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ABSTRACT 
This study was conducted to look into possibilities of the recycling of Cathode-Ray-Tube’s 
(CRT) manufacturing waste sludge as additive in asphalt concrete mix materials. Specimens 
of varying compositions of asphalt and CRT sludge were prepared following standard 
operating procedures. Stability, flow rate, porosity and density of the recycled product were 
optimized corresponding to the Korean Constructional Industry Standards. Performance of 
mix design specimens was evaluated in accordance with Marshall Properties Test. An 
optimum value of CRT sludge was determined that could be recycled in asphalt concrete mix 
without causing damage to the engineering characteristics of the asphalt concrete mix 
material. Contaminants of heavy metal ions and other toxic chemicals in the leachate of 
prepared specimens were analyzed and found below permissible limit. Therefore, it was 
suggested that entire CRT sludge could safely be recycled in asphalt concrete mix materials as 
additive. Recycled product could successfully be utilized in meeting increasing demands of 
constructional materials in the country. 
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INTRODUCTION 

Cathode-Ray Tube (CRT) also called Braun 
tube is an electronic display device used as a 
picture tube in television sets. Its 
manufacturing includes extensive finishing and 
abrasion operations producing a lot of amount 
of sludge. This sludge is being wasted without 
getting any beneficial use of it. Since growth 
of electronic industry in South Korea has 
increased many folds in recent years, handling 
of such subsequent increased amount of sludge 
has become a serious matter of concern to deal 
with. Landfilling as one of the alternatives of 
sludge management does not support the idea 
of sustainable development owing to 
prevailing space constraints in the country. 
Also, disposal  of  this  sludge to landfill incurs  

local cost and could be a potential source of 
soil and possibly groundwater aquifer 
contamination.1-3 Therefore, search to recycle 
waste sludge generated during finishing and 
polishing operations of CRT has been an 
imperative motive in reducing pollution 
burdens on the environment. 
The waste sludge of CRT contains a high 
content of abrasive materials that include 
Garnet, Pumice and Cerium Oxide. These are 
silicate based hardened volcanic rock type 
materials having cement like strength giving 
characteristics.4 They are chemically very 
stable and non-biodegradable materials and 
can be utilized as additive/fillers in asphalt 
concrete mixture or in other constructional 
materials.5,6 Asphalt concrete, a mixture of 
bitumen and aggregates, is a sensitive material  *Author for correspondence 
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compared to other configurations used in civil 
engineering. Therefore, recycling of waste 
sludge as additive in asphalt concrete mixture 
should not be at the cost of reducing 
performance of asphaltic pavements.  
Recently, researchers have been trying 
recycling of different waste materials for 
improved performance of asphalt concrete 
mix.  In this concern, different literature 
reviews illustrated that the use of additives in 
asphalt involved pursuing three dissimilar 
targets: mechanical improvement, preparation 
of environment friendly materials, and creation 
of new market for waste management.7,8 
Recycling of waste sludge in asphalt concrete 
mix consists of incorporating certain binders 
having some desired properties which lack in 
asphaltic materials. It includes randomly direct 
inclusion of additives into the matrix, i.e., 
asphalt concrete and/or Portland Cement 
concrete slabs.9,10 Another study revealed that 
the use of recycling of polymer type binders 
made both the strength and permeability of 
porous asphalt mix double and developed good 
resistance to aging and fatigue cracking.11  

AIMS AND OBJECTIVES 
To confirm possibilities of utilizing CRT 
sludge as additive/filler in asphalt concrete mix 
so that potential recycling of entire sludge 
could be attained. Through recycling, an 
environment friendly material of required 
strength should be prepared that is desired to 
meet increasing future demands of 
constructional materials in the country.    

MATERIAL  AND  METHODS 
Mix design preparation 
The mix designs were prepared to determine 
the optimum amount of bitumen and additive 
contents in the sample used as asphaltic 
pavement materials. There are many methods 
available for mix designs which vary in size of 
the test specimens, compaction, and other test 
specifications.12 Marshall Method of mix 
design, the most popular one, was applied in 
this study. 
Samples were prepared following methods KS 
(Korean Constructional Industry Standard, F 
2337)13 and ASTM (American Society for 
Testing Materials, D1559). To confirm their 
effectiveness, they were analyzed for the 

parameters including density, Marshal 
Stability, Marshal Flow Value, Marshall 
Porosity and degree of saturation.14 Based on 
the results, optimum amount of asphalt 
contents in the mix that met standards of 
Marshal Properties was determined.  
1500 gm of aggregates and CRT 
sludge/additive was heated to a temperature 
ranged 175 – 190 0C. Bitumen was heated at 
around 1250C with the first trial percentage of 
bitumen (4.0% by weight of the mineral 
aggregates). The heated aggregates and 
bitumen were thoroughly mixed at a 
temperature around 1600C. The mix was 
placed in a pre-heated mould and compacted 
by a hammer with 50 blows on either side at 
around 140 – 1500C.  
Specimens were prepared with varying weight 
of mixed aggregates so as to obtain a 
compacted thickness of  63.5 +/- 3 mm. In the 
following trials, bitumen contents were 
gradually increased by 0.5% in the mix. 
Percentage of air void and degree of saturation 
were measured by height, dry weight, 
submerged unit weight and weight in saturated 
dry surface conditions of prepared 
specimens.15 After water-logging in constant 
temperature water bath (60 ± 1.0 ◦C) for about 
30 minutes, the moulds were loaded in 
Marshal Test setup as shown in Fig. 1. Based 
on the results, a range of asphalt contents 
which satisfied respective Marshal Standards 
was determined and an intermediate value of 
common range was taken as an optimum value 
of asphalt contents.  
Leaching test 
Leaching characteristics of the samples were 
determined by Toxicity Characteristics Leaching 
Procedure (TCLP) technique. It is a common 
method of US-EPA to determine mobility of 
organic or inorganic contaminants existing 
within liquid, solid and other specified waste.16 
The TCLP is designed to determine mobility of 
40 Toxicity Characteristics (TC) constituents in 
liquid, solid and multiphase wastes. The TCLP 
specimens were first crushed to the size between 
5-50 mm. The crushed waste specimens in pH-
adjusted water (4.93 ± 0.05) were shaken for 18 
hours on a magnetic stirrer in a composition 
(solid/liquid = 1:20 by weight). The supernatant 
was filtered through cellulose nitrate membrane  
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filter (0.1-0.8 µm) and heavy metal ions 
concentration in the filtrate was measured using 

an atomic absorption spectrophotometer (Varian 
Spectra AA-800, Japan).   

 
              
 
 
 
 
 
 
 
 
 
 
 
 
 
    

Fig. 1 :  Marshall test setup 

RESULTS AND DISCUSSION 
Marshal stability and flow value 
The Marshal Stability and flow test provide 
performance prediction measures for the 
material of mix design. Stability portion      
of    the    test    measured the maximum load  

supported by the test specimen at a loading 
rate of 50.8 mm/minute. Load was applied to 
the prepared specimen till failure and found 
that stability at 6% asphalt contents was the 
highest at a value 967 kg (Table 1). It started 
decreasing as the asphalt contents increased 
from 6.0%. 

Table 1 :   Analysis of optimum asphalt content mix design 

Item Results Standards 

Marshall Stability, kg 967 >500 

Flow rate, (0.25 mm) 33 20 ~ 40 
Porosity (%) 4 3 ~ 6 
Saturation (%) 78 70 ~ 85 

Density (g/cm3) 2.317 - 
Optimum asphalt contents (%) 6.025 - 

During loading, an attached dial gauge 
measured changes in the specimen’s plastic 
flow (vertical deformation) with gradual 
increase in the load. The flow value was 
recorded in 0.25 increments at the same time 
when the maximum load was determined. At 
the range of 5-6.5% asphalt contents, the 
Marshall flow value of the specimen was 
recorded between 20~40 mm. As the asphalt 
contents increased from 7%, the flow value 
exceeded   from   standard  limit. Therefore, 33 
mm was found the most suitable flow value 
corresponding   to  6%   asphalt   contents   in the  

specimens (Table 1).  Since mixes with very 
high stability value and low flow rate are not 
desirable as the pavement constructed with such 
mixes are likely to develop cracks due to heavy 
moving loads.17  
Density of asphalt mix 
Density is one the most important parameters 
in construction of asphalt concrete mixtures. A 
properly designed mixture should contain 
enough air voids to prevent rutting due to plastic 
flow but low enough air voids to prevent 
permeability   of   air   and   water. Density of the  
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asphalt mix kept on increasing with the addition 
of asphalt contents ranged (5.0~6.025%). As the 
asphalt contents increased beyond 6%, density 
started reducing (data not shown). Highest 
density (2.317 gm/cm3) was recorded at a value 
of asphalt contents 6.025% (Table 1). 
Marshall porosity 
At a range of 5~7% asphalt content, porosity was 
found   between  3  and  6%. The  porosity  at 6%  

asphalt content was optimized at 3.9% that was 
in corresponding to the KS specified value 
(Table 2). At a value, between 5.5~7% asphalt 
contents, Marshall Saturation was ranged to 78% 
that corresponds to KS. As the asphalt contents 
reduced below 5%, Marshal Saturation was 
exceeded to the standard. Therefore, 6.5% 
asphalt contents was suitable for Marshall 
Saturation of the mix design (Table 2).  

Table 2 :   Result of Marshall test characteristics 

Category Standard Asphalt content 
conformed to standard (%) 

Marshall Stability, kg >500 5.0~7.0 

Flow value (1/100 cm) 20~40 5.0~6.75 

Percent air void in the mix, Porosity 
(%) 3~6 5.0~7.0 

Void filled with bitumen, Saturation(%) 70~85 5.50~7.0 

Optimum values of asphaltic and additive 
contents 
The optimum binder contents for the mix 
design were determined by taking average 
value of the bitumen contents as under; 
 Binder contents corresponding to 

maximum stability. 
 Binder contents corresponding to 

maximum bulk specific gravity. 
 Binder contents corresponding to the 

median of designed limit of percent air 
voids in the total mix.  

Optimum value of asphalt contents, i.e., 6% 
was determined as median value calculated 
from the lowest limit of saturation and upper 
limit of flow rate. 
Optimum asphalt contents (%) = 5.30 + 6.75/2 
= 6.025%. 
In asphalt concrete specimen, limestone 
powder occupying 3.8% in total mix 
proportion was substituted with CRT sludge. 
Table 3 shows an optimum mix proportion 
of the prepared specimens.  

Table 3 :  Proportion of prepared specimens with CRT sludge in 100 % mixture 

Composition Original mix 
proportion (%) 

Modified mix 
proportion (%) 

Coarse aggregate 40 37.6 
Crushed fine aggregate 45 42.3 
Fine aggregate 11 10.3 
CRT Sludge 
(Filler in Asphalt Concrete Pavements) 4 3.8 

Asphalt for pavements - 6.0 

Total 100 100 

Leaching characteristics 
Leaching tests of the specimens were conducted 
in  order  to evaluate  potential  mobility of heavy  

metal ions leached out from asphalt concrete mix 
material. The tests showed that all the             
nine   categories   of   heavy  metal ions and toxic  
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chemical tested were found below permissible 
limit in the leachate (Table 4). Therefore, it is 
determined that the recycling of CRT sludge as 

filler in asphalt concrete mix has no potential of 
soil or groundwater contamination and could be 
taken as environment friendly materials.  

Table 4 : Leaching potential of CRT sludge mixed specimens 

Items Standard (ppm) Result 
Cu 3.0 ND* 
Pb 1.0 ND 
Cd 0.3 ND 

Cr+6 1.5 ND 
CN 1.0 ND 
As 1.5 ND 
Hg 0.005 ND 

Trichloroethylene 0.3 ND 
Tetrachloroethylene 0.1 ND 

*Not detected 

CONCLUSION 
A recycled product of mixing CRT sludge and 
asphalt concrete material that meets 
characteristics of Marshall Standards could be 
prepared by employing an optimum value of 
asphalt contents 6.0% and CRT sludge 3.4%. At 
6.0% asphalt contents, Marshall Stability was the 
highest at a value 967 kg while 33 mm was 
found the most suitable flow value. Marshall 
Porosity (3.9%) and density (2.31%) of the 
prepared specimens were also found 
corresponding to the standard. In optimal mix, 
lime stone powder could be substituted by 3.8% 
of CRT sludge in total proportion. Contaminants 
of heavy metal ions including Cu, Pb and others 
in the leaching test were found below detection 
limit. Therefore, CRT waste sludge could 
successfully be recycled as additive in the 
preparation of asphalt concrete mix materials that 
meets standards of design and environment.   
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