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ABSTRACT 

 

The small and medium paper mills usually throw away the black liquor after 

pulping, leading to the pollution problems, whereas the large scale paper mills use the 

black liquor for recovery of chemicals. It is therefore required to have a proper 

management of black liquor in these mills. The black liquor is an aqueous solution of 

lignin residue, hemicelluloses and inorganic chemicals used in the pulping process. 

This study deals with the suitability of organic phenolic polymer structure of 

industrial waste lignin as a useful ingredient (active matter) for detergent powder with 

total substitution of alpha olefin sulfonate (AOS). The lignin proves to be the active 

material of the detergent. The detergent prepared from lignin was tested for its 

properties like detergency, surface tension and foaming. The detergent gives good 

cleaning and brightness to the cloths. 
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INTRODUCTION 

 

Unlike the large scale paper mills which use the black liquor for recovery of chemicals, 

the small and medium mills usually throw away the black liquor after pulping, leading to the 

pollution problems. It is therefore required for these mills to have a proper management of 

black liquor1. The black liquor is an aqueous solution of lignin residue, hemicelluloses and 

inorganic chemicals used in the pulping process. Yang et al. have studied the reuse of black 

liquor from the papermaking industry by acidification2. Black liquor in pulping industry is one 

of the most difficult industry wastewater to treat owing to its high colour and very high 

chemical oxygen demand (COD). Approximately 7 tons of black liquor (15% solids by weight 

of which 10 % are inorganic and 5% are organic) is produced in the manufacture of 1 ton of 

http://www.chemistry-journal.org/
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pulp1. Most of the large kraft pulp mills use recovery boilers and burn much of the black liquor 

they produced, generating steam and recovering the cooking chemicals. Most small and medium 

paper mills do not have a recovery system for black liquor. These mills can utilize the lignin 

of the black liquor for making detergent as lignin can replace the active material of the detergent. 

 A detergent is a surfactant or mixture of surfactants with the cleaning properties in 

dilute solutions. These substances are usually alkylbenzenesulfonates, a family of compounds 

that are similar to soap but are more soluble in hard water. Surfactants (or surface active 

agents) are organic with at least one lyophilic (solvent- loving) group and one lyophobic 

(solvent-fearing) group in the molecule. If the solvent in which surfactant is to be used is water 

or an aqueous solution, then the respective terms ‘hydrophilic’ and ‘hydrophobic’ are used. In 

the simplest terms, a surfactant contains at least one non-polar group and one polar (or ionic) 

group3.  Water has a high surface tension that is it resists distortion at its surfaces (water-air, 

water-oil, water-solid). When a detergent is added, the surfactant molecules accumulats near 

the surface of the water, because the non-polar (hydrophobic) tail of the surfactant wants to 

get away from the water. Since the surfactant disrupts the bonding of water molecules, the 

water distorts and more surfactant molecules fit near the surface. Because the water now has 

reduced surface tension it can permeate previously non-wetable surfaces, such as fabrics. 

 Technical lignins, by products of paper industrial waste, have found widespread 

application as an available renewable bioresource for producing different commercially 

attractive end products, including dispersants, detergents and surfactants4. Lignins, due to the 

peculiarities of its aromatic structure, can easily adsorb at various interfaces, creating mono- 

or multi-interface layers, which provide a decrease of interfacial tension. For obtaining “green” 

surfactants lignins are chemical modified, using various methods of alkylation, sulphonation, 

phenolation, oxidation, polyoxymethylation etc5-8.  Mandavgane et al. have made efforts to 

replace the conventional active matter alpha olefin sulfonate (AOS) from the detergent by 

malinised kraft black liquor 9 Rojas et al., have studied the surface activity of bagasse lignin 

derivatives found in the spent liquor of soda pulping plants10. Industrial waste lignin itself acts 

as surfactant. Trufunova et al. studied the effect of condition of the sulfite deligninfication on 

the surfactant properties of technical ligninsulfonates which was estimated by the Wilhelmy 

method11. Similarly, Selyanina et al. studied the surfactant properties of kraft lignins12. 

Technical lignins can also used as a part of surfactant systems13-15. 

 This study deals with the suitability of organic phenolic polymer structure of industrial 

waste lignin as a useful ingredient (active matter) for detergent powder with total substitution 

of alpha olefin sulfonate (AOS). Physicochemical properties and detergency of various detergent 

formulations using industrial waste lignin was studied and compared with the commercial sample. 

 

EXPERIMENTAL 
 

 For the preparation of detergent powders the following components were used. 
 

1. Lignin  

Lignin was isolated from black liquor by treating it with 20% H2SO4. The obtained 

precipitate of lignin was washed several times with distilled water. The washed lignin was 
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dried at room temperature. The washed lignin then treated with dil. Sulfuric acid in the 

temperature range of 45-50 ºC. The yield of lignin was found to be 117 g/L i, e 17.7%. This 

lignin was used to make detergent. 
 

2. Alpha Olefin Sulfonate (AOS) 

 Alpha olefin sulfonate is of National Chemicals of density 0.960-0.965 g/ml. It is used 

100% based on its actual% solids (40%). AOS provides good wetting and foaming properties 

in hard water. 
 

3. Sodium Carbonate (NaCO3) 

 Sodium carbonate is added as builder of detergent. It provides high alkalinity; soften 

water by precipitation of calcium and magnesium hardness, provided the pH of the solution is 

greater than 9. 
 

4. Sodium Tripolyphosphate (STPP) 

 Sodium tripolyphosphate also do the same work of water softening as done by sodium 

carbonate. It is a builder of the detergent. Builder enhance the action of surfactant, it soften 

the water, to help disperse soils and prevent their redeposition out of solution and to provide 

alkalinity, which assists the dissolving of oil-based soils. 
 

5. Ethylene diamine tetra acetic acid (EDTA) 

 It also softens the water. It form the complex with Ca+2 and Mg+2 and precipitate (fall 

out) of the solution. 
 

6. Carboxy Methyl Cellulose (CMC) 

 CMC is works as anti-redeposition agent prevents soils that have been dislodged from 

fabric being redeposited. Anti–redeposition agents increase the negative charge on the fabric 

surface, so that the surface repels soil particles because they are also negative charged. 
 

7. Sorbitol (70%) 

 Sorbitol is generally used in liquid detergents. Sorbitol has been induced to avoid 

dusty feel and behavior of detergent. Sorbitol also reduces the irritating feel due to high 

proportion of sodium carbonate. 
 

8. Perfume (0.1%) 

 The name of perfume used is Deterclean D03. Perfumes do more than give laundry a 

pleasant smell. They neutralize the inherent odour of the detergent chemicals and also of the 

soils in the laundry wash. They can also enhance mood and help to create pleasant association 

with ‘doing the laundry’. 
 

9. Water 

Water was added to mix up all the above ingredients in detergent powder. 
 

a) Preparation of detergent powders 

 Detergent powders P1, P2, P3 and P4 were prepared by mixing the components given 

in the Table 1 
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b) Analysis of detergent powders 

 The prepared detergent powders P1, P2, P3 and P4 were analyzed for various properties 

 

i) Determination of moisture % 

 The moisture % of detergent 16,17 powders P1, P2, P3 and P4 were measured by 

keeping the known weight of powder in an petridish in an oven at 110 ºC for 1 hr. 

  Moisture % =  
W1−W2

W1
 × 100 

Where, W1= Weight of sample  

 W2 = Weight of sample after kept in an oven for 1 hr. 
 

ii) Determination of pH of powder solutions 

 The pH of the detergent powder solutions (0.1%, 0.25%, 0.5% and 1.0%) were 

measured on ELICO LI 120 pH meter. 
 

iii) Determination of foam volume by Bubble Cylinder Method  
 A 1000 ml cylinder provided with stopper was taken, 50 ml solution of particular 

concentrations was added whose foam characteristics was to be measured. It was given 30 up-

down rotation within time period of 30 seconds, then that cylinder was kept on table and the 

foam above liquid level was observed and the reading was noted in minute. The readings were 

taken after 5 min., 10 min. and 15 min. respectively18. Same procedure was carried out for the 

solution of different concentrations (0.1%, 0.25%, 0.5% and 1.0%). 
 

iv) Determination of surface tension 

 The surface tension of the detergent powder P1, P2, P3 and P4 solutions of varying 

concentrations (0.1%, 0.25%, 0.5% and 1.0%) were measured by Drop Weight Method19-20. 

 The drop weight method requires a stalagnometer to measure the surface tension of 

the liquid. A clean and dry stalagnometer was mounted vertical on stand. The weight of empty 

weighing bottle was already measured. The bottom end of the stalagnometer was deeped in 

the beaker which was full of distilled water.  The balloon of stalagnometer was filled with 

distilled water (from the beaker) up to the mark with the help of tubing. The balloon was 

removed and 20 drops of water collected in the weighing bottle. The weight of 20 drops was 

measured by weighing the bottle. 

 The weighing bottle and the stalagnometer made empty and dry for the next 

measurement. The above procedure was repeated for the every detergent solution. By noting 

the temperature in the lab the surface tension of water was noted from the literature. The 

surface tension of the powder liquids was determined from the equation                                                      

                                          σ = σH2O x m/ mH2O 

Where, 

σ = surface tension of unknown liquid 

σH2O = surface tension of water at 25 ºC (0.07197) 

m = mass of 20 drops of unknown liquid  

mH2O = mass of 20 drops of water 
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v) Determination of % Detergency 

          For the determination of % detergency the stained cloths of cotton and polyster 

samples were washed in solutions (0.1%, 0.25%, 0.5% and 1.0%) of P1, P2, P3, P4 and 

commercial detergents. The cloth samples then after dried and ironed which were used to find 

out detergency 21, 22.  

 The tea and coffee stains were prepared simply by boiling 1 teaspoon of tea and coffee 

in 100 ml water. 

 The % detergency was found out using Lamberts and Senders formula 

                                % Detergency =  
Rw−Rs

  Ro−Rs
× 100     

Where, 

 Rw =Reflectance measured on washed cloth 

 Rs = Reflectance measured on stained cloth 

 Ro = Reflectance measured on original cloth 

 The reflectance of different cloth samples was measured using the reflectance meter 

(Brightness tester for paper/ pulp, cat. No. UEC- 1080 A AI, photovolt type, Universal 

Engineering Corporation, Saharanpur). 

 

RESULTS AND DISCUSSION 

 

Lignin is a complex polymer, built up of hydroxyl phenyl propane units and is 

therefore phenolic in character. In both soda and kraft liquor, the lignin is degraded by cooking 

chemicals and the fragments dissolved in the liquor. The alkali lignin contains two types of 

acidic groups’ phenolic acids and carboxylic acids1. The three monolignols of lignin are given 

in Fig.1. 

Black liquor from kraft pulping was taken as it contains lignin in the form of phenyl 

sulfonates which is the active material in detergent making. From Table 6.1, it is evident that 

lignin varied from 10 to 30%. Similarly, alpha olefin sulfonate (AOS) has been used from 30 

to 10%. A slight high percentage of sodium carbonate i,e 45%  has been used. The proportion 

of sodium tri polyphosphate and EDTA has been restricted to 4% and 0.5% respectively as a 

water softners. A small percentage of sorbitol used to avoid dusty feel of detergent. Carboxy 

methyl cellulose has been used as anti-redeposition agent in 1%. Perfume used is a Deterclean 

D 03 (0.1%) in very small amount 0.8% (see Table 6.1). 

Table 2 shows the analysis of various detergent powders prepared from industrial 

waste lignin. It was observed that as the % of  lignin increase in detergent, the % moisture was 

decreased. The higher percentage of AOS in detergents gives higher moisture%. The pH of 

0.1%, 0.25%, 0.5% and 1.0% solutions of P1, P2, P3 and P4 powders are in the range of 9.2- 

10. As the concentration of solutions increased, the pH increases slightly. The higher pH is 

good for cleaning purpose. It is observed that the foaming gradually decreases from P1 to P4. 

This is because in P1 foaming wholly contributed by AOS whereas in P2 and P3 moderate 

foaming was obtained due to synergism of lignin and AOS. However, P4 gave very less 

foaming because of absence of AOS. The surface tension of detergent powders P1, P2, P3 and 
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P4 was determined by drop weight method. From the Table 2, the surface tension shows good 

results with increase in lignin percentage in the detergent, which indicates good detergency. 

With the increase in percentage of lignin there is a decrease in surface tension was observed. 

Table 3 shows the % detergency of P1, P2, P3, P4 and commercial detergent powder 

for tea and coffee stains on cotton and polyster cloths. It was observed that the highest stain 

removing ability of detergents made from lignin is up to 97% for polyster and up to 96% for 

cotton. The detergency of detergent prepared by using Industrial waste lignin by partially 

replacing AOS has better values as compared to commercial detergent. 
 

 
Fig. 1 Structure of precursors of lignin 

 

 

Table 1: composition of detergent powders based on lignin 

 

Sr. 

no. 
Ingredients 

Samples (% by weight) 

P1 P2 P3 P4 

1. Lignin - 10 20 30 

2. AOS 30 20 10 - 

3. Na2CO3 45 45 45 45 

4. STPP 4 4 4 4 

5. EDTA 0.5 0.5 0.5 0.5 

6. CMC 1 1 1 1 

7. Sorbitol 7 7 7 7 

8. 0.1% Perfume 0.8 0.8 0.8 0.8 

9. Water 11.7 11.7 11.7 11.7 
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Table 2 Analysis of prepared detergent powders 
 

Powder 

Detergent 

Moisture 

(%) 

Concentration 

(%) 

Foam volume (ml) 

pH 

Surface 

tension 

(dynes/cm) 

0 

min 

5 

min 

10 

min 

15 

min 

P1 20.68 

 

0.1 250 200 175 150 9.50 35.92 

0.25 325 275 225 225 9.80 34.96 

0.5 400 325 300 300 9.90 33.30 

1.0 425 350 325 325 10.0 32.50 

P2 
19.47 

 

0.1 175 150 240 230 9.40 38.11 

0.25 350 300 250 240 9.50 37.45 

0.5 435 350 300 250 9.50 36.95 

1.0 375 360 340 325 9.45 36.03 

P3 
16.40 

 

0.1 130 120 105 95 9.30 33.18 

0.25 175 170 160 150 9.40 31.44 

0.5 400 335 325 250 9.50 31.20 

1.0 390 350 325 300 9.60 30.26 

P4 14.33 

0.1 130 120 115 100 9.25 29.48 

0.25 140 135 110 95 9.21 28.12 

0.5 125 115 100 90 9.23 26.57 

1.0 120 105 90 80 9.23 24.29 

 

Table 3 Detergency of detergent powders on Cotton and Polyster cloths 
 

Cloth Stain % concentration P1 P2 P3 P4 
Commercial 

powder 

Polyster 

Tea 

0.1 92.92 92.35 90.64 89.07 89.47 

0.25 93.41 94.63 91.52 91.08 86.4 

0.5 93.98 96.09 92.69 91.85 90.88 

1.0 97.07 97.32 97.13 94.68 91.30 

Coffee 

0.1 88.30 88.36 92.93 92.51 88.55 

0.25 91.23 90.71 94.14 93.09 90.11 

0.5 92.98 91.19 95.68 94.79 91.21 

1.0 94.15 92.98 96.69 96.05 91.87 

Cotton 

Tea 

0.1 85.64 90.14 91.51 89.07 82.31 

0.25 87.09 92.39 93.09 91.08 86.39 

0.5 87.92 93.64 94.79 92.09 89.01 

1.0 89.17 94.56 96.05 94.68 91.48 

Coffee 

0.1 86.15 85.33 84.96 86.95 84.21 

0.25 87.78 86.99 86.91 87.78 87.85 

0.5 89.57 89.90 88.28 89.57 89.91 

1.0 90.98 90.05 90.05 90.98 91.26 

 

CONCLUSION 

 

Detergent powders P2 and P3 are appear to be best, which are combinations of lignin 

and AOS. Very small amount of STPP was used and therefore, the problem of pollution 

reduced considerably. The detergents P2, P3 and P4 are more eco-friendly than the commercial 
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one. However the lignin powder have low foaming characteristic and is slightly coloured but 

it shows higher detergency than commercial one. The incorporation of lignin in detergent 

powder helps to reduce the pollution load of the environment. The cost of lignin detergent is 

lower than the commercial detergents as the expensive active component has been replaced by 

low cost industrial waste lignin. 
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