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Abstract: Sewage sludge management is one of the major environmental issues these days. Sewage sludge is generated from the 

sewage treatment plants, and this by-product is something that is not going to stop getting produced. As a result, it has become 

extremely important to manage this sewage sludge in a proper, well defined manner. One of the best alternatives for managing this 

sludge is to use it as a raw material in some other industry. This work studies the use of sewage sludge as a raw material for 

manufacturing lightweight aggregates. 

Lightweight Aggregates were produced using various proportions of sewage sludge and clay. On the basis of this, four different 

types of aggregates were made with sewage sludge percentages 20%, 30%, 50% and 80%. Lightweigth aggregate with 20% sewage 

sludge proportion is found to be most economical and strong. Hence, the optimum ratio of sewage sludge from the study undertaken is 

found as 20% which is used for LWA-A. In the study, various tests like, crushing value test and water absorption test were carried 

out. LWA-A with 20% sewage sludge was found to be passing all these tests.       
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I. INTRODUCTION 

Sewage Sludge is a by-product collected at the end of Sewage and Water Treatment facility. Human activity is the main reason 

for the generation of Sewage Sludge. For this reason, there seems no chance of reduction in the quantity of sewage sludge generation 

in future. 

Another reason for the increased rate of sewage sludge generation is the population expansion. There are various methods to deal 

with sewage sludge like, landfilling, incineration, using as a raw material, and so on.     

Landfilling is the most commonly used method. Availability of land is the main problem with this method these days. Due to the 

problem of increasing population at our door step, it is not easy to get some spare land for sewage disposal. Disposal of sewage sludge 

by incineration on the other hand is uneconomical.   

For these reasons sewage sludge management is an important issue in this recent time. Lots of research work is been carried out 

in this sector to find an appropriate alternative for disposal. That is where; the third method of sewage sludge management comes into 

picture, which is, use of sewage sludge as a raw material. 

If we are able to use sewage sludge as a raw material, it will make us free from the trouble of managing that sewage sludge.   

It is our prime duty as an environmental engineer to dispose off industrial as well as non-industrial wastes. For the treatment and 

management of industrial waste we use options like incineration, use as an alternate fuel, bio-methanation, landfilling, combustion 

and gasification, fermentation, composting etc. For different types of industrial waste there are various methods used for waste 

treatment and disposal of this waste.   

For the better way of management of waste, we need to think on recycling and reuse of waste. By recycle and reuse of waste we 

can easily handle large quantities of the waste and also manage it in a better way and dispose off the waste. 

II. MATERIALS AND METHODS 
For the preparation of lightweight aggregates, sewage sludge and clay is used. Sewage Sludge is the main material in this study. 

Table 1 and 2 shows the physical and chemical properties of sewage sludge collected. As seen from the characteristics, the sludge 

collected is dried with very small amount of moisture retained in it. 

Physical properties of sewage sludge are very much important to carry out this study. Before manufacturing lightweight 

aggregates it is important that we find out the physical as well as chemical parameters of the sewage sludge collected. 

It can be seen from the data in Table 1 that the sewage sludge collected is having very low moisture content. It shows that the 

sewage sludge collected is dried sewage sludge.   

The low moisture content also shows that the dry mass of the sewage sludge collected is very high. From the Table 1 it can be 

seen that loss on ignition of the collected sewage sludge is 2.4%. 

 

http://www.ijcrt.org/


www.ijcrt.org                                         © 2018 IJCRT | Volume 6, Issue 2 April 2018 | ISSN: 2320-2882 

IJCRT1812710 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 550 

 

Table 1 Physical Properties of Sewage Sludge 

Sr. No. Parameter Result 

1 Specific Gravity 1.116 

2 Density (g/mL) 1.114 

3 Moisture Content (%) 0.94 

4 Dry Mass (%) 99.05 

5 Loss on Ignition (%) 2.4 

Source : Environmental Engineering Laboratory, BVM College, Vallabh Vidhyanagar 

Table 2 Chemical Properties of Sewage Sludge 

Sr. No. Parameter Test Result 

1 Zinc (Zn), ppm 389.94 

2 Copper (Cu), ppm 448.86 

3 Lead (Pb), ppm 100.02 

4 Nickel (Ni), ppm 30.96 

5 Phosphorous (P), ppm 33.63 

Source : Geo Test House, Vadodara 

Sewage Sludge used in this study is collected from a Sewage Treatment Plant in Vallabh Vidhyanagar area of Anand district of 

Gujarat. On the other hand clay used is the locally available black clay. Clay was collected from the outskirt of the Anand district. 

2.1 PREPARATION OF LIGHTWEIGHT AGGREGATES 

For the preparation of lightweight aggregates, the very first step involved drying of sewage sludge and clay. Both the materials 

are dried at 105oC. After drying of material, both of these starting materials are mixed in appropriate proportions by percentage 

weight. On the basis of the percentage of sewage sludge, four different types of aggregates are prepared namely, LWA-A, LWA-B, 

LWA-C and LWA-D. Once the mixture of sewage sludge and clay is ready, appropriate quantity of water as needed to get proper 

workability is added and round pellets of nearly 16 mm diameter are formed. Finally, these pellets are sintered at 1100oC temperature 

for 30 minutes. The final product obtained after sintering is the lightweight aggregates. 

2.2 TYPES OF LIGHTWEIGHT AGGREGATES PRODUCED 

On the basis of percentage of sewage sludge in the mix, four different types of lightweight aggregates are produced.  

LWA-A (SS:C- 20:80) 

LWA-B (SS:C- 30:70) 

LWA-C (SS:C- 50:50) 

LWA-D (SS:C- 80:20) 

Figure 1 shows the manufacturing process of lightweight aggregates.  

http://www.ijcrt.org/


www.ijcrt.org                                         © 2018 IJCRT | Volume 6, Issue 2 April 2018 | ISSN: 2320-2882 

IJCRT1812710 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 551 

 

As shown in the picture, first of all sewage sludge is collected from the sewage treatment plant. Than sewage sludge and clay are 

grinded into fine powder form. After that, sewage sludge and clay are mixed into various proportions. After mixing, appropriate 

quantity of water is added to get the desired workability. 

At last, the mix is converted into round pellets and sintered at high temperature which gives us lightweight aggregates. 

 

 

Figure 1 Manufacturing process of lightweight aggregates 

III. PHYSICAL PROPERTIES OF LIGHTWEIGHT AGGREGATES 

3.1  Water Absorption 

Water absorption of the lightweight aggregates is determined as per the method described in IS 2386 (Part III) – 1963. The 

parameter was calculated using the equation (1). 

Water Absorption (%) = [(B-C)/C]*100                                                                                                                                 ………. (1) 

Where, B = Weight of surface dry aggregate in air 

            C = the weight in g of ovendried aggregate in air 

3.2  Crushing Value Test 

Crushing value of the produced lightweight aggregates is found as per IS 2386 (Part IV) – 1963 by using equation (2). 

Aggregate Crushing Value = (B/A)*100                                                                                                                                 ………. (2)   

Where, B = weight of fraction passing the appropriate sieve 

            A = weight of surface-dry sample 

IV. RESULTS AND DISCUSSION: 

Table 3 shows the crushing value and water absorption for the lightweight aggregates. 

The physical properties of the lightweight aggregates were determined as per the standards. Table above shows various test 

results for four different types of lightweight aggregates produced.   

It can be seen from the data in figure 2 that with the increase in the amount of sewage sludge, the crushing strength of the 

lightweight aggregates produced decreases. Hence, the lightweight aggregate with the minimum amount of sewage sludge (LWA-A) 

is having the maximum crushing strength. 

On the other hand, lightweight aggregate with the maximum amount of sewage sludge (LWA-D) is said to have minimum 

crushing strength. LWA-A and LWA-B are said to have crushing value within the limit and can be used for purposes with less wear 

and tear. 

Table 3 Crushing Value and Water Absorption of Lightweight Aggregates  

Sr. No. Lightweight 

Aggregates 

Ratio  

(SS:C) 

Crushing Value Water Absorption 

1 LWA-A (20:80) 35 12.54 

2 LWA-B (30:70) 44.14 15.33 

Collection of 
sewage sludge 

from STP

Weight of material Various ratios of 
Sewage Sludge and 

Clay

Mixing of material Production of raw 
LWA

Sintering of LWA 
at 11000 C
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3 LWA-C (50:50) 54 20.27 

4 LWA-D (80:20) 59 23.35 

 

Figure 2 Various types of Lightweight Aggregates vs Crushing Value of Lightweight Aggregates 

 

 Figure 3 Various types of Lightweight Aggregates vs Water Absorption 

Lightweight aggregate LWA-A is having the maximum crushing value i.e. 35 %. LWA-B is having the crushing value of 44.14 

% which is 26.11% more than LWA-A. In the same way, LWA-C is having the crushing value of 54%, which is 54.28% more than 

LWA-A. In the end, LWA-D is having 68.57% more crushing value than LWA-A. 

Figure 2 shows the decrease in crushing strength with increase in sewage sludge proportion. 

Figure 3 shows change in water absorption with change in percentage of sewage sludge. From table 3 it can be seen that water 

absorption of the lightweight aggregates is dependent on the amount of sewage sludge used. There is a direct relation between water 

absorption and percentage of sewage sludge. For the lightweight aggregates with minimum amount of sewage sludge (LWA-A), water 

absorption is minimum. 

Also, it is evident from figure 3 that lightweight aggregate with maximum amount of sewage sludge (LWA-D) shows maximum 

water absorption.  
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Water absorption in LWA-A is 12.54%. Water absorption in LWA-B is 22.24% more than LWA-A, having the value of 15.33%. 

Also, water absorption in LWA-C is 20.27% which is 61.64% more than the value in LWA-A. In the end, LWA-D is having the 

highest amount of water absorption, which is 86.20% more than that in LWA-A and have the value equal to 23.35%.  

Also, water absorption and crushing value for the lightweight aggregate is interdependent. For the lightweight aggregate with 

minimum water absorption crushing strength seems to be maximum. This might be due to the fact that with the increase in water 

absorption there is increase in porosity which ultimately leads to decrease in crushing strength.   

Water absorption for LWA-A, which is considered to be the optimum type of lightweight aggregate is found to be 12.54%, 

almost same as that of Lytag which is 12.3. [13]  

Water Absorption for LWA-A and LWA-B is said to be within the limit and hence out of both of these two, lightweight 

aggregate with the minimum water absorption i.e. LWA-A is considered to be of optimum type. 

V. CONCLUSION 

Lightweight aggregates prepared using sewage sludge is cheap when compared with other commercial lightweight aggregates 

available. When compared with expanded clay shell lightweight aggregates, it was found out that lightweight aggregates prepared by 

this method are almost 26.5 % less expensive.  

In case of strength of lightweight aggregates, lightweight aggregates LWA-A and LWA-B are in the limiting range of crushing 

values of 35% and 44.14% respectively. Hence, both of these lightweight aggregates can be used in the less wearing course or where 

there is less wear and tear. On the other hand, one can also try to produce lightweight aggregates with 10% sewage sludge proportion. 

There are chances of this type of lightweight aggregates to get better crushing value than those made in this study.  

Over and above, the lightweight aggregate prepared with 20% sewage sludge and 80% clay (LWA-A) is said to be good in 

strength compared to the other three and can be used in construction.  

At the same time, water absorption for LWA-A is minimum and hence lightweight LWA-A can be said to be the best suited 

lightweight aggregate.   
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