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Extraction of phenol from wastewater byN-octanoylpyrrolidine
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Abstract

In this paper a new type of phenol extractant,N-octanoylpyrrolidine (OPOD), was synthesized. The behavior of phenol of wastewater
extraction byN-octanoylpyrrolidine (OPOD) in kerosene was studied and the dependence of the extraction distribution ratios on the con-
centrations of extractant, phenol, acidity and temperature was investigated. The experimental results proved that OPOD could extract phenol
effectively. The mechanism of the extraction of phenol by OPOD was studied in detail.
© 2004 Elsevier B.V. All rights reserved.
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. Introduction

Phenols are present in waste water of various indus-
ries, such as refineries (6–500 mg/l), coking operations
28–3900 mg/l), coal processing (9–6800 mg/l), and manu-
acture of petrochemicals (2.8–1220 mg/l). Phenols are also
he main organic constituents present in condensate streams
n coal gasification and liquefaction processes. Other sources
f waste stream water containing phenols are pharmaceutical,
lastics, wood products, paint, and pulp and paper industries
0.1–1600 mg/l)[1]. Phenols are pollutants of high priority
oncerns because of their toxicity and possible accumulation
n the environment[2].

During the review of technologies for treatment of syn-
hetic organic compounds, especially phenols, phenolic
astewaters are usually treated by biodegradation, thermal
ecomposition and absorption. Under aerobic or anaerobic
onditions, some aerobic bacteria and fungi utilize phenols
s a source of carbon and energy, and can degrade it[3]. How-
ver, the major disadvantage of biological treatment is that
he microorganisms cannot survive in high concentrations of

needed usually for degrading the phenol, e.g. more th
days. Thermal decomposition can be used to treat wa
ater with concentrations of phenol as high as 15,000 m
but it is only used in small scale for the high energy
mand. Wet air oxidation, a typical thermal decomposi
method, is usually operated at temperatures ranging
200 to 330◦C and pressures ranging from 2 to 20 MPa[4,5].
So thermal treatment is not an economical effective me
to phenol degradation. Absorption is an effective metho
treating dilute phenolic wastewater[6–9]. However, for the
relatively high cost of activated carbon or other sorbents
sorption cannot be used to treat high concentrated phe
wastewater.

The solvent extraction method has advantages on tre
high concentrated phenol wastewater. Phenol has diff
solubility in extractants and water. In order to separate
phenol from wastewater, some extractants can be sele
in which the solubility of phenol is much higher than tha
water. Distribution ratio is defined as the phenol conce
tion in wastewater to that in extractant. The key to prom
the extraction efficiency is to enhance the distribution r
henol, e.g. more than 3000 mg/l. Furthermore, long time is

∗ Corresponding author.
E-mail address:zli@mail.shu.edu.cn (Z. Li).

Alcohols, amines, and organic acids were applied as extrac-
tants in separation of phenol from the wastewater[10]. In this
paper a new type of extractant (OPOD), was synthesized. The
experimental results proved that OPOD could extract phenol
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effectively, and the distribution ratio was shown to be as high
as 380 by pure OPOD. The mechanism of the extraction of
phenol by OPOD was studied in detail.

2. Experimental

2.1. Synthesis of N-octanoylpyrrolidine and
characterization

2.1.1. Reagents and instruments
N-caprylic acid (Shanghai Chemical Reagents Com-

pany), Thionyl chloride (Shanghai Tingxin Chemical
Plant), Pyrrolidine (Shanghai Chemical Reagents Company),
Dichloromethane (Shanghai Chemical Reagents Company).
The other reagents was of analytic purity.

IR spectrometer (Perkin-Elmer 577 spectrometer), NMR
spectrometer (JEDLPS-100 NMR spectrometer), elemental
analysis (Perkin-Elmer PE240C).

2.1.2. Synthesis of N-octanoylpyrrolidine
OPOD has not been reported in the literatures. In this paper

it was synthesized in our laboratory, the synthesis path is
expressed as follows.

The Synthesis of octanoyl chloride referred to the litera-
t
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Model 752 spectrophotometer used for analysis of phenol
was manufactured by Shanghai No. 3 Analytical Instrument
Factory. Vibrator was manufactured by Jiangsu Yancheng
Science Instrument Factory, and vibration frequencies was
about 4.5 Hz. Temperature control was achieved in a cage
and precision was about±1 K.

2.2.2. Experimental methods
OPOD was diluted with sulfonated kerosene. Extraction

was carried out by shaking equal volumes of OPOD and phe-
nol solution in a centrifugal tube at 298 K. After shaking
15 min, the distribution ratio was no more changed. The re-
action reached the equilibrium. Phase disengagement was
obtained by placing it for a while.

2.2.3. Analysis method
Phenol was analyzed by the�-aminoantipyrin spectropho-

tometric method. A spectrophotometer at wavelength of
460 nm was used to determine phenol concentration. Phe-
nol concentration in organic solution was calculated from the
difference between total quantity and its quantity in aqueous
solution.

3. Results and discussion
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7H15COOH+ SOCl2 = C7H15COCl+ SO2 + HCl

The solution of octanoyl chloride (thionyl chloride s
ent) was dripped slowly into pyrrolidine, then heated
ircumfluented it for 8 h. The product was cleaned with w
he solvent was distilled, and the product was decompre
nd distilled. We obtained OPOD.

.1.3. Characterization
The synthesized OPOD was analyzed by IR spect

ter, NMR spectrometer and elemental analysis. In th
pectrum the characteristic absorption peak of CO group is
647.1 cm−1. In the NMR spectrum the value of the che

cal shift of protons was: 0.85 (CH3), 1.3–1.9 (CH2), 2.25
CH2 CO) and 3.4 (CH2 N CH2). The elemental anal
is results of OPOD is N: 7.4%, C: 72.94%, H: 11.16
hich is approximately consistent with the calculated v

N: 7.11%, C: 73.1%, H: 11.68%). All these results indic
he structure and composition of the OPOD. The produc
pplied directly in the following extraction experiments.

.2. Extraction test

.2.1. Reagents and instruments
In the extraction experiments, sulfonated kerosene

hosen as solvent. Phenol was distilled. All other reag
sed in experiments were analysis purity.
The influence of pH on the distribution ratio for phenol
raction by OPOD in kerosene was shown inFig. 1. When pH
ess than 9, the pH value had small effects on the distrib
atio of phenol. The reason was that the acidic dissoci
onstant of phenol pKa was 10, so phenol did not dissoci
nder the condition of PH < 10. When pH became hig

han 9, the extraction distribution ratio decreased greatly
o phenol’s dissociation. According to these results, in p
ical application, the extraction reaction should be condu
nder the acidic condition. Meanwhile, using 10% NaOH
trip could achieve good extraction results. We separate
henol with 10% NaOH from the oil phase effectively. A
POD could be reused

[OPOD] = 0.06 mol/l, T = 298 K,

[C6H5OH] = 0.01 mol/l

ig. 1. The influence of pH on the distribution ratio for extraction ph
y OPOD in kerosene.
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Fig. 2. Dependence of the distribution ratio of phenol on phenol concentra-
tion.

The composition of the extracted complex was deduced by
the slope method. The extraction reaction in this system could
be supposed as follows:

mC6H5OHaqueous+ nOPODoil → mC6H5OH · nOPODoil

The acidic dissociation constant of phenol could be neglected
because it was very small. The equilibrium constant of this
reaction,Kex, could be expressed as

Kex = [mC6H5OH · nOPODoil ]

[C6H5OHaqueous]m[OPODoil ]n
(1)

The distribution ratioD could be expressed as

D = [mC6H5OH · nOPODoil ]

[C6H5OHaqueous]m
(2)

Eqs. (1) and (2)could be rearranged as

logD = logKex + (m − 1) log[C6H5OHaqueous]

+n log[OPODoil ] (3)

The distribution ratio dependence on phenol concentration
was shown inFig. 2, the concentration of OPOD was
0.2 mol/l.

In Fig. 2 the slope of the line logD versus log[C6H5OH]
was approximately zero. In the same way, we extracted phe-
nol by kerosene. The plot of logD versus log[C6H5OH] also
g e ex-
t that
o d be
n

T tion
w as
0 s
0 -
f
K

Fig. 3. Dependence of the distribution ratio of phenol on OPOD concentra-
tion.

In Fig. 4 the IR spectrum of the extracted complex was
shown. The characteristic absorption peak of CO group
shifted from 1647.1 to 1593.5 cm−1 after the extracted com-
plex was formed. This result indicated that OPOD was co-
ordinated with phenol through its CO groups. The NMR
spectrum showed the chemical shift of the hydroxyl proton
in phenol increased to 9.12 ppm in the extracted complex, re-
sulting from the effect of the intermolecular hydrogen bond-
ing C = O · · · HO. These results also indicated the extracted
complex was C6H5OH·OPOD.

Extraction of 0.01 mol/l phenol with 0.2 mol/l OPOD
at different temperatures was investigated. The result was
shown inFig. 5.

[OPOD] = 0.2 mol/l, [C6H5OH] = 0.01 mol/l

In Fig. 5, the logD increased linearly with 1/T, which indi-
cated that the extraction reaction was an exothermic reaction,
and low temperature was beneficial to the extraction reaction.

As the distribution ratioD was in direct proportion to the
equilibrium constantKex, The Clausius–Clapyron equation:

∂ logKex

∂(I/T )
= − �H◦

2.303R
(4)

can be rearranged as

I
w fore
i anic
p ond
w

�

�

G ,
a

ave a slope of zero. Because the distribution ratio of th
raction of phenol by kerosene was much smaller than
f by OPOD, the extraction of phenol by kerosene coul
eglected. So inEq. (3), we got m− 1 = 0,m = 1.

[OPOD] = 0.2 mol/l,

[C6H5OH] = 0.001∼ 0.3 mol/l, T = 298 K

he distribution ratio dependence on OPOD concentra
as shown inFig. 3. The concentration of phenol w
.2 mol/l. The slope of the line logD versus log[OPOD] wa
.915, approximately equal to 1, which indicatedn= 0. There

ore the extracted complex could be deduced to be C6H5OH,
ex was calculated to be 97.05.

[C6H5OH] = 0.01 mol/l,

[OPOD] = 0.001∼ 0.3 mol/l, T = 298 K
∂ logD

∂(I/T )
= − �H◦

2.303R
(5)

n Fig. 5, �H◦ could be calculated to−13.15 kJ/mol, which
as similar to the bond energy of hydrogen bond. There

t could be considered that phenol was extracted into org
hase by forming a complex compound of hydrogen b
ith OPOD.
According to thermodynamic equations:

G◦ = −RT ln Kex

G◦ = �H◦ − T�S◦

ibbs free energy�G◦ was calculated to be−11.34 kJ/mol
nd�S◦ was calculated to be−6.07 J/mol K.
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Fig. 4. The IR spectrum of the extracted complex C6H5OH·OPOD.

Fig. 5. The temperature effects on the distribution ratio.

4. Conclusions

In this paper a new phenol extractant,N-octanoylpyr-
rolidine (OPOD), was synthesized. Under acidic condition,
OPOD in sulfonated kerosene could extract phenol effec-
tively. The structure of extracted complex could be deduced
to be C6H5OH·OPOD.
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