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 Performance of rubber sludge disintegration by ozonation was investigated at pH 7 and 
pH 9 with a contact time of 20 minute and ozonation rate of 12.7 mg/min. The amount 

of sludge reduction expressed as TS (mg/L) was 66.8 % at neutral and 58.86% in 

alkaline medium. Results showed solubilisation of sludge increased to 76.5% and 
73.7% at pH 7 and 9 respectively, indicating the released of soluble organic material 

from sludge floc and measured as SCOD (mg/L). Reduction in TCOD demonstrated 

that the soluble organic material in supernatant has been mineralized up to 69.9% at pH 
7. Ozonated sludge appeared to achieve good settling ability since SVI value showed 

considerably low. In order to achieve high efficiency of sludge disintegration, sufficient 

ozonation time is vital. 
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INTRODUCTION 

 

 Activated sludge system is a conventional biological method for both municipal and industrial wastewater 

treatment plant producing excess biological floc of biomass known as waste activated sludge (WAS). In 

Malaysia, annual sludge production estimates of 3 million metric tons, which required RM 1 billion for 

treatment and disposal [1] and this cost can reach up to 65% of total plant operational [2]. Sludge disintegration 

helps the digestion process by rupturing cell wall to release intracellular compound into liquor, resulted in 

acceleration of the digestion process and reduction of sludge production [3].  

 Disintegration techniques including ultrasound [4], gamma irradiation [5], ozonation [6], enzyme [7] and 

combination of alkaline and high pressure homogenizer [8] have been studied to enhance sludge 

biodegradability. Among these techniques, ozonation has gained high interest due to its ability to disrupt 

bacteria cell walls and destroy recalcitrant organic compounds effectively [9]. Introduction of ozone enhanced 

digestion process when WAS is partly mineralized into carbon dioxide and water, while the other part is 

biologically digested. Increasing of soluble chemical oxygen demand (SCOD) in the supernatant indicates the 

breaking of microorganism cell walls thus resulted in reduction of WAS volume which reflected by the 

decreasing in total suspended solid (TSS) and volatile suspended solid (VSS). Although ozonation has been 

studied widely these recent years, the investigation in sludge from rubber industry has not yet been discovered. 

Thus, this study comes with an objective to evaluate the performance of ozonation in the disintegration of 

rubber industry sludge.  

MATERIALS AND METHOD 

 

Sludge collection: 

  Biological sludge was collected from the rubber industry of Shorubber (M) Sdn Bhd in Jejawi, Perlis which 

has extended aeration activated sludge plant. The characteristics of raw sludge shown in Table 1 below and 

analyzed according to APHA Standard [10]. 

 

Lab scale experiment:  

 Semi batch ozonation experiments were performed using a single-stage flow-through system which consists 

of a cylindrical reactor made of pyrex glass with dimensions of 80 mm in diameter and 500 mm in height, as 

shown in Figure 1. Ozone was continuously introduced through a porous fritted diffuser that is able to produce 
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fairly fine bubbles at a constant rate, feeding 1.5 L of sludge samples. Ozone was produced from dry oxygen 

using A2Z ozone generator. Residual ozone in off-gas was trapped in 2% KI solution. Sample for analysis was 

taken from the sampling port at an appropriate time interval. Contact time was 1, 2, 3, 4, 5, 10, 15 and 20 

minutes. 

 
Fig. 1: Schematic diagram of experimental setup. 

 

Analytical methods:  

 For ozonation performance evaluations, total chemical oxygen demand (TCOD), sludge volume index 

(SVI), total solid (TS), SCOD, TSS and VSS were measured for each ozonation experiment. Ozone 

concentration in the feed gas and the off gas were determined by the KI-starch titration.  The residual ozone in 

the water was also determined by the same method.  The amount of ozone consumption was estimated from the 

difference between feed ozone and off gas ozone and remaining ozone concentration in the solution after the 

experiment. Hanna Instruments HI 223 pH meter was utilized to measure pH. Sludge disintegration degree, 

DDCOD was calculated as Muller [11] shown below: 

DDCOD = (SCODozone-SCOD0)/(TCOD-SCOD0)         (1) 

 Where SCODozone and SCOD0 were soluble COD upon ozonation and initial, respectively and TCOD was 

the total COD prior to ozonation. 

RESULT AND DISCUSSION 

 

Ozonated sludge characteristic:  

 Ozonation performance was observed at pH 7 and pH 9 with good reduction in TS concentration. With 

constant rate of 12.7 mg/min ozone supplied, TS reduced to 67% and 59% after 20 minute contact time at pH 7 

and 9 respectively. Reduction of SVI value indicates a good settling and compact sludge. SVI for both neutral 

and alkaline medium sludge was 39 and 40 respectively. Results showed that TS concentration in alkaline 

condition was higher than in neutral condition. Kim et al. [12] in the study depicted similar phenomenon, with 

application of alkaline treatment prior to hydrogen peroxide ozonation.  

 
Table 1: Characteristic of raw and ozonated sludge after 20 minute contact time. 

Parameter     Raw   pH 7  pH 9 

TS [mg/L]     86 880-170890            88 940  70 300  
TSS [mg/L]    17 980-20 000             3 390  2 850 

VSS [mg/L]    5 400-10 320             2 730  850 

SCOD [mg/L]    90-124   200  179  
TCOD [mg/L]    674-1 196  340  888 

SVI [mL/g]    119-150   39  40 

DDCOD [%]     14.3  12.3 

 
 TSS reduced up to 82%  and 85%  at pH 7 and pH 9 respectively. Meanwhile the VSS value reduced to 
89% at pH 9 and 65% at pH 7. Decreased in both TSS and VSS of sludge confirms the occurrence of 
disintegration by ozonation [6] causing an increment value of intracellular compounds of SCOD. Sludge 
solubilisation indicated by increasing of SCOD in the supernatant. Ozonation disrupted biological cell walls and 
thus released the dissolved organic material. Both pH showed increasing of SCOD concentration after 20 
minutes contact time. This increment shows the introduction of ozone keeps the disruption of the cell walls and 
thus releasing more SCOD. Increasing of SCOD concentration at pH 7 was better than at pH 9 which is 47% 
and 40% respectively throughout the experiment. Mineralization of sludge can be observed from reduction in 
TCOD concentration. The final concentration of TCOD at pH 7 and 9 is 340 and 888 mg/L respectively. 
Although sludge solubilisation lower at pH 9, it showed better mineralization after 20 minutes contact time than 
ozonation at neutral pH. The lower SCOD concentration provided high opportunity for more organic material in 
supernatant to be mineralized into CO2 and H2O within contact time. 
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Sludge disintegration efficiency:  
 Sludge disintegration degree is presented in Figure 2 below. For each experiment, DDcod was found to 
increase with contact time, proving the occurrence of disintegration process and released of soluble organic 
matter from sludge floc into supernatant [13]. After 20 minutes, disintegration degree at neutral medium was 
14.3 % higher than 12.3 % at alkaline condition sludge. This efficiency can be enhanced by increasing contact 
time as in Zhang et al. [14] obtained 46.7% DDcod after 105 minute contact time.  

 
Fig. 2: Sludge disintegration degree for 20 minute contact time. 
 
Summary: 
 The objective of this study is to evaluate the performance of rubber sludge ozonation. These are conclusions 
from this study: 

 Sludge reduction at both pH shows potential to reduce sludge production by mean of ozonation especially at 
neutral condition with 66.8% TS reduction while 56.8% at alkaline pH. 

 Sludge disintegration degree (DDCOD) demonstrated that the cell lysis performed better in neutral condition.  
 

REFERENCES 
 

[1] Kadir, M.A.  and H.D. Mohd, 1998. The Management of Municipal Wastewater Sludge in Malaysia, 
Tropics, 28:  109-120. 

[2] Perez-Elvira, S.I., P.N. Diez and F. Fdz-Polanco, 2006. Sludge Minimization Technologies, Reviews in 
Environmental Science and Biotechnology, 5: 375-398. 

[3] Erden, G. and A. Fillibeli, 2010. Ultrasonic Pre-treatment of Biological Sludge: Consequences on 
Disintegration, Anaerobic Biodegradability and Filterability, J. Chem. Technol. Biot., 85: 145-150. 

[4] Zhang, P., G. Zhang and W. Wang, 2007. Ultrasonic treatment of biological sludge: Floc disintegration, cell 
lysis and inactivation, Bioresource Technology, 98: 207-210. 

[5] Chu, L., J. Wang and B. Wang, 2011. Effect of gamma irradiation on activities and physicochemical 
characteristics of sewage sludge, Biochemical Engineering Journal, 54: 34-39. 

[6] Dytczak, M.A., K.L. Londry, H. Siegrist and J.A. Oleszkiewicz, 2007. Ozonation reduces sludge 
production and improves denitrification, Water Research, 41: 543-550. 

[7] Lu, J., H.N. Gavala, I.V. Skiadas, Z. Mladenovska and B.K. Ahring, 2008. Improving anaerobic sewage 
sludge digestion by implementation of a hyper-thermophilicprehydrolysis step, Journal of Environmental 
Management, 88:  881-889. 

[8] Zhang, Y., P. Zhang, G. Zhang, W. Ma, H. Wu and B. Ma, 2012. Sewage Sludge Disintegration by 
Combined Treatment of Alkaline+High Pressure Homogenization, Bioresource Technology, 123: 514-519. 

[9] Beltran, F.J., 2003. in: Ozone reaction kinetics for water and wastewater systems. Washington DC, USA, 
Lewis Publisher. 

[10] APHA, AWWA, and WEF, 2005. Standard Method for Examination of Water and Wastewater, 21 Ed.,  
[11] Muller, J., 2000.  Disintegration as A Key-Step in Sewage Sludge Treatment, Water Science Technology, 

41: 123-130. 
[12] Kim, T.H., S.R. Lee, Y-K. Nam, J. Yang, C. Park and M. Lee, 2009. Disintegration of excess activated 

sludge by hydrogen peroxide oxidation, Desalination, 246: 275-284. 
[13] Braguglia, C.M., A. Gianico and G. Mininni, 2012. Comparison between ozone and ultrasound 

disintegration on sludge anaerobic digestion, Journal of Environmental Management, 95: S139-S143. 
[14] Zhang, G., J. Yang, H. Liu and J. Zhang, 2009. Sludge Ozonation: Disintegration, Supernatant Changes and 

Mechanisms, Bioresource Technology, 100: 1505-1509. 

0

2

4

6

8

10

12

14

16

1 3 5 15

D
D

co
d
 (

%
)

Contact time (min)

pH 7 DDCOD

pH 9 DDCOD


