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Abstract: The hypo sludge or paper mill sludge 

manufacturing industry generates significant quantities of 

waste, including an extremely humid sludge. In order to 

introduce environmental effects related to the paper 

manufacturing industry, there is a need to use the generated 

waste sludge and develop alternatives. This generated Hypo 

sludge have the high amount of Silica and lime and due to 

this compound, it works like a binder in the construction 

industry and by using this waste sludge we can make the 

concrete industry sustainable.  This hypo sludge is used in 

the construction industry as a binder in concrete, 

manufacturing of fired bricks and as a Hydraulic Road 

Binder (HRB). This paper suggests the possibility of using 

hypo sludge or waste paper sludge ash in the construction 

industry and gives the advantages on the usage of the hypo 

sludge in construction work. 
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1. Introduction 

 

The effluent coming from the paper industry known as Paper 

mill sludge also known as waste paper sludge ash, hypo 

sludge. Estimated India produce 20 to 25 million tons of paper 

sludge every year. Paper fibers can be recycled limited num. 

of times. Paper sludge at approx. 800
0
 C converts into ash. 

This ash passes through a 90µm sieve. This ash is known as 

hypo sludge ash. About 35% of the material which is entering 

in the paper mill industry becomes residue. This residue is 

going to be rejected. At present some industries produce 

energy from this residue around 56% energy of paper industry 

is produced by those residues. The disposal of this residue has 

put a great burden on the pulp and paper industry, which have 

to handle with an ecological and economical manner. This 

waste residue release in the air in form of stake gases and in 

water in the form of effluent. The production of sludge is in 

large amount so we have to find other alternatives to use that 

sludge. Making of 1 ton of paper gives 300 to 500 Kg of 

sludge.  Currently, we are using this sludge in landfilling and 

in incineration for energy production. But there is difficult to 

locate a site for landfills and is costly construct also. Different 

factors affecting the landfills are stringent regulation, land 

availability and public opposition. The other use of sludge is it 

can use in the production of ceramics, soil stabilization etc. 

The sludge has the property like silica (SiO2), alumina (Al2O3) 

and lime (CaO), due to these properties, the sludge behaves 

like cement so we can use this sludge in the construction 

industry and by using this sludge we can make the 

construction industry more sustainable. Alternative uses for 

sludge ash, such as bricks and cement, are an excellent option 

if a user can be found near the mill and if long term contracts 

can be acquired. This paper shows the use of hypo sludge in 

the construction industry as a binder in concrete, 

manufacturing of bricks and as HRB.   

 After incinerating the sludge in incineration we get 

the sludge ash. This sludge has reactive silica, alumina, and 

lime which is the ingredients of Portland cement. By using 

this sludge ash we can make the lightweight and low-cost 

concrete.   

 India is the second largest country in the production 

of bricks after China. It produces about 250 billion bricks out 

of 1500 billion per annum worldwide. By using the hypo 

sludge in brick manufacturing industry we can save the 

natural resources which are used for manufacturing of brick 

and also we can make low-cost brick.  

 In hydraulic Road Binder (HRB), Due to the 

presence of lime sludge can use as a binder also. To make 

effective use of sludge we add gypsum in at the time of 

constructing of a road. The ratio is 80% sludge and 20 % 

gypsum. The results are satisfactory in comparison with the 

conventional commercial binder. 

The table 1shows comparison of physical properties of cement 

and hypo sludge and table 2 shows Comparison of chemical 

properties of cement and hypo sludge. 

 

Table 1: Comparison of physical properties of cement and 

hypo sludge  

physical 

properties 

Ordinary Portland 

Cement (OPC) 

Hypo sludge 

Specific 

Gravity 

3.10-3.15  g/cm
3
 2.5 to 3 g/cm

3
 

 

Fineness 3000 – 5000 cm
2 

/g 

3000 to 6000 cm
2
 

/g 

Particle size 

distribution 

consistent highly inconsistent 

and dependent on 

grinding 

Color gray Light to medium 

gray  
(source:https://www.researchgate.net/publication/279331560_Utiliza

tion_of_Waste_Paper_Sludge_in_Construction_Industry) 

Table 2: Comparison of chemical properties of cement and 

hypo sludge [6] 

Chemical Properties Ordinary Portland 

Cement (OPC) 

Hypo Sludge 

 % by Mass 

Silicon Dioxide 

(SiO2) 

21.77 5.28 

Calcium Oxide 

(CaO) 

57.02 47.84 

Magnesium Oxide 2.71 6.41 
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(MgO) 

Sulphur Trioxide 

(SO3) 

2.41 0.19 

Aluminium Oxide 

(Al2O3) 

2.59 0.09 

Ferric Oxide 

(Fe2O3) 

0.65 0.73 

 

2. Literature Review 

 

Literature review is the core of the review paper. Following 

are some literature review from various national and 

international journals on use hypo sludge in concrete 

industries. 

 

Sumit A. Balwaik et al. examined the behavior of concrete 

with the waste paper sludge by replacement of cement in 

different   proportion at 5%, 10%, 15%, and 20%. This helps 

to reduce the disposal problem of sludge and enhance the 

properties of concrete. They conducted various tests like 

Compressive strength, splitting tensile strength and flexural 

strength test. After conducting the test they concluded that 5% 

replacement of cement with sludge prove too efficient and 

economical. [12] 

 

Sajad Ahmad et al.
 
(2013) studied the behavior of concrete 

with the hypo sludge ash by replacement of cement with 

different proportion at 5%, 10%, 15%, and 20%. They had 

conducted the different test on casted concrete like slump test, 

compressive strength test, splitting cylinder test, water 

absorption test, and lightweight character test. The result table 

is given below. The test value is high at 5% replacement so it 

is proved to be safe. The table 3 shows different test is given 

below. [6] 

Table 3: Various test result 

  

Pap

er 

slud

ge 

Ash 

(%) 

Ceme

nt 

(Kg/m
3) 

 

Paper 

sludge 

Ash 

(Kg/m
3) 

 

Compressive 

strength test 

Splitting 

cylinder test 

Slum

p 

(mm) 7 days 

(N/m

m2) 

28 

days 

(N/m

m2) 

7 

days 

(N/m

m2) 

28 

days 

(N/m

m2) 

0 425.8

0 

0.00 21.48 28.0

7 

2.122 2.546 25 

5 404.5

7 

21.29 23.628 32.3

43 

2.225 2.688 24 

10 383.2

2 

42.58 20.15 26.2

9 

2.157 2.510 20 

15 361.9

3 

63.87 17.92 24.7

2 

2.051 2.334 16 

20 340.6

4 

85.16 15.14 22.1

7 

1.768 2.122 13 

P. Segui et al.  (2012) investigated that Hydraulic Road 

Binder (HRB) have the highest amount of paper sludge. They 

firstly fond physical and chemical property. For better result, 

they add gypsum with lime because gypsum reactivity is good 

with paper sludge. This study leads to the optimization of an 

HRB rich in WSA, the characteristics of which have been 

tested on mortars. [5] 

 

Gaurav Goel et al.
 

 (2017) carried out a study on the 

manufacturing eco-friendly and lightweight bricks with the 

replacement of cement with paper mill sludge. Firstly they 

derived the physical, chemical, and other characteristics. 

Finally, they found the optimal composition of hypo sludge 

and soil for making the brick with consideration of Indian 

codes. [9] 

 

S. K. Singh et al. (2018) studied soil and different proportions 

of De-inking paper mill sludge (DPMS) mixed to manufacture 

the bricks at 900
0 

C, 950
0 

C, 1000
0 

C. They derived the 

physical and chemical property of developed bricks. They use 

X-ray diffraction (XRD) and Scanning Electron Microscopy 

(SEM) for chemical and microscopic studies. After that, they 

compared the developed bricks with Bureau of Indian 

standard (BIS) and confirm the dosage of DPMS. The use of 

these bricks on industrial scale helps in sustainable and 

economic development. [11] 
 

Shiqin Yan et al. (2011) aimed to reuse the filter cake sludge 

means hypo sludge from a paper manufacturing industry as 

raw material for the manufacturing of building products. The 

authors also investigated the use of hypo sludge as feedstock 

material in the manufacture of cement mortar products. [4] 

 

Afonso R. G. de Azevedo et al.
 
 (2018) evaluated the effect 

of partial replacement of paper sludge, up to 20 % by weight, 

for lime in cementitious mortars. To achieve this objective, 

they carried out standard tests to find out the correct 

replacement of lime with different proportion at 5%, 10%, 

15%, and 20%. The author concluded that 10% replacement is 

optimum. Further increment in replacement result in decrease 

value.[10] 

 

Ashish Pandya et al. (2017) aimed to make eco-friendly 

building material and to see how the concrete behaves on 

replacing the cement with the hypo sludge in various 

proportions. This study also examined the possibility of 

utilization of hypo sludge as a partial replacement material 

and it can be further used as a cementitious material. In this 

paper, the author carried out the compressive strength test and 

rate analysis of new concrete. The grade of concrete is M20. 

They carried out the various test at 5%, 10%, 15%, 20% 

replacement with cement. They concluded that 10% 

replacement is optimum beyond that the values getting 

decreased.  [8] 

 

B. Ahmadi et al. (2001) studied to find the suitable 

application for utilizing the paper mill sludge. They fond the 

best alternative to use the paper sludge in the construction 

industry like in brick manufacturing, partial replacement of 

cement, etc. [2] 

 

R. Garcia et al. (2008) analyzed mechanical, physical and 

chemical properties of sludge to find the presence of the 

pozzolanic property. They studied on the property and find the 

optimal replacement of hypo sludge and also tells another 

usage of hypo sludge in the construction industry. [3] 

 

Carlos Maurício F. Vieira et al. (2016) studied the result of 

addition of Brazilian paper sludge to clay bricks in terms of 

technical, economical and environmental benefits. The result 

showed that the addition of hypo sludge into clay bricks result 

in a substantial reduction in price related with 3% of fuel 

saving. The author concluded that 10% of wet hypo sludge at 
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750
0
 firing temperature gives acceptable compressive strength 

as their Brazilian norms. [7] 

 

Chin-Tson Liaw et al. (1998) developed a novel method for 

reuse of the hypo sludge. The author studied the granulation 

technology to manufacture light weight aggregate with 

specific gravity less than 1 g/cm
3
. They also studied about the 

granulation and sintering techniques to mix generated ashes 

with ceramic materials and as well as in brick materials. [1] 
 

The following table 4 shows the literature review papers and 

its comparison. 

3. Conclusion 

This paper shows the use of hypo sludge in the construction 

industry as a binder, in the manufacturing of bricks. Based on 

the above literature review, the following conclusions can be 

made: - 

1) The 5 to 10% replacement of cement with hypo 

sludge increase the strength of 7 and 28 days. 

2) The weight of paper sludge is light so by using this 

sludge with the replacement of cement making concrete 

lightweight. 

3) The sludge absorbs water in high amount with 

respect to the cement so due to that water absorption 

workability issues are there. 

4) For conventional clay brick production, the partial 

replacement of cement with hypo sludge is 10%. The value of 

water absorption and compressive strength are good at 10% 

replacement. 

5) The developed burnt bricks made by using paper 

sludge are light in weight, so it will be helpful in the reduction 

of transportation and labor cost also. 

6) The hypo sludge has lime and other hydraulic 

binders in it. Due to this minerals sludge act as a hydraulic 

binder. But to gain more strength at the time of mixing of 

sludge we add gypsum also. The optimized binder based on a 

mixture of WSA and gypsum is well suited to the treatment of 

clayey soil. 
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Table 4: Literature Review Papers and its Comparison 
Sr. 

No. 

Author Name 

(year) 

Design mix / Grade of 

Concrete 

Replacement 

percentage of 

Cement/FA/CA 

Optimum 

replacement of 

Cement/FA 

/CA 

Compressive 

Strength 

Flexural strength 

1 Sajad Ahmad et al. 

(2013) 

M25 5%, 10%, 15% and 

20% 

5% 10% and 15% 

replacement 

respectively at 7 and 

28 days 

Gradually 

increase at 5% 

replacement than 

decrease 

2 Ashish Pandya et 

al. (2017) 

M20 5%, 10%, and 15% 10% 10% value is 

acceptable after that 

value decreases 

- 

3 Gaurav Goel et al.  

(2017) 

(M 5: 95 wt.% soil + 5 

wt.% PMS) 

(M 10: 90 wt.% soil + 10 

wt.% PMS) 

(M 15: 85 wt.% soil + 15 

wt.% PMS) 

(M 20: 80 wt.% soil + 20 

wt.%)(20-25 % water 

content) 

0%, 5%, 10%, 15% 

and 

20% 

10% Addition of PMS 

decreases the 

compressive strength 

by 

70% in laterite soil 

and 64% in alluvial 

soil 

- 

4 Afonso R. G. de 

Azevedo et al.  

(2018) 

Cement: Lime: Sand: = 

1:1:6 

 

5%, 10%, 15%, and 

20%. 

10% At 10% replacement 

strength is high 

higher than 10% 

values are decreased 

At 10% 

replacement 

strength is high 

higher than 10% 

values are 

decreased 

5 Sumit A Balwaik et 

al. 

M20 and M30 5%, 10%, 15%, and 

20%. 

5 to 10% Increase up to 10% 

replacement after 

that reduce gradually 

Increase up to 

10% replacement 

after that reduce 

gradually 

1.  

 


