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Study on new solvent extraction systems
for erythromycin
Zhou Li,∗ Feng Qin, Hao Bao and Xueqiang Gu
Department of Chemical Engineering, Tsinghua University, Beijing 100084, China

Abstract: New solvent systems for the extraction of erythromycin were studied in which octanol was
used as the extractant instead of butyl acetate. The mechanism for these new extraction systems is not
simple physical distribution but the formation of a neutral complex of erythromycin. A neutral extraction
complex formed between the neutral molecules of erythromycin and extractant by hydrogen bonding,
and the formed neutral extraction complex moves into the organic phase. Extraction reaction equations
and mathematical models of extraction equilibrium and re-extraction equilibrium are proposed for these
new extraction systems. Experimental results show that the new extraction systems offer technological
and economic advantages owing to the low solubility of the extraction solvents in the aqueous phase. The
solvent consumption of the new extraction process was less than 3kg per billion active units compared with
9–10 kg per billion active units for a butyl acetate extraction system. In addition, the recovery of solvent
from raffinate may be eliminated, thus reducing energy consumption.
 2005 Society of Chemical Industry
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NOTATION
A Aqueous phase
B Extractant
c Constant
C Concentration of erythromycin (extraction

equilibrium) (µ cm−3)
C′ Concentration of erythromycin (re-extraction

equilibrium) (µ cm−3)
D Extraction distribution coefficient
D′ Re-extraction distribution coefficient
�Hm Enthalpy change (kJ mol−1)
Ka Dissociation constant
Kagg Aggregate coefficient
Ks Thermodynamic equilibrium constant
M Molecular form of erythromycin
n Aggregated number of extractant
O Organic phase
pHe Equilibrium pH value in aqueous phase
R Gas constant (8.3143 J mol−1K−1)
Rsyn Synergistic extraction coefficient
t Temperature (◦C)
T Temperature (K)
V Volume (cm3)
w Weight (g)
X Molar fraction
γ Related coefficient

Superscript
0 Initial value

Subscripts
add Additive
B Extractant
o Organic phase
S Polar solvent
syn Synergistic
w Aqueous phase

INTRODUCTION
Butyl acetate is widely used as the extraction solvent
for the industrial extraction of erythromycin.1,2 During
the extraction process, consumption of butyl acetate is
high (9–10 kg per billion active units of erythromycin)
during the extraction process owing to its solubility
in aqueous media. This consumption is costly,
being about one-third of the total cost for the
downstream process of erythromycin.3 To overcome
this disadvantage, new extraction systems have been
studied, in which octanol was used as the extractant
instead of butyl acetate. The extraction mechanism
of erythromycin by octanol differs from the physical
distribution of erythromycin between two phases by
neutral complex extraction.

Experimental results show that the neutral complex
extraction system possesses a higher extraction
efficiency and consumes less solvent. Also, the cost
of the new extraction system is cheaper than that
using butyl acetate.

In addition, a synergistic extraction effect is shown
when a polar solvent is used as the diluent or additive
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Figure 1. Process flows for erythromycin extraction.

solvent, ie a system is synergistic if the system is
more effective using the combination of extractant
and additive solvent than any of the individual
components. Defining the synergistic coefficient R =
Dsyn/Dadd, where Dsyn is the extraction distribution
coefficient of synergistic extraction system, and Dadd

is the extraction distribution coefficient of non-
synergistic extraction system, for Rsyn > 1, there is
a synergistic effect (positive synergistic effect).4

Based on our research, two process flows for
erythromycin extraction were developed (see Fig 1),
The difference between these two flow sheets is the
medium in which the erythromycin thiocyanate is
formed.

EXPERIMENTAL
Technological conditions and experimental
methods
Extraction
A known volume of filtered fermentation broth (25 L)
of erythromycin (or simulated feed of erythromycin)
was adjusted to pH 10.5 with 10% (w/w) NaOH
solution, and mixed with the extraction solvent to give
1:6–1:8 of o/a (v/v) phase ratios in a separating funnel
under a determined temperature (30–35 ◦C). These
two phases were then separated, and the potency of
erythromycin in both phases and the equilibrium pH
value in the aqueous phase were measured.

The experimental conditions for extraction equi-
librium studies are noted in the relevant tables and
figures.

Re-extraction
Glacial acetic acid was used for re-extraction of
erythromycin from the organic phase. The loaded
organic phase and acetic acid solution were mixed to
give 1:1–2:1 of o/a (v/v) phase ratios in a separating
funnel under the ambient temperature, and the final
pH was controlled at 4.5–5.0. After separating the two
phases, the potency of erythromycin in both phases
and the equilibrium pH value in the aqueous phase
were measured.

The experimental conditions for re-extraction
equilibrium studies are noted in the relevant tables
and figures.

Formation of erythromycin thiocyanate
After regulating the pH value to 6.0 in the re-extracted
solution of erythromycin by using 10% (w/w) NaOH
solution, the residual solvent was eliminated from
the re-extracted solution by bubbling air through the
re-extraction solution. The pH value was adjusted
to 6.8, the solution was placed in a water bath at
25–35 ◦C, and then 1.2–2.0 times (mol potassium
thiocynate/mol erythromycin) of 50% potassium
thiocyanate solution was added slowly. For the growth
of erythromycin thiocyanate crystals, it was necessary
to keep the temperature of the water bath constant
for 0.5–1.0 h. The wet crystals of erythromycin
thiocyanate were separated by filtration, rinsed three
times with deionized water, and vacuum-dried at 40 ◦C
for 12h. A sample of dried crystals of erythromycin
thiocyanate was taken to analyze for potency, water
content, and other properties.

Transformation of erythromycin thiocyanate into
erythromycin base
A known amount of erythromycin thiocyanate (100 g)
was first dissolved in acetone, the ratio between the
volume of acetone and the weight of erythromycin
thiocyanate being 4.0–4.5 times.

According to stoichiometric proportions, 10–20%
(w/w) NaOH solution was added to the acetone
solution of erythromycin while stirring. After settling,
a little liquor could be separated. Then, 3.0 times of
deionized water were added to the acetone solution to
initiate crystallization of the erythromycin base. After
standing overnight, the crystals of erythromycin base
were filtered, rinsed by deionized water and vacuum-
dried at 40 ◦C for 12 h to give the final product of
erythromycin.

Erythromycin feed and chemicals
Simulated feed and filtered fermentation erythromycin
broth were used in the experiments. The simulated
feed was made using an erythromycin standard sam-
ple provided by the Chinese Medicine & Bioproducts
Inspecting Institute. The filtered erythromycin fer-
mentation broth was obtained from the Ping-Yuan
Pharmaceutical Factory in China. Erythromycin is a
metabolite of Streptomyces erythreus grown in a cul-
ture medium, in which the main carbon sources
were glucose (80–85%) and starch (15–20%), and
the main nitrogen source was soybean powder, fol-
lowed by corn slurry and ammonium sulfate; calcium
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carbonate and potassium dihydrogen phosphate were
also constituents. The fermentation period was about
6–7 days.

The extractant and other chemical reagents were all
AR grade except for kerosene. Deionized water was
used throughout.

Analytical methods
Spectrophotometry was used to determine the ery-
thromycin concentration.5 A brownish yellow color is
produced when sulfuric acid reacts with erythromycin,
having a maximum absorption peak at 485 nm, then
the concentration of erythromycin was measured by
using the spectrophotometer.

The examinations of erythromycin thiocyanate and
erythromycin base were carried out using a bioassay,
as reported elsewhere.6

EXPERIMENTAL RESULTS
Neutral complex extraction by octanol–nonpolar
diluent system
Choice of extraction systems
New extraction systems were studied on the basis of
the principles of extraction chemistry. As known, there
is a tertiary amine group in the chemical structure of
erythromycin, with pKa = 8.6,7 so erythromycin may
be present either in molecular form or in ionic form in
the aqueous phase. The following equilibrium exists:

MH+
(w)

Ka←−→M(w) + H+
(w) (1)

where M(w) and MH+
(w) represent the molecular and

ionic states of erythromycin in the aqueous phase. This
equilibrium and its transition depend on the pH value
in the aqueous phase.

If erythromycin is maintained in the molecular state,
a neutral complex extractant may be adopted for the
extraction of erythromycin, and the re-extraction of
erythromycin may be carried out by decreasing the pH
value owing to the transition of the molecular state of
erythromycin to its ionic state.

In neutral complex extraction systems neutral
phosphorated extractants, neutral oxygen-bearing
extractants, neutral sulfur-bearing extractants, neutral
amide extractants and neutral aromatic extractants
may all be suitable. However, when considering

the limitations associated with these extractants in
pharmaceutical processes, the choice was reduced
considerably.

There are relatively few reported studies deal-
ing with the extraction of erythromycin by new
extractants.8–11

In our experiments the following indices were
considered for the choice of an extractant;

(1) high extractability and easy to re-extract;
(2) appropriate physical properties, especially low

solubility in the aqueous phase;
(3) easy to regenerate and good reusability;
(4) good anti-emulsifying performance;
(5) non-toxicity or very low toxicity;
(6) price comparable to or lower than that of butyl

acetate.

On the basis of the above, octanols were chosen
as extractants. First, the extraction kinetics were
examined. Experimental results showed that 3 min
was sufficient to reach extraction equilibrium.

The extraction performances of some alternative
extractants are listed in Table 1. Table 1 shows that
the extraction performance of octanols was superior to
that of butyl acetate, and 2-ethyl hexanol was chosen
as the extractant. To improve the physical properties
of the extraction system, diluent was added into the
system, and the effects of various diluents on the
extraction performance were studied. The results are
presented in Table 2, of these diluents hydrogenated
kerosene was the first choice because of its low price.

Extraction conditions
The effects of the concentration of erythromycin and
pH value of the aqueous phase, the concentration of

Table 2. Effect of diluent on extraction performance of 2-ethyl hexanol

Diluent
C0

w
(µ cm−3)

Cw

(µ cm−3)

Co

(µ cm−3) D

Cyclohexane 1000 32.0 978 30.56
n-Heptane 1000 21.0 966 46.00
Hydrogenated

kerosene
1000 22.2 958 43.15

Experimental conditions: aqueous phase: simulated solution of ery-
thromycin, equilibrium pH value: 10.6; organic phase: 60% (v/v) 2-ethyl
hexanol–40% (v/v) diluent; phase ratio (O/A): 1:1(100 cm3/100 cm3);
extraction temperature: 22 ◦C; mixing time for the two phases: 3 min.

Table 1. Extraction of erythromycin by various extractants

Extractant

Initial concentration of
erythromycin in aqueous

phase, C0
w (µ cm−3)

Concentration of
erythromycin in

raffinate, Cw (µ cm−3)

Concentration of
erythromycin in

extract, C0 (µ cm−3)

Extraction
distribution

coefficient, D

Butyl acetate 960 20.0 934 46.7
2-Ethyl hexanol 616 16.0 3000 187.5
n-Octanol 616 19.8 3200 161.7
2-Octanol 616 20.0 3400 170.0

Experimental conditions: aqueous phase: simulated solution of erythromycin, equilibrium pH value: 10.7; phase ratio (O/A): 1:5(100 cm3/500 cm3);
extraction temperature: 23 ◦C; mixing time for the two phases: 3 min.
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extractant in the organic phase and temperature on
the extraction distribution coefficient of erythromycin
were studied.

Effect of the concentration of erythromycin in the aqueous
phase. The experimental results shown in Fig 2
indicate that the curve can be expressed by a binominal
expansion as follows:

Co = 3.21C2
w + 54.17Cw + 83.65 (2)

Effect of equilibrium pH value in aqueous phase. The
pH value is an important parameter for the extraction
equilibrium of erythromycin since it is the determining
factor for the equilibrium between the molecular and
the ionic state of erythromycin.

This effect is shown in Fig 3, from which it can
be seen that the extraction distribution coefficient D
was very low when the pH value was less than 8.0,
and D increased along with increasing pH value in the
range of pH 8–10. When pH > 10, D was constant,
thus, the best pH range for extraction of erythromycin
should be in the range of 9.8–10.3.

Effect of extractant concentration. The experimental
results given in Table 3 show that D increases as the
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Figure 2. Extraction equilibrium isotherm of erythromycin.
Experimental conditions: aqueous phase: simulated solution of
erythromycin, equilibrium pH value: 10.6; organic phase: 2-ethyl
hexanol; phase ratio(O/A):1:1(100 cm3/100 cm3); extraction
temperature: 20 ◦C; mixing time for the two phases:3 min.

Table 3. Effect of extractant concentration

Concentration of extractant
in organic phase, % (v/v)

Cw

(µ cm−3)
Co

(µ cm−3) D

20 36.0 960 26.67
40 25.8 930 36.04
60 21.4 900 42.06
80 10 990 99
100 5.5 1000 181.8

Experimental conditions: aqueous phase: simulated solution of
erythromycin: 1000 µ cm−3, equilibrium pH value: 10.6; organic
phase: 2-ethyl hexanol–hydrogenated kerosene; phase ratio (O/A):
1:1(100 cm3/100 cm3); extraction temperature: 23 ◦C; mixing time for
the two phases: 3 min.
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Figure 3. Effect of equilibrium pH on extraction equilibrium of
erythromycin. Experimental conditions: aqueous phase: simulated
solution of erythromycin: 1000 µ cm−3; organic phase: 60% (v/v)
2-ethyl hexanol–40% (v/v) hydrogenated kerosene; phase ratio (O/A):
1:1(100 cm3/100 cm3); extraction temperature: 23 ◦C; mixing time for
the two phases: 3 min.

concentration of 2-ethyl hexanol in the organic phase
is increased.

Effect of temperature. Temperature not only affects
extraction equilibrium, but also the physical properties
of the two phases. The effect of temperature on
the extraction distribution coefficient is presented in
Table 4.

A plot of ln D − 1/T from the data in Table 4 may
yield a straight line with a negative slope, ie D increases
as the temperature increases and, thus, it may be
judged that the extraction reaction of erythromycin is
an endothermic reaction. Further, the enthalpy change
of the extraction process, �Hm

∼= 41.8 kJ mol−1, is
obtained by calculation using the Gibbs–Helmholtz
equation.

Research on re-extraction conditions
Glacial acetic acid solution was used as the re-
extraction solvent because of the high solubility of
erythromycin in this solution.7

Determination of re-extraction equilibrium isotherm. The
study of re-extraction kinetics showed that the

Table 4. Effect of temperature on extraction distribution of

erythromycin

No t (◦C) Cw (µ cm−3) Co (µ cm−3) D

1 14 122.0 800 6.56
2 20 34.0 912 26.82
3 24 20.6 880 42.72
4 30 20.0 1000 50.0
5 35 12.4 960 77.42

Experimental conditions: aqueous phase: simulated solution of
erythromycin: 960 µ cm−3, equilibrium pH value: 10.6; organic phase:
60% (v/v) 2-ethyl hexanol–40% (v/v) hydrogenated kerosene;
phase ratio (O/A): 1:1(100 cm3/100 cm3); mixing time for the two
phases: 3 min.

J Chem Technol Biotechnol 80:772–781 (2005) 775



Z Li et al

necessary mixing duration for reaching re-extraction
equilibrium was only about 100 s.

The re-extraction equilibrium isotherm is illustrated
in Fig 4, which shows that the re-extraction isotherm
is almost a straight line, and the following equation is
deduced by regression:

C′
o = 70.85C′

w − 662.61 (3)

Relationship of the re-extraction distribution coefficient D′
with the pH value. It can be seen from Fig 5 that
there was almost a linear relationship between the re-
extraction distribution coefficient of erythromycin, D′,
and the equilibrium pH in the aqueous phase. The
following equation was obtained by regression:

D′ = −35.01 × pH + 202.27 (4)

r = 0.97

Thus, the pH value is an important factor for the re-
extraction of erythromycin, a low pH value is of benefit
to the re-extraction of erythromycin, but it should
be noted that erythromycin becomes unstable when
the pH value decreases below 6.0. Thus, a suitable
pH value should be determined by consideration of
both the re-extraction and stability of erythromycin.
In practice, a pH value of 4.5–5.0 was found to
be suitable. For minimizing the decomposition of
erythromycin, the pH value in the re-extracted solution
should immediately be adjusted to 6.0.

Relationship of the re-extraction distribution coefficient
with temperature. Figure 6 shows that the re-extraction
distribution coefficient decreased with increasing
temperature, ie the re-extraction process is an
exothermic reaction process.
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Figure 4. Re-extraction equilibrium isotherm of erythromycin.
Experimental conditions: organic phase: 60% (v/v) 2-ethyl
hexanol–40% (v/v) hydrogenated kerosene loaded with erythromycin;
aqueous phase: acetic acid buffer solution pH—4.1, and pH: 4.4 after
re-extraction; phase ratio (O/A): 1:1(100 cm3/100 cm3); temperature:
17 ◦C; mixing time for the two phases: 3 min.
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Figure 5. Effect of pH on re-extraction equilibrium of erythromycin.
Experimental conditions: organic phase: 60% (v/v) 2-ethyl
hexanol–40% (v/v) hydrogenated kerosene loaded with 10 000 µ cm−3

of erythromycin; aqueous phase: buffer solution of acetic acid as
re-extraction solution; phase ratio (A/O): 1:1(100 cm3/100 cm3);
temperature: 17 ◦C; mixing time for the two phases: 3 min.
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Figure 6. Effect of temperature on re-extraction equilibrium of
erythromycin. Experimental conditions: organic phase: 60% (v/v)
2-ethyl hexanol–40% (v/v) hydrogenated kerosene loaded with
10 000 µ cm−3 of erythromycin; aqueous phase: buffer solution of
acetic acid as the re-extraction solution, equilibrium pH value: 4.3;
phase ratio (A/O): 1:1(100 cm3/100 cm3); mixing time for the two
phases: 3 min.

Effect of the extractant concentration on the re-extraction
distribution coefficient. The experimental results are
listed in Table 5, from which it can be concluded
that there is an inverse relationship between the
concentration of extractant and the re-extraction
distribution coefficient of erythromycin.

Determination of technological conditions for extraction,
re-extraction and formation of erythromycin thiocyanate
The data given above indicate the optimum parame-
ters for extraction and re-extraction.

Extraction:
aqueous phase: filtered fermentation broth, equilib-

rium pH value: 9.8–10.3
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Table 5. Effect of the concentration of extractant on re-extraction

distribution coefficient D′

Concentration of extractant
in organic phase, % (v/v)

C′
o

(µ cm−3)
C′

w
(µ cm−3) D′

40 134.28 10 259.72 76.41
60 197.13 9794.15 49.68
80 469.49 10 445.94 22.25
100 817.5 9607.93 11.75

Experimental conditions: loaded organic phase: 2-ethyl hex-
anol–hydrogenated kerosene with 10 000 µ cm−3 erythromycin; re-
extraction liquor: acetic acid buffer solution, equilibrium pH value:
4.2–4.3; phase ratio(A/O):1:1(100 cm3/100 cm3); temperature: 20 ◦C;
mixing time for the two phases: 3 min.

organic phase: 60% (v/v) 2-ethyl hexanol-40% (v/v)
hydrogenated kerosene

phase ratio (a/o): 6–8:1
temperature: ambient

Re-extraction:
re-extraction reagent: acetic acid buffer solution
equilibrium pH value in aqueous phase: 4.5–5.0
phase ratio (o/a): 1–2
temperature: ambient

Formation of erythromycin thiocyanate:
potassium thiocyanate: 50%(w/w) solution
crystallization process: pH value: 6.8–7.0,
temperature: 25–30 ◦C
crystallization duration: 3 h.

According to the data in Table 6 the average extrac-
tion yield was 96.08%, the average re-extraction yield
was 94.96%, and the average yield of erythromycin
thiocyanate formation was 82.10%. Thus, the average
total yield (extraction, re-extraction and formation of
erythromycin thiocyanate included) was 78.62%.

The main advantage of the new extraction system is
the low consumption of extraction solvent, only about
1.72 kg per billion active units of erythromycin, this
consumption amount of solvent is far less than that for
extraction with butyl acetate.

Synergistic extraction by an octanol–polar
diluent system
Studies on the synergistic extraction system were car-
ried out by using simulated and filtered fermentation
broth.

In the binary synergistic extraction system B is an
aliphatic alcohol with low solubility in the aqueous
phase, for example, n-octanol, 2-octanol or 2-ethyl
hexanol. 2-Ethyl hexanol was adopted in this research.
S is a polar solvent of which there are three, pentyl
formate, pentyl acetate and ethyl butyrate, employed
in these studies and shown as S1, S2 and S2.

The extraction distribution coefficients of ery-
thromycin were examined under the conditions of
various combinations of B and S.
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Figure 7. Synergistic extraction of erythromycin from filtered
fermentation broth. 1—B + S1, 2—B + S2, 3—B + S3. Experimental
conditions: aqueous phase: filtered fermentation solution of
erythromycin: 4667 µ cm−3 (B + S1, B + S2), 4313 µ cm−3 (B + S3);
equilibrium pH value: 10.6–10.8; organic phase: 2-ethyl
hexanol–polar solvent; phase ratio (O/A): 1:6(100 cm3/600 cm3);
temperature: 28 ◦C; mixing time for the two phases: 3 min.

The experimental results using simulated feed are
tabulated in Table 7. The experimental results using
filtered fermentation broth are shown in Fig 7.

From the data listed in Tables 7 and shown
in Fig 7 it can be seen that similar trends with
peaks were obtained with the B + S1, B + S2 and
B + S3 extraction systems. The extraction distribution
coefficients for these extraction systems are larger than
that in the 2-ethyl hexanol–hydrogenated kerosene
extraction system, ie there is a synergistic effect
for the extraction of erythromycin. Comparing the
experimental results of B + S1, B + S2 and B + S3

shows a trend of DB+S1 > DB+S2 > DB+S3 owing to the
polarity of S1 > S2 > S3.

From the experimental data listed in Table 7 for the
B + S3 extraction system the distribution coefficients
were calculated as DB = 179.5 and DS3 = 17.2.

When the concentration of 2-ethyl hexanol in the
organic phase was 54% (v/v), with molar fraction of
XB = 0.48:

Dsyn,max = 234.1 (5)

Dadd = DBXB + DS3(1 − XB) = 90.1 (6)

The synergistic extraction coefficient is:

Rsyn = Dsyn

Dadd
= 2.6 (7)

Since Rsyn > 1, there is a synergistic effect.
Considering various factors such as the extraction

performance, physical properties, toxicity and econ-
omy of extraction system, the B + S3 extraction system
was chosen for further research.

The practical filtered fermentation broth is adopted
for extraction of erythromycin. The step of ery-
thromycin thiocyanate formation was carried out in

J Chem Technol Biotechnol 80:772–781 (2005) 777
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Table 7. Extraction distribution coefficients of erythromycin in

synergistic extraction systems (simulated feed)

Concentration of 2-ethyl hexanol in organic phase,
% (v/v)

Synergistic

system 0 20 40 50 60 80 100

B + S1 24.3 147.5 212.8 261.3 254.9 232.8 179.5
B + S2 20.6 132.8 207.9 230.0 234.3 221.7 180.1
B + S3 17.2 133.2 202.7 234.1 229.4 207.6 179.5

Experimental conditions: aqueous phase: simulated solution of
erythromycin: 1380 µ cm−3, equilibrium pH value: 10.6–10.8; organic
phase: 2-ethyl hexanol–polar solvent; phase ratio (O/A): 1:8(100 cm3/

800 cm3); temperature: 19 ◦C; mixing time for the two phases: 3 min.

the organic phase and the aqueous phase after re-
extraction, and the experimental results are listed in
Tables 8 and 9. From the data listed in Table 8 and
Table 9 it can be seen that the amount of consumption
of the new extraction solvent was much less than that
of butyl acetate.

EXTRACTION MECHANISM
Development of mathematical models for
extraction and re-extraction equilibrium for
neutral complex extraction
There are three equilibrium relationships in the
extraction process:

(1) dissociation equilibrium of erythromycin molecule
in the aqueous phase expressed in eqn (1);

(2) aggregate equilibrium of 2-ethyl hexanol in the
organic phase:

nB
Kagg←−→Bn (8)

(3) extraction reaction equilibrium.

The analytical results of infra-red absorption
spectrometry showed that there is a hydrogen bond
formed between the erythromycin molecule and a
single molecule of 2-ethyl hexanol,5 so the extraction
reaction is as follows:

M(w) + B(o)

Ks←−→MB(o) (9)

Ks = [MB](o)

[M](w)[B](o)

and
[MB](o) = Ks[M](w)[B](o) (10)

As known,

D = [MB](o)

[M](w) + [MH+](w)

. (11)

Substitution of eqn (9) into eqn (10), and from
eqn (1):

Ka = [M](w)[H+](w)

[MH+](w)

(12)
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and

[MH+](w) = [M](w)[H+](w)

Ka
(13)

the following model is deduced:

D = Ks[B](o)

1 + [H+](w)

Ka

. (14)

Substitution of

Ks = exp
(−�Hm

RT
+ c

)

into eqn (13) yields

D ≈ exp
(−�Hm

RT
+ c

)
[B](o)(1 + 10pKa−pH)−1 (15)

Regression was performed on 16 groups of experimen-
tal data to yield the following equation:

D ≈ exp(−36.33 × 103/RT + 18.77)[B](o)

(1 + 108.60−pH)−1 (16)

for which a value of �Hm of 36.33 kJ mol−1 is obtained.
Thus, D is a function of the concentration of

erythromycin, the pH value in the aqueous phase,
the extractant concentration in the organic phase and
the extraction temperature. In addition, D is related
to the pKa of erythromycin.

For the re-extraction equilibrium regression analysis
on 18 groups of experimental data in a similar fashion
yields the following model:

D′ ≈ exp(42.41 × 103/RT − 24.88)[B](o)
−1.0

(1 + 108.60−pH) (17)

where �Hm ≈ −42.41 kJ mol−1.

Synergistic extraction mechanism
In the research of synergistic extraction systems B
is the main extractant, the extraction reaction was
described above, S is a polar solvent, its extraction for
erythromycin belongs in the physical distribution, and
its extractability is far less than that of B.

From eqn (14):

D = Ks[B](o)

1 + [H+](w)

Ka

and pKa = 8.60
Owing to [H+](w) < 10−10:

ln
(

1 + [H+](w)

Ka

)
≈ 0 (18)

and:

ln D = ln Ks + ln[B](o) (19)

where ln Ks is a constant.
Thus, D depends mainly on ln[B](o), the concentra-

tion of 2-ethyl hexanol in monomolecular form.
As it is known that there is an equilibrium between

the aggregate and the monomolecular states of 2-ethyl
hexanol, the peak curve shown in Fig 7 implies that the
concentration of the monomolecular state of 2-ethyl
hexanol changes from low to high, and then to low
again. This phenomenon is different from that in the 2-
ethyl hexanol–kerosene system owing to the different
diluents used in these two extraction systems. One was
the nonpolar solvent kerosene (dipolar moment = 0),
and the other a polar solvent (dipolar moment >0).
The polar solvent inhibits the aggregation of 2-
ethyl hexanol molecules, ie it causes an increase of
the monomolecular state ratio of 2-ethyl hexanol.
Therefore the extraction distribution coefficient of
erythromycin increases. In addition, there is the
‘diluent effect’, which as Taube12,13 pointed out,
depends on the interaction between the dipoles of
the extracted complex and the diluent molecule. This
interaction makes the extraction complexes easier to
enter into the organic phase. In fact, either the effect
of polar solvent on the aggregate equilibrium of 2-
ethyl hexanol or the interaction between the extracted
complex and diluent molecules is the ‘effect of diluent’.

There are two factors which affect the extraction of
erythromycin. One factor is the increase of extraction
ability for erythromycin with the increase of B
concentration. The other is the decrease in the
inhibiting effect on the aggregation of 2-ethyl hexanol
as a result of the interaction between the extracted
complex and the diluent molecules with decreasing
concentration of S. The latter hinders the extraction
of erythromycin. For the first half of the synergistic
extraction curve, ie the rising section of extraction
distribution coefficient, the first factor dominates. For
the second half of the synergistic extraction curve, ie
the falling section of extraction distribution coefficient,
the second factor dominates.

CONCLUSIONS
1. A new neutral complex extraction system, 2-

ethyl hexanol–kerosene system was researched and
adopted for the extraction of erythromycin.

2. A new synergistic extraction system using octanol
and polar system is proposed for the extraction of
erythromycin from fermentation broth. This new
synergistic extraction system possesses advantages
of higher extractability, lower consumption and
cheaper price than that of butyl acetate extraction,
and higher extractability, cheaper price than that of
2-octanol–kerosene extraction.
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