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Abstract: Potassium isopropoxide, involved in the cycle reaction of the intermediate dehydroester, is an
important coupling agent in the production of drug pipemidic acid tablets. Current production problems
of potassium isopropoxide by alkali method are the long period, the low productivity and the high energy
consumption. To solve these problems, the reactive distillation production process of potassium
isopropoxide was studied by simulation calculation and pilot experiment. The results show that the
production process of potassium isopropanol is influenced by the separation efficiency and the reaction
rate. The number of suitable theoretical plates for the column of azeotropic distillation is 14. The
dissolution of solid potassium hydroxide is promoted and the reaction rate is increased, when a small
amount of water is added to the raw material. It is found that the water content in the reflux organic
phase can be reduced by lowering the liquid temperature in the condenser. It is also observed that
suitable process conditions and the new type phase splitter can greatly reduced the production time of
each batch of potassium isopropoxide.
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1.Introduction

Pipemidic acid is yellowish or faint yellow crystalline powder, odourless and bitter in taste. It has a
very good impact on acute or chronic pyelonephritis and bacterial intestinal infection caused by sensitive
bacteria. Prahara found that pipemidic acid have a superior analgesic effect [1] than phenazopyridine
HCI and sodium diclofenac in endoscopic urological surgery without serious side effects. Potassium
isopropoxide is an important coupling agent in the production of drug pipemidic acid, and it is involved
in the cycle reaction of the intermediate dehydroester. The only production facility of potassium
isopropoxide was established by Shandong Xinhua Pharmaceutical Co., Ltd. in China in the early 1980s,
which provided the raw material guarantee for the production of drug pipemidic acid. However, the
original practical problems of long-term reactive distillation (72 h) and low production capacity have
been exposed with the renewal of drug pipemidic acid production processes. Therefore, it is urgent to
carry out the optimization research and the design of the original process.

The alkali metal alkoxides, such as sodium methylate, potassium methylate, potassium tert-butoxide,
and sodium isopropanol, are important intermediates [2-4] or raw materials [5] in pharmaceutical or
chemical production. The production process of alkali metal alkoxides includes metal process, alkaline
production process, electrolysis process and so on [6]. Alkali process has the advantages of safe and
simple operation and low production cost, so the alkali process has been used in an industrial process
[7-10]. The production process of potassium isopropoxide has not been reported in literature. Azeotropic
distillation is an effective method for separating azeotropes, such as the separation of methanol and
isopropyl acetate [11], acetonitrile dehydration [12], 2-methylpyridine dehydration [13] and acetic acid
dehydration [14]. In order to solve the problems of long production time and higher energy consumption,
the alkaline production process of potassium isopropoxide was studied by a pilot experiment on basis of
the simulated calculation of isopropanol water azeotropic distillation.
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Potassium isopropoxide can be prepared by the reaction of potassium hydroxide with isopropanol,
the equation is as follows:
C,H.OH + KOH «— C,H,OK + H,0

This reaction is strongly reversible and the rate of the reverse reaction is much greater than the rate
of the positive reaction. In order to obtain higher purity potassium isopropoxide, it is necessary to remove
the water generated in the reaction in time. Water and isopropanol are azeotropes [15], so the azeotropic
distillation dehydration method [16-17] can be used to remove the water from the positive reaction.
Benzene, cyclohexane and carbon tetrachloride are common azeotropic agents [18-22] in the industrial
production. The boiling point of binary azeotrope of water and isopropanol is 80.3 °C, and the mass ratio
of water to isopropanol in the azeotrope is 12.6/87.4=0.144, the boiling point of the ternary azeotrope of
water, isopropanol and cyclohexane is 64.3 °C, and the mass ratio of water to isopropanol in the azeotrope
is 7.5/18.5=0.405. When the boiling point of ternary azeotrope decreases, the water content is 2.81 times
higher than that without azeotrope. Cyclohexane is a suitable azeotropic dehydrating agent [23-24]. The
dehydration effect of azeotropic distillation has great influence on the product quality and yield of
potassium isopropoxide. Hence, the process of batch azeotropic dehydrating was studied by process
simulated calculation in our work.

2. Materials and methods

The raw materials used in the experiment are isopropanol (analytical reagent), cyclohexane
(analytical reagent) and potassium hydroxide (chemical pure).

The analysis of the product includes the content of free alkali in potassium isopropanol and the
content of component in phase splitter. The free alkali (potassium hydroxide) in the product of potassium
isopropanol is an important indicator to measure the quality of products. The analysis method of free
alkali is as follows: Firstly, the water content in the product is determined by Karl Fischer coulomb
titration [26], and then the titrated sample was prepared with benzoic acid (0.5 g benzoic acid, 25 mL
anhydrous methanol, 0.7 g potassium isopropanol sample). Benzoic acid reacts with potassium
hydroxide to form water. The free alkali content in the sample is calculated by using the measured water
content and the stoichiometric relationship between benzoic acid and potassium hydroxide. The content
of components in water phase and organic phase in the phase splitter is analyzed by thermal conductivity
cell gas chromatography and quantified by the external standard method.

3. Results and discussions
3.1. Simulated calculation of isopropanol-water mixture separation

The batch azeotropic distillation dehydration process [25] of isopropanol, water and cyclohexane
ternary mixture was simulated by ASPEN. In ternary mixtures, one ternary azeotrope and three binary
azeotropes would be formed, and the ternary azeotrope was at the lowest boiling point. The boiling
points, and components are shown in Table 1 (computed by the NRTL thermodynamic model in
ASPEN). Because cyclohexane and water were immiscible fluids, two liquid phases were formed in the
ternary mixture of isopropanol, water and cyclohexane. As a result, the phase splitter was set after the
rectification column condenser in simulation calculation of azeotropic distillation, so the organic phase
was completely refluxed and the aqueous phase flowed out of the system to be recycled.

Table 1. Ternary azeotrope and binary azeotropes in mixtures of isopropanol(CzHsO),
water(H20) and cyclohexane(CesHs)

Component CeH6-C3HsO-H20 CeH6-C3HsO-H20 CesHes-C3HsO-H20 CeHs-C3HsO-H20
P (heterogeneous) (heterogeneous) (heterogeneous) (heterogeneous)
Azeotropic point (°C) 64.3 68.6 68.9 80.3
Azeotropic
composition (molar 0.54:0.23:0.22 0.61:0.39 0.7:0.3 0.67:0.33

ratio)
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The following assumptions were made in the calculation model: constant molar liquid holding
capacity, adiabatic operation of the tower body, and the tower kettle as a theoretical plate. With the
reference to the azeotrope composition in Table 1 and the laboratory experimental data [19], the method
of massive excess of isopropanol reactant was considered in the production of anhydrous potassium
isopropanol. So the raw material isopropanol, water, and cyclohexane were added to the distillation still
in a 10:1:3 molar ratio. The number of theoretical plates in the distillation column with CY packing was
selected as 12. The vaporization rate in distillation still was set as 0.2-0.5 by setting a fixed heat load at
the bottom of the tower. The simulation results are as follows:

The variation trend of the temperature of the tower top and tower kettle with time is shown in Figure
1:
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Figure 1. Trend of temperature change in tower
top and tower kettle in batch distillation

In Figure 1, the temperature of the tower kettle rises slowly, the temperature of the tower top starts
at 64 to 65°C and then slowly rises to 80°C. This phenomenon indicates the following distillation
processes: First of all, the water-isopropanol-cyclohexane ternary azeotrope was distilled off at the top
of the column, so the water content in the column was reduced. Secondly, the isopropanol-cyclohexane
and a small amount of water-cyclohexane binary azeotrope were distilled followed by the isopropanol
with higher purity. And then the distillation process ended.

3.2. Effect of theoretical plate number on water content in distillation still

The condition for the end of distillation is that the mass percentage of water in distillation still is no
more than 0.2%. The total distillation dehydration time required for different number of theoretical plates
is shown in Figure 2. The molar ratio of isopropanol, water and cyclohexane is 10:1:3. The packing in
the distillation column is CY. And the amount of raw material is a constant.
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Figure 2. Distillation time required for
different theoretical plates

Rev. Chim., 71 (9), 2020, 153-161 155 https://doi.org/10.37358/RC.20.9.8325


https://revistadechimie.ro/
https://doi.org/10.37358/Rev

Revista de Chimie @ @

https://revistadechimie.ro
https://doi.org/10.37358/Rev.Chim.1949

When the heating power of the distillation kettle is 12kw, 15kw and 18kw respectively, the
relationship between the theoretical number of plates and the required distillation dehydration time is
shown in Figure 2. When the number of theoretical plates increases from 11 to 15, the dehydration time
first begins to decrease rapidly and then decreases slowly. Therefore, the appropriate number of
theoretical plates is 13 or 14. With the same number of theoretical plates, increasing the heat load can
significantly reduce the rectification dehydration time. For example, when there are 13 theoretical plates,
the dehydration time of 12 kw heating load is 12.5 h, while that of 18kw heating load is 8.5 h. As a
result, both the theoretical number of plates and the heating power of the tower kettle affect the
distillation dehydration time. In the normal gas-liquid contact state (the flooding factor is not greater
than 0.7), a large heat load is beneficial to shorten the dehydration time.

3.3. Effect of initial water content in distillation still on dehydration time

Potassium hydroxide solids have very low solubility in isopropanol but high solubility in water. A
small amount of water in isopropanol increases the solubility of potassium hydroxide in the liquid
reactants and the initial reaction rate. The relationship curve between the water content of the tower
kettle and the time in the distillation process is shown in Figure 3. The simulated calculation conditions
are as follows: the number of theoretical plates in the distillation column is 14; the heating power in the
tower kettle is constant; the evaporation rate in the tower kettle is 0.6-0.7.
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Figure 3. Variation trend of water content in distillation
kettle with different initial water content

As shown in Figure 3, the dehydration rate is faster when the initial water content in the reactor is
higher. There is no linear relationship between the dehydration time and the initial water content. When
the molar ratio of isopropanol, cyclohexane, and water is changed from 10:3:1 to 10:3:1.5, the total
distillation time difference will be less than half an hour. In the alkaline production process of potassium
isopropanol, a small amount of water can be added to the initial reaction material to promote the
dissolution of solid potassium hydroxide and speed up the reaction rate.

3.4.Effect of cyclohexane dosage on dehydration time

As an azeotropic dehydrating agent, sufficient cyclohexane is needed to remove water, but excessive
cyclohexane would affect the heating load and the separation efficiency of distillation column. When
the number of theoretical plates is 14, the heating power of the tower kettle and water content is constant;
the molar ratio of isopropanol to water is 10:1; the variation trend of water content in the tower kettle
under different cyclohexane dosage is shown in Figure 4.
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Figure 4. Trend of water content in distillation
kettle with different cyclohexane dosage

The molar ratios of isopropanol, cyclohexane, and water in Figure 4 are 10:4:1, 10:3:1 and 10:2:1
respectively. As shown in Figure 4, when the ratio of cyclohexane to water is 2, the water content in the
distillation kettle is higher than that at the ratio of 3 and 4. When the ratio is 3 or 4, the water content in
distillation still is close. However, if the mass percentage of water in the still is no more than 0.2%, the
total distillation dehydration time has little difference. So the ratio of cyclohexane to water in potassium
isopropoxide production can be selected as 3:1.

3.5. Effect of condensate temperature on water content in organic phase reflux

In the production process of potassium isopropanol batch reaction distillation, the ternary azeotrope
of isopropanol, water and cyclohexane was distilled from the top of the tower and condensed into the
phase splitter. The organic phase in phase splitter flowed back into the tower. The water content in the
organic phase also affected the dehydration process of the reaction product. In this paper, the ternary
azeotropic composition (molar ratio is 0.54:0.23:0.22) is taken as the raw material composition in the
phase splitter, and it is assumed that the Liquid-liquid two-phase reaches phase equilibrium in the phase
splitter. The composition of organic phases in the phase division device at 40-60°C is shown in Figure
5.
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Figure 5. Effect of temperature on composition
of organic phase

In Figure 5, the content of water and isopropanol in the organic phase increases with temperature
increasing. The molar fraction of water at 40°C is 0.4%, and at 60°C it is 1%. Lowering the condensate
temperature at the top of the column helps to reduce the water content in the reflux liquid. However, the
decrease of reflux temperature would increase the thermal load of the tower kettle. So the reflux
temperature of the condensate at the top of the tower needs to be determined after comprehensive
consideration of energy consumption.
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3.6. Experimental study on potassium isopropanol in pilot scale

The pilot-scale experimental equipment includes: a CY packed column with a height of 6 m and a
diameter of 0.4 m, a jacketed stirring reactor with a volume of 1.3 m3, and an ordinary phase splitter
with a volume of 0.5 m3. The quantity of raw material for each batch is 700 kg. The schematic diagram
of the pilot plant is shown in Figure 6.
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Figure 6. Schematic diagram of
the pilot plant of isopropyl alcohol
potassium alkaline process

The experimental process is as follows: potassium hydroxide solid 42 kg, isopropyl alcohol 479 kg
and cyclohexane liquid 0.179 kg were added to the stirred tank to make a mixed solution by stirring. 700
kg of the mixture was added to the reactor at one time. Steam was turned on to heat the reactor. The
temperature was raised and the reaction triggered. The water, isopropanol and cyclohexane in the
reaction kettle were heated and boiled, and the azeotropic steam entered the packed column. The top
steam of the tower was cooled by the condenser and entered the phase splitter for stratification; the upper
layer was the organic phase of cyclohexane containing a small amount of isopropyl alcohol and water;
the lower layer was the aqueous phase of isopropyl alcohol and water mixture containing a small amount
of cyclohexane. The upper liquid flowed back into the tower, and the lower liquid was continuously put
into the alcohol-water storage tank on the premise of keeping the phase interface stable. The isopropanol
solution of potassium isopropanol was extracted from the reactor after about 12 h of reaction rectification
time, when the free alkali and total alkali content in the reactor reached the required level.

In the batch reaction distillation process of the pilot test, the water content in the organic phase is
analyzed by sampling. The analysis results shows that the water content is 2-4%. And the data in Figure
5 shows that the water content in the organic phase is 0.4 to 1%, which indicates that the content of
organic phase water in reflux is much higher than that in liquid-liquid equilibrium. In order to investigate
the phase separation effect of the phase splitter, the ordinary buffer tank phase splitter, the internal
intubation phase splitter and the new phase splitter [27] are respectively adopted for the experimental
research. Experimental results are shown in Figure 7. The new phase splitter, our research groups utility
model patent, is a horizontal phase splitter with a built-in corrugated plate group. One end is the inlet
and the other end is the outlet. The corrugated plate with small plate spacing and wave height can
increase the area of the liquid surface of the two liquid phases, improve the separation efficiency and
ensure the stability of the liquid.
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Figure 7. Experimental results of pilot experiment of isopropyl
potassium alkaline process

According to the experimental data in Figure 7, the phase separation effect of the phase splitter affects
the reaction azeotrope rectification time. The phase separation of the ordinary buffer tank type phase
splitter solely relies on gravity sedimentation and would be affected by the feed of the phase splitter. So
the reaction dehydration time is the longest. The new phase splitter with internal corrugated plates and
independent inlet and outlet positions has the best phase splitter effect. The batch production time of
potassium isopropanol is reduced to 12 h under suitable process conditions and the new phase splitter,
which can greatly reduce the original industrial production time. The experiment of optimum
development of potassium isopropanol alkali process is successful.

3.7.Discussion on semi-continuous production process of potassium isopropanol

Through the optimization of the production process of potassium isopropanol, the production time
of a single batch is greatly reduced, but the time of a single batch of reactive rectification still needs
about 12 h. If the capacity needs to be further increased, continuous production process can be
considered. The reaction of potassium hydroxide with isopropanol to form potassium isopropanol is a
strong reversible reaction, while alkali sludge is formed in the reaction process. And the reverse reaction
rate is much higher than the forward reaction rate. Semi-continuous production process will be
recommended, and its flow diagram is shown in Figure 8. There are two reaction zones in the semi-
continuous production process: packing and reaction kettle. The water in the distillation column also
helps to dissolve potassium isopropyl alcohol in the isopropyl alcohol solution when the raw material is
fed into the column, and the reaction time can be guaranteed by the reaction kettle. The production
process is as follows: Isopropanol, cyclohexane and potassium hydroxide with mole ratios of 10:3:1 are
put into the reactor as raw materials. After heating, the batch process reaction distillation is carried out
until the liquid concentration of the reactor at the bottom reaches the requirements. Then the raw
materials are transported to the packed column by the pump. When the free alkali concentration in the
reactor is less than 1%, the product is continuously extracted from the reaction kettle quantitatively.
Compared with the continuous production process, the semi-continuous production process allows more
reaction time, which can ensure the full reaction of potassium hydroxide and isopropanol, or reduce the
height of the distillation column. The semi-continuous production process can be considered as the
development direction of the potassium isopropanol alkali production process.
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Figure 8. Schematic diagram of
semi-continuous production process

4.Conclusions

In this paper, including the influence of the amount of cyclohexane azeotrope, the number of
theoretical plates in the distillation column and the condensate temperature on the water separation effect
of isopropanol, three aspects are investigated through the simulation calculation of isopropanol and
water azeotrope separation. The pilot experiment of potassium isopropanol alkaline production is carried
out based on the simulation data. The results show that the reaction rectification time can be greatly
reduced to 12 h by adopting appropriate process conditions and high-performance equipment. Specific
conclusions are as follows:

(1) In the production process of potassium isopropanol alkali process, the number of suitable
theoretical plates for the column of azeotropic distillation is 14. A small amount of water can be added
to the raw material to promote the dissolution of solid potassium hydroxide and increase the reaction
rate. The water content in the reflux can be reduced by lowering the liquid temperature in the condenser.

(2) Under similar distillation and dehydration conditions, the dehydration time of isopropanol, water
and cyclohexane is 4-5 h, and the production time of potassium isopropanol is about 12 h, which
indicates that the production process of potassium isopropanol is influenced by the separation efficiency
and the reaction rate.

For the alkali preparation process of potassium isopropanol, if considering further reducing the
comprehensive energy consumption and improving production efficiency and automation level, the
following two aspects need to be done:

(1) The basic data for the reactive distillation process of potassium isopropanol continuous
production needs to be studied. The one is gas-liquid phase equilibrium data of isopropanol, water, and
cyclohexane liquid in the presence of sodium ions, and the other one is the reaction kinetic equation of
the potassium isopropanol reactive distillation and dehydration process.

(2) The semi-continuous production process of potassium isopropanol needs to be studied and
developed.
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