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           UCILAGE wastes are industrial by-products which are rich in 

……   oils. The extracted oils were characterized via spectrophotometric 

measurements (e.g. IR, 1HNMR) and utilized in the preparation of 

some surface active agents. Two anionic surfactants were prepared via 

sulfatation by concentrated sulfuric acid and sulfonation by dry sulfur 

trioxide from sunflower and cotton seed oils. Yields of the prepared 

surfactants were 70% and 71%, respectively. 

    

 The microanalysis data of (C, H, S) were estimated. In addition, 

the hydrophilic _ lipophilic balance (HLB), surface tension, interfacial 

tension, wetting and foaming power and biodegradability for the 

prepared surfactants were evaluated. 

 

The importance of these anionic surfactants are due to their 

environmental friendly nature and relatively safe application to human 

in addition to their economical feasibility.  

 

Biodegradation is also an important parameter which was taken 

into consideration. The prepared surfactants showed more than 95% 

degradation after 21 days that can be considered a great success for 

environment. 

 

 

Keywords: Mucilage wastes, Sunflower oil, Cotton seed oil, Anionic 

surfactants, Sulfatation,  Sulfonation and Biodegradation. 

 

 

Natural oils are widely used in the pharmaceutical, cosmetics and detergent 

industries for their environment friendly nature and relatively safe applications to 

human
(1,2)

. The purpose of this study is to develop a new surface – active agent 

compound in different forms to serve the home and personal care applications. In 

addition, the study undertakes the exploitation of making the utmost use of 

residual waste or obsolete by-products resulting from food industries
(3)

. 
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One of these industrial was materials is mucilage , which is a by-product 

resulting from refining processes of edible oils , which produced from oil seeds , 

such as sunflower and cotton seed oils 
(4)

. 

 

Mucilage production in Egypt is estimated as more than one million ton per 

year. It contains about 20% crude oil that was successfully almost extracted in 

full, which if converted into surfactants will deliver more than 30% gross profit 

value when sold at market . 

 

These cheap kinds of by-products, such as mucilage are selected for 

preparation of anionic surfactants by sulfatation and sulfonation processes. The 

prepared surfactants were compared with some commercial standard anionic 

surfactants on the basis of hydrophilic-lipophilic balance (HLB), surface and 

interfacial tension, as well as, wetting and foaming power
(5)

. 

 

Materials and Methods 

Materials  

Mucilage samples of sunflower and cotton seed oils were supplied by Misr Oil 

& Soap Company , Sandob and Salt & Soda Company for Oils and Soap , El-

Zayat ( Egypt ) . Anionic surfactants were prepared from high purity chemicals. 

They were obtained individually from various international companies,  e.g . BDH 

( England ), Henkel ( Germany ) and Fisher (USA) . 

 

Methods  

Fatty acid composition of extracted oil  

Fatty acid methyl esters were prepared according to  A.O.C.S method
(6)

. 

Determination of fatty acid composition was performed as previously 

described
(7)

 using Hewlett Packard 5890 Series II gas chromatography , equipped 

with flame ionization detector ( FID ) . 

 

Preparation of anionic surfactants by : 

Sulfatation process: The sulfatation of  the extracted oils was carried out 

according to the,
(8)

 taking into consideration various reaction parameters, e.g . 

temperature, time of reaction and concentration of sulfuric acid in order to 

determine the optimum conditions for large scale production. The extracted oil 

was poured into
 
a three-necked flask, and subjected to heating at 45ºC, after that 

sulfuric acid 90% concentration was dropped with stirring and keeping 

temperature around 45-50ºC. The sulfated oils were washed many times using  

10 % sodium chloride solution at ambient temperature. After a pause of 1-2 hr  

of  washing the sulfated oils were floating on the surface and separated from 

decanted acid brine. Then the mass floating on the surface is neutralized with 

concentrated caustic soda (48% ). 
        
Sulfonation process: The extracted oils were sulfonated by dry sulfur 

trioxide
(9)

. This process has many advantages than sulfatation such as lightness 

of color in the final product , low sulfuric acid content , and better yield . 
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Infrared  spectroscopic analysis: The infrared spectra were performed using 

Perkin Elmer Model 550SE spectrophotometer , USA . 

 

Nuclear magnetic resonance sepectroscopic analysis: The ¹ NMR spectra 

were run on a Jeol Ex 270 NMR spectrometer, 270 MHz  (USA) with super 

conducting magnet Oxford and 5 mm Dual probe head for ¹H . 

  

Evaluation of anionic surfactants  

Microanalysis:The microanalysis of carbon (C) , hydrogen (H) and sulfur  

(S) were carried out using a  Perkin Elmer 240B Microanalyzer (USA) . 

 

Hydrophilic – lipophilic balance ( HLB ): Hydrophilic – lipophilic balance of 

anionic surfactants were determined
(10)

 using the following equation : 
                        

HLB = 20 ( 1 –  S /A) 
 

where: S (Saponification  value of sulfated and sulfonated oils) and A (acid value 

of total fatty acids of the original sample after hydrolysis of triglyceride fraction) 

 

Surface and interfacial tension: Surface and interfacial tension of anionic 

surfactants in xylene at 25 ºC was measured
(11)

 using  CSC – DuNouy Interfacial 

Tensiometer Model 70545 (CSC Scientific Company, Fair fax, Va) . 

 

Wetting power: Wetting power of prepared surfactants was determined 

according to the method of Schigfner
(12)

 based on immersing a skein of standard 

textile sample with fixed concentration, temperature, hardness of water and 

period of aging. 

 

Foaming power: Foaming power of prepared surfactants was determined 

according to the method of Ross and Miles
(13)

. Various parameters must be 

established during the test, such as concentration of surfactant, water hardness, 

temperature of solution and period of aging. 

 

Biodegradability of an ionic surfactant: Two biological test methods (OECD 

screening test and OECD confirmatory test) are mandated for establishing 

biodegradability according to organization for economic cooperation and 

development (OECD)
(14)

.  

a) OECD screening test  

The OECD screening test is preliminary test for exploring the 

biodegradability of detergents. In this producer, a mineral salt solution is 

incubated of MBAS (Methylene blue active substance) or BiAS (Bismuth active 

substance) as the role source of carbon. The MBAS or BiAS loss is determined 

at fixed intervals for up to 19 days, and the results are compared to the behavior 

of two control substances:   

 

The poorly degradable TPS (tetra propylene benzene sulfonate) (<35 % loss) 

and the readily degradable LAS (linear alkyl benzene sulfonate) (92 % loss). 
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b) OECD confirmatory test 

The OECD confirmatory test is a continuous procedure more closely related 

to practice. It simulates through a prescribed test procedure the biodegradation 

that occurs in an activated sludge. These methods are reported by Vorodnung 

and Reinigung smitteln 
(15)

. 

 

Results and Discussion 
 

Physical and chemical characteristics of extracted oils have been extensively 

investigated and carried out according to standard methods of American Oils 

Chemists Society A.O.C.S (6). The data of color, density, refractive index (R.I), 

iodine value, acid value, saponification value, unsaponifiable matter and 

peroxide value are given in Table 1. 

  
TABLE 1. Physical and chemical characteristics of extracted oils. 

 

Characteristics Sunflower oil Cotton seed oil 

 

Appearance 

Klett color 

Density (g/cm3 ) 

Viscosity (cm boize) 

Refractive index 

Iodine value 

Saponification value 

Acid value 

Unsaponifiable matter 

Peroxide value 

 

Liquid-Clear-Yellow 

0.20 

0.919 

60.0 

1.476 

129.0 

185.0 

2.0 

2.0 

1.1 

 

Liquid-Clear-Yellow 

2.50 

0.930 

72.0 

1.474 

110.0 

190.0 

2.6 

1.7 

0.9 

 

From Table 1 it can be concluded that : 

a) The most physical properties are within the standard. 

b) Iodine value which represents the degree of unsaturated fatty acids 

indicates that sunflower oil has higher values [129] compared with cotton  

seed oil [110]. 

c) Acid value measurements show that sunflower and cotton seed oils have 

    approximately moderate values of free fatty acid. 

d) Saponification value, unsaponifiable matter and peroxide value:  

    these values indicate that these results are almost the same for both 

    extracted sunflower and cotton seed oils from mucilage. 

 

Fatty acids composition of extracted oils are recorded in Table 2. 
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TABLE  2. Fatty acids composition of extracted sunflower and cotton seed  oils  

from mucilage. 

C12 , Lauric ; C14 , Myristic ; C16 , Palmitic ; C18 , Stearic ; C20 , Archidic ; C22 , 

Behenic ; C24 , Lignoceric ; C14:1 , Myristoleic ; C16:1 , Palmitoleic ; C18:1(OH) , 

Ricinolic ; C18:1 , Oleic ; C18:2 , Linoleic ; C18:3 , Linolenic ; C20:1 , Gadoleic . 

 

It can be seen from Table 2 that the fatty acid contents of sunflower and 

cotton seed oils were (21.15% and 26.6%) of saturated fatty acids , and (78.0% 

and 73.40%) of unsaturated fatty acids, where the saturated : unsaturated ratio 

were (1:3.7) and (1:2.7) , respectively . 

 

Oleic acid constitutes more than 38.0% and 31.0% of the unsaturated fatty 

acids of sunflower and cotton seed oils, while stearic acid makes more than 

16.0% and 7.0% of the saturated fatty acids, respectively . On the other hand, 

linoleic acid forms more than 45.0% and 48.0% of the total fatty acids of 

sunflower and cotton seed oils, respectively 
(16-19)

 . 

            

Structure of the extracted triglycerides was established through 
1
H-NMR 

(CDCl3) which shows the following results: δ 0.9 (t,CH3) , δ 1.5 (br., CH2) , 2 

(br., CH2) , δ 2.3 (t,CH-OH) and shows also the unsaturated protons as triplet 

single at δ 5.4.  

             

The IR spectrum of extracted oils showed strong absorption bonds at 3020 

cm
-1

 which correspond to olefinic group (= CH ) and at 1680 to 1710 cm
-1

 which 

correspond to glyceridyl ester group. 

 

Preparation of anionic surfactants by sulfatation process 

Preparation of anionic surfactants via reaction with sulfuric acid. The 

advantage of this technique is the formation of a good yield product 

characterized by lower free oil and deeper color compared with that  obtained by 

the sulfatation process
(20)

. In this method two types of sulfonating products are 

obtained via attacking the ester group or the unsaturated double bond of fatty 

acids
(21)

. Adding sulfuric acid as a sulfating agent to the extracted oils, 

sulfatation can be carried out on either hydroxyl group (-OH) or double bond     

(-CH=CH-) of olefinic chain 
(5, 22)

. 

 

 

Mucilage 

oils 

Fatty acids % 

Saturated fatty acids Unsaturated fatty acids 

C12 C14 C16 C18 C20 C22 C24 C14  : 1 C16 :1 
C18 :1 

(OH) 
C18  : 1 C18  :2 C18  : 3 C20  : 1 

Sunflower 

 
Cotton 

0.00 

 

0.00 

0.50 

 

1.00 

6.50 

 

22.5 

8.75 

 

2.00 

4.00 

 

0.90 

1.00 

 

0.20 

0.40 

 

0.00 

0.00 

 

0.10 

1.00 

 

1.35 

0.00 

 

0.00 

30.00 

 

23.05 

45.80 

 

48.35 

0.70 

 

0.55 

0.50 

 

0.00 
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The reaction can be illustrated in the following scheme : 

 

FA 
_
 OH + H2SO4 → FA

 _
 O

 _
 SO3

-
H

+
 + H2O 

 

By neutralization with sodium hydroxide the sulfate (salt) was obtained and 

the product is considered as fatty acid ester sulfate due to presence of the ester 

bond . 

 

FA
_
OSO3

-
H

+
 + NaOH → FA

_
O

_
SO3

-
Na

+
 + H2O 

 

This salt can be considered as extremely hydrophilic surfactant and less 

hydrophilicity can be attained with a longer chain . 

 

FA
_
CH=CH

_
COOR+H2SO4 →  FA

_
CH

_
CH2

_
COOR 

                                                                            O
_
SO3

-
H

+
 

and also by neutralization with sodium hydroxide the sulfate (salt) was obtained . 

 

FA
_
CH

_
CH2

_
COOR + NaOH →  FA

_
CH

_
CH2

_
COOR   +  H2O 

                 

                O
_
SO3

-
H

+
                                       O

_
SO3

-
Na

+
 

 

Results of optimum conditions as well as yield and microanalysis of prepared 

anionic surfactants are presented in Table 3. 

 
 TABLE  3. Optimum conditions, yield and microanalysis of anionic surfactants. 

* Theo. = Theoretical      ** Fd. = Found 

 

It can be seen from Table 3 that the optimum reaction temperature of both 

sulfated sunflower and cotton seed oils are the same (34Cº), while the obtained 

data revealed that the optimum reaction time of both sulfated sunflower and 

cotton seed oils were (2.5 hr) and (2.0 hr), respectively. On the other hand the 

microanalyses data for (C, H, S) of both sulfated sunflower and cotton seed oils 

were done to have a view about the percent ratio of the carbon, hydrogen and 

sulfer and the formation of the sulfated anionic surfactants. 

 

 

 

 

Sulfated oil 
Optimum conditions 

Yield 

(%) 

Microanalysis 

H2SO4 

(m1) 

Reaction 

Temp. Cº 

Reaction 

Time hr 

C % H % S % 

Theo.* Fd.** Theo. Fd. Theo. Fd. 

 

Sunflower 
 

Cotton seed 

 

50 
 

40 

 

34 
 

34 

 

2.5 
 

2.0 

 

61.0 
 

71.0 

 

undefined 
 

"" 

 

27.83 
 

27.24 

 

undefined 
 

"" 

 

4.78 
 

4.68 

 

8.30 
 

8.38 

 

8.23 
 

8.27 
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From the obtained results it could be also noticed that sulfated cotton seed oil 

had higher yields (71%) compared with sunflower oil (61%). 

 

Preparation of anionic surfactants by sulfonation process 

Preparation of anionic surfactants via reaction with SO3 gas. The advantage 

of this technique is the formation of a good yield product which is characterized 

by lower free oil and higher color compared with that obtained by the sulfatation 

process
(20)

. In this method two types of sulfonating products are obtained via 

attacking the ester group or unsaturated double bond of fatty acids 
(2, 21)

. 

           

 

The reaction can be illustrated in the following scheme : 

 

        R
_
CH2COOR'+SO3 → R

_
CHCOOR' 

                                                     

                                   
                                                  SO3H 
        R

_
CH=CH

_
COOR'+2SO3 → R

_
CH

_
CH

_
COOR' 

 
                                                             SO2     O 

                                                                O
   
SO2 

 

                                                                           OH 

       R
_
CH

__
CH

_
COOR'+3NaOH → R

_
CH

_
CH

_
COOR'   +Na2SO4+H2O    

         SO2        O                                            SO3Na 

         O 
__

 SO2 

 

         

 

The yield and microanalyses of the prepared anionic surfactants are 

represented in Table 4. 

 
TABLE 4. Yield and microanalysis of anionic surfactants by SO3. 

 

 
* Theo = Theoretical   ** Fd. = Found 

 

 

 

Sulfonated oil 

Yield 

(%) 

Microanalysis 

C % H % S % 

Theo.* Fd.** Theo. Fd. Theo. Fd. 

 
Sunflower 

 

Cotton seed 

 
70.0 

 

71.0 
 

 
undefined 

 

"" 
 

 
16.74 

 

17.44 
 

 
undefined 

 

"" 
 

 
2.87 

 

3.00 
 

 
undefined 

 

"" 
 

 
12.37 

 

13.24 
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The results given in Table 4 indicate that the yield of sulfonated sunflower 

and cotton seed oils are almost the same. On the other hand, the data of 

microanalysis of both sulfonated sunflower and cotton seed oils show acceptable 

values of % S which confirm the formation of sulfonated anionic  surfactants. It 

noteworthy to mention that these results are in accordance with those reported by 

many investigators
(23-25)

.  

 

Evaluation and performance of the prepared anionic surfactants  

The anionic surfactants prepared by sulfatation or sulfonation were evaluated 

for, hydrophile-lipophile balance (HLB) , surface tension, interfacial tension, 

wetting power, foaming power, as well as, PH value. 

 

The evaluation and performance characteristics of the prepared surfactants 

are shown in Table 5. 

 
TABLE 5. Evaluation and performance of prepared anionic surfactants.               

 

From the obtained results it can be noticed that the prepared surfactants 

varied in polarity over the entire HLB range (from 8.0 to 13.0) depending on 

their chemical composition. These HLB values can be attributed to the difference 

of fatty acid chain length, whereas high values can be obtained by using fatty 

acids with short chain length
(3)

. These results indicate that the surface tension of 

sulfonated sunflower oil and sulfated cotton seed oil have almost the same value 

34.0 and 33.0 dyne/cm respectively. On the other hand, the interfacial tension 

values ranged from 10.0 to 14.0 dyne/sec.for both prepared surfactants. Prepared 

anionic surfactants via sulfonation process have better interfacial tension than 

those prepared by sulfatation process (2,5,26). 

 

The results also show that both wetting and foaming power of sulfonated oils 

are higher than those of sulfated oils . These higher values in foaming power of 

surfactant prepared by sulfonation process than those prepared by sulfatation 

process may be attributed to excess SO3 percentage in the prepared surfactants 

than sulfate group percentage (1,13). 
 

Biodegradability of the prepared anionic surfactants 

Biodegradability is defined as the destruction of chemical compounds by the 

biological action of living organisms
(27)

. A simple example for the 

decomposition is as the following: 

Type of surfactant HLP 
pH 

value 

Surface 

tension 

dyne/cm 

Interfacial 

tension 

dyne/cm 

Wetting 

power 

time, sec. 

Foaming 

power 

vol.,ml. 

Sulfated sunflower 

Sulfonated sunflower 

Sulfated cotton seed 

Sulfonated cotton seed 

9.5 

8.0 

13.0 

12.0 

7.4 

7.3 

7.3 

7.1 

38.0 

34.0 

33.0 

31.0 

10.0 

14.0 

11.0 

13.5 

39.0 

42.0 

30.0 

32.0 

135 

144 

129 

132 
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CH2 ـــ  CH2  ┼  CH2  ـــــ   CH2  ┼  CH2  ـــــ   CH2   ┼ CH2  ـــــ   CH2  ┼SO3 

 

Surfactant decomposition occurs every time by attacking 2 carbon atoms. In 

the last 10 years, biodegradability of surface active agent becomes  under 

specific detergent legal requirements in Europe and Egypt as the following as 

given in Table 6. 

 
TABLE 6. Biological legal requirements references. 

  

Biodegradability of anionic surfactants prepared by sulfatation and 

sulfonation are presented in Table 7. 

 
TABLE 7. Biodegradability of prepared anionic surfactants.  

 

 
From the obtained results it can be noticed that all prepared (sulfated or 

sulfonated) anionic surfactants have a degree of biodegradability which are 
higher than 80%  after 14 days. These results are acceptable and meet the 
regulations reported by the Organization for Economic Corporation and 
Development (OECD) method for screening  (OECD 11 – 6 - 76) and easily 
meet 82 / 243 EEC directive requirements. 
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تحضاااار  ( : سيجاااا و س   )مخلفاااالم سيلاج اااار ل زلاواااا   يل  ااااجم 
 منشطلم سيسطح س نرجنرة

 
محلاجد أحلا  عب  سيغفل ،  مجله  محلا  جلال  سي  ن

*
أحلا  عب  سي سزق شلهرن ، 

**
  

عب  سيججسد محلا   برع  
***
  

قسم الزيوت والدهون
*

 –المركز القومى للبحوث  –بات ض، قسم البلمرات والمخ

صر ، م –الجيزة 
**

و الجزائر –كورجال  مدينة
***

جامعة عين  –كلية العلوم  

 .مصر –القاهرة  – شمس

 

ولقد إهتمت الدراسة  بتحديد . يعتبر الموسيلاج منتج ثانوي غني في نسبة الزيت

خصائص الزيوت المستخلصة من موسيلاج زيت عباد الشمس وزيت بذرة القطن 

 , طيفي مثل الرنين النووي المغناطيسيوتحديد خصائصه بإستخدام طرق التحليل ال

(
1
HNMR) وطيف الأشعة تحت الحمراء IR) ) وكروماتوجرافيا الغاز والسائل

(GLC)  نتاج منشطات السطح الأنيونية فقد تم اوللإستفادة من تلك الزيوت في

تحضير نوعين من منشطات السطح الأنيونية من خلال عملية المعالجة بحمض 

ومن خلال عملية السلفنة   (sulfatation)(السلفتة)الكبريتيك المركز 

(sulfonation )ثالث أكسيد الكبريت الجاف    بإستخدام غازSulfur trioxide  .

لزيت عباد الشمس  ٪07وكانت نسبة المنتج النهائي المحضر من منشطات السطح  

 .لزيت بذرة القطن  ٪ 07و 

 

والكبريت في المنتج النهائي تم إجراء تحليل لعناصر الكربون والهيدروجين 

كل من نسبة تقدير  ىهذا بالإضافة إل. لفتة والسلفنة للتأكد من إتمام عمليتي الس

والتوتر السطحي والبيني   (HLB)الطرف المحب للزيت  ىالطرف المحب للماء إل

 ىشطات السطح الأنيونية المحضرة إلوترجع أهمية من .وقوي البلل وتكوين الرغوة

 .جدواها إقتصادياً  ىانها آمنة للإنسان بالإضافة إل ىللبيئة وأيضاً إل أنها صديقة

  

هذا وقد تم دراسة التحلل الحيوي لمنشطات السطح المحضرة حيث أظهرت درجة 

في   ٪ 59أكثر من   ىوصلت نسبة التحلل الحيوي لها إل عالية من حيث تحللها حيث

 .ت البيئية المحلية والعالميةيوم مما يؤكد مطابقتها للإشتراطا 17زمن أقل من

 

 


