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The results of dehydrochlorination of 88 wt% aqueous solution of 1,3-dichloropropan-2-ol to epichlorohydrin
are reported. The process was carried out in the reaction-stripping column system with a continuous removal of
epichlorohydrin in the steam stream. Aqueous solutions of sodium and calcium hydroxides at concentrations in
the range of 3-14 wt% were used for the dehydrochlorination. The influence of the type and concentration of
dehydrochlorination agent on 1,3-dichloropropan-2-ol conversion, the selectivity of transformation to epichlorohydrin
and by-products, and the composition of distillate and wastewater were studied.
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INTRODUCTION

Epichlorohydrin is a compound used primarily in the
production of epoxy resins'. Currently, the epichloro-
hydrin is produced on an industrial scale mainly by the
chlorine method® This technology uses large amounts
of chlorine and propylene, obtained by pyrolysis of hy-
drocarbons. Epichlorohydrin produced by this method
is 99.9% pure, which is the undoubted advantage, ho-
wever, the multi-step process involves the formation of
considerable amounts of organic and inorganic products.
The inorganic by-products comprise calcium or sodium
chloride (depending on the type of hydroxide used in the
process) and hydrogen chloride. The organic by-products
include: unreacted allyl chloride, 2-chloroprop-1-ene,
1-chloroprop-1-ene, 2-chloropropane, 1-chloropropane,
1,3-dichloroprop-1-ene, 2,3-dichloroprop-1-ene, 1,2-di-
chloropropane, 1,2,3-trichloropropane, glycerol and
polyglycerols.

In the conventional technology allyl chloride is obtained
in the reaction of propylene with chlorine. After chlo-
rohydroxylation of allyl chloride is formed an aqueous
solution of dichloropropanols at a concentration of 2-5
wt%, with prevailing fraction of 2,3-dichloropropan-
-1-ol isomer. A low solubility of allyl chloride in the
water precludes the preparation of more concentrated
solutions. The selectivity of transformation to dichloro-
propanols decreases rapidly at higher concentrations of
these solutions. Allyl chloride and by-products: 1,2,3-tri-
chloropropane and chloroethers form a separate organic
layer, what considerably intensifies the formation of
additional amounts of these compounds. With regard
to the significant consumption of steam for distillation
of the epichlorohydrin in the dehydrochlorination stage
(more than 57 Mg/Mg epichlorohydrin) as well as water
in the stage of chlorohydroxylation, a substantial amount
of wastewater is generated in this process.

In a newly proposed method for the production of
epichlorohydrin® the first stage (hydrochlorination of
glycerol) yields dichloropropanols as the main products at
the concentration range 40-61 wt% with prevailing frac-
tion of more active 1,3-dichloropropan-2-ol (13DCP20OL).
Additionally 3-chloropropane-1,2-diol and 2-chloropro-
pane-1,3-diol were formed as the by-products. The post-
-reaction solution also contains unreacted glycerol and

the catalyst that can be recycled into the process. The
second stage is the dehydrochlorination of dichloropro-
panols, which gives epichlorohydrin and the following
by-products: glycidol, 3-chloropropane-1,2-diol, diglycidyl
ether, glycerol and polyglycerols. The latest method for
the production of epichlorohydrin allows management
of glycerol which is a by-product of the synthesis of
fatty acid methyl esters (FAME). These esters are the
basic biocomponents used for production of diesel fuel
or they are used as a stand-alone fuel. Sure advantages
of the new technology are generation of a much smaller
amounts of by-products and wastewater and lower energy
consumption than in the conventional chlorine method.
The glycerol technology of epichlorohydrin production
reduces the need for utilization of waste fractions
containing organic chlorine derivatives, including high
boiling chloropropyl ethers. Moreover there is no need
to build an incineration plant for chlorine derivatives.
This technology also allows the use of waste hydrogen
chloride at the hydrochlorination stage.

Dichloropropanols prepared by both methods differ
significantly in the composition which causes the need
to use different technological parameters. In the chlorine
method realized commercially, calcium hydroxide solu-
tions are used. It results from literature that in a new
glycerol technology sodium hydroxide at the concentration
range 20-50 wt%*® can be used for the dehydrochlori-
nation of dichloropropanols. This creates the possibility
of separation of sodium chloride and its utilization for
production of sodium hydroxide and chlorine by mem-
brane electrolysis method. However, this solution has
not yet been implemented in the industrial realization,
with regard to the significant costs of purifying sodium
chloride. The dehydrochlorination of dichloropropa-
nols has previously been investigated in several other
papers. The kinetic aspects of the dehydrochlorination
process’, kinetic parameters of reaction carried out in
the microreactor!'®, dehydrochlorination in the continuous
flow stirred tank reactor' were investigated. The Solvay
Company had obtained more than 30 patents for solutions
applied in the hydrochlorination process of glycerol and
dehydrochlorination of dichloropropanols.

A consumption of raw materials and energy media in
both methods, calculated on the basis of the mass and
energy balances are shown in Table 1.
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Table 1. The consumption of raw materials and energy media in the chlorine and glycerol methods in relation to 1 Mg of epichlo-

rohydrin

Raw material Chlorine method Glycerol method
Propylene [kal 645 -
Chlorine 2100 -
Calcium hydroxide (as Ca(OH),) 1060 581
Glycerol - 1061
Hydrogen chloride (as HCI) - 970

Steam [ka] 7000 4800
Process water [kal 58 1,8
Electric energy [kWh] 600 110

A comparison of parameters of the dehydrochlorination
process of 13DCP20OL with a solution of calcium and
sodium hydroxide in a pilot plant scale has not been pre-
sented in the literature. A kind of dehydrochlorination
agent, method of process running and the technological
parameters have an essential influence on the course
of dehydrochlorination, moreover, they determine the
conversion of raw materials and the selectivity of trans-
formation to epichlorohydrin.

The objective of this work was to investigate the
effect of the type and concentration of hydroxide on
the conversion of 13DCP20OL and selectivity of trans-
formation to epichlorohydrin and by-products in the
reaction-stripping column. In this study was compared the
course of dehydrochlorination of 88 wt% aqueous solu-
tion of 13DCP2OL with the use of calcium and sodium
hydroxide solutions (3—-10 wt%). The best technological
parameters were determined for the dehydrochlorination
process by calcium hydroxide solution in the reaction-
-stripping column.

EXPERIMENTAL

Material

In the study 13DCP2OL of 98% purity, containing
2 wt% of 2,3-dichloropropan-1-ol (Merck, Warsaw) was
used. The dehydrochlorination was performed with cal-
cium hydroxide (96 wt% Ca(OH), and 3 wt% CaCO,,
Chempur, Piekary Slaskie) and sodium hydroxide (98.8
wt% NaOH and 0.7 wt% Na,CO,; Chempur, Piekary
Slaskie).

Analytical methods

After each synthesis, the wastewater and organic
and aqueous layers of the distillate were subjected to
quantitative chromatographic analyses performed. The
organic layer was analyzed on an SRI 8610C apparatus,
equipped with a flame ionization detector (FID) and a
capillary column DB-WAX (30 m x 0.25 mm x 1.0 um).
The aqueous layer and wastewater were analyzed on a
Trace GC Ultra Thermo apparatus with a flame-ionization
detector (FID) fitted with an RTX Resteak 1701 (30 m
x 0.53 mm x 1.0 um) capillary column.

The identification of peaks on the chromatograms
was performed on the basis of retention times of the
standards. A quantitative determination of compositions
of the distillate and wastewater was made by means of
the internal standard method, with octane.

The concentration of chlorine combined in the inorga-
nic manner was determined by the argentometric method.
Titrator TitroLine Easy module 3 (Schott) was used for

the determinations. The amount of water in the organic
layer of the distillate was determined by a modified co-
ulometric method on KF831 apparatus (Metrohm). The
glycerol concentration in the wastewater from reboiler
was determined by the periodate method.

Experimental procedure

Dehydrochlorination process was carried out in the
reaction-stripping column system with a continuous re-
moval of epichlorohydrin in the steam stream'> *, The
distillate of epichlorohydrin was collected from the top
of the reaction-stripping column as water-epichlorohy-
drin azeotrope. After condensation this azeotrope was
separated into the organic and the aqueous layer.

RESULTS

Dehydrochlorination by calcium hydroxide solution

The dehydrochlorination was performed using 5 and
10 wt% aqueous solutions of calcium hydroxide, at the
molar ratio equal to or very close to the reaction sto-
ichiometry — Ca(OH),/13DCP20OL = 0.5:1 (Table 2 and
3). A pre-reactor temperature was varied in the range of
38-47°C, the reactor from 63 to 72°C, reboiler 74-77°C.
The values of remaining parameters were presented in
the above tables.

The organic and aqueous layer of the distillate col-
lected from the reaction-stripping column contained:
epichlorohydrin, 13DCP20L, 2,3-dichloropropan-1-ol,
3-chloropropane-1,2-diol and water, in the amounts
presented in Table 2. The epichlorohydrin concentration
in the organic layer of distillate amounted to 94-96
wt%, whereas in the aqueous layer from 0.5 to 6 wt%.
In the case of disturbance in the flow rate of Ca(OH),
solution, the 13DCP20L concentration increased in
both layers and the concentration of epichlorohydrin
and 13DCP20L in effluent stream was higher. Under
presented conditions, the conversion of 13DCP20OL at
least at the level of 92% is achieved regularly with the
selectivity of transformation to epichlorohydrin equal
to 98%.

Because of limited solubility, 10 wt% calcium hydroxide
occurs in water in the form of suspension, with a constant
value of pH = 12.5. The suspension was continuously
stirred with a magnetic stirrer and dispensed onto the
column using a peristaltic pump. Dosing this solution
caused difficulties induced by sedimentation of calcium
hydroxide and calcium carbonate (contained in the cal-
cium hydroxide) in the feeding line and on the Raschig
rings in the reaction-stripping column, which could lead
to reduced efficiency of distillation. To prevent this, the
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Table 2. The technological parameters and results of dehydrochlorination of 13DCP20OL by calcium and sodium hydroxide solution

Technological parameters
Type of alkalies Ca(OH), Ca(OH), Ca(OH), NaOH NaOH NaOH
Concentrations [wt%] 5 10 10 3 10 10
Moprrato ot alkalies [mol/mol] 0.55:1 0.47:1 0.48:1 0.79:1 0.89:1 1.06:1
Temperature [°C]
— pre-reactor 47.2 41.7 38.0 46.8 44.6 45.6
— reactor 62.7 69.3 71.7 74.5 68.0 76.2
— reboiler 73.7 77.0 76.7 77.8 67.7 78.9
pH in reboiler 9.8 9.6 9.2 8.4 8.9 9.3
Pressure in the column [kPa] 50.1 53.7 53.2 54.8 54.2 53.8
0,
Flow fate of 88 wtle [em?/min] 6.4 13.0 20.0 45 14.0 14.0
Flow rate of alkalies solution [cm®/min] 40.0 40.0 50.0 40.0 40.0 40.0
Flow rate of steam [dm%/min] 6.1 6.0 6.3 5.6 6.2 6.1
Contact time of the reagents™ [s] 21 21 21 27 21 21
Technological indicators
13DCP20L conversion [%] 91.4 | 89.3 | 84.3 | 86.5 | 88.7 91.1
Selectivity to [%]
— epichlorohydrin 82.6 99.0 99.4 90.1 96.7 89.4
— 3-chloropropane-1,2-diol 2.5 0.5 0.0 0.03 0.0 0.6
— glycidol 0.0 0.0 0.0 1.9 0.8 0.8
— glycerol 3.7 0.5 0.6 0.6 0.3 1.2
* experimentally determined contact time of the reagents in the column
Table 3. The composition of distillate epichlorohydrin and wastewater

Type of alkalies Ca(OH), Ca(OH), Ca(OH), NaOH NaOH

. 5 10 10 3 10
Concentrations [wt%)]
g"ﬁ'ﬁrrr:g'g”gfra'ka"ey 13DCP20L 0.50:1 0.46:1 0.45:1 0.91:1 0.93:1

9.2 9.1 9.0 9.2 9.3

Mass of organic layer [g] 56.70 367.10 567.50 149.60 443.70
Composition: [wt%]
— epichlorohydrin 95.66 93.78 82.20 93.50 92.48
— 1,3-dichloropropan-2-ol 3.06 4.54 14.94 4.62 5.83
— 2,3-dichloropropan-1-ol 0.05 0.03 0.13 0.05 0.00
— water 1.23 1.65 2.73 1.83 1.69
Mass of aqueous layer [a] 470.00 221.00 539.40 281.30 343.00
Composition: [wt%]
— epichlorohydrin 5.58 0.45 1.75 3.04 4.88
— 1,3-dichloropropan-2-ol 2.00 0.80 1.07 1.35 1.08
— 2,3-dichloropropan-1-ol 0.03 0.01 0.02 0.01 0.01
— 3-chloropropane-1,2-diol 0.28 0.00 0.00 0.02 0.00
— glycidol 0.00 0.00 0.00 0.14 0.14
— water 92.11 98.74 97.16 95.44 94.99
Wastewater [a] 2336.60 2313.00 2001.60 2395.40 2201.00
Composition: [wt%)]
— epichlorohydrin 0.12 0.16 0.53 0.01 0.15
— 1,3-dichloropropan-2-ol 0.26 1.52 1.23 1.03 6.03
— 2,3-dichloropropan-1-ol 0.02 0.06 0.06 0.02 0.04
— 3-chloropropane-1,2-diol 0.1 0.09 0.00 0.01 0.00
— glycidol 0.00 0.00 0.00 0.10 0.13
— glycerol 0.21 0.13 0.14 0.04 0.05
13DCP20L conversion % 93.1 90.5 91.7 89.5 90.6
Selectivity to epichlorohydrin % 88.3 99.1 97.8 91.1 95.5

Average temperatures in the pre-reactor, reactor, reboiler, flow rates of reagents and steam were similar to those presented in Table 2.

* disturbances in the flow of solution.

reaction-stripping column was periodically washed (after
5 trials) by a 10 wt% nitric acid(V) solution and distilled
water. The limited solubility of calcium hydroxide in
water is beneficial since permits to maintain the pH at
a constant level (nearly constant concentration of the
OH’ ions), thereby too high alkalization of the medium
is avoided which also prevents the formation of organic
by-products in considerable amounts.

The wastewater contained organic compounds: epichlo-
rohydrin, 13DCP20L, 2,3-dichloropropan-1-ol, 3-chlo-
ropropane-1,2-diol, glycidol, glycerol, polyglycerols and
inorganic ones: calcium carbonate, calcium hydrocarbo-
nate, calcium chloride and unreacted calcium hydroxide.

Dehydrochlorination by sodium hydroxide solution

The dehydrochlorination was carried out with the use
of 3 and 10 wt% aqueous solutions of sodium hydroxide,
at the molar ratio of NaOH/13DCP20OL slightly below
or above the equimolar ratio (Table 2 and 3). An ave-
rage temperatures of pre-reactor, reactor, reboiler, as
well as the flow rate of reagents and steam, pH in the
reboiler and contact time of the reagents were similar
to those applied during the dehydrochlorination with a
calcium hydroxide solution. These studies indicated that
the application of NaOH solution with the concentration
of 10 wt% is more advantageous in a comparison with
more diluted solution. In both cases the 13DCP20L




conversion in the range 89-91% was obtained, while
the selectivity of transformation to epichlorohydrin was
equal to 97%, when a more concentrated solution of
NaOH was used (Table 3). The effect of the molar ratio
of NaOH/13DCP20L is also noticeable. The conversion
of 13DCP20L is higher above the equimolar ratio, but
the selectivity of transformation to epichlorohydrin was
decreased (Table 2).

Dosing of sodium hydroxide did not cause any problems
owing to its high solubility in water. The aqueous layer
of the distillate and wastewater were found to contain
glycidol, which was not identified in these media in the
syntheses performed using calcium hydroxide. The total
concentration of organic compounds discharged with the
effluents amounts to 1.2-1.4 wt% (Table 3). The losses
of 13DCP20L and epichlorohydrin are the highest,
whereas the compounds in the form of 2,3-dichloropro-
pan-1-ol, 3-chloropropane-1,2-diol, glycidol and glycerol
were lost in a smaller quantity. A spent solution (NaCl)
from dehydrochlorination with sodium hydroxide after
the concentration and removal of organic compounds
can be used again in the electrolyzer for the produc-
tion of chlorine, hydrogen and sodium hydroxide. This
solution cannot be used in new electrolyzers using the
ion exchange membranes or in mercury electrolyzers.

Comparison of dehydrochlorination with the use of cal-
cium hydroxide and sodium hydroxide solution

As a result of dehydrochlorination of 88 wt% aqueous
solution of 13DCP20OL with the use of sodium or cal-
cium hydroxide solutions of 3 and 5 wt%, respectively,
the conversion of 13DCP20L in the range 87-93% was
achieved. The selectivity of transformation to epichloro-
hydrin when sodium hydroxide is applied reaches 91%,
and when lime milk is applied it is 88%. The dehydro-
chlorinations performed using these relatively diluted
solutions of calcium hydroxides, leads to a larger quantity
of 3-chloropropane-1,2-diol in the aqueous layer of the
distillate and in wastewater. This compound was formed
as a result of hydration of epichlorohydrin during its
stripping in the flow of steam. 3-Chloropropane-1,2-diol
does not form or it is formed in much less amounts
when the dehydrochlorination is carried out by 10 wt%
solutions of sodium or calcium hydroxide. Thus the use
of diluted solutions leads to increased amount of aqueous
layer of the distillate and wastewater.

In the process performed with a 5 wt% calcium hy-
droxide solution, the wastewater contained the greatest
amount of glycerol. It results from a high rate of glyci-
dol hydration to glycerol. As a result, glycidol does not
occur in the distillate and effluent, however, the glycerol
concentration in the effluent is higher.

At similar process parameters, with an increase of al-
kaline reagent concentration to 10 wt%, the selectivity of
transformation to epichlorohydrin increases to 99% and
to 96% respectively in the case of calcium and sodium
hydroxide. A comparison of results demonstrates that
the application of a 10 wt% calcium hydroxide solution
leads to slightly better results than those with a 10 wt%
sodium hydroxide solution (Table 3). A lower selectivity
of transformation to epichlorohydrin can be caused by a
higher alkalinity of sodium hydroxide (pH, gy, = 14.4).
Despite a good stirring, the side-reactions can locally
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proceed, with regard to their consecutive character and
the alkalinity of the reaction medium.

Moreover the studies demonstrate other regularities.
A decrease in the conversion of 13DCP20L is accom-
panied by increased amount of this compound mainly
in the organic layer of distillate and to a lesser degree
in the aqueous layer. The concentration of 13DCP20L
in the effluent is at the same level. This results from
higher solubility of 13DCP2OL in the epichlorohydrin in
a comparison with its solubility in water. Simultaneously,
this relationship confirms a sufficient flow rate of steam,
ensuring distilling off the epichlorohydrin and less volatile
components. Moreover, the unreacted 13DCP20OL is
distilling off with steam relatively easily because it forms
an azeotrope with steam with the boiling point lower
than the boiling point of each of the components™. It
was found that glycidol and 2,3-chloropropane-1-ol occurs
in the effluent at a lower level of the concentrations,
when glycidol and 3-chloropropane-1,2-diol is present
in the trace amounts.

The molar ratio of the reactants also affects the course
of dehydrochlorination. An interesting relationship was
observed in the syntheses with calcium hydroxide. In the
reactions in which the molar ratio of Ca(OH),/13DC-
P20OL amounted to 0.47-0.48:1, and hence, was smaller
than the ratio resulting from the reaction stoichiometry
(0.5:1), a lower conversion of 13DCP2OL was obtained,
with a slightly higher selectivity of transformation to
epichlorohydrin. As a consequence, the yield of epi-
chlorohydrin, calculated as a product of conversion and
the selectivity, was similar to that obtained during the
application of a 10 wt% NaOH solution.

Using an excess of calcium hydroxide (Ca(OH),/13DC-
P20L = 0.55:1), the conversion was even higher, while
the selectivity of transformation to epichlorohydrin was
decreased. Similar relationships were observed in the
presence of an excessive of 10 wt% solution of NaOH
(NaOH/13DCP20OL = 1.06:1). However the epichlo-
rohydrin yield was slightly lower. In the technological
process under study, the achievement of the highest
selectivity of transformation to epichlorohydrin takes on
greater importance than the achievement of the highest
conversion. The 13DCP20OL unreacted can be relatively
easy recovered by the distillation method and recycled
to the dehydrochlorination. Owing to the recirculation,
the losses of 13DCP20L as a result of the formation
of by-products, are smaller.

Several syntheses were conducted with a 14 wt% cal-
cium hydroxide solution in order to verify how a further
increase in the concentration will affect the results of the
dehydrochlorination. Simultaneously, it would allow to
reduce the quantity of effluents. The values of techno-
logical parameters and the magnitudes of technological
indicators are summarized in Table 4. The dehydrochlo-
rination carried out with a 14 wt% calcium hydroxide
solution gives less favorable results. Epichlorohydrin is
formed with a lower selectivity at a similar conversion
of 13DCP20OL. Epichlorohydrin undergoes the reaction
to a greater degree to 3-chloropropane-1,2-diol and to
consecutive by-products (glycidol, glycerol, polyglyce-
rols). A higher concentration of calcium hydroxide also
increases its deposition on the column packing material
and in the feed lines.
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Table 4. The technological parameters and results of dehydrochlorination of 13DCP20OL by 10 wt% and 14 wt% calcium hydroxide

solutions
Technological parameters
Concentration of calcium hydroxide
solution [wt%] 10 10 10 14 14
Molar ratio of
Ca(OH), /13DCP20L [mol/mol] 0.43:1 0.65:1 0.67:1 0.59:1 0.55:1
Temperature [°C]
— pre-reactor 76.1 45.7 67.1 48.6 53.9
— reactor 82.4 70.8 71.3 71.5 54.5
— reboiler 82.8 79.5 78.4 76.6 66.5
pH in reboiler 10.0 10.0 10.9 10.1 11.0
Pressure in the column [kPa] 52.8 53.2 54.2 80.1 73.6
Flow_rate of 88 wt% 13DCP20L [cm¥min] 3.0 13.0 3.0 3.0 3.0
solution
Flow rate of calcium hydroxide solution [cm®/min] 9.0 41.3 13.0 8.0 7.5
Flow rate of steam [dm*/min ] 2.0 4.3 2.0 2.0 2.0
Contact time of the reagents* [s] 33 21 33 30 30
Technological indicators
13DCP20L conversion [%] 87.6 97.1 99.7 92.8 97.0
Selectivity to [%]
— epichlorohydrin 98.4 98.2 93.1 91.2 84.4
— 3-chloropropane-1,2-diol 0.2 0.5 1.2 1.8 4.9
— 2-chloropropane-1,2-diol 0.3 0.0 0.0 0.0 2.8
— glycidol 0.0 0.0 2.2 0.0 1.0
— glycerol 0.6 0.9 2.6 2.0 1.5

* experimentally determined contact time of the reagents in the column.

CONCLUSION

A comparison of the dehydrochlorination results by
aqueous solutions of calcium and sodium hydroxides, as
well as the process course reveals that the use of calcium
hydroxide is more preferable. The dehydrochlorination
of 88 wt% of aqueous solution of 13DCP2OL in the
reaction-stripping column with a continuous removal of
distillate from the top of the column allows to obtain
epichlorohydrin with nearly 99% product selectivity and
the conversion of 13DCP20OL about 90%. This requires
the application of a 10 wt% aqueous solution of calcium
hydroxide, molar ratio of Ca(OH),:13DCP20L = 0.48-
0.50:1, and the following, remaining process parameters:
pre-reactor temperature 46°C, reactor 71 °C, reboiler
80°C, flow rate of 88 wt% aqueous solution of 13DCP20L
— 13 cm’/min, flow rate of 10 wt% aqueous solution of
calcium hydroxide — 41 cm*/min, flow rate of steam 4.3
dm?®/min, pressure in the reaction-stripping column about
53 kPa. A lower conversion of 13DCP20OL equal to 90%,
with the selectivity of transformation to epichlorohydrin
96% are achieved during the dehydrochlorination by a
10 wt% sodium hydroxide solution.
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