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ABSTRACT 

In this study, solidification/stabilization (S/S) of heavy metals (HMs) (lead, (Pb); copper, (Cu); 

zinc, (Zn); nickel, (Ni); and chromium, (Cr)) using mixture of Portland cement (PC) 15% and Porotherm 

red bricks (PRB) powder waste with a rat of (5, 10 and15%) resultant (3:1, 3:2 and 3:3) 

cement/Porotherm solid monolith and degraded ones with three replicates  was carried out.  Physical 

and chemical characteristics were investigated. The physical characteristics studied were bulk density 

and unconfined compressive strength (UCS) while chemical characteristics studied were leachability of 

those aforementioned HMs using Toxicity Characteristics Leaching Procedure (TCLP) and the change 

in leachate ph. Results indicated the optimum mix design for the S/S system of HMs drilling fluid using 

both PC and PRB at the experimental conditions in terms of reuse of PRB waste in s/s. However, the 

study showed that three levels of mixes studied (5%, 10%, and 15%) were able to immobilize the HMs 

at very low concentration far beyond the regulatory limits by(US EPA). The UCS at above mentioned 

concentration was 0.811, 4.21 5.1 Mpa respectively and PRB waste powder was effective to reduce HMs 

leachability and increase compressive strength. 

Keywords: Solidification, Stabilization, Mud Waste, Portlad Cement, Porotherm Red Bricks 

1-INTRODUCTION 

Petroleum companies generate tones of oily sludge of tanks bottom, oil contaminated soil and 

drilling mud waste. Yet, those contaminants of mud cuttings usually travel to neighboring environments 

by the action of wind or/and water and consequently to the underground water through the soil profile 

by spontaneous infiltration or the action of rain. Solidification and stabilization of the drill cutting will, 

preventing the environment from the toxic contaminants. Drill cuttings are soil-like wastes, which 

containing a significant hazardous materials, hydrocarbons, salts, heavy metals [1]. Physical and 

chemical properties of drill cuttings significantly affected by several factors such as type of field 
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geology, drilling fluid used (water-based, oil-based or synthetic fluids), oil well location, drilling 

techniques, rig operator [2, 3]. The solidification is the process which converts the waste to available 

storage, landfill or reuse materials, and stabilization is a chemical process to minimize and reduce the 

contaminants hazardous [3]. Many binder materials used for stabilization and solidification such as 

Portland cement, fly ash, plaster, lime, zeolites and other compounds but cement and or fly ash is the 

most viable to solidification and stabilization [4] lime, bentonite, fly ash, clinker and gypsum were used 

for landfilling and roads construction application [5].Chelating agent was more effective than inorganic 

agent’s (sodium, sulfide and lime [6]. The pH changes, affect heavy metals leaching [7] nitrate solution 

enhance stabilization and solidification of Pb(II) and Cr(III) [8]using Portland cement (CEM I), with the 

addition of high carbon power plant fly ash (HCFA), effect positively the unconfined compressive 

strength (UCS), hydraulic conductivity, porosity, leachate pH, and acid neutralization capacity (ANC) 

[9].Industrial byproduct, anhydrite (CaSO4) can significantly reduce the leached metal concentrations 

[10]; the compressive strength was 2.52–12.7 MPa for 60% cement mixed with 40% fly ash and 6.62–

16.12 MPa for a mixture of 60% cement and 40% bottom ash. The compressive strength reduced to 

0.55–1.30 MPa when 30% cement was mixed with 70% fly ash and to 0.90–7.95 MPa when 30% cement 

was mixed with 70% bottom ash, respectively [11]. Cement solidification/stabilization technology has 

significant effect in immobilizing Cr and Ni [12]. A fly ash reduced (As) and lead (Pb) by 98.3% and 

Pb release was reduced by 98.5%.from field soil samples contaminated with arsenic [13]. Leaching 

metals was strongly pH dependent [14]. Matrixes with heavy metals-bearing sludge and 5–15% fly ash 

with ordinary Portland cement (OPC) was sufficient to achieve the target compressive strength of 

0.3 MPa required for landfill disposal [15]. The 15 wt. % oil palm ash OPA, 35 wt.% ordinary Portland 

cement OPC and 50 wt.% Ni contaminated sludge increase nickel hydroxide stabilization [16]. Such 

processes raise up the advantage of materials locally available from Porotherm Red Bricks waste resulted 

from Porotherm Red Bricks (PRB) industry for S/S technology and to implement the S/S technology for 

HMs remediation. 

2 MATERIALS AND METHODS 

2-1- Drill cutting waste 

Soil (drill cutting mud) which was collected from an unidentified Libyan oil production field 

sited at Ghdames city territories, at 400 km south-west of the capital Tripoli, The binders are Porotherm 

Red Bricks  waste from Porotherm Red Bricks plant 60km south Tripoli and the OPC from cement 

industry plant.  Physical and chemical properties were illustrated in table 1, 2 and3respectively.  
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Table 1: 

 physical and Chemical properties of the waste drilling mud. 

Moisture   mg/kg    

% THC** Pb** Cu** Zn** Ni** Total Cr*** 

28.29 55.8 7.4 7.4 63.6 5.6 9.9 

* THC: Total Hydrocarbons 

**“EPA 5035A; 2002 + EPA 8015D; 

2003 

***“EPA 3150B; 1996 + EPA 6010C; 

2007    

 

Table 2: 

 physical and Chemical properties of the PRB waste.  

KAlSi3O8 Fe2O3 SiO2 Ca2SO4 Bulk density PH 

20.43% 12.26% 51.99% 15.32% 1.88 gm/cm3 12 

 

Table 3: 

 Some physical characteristics of PC  

Expansion/1.70 mm     > 10 mm 

Time of Initial (1.0 h + 45 min) > 45 min 

 Solidification 

Terminal (» 

3.0 h)  < 10 h 

Compressibility  

3 days, 28.8 

N/g2  > 21 N/g2 

Strength resistance  

28 days, 49.5 

N/g2   > 39 N/g2 

*Libyan standard analysis values. 340/1997. 

 

2-2- EXPERIMENTAL FACTORS 

In this part of the study, two factors were examined for their effect on the final S/S treatment product 

and they were as follows: 
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2-2-1- BINDER-TO-SOLIDIFER-TO-WASTE RATIO STUDY 

 Experimental runs were carried out at three levels of drilling mud, OPC and PRB powder mixes 

(5%, 10%, and 15%) while keeping the OPC at constant (15%) to assess the effect of the PRB binder on 

the final S/S product.  

 

2-2-2- Curing Time 

Tests were carried out on the S/S final product at different times: 24 hr., 3 days, 6 days, 12 days, 18 

days, 23 days and 28 days. 

 

2-3Testing Procedure   

A set of physical and chemical experimental tests were carried out on the different mixes of S/S final 

products. To evaluate the degree of fulfillment of the S/S system objectives specific criteria [17] 

 

2-3- METHODLOGY 

 

2-3-1-UNCONFINED COMPRESSIVE STRENGTH 

Unconfined Compressive Strength (UCS) test was performed to study the progress of hydration 

reactions. The test carried in a conventional method according to the test method.  The procedure 

commences with crushing the stabilized sample and allowing it to pass through a 20.00 mm test sieve. 

A UCS cubic mold of 10.00 cm was filled with a calculated mass of the stabilized material. This was 

compacted using a hammer to drive home the upper plunger. The sample was ejected with an ejecting 

plunger and weighed to the nearest 1.00 g. The sample was wrapped with a cardboard paper, waxed and 

stored at a temperature of 20°C for six days, after which both were removed and the sample weighed to 

the nearest 1.00 g. Then, the sample was placed in a water bath for 24 h, removed and allowed to drain 

for 15 min. The compression testing machine plunger was set under a CBR ring capacity of 50 kN and 

the sample crushed at a uniform rate of 1.00 mm/min. Readings of the maximum force required to shear 

the sample were recorded [17] 

2-3-2- LEACHABILITY ANALYSIS (TOXICITY CHARACTERISTICS LEACHING            

PROCEDURE, TCLP) 

 

TCLP tests were performed according to toxicity characteristics leaching procedure (TCLP) US- 

[18] test method to evaluate the adsorption behavior (and the effectiveness of immobilization treatments) 

of the studies HMs (Pb, Cu, Zn, Ni, and Cr) in the matrices of different ratios of (Binder : Solidifier : 

Drilling mud) for different curing times (1, 3, 6, 9, 15, 20 , and 25 days) using samples made of drilling 

mud, PRB binder, and PC as a solidifier. Weighed quantities of those aforementioned materials and 

water were homogenized in a mixer. The freshly prepared mixtures {( 5%, 15%, 80.0%), (10%, 15%, 
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75%) and (15%,15%,70%)} respectively was poured into 10.0 cm x 10.0 cm x 10.0 cm steel cub mold 

separately and to be filled to the top of it. The full in-filled mould was compacted using vibrating table 

for approximately 30 sec and then again filled completely. The mould was re-compacted and the excess 

of the mixture filled in a gain is scraped off to obtain a flat and smooth surface. The mold were then 

sealed in plastic bags to prevent possible carbonation due to exposure to air and cured for 24 h in a 

humidity chamber with a relative humidity of 98% and a temperature of 24 oC before de-molding. The 

re-mold sample is resealed once again in plastic bags and transferred back into the humidity chamber 

for further curing prior to testing.  

2-3-3- Analysis of Leachate Concentrations of HMs by Inductively Coupled Plasma – Joined with 

Optical Emission Spectroscopy (ICP-OES). 

Measurements of studied metals (Pb, Cu, Zn, Ni, and Cr) was carried out using Inductive 

Coupled Plasma – Optical Emission Spectroscopy (ICP-OES), For each item, three measurements were 

carried out and arithmetic mean value was calculated with standard deviations. Besides, the waste 

samples had water content of 28.29%+ 1.53 and THC of 50.6 ppm. 

3- RESULTS AND DISCUSSION 

Following to the chemical characterization of the drilling mud shown in table 1, the main 

contaminants were found to be Pb, Cu, Zn, Ni, and Cr with harmful amounts which affect fauna and 

flora. 

The main chemical compositions of PC is CaO, 64.04%; SiO2, 21.28%; Al2O3, 5.85%, Fe2O3, 3.31%and 

SO3, 2.30which are considered as the most abundant and typical constituents of PC in compliance with 

the standards [19]. The PC reduces the mobility of the inorganic compounds by formation of insoluble 

hydroxides, carbonates, or silicates; and substitution of the metal into a mineral structure. The presence 

of Calcium oxide (CaO) in high percentage is the most essential substance in S/S treatment due to its 

strength building characteristics. Whereas, silicates (SiO2) and aluminum oxide (Al2O3) are two main 

components responsible for the formation of CSH (calcium silicate hydrate) and Ettringite hydrate 

respectively where the HMs are most stabilized in the matrix [15].PRB powder binders are usually 

combined with PC stabilizer to form an admixture to enhance or add desirable properties to concrete 

such as strength, reduce leach-ability of contaminants, easy of handling, waterproofing and durability 

properties and decontaminate the industrial waste PRB.  

The composition of PRB waste powder as table 2 indicated high percentage of CaSO4 as compared to 

the PC. It can be postulated that CaSO4, once reacted with the leachant water, may produce acidic 

conditions and lead to pH shift towards neutrality.  

The moisture content is determined as the mass of free water that can be removed from a material, 

usually by heating at 105°C, expressed as a percentage of the dry mass [20] If the amount of moisture 

present in a binder can affect strength in the S/S product. Low percentage of water content (0.39 %) has 
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resulted definitely in less porosity and permeability, and a lower bulk density (1.96% as wet mass; 1.88% 

as dry mass) of the final compacted product all of which are favorable in S/S system. The particle size 

distribution of the binder material is playing a key role in  s/s technology.  

 

Table 4:  

Mean values of bulk density and compressive strength of the mixes PC and PRB 

Cupic 

mix % 

Bulk 

density compressive strength (Mpa) 

 gm/ Cm3  

5 1.4 0.811 

10 1.42 4.21 

15 1.53 5.1 

The results in table 4 shows that each of the three levels of mix; 5.0%, 10.0%, and 15.0% had an average 

bulk density of 1.40 g/ml, 1.42 g/ml, and 1.53 g/ml respectively. These values demonstrate homogeneity 

in settings among the three mixes  were almost free of internal air voids.  

 3-1 Compressive Strength of (5%, 10%, 15%) Levels of Mixes 

It has been reported that the high UCS is not necessary for most waste management scenarios, 

however, can be so when utilized for instance in production of construction materials [21]. Landfills 

disposals of solid wastes, is recommended to conform minimal compressive strength requirements in 

Resource Conservation & Recovery Act’s; that is 0.3 MPa [15]. The test is known as a good indicator 

for the progress of the hydration reaction in cement S/S systems. Table 4 shows the obtained results 

from S/S system at the end of curing time (28 days). The 5% level of mix (the highest mix in waste 

drilling mud, (80%)) showed an intensive decrease in compressive strength of 0.811 MPa as compared 

to the 15% level of mix which had a compressive strength of 5.102 MPa at the end of curing time of 28 

days. This could be attributed to a chemical reason; the HMs oxides (Pb, Cu, Zn, and Cr) present in the 

drilling mud can cause retardation of cement paste and stop production of main cement hydration 

products such as calcium silicate hydrate (C-S-H) and pontlandite (Ca(OH)2) crystals which is known 

to withstand the mechanical forces. [22]. However, others attributed to the presence of a physical reason 

[23]. This was represented by the presence of fine particles of soil (the drilling mud) with high surface 

areas, which might effectively reduce the amount of cement available for binding the fine and coarse 

aggregates required. On the other hand, reducing the surface tension  will directly affecting the adhesion 

related to the phases (cement, aggregates) [24]. 

 



International Journal of Innovations in Applied Sciences & Engineering                     http://www.ijiase.com   

 

(IJIASE) 2019, Vol. No. 5, Jan-Dec                                                        e-ISSN: 2454-9258, p-ISSN: 2454-809X 

 
 

31 

 

INTERNATIONAL JOURNAL OF INNOVATIONS IN APPLIED SCIENCES AND ENGINEERING 
 

 

3-2 Leachability Analysis (TCLP Test) 

According to US EPA TCLP standards, the limit of TCLP leaching concentration of Pb, Zn, Ni, and Cr 

are 5.0, 300, 7.0 and 5.0 mg/l respectively. 

Interaction of HMs contaminants with waste soil (drilling mud) and/or binder involves a number of 

fixation mechanisms such as: (i) adsorption to binder-soil matrices which depends in soil mineralogy, 

(ii) pH-dependent precipitation where salts are formed and precipitated from solution to facilitated the 

surface adsorption of HMs ions; (iii) adsorption/encapsulation into and onto nano-porous C-S-H gel 

which confers a high specific surface area (between 10 and 50 m2g-1) and (v) incorporation into 

crystalline components of the cement matrix.  

Table 5: 

 pH measurements during the curing time of the TCLP test in respect to the cubic samples 

Curing time (day) 1  3 6 9 12 19 24 30 

pH at (5% level) 10.1 9.19 10.93 10.96 10.85 10.85 10.80 10.65 

pH at (10% level) 8.30 8.00 8.90 8.80 8.90 9.10 9.50 9.50 

pH at (15% level) 9.50 8.25 9.75 9.50 10.00 10.00 10.00 9.75 

 

Table 6: 

 pH measurements during the curing time of the TCLP test in respect to the grounded 

 samples 

Curing time (day) 1  3 6 9 12 19 24 30 

pH at (5.0% level) 10.3 8.55 8.40 8.30 8.20 8.10 7.90 7.90 

pH at (10.0% level) 8.00 7.85 8.86 8.70 8.20 8.20 8.05 8.05 

pH at (15.0% level) 8.30 7.05 8.50 8.33 8.15 8.10 8.10 8.09 

 

TCLP tests for the compacted cubic mold and their grounded samples were run in distilled water 

initially at neutral pH of 7.0. However, leachants in cubic mold samples had an increase in their pH 

ranging between 8.5 – 10.5 during the course of curing time (1 - 25 days), with most over 10.75 for the 

5% level of mix, and 9.0 for the 10% and 15 level of mixes (table 5). In contrast, the ground S/S samples 

had   pH value lower than (7.5 – 8.5),(table 6). It is documented that for S/S systems with pH value (7.0 

-- 11.0) is usually recommended. However, a higher value might require reducing the mass percentage 

of cement in the binder [25]. Regarding to the cubic mold samples (table 5) showed an increase in pH 
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from initial original pH  7.0 to pH  10.50. Overall, this result can be attributed to the gradual formation 

of cement hydration product (C-S-H) coexisting with (CaOH), the most alkaline hydration product in 

cement-based system [26]. It seemed that the increase of PRB mass percentage from 5.0% to 10.0% and 

15.0% had attenuated the action of PC hydration and thus the production of CaOH responsible for pH 

increase.  

From table 6, it can be observed that the grinding of S/S final products, has  decreasing the leachant pH 

value in the S/S The retaining of pH of the ground sample leachant at neutrality is attributed to 

Physio chemical changes du to grinding of monoliths and the presence of amphoteric HMs contaminants 

such as Pb and Ni [27] 

 

    Table 7. 

     Leachability concentration before and after the TCLP test  

Element Initial value (before 

TCLP test) + SD 

(ppm) 

Final value (after 

TCLP test) + SD 

(ppm)* 

Leachability by mix level, (%) 

5.0 10.0 15.0 

Pb 7.4 +  1.2 1.2 + 0.9 99.8 83.8 97.0 

Cu 7.4 +  2.2 0.025 + 0.002 98.1 99.7 99.7 

Zn 63.6 + 10.2 0.012 + 0.015 98.3  100  100 

Ni 5.6 + 0.9 0.148 + 0.08 95.7 97.5 96.7 

Total Cr 9.9 +  2.1 0.003 + 0.0004 97.2  100  100 

   * Final values chosen by best level of mixes; that is the 10% level 

The leachat concentration of the studies metals (Pb, Cu, Zn, Ni, and Cr) in a 10% level of mixes 

at the end of curing time (25 day) were considerably lower than the initial concentration before the TCLP 

test (table 7). The results revealed that the Pb a less decrease in final leaching concentrations 10% PRB 

and other elements decrease with PRB% increase:  

Extending the curing time (aging) means more hydration reaction will take place and as result, 

more metals will be stabilized in different chemical forms, which will present in either the developing 

crystalline phases of hydrated cement or is absorbed into the C-S-H gel or crystals [26]. In contrast, 

when increasing the PRB at weight percentage of 15.0% level of mix, a fluctuation in Pb leachability 

was detected probably due to carbonation by atmospheric CO2 which lowered pH of S/S system leachant 

[28] The addition of  15% PRB has caused unexpectedly a pH to be close at 8.0 after 24 hours, and 
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hence, the Pb leachability has been increased andhis can be attributed to the presences of CaSO4 

(15.32%) in the PRB structure.  

At neutral and alkaline pH are for sufficient carbonate present environment, the species 

accounted for a significant fraction of soluble inorganic Cu in solution is the soluble CuCO3formed due 

to carbonation process and it was not pH dependent [29]. All the mixes reduce Zn leachability less than 

the proposed criteria of 5 mg/L approved by US EPA for TCLP standards (table 7). This indicates that 

s/s technology suitable for HMs treatment and the PRB is good as second binder. TCLP test, the 15% 

level of mix had the lowest leachate Zn concentration < 0.003 ppm TCLP test).The leachate Ni 

concentration attained at less than the proposed criteria of 7.0 mg/L approved by US EPA for TCLP 

standards (Table 7). They are accounting for 95.7%, 97.4% and 97.0% of (Ni) leachate concentration 

respectively. However, 5% Cr concentration is acceptable for TCLP standard (Table 7). Chromium (VI) 

(chromates) must be reduced to chromium (III) for stabilization within the S/S system [30].  

4-CONCLUSION 

Based on the above studying carried out on the heavy metals that compound the drilling mud results 

showed that:  

Leaching of metals from the s/s products in a distilled water batch extraction was affected by Porotherm 

reds bricks addition. 

Unconfined compressive strength was increased by Porotherm red bricks increments. 

The grinding of the monolith decreases the pH of the leachate and not affected by time. 

REFERENCES 

 [1] EU Commission Decision’s 2001/118/EC Amending Decision 2000/532/EC as Regards the List of 

Wastes (2001), Text from the Official J. European Commun. L47, 16 February. 

[2] Bell, N. Cripps, S. J. Jacobsen, T. Kjeilan, G. and Picken, G. B. 1998.Review of Drill Cuttings Piles 

in the North Sea. (Cordah, UK). 

[3] Conner JR, Hoeffner S.L.1998. (a) A Critical Review of Stabilization /Solidification Technology. J. 

Environ Sci. Tech.28(4): 397-462. 

 

[4] Page PW, Greaves C. Lawson, R. Haye, S. Boyle, F.2003.Options for the Recycling of Drill Cuttings. 

Proc. SPE/EPA/DOE Exploration and  production Environ. Conf. San Antonio, Texas. 



International Journal of Innovations in Applied Sciences & Engineering                     http://www.ijiase.com   

 

(IJIASE) 2019, Vol. No. 5, Jan-Dec                                                        e-ISSN: 2454-9258, p-ISSN: 2454-809X 

 
 

34 

 

INTERNATIONAL JOURNAL OF INNOVATIONS IN APPLIED SCIENCES AND ENGINEERING 
 

[5] Tuncan, A. Tuncan, M. Koyuncu, H.2004. Use of Petroleum Contaminated Drilling Wastes as Sub 

Base Material for Road Construction. J. Waste Mgt. Resour.18(5): 89-505. 

 

[6]  Jiang Jianguo, Wang Jun,Xu Xin,Wang Wei,Deng Zhou,Zhang Yan,2004. Heavy metal stabilization 

in municipal solid waste incineration flyash using heavy metal chelating agents, J.  Hazard. Mater.113(2-

3): 41–146. 

 

[7] Ahmed Al-Futaisi,Ahmad Jamrah,Basma Yaghi,Ramzi Taha,2007. Assessment of alternative 

management techniques of tank bottom petroleum sludge in Oman. J. Hazard. Mater.141(3): 557-564. 

 

[8] Irene Buj, Josep Torras, Miquel Rovira, Joan de Pablo,2010. Leaching behavior of magnesium 

phosphate cements containing high quantities of heavy metals J. Hazard. Mater. 175(1-3): 789–794. 

[9] Sunday, A. Leonard and Julia Stegemann, A. 2010. (Stabilization/Solidification of Petrolium Drill 

Cuttings”, J. Hazard. Mater.174(1-3): 484-491. 

 

[10] A. Andrés,R. Ibáñez, I. Ortiz,J.A. Irabien, 1998.  Expermental study of the waste binder     anhydrite 

in solidification/stabilization process of heavy metal sludge’s,  J. Hazard. Mater. 57(1-3): 155-168. 

 

 

[11] Kalliopi Anastasiadou, Konstantinos Christopoulos, Epameinontas Mousios, Evangelos      

Gidarakos, 2012. Solidification/stabilization of fly and bottom ash from medical waste incineration 

facility, J. Hazard. Mater.207-208: 65-170. 

 

[12] Junli Zhang,Jianguo Liu, Cheng Li, Yiying Jin, Yongfeng Nie, Jinhui,2009. Comparison of the 

fixation effects of heavy metals by cement rotary kiln co-processing and cement based 

solidification/stabilization, J. Hazard. Mater.165(1-3): 1179–1185. 

 

[13]  DeokHyun Moon,Dimitris Dermatas, 2007. Arsenic and lead release from fly ash 

stabilized/solidified soils under modified semi-dynamic leaching conditions,  J.l of Hazard. Mater. 

141(2-3): 388-394.    

    

[14]  Luna,Y. Galiano,C.Fernandez Pereira, J. Vale 2011. Stabilization/solidification of a municipal 

solid waste incineration residue using geopolymers, J. Hazard. Mater.85(1): 373-381. 

 

[15] Guangren QianYali CaoPengcheong Chui, Joohwa Tay, 2006. Utilization of MSWI fly ash for 

stabilization/solidification of industrial waste sludge, J. Hazard. Mater.129(1-3): 274-281. 

http://www.sciencedirect.com/science/article/pii/S0304389404002808
http://www.sciencedirect.com/science/article/pii/S0304389404002808
http://www.sciencedirect.com/science/article/pii/S0304389404002808
http://www.sciencedirect.com/science/article/pii/S0304389404002808
http://www.sciencedirect.com/science/article/pii/S0304389404002808
http://www.sciencedirect.com/science/article/pii/S0304389404002808
http://www.sciencedirect.com/science/journal/03043894
http://www.sciencedirect.com/science/article/pii/S0304389406008193
http://www.sciencedirect.com/science/article/pii/S0304389406008193
http://www.sciencedirect.com/science/article/pii/S0304389406008193
http://www.sciencedirect.com/science/article/pii/S0304389406008193
http://www.sciencedirect.com/science/article/pii/S0304389409017282
http://www.sciencedirect.com/science/article/pii/S0304389409017282
http://www.sciencedirect.com/science/article/pii/S0304389409017282
http://www.sciencedirect.com/science/article/pii/S0304389409017282
http://www.sciencedirect.com/science/article/pii/S0304389497000794
http://www.sciencedirect.com/science/article/pii/S0304389497000794
http://www.sciencedirect.com/science/article/pii/S0304389497000794
http://www.sciencedirect.com/science/article/pii/S0304389497000794
http://www.sciencedirect.com/science/article/pii/S0304389411006650
http://www.sciencedirect.com/science/article/pii/S0304389411006650
http://www.sciencedirect.com/science/article/pii/S0304389411006650
http://www.sciencedirect.com/science/article/pii/S0304389411006650
http://www.sciencedirect.com/science/article/pii/S0304389411006650
http://www.sciencedirect.com/science/journal/03043894
http://www.sciencedirect.com/science/article/pii/S0304389408016312
http://www.sciencedirect.com/science/article/pii/S0304389408016312
http://www.sciencedirect.com/science/article/pii/S0304389408016312
http://www.sciencedirect.com/science/article/pii/S0304389408016312
http://www.sciencedirect.com/science/article/pii/S0304389408016312
http://www.sciencedirect.com/science/article/pii/S0304389408016312
http://www.sciencedirect.com/science/journal/03043894
http://www.sciencedirect.com/science/journal/03043894/165/1
http://www.sciencedirect.com/science/journal/03043894/165/1
http://www.sciencedirect.com/science/journal/03043894
http://www.sciencedirect.com/science/article/pii/S0304389405005315
http://www.sciencedirect.com/science/article/pii/S0304389405005315
http://www.sciencedirect.com/science/article/pii/S0304389405005315
http://www.sciencedirect.com/science/article/pii/S0304389405005315
http://www.sciencedirect.com/science/journal/03043894


International Journal of Innovations in Applied Sciences & Engineering                     http://www.ijiase.com   

 

(IJIASE) 2019, Vol. No. 5, Jan-Dec                                                        e-ISSN: 2454-9258, p-ISSN: 2454-809X 

 
 

35 

 

INTERNATIONAL JOURNAL OF INNOVATIONS IN APPLIED SCIENCES AND ENGINEERING 
 

[16] Chun Yang Yin, Wan Shabuddin Wan Ali, Ying Pei Lim, 2008. Oil palm ash as partial replacement 

of cement for solidification/stabilization of nickel hydroxide sludge J. Hazard. Mater. 150 (2): 413-418. 

 [17] ASTM D1633-00 Standard Test Method for compressive Strength of molded Solid-Cement 

Cylinders Edition:2000. 

[18] US EPA (United States Environmental Protection Agency) method 1311, Toxicity characteristics 

Leaching Procedure, Test Method for Evaluation of Soild Wastes, Physical, Chemical Methods, SW846, 

Adapted from http://www.epa.gov/2003 [19] British Standards Institution BS EN 197: Part 1. (2000). 

Cement, Composition, Specifications and Conformity Criteria for Common Cements, London. 

[20] British Standards Institution BS 1924: Part 1. (1990). Stabilised Materials for Civil Engineering 

Purposes. General Requirements, Sampling, Sample Preparation and on Materials before Stabilisation 

[21] Sunday A. Leonard and Julia A. Stegemann, 2010.  Stabilization/Solidification of Petrolium Drill 

Cuttings”, J. Hazard. Mater.174(1-3): 463-472. 

[22]  Asavapisit, S., Fowler, G. and Cheeseman, C.R. (1997). Solution Chemistry During Cement 

Hydration in the Presence of Metal Hydroxide Waste. Cement & Con crete Research,27(8): 1249-1260. 

[23] Zain, M.F.M., Islam, M.N., Radin, S.S. and S.G. Yap, 2004.  Cement-based solidification for the 

safe disposal of blasted copper slag. Cement and Concrete Composites,26(7): 845-851. 

[24] Neville, A.M. Properties of Concrete (4th Edition) Longman Group, London. (1995). 

[25] Al-nsary and Abir[19] M.S. Al-Ansary, A. Al-Tabbaa, 2007. Stabilisation/solidification of 

synthetic petroleum drill cuttings, J. Hazard. Mater. 141(2): 410–421. 

[26] Stegemann J.A., and Zhuo Q. (2009). Screening Test for Assessing Treatability of Inorganic 

Industrial Wastes by Stabilization/Solidification with Cement. J. Hazard. Mater., 161(1) : 300-306 

[27] Rachana Malviya & Rubina Chaudary, 2006. “Factors Affecting Hazardous Waste 

Solidification/Stabilization: A Review”, J. Hazard. Mater,B137(1): 267-276.  

[28] Reginald B. Kogbara, Abir Al-Tabbaa1, Yaolin Yi1, Julia A. Stegemann, 2012. pH-dependent 

leaching behaviour and other performance properties of cement-treated mixed contaminated soil. J. 

Environ.l Sc.,24(9): 1630-1638.    

[29] Sanders, J.R., Bloomfield, C. (1980). The Influence of pH, Ionic Strength and Reactant  

Concentrations on Copper Complexing by Humified Organic Matter. J. Soil Sci. 31(1): 53– 55. 

http://www.sciencedirect.com/science/article/pii/S0304389407006176
http://www.sciencedirect.com/science/article/pii/S0304389407006176
http://www.sciencedirect.com/science/article/pii/S0304389407006176
http://www.sciencedirect.com/science/journal/03043894
http://www.epa.gov/2003


International Journal of Innovations in Applied Sciences & Engineering                     http://www.ijiase.com   

 

(IJIASE) 2019, Vol. No. 5, Jan-Dec                                                        e-ISSN: 2454-9258, p-ISSN: 2454-809X 

 
 

36 

 

INTERNATIONAL JOURNAL OF INNOVATIONS IN APPLIED SCIENCES AND ENGINEERING 
 

[30] Spence, R.D., T. Gilliam, and A. Bleier, (1995). Cementitious Stabilization of Chromium, Arsenic, 

and Selenium in a Cooling Tower Sludge." Presented at the 88th Annual Meeting of the Air & Waste 

Management Association, San Antonio, TX. June 18-23. 

 

      


