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R.S. Ettouney, M.A. EL-Rifai. Explosion of ammonium nitrate solutions, 

two case studies. Pages 1-7. 

Two ammonium nitrate solution explosion accidents are analyzed in terms of the boiling 

point and solubility data. Both accidents occurred following a prolonged stoppage. In both 

cases a local increase in concentration and/or crystallization of ammonium nitrate has 

been suspected. In the first case this has been due to loss of temperature control with 

consequent evaporation under vacuum. In the second case crystal formation was 

attributed to cooling crystallization owing to poor insulation. Other conditions increasing 

the likelihood of the explosion were also satisfied. These include lack of flow, increase in 

temperature, and catalysis by both increased solution acidity and the presence of 

stainless steel corrosion products. 

Highlights: ► Basic events leading to solution explosion have been identified for two 

accidents. ► In the evaporator accident crystal formation was attributed to evaporation. 

► In the neutralizer accident crystal formation was attributed to cooling crystallization. ► 

Accident conditions are followed on boiling point and temperature-solubility diagrams. ► 

Safe re-startup procedures and proper insulation maintenance training is emphasized. 

� Keywords: Ammonium nitrate; Solution explosion; Evaporation; Crystallization; 

Bursting pressure 

Alireza Banimostafa, Stavros Papadokonstantakis, Konrad Hungerbühler. 

Evaluation of EHS hazard and sustainability metrics during early process 
design stages using principal component analysis. Pages 8-26. 

A principal component analysis (PCA) based methodology accounting for EHS hazard and 

sustainability metrics has been recently proposed in literature (Srinivasan and Nhan, 

2008) to deal with the subjective weighting problem of existing index-based methods. In 

this study we evaluate the potential use of the PCA-based method during early phases of 

process design in the problem of selection between various synthesis paths, also called 

chemical routes, for the production of chemical compounds. The study also focuses on 

the impact of the methodology settings on the obtained chemical route rankings and 

their interpretation. Two case studies have been performed regarding the production of 

4-(2-methoxyethyl)-phenol (MEP) and methyl methacrylate (MMA) using fifteen different 

evaluation categories capturing various sustainability metrics. The PCA-based method 

identified the most promising chemical routes as well as the most important evaluation 



categories. The necessity for normalization of the raw data was demonstrated, without 

the method being very sensitive to the type of normalization. Moreover, the effect of the 

transition approach from chemical step to chemical route scores is discussed. The results 

of the PCA-based method are also compared with an index-based method (Koller et al., 

2000) sharing the same evaluation categories, as well as with other index-based 

frameworks in order to reveal the extent of similarities. 

Highlights: ► Comparison of PCA with EHS/sustainability assessment index based 

methods. ► Analysis of PCA settings and study of their impact on ranking process 

alternatives. ► Analysis of methods for multi-step chemical synthesis score assignment. 

► Comparison with other scholars in 2 case studies using 15 evaluation categories. ► 

Identification and sensitivity of important evaluation categories using PCA loadings. 

� Keywords: Environmental; Health; Safety index; Chemical route selection; 

Multicriteria assessment; Factor analysis 

M.A. Morales-Mora, E. Rosa-Dominguez, N. Suppen-Reynaga, S.A. 
Martinez-Delgadillo. Environmental and eco-costs life cycle assessment 
of an acrylonitrile process by capacity enlargement in Mexico. Pages 27-

37. 

Life cycle assessment and marginal prevention costs (eco-costs method) for an 

acrylonitrile plant were carried out estimating the environmental impact and the eco-

costs, due to the increment in the production capacity. This study compares the old 

plant's operative performance (old design) at 50,000 ton/year where the by-products 

were incinerated, with the current operation at 60,000 ton/year where those by-products 

in the waste stream will be treated to take advantage of its substance content, to 

generate profitable products. In addition, the effect of a wastewater flow rate with 

cyanide was evaluated on the biological wastewater treatment process. The redesign 

showed a high reduction percentage in eleven of eighteen midpoint impact categories. 

The reduction of 36% in the global impacts in the redesign was obtained when these 

ones were calculated based on the impacts of the year of 2005. The CO2 emissions 

equivalents (CO2eq) had a reduction of 46% (from 6.55 to 3.50 kg CO2eq/kg of 

acrylonitrile). The total of marginal prevention costs (eco-costs) are 1.28 USD/kg for 

acrylonitrile old design and the 0.735 USD/kg for acrylonitrile redesign, i.e. 42.5% lower 

than the old design. This means that 94.5% are costs for pollution and the use of energy 

and 5.4% by depletions of material resources. This study proved that the redesign is 

environmentally most favorable and economically affordable method. Eco-costs method 

should be incorporated as part of the financial indicators of a project, but with the 

respective adaptation to the environmental and economic conditions of a region. 

� Keywords: Acetocyanhydrine; Acrylonitrile; Eco-costs; Methyl methacrylate 

monomer; Morelos Petrochemical Complex 

T. Ginsberg, D. Liebig, M. Modigell, B. Sundermann. Multizonal 

thermochemical modelling of heavy metal transfer in incineration plants. 
Pages 38-44. 

Heavy metals enter an incineration plant as trace components in the fuel and are 

inhomogeneously distributed into the ash streams exiting the plant. Their concentration 

in the respective ash streams mainly depends on their chemical properties, especially on 

their volatility. Several authors already modelled the chemical state within an incinerator 

by one single thermochemical equilibrium calculation and achieved qualitative 

characterization of the heavy metals’ behavior. In the work at hand, a multizonal 

thermochemical process model of an incineration plant is developed. The chemical 

reactions within the incinerator are modelled as a sequence of thermochemical equilibria. 



Reaction kinetic as well as mass transport related inhibitions are accounted for by 

choosing a proper model structure. Test calculations for a waste and a biomass fired 

incinerator show that the model is capable of simulating the distribution of As, Cd, and 

Sn into the ash streams with better quantitative accuracy compared to the 

abovementioned single-equilibrium approach. The distribution of Cu and Pb is found to be 

closely coupled to the volatility of Cl on the grate. 

Highlights: ► Development of a multizonal thermochemical model of an incineration 

plant for prediction of heavy metal transfer. ► Test calculation performed for a waste 

and a biomass incinerator. ► Transfer of As, Cd and Sn into different ash stream 

simulated in accordance with measurement values. ► Transfer of Cu and Pb found 

closely coupled to volatility of Cl on the grate. 

� Keywords: Heavy metals; Waste incineration; Thermochemical modelling 

Ali Reza Pendashteh, Luqman Chuah Abdullah, A. Fakhru’l-Razi, Sayed 

Siavash Madaeni, Zurina Zainal Abidin, Dayang Radiah Awang Biak. 
Evaluation of membrane bioreactor for hypersaline oily wastewater 

treatment. Pages 45-55. 

Produced water is a significant waste stream generated in association with oil and gas 

production. It contains high concentrations of hydrocarbon constituents and different 

salts. In this study, a membrane sequencing batch reactor (MSBR) was used to treat 

synthetic and real produced water. The MSBR was evaluated in terms of biodegradation 

of hydrocarbons in the synthetic produced water with various organic loading rates (OLR) 

(0.281, 0.563, 1.124, 2.248, and 3.372 kg COD/(m3 day)), cycle time (12, 24, and 48 

h), and membrane performance. The effects of salt concentrations at different total 

dissolved solids (TDS) (35,000, 50,000, 100,000, 150,000, 200,000, and 250,000 mg/L) 

on biological treatment of the pollutants in the synthetic and real wastewater were 

studied. At an OLR of 1.124 kg COD/(m3 day), an HRT of 48 h and TDS of 35,000 mg/L, 

removal efficiencies of 97.5%, 97.2%, and 98.9% of COD, total organic carbon (TOC), 

and oil and grease (O&G), respectively were achieved. For the real produced water, 

removal rates of 86.2%, 90.8%, and 90% were obtained for the same conditions. 

However, with increasing salt content, the COD-removal efficiencies of the synthetic and 

real produced water were reduced to 90.4% and 17.7%, respectively at the highest TDS. 

Highlights: ► We used isolated halophilic hydrocarbon degrader microorganisms in a 

MBR. ► We studied treatment of oily and saline wastewater. ► MSBR is a robust system 

at different salinities and organic loading rates. ► MSBR effluent is able to be re-used for 

different options. 

� Keywords: Oily wastewater; Produced water; Ultrafiltration; Sequencing batch 

reactor; Halophilic microorganisms 

Mohammad Vaez, Abdolsamad Zarringhalam Moghaddam, Niyaz 

Mohammad Mahmoodi, Somayeh Alijani. Decolorization and degradation 
of acid dye with immobilized titania nanoparticles. Pages 56-64. 

This paper addresses the decolorization and degradation of acid dye by a heterogeneous 

photocatalytic process using immobilized nano-sized TiO2 particles as the photocatalyst. 

Sackcloth fiber was used as a support to immobilize the nano-sized TiO2 photocatalyst. 

The structural properties of the immobilized photocatalyst were characterized by XRD, 

SEM and EDX. UV–Vis absorption spectroscopy and the measurement of the chemical 

oxygen demand (COD) were also used for the process performance studies. The XRD 

results did not show significant changes in the structure of P25 as a consequence of the 

immobilization procedure. The formation of titania crystallites in the sackcloth fiber was 

confirmed by SEM/EDX. The photocatalytic activities of TiO2-coated sackcloth fiber 



catalyst were evaluated using Acid Black 26 as a model organic contaminant and using 

UV-A radiation. Experimental results showed that after 60 min, the degradation of Acid 

Black 26 with the immobilized TiO2 particles was higher than that with plain TiO2. Based 

on the COD results, after 3 h, the TiO2-coated sackcloth fiber effectively decomposed all 

of the organic compounds present in dye solution under the studied experimental 

conditions. The effects of the oxidant H2O2, initial dye concentration and pH on the 

photocatalytic degradation were also investigated. The presence of CO32− as a dissolved 

inorganic anion had the highest inhibitory effect on the decolorization of the dye, when 

compared with the other anions investigated. Kinetics analysis indicates that the 

photocatalytic decolorization rate of Acid Black 26 can be described by a pseudo-first-

order model. 

Highlights: ► Nano-sized TiO2 particles were immobilized onto Sackcloth fiber. ► The 

photocatalytic activity of immobilized TiO2 nanoparticle was evaluated using acid dye. ► 

The degradation of acid dye using immobilized TiO2 nanoparticle was higher than that of 

plain TiO2. ► The photocatalytic decolorization kinetics of acid dye followed with pseudo-

first order model. 

� Keywords: Wastewater treatment; Titania nanoparticles; Immobilization; 

Sackcloth fiber 

Suresh K. Nath, Robin K. Dutta. Acid-enhanced limestone defluoridation 
in column reactor using oxalic acid. Pages 65-75. 

Acid enhanced limestone defluoridation of water has been studied in a crushed limestone 

column reactor using oxalic acid (OA). The defluoridation has been studied with varying 

initial fluoride concentrations of 5, 10, 15 and 20 mg/L and acid concentrations of 0.01, 

0.05 and 0.1 M. The fluoride removal was found to increase with increase in the 

concentration of the acid, removing fluoride up to 95% with 0.1 M OA. The observed 

good fluoride removal has been attributed to a combination of two mechanisms of 

fluoride removal, viz., precipitation of calcium fluoride and adsorption of fluoride ions on 

limestone surfaces. While the removal by precipitation remains same on repeated use of 

the same limestone column, the adsorption is more with the fresh limestone and 

decreases gradually on repeated use of the same limestone column. The precipitate has 

been characterized using various analytical tools, viz., X-ray diffraction, IR spectroscopy, 

thermogravimetric analysis, scanning electron microscopy combined with energy 

dispersive X-ray spectroscopy and X-ray photoelectron spectroscopy. The Ca2+ ions, 

formed due to dissolution of limestone by the acid, precipitate calcium fluoride along with 

precipitation of calcium oxalate. A good fluoride removal ability, low residual oxalate, 

acceptable final pH, low-cost and simplicity of the process make the present acid-

enhanced limestone defluoridation process with OA a potential method for defluoridation 

of groundwater. 

Highlights: ► Oxalic acid has been used for enhancing limestone defluoridation of 

groundwater. ► The method removes F− from an initial concentration of 10 mg/L to 

below 1 mg/L. ► The F− removal takes place by both precipitation and adsorption 

simultaneously. ► The method is safe in terms of pH and residual oxalate and residual 

heavy metals. ► The method is efficient, low-cost and safe and has potential for 

application. 

� Keywords: Limestone; Defluoridation; Oxalic acid; Calcium fluoride; Calcium 

oxalate 


