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Abstract - Recently, a large amount of waste is generated from industries which is not taken care of by. The toothpaste and 
paper industry generates a huge amount of sludge which is left undisposed causing harm to the environment. In the present 
study, waste sludge from toothpaste and paper industry is used as an additive to modify the properties of the bituminous 
binder. Mechanical properties of binder such as softening, ductility and kinematic are determined to assess the effect of 
adding sludge to the binder. This will also contribute to the utilization and effective disposal of waste sludge thus generated. 
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I. INTRODUCTION 

 

The amount of waste generated by several industries 

has amplified to the extent that it is causing a 

disturbance in the ecological cycle due to the lack of 

effective measures in the disposal of the waste. Due 

to the space constraints, sludge can neither be 

disposed of as landfillsnor can be burnt. This is 

because the burning of sludge emits toxic fumes 
which eventually harms the environment. The 

production of enormous waste is affecting marine life 

as the lack of space for landfills force the industries to 

dump their waste directly into the river streams, 

which also creates public health issue. It is the need 

of the hour to identify the probable areas in which 

these wastes materials can be put to use. One solution 

to this issue lies in the recycling and reuse of this 

waste material wherever possible as it would reduce 

the economic and environmental problem of waste 

disposal.In India, about 98% of the roads are 
bituminous in nature as they require low initial cost 

and less time to construct [1]. Although during the 

first few years after the construction, bituminous 

roads tend to deteriorate at a very slow rate with time 

there is a rapid increase in deterioration rate. 

Therefore, these roads highly demand regular and 

frequent maintenance so as to check the deterioration 

rate and increase the serviceability of the road.The 

depletion of natural resources and generation of waste 

material are analogous to the growth of population in 

the world.The scientists are trying to look for an 

alternative road material that can be used for 
construction, and industrial waste holds a great 

chance. The utilisation of these materials will partly 

reduce the disposal problems caused by waste. In the 

present research work, waste lime sludge from paper 

and toothpaste industry has been used as a modifier in 

bitumen or asphalt binder. The choice will ultimately 

be on life-cycle cost of overlays and renewals for 

modified bitumen as compared to ordinary bitumen 

for prevailing traffic and climate conditions. 

The construction of roads in India in general consists 

of unpaved and paved roads. The unpaved roads are 

normally constructed using a mixture of gravel which 

is placed and compacted over fine-grained soil such 

as clay or silt. These fine-grained soils form the 

foundation of the road structure and are referred to as 

the subgrade. The thickness, gradation and type of 
gravel placed over the subgrade will vary depending 

upon the properties of the subgrade and the 

availability of the material close to the construction 

site [2]. The paved roads are further classified as 

flexible (Bituminous) and rigid (Cement concrete) 

pavements.The flexible pavements are the ones which 

consist of a mixture of bituminous material and 

aggregates laid over the base course and sub-base 

course. These pavements have negligible flexure 

strength and hence undergo deformation under the 

loads. These pavements are designed in such a way 
that the load that reaches the subgrade does not 

exceed the bearing capacity of the subgrade soil. 

Therefore, the thicknesses of the layers above the 

subgrade vary depending upon the strength of the 

soil. Flexible pavements in India are typically 

designed to last for 15 to 20 years [3]. However, with 

frequent and proper maintenance, their design life can 

be increased considerably. In recent years, to reduce 

the problem of waste management, efforts are being 

made to utilise sludge as supplementary cementitious 

materials which are delivered at the sensible expense 

with the low conceivable environmental effect. 
Researchers have successfully tested and used 

industrial wastes such as blast furnace slag, fly ash 

etc. which offers benefits like potential savings in 

natural resources and energy, reduction in the impact 

of CO2 emission, and re-use of wastes which 

otherwise would have been used as landfill and might 

require a waste management program. The sludge 
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generated from industries if not put to any use creates 

disposal problem since it is generated in large 
quantities. It was stated that the overall 

manufacturing of paper was 99.3 million tonnes in 

Europe in 2005. This produced about 11 million 

tonnes of waste which was around 11% of total paper 

production. During the same period, about 47.3 

million tonnes of recycled paper was generated which 

produced about 7.7 million tonnes of wastes which 

are 16% of the entire production from this material 

[4]. The amount of sludge produced from 1 tonne of 

paper generation is 40-50 kg in North America [5]. 

The current study is implemented to make the best 

out of the waste sludge which can help the 
environment and all living in there. 

 

II. EXPERIMENTAL PROGRAMME 

 

The research is intended to assess the effect of adding 

sludge to the bituminous binder to improve its 

properties. Tests such as softening point, ductility and 

kinematic viscosity have been conducted in order to 

achieve the objective. The methodology adopted in 

the study is described in Figure 1. 

 

 
Fig 1: The methodology of the study 

 

2.1 Lime sludge 

The sludge from paper industry and toothpaste 

industry is shown in figure 2 and 3 respectively. The 

XRF analysis is done to determine the amount of 

elements present in the sludge. 

 

 
Fig 2: Lime sludge from paper industry 

 
Fig 3:Lime sludge from toothpaste industry 

X-rayfluorescence (XRF) technique is used for trace element 

analysis of industrial waste (toothpaste sludge and paper 

sludge). 

 

XRFis a non-ruinous scientific procedure used to 

decide the essential synthesis of materials. XRF 

examination decides the science of an example by 

estimating the secondary X-ray radiated from an 

example when it is energized by an essential X-beam 
source.TheXRFspectroscopyiswidelyusedforthequalit

ativeandquantitativeelementalanalysisofvarioustypeso

fsamples. TheXRF studies were carried out at Raja 

Ramanna centre for advanced technology (RRCAT) 

Indore, India on the industrial waste of Toothpaste 

sludge using the experimental set-upofXRFBL-

16,Indus-2, and synchrotron source available at the 

time of testing over there. The experimental setup is 

shown in fig4.Finepelletsofsize0.2003g/cm2were 
prepared from paper, and toothpaste industry 

generated sludge powder as shown in fig5. 

 

 
Fig 4:  Experimental arrangement 

 

 
Fig 5:  Pellet samples of toothpaste and paper sludge 

 

Theexperimentsshowedencouragingresults.Itwasfound

thatcalciumwaspresentintoothpastesludgeandpaperslu

dgeingoodamount.Fig6and7depictstheconcentrationof

differentelementspresentintoothpasteandpapersludge, 
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respectively. Also, no toxic elementwasdetected in the 

sludge. 
 

 
Fig 6: Percentage concentration of elements present in the 

toothpaste sludge 

 

 
Fig 7: Percentage concentration of elements present in the 

paper sludge 

 
2.2 Bituminous binder 

VG10 grade bitumen is used for carrying out research 

work. The properties of neat bituminous binder used 

and the specifications provided by standard are 

summarized in Table 1. 

 

 
Table1.Properties of unmodified bitumen 

 

The waste sludge was added in percentages of 10, 15, 

20, 21, 22 and 25% to the binder after it was heated to 

a temperature of 160oC. The blend was then manually 

mixed for about 5 - 10 minutes. The prepared sample 

is shown in Figure 8. 

 
Fig8:Unmodified and modified bitumen samples 

2.3 Softening point test 

The softening point is the temperature at which the 
substance accomplishes a specific level of relaxing 

under an exceptional state of test. 

Thistestismainlycarriedouttodeterminethesuitabletemp

atwhichthebitumengetssoftanditgetseasilymixedwithot

heraggregates.ThistestisstandardizedbyIS:1205-

1978.Fig9showsSofteningPointtestsetup.AsperIS:120

5-1978, standardsofteningtemperatureis40-55 °C. 
 

 
Fig 9: Softening Point Test Setup 

 
2.4 Ductility test 

Ductility of binder material is its capacity to extend. 

It is estimated by the separation in centimetres to 

which it will extend before breaking. 

Thistestismainlycarriedouttochecktheabilityofbitumen

tostretch.The test is performed in accordance with the 

IS: 1208-1978. The test is often influenced by the 

testing temperature, rate of extension, and pouring 

temperature. The distance in cm to which the binder 

extends is mentioned on the scale in the ductility 

machine. 

Fig10showsaschematicDuctilityTestsetup.Aminimum
ductilityvalue of75cm has been specified by the BIS. 

 

 
Fig 10: Ductility Test 
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2.5 Kinematic Viscosity 

Kinematic viscosity test defines a technique to 
determine the thickness and stickiness of the 

petroleum products specifically liquids which can be 

either translucent or clear. It is measured by the time 

taken for a set volume of liquid to flow through a 

capillary viscometer under the action of 

gravity.Inthistest,modifiedandunmodifiedsamplesofbit

umenwereheatedtoapouringtemperaturenotexceeding9

0°C. The viscosity test setup is shown in fig 11. 

 

 
Fig 11: Kinematic viscosity test 

 

In this study, the test is carried out at 135 °C for35 

min in accordance with ASTMD2171 & 2170. The 

permissible limits are specified as in Table2below: 
 

 
Table 2: Permissible limits for Paving bitumen (IS 1206-2013) 

 

III. RESULTS AND DISCUSSION 

 

The softening point results are depicted in table 3. 

The variation of softening point with sludge is 
represented in fig 12. The test is performed using a  

ring and ball apparatus. The values of softening point 

increase with an increase in values of sludge. This is 

probably due to the chemical nature of the sludge that 

has been added to the binder. The maximum value is 

reported to be70oC at 21%. 

 

 
Table 3: Results of Softening Point test 

 

 
Fig 12: Effect of variation of sludge on softening point 

The ductility of the binder is the property by which it 

canstretchuptocertaincentimetreswithoutbreaking.The
resultsofductilitytestaretabulatedintable4.theeffectofv

ariationofsludgeonductilityisshowninfig13.Thevalueo

fductilitydecreasesasthepercentageofsludgeincreasesu

ptoacertainvaluebeyondwhichriseis observed. The 

decreasein ductilityvalueis expectedduetothe physical 

interlockingof material. 

 

 
Table 4: Results of Ductility test 

 

 
Fig 13: Effect of variation of sludge on ductility 

 

Thekinematicviscosity(determinedvalue)istheproduct

ofthemeasuredflowtimeandthecalibrationconstantofth

eviscometer.Twosuchdeterminationsareneededfromw

hichtocalculateakinematicviscosityresultthatistheavera

geoftwoacceptabledetermined.Asfromtheabovetestsit
wasdeterminedthattheoptimum content of sludge is 

found out to be 21%,thereforekinematic 

viscosityiscalculatedforthesame.Theresultsofkinemati

cviscosityaretabulatedintable5. Theplot of kinematic 

viscosityand binder sampleis illustrated in fig14 

 

 
Table 5:  Kinematic viscosity results 

 

Sample calculation for kinematic viscosity:- 

 

For unmodified sample 

 

Average temperature (t)  = 89 sec 
 

Calibration factor  (k)     = 3.3435 

 

Kinematic viscosity     =  k*t 

= 89*3.3435 

= 297cSt 
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Fig 14: Kinematic viscosity vs binder sample 

 
The limit for VG10 binder as specified by code is 250 

cSt. The value above is greater than the specified 

limit and hence acceptable. 

 

IV. CONCLUSIONS 

 

The addition of waste sludge to pure bitumen has 

been studied to improve its characteristics and 

performance of sludge modified bituminous binder. 

Due to the presence of calcium in the waste sludge as 

determined from the XRF analysis, the properties of 
the binder improved as the sludge content was 

increased in the binder. The softening point of the 

binder increased which is due to stiffening of the 

binder on addition of sludge. From the ductility test 

performedon different blends the value of ductility 
decreasedin contrast with unmodified bitumen. The 

kinematic viscosity of the modified binder is within 

permissible limits. Therefore, it can be said that 

addition of sludge is beneficial as it serves dual 

purpose. One to effectively reuse the waste sludge 

and second to improve the properties of binder. 
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