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Abstract 

Surfactants based on lauric acid, epichlorohydrin and propylene oxide were 

obtained in two ways. In the first way, by interaction of lauric acid with 

propylene oxide, ester was synthesized, then, epichlorohydrin was added and 

the reaction was conducted. In the case of the synthesis according to the 

second way, lauric acid was first reacted with epichlorohydrin, then, with 

propylene oxide. In both cases, the reactions were carried out at 150-160 °C 

using triethyl amine as a catalyst. The obtained chloropropoxy-propoxy and 

propoxy-chloropropoxy esters of lauric acid are nonionic surfactants. Using 

IR- and NMR-spectroscopy, the composition and structure of the obtained 

products were identified. High surface activity of aqueous solutions of the 

synthesized products at the interface with air was determined by tensiometric 

measurements and some of their colloido-chemical parameters were 

determined (critical micelle concentration, surface pressure, maximum 

adsorption, minimum cross-sectional area of the polar group, changes of free 

Gibbs energy of the micelle formation and adsorption processes). The 

regularities of change in colloido-chemical parameters were revealed 

depending on the sequence of alternation of chloropropoxy- and propoxy-

units. Studies of petrocollecting capacities of the obtained surfactants have 

been conducted in parallel for pure-state reagents and their 5% wt. aqueous 

dispersion. By laboratory tests on the example of thin (thickness <1 mm) films 

of Pirallahy oil (from oil field in Azerbaijan) on the surface of waters with 

different degrees of mineralization, the high petrocollecting ability of the 

obtained cooligomers was determined and a significant effect of the sequence 

of chloropropoxy and propoxy units on the efficiency of oil recovery was 

revealed 
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Introduction 

Modern life cannot be imagined without surfactants. Due to various specific properties, the 

portion of nonionic surfactants in the total volume of production and consumption of surfactants 

rises incessantly. As is known, surfactants find a wide application in various branches of national 

economy (oil, textile and food industries, agriculture, medicine and many others) [1,2]. Usage of 

surfactants is stipulated by their different unique properties which vary depending on their 
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structure and composition [3-9]. Nonionic surfactants are widely-spread chemicals used in many 

spheres of national economy including oil industry. Thin petroleum films on the surface of water 

basins including oceans, seas and lakes heavily damage the environment greatly polluting 

hydrosphere and disturbing an ecological balance. Removal of such films is possible only by 

means of petroleum-collecting chemicals which transform them into a thickened spot. This 

petroleum spot may be easily removed off the water surface by mechanical means and further 

used as an energy source, for example, for preparing fuel cells.  In the presented work, novel 

nonionic surfactants have been obtained on the basis of lauric acid (LA) as well as 

epichlorohydrin (ECH) and propylene oxide (PO). These surfactants are proposed as highly-

effective reagents for collection of films of crude oil origin. The impact of sequence of the 

chloropropoxy- and propoxy-units on the petrocollecting properties of these surfactants has been 

clarified [10]. 

Experimental Part 
1
H NMR and 

13
C NMR spectra were registered on Bruker Avance II+300 (UltraShield™ 

Magnet) 300.13 MHz and 75.46 MHz spectrometer using deuterated chloroform (CDCl3) as a 

solvent. IR spectra were recorded on a model FT-IR, Spectrum BX spectrometer via a use of 

KBr disks. 

PO (purity 99 %, Alfa Aesar, product of Great Britain), ECH (purity 99 %, Alfa Aesar, 

product of United States), LA (purity 98 %, Alfa Aesar GmbH  Co KG, Germany), triethyl 

amine (TEtA) was used as a product of purity 99 % of "Alfa Aesar A Johnson Matthey 

Company" (Great Britain). 

 Synthesis of LA esters containing chloropropoxy- and propoxy-units was conducted in 

two steps. At first, in an autoclave to 0.1 mol of LA, TEtA (5 % mol of acid) as a catalyst and 0.2 

mol PO (or 0.1 mol of ECH) were added. The reaction was carried out at 150-160 °C during 20-

24 hours. In order to remove the unreacted ECH (or PO), the reaction mixture was evaporated 

under mild conditions until reaching a constant mass. According to the obtained amount of 

reacted ECH (or PO), the conversion of ECH (or PO) and chloropropoxylation degree (or 

propoxylation degree) were calculated. Then, PO (or ECH) was added to chloropropoxy (or 

propoxy) ester and the reaction was continued under analogical conditions. The unreacted PO (or 

ECH) was removed. 

The surface tension at the water-air border in the presence of the synthesized surfactants 

was measured on a DuNouy ring KSV Sigma 702 tensiometer (Finland). Measurements were 

made according to the known procedure [11]. Surface tension of distilled water taken for 

preparing solutions equalled 72.0 mN/m (25 °C). 

Petrocollecting capacities of the obtained surfactants were estimated according to the 

method described in [12] using thin (thickness-approximately 0.17 mm) crude oil (from Pirallahy 

oil field near Baku, its density being 924.4 kg/m
-3

 at 20°C and kinematic viscosity equalling 1.05 

cm
2
 s

-1
 at 30°C) films placed on the surface of fresh (density 996.0 kg/m

3
 at 20 C, pH=7-8. 

Chemical composition (100 g,  gram-ekv): Cа
2+

 0.0052; Мg
2+ 

0.0023; Cl   
0.0007; SО 2

4  0.0044; 

HCО 

3  0.0273; CО 2

3  0.0009; total hardness 4.5 mg-ekv/g; electroconductivity - 613.0 
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mkSm/cm; NaCl-210.2 mg/l) and the Caspian sea (density at 20 C 1009.8 kg/m
3
(20 °C),               

pH  7.7. Chemical composition (1 l water, mg ); Nа
+
 2650; К

+
 20; Cа

2+ 
-250; Мg

2+ 
-900; NH 

4

 

0.15; Cl   
500; SО 2

4 2800; NО 

3   0.1; PО 3

4  0.35; SiO2 0.5; NaCl-9.900 g/l (20-22C); total 

hardness 69 mg-ekv/g; electroconductivity - 17.86 mSm/cm) waters as well as distilled water 

(for comparison). The reagents were added to the surface of water as unthinned surfactant and 

5% wt. aqueous solution (or dispersion). Petrocollecting coefficient - K was calculated as a ratio 

of the current surface area of the petroleum spot and initial surface area of oil slick. The time of 

retaining petroleum spot (τ) was also recorded. 

Results and Discussions 

The surfactants based of LA, ECH and PO have been obtained in two ways. In the first 

way, an ester was synthesized by interaction of LA with PO, then ECH was added to the ester 

and the synthesis was continued: 

 
 

 

 

In the second way, ECH was initially added to LA, then PO was introduced: 

 
 

 

 
 

The obtained chloropropoxy-propoxy (or propoxy-chloropropoxy) esters of LA are 
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surfactants of nonionic type. These products were identified by IR-and NMR (
1
H and 

13
C)-

spectroscopy methods:  

FTIR spectrum of C12P2E , ν, cm
-1

: 3395 ν (OH), 2923 and 2854 ν (CH), 1734 ν (O–C=O), 

1458 and 1377 δ(CH), 1050–1108 (C–O), 752 ν (CH2Cl), 721 δ (CH2)n;  
1
Н NMR spectrum (300.13 MHz, CDCl3) (δ, ppm): 0.85 (CH3), 1.1 (CH–CH3), 1.23 (CH2 

alkyl chain), 1.58 (CH2–CH2–COO), 2.26 (CH2–COO), 3.4–3.6 (CH2−CH–O), 3.8–4.2 [С(O)–

О–CH2–CH], 5.1 (OH);  
13

C NMR spectrum (75.48 MHz, CDCl3) (δ, ppm): 14.1 (CH3), 18.8 (CH3–CH), 22.6 

(CH2–CH3), 24.9 (CH2–CH2–COO), 29.1–29.6 (CH2)n, 31.9 (CH2–CH2–CH3), 34.1–34.5 (CH2–

COO), 45.7 (CH2Cl), 63.2–70.8 (O–CH2–CH–O), 173.9 (COO). 

FTIR spectrum of C12EP2, ν, cm
-1

: 3389 ν (OH), 2923 and 2854 ν (CH), 1735 ν (O–C=O), 

1457 and 1376 δ(CH), 1050–1109 (C–O), 840 ν (CH2Cl), 721 δ (CH2)n; 
1
Н NMR spectrum (300.18 MHz, CDCl3) (δ, ppm): 0.84 (CH3), 1.08 (CH–CH3), 1.17-1.22 

(CH2 alkyl chain), 1.58-1.59 (CH2–CH2–COO), 2.31 (CH2–COO), 3.4–3.6 (CH2−CH–O), 

(CH2Cl), 3.9–4.1 [С(O)–О–CH2–CH], 5.0 (OH);  
13

C NMR spectrum (75.49 MHz, CDCl3) (δ, ppm): 14.1 (CH3), 16.2-19.2 (CH3–CH), 22.6 

(CH2–CH3), 24.9 (CH2–CH2–COO), 29.1–29.6 (CH2)n, 31.9 (CH2–CH2–CH3), 34.2–34.5 (CH2–

COO), 65.5–71.6 (O–CH2–CH–O), 174.0 (COO). 

By tensiometric way, it has been determined that the obtained oligomers are highly surface-

active at the water-air interface (t=25 C). According to the obtained values, surface tension 

isotherms of the surfactants were built and a number of the colloidal-chemical parameters were 

calculated using the known formulas [13]: for C12P2E/C12EP2 maximum adsorption                        

1.71/2.0110
10

 molcm
2

; minimal cross-sectional area of the polar group 97.1/82.610
2
 nm

2
; 

critical micellization concentration (CMC) 2.3/24.010
4
 moldm

-3
; surface pressure                  

41.7/40.0 mNm
1

; adsorption efficiency 4.47/3.66; changes of standard free Gibbs energies of 

micellization -20.6/-14.95 kJmol
1 

and adsorption -23.19/-16.94 kJmol
1

. 

The problem of oil pollution of the World Ocean is relevant in view of the intensification 

of the rate of oil production and the increase in the volume of oil transported by waterways. 

When collecting spilled oil mechanically, a thin (less than 1 mm thick) film remains on the 

surface, representing an environmental threat to sea inhabitants due to deterioration of oxygen 

and heat exchange at the water-air interface. Such films can be removed only by physico-

chemical methods, including the use of oil-collecting reagent [14-17].  

Petrocollecting properties of the synthesized oligomeric surfactants have been studied 

under laboratory conditions on the example of thin layer (thickness - 0.17 mm) of Pirallahy 

petroleum. The obtained results are given in Tab. 1. As is evident from the tables, the 

synthesized surfactants posses very strong petrocollecting properties. 

It is seen from the table that the nonionic surfactants have a sufficiently high 

petrocollecting capacity. When they are used as unthinned reagents, the highest petrocollecting 

capacity in the all three waters (fresh, sea and distilled) is shown by C12EP2 cooligomer 

(Kmax=86.8, 101.3 and 76.0, respectively; =144 hours). When these reagents were used as 5 % 
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aqueous dispersion, the maximum petrocollecting coefficient in all three waters is recorded for 

C12P2E (Kmax=60.8, 76.0 and 76.0, respectively; =168 hours).  

Table 1. Results of study of petrocollecting properties of C12P2E and C12EP2 esters (Pirallahy 

petroleum, thickness of the layer - 017 mm) 

Surfactants Distilled water Fresh water Caspian sea water 

, hours K , hours K , hours K 

Unthinned surfactant 

C12P2E 0 

1-96 

168 

50.6 

60.8 

50.6 

0-1 

21-96 

168 

60.8 

30.3 

11.5 

0-1 

21-96 

168 

45.5 

30.3 

55.2 

C12EP2 0-6 

24 

48 

120 

144 

30.3 

86.8 

76.0 

22.7 

11.2 

0 

4-6 

24 

48 

120 

144 

60.8 

76.0 

86.8 

101.3 

15.2 

11.5 

0 

4-6 

24 

48 

120 

144 

17.2 

40.5 

60.8 

76.0 

60.8 

55.2 

5 % wt.aqueous dispersion 

C12P2E 0 

1 

21 

168 

9.4 

20.3 

60.8 

40.5 

0-1 

21 

168 

33.3 

60.8 

76.0 

0-1 

21 

168 

66.7 

45.5 

76.0 

C12EP2 0 

4 

2.0 

Spilled 

0-168 No impact 0 

4 

24 

20.2 

2.0 

Spilled 

Conclusion 

Two different nonionic surfactants were synthesized on the basis of LA, PO and ECH. 

Surface activity properties of the obtained surfactants were, studied. It was determined that for 

the surfactants having chloropropoxy unit at the begining of the chain, the CMC value is smaller. 

It was found that, when using the reagents as 5 % aqueous dispersion, C12EP2 has a higher 

petrocollecting capacity than C12P2E. 
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