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ABSTRACT

New polybutadiene-based surfactants (LYF) were synthesized by sulfonation
of liquid polybutadiene with acetal sulfate at an elevated temperature, and their
properties in a liquid surfactant membrane (LSM) separation process were exam-
ined by comparison with the two polyisobutylene-based surfactants ECA4360 and
EMB301. It was found that LYF surfactants had satisfactory overall properties as
regards stability, swelling, and demulsification of the W/O emulsion in the cases
of both acidic and caustic internal aqueous phases.

Key Words. Polybutadiene-based surfactant; Sulfonated liquid
polybutadiene; Liquid membrane

INTRODUCTION

The separation technique using a liquid surfactant membrane (LSM)
has been noted as a novel method for separating and concentrating metal
ions and some organic compounds. Recently, a growing interest has been
focused on the development of new surfactants suitable for LSM separa-
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tion processes. It has been found that surfactants having two long alkyl
chains in the hydrophobic site, such as glutamic acid dialkyl esters, are
more suitable for the LSM process than are typical commercial LSM
surfactants such as Span 80 and polyamine (1-3). Furthermore, it is well
worth noticing that polymeric surfactants have become more and more
important for strengthening the liquid membrane and increasing the stabil-
ity of the resulting emulsion. So far, the best polymeric surfactants for
LSM are mainly polyisobutylene-based ones (4-6). In this work, new
polybutadiene-based LYF polymeric surfactants were synthesized, and
their properties in LSM processes were examined.

EXPERIMENTAL
Materials

The starting liquid polybutadiene sample was kindly provided by Jin
Zhou Petroleum Co. Its molecular weight was 1600 according to the manu-
facturer, and the 1,2 content was 38.8 mol% according to the results of
an 'H-NMR analysis obtained in our laboratory. Two surfactants,
ECA4360 and EM301, were used for comparison. EM301 was claimed to
be a sulfonated polyisobutylene (6), while ECA4360 has the following
chemical structure (4):

CH, CH;

| I
HAﬁ?——(—C——CHz ) —CH—C

[
> N—(—CH,—CH,;—NH—),—C—CH,
CH, CH, CHZ—CIT‘

where n = 10-60 and x = 3-10.
The kerosene used had a boiling point range of 180-250°C. Other chemi-
cals were all reagent grade.

Preparation, Extraction, and Demulsification of
a W/O Emuision

W/0O emulsions with different surfactants were prepared under the same
conditions: The volume ratio of an organic kerosene phase to an internal
aqueous phase = 1:1; surfactant concentration in the organic phase: 4
(Wt)%:; stirring: 2000 rpm/20 min. Potassium chloride (about 2000 ppm)
was added to the internal aqueous phase as a tracer. Extraction was car-
ried out as follows: An aqueous solution of 1 wt% HCI was used as an
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external aqueous phase, the volume ratio of the W/O emulsion to the
external phase = 1:5, and the stirring rate was 300 rpm. Demulsification
of W/O emulsions was performed by using high pulsed voltage. The princi-
ple of this method was described previously (7). In our experiments, batch
demulsification was carried out in a glass container with a Pt grounded
electrode sealed in the bottom and a movable high voltage electrode put
into the top part of an emulsion to be demulsified. A puised voltage was
applied on the high voltage electrode by a pulsed voltage generator made
in our department. The average voltage for demulsification was 2.5 kV,
the pulse duration was 0.2 ms, and the frequency was 300 Hz. The demulsi-
fication times were 5 minutes (no carrier) and 10 minutes (with carrier).
All procedures mentioned above were carried out at room temperature
(about 17°C).

Measurements

Infrared spectra were recorded on an Alpha Centauri IR spectrometer
(Mattson Company, USA). Interfacial tensions were measured on a
JZHY-180 interfacial tensiometer. The concentrations of K* in aqueous
solutions were determined by a P-E 3030 atomic absorption spectrometer.
The water contents of the W/O emulsion after extraction and the oil phase
after demulsification were measured by using a water separator, such as
the Dean-Stark trap. The apparatus was similar to that used in esterifica-
tion reactions (8), and the emulsions or oil phases were first mixed with
a certain amount of gasoline.

RESULTS AND DISCUSSION
Synthesis of LYF Surfactants

The LYF polymeric surfactants were synthesized by sulfonation of the
above-mentioned liquid polybutadiene sample with acetal sulfate, which
was prepared by slowly adding concentrated sulfuric acid into an equal
weight of acetic anhydride at room temperature. It was found that the
sulfonation reaction of polybutadiene with acetal sulfate was very slow
at room temperature and could easily be conducted at an elevated temper-
ature. A typical synthesis procedure was as follows: A solution of 50 g
polybutadiene in 50 g kerosene was introduced into a three-necked flask
equipped with a mechanical stirrer, a thermometer, and a dropping funnel.
After heating to 130°C, the sulfonating agent was added dropwise while
the temperature was kept at 130°C. The reaction was continued for another
30 minutes at the same temperature. The reaction mixture was used in
LSM processes without further treatment. For characterization of the
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sulfonated products, a portion of the reaction mixture was precipitated
and then extracted with ethanol for 4 times to remove the solvent and the
unreacted sulfonating agent, and the purified sulfonated polybutadiene
was then dried in vacuum at about 100°C for 2 days.

The IR spectra of the polybutadiene sample before and after sulfonation
are presented in Fig. 1. The bands at 1040 and 1172-1241 cm ™!, character-
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FIG. 1 IR spectra of polybutadiene (a) and sulfonated polybutadiene LYF-G4 (b).
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istic for SO, vibration, appeared after sulfonation, whereas the intensity
at 1620 cm ™', a characteristic peak of C=C double bonds, decreased
accordingly, indicating that the sulfonation was affected by the reaction
of the sulfonating agent with the double bonds of the polybutadiene. How-
ever, the reason for the new band at 1737 cm ™! is not yet clear. One of
the advantages of LYF surfactants is the ease of controlling their degree
of sulfonation and, hence, their hydrophile—lipophile balance by changing
the amount of sulfonating agent used and the reaction conditions. Accord-
ing to the results of S analysis, the degrees of sulfonation of LYF-G2 and
LYF-G4 were 2.7 and 5.4 mol%, respectively.

Stability of LSM Systems

The break-up ratio of an emulsion (D) is generally used to evaluate the
stability of an LSM. It is defined by Eq. (1):

VewCe
D= Y& ,KCl

= X
Vi.wCika 100% M

where V. w and V; w, and C. xc) and Cg k1 are the volumes and the KCl1
concentrations of the external and internal aqueous phases, respectively.

Table 1 shows the effect of surfactants on the stability of W/O emulsions
at different experimental conditions. It can be seen that the LYF surfac-

TABLE 1
Breakup Ratios of W/O Emuilsions Prepared with Different Surfactants®

Mixing time (minutes}

Internal aqueous phase Surfactant 10 20 30 40 50
5 wt% HCI solution ECA4360 0.50 1.13 1.19 1.55 1.95
EM301 0.44 0.73 0.95 1.12 1.30
LYF-G2 0.21 0.37 0.59 0.66 0.72
LYF-G4 0.21 0.24 0.35 0.73 0.95
5 wt% NaOH solution ECA4360 0.21 0.49 0.68 0.99 1.10
EM301 2.80 4.76 5.64 6.35 7.13
LYF-G2 0.28 0.46 0.52 0.75 0.95
LYF-G4 0.18 0.22 0.31 0.41 0.52
5 wt% NaOH solution” ECA4360 1.01 1.98 2.89 4.12 4.98
EM301 2.01 3.14 4.19 5.16 5.93
LYF-G2 0.92 1.47 1.82 2.29 2.81
LYF-G4 1.42 2.37 3.47 4.42 5.76

% 1 wt% HCI solution was used as the external aq. phase.
# The oil phase contained 2 wt% TBP.
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TABLE 2
Swelling Ratio Y of W/O Emulsions during Extraction®

Internal aqueous phase

Surfactant 5 wt% HCI solution 5 wt% NaOH solution 5 wt% NaOH solution®

ECA4360 4.0 4.0 20.0
EM301 2.2 — 12.6
LYF-G2 2.0 0 0

LYF-G4 1.2 2.0 14.0

@ The external aqueous phase: 1 wt% HCI solution; extraction time 50 minutes.
b The oil phase contained 2 wi% TBP.
¢ The emulsion stability was too poor to obtain the Y value.

tants form stable W/O emulsions, no matter whether the internal aqueous
phase is a strong acid or a strong base. When a carrier, tributyl phosphate
(TBP), was added to the kerosene phase, the LYF surfactant with the
lower sulfonic acid content showed the best stability.

Swelling and Demulsification

Due to permeation of water from an external aqueous phase to an inter-
nal aqueous phase, the volume of the internal aqueous solution will in-
crease during the extraction procedure. The swelling ratio ¥ of a W/O
emulsion is defined by the following expression:

Y Vo LY 100% )

TABLE 3
Water Content (wt%) of the Oil Phase after Demulsification

Internal aqueous phase

Surfactant S wt% HCI solution® S wt% NaOH solution® 5 wt% NaOH solution?

ECA4360 0.69 1.67 4.98
EM301 3.33 4.10 4.60°
LYF-G2 0.40 2.10 0.60
LYF-G4 0.46 2.83 3.08

2 Demulsification time was 5 minutes.

® The oil phase contained 2 wt% TBP. and the demulsification time was 10 minutes.

¢ Only two-thirds of the emulsion was demulsified, and the water remaining in the emulsion
was not included.
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where Vi, is the initial volume of the internal aqueous phase in a W/O
emulsion, and Vi ,, is the volume after extraction. The data listed in Table
2 indicate that W/O emulsions prepared with LYF surfactants exhibited
low degrees of swelling. Generally speaking, the swelling ratio of a W/O
emulsion becomes larger when TBP is added. As can be seen in Table 2,
the swelling ratio of LYF containing W/O emulsions can be controlled by
changing the degree of sulfonation.

Demulsification was found to be more difficult when the carrier TBP
was added, especially for the EM301 system. W/O emulsions prepared
with LYF surfactants were easy to demulsify, and the oil phases had lower
water contents, as can be seen in Table 3.

Based on the above-stated results, it is concluded that LYF surfactants
have satisfactory overall properties of an LSM as regards stability, swell-
ing, and demulsification in the cases of both acidic and caustic internal
aqueous phases.

SYMBOLS
D break-up ratio (%)
Vew volume of the external aqueous phase (mL)
Viw volume of the internal aqueous phase (mL)
Viw volume of the internal aqueous phase after extraction {mL)
Cexcl KCl concentration in the external aqueous phase (ppm)
Cixal KCl1 concentration in the internal aqueous phase (ppm)
Y swelling ratio of a W/O emulsion (%)
ACKNOWLEDGMENTS

This material is based upon work supported by the National Natural
Science Foundation of China. The authors would like to thank Prof. N.
N. Li (Exxon Corp., USA) for his kind donation of ECA4360, Prof. Z.
F. Liu (Hua Nan College of Technology) for the contribution of EM301,
and Prof. Xuan-cai Ding (Guang Xi University) for his help and advice.

REFERENCES

1. M. Goto, M. Matsumoto, K. Kondo, and F. Nakashio, ‘‘Development of New Surfac-
tant for Liquid Surfactant Membrane Process,”” J. Chem. Eng. Jpn., 20, 157 (1987).

2. F. Nakashio, M. Goto, M. Matsumoto, J. Irie, and K. Kondo, ‘‘Role of Surfactants in
the Behavior of Emulsion Liquid Membranes—Development of New Surfactants,” J.
Membr. Sci., 38, 249 (1988).

3. M. Goto, H. Yamamoto, K. Kondo, and F. Nakashio, ‘‘Effect of New Surfactants on
Zinc Extraction with Liquid Surfactant Membranes,’’ Ibid., 57, 161 (1991).



12: 00 25 January 2011

Downl oaded At:

2572 LIU ET AL.

4. N. N. Li and N. J. Edison, “*Novel Liquid Membrane Formulations,”” US Patent
4,259,189 (1981).

5. G. H. Singhai, M. L. Gorbaty, R. M. Minday. and N. N. Li, **Novel Liquid Membrane
Formulations and Use Thereof,”” US Patent 3,969,265 (1976).

6. Q.]. Fan, X. J. Zhang, Z. F. Liu, and X. T. Zhang, ‘*A Manufacturing Method of
Surfactants for Emulsion Membrane Separation,’” Chinese Patent 87 1 02866 A (1988).

7. Z. Yan, S. Y. Li, W. H. Zhang, L. C. Wang, and P. Y. Liu, ‘“An Investigation into
the Breakdown of W/O Type Emulsions by Pulsed Voltage,”” Water Treatment, J. Desal-
ination Water Re-use Soc. China, 5, 127 (1990).

8. J.W.Lehman, Operational Organic Chemistry, A Laboratory Course, Allyn and Bacon,
Boston, 1981, pp. 540-541.

Received by editor September 14, 1994



