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1- Silica fume

2- Fly ash

3- Blast furnace slag
4- Oily sludge
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1. Introduction

The incineration is one of frequently used practices in waste management and it is one of the options used for
petrochemical purposes. One of the disadvantages of this method is the bottom production [1] categorized as
hazardous material according to European standard. Although bottom ash (BA) is less toxic than fly ash [2], the
amount of BA is significantly more than that of fly ash and the composition is more heterogeneous [3]. However, in
developing countries, the industrial waste incineration bottom ash is sent to landfills, while utilization of BA is
generally preferred over landfilling in accordance with Europe union waste policy and landfilling is not a sustainable
solution [1]. In several countries, the use of BA is allowed for civil engineering application and many studies were
performed in order to find possibilities for incorporating BA as partial replacement of aggregate and filler for
concrete in construction activities [1, 3]. It is due to the demand for natural raw materials as well as saving landfill
spaces. Stabilization/Solidification (S/S) is typically a process that involves the mixing of a waste with a binder to
reduce the contaminant leachability by both physical and chemical means and to convert the hazardous waste into an
environmentally acceptable waste form for land disposal or construction use. Cement, pozzolanic materials, lime
and geo-polymer are the common binders widely used for S/S [4].

(a) (b)
Fig. 1. (a) The storage of sludge after treatment, (b) The produced bottom ash (BA) after burning (dumped without treatment)

2. Methodology
2.1. Materials

In this research, Stabilization/Solidification of petrochemical incinerator bottom ash (PI-BA) was applied using
cement (Type II) and silica fume in various proportions. Bulk sample (approximately 200 kg) of bottom ash was
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collected from the incineration plants of M.B. petrochemical Complex and carried to the laboratory. Then, PI-BA
was uniformly dried in the environment. Nine samples were taken and mixed together homogeneously. Three
composite samples were prepared by homogenizing and combining every three samples. The gradation of PI-BA
was obtained according to ASTM C136 standard. Type II Portland cement and Tap water were used for the
production of the cement mortar. In addition, GELENIUM 110 a carboxylic base superplasticizer was applied to
maintain a constant slump flow using the slump table test.

2.2. Experimental study

The percentages of PI-BA that replace fine aggregate are 0%, 15%, 30%, 45% and 60% in cement-mortars.
furthermore, the Silica fume (SF) was replaced by cement at 5% and 10%. Then, Compressive strength and leaching
tests were carried to evaluate solidified waste. In addition, for supplementary investigation, X-Ray Diffraction
(XRD) was performed on an optimized ratio of bottom ash. The aim of this stage was the use of PI-BA as the fine
aggregate to build concrete blocks, pavement blocks or using in parking lots.

3. Results and discussion

3.1. Compressive strength

Generally, the mortar cubes containing PI-BA show lower compressive strength at all ages, which is attributed to
the low instinct strength of bottom ash particles compare with natural sand and presence of heavy metallic contents
in these materials, which interfere in cement hydration products [3]. Nevertheless, Silica fume accounts for the
increase in compressive strength due to reactions with lime byproduct made of hydrating cement to produce more
CSH and less calcium hydroxide in the cement matrix.

3.2. TCLP

The use of bottom ash that exposed to weathering in practice requires a study of their potential toxicity. Due to
the lack of national regulation to evaluate leaching from waste, standard test such as TCLP test recommend by USA
EPA [5] was applied. Moreover, there is no TCLP limit for copper and zinc. Therefore, the concentrations of heavy
metals in the TCLP eluate are compared to the Republic of China (ROC) Environmental Protection Agency (EPA)
[6,7], Czech Regulation [8]. It could help to compare the results with other regulations in different countries for
making decisions. Generally, the solubility product of the metal silicate is less than the hydroxides and it is
minimized in a wide range of pH. Using pozzolanic materials cause to reduction in the ratio and increase negative
electricity on the surface of C-S-H gel that lead to enhance the possibility absorption of heavy metals [4].

The concentration of Cr in the eluates for all mixtures containing 60% bottom ash is greater than all permissible
values in the regulations. However, the leaching of zinc and copper for mixture A45%+10%SF is a little higher than
Czech regulation, but lower than permitted values by other regulations as well as proper mechanical properties.
However, it seems that a Czech Republic regulation is more conservative than other regulations.

3.3. XRD

The presence of C;S and C,S represented the unhydrated tricalcium silicate was observed in specimens at 3 days.
Nevertheless, the peak of them was decreased by increasing the age of specimens because of curing. In addition, the
presence of an amorphous phase which is revealed by a hump in the XRD diffractograms for 16°<26 <39,
presumably CSH gel, in specimens with 45% bottom ash is less than control specimen. The CSH gel is responsible
for compressive strength and was confirmed the result of compressive strength in specimens with bottom ash.

4. Conclusions

The results show that by increasing the bottom ash in mortar specimens, the compressive strength decreased. The
physical and leaching characteristics of mortar were improved by replacement 10 percent of silica fume. In
addition, in the percentages of fine aggregate replaced by 60% PI-BA, leachability of Zn and Cr from the solidified
wastes exceed the criteria for waste acceptable at landfills. Moreover, it shows significant reduction in compressive
strength. Consequently, results show that the use of 45% PI-BA with 10% Silica-fume replacement has the potential
of reuse PI-BA as fine aggregate in the construction of concrete elements and it could be considered as economical
and environmental solutions for petrochemical plants disposal problem.
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Fig. 2. XRD analysis of specimen at 3 days with (a) 45% ash (A45%) , (b) 45% ash+10% silica fume (A45%+10%SF)
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