary to oxidation of such organic impurities to car 
bon dioxide. This invention has particular applicability 
to the treatment of aqueous alkali or alkaline earth chlo 
ride solutions derived from the saponification of a chlo 
rohydrin to an olefin oxide. 

In many cases, there is produced an aqueous salt 
solution, which contains organic impurities, and the 
removal of such organic impurities by oxidation thereof 
should be effected prior to use or discarding of such 
solutions. Thus, for example, in the production of an 
epoxy compound, such as propylene oxide via the chlo 
rohydrin route, the aqueous alkali chloride solution 
produced in the saponification includes organic impuri 
ties. In many cases, such aqueous alkali chloride solu 
tions should be treated to reduce the organic impurity 
content thereof. Thus, for example, in a process which 
integrates the electrolytic production of chlorine with 
the production of olefin oxide, the aqueous alkali chlo 
ride solution; in particular, brine derived from the sa 
ponification step is recycled to the electrolytic cell. 
Such processes are described, for example, in U.S. Pat. 
No. 3,455,797 and U.S. Pat. No. 4,008,133. The brine 
solution to be introduced into the cell, and derived from 
the saponification, includes organic impurities, and the 
electrolytic cells cannot tolerate organic compounds 
above a certain level. As a result, it is necessary to treat 
all or a portion of the brine solution prior to introduc 
tion into the cell in order to reduce the organic impurity 
content to a value which can be tolerated by the cell. In 
U.S. Pat. No. 4,126,526, there is disclosed a process for 
treating such brine solutions with chlorine in order to 
convert the organic impurities to more volatile organic 
compounds which can be removed from the brine solu 
tion prior to introduction of such brine solution into the 
electrolytic cell. 
The present invention is directed to a new, and im 

proved process for treating aqueous salt solutions in 
particular; alkali or alkakine earth chloride solutions, 
which contain organic impurities, in order to oxidize 
the carbon atoms of the organic impurities to carbon 
dioxide. The invention has particular applicability to a 
process for producing an olefin oxide, and is most par 
ticularly applicable to a process for production an olefin 
oxide which is integrated with an electrolytic process 
for producing chlorine from aqueous alkali chloride 
solutions. 

In accordance with the present invention, there is 
provided a process for treating an aqueous salt solution; 
in particular; alkali or alkaline earth chloride solution, 
which contains organic impurities, wherein the organic 
impurities are oxidized with chlorate ions at a pH of no 
greater than 5.0, and a temperature of at least 130° C. to 
convert the carbon atoms of the organics to carbon 
dioxide. The aqueous alkali or alkaline earth chloride 
solution may be either potassium chloride, sodium chlo 
ride, calcium chloride, or magnesium chloride and is 
preferably an aqueous brine solution (sodium chloride). 
Applicant has found that, contrary to prior art teach 

ings, the carbon atoms of the organic compounds can be 
oxidized to carbon dioxide in aqueous salt solutions by 
the use of chlorate ions, and without the use of a cata 
lyst, by effecting the oxidation at an acidic pH; i.e., a pH 
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2 
of no greater than 5.0, and at an elevated temerature; 
i.e., a temperature of at least 130 C. The oxidation with 
chlorate ion is favored by lower pH, and higher temper 
ature. Thus, in general, the pH of the oxidation is below 
4, preferably below 3 with the best results being ob 
tained at a pH of below 1. the temperature, as herein 
above described, is at least 130 C, with the tempera 
ture preferably being at least 140 C. Although higher 
temperatures can be employed, in general, temperatures 
greater than 180° C. are not required. 
The chlorate ion is employed in an amount sufficient 

to effect oxidation of the organic impurities, with the 
chlorate ion concentration generally being at least 0.1 
mole and preferably at least 0.5 mole, per atom of con 
tained organic carbon. The chlorate ions should not be 
employed in too great an excess in order to avoid excess 
chlorate ions in the treated product. In general, the 
chlorate ion concentration does not exceed 1 mole, and 
most generally does not exceed 0.8 mole, per atom of 
contained organic carbon. The contacting of the aque 
ous salt solution with the chlorate ion at an elevated 
temperature and acidic pH is effected for a time suffi 
cient to provide the desired reduction of organics by 
oxidation of the organics to carbon dioxide. In general, 
for most applications, the residence time may be in the 
order of from about 15 to 30 minutes or less. 
The chlorate ion is generally provided as an alkali 

chlorate or alkaline earth chlorate, depending on the 
salt solution to be treated. The chlorate ion for use in 
the oxidation may be produced by procedures known in 
the art. Thus, for example, chlorate ion may be pro 
duced by passing chlorine through a solution of alkali 
hydroxide, or a caustic solution containing hypochlo 
rite ion followed by heating which results in dispropo 
rationation of the hypochlorite ion to chlorate ion and 
chloride ion. As a further alternative, the chlorate ion 
may be produced by electrolysis of alkali chloride in a 
cell with no diaphragm at elevated temperatures; e.g., 
80 C.-90 C. As a further alternative, the chlorate ion 
may be generated, in situ, by introducing hypochlorite 
ion; for example, as sodium hypochlorite or potassium 
hypochlorite, which can be converted, in situ, to chlo 
rate ion under conditions known to the art. 
The invention will be further described with respect 

to alkali chlorides; however, the teachings are applica 
ble to other salt solutions, such as alkaline earth chlo 
rides. The aspects of the invention directed to use of cell 
liquor for saponification of chlorohydrin are of course 
particularly directed to alkali chlorides, aid in particu 
lar brines. 

In accordance with a particular aspect of the present 
invention, the oxidation of organic impurities present in 
an aqueous alkali chloride solution is effected with re 
spect to an aqueous alkali chloride solution derived 
from the saponification of chlorohydrin in a process 
directed to the production of an olefin oxide. Thus, in 
the production of an olefin oxide via chlorohydrin, 
chlorohydrin is contacted with an aqueous solution 
which includes an alkali hydroxide; in particular, so 
dium hydroxide to saponify the chlorohydrin to an 
olefin oxide, and produce an aqueous alkali chloride 
solution, and such aqueous alkali chloride solution gen 
erally includes organic impurities, such as glycols, alde 
hydes, ethers, carboxylic acids, hydroxy carboxylic 
acid, hydroxyketones, chloroketones, chloro-organic 
acids, ketoacids, chloro-alcohols and the like. Such 
aqueous alkali chloride solutions, containing organic 
impurities, may be treated with chlorate ions in accor 
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dance with the present invention to oxidize the carbon 
atoms of such organic impurities to carbon dioxide. 

In accordance with the most preferred aspect of the 
present invention, there is provided an improvement in 
an overall process for producing olefin oxide via the 
chlorohydrin, which is integrated with a process for 
producing chlorine in an electrolytic cell. In accor 
dance with such a process, the aqueous alkali chloride 
solution; in particular, aqueous brine, derived from the 
saponification of chlorohydrin to olefin oxide, which 
contains organic impurities, is treated with the chlorate 
ion in accordance with the present invention to oxidize 
organic impurities to carbon dioxide, prior to introduc 
tion of the brine into the electrolytic cell for the produc 
tion of chlorine. In this manner, the organics present in 
such brine solutions can be reduced to a value which 
can be tolerated by the electrolytic cell. 

In accordance with a particularly preferred aspect of 
the present invention, the treatment of aqueous alkali 
chloride solutions is incorporated into a process for 
producing epoxy compounds from olefinic compounds, 
which is integrated with an electrolytic process for 
producing chlorine by contacting of chlorine produced 
in the cell with tertiary alkanol in cell liquor derived 
from the cathode compartment of the cell, which con 
tains sodium hydroxide and sodium chloride to produce 
tertiary alkyl hypochlorite, which is contacted with an 
olefinically unsaturated compound and water to pro 
duce the corresponding chlorohydrin, which is then 
saponified with cell liquor from the cathode compart 
ment, which contains sodium hydroxide and sodium 
chloride to produce the olefin oxide and aqueous brine, 
with the aqueous brine, which includes organic impuri 
ties, produced in the saponification, being treated with 
chlorate ion at an acidic pH and an elevated tempera 
ture in accordance with the invention to oxidize organ 
ics to carbon dioxide prior to introduction of the aque 
ous brine into the electrolytic cell. Such process for 
integrating electrolytic production of chlorine with 
production of olefin oxide is described in more detail in 
U.S. Pat. No. 4,008,133, which is hereby incorporated 
by reference. 
The present invention is also applicable to the modifi 

cations of the basic integrated process for production 
olefin oxide, as described in U.S. Application Ser. No. 
35,560 filed on May 3, 1979 and U.S. Application Ser. 
No. 35,558 filed on May 3, 1979. 
As described in U.S. Application Ser. No. 35,560, 

tertiary alkyl hypochlorite is produced from chlorine, 
tertiary alkanol and cell liquor derived from the cath 
ode compartment of an electrolytic cell. The tertiary 
alkyl hypochlorite is contacted in a chlorohydrin pro 
duction zone with an olefinically unsaturated com 
pound and water to produce chlorohydrin. The effluent 
from the chlorohydrin production zone is contacted 
with an organic extraction solvent to recover organics 
present in the effluent, with such organics including the 
chlorohydrin and tertiary alkanol. The organic extrac 
tion solvent is then contacted with cell liquor from the 
cathode compartment to effect saponification of the 
chlorohydrin to the corresponding epoxy compound; 
then the epoxy compound is separated from the saponi 
fication effluent. Tertiary alkanol present in the saponi 
fication effluent is extracted into an aqueous phase 
which is employed in the hypochlorite production, with 
such aqueous phase including the aqueous brine pro 
duced in the saponification. Such aqueous phase is em 
ployed in the hypochlorite production, with the brine 
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4. 
solution, produced in the saponification, and containing 
organic impurities, being eventually recovered from the 
hypochlorite production reactor, along with the brine 
solution produced in the hypochlorite production. All 
or a portion of such brine solution is subjected to the 
chlorate ion oxidation in accordance with the present 
invention prior to recycle thereof to the electrolytic 
cell. Alternatively, as described in such application, an 
aqueous brine solution may be recovered from the sa 
ponification, with the tertiary alkanol being initially 
present in the organic solvent, followed by extraction of 
the tertiary alkanol from the organic solvent. In such an 
embodiment, the aqueous brine solution separated from 
the saponification, which contains organic impurities, 
may be treated with chlorate ion in accordance with the 
present invention to oxidize the carbon atoms of the 
organic impurities to carbon dioxide. 
As hereinabove noted, the present invention is also 

applicable to the modified process described in U.S. 
Application Ser. No. 35,558. As described in such appli 
cation, chlorine and tertiary alkanol dissolved in an 
organic solvent are reacted with aqueous alkali from the 
cell to produce tertiary alkyl hypochlorite, Tertiary 
alkyl hypochlorite dissolved in the inert organic solvent 
is recovered and reacted with olefinically unsaturated 
compound and water to produce the corresponding 
chlorohydrin and tertiary alkanol. Chlorohydrin and 
tertiary alkanol in the organic solvent are recovered 
and saponified with aqueous alkali derived from the 
cathode compartment of the electrolytic cell to produce 
the epoxy compound and aqueous brine. The epoxy 
compound is recovered as product, and tertiary alkanol 
dissolved in the inert organic solvent is recovered and 
recycled to the hypochlorite production. The aqueous 
brine solution produced in the saponification may be 
introduced into the hypochlorite production reactor in 
order to recover any tertiary alkanol present therein, 
with such brine being recovered from the hypochlorite 
production reactor along with the brine generated in 
the hypochlorite production. The brine is treated with 
chlorate ion in accordance with the present invention 
prior to recycle to the electrolytic cell. Alternatively, 
all or a portion of the brine solution may be treated in 
accordance with the present invention prior to recycle 
to the cell without introduction into the hypochlorite 
production reactor. Such brine may be treated prior to 
being introduced into the hypochlorite production reac 
tor. 

Thus, in accordance with the preferred aspect of the 
invention, the aqueous brine solution produced in the 
saponification, which includes organic impurities, and 
which is treated in accordance with the present inven 
tion prior to introduction into the electrolytic cell may 
be introduced or employed in another processing reac 
tor, such as a hypochlorite production reactor, prior to 
being treated with chlorate ion in accordance with the 
present invention. Thus, the term "aqueous brine or 
aqueous alkali chloride solution derived from the sapon 
ification of chlorohydrin" includes brine solutions or 
aqueous alkali chloride solutions which may have been 
employed in another reactor subsequent to the saponifi 
cation, and prior to the treatment in accordance with 
the present invention. 

In accordance with the present invention, an aqueous 
alkali chloride solution; in particular, an aqueous brine 
solution, which is derived from the saponification of 
chlorohydrin to epoxy compound, and which may con 
tain at least 1000 ppm organic compounds, such as gly 
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cols, polyglycols, chlorohydrins and the like, with such 
organic compounds in some cases being present in 
amounts of up to 10,000 ppm and more, can be treated 
with chlorate ions, at an acidic pH and elevated temper 
ature, as hereinabove described, to oxidize the organic 
impurities to carbon dioxide and provide an aqueous 
brine having an organic content which will not interfere 
with the operation of the electrolytic cell for producing 
chlorine. In general, the total organic content is re 
duced to less than 100 ppm, and in most cases less than 
50 ppm. 

In accordance with the preferred aspect of the pres 
ent invention wherein the aqueous alkali chloride is 
derived from the saponification of a chlorohydrin to 
produce an olefin oxide, such olefin oxide may be pro 
duced from any one of a wide variety of olefinically 
unsaturated compounds including both mono-olefini 
cally and di-olefinically unsaturated compounds. The 
olefinically unsaturated compounds generally em 
ployed as feed are represented by the following struc 
tural formula: 

wherein R1 and R2 are each separately either hydrogen; 
alkyl; halo alkyl; phenyl; naphthyl; halo-and alkyl sub 
stituted phenyl; halo-and alkyl substituted naphthyl; 
alkenyl and halo substituted alkenyl; and R1 and R2 can 
be linked together to provide a cycloalkene (generally 5 
to B 10 carbon atoms). The alkyl and alkenyl groups 
generally contain 1 to 6 carbon atoms and the halo 
group is preferably iodo-, bromo-, or chloro-, most 
preferably chloro-. As representative examples of the 
most suitable feedstocks, there may be mentioned: al 
kenes having from 2 to 6 carbon atoms, preferably 2 to 
4 carbon atoms with ethylene and propylene being par 
ticularly preferred; styrene; stillbene; butadiene; chloro 
prene; allyl chloride; allyl bromide; bromoprene; cyclo 
hexene, and cyclopentene. The epoxy compounds gen 
erally produced in accordance with the invention are 
represented by the following structural formula: 

| || 
R1-C C-R2 

N / 
O 

wherein R1 and R2 are as defined above. 
The present invention will be further described with 

respect to preferred embodiments thereof illustrated in 
the accompanying drawings, wherein: 
FIG. 1 is a simplified schematic flow diagram of one 

embodiment of the present invention; 
FIG. 2 is a simplified schematic flow diagram of a 

further embodiment of the present invention; and 
FIG. 3 is a simplified schematic flow diagram of still 

another embodiment of the present invention. 
It is to be understood, however, that the scope of the 

invention is not to be limited to such preferred embodi 
etS. 

The preferred embodiments will be described with 
respect to the production of propylene oxide from prop 
ylene; however, it is to be understood that the embodi 
ments may also be employed for the production of other 
olefin oxides from other olefinically unsaturated com 
pounds; e.g., epichlorohydrin from allyl chloride. 

Referring now to FIG. 1, there is shown an electro 
lytic cell, schematically generally indicated as 10, 
wherein, as known in the art, hydrogen is produced at 
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6 
the cathode and chlorine at the anode, using sodium 
chloride as electrolyte. The hydrogen is withdrawn 
from the cell, as net product, through line 11. Chlorine 
produced in the cell is withdrawn therefrom through 
line 12, and caustic cell liquor, containing sodium hy 
droxide and sodium chloride, dissolved in water, is 
withdrawn from the cell through line 13. 
A portion of the cell liquor in line 14, and chlorine in 

line 15 are introduced into a hypochlorite production 
zone, schematically generally indicated as 17, which is 
further provided with recycle tertiary alkanol, in partic 
ular tertiary butanol, dissolved in an inert organic sol 
vent, which is immiscible with water, with such tertiary 
butanol being introduced into the hypochlorite produc 
tion zone 17 through line 18. The hypochlorite produc 
tion zone 17 may include an absorption tower wherein 
chlorine is initially absorbed in the solution of tertiary 
alkanol in organic solvent, followed by contacting of 
such solution in a hypochlorite production reactor with 
the aqueous cell liquor. The hypochlorite production 
zone 17 may be further provided with a recycle brine 
solution, which may contain some tertiary alkanol, pro 
vided through line 19, and obtained as hereinafter de 
scribed. The organic solvent employed in the hypochlo 
rite production zone may be any one of a wide variety 
of organic solvents which is inert, immiscible with the 
aqueous phases present in the process and is a solvent 
for chlorine as well as hypochlorite, alkanol and chloro 
hydrin employed and/or produced in the process. The 
term “inert' as used herein means that the solvent does 
not adversely affect the various reactions. As represen 
tative examples of such solvents, there may be men 
tioned: chlorinated hydrocarbons, including chlori 
nated aromatics, and chlorinated aliphatics (saturated), 
chlorinated paraffins, such as carbontetrachloride, chlo 
roform, dichloropropane, etc. ketones; e.g., methylethyl 
ketone, methylisobutyl ketone, acetone, and the like. 
Such solvents may be employed alone or as a mixture of 
two or more thereof. A preferred solvent is carbon 
tetrachloride alone, or in admixture with dichloropro 
pane. 

In the hypochlorite production zone 17, the tertiary 
alkanol is converted to a tertiary alkyl hypochlorite; in 
particular tertiary butylhypochlorite, and there is also 
produced an aqueous brine solution. The brine solution 
is withdrawn from the hypochlorite production zone 17 
through line 21, (such aqueous brine solution would also 
include any aqueous brine introduced through line 19) 
and is treated, as hereinafter described, in accordance 
with the present invention. 
The hypochlorite production reaction zone 17 is op 

erated at the conditions described in U.S. Pat. No. 
4,008,133. 
An organic stream, comprised of tertiary butyl hypo 

chiorite dissolved in organic solvent, is withdrawn from 
the hypochlorite production zone 17 through line 24, 
and introduced into a chlorohydrin production reaction 
zone, schematically generally indicated as 25. Propy 
lene, in line 26 which is preferably initially dissolved in 
the organic stream introduced through line 24, is also 
introduced into the chlorohydrin production zone 25 
along with a recycle water stream in line 27, obtained as 
hereinafter described. The chlorohydrin production 
reactor is operated at the conditions known in the art, as 
described in U.S. Pat. No. 4,008,133. 
A liquid reaction effluent, which contains tertiary 

butanol, propylene chlorohydrin, as well as any reac 
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tion byproducts, and which further contains a light 
aqueous phase, is withdrawn from the chlorohydrin 
production zone 25 through line 29 and introduced into 
a separator, schematically generally indicated as 31, in 
order to effect separation of an aqueous phase from an 
organic phase. An aqueous phase, which primarily con 
tains water, is withdrawn from the separator 31 for 
recycle to the chlorohydrin production Zone 25 
through line 27. Makeup water may be provided to such 
water recycle stream through line 32. 
An organic phase is withdrawn from separator 31 

through line 33 and introduced into a saponification 
stripping zone, schematically generally indicated as 34, 
which is also provided with caustic cell liquor through 
line 35 to effect saponification of propylene chlorohy 
drin to propylene oxide. The saponification zone 34 is 
operated at the conditions described in U.S. Pat. No. 
4,008,133. 
The saponification zone 34 is preferably operated as a 

saponification stripping Zone, whereby there is sepa 
rated from the saponification effluent propylene oxide, 
as well as any light end products; i.e., acetone. Such 
product is withdrawn through line 36 for purification, 
as required, and known in the art. 
The remaining portion of the saponification effluent 

is withdrawn from the saponification zone 34 through 
line 37 and introduced into a separator, schematically 
generally indicated as 39, in order to effect separation of 
an aqueous phase from an organic phase. In particular, 
in separator 39, an aqueous brine solution, which may 
contain some minor amounts of tertiary butanol, as well 
as organic impurities, such as propylene glycol, etc. is 
withdrawn from separator 39 through line 41. 
An organic stream, containing tertiary butanol dis 

solved in the organic solvent is withdrawn from separa 
tor 39 through line 18 for introduction into the hypo 
chlorite production zone, whereby the tertiary butanol 
is effectively recycled for generation of tertiary alkyl 
hypochlorite. 
The aqueous solution in line 41, depending on the 

tertiary alkanol content thereof, may be either intro 
duced into the hypochlorite production zone 17 
through line 19, or through line 43 into a brine treat 
ment zone, schematically generally indicated as 44. 
Thus, the brine treatment zone 44 may be provided with 
brine solution, containing organic impurities directly 
from the saponification reaction, or indirectly from the 
saponification reactor through the hypochlorite pro 
duction zone, or a combination of both. The brine treat 
ment zone 44 is provided with suitable acid through line 
45 to maintain the operating pH, as hereinabove de 
scribed. Such acid is preferably hydrochloric acid. 
The brine treatment zone 44 is also provided with an 

aqueous solution of chlorate ions through line 46. Such 
chlorate ions may be produced in a separate chlorate 
ion production zone, schematically generally indicated 
as 47 by providing chlorine from the cell through line 
48 and alkali cell liquor, containing sodium chloride and 
sodium hydroxide, obtained from the cathode compart 
ment, through line 49. Such chlorate ion production 
zone is operated at conditions known in the art (at ele 
vated temperature) in order to produce sodium chlo 
rate, which is provided to the brine treatment Zone 
through line 46. 
The brine treatment zone 44 is operated at the condi 

tions hereinabove described in order to oxidize organic 
impurities to essentially carbon dioxide and low molec 
ular weight products. The brine treatment zone 44 may 
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8 
include in addition to the chlorate ion treatment vessel, 
a stripping vessel, in order to strip carbon dioxide pro 
duced in the oxidation, as well as any remaining volatile 
organics from the brine solution, prior to recycle of the 
brine solution through line 51 to the electrolytic cell 10. 

Thus, in accordance with the present invention, or 
ganic impurity present in a brine solution to be recycled 
to an electrolytic cell is effectively treated to reduce the 
organic content thereof to a value which will not inter 
fere with the operation of an electrolytic cell by oxidiz 
ing such organic impurities to carbon dioxide by the use 
of chlorate ions at an elevated temperature; i.e., a tem 
perature of at least 130° C., and at an acidic pH; i.e., a 
pH of less than 5, preferably less than 4, and most gener 
ally less than 3, with the best results being obtained at a 
pH of less than 1. 

It is to be understood, that in some cases it is possible 
to provide for the desired reduction in organic content 
without introduction of all of the brine solution which is 
to be introduced into the electrolytic cell into the brine 
treating zone. Thus, all or a portion of the brine gener 
ated in the saponification reactor, and all or a portion of 
the brine generated in the hypochlorite production may 
be introduced directly into the brine treatment zone, 
with any portion not so introduced into the brine treat 
ment zone being directly introduced into the electro 
lytic cell, provided that the total organic content of 
such brine solution is at a value at which the cell can be 
effectively operated. 
A further embodiment of the invention is shown in 

FIG. 2 of the drawings. 
Referring now to FIG. 2 of the drawings, there is 

shown electrolytic cell 101, wherein, as known in the 
art, hydrogen is produced at the cathode, and chlorine 
at the anode, using sodium chloride as electrolyte. The 
operation is as hereinabove described, with hydrogen 
being recovered through line 102, chlorine through line 
103, and an aqueous cell liquor from the cathode com 
partment, which includes sodium chloride and sodium 
hydroxide, through line 104. 
The chlorine in line 105, as well as cell liquor from 

the cathode compartment in 106 are introduced into a 
hypochlorite production reactor, schematically gener 
ally indicated as 107 wherein the cell liquor and chlo 
rine contact recycle alkanol present in an aqueous brine 
solution, introduced through line 108 and obtained as 
hereinafter described. In the hypochlorite production 
reactor 107, the tertiary alkanol is converted to tertiary 
alkyl hypochlorite; in particular tertiary butyl hypo 
chlorite, which is withdrawn through line 111. 
An aqueous brine solution, which includes the brine 

introduced through line 108, as well as the brine gener 
ated in the hypochlorite production reactor 107 is with 
drawn from the hypochlorite production zone 107 
through line 134 for further treatment, as hereinafter 
described. 
The tertiary alkyl hypochlorite in line 111 is intro 

duced into a chlorohydrin production zone, schemati 
cally generally indicated as 112, along with propylene 
in line 113 as well as a recycle aqueous stream intro 
duced through line 114. In the chlorohydrin production 
reactor 112, propylene chlorohydrin is produced, as 
well as tertiary alkanol. 
A liquid reaction effluent, which contains water, 

tertiary butanol, propylene chlorohydrin, as well as any 
reaction byproducts, is withdrawn from the propylene 
chlorohydrin production reactor 112, through line 116 
and introduced into an extraction zone, schematically 
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generally indicated as 117 wherein the effluent is con 
tacted with an organic extraction solvent introduced 
through line 118. The organic extraction solvent is an 
inert organic solvent, which is immiscible with the 
aqueous phases, of the type hereinabove described with 
respect to FIG. 1. As a result of the contact between the 
extraction solvent and the effluent in extraction zone 
117, organics present in the chlorohydrin production 
reaction effluent are extracted into the organic solvent 
phase, which is withdrawn through line 119, 
An aqueous raffinate is withdrawn from the extrac 

tion zone 117 through line 114 for introduction into the 
chlorohydrin production reactor 112, as hereinabove 
described. Makeup water may be provided through line 
121. 
The organic extract in line 119 is introduced into a 

saponification reaction. zone, schematically generally 
indicated as 123, which is preferably, a combination 
saponifier-stripping zone. 

In the saponification zone 123, the organic extract is 
contacted with caustic cell liquor containing sodium 
hydroxide, sodium chloride and water obtained from 
the electrolysis cell 101 through line 124. As a result of 
such contact, the propylene chlorohydrin is converted 
to propylene oxide, and the hydrogen chloride released 
is neutralized by the sodium hydroxide present in the 
cell liquor to produce sodium chloride and water. 
Crude propylene oxide, which may contain light end 

product, such as, acetone, is withdrawn from the sapon 
ification stripping zone 123 through line 127 for further 
purification, as required. - 
The remaining portion of the effluent from the 

saponifier-stripper 123, in line 128, which includes wa 
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ter, sodium chloride, tertiary butanol, organic solvent, 
as well as heavy byproducts and organic impurities is 
introduced into a separator, schematically generally 

35 

indicated as 129, to separate organic and aqueous pha 
ses. An organic phase, containing the extraction sol 
vent, as well as some tertiary butanol and heavier by 
products, is withdrawn from the separator 129 through 
line 118 for recycle to extraction zone 117. An appropri 
ate purge (not shown) is also provided. 
An aqueous brine phase, which contains tertiary buta 

nol, is withdrawn from separator 129 for introduction 
into the hypochlorite production reactor 107 through 
line 108. 

Referring back to the hypochlorite production zone 
107, the aqueous brine withdrawn therefrom through 
line 134 generally includes organic impurities in an 
amount in excess of that which can be tolerated by the 
electrolytic cell. As a result, in accordance with the 
present invention, such brine solution is introduced into 
a brine treatment zone, schematically generally indi 
cated as 135, along with acid in line 136 to adjust the 
pH, as required, with such acid preferably being hydro 
chloric acid, and an aqueous solution of chlorate ion, in 
line 137. The chlorate ions may be generated in a chlo 
rate ion production zone 138, as hereinabove described 
with respect to FIG. 1, by the use of chlorine from the 
electrolytic cell in line 139, and cathode cell liquor in 
line 141. : 
The brine treatment is effected as hereinabove de 

scribed to oxidize carbon atoms of the organics to car 
bon dioxide, and provide a treated aqueous brine solu 
tion which has an organic content which can be toler 
ated by the cell. As hereinabove described with respect 
to FIG. 1, the brine treatment zone 135 preferably also 
includes a stripping operation to remove generated 
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10 
carbon dioxide, as well as any volatile organics. The 
treated brine solution is recycled to the cell 101 through 
line 143, 
A further embodiment of the present invention is 

illustrated in FIG. 3 of the drawings. The embodiment 
of FIG. 3 is similar to the embodiment of FIGS. 1 and 
2, except that the embodiment of FIG. 3 does not en 
ploy an organic solvent for effecting recovery of vari 
ous components, as described with reference to the 
embodiments of FIGS. 1 and 2. In view of similarity of 
the embodiments, the embodiment of FIG. 3 will only 
be briefly described. 

Referring to FIG. 3, chlorine from electrolysis cell 
201 is introduced into a hypochlorite production zone, 
schematically generally indicated as 202 through line 
203, along with cell liquor, containing sodium hydrox 
ide and sodium chloride, derived from the cathode 
compartment of the cell 201, with such liquor being 
introduced into the hypochlorite production zone 202 
through line 204. In the hypochlorite production zone, 
the chlorine and cell liquor contact tertiary alkanol; in 
particular, tertiary butanol, introduced through line 205 
to produce tertiary butyl hypochlorite. 
An aqueous brine solution is recovered from the hy 

pochlorite production zone 202 through line 206, and 
such brine may be directly recycled to the electrolysis 
cell 201. 

Tertiary butyl hypochlorite recovered from the hy 
pochlorite production zone 202 through line 207 is in 
troduced into a chlorohydrin production zone 208 
along with fresh feed propylene in line 209 and water, 
obtained as hereinafter described, in line 211. The reac 
tion effluent, containing propylene chlorohydrin, wa 
ter, tertiary butyl alcohol and organic byproducts is 
withdrawn from the chlorohydrin production zone 208 
through line 212 and introduced into a separation and 
recovery zone, schematically generally indicated as 
214. The separation and recovery zone 214 contains 
appropriate separation units to recover recycle tertiary 
butanol in line 205, organic byproducts through line 
215, a recycle water stream through line 211 and a 
chlorohydrin containing stream through line 216. A 
representative separation and recovery operation is 
described in U.S. Pat. No. 4,008,133. 
The recycle tertiary butanol stream in line 205 may be 

provided with makeup. tertiary butanol in line 217, and 
the recycle water stream in line 211 may be provided 
with makeup water through line 218. 
The chlorohydrin containing stream in line 216 is 

introduced into a saponification zone, which is prefera 
bly combined as a saponification stripping zone, sche 
matically generally indicated as 221 along with cell 
liquor, in line 222 derived from the cathode compart 
ment of the electrolytic cell 201, with the liquor includ 
ing sodium hydroxide and sodium chloride. In the sa 
ponification zone 221, the propylene chlorohydrin is 
converted to propylene oxide, and the hydrogen chlo 
ride released is neutralized to produce an aqueous brine 
solution. The propylene oxide product is recovered 
through line 223, and may be purified as required. 
The aqueous brine stream recovered from saponifica 

tion zone 221 through line 224 is introduced into the 
brine treatment zone, schematically generally indicated 
as 225, which is also provided with acid to maintain the 
desired pH, with the acid being preferably provided 
through line 226 as hydrogen chloride. The brine treat 
ment zone 225 is also provided with an aqueous solution 
of chlorate ions, in line 227, with such aqueous solution 
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being produced in a chlorate ion production Zone, sche 
matically generally indicated as 228, by reaction of 
chlorine introduced from the electrolytic cell 201 
through line 229, and cell liquor, containing sodium 
hydroxide and sodium chloride, introduced from the 
cathode compartment of the electrolytic cell 201 
through line 231. 

In the brine treatment zone, as hereinabove de 
scribed, the brine is treated at an elevated temperature, 
and at acidic conditions to oxidize organic impurities 
contained therein to essentially carbon dioxide, and 
reduce the organic content of the brine to be introduced 
into the electrolytic cell to a value which can be toler 
ated by the cell, preferably less than 100 ppm. 
The treated brine solution is withdrawn from the 

brine treatment zone 225 through line 232 and recycled 
to the electrolytic cell 201. 
Although the invention has been described with re 

spect to preferred embodiments thereof, it is to be un 
derstood that the scope of the invention is not limited to 
such preferred embodiments. In addition, the embodi 
ments particularly described can be modified within the 
spirit and scope of the present invention. 

For example, the present invention can be employed 
for treating an aqueous calcium chloride solution, con 
taining organic impurities, recovered from saponifica 
tion of a chlorohydrin with aqueous calcium hydroxide, 
which may also include calcium chloride and/or an 
aqueous calcium chloride solution recovered from the 
production of t-butyl hypochlorite by reaction of ter 
tiary alkanol, chlorine and an aqueous mixture contain 
ing calcium hydroxide and calcium chloride, which 
may further include slurried calcium oxide. Thus, the 
treatment of the solution to reduce organics may be 
desired in the event that the calcium chloride is to be 
recovered as a salable product. Thus, for example, the 
aqueous calcium produced in a process for producing 
olefin oxide as described in U.S. Application Ser. No. 
35,557, filed on May 3, 1979 or U.S. Application Ser. 
No. 35,559, filed on May 3, 1979. 

Thus, in accordance with the present invention, an 
aqueous salt solution; e.g., aqueous alkali or alkaline 
earth chloride and in particular an aqueous brine solu 
tion, which contains organic impurities, can be treated 
to oxidize the organic impurities to carbon dioxide by 
the use of chlorate ions at an acidic pH and an elevated 
temperature. Such treatment has particular applicability 
to a salt solution recovered from the saponification of a 
chlorohydrin to an epoxy compound, and in particular 
to a salt solution, containing organic impurities, which 
is to be ultimately employed in an electrolytic cell. 
Applicant has found that the treatment with chlorate 
ions is particularly effective for reducing the organic 
content to a value which can be tolerated by the cell, 
with such organics being converted to carbon dioxide 
which can be readily removed from the aqueous salt 
solution. 
The present invention will be further described with 

respect to the following examples; however, the scope 
of the invention is not limited to such examples: 

EXAMPLE I 

A 500 ml, fluorocarbon-lined autoclave was charged 
with 118.2 g of a 23 wt. percent aqueous NaCl solution 
containing approximately 0.50 wt. percent glycerol. 1.8 
g conc. HCl, and 69.0 g of an aqueous solution contain 
ing 2.29% NaClO3, 0.31% NaOH and 20.58% NaCl 
were also charged. The carbon content of the mixture 
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12 
was 1335 ppm. The mixture was heated to 160 C. and 
maintained at this temperature for 30 minutes. The au 
togenous pressure at this temperature was between 70 
and 75 psig. The autoclave and contents were quickly 
cooled and the reaction mixture, a clear, water-white 
solution, was analyzed. The total organic carbon con 
tent was found to be 8 ppm. The pH of the solution was 
0.95 and the residual chlorate concentration was 0.41 
g/liter calculated as NaClO3. 

EXAMPLE I 

A heavy-walled glass tube was approximately half 
filled with the same glycerol, NaCl, NaClO3, NaOH, 
and HCl solution as that used as feed in Example I. This 
tube was sealed and immersed in oil heated to 150 C. 
After 15 minutes, the tube was removed and quickly 
cooled. Analysis of the reaction mixture showed that 
the total organic carbon content had been reduced to 
less than 50 ppm. 

EXAMPLE II 

A feed similar to that of Example I but with only 
enough HCl added (0.6 g conc. HCl) to bring the pH of 
the mixture to between 2 and 3. Heating in the auto 
clave for 30 minutes at 160" C. resulted in a solution 
containing 220 ppm total organic carbon. 

EXAMPLE IV 

A feed similar to that of Example I but without the 
HCl (pH 12) and containing 1500 ppm total organic 
carbon was charged to the autoclave, heated to 200 C. 
and maintained at that temperature for 30 minutes. 
After cooling, the solution was found to contain 1320 
ppm of carbon. 

EXAMPLE V 

A feed similar to that of Example I was heated in the 
autoclave for 30 minutes at 125 C., after cooling, the 
resultant solution was found to contain 630 ppm total 
organic carbon. 
The present invention is particularly advantageous in 

that it is possible to effectively treat aqueous salt solu 
tions, containing organic impurities to reduce the or 
ganic content thereof. In employing the process of the 
present invention in a process for producing olefin 
oxide wherein the olefin oxide production is integrated 
with the electrolysis of an aqueous alkali chloride salt, 
in particular sodium chloride, the process of the present 
invention is capable of reducing the organic contami 
nent content of a recycle brine to the electrolytic cell to 
a value which can be tolerated by the cell. Such brine 
solutions typically have salt concentrations of 20-24 wt. 
percent and are not readily subject to treatment to re 
move organic impurities. 
Numerous modifications and variations of the present 

invention are possible in light of the above teachings 
and, therefore, within the scope of the appended claims, 
the invention may be practised otherwise than as partic 
ularly described. 

I claim: 
1. In a process integrating an electrolytic process for 

the production of chlorine with a chlorohydrin process 
for producing an epoxy compound wherein a chlorohy 
drin is converted to a corresponding epoxy compound 
by contact with an aqueous solution of sodium chloride 
and sodium hydroxide from a chlorine producing elec 
trolytic cell, and wherein the aqueous brine solution 
derived from the production of the epoxy compound is 
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to be introduced as electrolyte for the electrolytic cell 
for producing chlorine, the improvement comprising: 

treating the aqueous brine solution, prior to introduc 
tion into the electrolytic cell, by oxidizing the or 
ganic impurities with chlorate ions at a pH of no 
greater than 5.0 and a temperature of at least 130 
C. to convert carbon atoms of the organics to sub 
stantially carbon dioxide. 

2. The process of claim 1 wherein the pH is no greater 
than 3.0. 

3. The process of claim 2 wherein the pH is no greater 
than 1.0. 

4. The process of claim 3 wherein the temperature is 
at least 140 C. 

5. The process of claim 4 wherein the chlorohydrin is 
propylene chlorohydrin. 

6. The process of claim 5 wherein the chlorohydrin is 
produced from allyl chloride. 

7. In a process integrating an electrolytic process for 
the production of chlorine with a chlorohydrin process 
for producing an epoxy compound wherein a tertiary 
alkanol is contacted with gaseous chlorine and an aque 
ous solution of sodium chloride and sodium hydroxide 
from an electrolytic cell to produce tertiary alkyl hypo 
chlorite, said hypochlorite is contacted with an olefini 
cally unsaturated compound and water to produce a 
chlorohydrin, and chlorohydrin is contacted with an 
aqueous solution of sodium chloride and sodium hy 
droxide from the electrolytic cell to saponify the chlo 
rohydrin to produce an epoxy compound, with brine 
derived from the saponification being recycled to the 
electrolytic cell, the improvement comprising: 

treating the brine solution, prior to introduction into 
the electrolytic cell, by oxidizing the organic impu 
rities with chlorate ions at a pH of no greater than 
4.0 and a temperature of at least 130° C. to convert 
the carbon atoms of the organics to substantially 
carbon dioxide. 

8. The process of claim 7 wherein the pH is no greater 
than 3.0. 

9. The process of claim 8 wherein the pH is no greater 
than 1.0. 
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10. The process of claim 9 wherein the temperature is 

at least 140 C. 
11. The process of claim 10 wherein the chlorohydrin 

is propylene chlorohydrin. 
12. The process of claim 11 wherein the chlorohydrin 

is produced from allyl chloride. 
13. The process of claim 7 wherein the treated brine 

solution has an organic content of less than 100 ppm. 
14. The process of claim 7 wherein prior to the treat 

ing the aqueous brine cell contains at least 1000 ppm of 
organics. 

15. The process of claim 7 wherein the chlorate ions 
employed in the treating are produced by contacting 
chlorine produced in the electrolytic cell with an aque 
ous solution of sodium chloride and sodium hydroxide 
from the electrolytic cell. 

16. The process of claim 7 wherein the brine solution 
which is treated has a salt concentration of from 20 to 
24 wt.%. 

17. The process of claim 7 wherein the chlorate ion 
concentration does not exceed 1 mol per atom of or 
ganic carbon in the brine. 

18. The process of claim 17 wherein the chlorate ion 
concentration is at least 0.1 mol per atom of organic 
carbon in the brine solution. 

19. The process of claim 1 wherein prior to the treat 
ing the aqueous brine cell contains at least 1000 ppm of 
organics. 

20. The process of claim 19 wherein the treated brine 
solution has an organic content of less than 100 ppm. 

21. The process of claim 1 wherein the chlorate ions 
employed in the treating are produced by contacting 
chlorine produced in the electrolytic cell with an aque 
ous solution of sodium chloride and sodium hydroxide 
from the electrolytic cell. 

22. The process of claim 1 wherein the brine solution 
which is treated has a salt concentration of from 20 to 
24 wt.%. 

23. The process of claim 1 wherein the chlorate ion 
concentration does not exceed 1 mol per atom of or 
ganic carbon in the brine. 

24. The process of claim 23 wherein the chlorate ion 
concentration is at least 0.1 mol per atom of organic 
carbon in the brine solution. 
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