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Introduction

The Indian vegetable oil industry is slowly exploring the possibility of added value to the by-

products of oil processing industry. This area constitutes an immense promise and potential for 

scientists, researchers, technologists and R & D personnel to focus their attention on. The product 

consisting essentially of a mixture of fatty acids obtained by the treatment of soap-stock with a 

mineral acid solution is termed ‘Acid Oil’. Large amount of acid oils are produced in the country 

by acidulation of soap stock obtained from alkali refining of oils and fats. They are available at low 

price.   

Liquid detergents are becoming increasingly popular for washing of all kinds because of their 

convenience, ease of dispensation and dispersion in water. Liquid detergents are also convenient 

for pretreating stains. Moreover they can be manufactured using relatively simple set up which 

does not required extensive investment.  They can be made from a variety of starting materials 

but in every case the plant is same. A vessel made up of noncorrodible material equipped with 
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a slow speed stirrer positioned well under the surface of the liquid to avoid foaming, is all that 

is required [1].

India has large number of alkyd resin plants producing resins for coating industries. Such plants with 

little modification like having the vessel lined with glass-fiber reinforced plastics can be utilized for 

making liquid detergents. Both, the heavy and light duty liquid detergents are made from petroleum 

based active substances such as linear alkyl benzene sulphonate (LABS) and alpha olefin sulphonate 

[2] (AOS). Formulatory trials are necessary for achieving cost effective, acceptable and easily 

biodegradable product from polymeric surfactants derivable from natural materials.

The use of polymeric additives in liquid and powder detergents has been reported earlier [3-6].The 

polymeric surfactants based on vegetable oils enable phosphate free detergent formulations which 

are ecofriendly and biodegradable. The polymeric liquid detergents from oil recovered from spent 

bleaching earth have also been successfully synthesized [7].  

The present study utilizes acid oil, a plentiful by-product of oil refining for making alkyd resin 

with rosin which itself is a surface active agent [8]. The synthesized polymeric surfactant has been 

evaluated as an active matter with sodium lauryl sulphate (SLS) in place of conventional LABS for 

liquid detergent formulations.

Experimental

Acid oil was procured from Ashwin Vanaspti Ltd, Samlaya, India. Physicochemical characteristics 

of acid oil determined by standard BIS methods [9] are shown in the Table 1.

Table 1. Physico-chemical characteristics of acid oil.

Sr. No. Characteristics Value
1. Acid Value 

(mg KOH/gm) 
129

2. Sponification Value 
(mg KOH/gm) 

195.8

3. Iodine Value 86.3
4. Specific gravity at 250 C 0.924

Fatty acid composition of oil determined by gas liquid chromatography [10] (GLC) of methyl 

esters using capillary column (2 m x 0.32 mm) packed with 50% cynopropyl phenyl polysiloxane 

(BP225) at 220ºC with nitrogen as carrier gas (flow rate 10 mL / min) using FID at an injector 

temperature of 250 ºC are shown in the Table 2.
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Table 2.  Fatty acid composition of acid oil.

Fatty Acid % Composition
Palmitic 15.24

lauric 19.17
Oleic 10.09

Linoleic 20.96
Arachidic 9.20

lower saturated fatty acids 12.58

Glycerine, calcium octoate ( 3% Ca), litharge, rosin, benzoic acid, phthalic anhydride, maleic 

anhydride, alpha olefin sulphonate (AOS), sorbitol, sodium lauryl sulphate, EDTA, urea, NaOH 

and poly vinyl alcohol (PVA) used were of laboratory grade.  

Synthesis of Alkyd Resin [11]

All the ingredients are taken as indicated in the receipe (Table 3).

Table 3. Receipe for alkyd resin.

Sr.No. Ingredients Weight (g)
1. Acid oil 133
2. Glycerin 127
3. Rosin 300
4. Maleic anhydride 20
5. Benzoic acid 20
6. Phthalic anhydride 105
7. Litharge 0.025
8. Calcium octoate (3% Ca) 0.7

Acid oil (133 g), glycerine (67 g), Calcium octoate (0.7 g) and litharge (0.025 g) were charged and 

heated together slowly to 250°C in a vessel fitted with stirrer and thermometer. The temperature 

was maintained between 250-260°C for monoglyceride formation indicated by solubility of the 

reaction mass in methanol (1:3 ratios). The temperature was reduced to 150°C and glycerin (60 

g) was added. The temperature was maintained between 150-160°C for 15 min, then reduced to 

100°C and rosin (300 g), benzoic acid (20 g), phthalic anhydride (105 g) and maleic anhydride 

(20 g) were added. The temperature was increased to 135-160°C in 30 min and then to 250°C. 

The temperature was maintained at 250°C untill the viscosity of reaction mass (50% solid in 

mineral turpentine oil) increased to G-H gardner (50 to 60 sec in ford cup IV).
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Neutralization and Water Dispersion of Alkyd Resin [6]

In a beaker, the resultant alkyd resin (100 g) was melted and then cooled to 80ºC. Required 

amount of 30% NaOH solution was added to alkyd resin with constant stirring so as to get 

slightly alkaline solution of polymer with pH 7.5. 

Manufacture, Analysis and Testing of Liquid detergent [12]

Five liquid detergent samples (Table 4) were prepared using different concentrations of alkyd 

resin with sodium lauryl sulphate (SLS), alpha olefin sulphonate, poly vinyl alcohol, sorbitol, 

EDTA, urea and NaOH in a beaker and stirring was continued for 30 minutes. A clear solution 

of liquid detergent was obtained. The surface tensions of liquid detergents were measured using 

stalagnometer. Foam was measured using mechanical agitation in a closed vessel method.

Table 4. Composition of liquid detergents (% wt) [13].

Sr.No. Ingredients AOLD1 AOLD2 AOLD3 AOLD4 AOLD5

1. SLS 7.0000 6.0000 5.0000 4.0000 3.0000
2. AOS 5.5696 5.5696 5.5696 5.5696 5.5696
3. Alkyd resin 1.0000 2.0000 3.0000 4.0000 5.0000
4. Sorbitol 5.6000 5.6000 5.6000 5.6000 5.6000
5. Urea 3.0000 3.0000 3.0000 3.0000 3.0000
6. EDTA 0.5000 0.5000 0.5000 0.5000 0.5000
7. PVA 1.0000 1.0000 1.0000 1.0000 1.0000
8. Water 76.0908 75.8312 75.6116 75.3305 75.1324
9. NaOH 0.2396 0.4792 0.7188 0.9999 1.1980

Determination of foaming power [14] 

20 ml liquid detergent solution was taken in 100 ml measuring cylinder provided with stopper. 

The solution was vigorously shaken for 15 sec and foam volume was measured immediately 

and after five minutes.

 

Determination of surface tension [15]

The liquid was drawn into the stalagnometer and allowed to run out. The numbers of drops that 

fall between the two graduations were counted while the liquid was allowed to flow out. The rate 

of fall should be about one drop per second. If the rate was too rapid, the length of the capillary 

was extended. Determination was conducted in duplicatation against the distilled water at the 
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same temperature. Finally the surface tension was calculated using following formula, 

         Surface tension of liquid detergent = (ηw/ ηLD) × νw×ρ

Where,  ηw    = no. of drops of distilled water.

              ηLD = no. of drops of liquid detergent.

              νw  = surface tension of distilled water.

              ρ   = specific gravity of liquid detergent with reference to distilled water.    

          

Detergency Test

Soil Medium

In pestle and mortar, coconut oil (35.8 g) was slowly added to a mixture of carbon black (28.4 

g), lauric acid (17.9 g) and mineral oil (17.9 g) to form thick paste. The components were 

ground in pestle mortal for 1-2 h to get fine powder and smooth filling. The paste was mixed 

well with carbon tetrachloride (500 ml) and used for soiling of cloths.

 

Fabric Soiling

The white cotton fabrics (10 × 10 cm) were taken and dipped in the above medium for 10 min. 

These soiled fabrics were kept for drying in open-air for 2 days.

Washing

The washing was done using Terg – O – Tometer  [7]  (US Testing Company) as follows: speed, 

100 rpm; washing solution, 1000 ml; washing time, 15 min; rinsing time, 10 min; temp, 50ºC; 

and water hardness, 250 ppm. Different concentrations (0.1, 0.25 and 0.5%) of liquid detergents 

were used for washing. Same concentrations were tried with commercial liquid detergent. After 

washing, the detergency (%) was calculated using Lambert and Sanders formula [16].

Detergency % =   (Rw − Rs) × 100/ (Ro −Rs)

Where, Rw, Rs and Ro are the reflectance measured on washed fabrics, soiled fabrics (before 

washing), and unsoiled fabrics respectively.  

Results and Discussion

Alkyd resin polymeric compositions were prepared. The amount of rosin in polymer was quite 

high (42.50%). The amount of acid oil was maintained at lower level (18.84%). Normally, 

incase the oil is reducted to below 30 %, it is very difficult to prepare alkyd resin polymer due to 
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gelation. But a short oil rosinated alkyd resin polymer was prepared, due to use of chain stoppers 

benzoic acid and rosin. Rosin helps the smooth progress of polymerization without gelation and 

water reducibility. Liquid detergents based on different combinations of SLS and AOS with 

alkyd resin were formulated (Table 4). The formulations also contained usual ingredients such 

as poly vinyl alcohol, urea, sorbitol, NaOH and EDTA. SLS was used as foaming agent. EDTA 

was used as water softener and AOS was used as fabric softener.

Since the prepared liquid detergent compositions were made without phosphates (which are banned 

for use in many parts of the world), they are easily biodegradable and environmental friendly, 

unlike phosphate containing liquid detergents which cause problem of eutrophication.

All the prepared compositions were evaluated for foam volume, surface tension and percent 

detergency and compared with commercial samples (Table 5-8). All the tests were conducted 

as indicated in the Indian standard [17, 18].

Table 5. Foam volume, surface tension at 0.1% concentration of detergent in water.

Sr.No. Samples Foam volume (ml)
min

Surface tension
Dyne /cm

0 5 10
1. AOLD1 28 28 27 54.837
2. AOLD2 26 25 25 54.782
3. AOLD3 25 24 23 54.670
4. AOLD4 24 23 22 54.502
5. AOLD5 22 21 20 53.421
6. commercial

liquid detergent 23 22 21 54.020

Table 6. Foam volume, surface tension at 0.25% concentration of detergent in water.

Sr.No. Samples Foam volume (ml)
min

Surface tension
Dyne /cm

0 5 10
1. AOLD1 50 46 44 52.825
2. AOLD2 46 43 42 52.704
3. AOLD3 44 42 41 52.573
4. AOLD4 42 40 37 51.557
5. AOLD5 39 37 35 50.470
6. Commercial

liquid
detergent

41 38 36 51.501
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Table 7. Foam volume, surface tension at 0.5% concentration of detergent in water.

Sr.No. Samples Foam volume (ml)
min

Surface tension
Dyne /cm

0 5 10
1. AOLD1 78 72 69 48.514
2. AOLD2 71 68 65         47.637
3. AOLD3 64 58 54 45.833
4. AOLD4 54 49 44 44.408
5. AOLD5 46 43 40 44.221
6. Commercial

liquid
detergent

52 48 43 44.315

AOLD1, AOLD2, AOLD3 and AOLD4 gave higher foam volume compared to commercial sample 

while AOLD5 generated lower foam volume. As the percentage of alkyd resin is increased in 

the composition of liquid detergents, foaming characteristics are decreased and this property of 

alkyd resin can be utilized to develop a foamless detergent for washing machines. The percent 

detergency of all the prepared samples matches fairly with commercial sample. In fact, AOLD1 

and AOLD3 at 0.1% & 0.25% concentration gave better results compared to commercial liquid 

detergent. The surface tension values of prepared samples are close to that of commercial 

sample.
Table 8. Detergency (Soil removal) of liquid detergent for soiled cotton fabric.

Sr. No. Samples Concentration (%) Detergency (%)
1. AOLD1 0.1 49.4  
2. 0.25 51.7
3. 0.5 53.2
4. AOLD2 0.1 46.6
5. 0.25 48.4
6. 0.5 50.6
7. AOLD3 0.1 49.3
8. 0.25 51.6
9. 0.5 53.2
10. AOLD4 0.1 46.5
11. 0.25 48.5
12. 0.5 50.4
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13. AOLD5 0.1 45.6
14. 0.25 47.7
15. 0.5 49.4
16. Commercial 0.1 47.1
17. liquid 0.25 51.2
18. detergent 0.5 53.4

The conventional commercial detergents contain LABS as active ingredient. It is a petroleum 

product and causes environmental problems. In our finding, the total replacement of LABS by 

alkyd resin polymer and SLS (all vegetable in origin) is carried out. Hence, the prepared detergents 

are ecofriendly as compared to commercial detergent, which are synthetic and petroleum based. 

In experimental liquid detergents, active matter is less (8%) than other available detergents (10-

15%). So the cost of detergent is lower. 

   

Conclusion

With respect to utilize and impart value addition to acid oil, a by-product of oil refining, 

alkyd resin, a polymeric surfactant was synthesized to assess the feasibility of its application 

for liquid detergent formulation in association with SLS instead of using LABS. Polymeric 

surfactants had demonstrated their utility as an active ingredient of detergent. All the prepared 

compositions of liquid detergents have comparable performance to commercial one with respect 

to detergency percentage and surface tension. Foaming property is reduced as the amount of 

polymer increases. Main ingredients of polymer liquid detergents are natural in origin; hence 

the prepared liquid detergent compositions are economic and ecofriendly. 
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