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Synthesis and Performance Evaluation of a Betaine Surfactant
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Abstract—Using sodium bisulfite and epichlorohydrin as raw materials, the ring-opening reaction is carried
out under the action of acatalyst to produce sodium 3-chloro-2-hydroxypropane sulfonate, followed by
dodecyl tertiary amine, isopropanol, sodium hydroxide and 3-chloro-2-hydroxypropane sulfonate sodium as
raw materials, under certain conditions to synthesize dodecyl hydroxy sulfobetaine surfactant. The surface
tension, interfacial tension, salt resistance and emulsification properties of the synthesized surfactants were
tested and evaluated. The experimental results show that the surfactant has a low critical micelle
concentration and surface tension; the interfacial tension decreases with the increase of surfactant
concentration. When the concentration is greater than or equal to 0.3%, the interfacial tension reaches 102
level; the dodecyl hydroxy sulfobetaine surfactant solution shows good salt resistance; when the
concentration of dodecyl hydroxy sulfobetaine surfactant solution is 0.5%, the water separation rate in 120
minutes is the lowest and the emulsification ability is the strongest.

1 INTRODUCTION 2 EXPERIMENTAL PART

The betaine has a wide range of uses in daily chemical
production. Betaine-type surfactants are stable to hard
water, have excellent foaming power and wetting power,
and have good compatibility with other types of
surfactants [1]. The dodecyl hydroxy sultanate is a kind of

2.1.Materials

Sodium bisulfite, analytical grade, Xi'an chemical reagent
factory; epichlorohydrin, analytical grade, Chengdu Kelon

amphoteric surfactant. Its structure has not only anionic
groups, but also cationic groups. Therefore, it has more
good properties than other surfactants, such as excellent
hard water resistance, electrolyte resistance, low toxicity,
good compatibility, mild performance, and easy
degradation by organisms. The hydroxy sulfobetaine not
only contains all the characteristics and advantages of
amphoteric surfactants, but also has numerous advantages
such as better emulsification, antistatic and dispersibility.
It has been widely used in daily chemical industry, oil
displacement, fracturing, acidification and other fields [2-
3]. In this paper, the sodium bisulfite and epichlorohydrin
were used as raw materials to produce sodium 3-chloro-2-
hydroxypropane sulfonate[4]. Then, dodecyl tertiary
amine, isopropanol, sodium hydroxide and sodium 3-
chloro-2-hydroxypropane sulfonate were used as raw
materials to synthesize dodecyl hydroxy sulfobetaine
surfactant, and the properties of the surfactant solution
were studied [5].

chemical reagent factory; sodium hydroxide, analytical
grade, Tianjin Hedong District Hongyan Reagent Factory;
isopropanol, analysis Pure, Chengdu Kelon Chemical
Reagent Factory; calcium chloride, Analytical Pure,
Tianjin Shengao Chemical Reagent Co., Ltd.; sodium
chloride, Analytical Pure, Tianjin Shengao Chemical
Reagent Co., Ltd.; magnesium Chloride, Analytical Pure,
Tianjin Sheng Austrian Chemical Reagent Co., Ltd.;
potassium chloride, analytical pure, Tianjin Shengao
Chemical Reagent Co., Ltd.; crude oil, provided by
Changqing No. 1 Oil Production Plant.

2.2.Instrument

intelligent magnetic stirrer(ZNCL-GS 190*90, Xi'an
Yuhui Co., Ltd.); electric heating constant temperature
drying  oven(GX-130, Shanghai = Dianzhouguang
Technology Co., Ltd.); precision power-increasing

* Corresponding author: *rongjunzhang@xsyu.edu.cn ®e-mail: 779601154@qq.com ‘e-mail: 1633044581@qq.com
de-mail: 263324027@qq.com °e-mail r: 691834708@qq.com fe-mail: 669212972@qq.com

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(http://creativecommons.org/licenses/by/4.0/).



E3S Web of Conferences 213, 03012 (2020)
ACIC 2020

https://doi.org/10.1051/e3sconf/202021303012

electric stirrer(JJ-1, Guohua Electric Co., Ltd.); electric
constant temperature water bath (DK-97-1IA, Tianjin
Taisite Instrument Co., Ltd.); electronic analytical balance
(TP-520H, Xiangyi Balance Instrument Equipment Co.,
Ltd.); surface tension meter(QBZY-1, Shanghai Fangrui
Instrument Factory); rotating droplet interfacial tension
meter(XZD-5, Beijing Harco Experimental Instrument
Factory).

2.3.Resolve resolution

The sodium bisulfite and water are put into three bottles,
increasing the temperature and stirring it until the
temperature rises to 70°C to ensure that the sodium
bisulfite is completely dissolved. Then prepare to add
epichlorohydrin, ensuring that the temperature has always
been kept at 70 °C for 2 hours. After the dropwise
addition, the temperature is increased to 85°C, after 1.5~
2 hours of reaction, cooling it will precipitate white
crystal. These white crystals were treated by vacuum
filtration, placed in a culture dish and dried in a vacuum
drying oven for 48 hours to obtain sodium 3-chloro-2-
hydroxypropanesulfonate [6]. The reaction equation is
shown in Fig. 1.

HQC'\—/CH—C'HQ('.'I + NallSO;—> C.'I(.‘HQCl.'HL'.‘HESD;Na

0 OH

Figure 1. Synthesis of the Sodium 3-chloro-2-hydroxypropane
sulfonate

The volume ratio of water to isopropanol is 1:3, and
then sodium hydroxide and sodium 3-chloro-2-
hydroxypropane sulfonate are added. The temperature is
raised to 90 °C and the sodium 3-chloro-2-
hydroxypropanesulfonate is completely dissolved. At this
time, the dodecyl tertiary amine is added, reaction time is
4 hours, and then vacuum distillation and extraction are
carried out. The reaction equation is shown in Fig. 2.

CHj;
CICH3(|THC‘!135;03Na+ CjaHapsN —>
OH (ljuﬁ

2

CH3

+ o
CD“ESTC”E?”CHESOS + NaCl

CH3 OH

Figure 2. Synthesis of the Sodium 3-chloro-2-hydroxypropane
sulfonate

3PERFORMANCE EVALUATION

3.1.Surface tension evaluation

0.001%, 0.005%, 0.01%, 0.05%, 0.1%, 0.2%, 0.3%, 0.4%
and 0.5% dodecyl hydroxy sulfobetaine surfactant
solution were prepared with distilled water at room
temperature, and then the surface tension was measured
by platinum plate method. In order to reduce the error,
three experiments were carried out for each concentration

sample, and the mode number of the three experimental
results was taken as the final experimental data.

3.2.Interfacial tension evaluation

0.05%, 0.1%, 0.2%, 0.3%, 0.4% and 0.5% dodecyl
hydroxy sulfobetaine surfactant solutions were prepared
with distilled water, and then the surface tension of
kerosene was measured with XZD-5 rotating droplet
interfacial tension meter at a fixed temperature of 30 C.

3.3.Salt resistance evaluation

0.1% dodecyl hydroxy sulfobetaine surfactant solution
was prepared with distilled water, and then potassium
chloride, sodium chloride, anhydrous calcium chloride
and magnesium chloride with different mineralization
degrees were added respectively. The surface tension was
measured by a platinum plate method, and the turbidity
degree of the solution was observed.

3.4.Emulsification ability evaluation

0.1%, 0.2%, 0.3%, 0.4% and 0.5% dodecyl hydroxy
sulfobetaine surfactant solutions were prepared with
distilled water and mixed with crude oil at a volume ratio
of 1:1. The water evolution rate was measured with a
stopwatch at 40 “C and 50 “C for 2 hours.

4 RESULTS & DISCUSSION

4.1.Surface tension

It can be concluded from Table I that the surface tension
of dodecyl hydroxy sulfobetaine surfactant solution
decreases rapidly as the concentration increases, and then
decreases slowly, and tends to be stable when it drops to a
certain value. It can be concluded from the table that the
critical micelle concentration of dodecyl hydroxy
sulfobetaine surfactant is about 0.1%, and the surface
tension corresponding to critical micelle concentration
point is 29.8mN/m. The results showed that the critical
micelle concentration and surface tension of the surfactant
were low.

TABLE L. SURFACE TENSION OF DODECYL HYDROXY
SULFOBETAINE SURFACTANT SOLUTIONS WITH DIFFERENT
CONCENTRATIONS

Concentration Surface tension  (mN/m)
(g/100ml) the first | the second | the third average

time time time value

0.001 51.3 51.3 51.2 51.3
0.005 46.4 46.5 46.4 46.4

0.01 40.3 40.3 40.3 40.3

0.05 31.2 31.1 31.1 31.1

0.1 29.8 29.9 29.8 29.8

0.2 29.5 29.5 29.5 29.5
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Concentration Surface tension  (mN/m) Mineralization Surface tension (mN/m)
(groom | et [ thegeeond [ el | oyre (oo v [ e [ g
0.3 29.5 29.5 29.5 295 5000 30.9 30.4 30.1 30.1
0.4 30.1 30 30 30 10000 31.1 30.8 30.1 30.6
0.5 30 30 30 30 20000 31.4 31.2 303 31.2
50000 322 32.1 30.7 32.1
4.2.Interfacial tension 100000 31 3 3 327

At 30 °C, it can be concluded from Table II when the
concentration of dodecyl hydroxy sulfobetaine surfactant
solution is greater than or equal to 0.1%, the interfacial
tension with kerosene is lower than 2x10-1mN/m. When
the concentration of dodecyl hydroxy sulfobetaine
surfactant solution is greater than or equal to 0.3%, the
interfacial tension with kerosene reaches the order of 10-2
level. With the increase of surfactant concentration, the
interfacial tension with kerosene shows a downward trend,
and the downward trend becomes stable after the
concentration is higher than 0.1%. The change trend of
surface tension and interfacial tension of dodecyl hydroxy
sulfobetaine surfactant is basically the same.

TABLE II. INTERFACIAL TENSION OF DODECYL HYDROXY
SULFOBETAINE SURFACTANT SOLUTIONS WITH DIFFERENT
CONCENTRATIONS

. Droplet Rotation Interfacial
Concentration - .
(a/100mD diameter speed (r/ tension
g (mm) minute) (mN/m)
0.05 2.5 6950 0.567
0.1 2.5 3950 0.183
0.2 2.5 3380 0.134
0.3 2.3 3160 0.091
0.4 2.3 2810 0.072
0.5 2.2 2530 0.059

4.3.Salt resistance

It can be seen from Table III that with the increase of
salinity of the four salts, the solution is always transparent,
indicating that the solution of dodecyl hydroxy
sulfobetaine surfactant has good solubility with the four
salts. With the increase of the salinity of the four salts, the
surface tension of the four salts showed an upward trend.
The rising trend of sodium salt, potassium salt and
magnesium salt was first rapid and then slow, while the
rising trend of calcium salt was relatively stable. When
the salinity of four salts reached 100000 ppm, the surface
tension change rate was about 10%. Therefore, with the
increase of salinity of four salts, the dodecyl hydroxy

sulfobetaine surfactant solution showed good salt
resistance performance.
TABLE IIL. SALT RESISTANCE OF SURFACE TENSION OF 0.1%

DODECYL HYDROXY SULFOBETAINE SURFACTANT SOLUTION

Mineralization Surface tension (mN/m)

degree
(ppm) Na+ K* Ca2+ Mgz+
1000 29.8 29.8 29.8 29.8

2000 30.2 30.2 29.9 29.9

4.4 Emulsification

At 50 °C, it can be seen from Fig. 3 that with the
extension of time, more and more water will be
precipitated from different concentrations of dodecyl
hydroxy sulfobetaine surfactant solution. With the
increase of the concentration, the water separation rate
becomes lower and lower, but the water separation rate of
different concentrations for 120 minutes is lower than
40%. The water separation rate of 0.1% dodecyl hydroxy
sulfobetaine surfactant solution reached about 37% in 120
minutes, which was significantly higher than other
concentrations, so the emulsifying ability was the worst
when the concentration was 0.1%. The concentration of
0.5% dodecyl hydroxy sulfobetaine surfactant solution
has the lowest water evolution rate, and the emulsification

effect is the strongest.
40

—m— 0.1%
35 | |—®—0.2%]
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—4—0.5%|

Figure 3. Water splitting rate of dodecyl hydroxy sulfobetaine
surfactant solution with 50 °C

At 60 °C, it can be seen from Fig. 4 that with the
extension of time, more and more water will be
precipitated from different concentrations of dodecyl
hydroxy sulfobetaine surfactant solution. With the
increase of the concentration, the water precipitation rate
becomes lower and lower, but the water precipitation rate
of different concentrations for 120 minutes is less than
40%. The water separation rate of 0.1% dodecyl hydroxy
sulfobetaine surfactant solution in 120 minutes was
significantly higher than that of other concentrations, so
the emulsifying ability was the worst when the
concentration was 0.1%. The concentration of 0.5%
dodecyl hydroxy sulfobetaine surfactant is the lowest, and
the emulsifying ability is the strongest.
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Figure 4. Water splitting rate of dodecyl hydroxy sulfobetaine
surfactant solution with 60°C

Compared with 50 ‘C, the water separation rate of the
same concentration of dodecyl hydroxy sulfobetaine
surfactant solution increased at 60 °C, and the increase
rate of 0.5% dodecyl hydroxy sulfobetaine surfactant
solution was the largest, which indicated that temperature
had great influence on the emulsifying ability of 0.5%
dodecyl hydroxy sulfobetaine surfactant solution.

5 CONCLUSIONS

The optimum synthesis conditions of dodecyl hydroxy
sulfobetaine surfactant were as follows: the ratio of
isopropanol to water was 3:1. The reaction temperature
was 90 °C, and the reaction time was 4 hours.

At room temperature, the critical micelle
concentration of dodecyl hydroxy sulfobetaine surfactant
aqueous solution is about 0.1%, and the surface tension
corresponding to critical micelle concentration point is
29.8mN/m. The results showed that the critical micelle
concentration and surface tension of the surfactant were
low.

When the concentration of dodecyl hydroxy
sulfobetaine surfactant solution is more than 0.1%, the
interfacial tension with kerosene is less than 2x10"'mN/m.
The interfacial tension decreases with the increase of
surfactant concentration. When the concentration is
greater than or equal to 0.3%, the interfacial tension
reaches 102 level.

With the increase of salinity of Na ¥, K*, Mg? " and
Ca’*, the surface tension of dodecyl hydroxy sulfobetaine
surfactant solution is always transparent, and the surface
tension is increasing. When the salinity of four salts
reaches 100 000 ppm, the surface tension change rate is
about 10%, which indicates that the solution of dodecyl
hydroxy sulfobetaine surfactant has good solubility with
the four salts, and all show good salt resistance.

At the same temperature, with the extension of time,
more and more water will be precipitated from different
concentrations of dodecyl hydroxy sulfobetaine surfactant
solution. With the increase of concentration, the water
evolution rate becomes lower and lower, but the water
evolution rate is less than 40% in 120 minutes. At
different temperatures, the water evolution rate of the
same concentration of dodecyl hydroxy sulfobetaine
surfactant solution increases with the increase of
temperature. When the concentration of dodecyl hydroxy
sulfobetaine surfactant solution is 0.1%, the water

separation rate is significantly higher than other
concentrations, so the emulsifying ability is the worst
when the concentration is 0.1%. The 0.5% dodecyl
hydroxy sulfobetaine surfactant solution has the lowest
water separation rate for 120 minutes and the strongest
emulsification ability.
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