
Editorial 
Prof. Dr. Martín Aznar 
 
O destaque desta edição é sem dúvida a concessão do prêmio de melhor tese de 
doutorado da FEQ em 2012, detalhada no quadro abaixo. Esta premiação, que foi 
introduzida por uma iniciativa da CAPES, que escolhe anualmente entre todas as 
teses indicadas pelas diversas áreas do conhecimento a vencedora do Prêmio 
CAPES de Tese e, posteriormente, do Grande Prêmio CAPES de Tese, tem-se 
revestido de grande importância nos últimos anos, servindo como prova do 
destaque e da importância das pesquisas aqui desenvolvidas e se constituindo em 
um excelente cartão de visita para o nosso Programa de Pós-Graduação. Fica aqui 
o incentivo a orientadores e recém-doutores para que participem de forma ativa, 
inscrevendo as suas teses no prêmio e enriquecendo o processo de escolha. Só 
temos a ganhar! 
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Melhor Tese de Doutorado da FEQ em 2012 

 
Prof. Martín Aznar, Profa. Aline Costa e Dr. Rafael Ramos de Andrade, 

na cerimônia de premiação 

A tese “Modelagem cinética do 
processo de produção de etanol a 
partir de hidrolisado enzimático 
de bagaço de cana-de-açúcar 
concentrado com melaço 
considerando reciclo de células”, 
defendida pelo Dr. Rafael Ramos 
de Andrade em 24 de fevereiro de 
2012, foi escolhida como a melhor 
tese de doutorado da FEQ em 2012 
e concorrerá ao Prêmio CAPES de 
Tese no final do ano.  
A tese foi orientada pela 
professora. Aline Carvalho da 
Costa, do Departamento de 
Desenvolvimento de Processos e 
Produtos (DDPP) e contou com a 
co-orientação dos professores 
Rubens Maciel Filho, do mesmo 
departamento, e Francisco 
Maugeri Filho (FEA/UNICAMP). 

Parabéns ao Dr. Rafael e aos seus orientadores! 
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Abril 
 
Influence of natamycin loading methods on the physical characteristics of alginate active films 
Bierhalz, A.C.K.; Da Silva, M.A.; Sousa, H.C.; Braga, M.E.M.; Kieckbusch, T.G. The Journal of Supercritical 
Fluids, 76 (2013), 74-82. ISSN: 0896-8446. FI = 2.860. Qualis A1. doi:10.1016/j.supflu.2013.01.014 
Natamycin, an antimicrobial agent sparingly soluble in water, was incorporated into alginate films in order 
to produce antimicrobial packaging, using three different approaches: the conventional loading method, 
when natamycin is added directly to the polymeric aqueous film-forming solution; the immersion 
procedure, by which a previously prepared films is contacted with natamycin solution, and by the 
supercritical solvent impregnation (SSI) method, with loading tests performed in CO2 containing 
natamycin, with and without addition of cosolvent (ethanol, 10% molar). The loading capacities were 
evaluated, as well as the influence on physical attributes of the films and on the release behavior of 
natamycin in water. The conventional method led to films heterogeneities with high surface roughness, 
and the immersion technique evinced several disadvantages like low incorporation yields, and negative 
influence on water vapor permeability and on the swelling degree of the film. The supercritical method 
showed that longer contact times and the use of ethanol as a cosolvent increased the natamycin loading 
yields and led to homogeneous films, where SSI (CO2 + EtOH) process produced visually attractive films: 
translucent and dried. 
 
Removal of cadmium(II) and lead(II) ions from aqueous phase on sodic bentonite 
Galindo, L.S.G.; Almeida Neto, A.F.; Silva, M.G.C.; Vieira, M.G.A. Materials Research, 16 (2013), 515-527. 
ISSN: 1516-1439. FI = 0.424. Qualis B1. doi:10.1590/S1516-14392013005000007 
This paper describes the adsorption of Cd2+and Pb2+ions using sodic bentonite clay type Fluidgel modified. 
The Fluidgel before and after chemical modification and thermal activation was characterized by different 
techniques including X-ray diffraction, thermal analysis, Fourier transform infrared, surface area, helium 
pycnometry, cation exchange capacity and scanning electron microscopy. Pseudo-first order, pseudo-
second order and intra-particle diffusion models were used to analyze the kinetic curves. Equilibrium data 
were analyzed using Langmuir and Freundlich models. The thermodynamic study indicated that lead 
adsorption process is endothermic and interactions between clays and solutions of lead occurred 
spontaneously, while cadmium adsorption revealed an exothermic and spontaneous nature. The maximum 
removal efficiencies were 97.62% for Cd(II) using Fluidgel modified chemically and 91.08% for lead by 
Fluidgel modified chemical and thermally. 
 
Extraction of alginate biopolymer present in marine alga Sargassum filipendula and bioadsorption of 
metallic ions 
Kleinubing, S.J.; Gai, F.; Bertagnolli, C.; Silva, M.G.C. Materials Research, 16 (2013), 481-488. ISSN: 1516-
1439. FI = 0.424. Qualis B1. doi:10.1590/S1516-14392013005000013 
This paper studies the bioadsorption of Pb2+, Cu2+, Cd2+ and Zn2+ ions by marine alga Sargassum filipendula 
and by the alginate biopolymer extracted from this alga. The objective is to evaluate the importance of 
this biopolymer in removing different metallic ions by the marine alga S. filipendula. In the equilibrium 
study, the same affinity order was observed for both bioadsorbents: Pb2+ > Cu2+ > Zn2+ > Cd2+. For Pb2+ and 
Cu2+ ions when the alginate is isolated and acting as bioadsorbents, adsorption capacities greater than 
those found for the alga were observed, indicating that it is the main component responsible for the 
removal of metallic ions. For Zn2+ and Cd2+ ions, greater bioadsorption capacities were observed for the 
alga, indicating that other functional groups of the alga, such as sulfates and amino, are also important in 
the bioadsorption of these ions. 
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Effect of solution temperature, pH and ionic strength on dye adsorption onto Magellanic peat 
Sepulveda, L.A.; Santana, C.C. Environmental Technology, 34 (2013), 967-977. ISSN: 0959-3330. FI = 
1.406. Qualis A1. doi:10.1080/09593330.2012.724251 
The aim of this research was to study the effect of the solution temperature, pH and ionic strength on the 
adsorption of the Basic Blue 3 (BB3) and Acid Black 1 (AB1) dyes in Magellanic peat. The peat used was 
physically characterized as fibrous, of low decomposition level, without the presence of crystalline 
material and with a highly porous morphology. The functional groups with major concentration in the 
surface adsorbent were the carboxylics and phenolics, with values of 0.91 and 0.47 mmol/g, respectively. 
The results of the batch assays showed that the adsorption of the AB1 dye was strongly dependent of 
electrical charge density on the surface, contrary to what occurred to the BB3 dye, because the 
interactions between the dyes and carboxylic groups of the peat could be either electrostatic or non-
electrostatic. The Langmuir, Freundlich and Sips isotherm models were fitted to the experimental data; 
among them, the Sips model presented the best adjustment quality. The maximum adsorption capacities 
for BB3 and AB1 dyes were 33.1 and 33.7 mg/g, respectively. The adsorption of BB3 dye onto Magellan 
peat has an exothermic behaviour, obtaining an adsorption enthalpy of –3.44 kJ/mol. Contrarily the 
adsorption of AB1 has an adsorption enthalpy of 56.76 kJ/mol. 
 
Glycerin and ethanol as additives on silk fibroin films: Insoluble and malleable films 
Silva, M.F.;De Moraes, M.A.;Nogueira, G.M.; Rodas, A.C.D.; Higa, O.Z.; Beppu, M.M. Journal of Applied 
Polymer Science, 128 (2013), 115-122. ISSN: 0021-8995. FI = 1.240. Qualis A1. doi:10.1002/app.38139 
Silk fibroin (SF) films have been largely studied as biomaterials due to their biocompatibility and 
biodegradability. Casting a SF aqueous solution at room temperature is a common technique to produce SF 
films at relative low cost and processing time; however, their brittleness and solubility in water make 
them unsuitable for certain biomedical applications. In this study, the incorporation of additives, ethanol 
and glycerin, are presented as an alternative to both improve mechanical properties of SF films and 
decrease their solubility in water. SF films with additives were further characterized using scanning 
electron microscopy, X-ray diffraction, Fourier transformed infrared spectroscopy with attenuated total 
reflection, analysis of water solubility, mechanical test of traction, and in vitro cytotoxicity experiments. 
The results show that SF films containing additives are stable in water due to the effect of glycerin and 
ethanol, and do not require post-treatments. Furthermore, great improvements on elongation of the films 
were achieved, mainly in the presence of both additives. In addition, all films were not toxic to cells, 
which is a first indication of their biocompatibility. 
 
 

Maio 
 
Enteric coating process of diclofenac sodium pellets in a fluid bed coater with a wurster insert: 
Influence of process variables on coating performance and release profile  
Albanez, R.; Nitz, M.; Taranto, O.P. Advanced Powder Technology, 24 (2013), 659-666. ISSN: 0921-8831. FI 
= 1.612. Qualis B2. doi:10.1016/j.apt.2012.12.003 
The objective of this work was to study the coating process of diclofenac sodium pellets, with the 
commercial aqueous coating suspension for enteric release – Acryl-Eze® MP, in a fluid bed coater with a 
Wurster insert. Coating experiments were performed following a 22 factorial design to determine the 
influence of process variables on coating performance, measured by the two response variables: efficiency 
(η%) and agglomeration index (magg%). Both response variables were found to be affected by inlet 
temperature and suspension flow rate with a 95% confidence level. This work also studied the release of 
diclofenac sodium coated and uncoated pellets in HCl 0.1 N and pH 6.8 phosphate buffer media. Results 
showed that the release of diclofenac sodium during the buffer stage was affected by the prior exposure 
to the HCl 0.1 N medium and a polymer weight gain above 9.7% (2.7 mg/cm2), was needed to modify the 
release in such a way that it remained below 10% for the first 120 min in HCl 0.1 N and above 75% in pH 
6.8 for the next 45 min. Neither the drug content nor the release profiles were significantly affected by 
storage at 40C and 75% relative humidity. 
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Activity coefficient at infinite dilution measurements for organic solutes (polar and non-polar) in fatty 
compounds – Part II: C18 fatty acids 
Belting, P.C.; Rarey, J.; Gmehling, J.; Ceriani, R.; Chiavone-Filho, O.; Meirelles, A.J.A. Journal of 
Chemical Thermodynamics, 60 (2013), 142-149. ISSN: 0021-9614. FI = 2.422. Qualis A1. 
doi:10.1016/j.jct.2012.12.009 
In this work, activity coefficients at infinite dilution (13) have been measured for 21 solutes (subscript 1) 
(alkanes, cycloalkanes, alkenes, aromatic compounds, alcohols, esters, ketones and halogenated 
hydrocarbons), in 4 solvents (subscript 3), namely one saturated fatty acid and 3 unsaturated fatty acids: 
stearic (octadecanoic) acid – C18:0, oleic (cis-9-octadecenoic) acid – C18:1 9c, linoleic (cis,cis-9,12-
octadecadienoic) acid – C18:2 9c12c and linolenic (cis,cis,cis-9,12,15-octadecatrienoic) acid – C18:3 
9c12c15c, by gas-liquid chromatography. The measurements were carried out at temperatures from 
(303.13 to 368.19) K and the partial molar excess Gibbs energy (GE

1
), enthalpy (HE

1
), and entropy 

(SE
1
), at infinite dilution were calculated from experimental 13 values obtained over the temperature 

range. The uncertainties in determination of 13 and HE
1
 are 4% and 20%, respectively. The results for 

stearic acid obtained in this study have been compared to those available in the Dortmund Data Bank 
(DDB). The real behaviour of fatty systems could be better understood through the results obtained in this 
work. 
 
Evaluation of process configurations for second generation integrated with first generation bioethanol 
production from sugarcane 
Dias, M.O.S.; Junqueira, T.L.; Rossell, C.E.V.; Maciel Filho, R.; Bonomi, A. Fuel Processing Technology, 
109 (2013), 84-89. ISSN: 0378-3820. FI = 2.945. Qualis A1. doi:10.1016/j.fuproc.2012.09.041 
Since sugarcane bagasse and trash are used as fuels in conventional bioethanol production, the amount of 
surplus lignocellulosic material used as feedstock for bioethanol production depends on the energy 
consumption of the production processes. Residues from the second generation process (e.g., unreacted 
lignocellulosic material) may be used as fuels and increase the amount of surplus bagasse, along with 
improved technologies. Pentose fermentation to ethanol instead of biodigestion to produce biogas will 
lead to higher ethanol production, increasing energy consumption of the process and consequently, 
decreasing the amount of surplus lignocellulosic material available. In this study different configurations 
of the second generation ethanol production process (e.g. pretreatment with steam explosion coupled or 
not with delignification, pentose biodigestion or fermentation to ethanol, solids loading on hydrolysis), are 
evaluated in the integrated first and second generation ethanol production from sugarcane through 
simulation using Aspen Plus. The results show which process alternatives, potentially, may lead to higher 
ethanol production, pointing towards where research should be directed in order to provide important 
gains on ethanol production in the integrated process. 
 
Butanol production in a first-generation Brazilian sugarcane biorefinery: technical aspects and 
economics of greenfield projects 
Mariano, A.P.; Dias, M.O.S.; Junqueira, T.L.; Cunha, M.P.; Bonomi, A.; Maciel Filho, R. Bioresource 
Technology, 135 (2103), 316-323. ISSN: 0960-8524. FI = 4.980. Qualis A1. 
doi:10.1016/j.biortech.2012.09.109 
The techno-economics of greenfield projects of a first-generation sugarcane biorefinery aimed to produce 
ethanol, sugar, power, and n-butanol was carried out taking into account different butanol fermentation 
technologies (regular microorganism and mutant strain with improved butanol yield) and market scenarios 
(chemicals and automotive fuel). The complete sugarcane biorefinery with the batch acetone-butanol-
ethanol (ABE) fermentation process was simulated using Aspen Plus®. The biorefinery was designed to 
process 2 million tonne sugarcane per year and utilize 25%, 50%, and 25% of the available sugarcane juice 
to produce sugar, ethanol, and butanol, respectively. The investment on a biorefinery with butanol 
production showed to be more attractive [14.8% IRR, P(IRR>12%) = 0.99] than the conventional 50:50 
(ethanol:sugar) annexed plant [13.3% IRR, P(IRR>12%) = 0.80] only in the case butanol is produced by an 
improved microorganism and traded as a chemical. 
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Energy analysis of poly-hydroxybutirate (PHB) drying using a combined microwave/rotating pulsed 
fluidized bed (MW/RPFB) dryer 
Rosa, G.S.; Marsaioli Jr., A.; Rocha, S.C.S. Drying Technology, 31 (2013), 795-801. ISSN: 0737-3937. FI = 
2.084. Qualis A1. doi:10.1080/07373937.2012.762374 
The aim of this study was to investigate the drying kinetics and energy efficiency of a combined 
microwave/rotating pulsed fluidized bed (MW/RPFB) dryer to dry particles of poly-hydroxybutirate (PHB). 
In order to analyze the effects of microwaves and hot air conditions on the drying kinetics of PHB and 
energy efficiency, an experimental design technique was applied. Drying energy efficiencies were in the 
range of 12–30%, and an estimated value of 10.5% was found for pure convective drying of PHB in an RPFB 
with the same final moisture content. 
 
Formation of PLA particles incorporating 17a-methyltestosterone by supercritical fluid technology 
Sacchetin, P.S.C.; Morales, A.R.; Moraes, A.M.; Rosa, P.T.V. The Journal of Supercritical Fluids, 77 
(2013), 52-62. ISSN: 0896-8446. FI = 2.860. Qualis A1. doi:10.1016/j.supflu.2013.02.029 
The use of polymeric particles as devices for the controlled release of active agents is attractive not only 
for application in humans, but also in the veterinary field. Studies on the production and characterization 
of poly(lactic acid) (PLA) particles incorporating or not 17a-methyltestosterone (MT), a hormone 
frequently use for the sexual reversion of Nile tilapia raised in large scale in tanks are herein reported. 
The particles were obtained employing a supercritical anti-solvent (SAS) method, using dichloromethane 
(DCM) as solvent for the polymer and the hormone and CO2 as the supercritical fluid. The influence of the 
operating pressure, polymer solution concentration and flow rate on the size and morphology of particles 
was evaluated, as well as the effects of the incorporation of the hormone at different MT/PLA mass ratios. 
The results attained showed that the PLA particles presented appropriate DCM concentrations levels 
(below 600 ppm) and average diameters between 5.4 and 20.5 µm when free of the hormone. The average 
diameters of the particles containing 17a-methyltestosterone increased up to 4 times, and MT 
incorporation efficiencies up to 53% were achieved. A significant decrease was noticed in particle 
crystallinity (from 26.52 to 1.72%) due to the addition of the hormone to the formulation. X-ray diffraction 
analysis showed no separate diagrams of each substance as a result from the physical mixture of the 
polymer with the hormone. The particles obtained had low zeta potential values, what indicates 
reasonable tendency to agglomerate. MT release studies performed at different pH conditions (2.2, 5.0, 
7.4 and 8.8) showed that the particles presented appropriate stability for the intended use. 
 
Influence of particle size and fluid fraction on rheological and extrusion properties of crosslinked 
hyaluronic acid hydrogel dispersions 
Shimojo, A.A.M.; Pires, A.M.B.; De la Torre, L.G.; Santana, M.H.A. Journal of Applied Polymer Science, 
128 (2013), 2180-2185. ISSN: 0021-8995. FI = 1.240. Qualis A1. doi:10.1002/app.38389 
Crosslinked hyaluronic acid (HA) hydrogels are widely used in gel/HA fluid formulations as a 
viscosupplement to treat joint diseases; thus, it is important to characterize these hydrogels in terms of 
their particle size and to investigate the effects of the gel/fluid mixtures on their rheological properties 
and extrusion force. Hydrogels previously crosslinked with divinyl sulfone were sheared in an Ultra-Turrax 
unit to produce particles with mean diameters ranging from 20 to 200 µm. Hydrogels with 75–100 µm mean 
diameters were also evaluated in dispersions containing a 20–40% mass fraction of HA fluid. The mean 
diameters were measured by laser light scattering and the rheological behavior was determined by 
oscillatory and steady measurements in parallel plate geometry. The HA hydrogels exhibited the typical 
behavior of so-called weak gels, as analyzed by the storage and loss moduli G′ and G″, respectively. The 
viscoelasticity, the viscosity, and the extrusion force increased with the hydrogel particle size. The fluid 
phase dispersions decreased both moduli. At 40% fluid fraction, the gel characteristics were lost and the 
dispersion behaved as a fluid. Based on these results, the particle size and HA fluid fraction in hydrogel 
dispersions may be optimized to develop more efficient viscosupplement formulations. 
 
Physical properties for flow characterization of ground biomass from Douglas-Fir wood 
Tannous, K.; Lamb, P.S.; Sokhansanj, S.; Grace, J.R. Particulate Science and Technology, 31 (2013), 291-
300. ISSN: 0272-6351. FI = 0.545. Qualis B1. doi:10.1080/02726351.2012.732676 
The particle size distribution and packing (loose bulk and tapped density) of a mixture of ground biomass 
from Douglas-fir wood particles was characterized by different practical methods: sieving, digital imaging 
and scanning electron microscopy. The ground mixture was analyzed using a set of 14 wire mesh sieves. 
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The calculated mean diameter of mixture was 251 µm. The mixture was divided into four size fractions of 
mean size ranging from 74 to 781 µm. Particle length measured by imaging technique were 3 to 4 times 
larger than the mean diameter determined by sieve analysis. Similarly, particle width was 1.0 to 2.5 times 
larger than mean particle diameter. The sphere city of particles in each of the four fractions increased 
with decreasing size of the sieve indicating that smaller particles also have a smaller aspect ratio. 
Empirical power law equations were developed to correlate the packing and flowability of ground 
particles (HR) to the mean diameter, with R2 values of 0.88 and 0.91, respectively. The HR values 
indicated good flowability for the large particles and poor flowability for the smallest particles and the 
entire mixture. HR and porosity ratio reached an asymptote for particles larger than 400 µm. 
 
 

Junho 
 
Fluid dynamic study for copper removal onto modified clay in fixed bed 
Almeida Neto, A.F.; Vieira, M.G.A.; Silva, M.G.C. Chemical Engineering Transactions, 32 (2013), 1555-
1560. ISSN: 1974-9791. Qualis B5. doi:10.3303/CET1332260 
Toxic metals cannot be biodegraded or destroyed, which leads to the need of their removal from 
industrial wastewaters. Therefore, so that you can design and optimize removal equipment (ion 
exchange/adsorption column) is essential to characterize the adsorbent and to know the dynamics of 
adsorbate components in the experimental system. In this work, the bentonite clay called Fluidgel, from 
the northeast region of Brazil, calcined at 750 °C, was used as adsorbent for copper removal. The 
characterization methods used were Thermogravimetry (TG), X-ray Diffraction (XRD), N2 adsorption (BET), 
and Scanning Electron Microscopy (SEM). The removal of copper from aqueous solution was carried out in a 
fixed bed, built in glass with 15 cm high and 1.5 cm in internal diameter. Several dynamic experiments 
were performed to evaluate the effect of flow in adsorption efficiency. The experiments were 
accomplished at room temperature, the adsorbent particle diameter was of 0.855 mm and the flow rate 
varied from 2 to 4 mL/min. The feed concentration of copper was about 1.57 mmol/L. The bentonite clay 
used presented a chemical composition according to the most clays of this group. The presence of water 
in the interlamellar spaces of the clay was confirmed by thermogravimetric analysis, where the TG curve 
indicated a weight loss of 11.5 %. The Fluidgel clay calcined at 750 °C showed a surface area of 11 m2/g, 
whereas its commercial form presented 58 m2/g. The breakthrough curves obtained at different flow rates 
showed different behaviors, indicating the effect of diffusional resistances. The flow rate of 2 mL/min 
was chosen as operating condition, since higher values of metal removal and lower mass transfer zone 
(MTZ) were obtained. 
 
Heat transfer evaluation of multicomponent batch distillation of the wine of sugarcane fermentation 
Alvarez, M.E.T.; Bermúdez, J.H.; Moraes, E.B.; Bonon, A.J.; Wolf-Maciel, M.R. Chemical Engineering 
Transactions, 32 (2013), 517-522. ISSN: 1974-9791. Qualis B5. doi:10.3303/CET1332087 
Experimental data and simulations in Aspen Plus® for the batch distillation process were obtained from 
wine of sugar cane fermentation. The experimental data was analyzed in order to verify the effectiveness 
of the batch distillation process for recovering ethanol, using a packed column. The reflux ratio was 
maintained equal to two and the temperature of the distillation flask was 180 °C. The distillates and the 
main components of wine (ethanol, acetaldehyde, acetone, ethyl acetate, n-propanol, n-butanol, 3-
methyl-1-butanol, 2-metil-1-propanol, acetic acid, and glycerine) were quantified using gas 
chromatography analyses. It was found that the highest ethanol concentration was obtained in one hour of 
distillation and the accumulate ethanol concentration was above 80 % (w/w) when operated at constant 
reflux. Therefore, it is possible to obtain high yields and concentrations of ethanol in a short period of 
time. 
 
Evaluation of the alcoholic fermentation kinetics of enzymatic hydrolysates from sugarcane bagasse 
(Saccharum officinarum L.) 
Andrade, R.R.; Rabelo, S.C.; Maugeri Filho, F.; Maciel Filho, R.; Costa, A.C. Journal of Chemical 
Technology and Biotechnology, 88 (2013), 1049-1057. ISSN: 1097-4660. FI = 2.168. Qualis C. 
doi:10.1002/jctb.3937 
Background. The efficient production of bioethanol by Saccharomyces cerevisiae using lignocellulosic 
biomass as raw material depends on the fermentability of the hydrolysates. In this work the evaluation of 
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the kinetics of ethanol production by S. cerevisiae using enzymatic hydrolysates was performed and 
compared with the kinetics of diluted sugarcane molasses fermentation. 
Results. A term for inhibition by acetic acid was added to a previous model, the kinetic parameters were 
re-estimated and the model has been shown to describe accurately new experiments with distinct 
hydrolysates proportions as fermentative media. Among all the kinetic parameters, a great reduction in 
µmax (from 0.437 to 0.37 h−1, at 34°C), and increment in Ypx (from 9.89 to 16.63 kg kg−1, at 34°C) were 
noted, which strongly affected the kinetics of fermentation. 
Conclusions. The kinetic parameters obtained for hydrolysates differed very significantly from those 
obtained using molasses, which shows that models developed to describe the kinetics of first generation 
ethanol production need to be reformulated and adapted to describe the kinetics of second generation 
ethanol fermentation. The productivities achieved were between 1 and 3 kg m-3 h−1, which are considered 
acceptable for alcoholic fermentations in batch mode, showing the good fermentability of hydrolysates 
even without detoxification.  
 
Zinc adsorption in bentonite clay: influence of pH and initial concentration 
Araújo, A.L.P.; Bertagnolli, C.; Silva, M.G.C.; Gimenes, M.L.; Barros, M.A.S.D. Acta Scientiarum: 
Technology, 35 (2013), 325-332. ISSN: 1806-2563. Falta FI. Qualis B2. 
doi:10.4025/actascitechnol.v35i2.13364 
This paper evaluated the adsorption capacity of zinc by Bofe bentonite clay. Bofe clay was subjected to a 
thermal treatment for optimizing its adsorption capacity. The kinetic equilibrium of the process was 
studied in a finite bath system and experiments were performed by varying pH, the amount of adsorbent 
and initial concentration of the metal. The Langmuir and Freundlich models were used for the analysis of 
adsorption equilibrium. The physicochemical characterization of clay, before and after the adsorption 
process, included the techniques of scanning electron microscopy, energy-dispersive X-ray spectroscopy, 
X-ray diffraction and N2 physisorption. The calcined Bofe clay is able to remove zinc from synthetic 
wastewater. Langmuir model provided the best fit for sorption isotherms with a maximum amount of 
metal adsorbed of 4.95 mg of metal g-1 of calcined clay. The adsorption was strongly influenced by the 
initial conditions and modifies the physicochemical characteristics of the clay. 
 
Continuous flow production of cationic liposomes at high lipid concentration in microfluidic devices 
for gene delivery applications 
Balbino, T.A.; Aoki, N.T.; Gasperini, A.A.M.; Oliveira, C.L.P.; Azzoni, A,R.; Cavalcanti, L.P.; De la Torre, 
L.G. Chemical Engineering Journal, 226 (2013), 423-433. ISSN: 1385-8947. FI = 3.461. Qualis A1. 
doi:10.1016/j.cej.2013.04.053 
Microfluidics is a powerful technology that allows the production of cationic liposomes by the 
hydrodynamic focusing method. We first studied a single hydrodynamic focusing (SHF) device, which uses 
a central stream in which lipids dispersed in ethanol are injected and hydrodynamically compressed by the 
two aqueous streams. The ethanol diffusion from the inner stream to the aqueous stream encourages the 
formation of the liposomes. To intensify the mass diffusion and increase the surface area between the two 
fluids, a second device was designed with double hydrodynamic focusing (DHF). We investigated the 
influence of Fluid Flow Velocity (Vf), Flow Rate Ratio (FRR) and Total Lipid Concentration (Clip) on the 
particle size of the CLs produced. The DHF microfluidic device had the ability of using higher Vf values 
than the SHF device, which resulted in a higher productivity level. Small Angle X-ray Scattering (SAXS) 
experiments were performed to structurally characterize the cationic liposomes produced by both 
microfluidic devices. The SAXS results revealed that both devices produce unilamellar cationic liposomes 
with a very small fraction of multilamellar liposomes; this finding is in agreement with the observations 
made in the analysis of the liposomes using Transmission Electron Microscopy (TEM). The biological 
efficacies of the cationic liposomes produced by both microfluidic devices were examined in vitro in HeLa 
cells, which confirmed their potential for gene delivery and vaccine therapy applications. 
 
Three dimensional simulation of catalytic cracking reactions in an industrial scale riser using a 11-
lump kinetic 
Barbosa, A.C.; Lopes, G.C.; Rosa, L.M.; Mori, M.; Martignoni, W.P. Chemical Engineering Transactions, 32 
(2013), 637-642. ISSN: 1974-9791. Qualis B5. doi:10.3303/CET1332107 
Most studies neglect the presence of thermal cracking reactions in industrial FCC process. Nevertheless, 
the present work proposes a new model which modified the 10-lumps kinetic model given by Jacob el al. 
(1976), through to inclusion a new lump named dry gas represent the results of the thermal reactions. 
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Similarly as in the 10-lumps kinetic model, the proposed 11-lumps kinetic model considers that the feed is 
composed by four volatile groups of hydrocarbons: heavy paraffinic molecules, heavy naphthenic 
molecules, heavy aromatic substituent groups, carbon atoms among aromatic rings and light paraffinic 
molecules. Therefore can be used to represent different charge feedstocks. This is an important aspect 
because the feed composition can be quite different depending on the petroleum origin, gasoline quality 
and yield. It is known that the thermal cracking reactions are favored by high temperatures, occurring 
mainly in regions of inefficient mixture between the feed oil and the hot catalyst particles. In this work, a 
3D CFD modeling of fluid catalytic cracking industrial riser with different geometric configurations were 
proposed to feed the catalyst particles. The main purpose is to study the effect of gas-particle turbulent 
mixture on thermal reaction and its effect on the gasoline quality and yield in a industrial riser. 
 
Adsorption of toluene in batch system in natural clay and organoclay 
Bedin, S.; Oliveira, M.F.; Vieira, M.G.A.; Santos, O.A.A.; Silva, M.C.G. Chemical Engineering Transactions, 
32 (2013), 313-318. ISSN: 1974-9791. Qualis B5. doi:10.3303/CET1332053 
This study aimed to evaluate the adsorption of toluene in two forms of sodium smectite national clays 
called Fluidgel and produced in northeastern Brazil: commercial and chemically modified with quaternary 
ammonium salt (hexadecyltrimethylammonium bromide) by the process of organophilization. The 
commercial Fluidgel and organoclay were characterized by a physical-chemical study evaluating their 
adsorptive properties and quality from the process of organophilization on the morphology and chemical 
composition, in relation to their affinity for volatile organic compounds in processes such as BTX 
adsorption. Toluene adsorption onto clays, commercial and organoclay, with particle diameter of 0.55 mm 
was carried out in batch system at room temperature with constant stirring. The adsorption study was 
conducted at initial toluene concentration of 100 ppm, 10 g of clay per liter of effluent and at initial pH of 
about 6. For kinetic data fitting, pseudo-first-order, pseudo-second-order and intraparticle diffusion 
models were applied. The results obtained with the characterization analyses showed the efficiency of 
organophilization process. The adsorption kinetics process showed that the kinetic model of 
pseudosecond-order was the best fit to experimental data. The adsorption study presented a percentage 
removal of toluene from about 96 % to equilibrium time of 180 min. 
 
Spectral analysis: a contribution to control strategy in spouted bed 
Butzge, J.J.; Silva, C.A.M.; Taranto, O.P. Chemical Engineering Transactions, 32 (2013), 2197-2202. ISSN: 
1974-9791. Qualis B5. doi:10.3303/CET1332367 
The stability of fluid dynamics regime is one of the most desired objectives to ensure the good 
performance of processes in spouted bed equipment. However, the major problem in these processes is 
the lack of a control variable with fast response and easy acquisition towards a control strategy in closed 
loop that could guarantee operation under a condition of stable spouting. The aim of this work was to 
study and evaluate the behaviour of pressure fluctuation signals and their power spectra in spouted bed as 
a control and monitor variable. The spectral alterations caused by the change in the mechanics and 
kinetics of particles were compared with visual observations to identify different phenomena that occur in 
each fluid dynamic regime. Three variables were monitored: dominant frequency, dominant amplitude 
and standard deviation of pressure fluctuation signals. Glass beads were used as inert particles and air 343 
K as the spouting gas. This paper showed that the dominant frequency, dominant amplitude and standard 
deviation of pressure fluctuation were variables that show operation range well defined to stable spouted, 
internal spouted and fixed bed regimes. The three variables demonstrated to be useful to identify the 
transition regimes or as control variables for maintaining the system in stable spout operation. 
 
A procedure for estimation of fermentation kinetic parameters in fed-batch bioethanol production 
process with cell recycle 
Ccopa Rivera, E.; Yamakawa, C.K.; Herrera Garcia, M.; Geraldo, V.C.; Rossell, C.E.V.; Maciel Filho, R.; 
Bonomi, A. Chemical Engineering Transactions, 32 (2013), 1369-1374. ISSN: 1974-9791. Qualis B5. 
doi:10.3303/CET1332229 
The configuration of industrial fermentation in ethanol plants in Brazil is predominantly of the type 
fedbatch culture with cell recycle. In this operation mode, yeast is exposed through a long period to 
inhibitors, high cell concentration and fluctuations in the quality of the raw material, with impact on 
process kinetic and operating performance. In this context, for the implementation of suitable operational 
strategies, it is necessary to have kinetic models able to describe the process as realistically as possible. 
Bearing this in mind, in this work the kinetic of the alcoholic fermentation of sugarcane juice was studied 
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in fed-batch fermentation with cell recycle. The accuracy of prediction of a mechanistic kinetic model is 
evaluated, not only by their precision in describing experimental observations, but essentially by the 
challenges involved in the estimation of their parameters. The model used to describe the fermentation 
provided a good prediction of concentration of cell, substrate and ethanol. 
 
Spilanthol extraction using microwave: calibration curve for gas chromatography 
Costa, S.S.; Arumugam, D.; Gariepy, Y.; Rocha, S.C.S.; Raghavan, V. Chemical Engineering Transactions, 
32 (2013), 1783-1788. ISSN: 1974-9791. Qualis B5. doi:10.3303/CET1332298 
Jambu (Spilanthes oleracea) is a very popular plant in the Northern region of Brazil. It is an herbaceous 
plant belonging to Compositae family. The green leaves and stems are used in the Brazilian cuisine and 
the peculiar unique flavour is its main characteristics. Nowadays, many researchers and Brazilian 
companies are very interested in all parts of this plant due to its therapeutic potential and the use of its 
essential oil in cosmetic products. Instead of all of the components of the plant, the methodology in which 
one would obtain the amide spilanthol will be of interest to industry, since it is the principal compound in 
the essential oil. The main objective of this work was to obtain the proper calibration curve for the 
spilanthol from jambu flowers (area x concentration) using microwave extraction with ethanol and hexane 
(3:7) as solvent. The essential oil was extracted at 50 C during 30 min and analysed in gas 
chromatography which confirmed the presence of spilanthol. The calibration curve was determined using 
concentrations of 0.05, 0.1, 0.25, 0.5 and 1.0 mg/mL in triplicates. The results showed a fast extraction 
method to remove efficiently the spilanthol from the flowers and a linear math model was arrived at with 
an excellent coefficient of determination of 99.8 %. The calibration model was used in later investigations 
of microwave extraction methods by the team. 
 
Pérdida de ozono en líneas de flujo poliméricas: PVC y silicona 
Cremasco, M.A.; Tomaz, E.; Mochi, V.T.; Vergel, C.F. Información Tecnológica, 24 (2013), 95-102. ISSN: 
0718-0764. Qualis B3. doi:10.4067/S0718-07642013000300011 
El objetivo del presente estudio fue evaluar la interacción entre el ozono y el material de la tubería usada 
para su transporte, usualmente polimérica, a fin de determinar las pérdidas de ozono durante el proceso. 
Para este propósito, una mezcla gaseosa de ozono-oxígeno se hizo fluir a través de dos tipos de tubería, 
PVC y silicona, desde el generador de ozono hasta el punto de recolección. La concentración de ozono en 
la mezcla gaseosa y el flujo volumétrico de la corriente gaseosa fueron variadas para cada experimento. El 
flujo másico de ozono fue medido en el punto de recolección, aplicando el método yodométrico por 
titulación indirecta. La pérdida de ozono fue observada en ambas tuberías. Estas pérdidas están asociadas 
a la reacción química entre el ozono y el material de la tubería, como también a la auto descomposición 
del ozono. 
 
Cassava flour enriched with açaí (Euterpe oleracea Mart.) by coating and agglomeration 
Cunha, R.L.G.; Rocha, S.C.S. Chemical Engineering Transactions, 32 (2013), 1819-1824. ISSN: 1974-9791. 
Qualis B5. doi:10.3303/CET1332304 
This study presents the technique of coating and agglomeration, using a fluidized bed equipment, to 
incorporate nutrients and to make cassava flour (Manihot esculenta Crantz) a functional food. The flour 
was enriched using aqueous solution of fresh açaí (Euterpe oleracea Mart.) pulp atomized on the cassava 
particles at different operating conditions. The tests were carried out following a factorial 22 
experimental design with 3 repetitions at the center point. Satisfactory results were obtained with the 
particles of flour coated or agglomerated by the aqueous solution 1:1 by weight of water and açaí pulp. 
The determination of total anthocyanins was performed using the method of single pH. Results of 
anthocyanins incorporation in the coated/agglomerated cassava flour were verified by spectrophotometry 
UV-VIS analysis. The anthocyaninins’ content found in the pure pulp was 32.35 mg of anthocyanins in 100 g 
of sample, while for the enriched flour it reached up to 5.48 mg of anthocyanins in100 g of sample, 
depending on the operating conditions of the fluidized bed. Total anthocyanins’ content obtained for 
coated/agglomerated cassava flour was considered significant, as raw cassava flour does not have 
anthocyanins in its composition. In addition, the final product also incorporated up to 54.53 g of açaí for 
each 500 g of cassava flour bringing together other nutrients of açaí not quantified in this work. 
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Estimation of physical properties of vegetable oils and biodiesel using group contribution methods 
Cunico, L.P.; Ceriani, R.; Guirardello, R. Chemical Engineering Transactions, 32 (2013), 535-540. ISSN: 
1974-9791. Qualis B5. doi:10.3303/CET1332090 
Most fatty acids, vegetable oils and fatty esters, especially those with long carbon chains, do not have all 
pure component physical properties described in the literature, relevant for design and analysis of 
chemical processes. One way to obtain these properties is to use estimation methods such as group 
contribution methods which need only the structural information of the molecule. In this study, eight pure 
component physical properties (boiling temperature, critical temperature, critical pressure, critical 
volume, Gibbs energy of formation, enthalpy of formation, acentric factor and liquid heat capacity) of 
twenty-two fatty acids (C-4 to C-20) and their corresponding methyl and ethyl esters, and eight vegetable 
oils and their respective biodiesels are considered. The performances of ten different methods are 
compared with respect to the eight pure component physical properties. Comparison among methods is 
made within available experimental data, indicating more reliable methods for estimating pure 
component physical properties and mixtures involving chemicals found in vegetable oils and biodiesel. 
 
Comparative study of processing methods for starch/gelatin films 
Fakhouri, F.M.; Costa, D.; Yamashita, F.; Martelli, S.M.; Jesus, R.C.; Alganer, K.; Collares-Queiroz, F.P.; 
Innocentini-Mei, L.H. Carbohydrate Polymers, 95 (2013), 681-689. ISSN: 0144-8617. FI = 3.628. Qualis A1. 
doi:10.1016/j.carbpol.2013.03.027 
In this work, the influence of processing methods on the properties of starch/gelatin films plasticized with 
glycerol and sorbitol is reported. Four different processing techniques: casting; pressing; pressing followed 
by blowing and extrusion followed by blowing were evaluated. Bioplastics prepared by casting were 
homogeneous and transparent with lower opacity and water vapor permeability (WVP) values when 
compared to films prepared by other techniques. Among the cast films studied, those with 3% lipophilic 
starch, in 1:1 proportions and plasticized with sorbitol, showed lower WVP values and higher tensile 
strength (TS). Films obtained by pressing and blowing showed little expansion during blow, had cracks in 
the surface, low TS and higher WVP. These films were the only samples to show crystallinity as 
determined by by thermal analysis and X-ray diffraction. In conclusion, different processing techniques 
have significantly affected the properties of these films. 
 
Thermodynamic analysis of supercritical water gasification of microalgae biomass for hydrogen and 
syngas production 
Freitas, A.C.D.; Guirardello, R. Chemical Engineering Transactions, 32 (2013), 553-558. ISSN: 1974-9791. 
Qualis B5. doi:10.3303/CET1332093 
Supercritical water gasification (SCWG) is an alternative thermochemical technology for the conversion of 
wet biomass in a high heat value product gases, such as syngas and hydrogen. Algal biomass has been 
suggested as one promising option to produce biomass for use as fuels and chemical feedstocks with high 
area-specific yields. In this study, the thermodynamic analysis of SCWG of microalgae biomass (C. vulgaris 
and Spirulina Sp.) for hydrogen and syngas production was presented. The effects of pressure (240-300 
bar), initial temperature (703.15-1103.15 K), microalgae concentration (5-20 wt%) and coreactant addition 
(CO2 and CH4) were evaluated with respect to production and final characteristics of the products. The 
formation of coke and the energetic characteristics of the SCWG were discussed. The analysis was 
conducted using two non-stoichiometric thermodynamic models, based on Gibbs energy minimization and 
entropy maximization methods. The virial equation of state was used to represent the non-ideality of the 
system. Both problems were formulated as optimization problems (non-linear programing) and the 
software GAMS 23.2.1 in combination with the CONOPT solver, were used to solve them. The results 
obtained were compared with previously published experimental and simulated data obtained in the 
literature, with good agreement between them. The syngas production was low for all conditions tested, 
but the addition of a CO2 and CH4 as a co-reactant proved to be effective way to increase the syngas 
production with a H2/CO molar ratio close to 2 (ideal for Fischer-Tropsch applications). The SCWG 
presents exothermic behavior for low initial temperatures. In the region of high initial temperatures the 
systems showed to be less exothermic. 
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Continuous-flow copper adsorption in regenerable calcined clay columns 
Gimenes, M.L.; Almeida Neto, A.F.; Vieira, M.G.A.; Silva, M.G.C. Chemical Engineering Transactions, 32 
(2013), 2023-2028. ISSN: 1974-9791. Qualis B5. doi:10.3303/CET1332338 
Adsorption is currently recognized as an efficient and economical process for the treatment of toxic 
metals from wastewater. This process provides flexibility in the design and operation of treatment 
systems and in many cases generates a high-quality treated effluent. Furthermore, due to the reversibility 
of the adsorption adsorbents are sometimes regenerated by desorption suitable. Among the adsorbent 
materials, clays are characterized by their wide availability and low cost, which aggregates the potential 
they represent, especially when modified, resulting in scientific and industrial interest. Bentonite or 
smectite clays are widely used in industry, where applications are associated with their characteristic 
adsorbent and these properties can be improved by thermal and chemical treatments. Copper sorption 
behavior of calcined Bofe clay in consecutive adsorption–desorption cycles has been investigated in a 
packed-bed flow-through column during a continuous removal of copper from a 1.57 mmol/L aqueous 
solution at pH 5. The eluent used was HCl 0.1 mol/L. The adsorption and desorption were carried out for 
an average of 15 and 4 h, respectively, representing more than 2 days of continuous use of the adsorbent. 
The weight loss of mass after this time was 0.6 %. The Cu-sorption capacity of the calcined clay, based on 
the initial dry weight, was approximately 0.11 mmol/g. Sorption performance was indicated by shortening 
breakthrough time and a broadening mass-transfer zone. The column useful time, considered up to 1 mg 
Cu/L in the effluent, keeping aproximately in 100 min for all cycles. The mass-transfer zone, decreased 
almost linearly from 10 to 9 cm. Regeneration with HCl provided elution efficiencies up to 100%. 
 
Alcohol production process modelling based on indicators using transactional software, industrial 
automation and manufacturing execution systems-MES 
Gonçalves, L.A.; Maciel Filho, R. Chemical Engineering Transactions, 32 (2013), 1327-1332. ISSN: 1974-
9791. Qualis B5. doi:10.3303/CET1332222 
Ethanol production plants face several issues, among which increased productivity with overhead 
reduction. A possible way to achieve such requirements is through a reliable computer tool and bearing 
this in mind is proposed in this work an operating model based on operational indicators of the ethanol 
production process, using ERP software (Enterprise Resource Planning), transactional software, MES 
(Manufacturing Execution Systems) and industrial automation. The article presents this new model which 
consists of: Integration of information obtained from strategic decisions taken by top management, the 
agricultural sector, automation, operational controls, using indicators and production planning (MES). 
Acting based on pre-defined knowledge and on real time, using state-of-the-art automation and 
information technologies, backed by a very well defined information flow system. The main objective is to 
achieve process optimization. The main results obtained by the model are: automation of production 
processes, reliability and efficiency in the exchange of information, improvement of communication 
among the production areas and the other management areas, appropriate use of state-of-the-art 
technologies, real-time access to information anywhere (web) to make it possible for decisions to be made 
safely and secure. 
 
X-ray spectroscopy and chemometric methods to real time characterization of petroleum for refining 
process through TBP curve and API gravity 
Henriques, C.B.; Alves, J.C.L.; Poppi, R.J.; Maciel Filho, R.; Bueno, M.I.M.S. Energy & Fuels, 27 (2013), 
3014-3021. ISSN: 1520-5029. FI = 2.721. Qualis A1. doi:10.1021/ef400230m 
The previous characterization of petroleum by real time analysis is a need in many refining plants and is 
considered a complex challenge due the feedstock characteristics which can vary over a widely extended 
range. Typical examples consist of petroleum analysis for the determination of quality parameters, such 
as true boiling point (TBP) distillation curve and API gravity, which are excessive time-consuming when 
traditional standard methods are used. A multivariate calibration using spectroscopy data combined with 
chemometric methods can be used to overcome this drawback, but in calibration problems involving 
analysis of complex mixtures, such as petroleum and its derivatives, there is a difficult to reproduce the 
composition variability of real samples by means of optimized experimental designs and a chemometric 
method with a good generalization performance is required. The algorithm support vector machines (SVM) 
is able to adequately treat nonlinear relationships and with high generalization performance, providing in 
many cases better results than traditional PLS regression models. This work demonstrates the 
development of an innovative method based on the fast energy dispersive X-ray fluorescence and 
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scattering spectroscopy and chemometric methods, such as SVM and PLS, aiming to determine TBP curve 
and API gravity of crude petroleum samples. Many advantages can be attributed to the developed method 
when compared to reference methods determinations, such as low cost and mainly higher speed, which is 
of great interest for process optimization activities. 
 
Development of a monitoring hybrid system for bioethanol production 
Herrera, W.E.; Maciel Filho, R. Chemical Engineering Transactions, 32 (2013), 943-948. ISSN: 1974-9791. 
Qualis B5. doi:10.3303/CET1332158 
In different parts of the world researches are focusing in the development of new technologies for liquid 
fuel production based on renewable resources. In this context, as a major producer of sugarcane-based 
bioethanol, Brazil aspires to reduce its fossil fuel consumption and its associated impacts on environment. 
These types of products are becoming an important option for the country sustainable development. In 
this context the broad objective of this work is to propose and evaluate an efficient way of reducing 
bioethanol fuel production costs, through the development of tools that allow the process to run under 
control, even when possible fluctuation on feedstock are present. 
In this work it was developed a software sensor to infer the concentration rates of substrate, biomass and 
product from secondary measurements of pH, turbidity, CO2 flow rate and temperature. The software 
sensor uses a hybrid neural model to combine a multi-layer Artificial Neural Network (ANN) and the mass 
balance which describes the fermentation process kinetics. The experimental data used on the hybrid 
model training were obtained from fermentations that took place between 30 ºC and 38 ºC, measured at 
every 2 ºC interval. The raw material for the fermentation is a mixture of 75 % hydrolyzed sugarcane 
bagasse and 25 % sugarcane molasses. This kind of composition may be a possible feedstock for is typical 
of second generation ethanol production. The three Hybrid Neural models developed are robust models 
that describe adequately the fermentation process even in the presence of changes in operating 
conditions. This is therefore a powerful tool for the prediction of kinetic rates in fermentation processes, 
which eventually may be used for online applications. 
 
Evaluation of pyrolysis and steam gasification processes of sugarcane bagasse in a fixed bed reactor 
Jaimes Figueroa, J.E.; Camacho Ardila, Y.; Lunelli, B.H. Maciel Filho, R.; Wolf Maciel, M.R. Chemical 
Engineering Transactions, 32 (2013), 925-930. ISSN: 1974-9791. Qualis B5. doi:10.3303/CET1332155 
Sugarcane bagasse is the main byproduct of sugarcane mill, ready available at the production site so that 
it may be a suitable raw material for the production of biofuels, chemicals and electricity. Among the 
methods that have been widely studied, there are thermochemical processes such as gasification, 
pyrolysis and direct combustion. The direct combustion is used to produce electricity while the pyrolysis 
and gasification are used to obtain high value-added products such as bio-oil and synthesis gas (Syngas). In 
this study we performed a comparison between the experimental results by pyrolysis and gasification 
reactions. The pyrolysis and gasification of sugarcane bagasse was carried out, using a laboratory-scale 
fixed bed reactor in order to produce bio-oil (pyrolysis) and Syngas (gasification). The gasification and 
pyrolysis were studied and evaluated the char, tar and gas production as well as the composition of the 
gas produced. For the pyrolysis temperature was varied from 500 °C to 900 °C and a quite broad reaction 
time range was considered. In gasification were evaluated the reaction temperature equal to 900 °C, 
reaction time and steam/bagasse ratio equal 2.0. The behavior for both process was presented. 
 
Different approaches in concentration-temperature cascade control of a fixed bed reactor for the 
phthalic anhydride synthesis 
Jesus, J.M.; Santana, P.L.; Silva, F.V. Chemical Engineering Transactions, 32 (2013), 1387-1392. ISSN: 
1974-9791. Qualis B5. doi:10.3303/CET1332232 
This paper presents six different approaches for concentration-temperature type cascade control of a 
fixed bed reactor for the production of phthalic anhydride by oxidation of o-xylene. In the cascade 
scheme, a primary loop is responsible for controlling the phthalic anhydride exit concentration, while a 
secondary loop, based on temperature measurements in key positions along the reactor, maintains an 
optimal temperature profile. Simulations demonstrate the adequacy of the mean value of four 
temperature measurements monitored in the hot spot region to define the control action for manipulation 
of the heat rate that should be removed by the thermal fluid. 
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Lactic acid purification by hybrid short path evaporation 
Komesu, A.; Martins, P.F.; Lunelli, B.H.; Morita, A.T.; Coutinho, P.L.A.; Maciel Filho, R.; Wolf Maciel, M.R. 
Chemical Engineering Transactions, 32 (2013), 2017-2022. ISSN: 1974-9791. Qualis B5. 
doi:10.3303/CET1332337 
In this work, the evaluation of lactic acid concentration from synthetic mixture of water: lactic acid (36 
wt% of lactic acid) was carried out using hybrid short path evaporation system. The system allowed to 
employ lower temperatures of operation due to the use of vacuum and presented short residence time, 
avoiding the tendency of lactic acid decomposition. The following operating conditions were used: feed 
flow rate of 8 mL/min, stirring of 750 rpm, pressure of 1 kPa and the evaporator temperature varied from 
30 to 170 °C. The experimental results showed that maximum lactic acid concentration was obtained 
using evaporator temperature at 50 °C. 
 
TG and DSC analyses of eucalyptus black liquor as alternative methods to estimate solids content  
Leite, B.S.; Andreuccetti, M.T.; Leite, S.A.F.; d’Angelo, J.V.H. Journal of Thermal Analysis and 
Calorimetry, 112 (2013), 1539-1544. ISSN: 1388-6150. FI = 1.604. Qualis A1. doi:10.1007/s10973-012-2689-
4 
As a consequence of the continuous increase in the production rate of pulp and paper mills around the 
world, a great quantity of black liquor, a by-product of the wood digestion process, is produced. This by-
product has a great potential as biomass, but needs to be concentrated to higher solids content to be 
burned as fuel in a recovery boiler. This is necessary to make the pulping process economically feasible, 
incinerating black liquor to produce high pressure steam, recycling inorganic chemicals to the process. 
The greater the solids content in black liquor, the better the combustion process in the boiler. 
Nevertheless, concentration of solids in black liquor above 75 mass%, causes scaling formation on the heat 
transfer surfaces of evaporators and concentrators, due to the precipitation of sodium salts, reducing the 
overall efficiency of this equipment. The aim of this work is to evaluate the use of thermal analyses 
techniques, TG and DSC, as alternative methods to estimate solids content in eucalyptus black liquor 
samples since this information is essential to understand scaling formation process, allowing actions to 
reduce this industrial problem. Traditional techniques applied to determine solids content use gravimetric 
methods, which are simple, fine, but take a lot of time to be executed. Thermal analyses have proved to 
be very accurate and have the advantage to be faster than the traditional techniques. On the other hand, 
the cost-benefit relationship of the traditional technique is much greater and the final decision which one 
should be used depends on the conditions available. 
 
Lead and chromium biosorption by Pistia stratiotes biomass 
Lima, L.K.S.; Pelosi, B.T.; Silva, M. G. C.; Vieira, M.G.A. Chemical Engineering Transactions, 32 (2013), 
1045-1050. ISSN: 1974-9791. Qualis B5. doi:10.3303/CET1332175 
Biosorption using biological materials has been extensively studied as a promising technology to contain 
the environmental impacts caused by heavy metals. Among the alternative biosorbents evaluated 
macrophytes shows high affinity by metal ions. In addition, this kind of material are from renewable 
sources, biodegradable and easy to grow, supporting wide ranges of pH and temperature. Therefore, the 
aim of this study is to evaluate the performance of macrophyte Pistia stratiotes in Cr3+ and Pb2+ removal. 
Equilibrium isotherms data were fitted to Langmuir model and the maximum uptake capacities were 0.317 
and 0.225 mmol.g-1 for Cr3+ and Pb2+, respectively. In order to know the biosorption mechanism FT-IR 
analyses were performed for P. stratiotes before and after uptake of metal ions. The results showed 
different functional groups on the biomass surface and the ability of these groups bind with Cr+3 and Pb2+ 
ions in aqueous solution. 
 
Production of humic acids from oil palm empty fruit bunch by submerged fermentation with 
Trichoderma viride: Cellulosic substrates and nitrogen sources 
Motta, F.L.; Santana, M.H.A. Biotechnology Progress, 29 (2013), 631-637. ISSN: 1520-6033. FI = 2.340. 
Falta Qualis. doi:10.1002/btpr.1715 
The novelty of this study was to produce humic acids by submerged fermentation of empty fruit bunch 
(EFB) with Trichoderma viride and to investigate the effects of the cellulosic substrates and the organic 
sources of nitrogen on the biotechnological production of these acids. The results obtained indicate the 
potential application of EFB, a waste of oil palm processing, for humic acids production. Because EFB 
contains cellulose, hemicellulose and lignin, fermentations were also performed using these polymers as 
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carbon sources, separately or in combination. After 120 hours of fermentation, significant production of 
humic acids was observed only in cultures containing either EFB or a mixture of the three polymers. Use of 
either potato peptone or yeast extract as a nitrogen source yielded nearly identical patterns of fungal 
growth and production of humic acids. The data obtained from microscopic imaging of Trichoderma viride 
growth and sporulation in EFB, coupled with the determined rates of production of humic acids indicated 
that the production of these acids is related to Trichoderma viride sporulation. 
 
Feasibility study for production of green banana flour in a spray dryer 
Oi, R.K; Santana, J.C.C.; Tambourgi, E.B.; Moraes Jr., D. Chemical Engineering Transactions, 32 (2013), 
1825-1830. ISSN: 1974-9791. Qualis B5. doi:10.3303/CET1332305 
The green banana biomass is a component that can be industrially applied to a wide variety of foods 
because don’t interfere in the sensory attributes of others ingredients and has functional properties, 
especially the presence of resistant starch. This use can be expanded if this product be produced in 
powder form. This research presents a feasibility study for production of green banana flour in spray dryer 
with rotary atomizer. The variables selected in the experimental procedure were: type of atomizer, 
biomass’s concentration, atomizer’s rotation, biomass’s temperature and biomass’s flow rate. It was 
defined as response the mass and the moisture content of the product. These variables had two levels of 
variation, which corresponded to the completion of 32 tests. In this study it was proved the feasibility to 
produce green banana flour in spray drying process. 
 
Production of ethyl valerate from Burkholderia cepacia lipase immobilized in alginate 
Padilha, G.S.; Barros M; Monte Alegre, R.; Tambourgi, E.B. Chemical Engineering Transactions, 32 (2013), 
1063-1068. ISSN: 1974-9791. Qualis B5. doi:10.3303/CET1332178 
Ethyl valerate (green apple flavor) production was investigated using immobilized Burkholderia cepacia 
lipase by esterification of valeric acid with ethyl alcohol in a solvent system. Since the mechanisms of 
obtaining flavor esters using Burkholderia cepacia lipase are not well known, the synthesis of esters were 
studied in systems that contain organic solvent. The choice of the solvent was based on optimum result in 
the studies of lipase activity and stability in the presence of different solvents: alcohol, chloroform, 
toluene, hexane and heptane. In this case, the solvent which maintained increased activity and stability in 
the immobilized enzyme was heptane. For the experiments, the enzymatic extract was lyophilized and 
immobilized in solution of sodium alginate. The effect of acid to alcohol molar rate (0.1, 0.3 and 0.5 M) 
and the concentration of lipase (10, 20 and 30 % w/v) on the response esterification reaction were 
detected on the response of ester production yield. Aliquots were taken 0, 3, 6, 9, 12, 24, 48, 72 and 120 
h and titrated with 0.02 M KOH and phenolphthalein used as indicator. The best result for obtaining ethyl 
valerate with yields almost 90 % was in 0.5 M and 20 % w/v. 
 
Acid Orange 7 dye biosorption by Salvinia natans biomass 
Pelosi, B.T.; Lima, L.K.S.; Vieira, M.G.A. Chemical Engineering Transactions, 32 (2013), 1051-1056. ISSN: 
1974-9791. Qualis B5. doi:10.3303/CET1332176 
Textile industries are responsible for producing large amounts of highly contaminated effluents by several 
types of synthetic dyes, which are characterized by being toxic and reactive. Biosorption technique has 
been used as a promising treatment way to the pigments that do not adhere to the tissues fibers during 
dyeing process. Among the diversity of materials, macrophytes can act as biosorbents of conventional 
pollutants, heavy metals and organic compounds. 
Batch experiments were carried out for biosorption of Acid Orange 7 dye onto macrophyte Salvinia natans. 
Effects of initial dye pH, contact time and temperature were investigated. Chemical and morphological 
characteristics of the biosorbent were evaluated before and after biosorption process using methods such 
as Scanning Electron Microscopy (SEM) and Infrared Spectroscopy (FT-IR). Sorption kinetics was conducted 
and followed pseudo-second order kinetic model. Equilibrium data were well represented by Langmuir 
model. The Salvinia natans exhibited a maximum uptake of 60.3 mg of dye per gram of macrophyte. The 
results indicated that Salvinia natans is a promising low-cost technology bioadsorbent for the removal of 
waste dyes. 
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Application of biomass to hydrogen and syngas production 
Peres, A.P.G.; Lunelli, B.H.; Maciel Filho, R. Chemical Engineering Transactions, 32 (2013), 589-594. ISSN: 
1974-9791. Qualis B5. doi:10.3303/CET1332099 
Today there is a worldwide interest in the use of biomass as an environmental friendly renewable energy 
source. The depletion of fossil oil reserves, constant uncertainties as far as price is concerned, unsecured 
supplies, and environmental pollution are among the many energy problems, when the use of fossil fuels 
are considered. Greenhouse effect and its consequences on climate change is one of the drawbacks 
resulting from the extensive use of this kind of fuels. These problems require the development of new 
alternative fuels such as biofuels. In this way, the biomass appears as an attractive source for the 
production of fuels and chemicals due to its versatility, renewable nature and low environmental impacts. 
The available energy production processes from biomass can, roughly, be divided into two general 
categories, to know: thermochemical and biological processes. Pyrolysis, gasification, reforming and 
combustion are the four thermochemical processes and direct biophotolysis, indirect biophotolysis, 
biological water–gas shift reaction, photo-fermentation and dark-fermentation are the five biological 
processes. Alternative thermochemical via (pyrolysis and gasification) can be practically applied to 
produce hydrogen and syngas from many types of renewable feedstock and deserve special attention. 
Bearing this in mind, this paper gives an overview of these technologies for hydrogen and syngas 
production from biomass. 
 
Extended application of radon as a natural tracer in oil reservoirs 
Pinto, A.M.F.; Barreto, A.A.; Moreira, R.M.; Tambourgi, E.B. EPJ Web of Conferences, 50 (2013), 02003. 
ISSN: 2100-014X. doi:10.1051/epjconf/20135002003 
In the 80's it was a common practice in the study of contamination by NAPL to incorporate a tracer to the 
medium to be studied. At that time the first applications focused on the use of 222Rn, a naturally 
occurring radioactive isotope as a natural tracer, appropriate for thermodynamics studies, geology and 
transport properties in thermal reservoirs. In 1993 the deficit of radon was used to spot and quantify the 
contamination by DNAPL under the surface. For the first time these studies showed that radon could be 
used as a partitioning tracer. A methodology that provides alternatives to quantify the oil volume stored 
in the porous space of oil reservoirs is under development at CDTN. The methodology here applied, widens 
up and adapts the knowledge acquired from the use of radon as a tracer to the studies aimed at assessing 
SOR. It is a postulation of this work that once the radon partition coefficient between oil and water is 
known, SOR will be determined considering the increased amount of radon in the water phase as 
compared to the amount initially existent as the reservoir is flooded with water. This paper will present a 
description of the apparatus used and some preliminary results of the experiments. 
 
Centrifugal reactive–molecular distillation from high–boiling–point petroleum fractions Part I -
Mathematical modeling, screening variables and experimental validation 
Plazas Tovar, L.; Wolf Maciel, M.R.; Winter, A.; Maciel Filho, R.; Batistella, C.B.; Medina, L.C. Industrial & 
Engineering Chemistry Research, 23 (2013), 7956–7974. ISSN: 1520-5045. FI = 2.237. Qualis A1. 
doi:10.1021/ie300579r 
The modeling and simulation of the reactive–molecular distillation process (centrifugal type–CRMD) to 
upgrade high–boiling–point petroleum fractions is presented in this work. A case study is presented for an 
atmospheric petroleum residue (673.15 K+) of “W” crude oil. The use of the Plackett–Burman and 
fractional factorial designs (2IV4-1) permitted the evaluation of the effects of the independent variables 
(evaporator temperature, feed flow rate, percent weight of catalyst, feed temperature, condenser 
temperature, rotor speed and system pressure) on the dependent variables: film thickness, surface 
evaporation rate, distillate mass flow rate, concentration profiles and velocity profiles. The results 
showed that the independent variables: the evaporator temperature and the percent weight of catalyst 
were relevant operational conditions for the performance of the CRMD process reaching an conversion of 
the feedstock about 65% at 3 wt % of catalyst and 64% at 5 wt % of catalyst in the distillate stream and 
49% at 3 wt % of catalyst and 53% at 5 wt % of catalyst in the residue stream. Due to the rapid 
temperature rise in the thin liquid film, the thickness of the film rapidly decreased in this region, whereas 
the amount of distillate mass flow rate from the split molecules continuously increased. 
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Centrifugal reactive–molecular distillation from high–boiling–point petroleum fractions. Part II – Recent 
experiments in pilot-scale for upgrading of a heavy feedstock 
Plazas Tovar, L.; Winter, A.; Wolf Maciel, M.R.; Maciel Filho, R.; Batistella, C.B.; Medina, L.C. Industrial & 
Engineering Chemistry Research, 52 (2013), 7768–7783. ISSN: 0888-5885. FI = 2.237. Qualis A1. 
doi:10.1021/ie301831h 
This work deals with the development of experimental campaign to accomplish the upgrading of a high–
boiling–point petroleum fraction (atmospheric residue ATR–W 673.15 K+ with API gravity equals 11.9 and 
molar mass equals 2956 kg•kmol-1) by centrifugal reactive–molecular distillation (CRMD). In this process, 
30 fractions (15 distillates and 15 residues) were obtained under different operating conditions. HT–SimDis 
GC played an important role to evaluate the conversion degree. Furthermore, physicochemical properties 
and colloidal characterization were determined by ASTM standard methods and size exclusion 
chromatography (SEC) with UV–absorption detection, respectively. The pilot–scale experiments by CRMD 
process showed that it successfully upgraded the feedstock into two process streams named as distillate 
and residue streams using 3 and 5 wt % of zeolite–based catalyst at 483.15 K and pressure system below 
50.0 Pa. Under these conditions, in the distillate streams the conversion of ATR–W 673.15 K+ was found 
considerably higher (65.6% at 3 wt % of catalyst and 64.3% at 5 wt % of catalyst) than that of residue 
stream (49.6% at 3 wt % of catalyst and 53.1% at 5 wt % of catalyst). Moreover, it was found that distillate 
streams exhibited values of API gravity between 19 – 21 and molar mass up 200 kg•kmol-1. To analyze 
residue streams values of API gravity were approximately equal to 11.9 and molar mass between 2570 
kg•kmol-1 – 2908 kg•kmol-1. In this respect, the CRMD process was successfully applied in order to upgrade 
a high–boiling–point petroleum fraction into lower boiling point products (corresponding to the distillate 
and residue streams). 
 
Development of a bioreactor by computer fluid dynamics simulations for the maturation of 3D printed 
organs by rapid prototyping 
Rezende, R.A.; Nogueira, J.A.; Lara, V.F.; Mironov, V.; Maciel Filho, R.; Silva, J.V.L. Chemical Engineering 
Transactions, 32 (2013), 1153-1158. ISSN: 1974-9791. Qualis B5. doi:10.3303/CET1332193 
Bioprinting of tissues and organs can be defined as layer-by-layer additive robotic biofabrication of 
threedimensional functional living macrotissues and organ constructs using tissue spheroids as building 
blocks. The microtissues and tissue spheroids are living materials with certain measurable, evolving and 
potentially controllable composition, material and biological properties. Closely placed tissue spheroids 
undergo tissue fusion, a process that represents a fundamental biological and biophysical principle of 
developmental biology-inspired directed tissue self-assembly. After the tissue spheroids structuring, the 
tissue/organ newly made is then carried out into a bioreactor which should play an important role of 
providing an adequate environment to the growth and maturation of the bioproduct. Bioreactors are used 
to accelerate tissue maturation through the control of their mechanical, biochemical and electrical 
conditions. The creation of a representative environment inside the bioreactor is too complex since it can 
enclose a large range of variables. The simulation of this scenery is essential to the study and the success 
of tissues and organs bioprinting is straight linked to a set of an appropriate environment in the bioreactor 
that assure the feasibility, maturation, biomonitoring, tests, storing and transport of the involved 
elements on the generation of the new tissue such as the deposited cells and nutrients. Computational 
fluid dynamic (CFD) software packages have been a powerful tool to calculate flow fields, shear stresses 
and mass transport within and around 3D constructs, including a bioreactor environment. This work 
presents an initial study that reproduces the internal scenery of a bioreactor with some of the main 
variables through simulations based on the finite element method run on Ansys CFX package software. 
 
Applying of a neural network in effluent treatment simulation as an environmental solution for textile 
industry 
Rosa, J.M.; Prado, K.R.M.; Alves, W.A.L.; Pereira, F.H.; Santana, J.C.C.; Tambourgi, E.B. Chemical 
Engineering Transactions, 32 (2013), 73-78. ISSN: 1974-9791. Qualis B5. doi:10.3303/CET1332013 
Considerable attention has been given to issues associated with the presence of colored compounds in 
aqueous wastewater generated from textile industries, since water is the only efficient carrier for dyes 
and other compounds that are used in the dyeing and finishing processes. An average textile finishing 
company uses 100,000 – 150,000 liters of water per ton of textile material treated. This work aimed a 
simulation of the biodegradation of a dye in textile process using a perceptron multilayer neural network. 
A 24-1 experimental design has been drawn up to study the effect of dye (0.01-0.18 g/L), glucose (0.66-
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2.43 %, w/v), microorganism (0.16-1.84 mL/L) concentrations and pH (5.3-8.7), on dye biodegradation 
index. Pseudomonas oleovorans was used in biodegradation of Remazol Brilliant Blue R. Experimental 
results used to validate the proposed numerical approach. The best conditions have found at 0.15 g/L of 
dye, pH 8, 1.5 mL/L of microorganism and 1 g/100 mL of glucose, while a dye biodegradation index of 96% 
was achieved. The perceptron multilayer neural network has been efficiently in simulation of dye 
biodegradation on reduced conditions of data set. 
 
Experimental and numerical investigation of gas-liquid flow in a rectangular bubble column with 
centralized aeration flow pattern 
Sanchez-Forero, D.I.; Silva Jr., J.L.; Silva, M.K.; Bastos, J.C.S.C.; Mori, M. Chemical Engineering 
Transactions, 32 (2013), 1561-1566. ISSN: 1974-9791. Qualis B5. doi:10.3303/CET1332261 
Bubble columns are multiphase contact devices for mass and heat transfer, which are intensively used in 
different industrial areas. Flow and turbulence in these equipments are induced by bubble rise motion. In 
this work, the fluid dynamics of gas-liquid flow in rectangular bubble columns with centralized aeration 
were investigated via experiments and CFD simulations. Particle Image Velocimetry (PIV) experiments 
were performed in a rectangular bubble column, in order to obtain additional data of the flow field (axial 
velocity, turbulent kinetic energy and stress tensors) of continuous phase (liquid). The experimental 
results show typical axial mean velocity profiles of the liquid, upward flow in the core region and a down-
flow near the wall. The Large Eddy Simulation predicted well the flow behaviour in the bubble column. 
 
Adsorption of synthetic orange dye wastewater in organoclay 
Santos, O.A.A.; Castelli, C.Z.; Oliveira, M.F. Almeida Neto, A.F.; Silva, M.G.C. Chemical Engineering 
Transactions, 32 (2013), 307-312. ISSN: 1974-9791. Qualis B5. doi:10.3303/CET1332052 
The aim of this study is to evaluate adsorption kinetics and isotherms of synthetic orange dye onto 
organoclay prepared from commercial sodium bentonite (Fluidgel called) from aqueous solutions. The 
effects of pH, contact time, initial dye concentrations, dosage clay and temperature were investigated 
experimentally. Commercial sodium bentonite was modified by using quaternary ammonium cations 
(hexadecyltrimethylammonium bromide) as a modifying agent. The characterization of commercial 
Fluidgel and modified clay (organophifilic Fluidgel) was accomplished by using XRD, TGA, BET and 
SEM/EDX techniques. The optimum pH value for the adsorption experiments was found to be next of 6 (pH 
not adjusted) and all the experiments were carried out at this pH value. The pseudo-first-order kinetic 
model agrees very well with the experimental results. Equilibrium data were also fitted to the Freundlich 
isotherm model in the studied temperature range for low initial concentrations of synthetic orange. The 
results indicate that organoclay is a suitable adsorbent for the adsorption of dyes. 
 
Application of artificial neural networks in an experimental batch reactor of styrene polimerization 
for predictive model development 
Santos, R.R.; Santos, B.; Fileti, A.M.F.; Silva, F.V.; Zemp, R. Chemical Engineering Transactions, 32 
(2013), 1399-1404. ISSN: 1974-9791. Qualis B5. doi:10.3303/CET1332234 
Batch reactors are widely used in the polymer industry, especially for multi-purpose processes where 
different types of polymers are produced on demand. Batch polymerization reactors impose rather great 
operational difficulties due to the complex reaction kinetics and inherent process nonlinearities. Thus it is 
a difficult task to develop mathematical models for polymerization processes. If required for process 
control purposes the model should be accurate but simple, so that it can be used in a control loop. The 
present work shows the application of the neural network approach in the development of a predictive 
model for a styrene polymerization pilot plant, located at the Laboratory of Chemical Systems 
Engineering, School of Chemical Engineering at UNICAMP. Artificial Neural Networks have become a usual 
application in many areas of engineering, and are well suited for chemical processes due to their ability to 
describe multi-variable nonlinear models. However to control purposes, the consideration of the variation 
of the process variables in real time is required as input to the model, to ensure the representation at the 
dynamics of the process. The experimental prototype consists of a jacketed stirred reactor, using thermal 
fluid as a heat source. Reaction progress was measured by a density sensor situated in a external recycle 
loop. Temperature sensors were positioned both inside the reactor and in the inlet and outlet of the 
jacket. Traditional feedforward neural networks with back-step inputs and the Elman network were 
applied to obtain the best model to be employed in a control loop. A comparison between the networks 
was performed, showing that, for process dynamics modeling, both networks were able to create suitable 
polymerization models. 
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Spectral analysis for detection of leaks in pipes carrying compressed air 
Santos, R.B.; Almeida, W.S.; Silva, F.V.; Cruz, S.L.; Fileti, A.M.F. Chemical Engineering Transactions, 32 
(2013), 1363-1368. ISSN: 1974-9791. Qualis B5. doi:10.3303/CET1332228 
Pipe networks constitute the means of transporting fluids widely used nowadays. Increasing the 
operational reliability of these systems is crucial to minimize the risk of leaks, which can cause serious 
pollution problems to the environment and have disastrous consequences if the leak occurs near 
residential areas. Considering the importance in developing efficient systems for detecting leaks in 
pipelines, this work aims to detect the characteristic frequencies (predominant) in case of leakage and no 
leakage. The methodology consisted of capturing the experimental data through a microphone installed 
inside the pipeline and coupled to a data acquisition card and a computer. The Fast Fourier Transform 
(FFT) was used as the mathematical approach to the signal analysis from the microphone, generating a 
frequency response (spectrum) which reveals the characteristic frequencies for each operating situation. 
The tests were carried out using distinct sizes of leaks, situations without leaks and cases with blows in 
the pipe caused by metal instruments. From the leakage tests, characteristic peaks were found in the FFT 
frequency spectrum using the signal generated by the microphone. Such peaks were not observed in 
situations with no leaks. Therewith, it was realized that it was possible to distinguish, through spectral 
analysis, an event of leakage from an event without leakage. 
 
Comparison between multilayer feedforward neural networks and a radial basis function network to 
detect and locate leaks in pipelines transporting gas 
Santos, R.B.; Rupp, M.; Bonzi, S.J.; Fileti, A.M.F. Chemical Engineering Transactions, 32 (2013), 1375-
1380. ISSN: 1974-9791. Qualis B5. doi:10.3303/CET1332230 
An artificial neural network is a technique of artificial intelligence that has the ability to learn from 
experiences, improving its performance by adapting to the changes in the environment. The main 
advantages of neural networks are: the possibility of efficient manipulation of large amounts of data and 
its ability to generalize results. Considering the great potential of this technique, this paper aims to 
establish a comparison between Multilayer Feedforward - a Multilayer Perceptron network (MLP) with 
feedforward learning - and a Radial Basis Function Network (RBF). The RBF and MLP networks are usually 
employed in the same kind of applications (nonlinear mapping approximation and pattern recognition), 
however their internal calculation structures are different. A comparison was made by using experimental 
data from a microphone installed inside a galvanized iron pipeline of 60 m length, under various operating 
conditions. The signal from the microphone coupled to a data acquisition board in a microcomputer was 
decomposed in different frequency noises. The dynamics of these noises in time were used as inputs to 
the neural models to locate and determine the magnitude of the leaks (model outputs). The results 
obtained from the test sets, with leaks caused intentionally, showed that the two neural structures were 
able to detect and locate leaks in pipes. Nevertheless, the Multilayer Perceptron network showed a 
slightly better performance. 
 
Supercritical fluid extraction from mango (Mangifera indica L.) leaves: experiments and modeling 
Santos, W.J.; Silva, E.A.; Taranto, O.P. Chemical Engineering Transactions, 32 (2013), 2005-2010. ISSN: 
1974-9791. Qualis B5. doi:10.3303/CET1332335 
Recent studies reported that mango (Mangifera indica L.) leaves are an important source of 
phytochemicals, which have beneficial effects on human health. However, the traditional methods to 
obtain extracts have the main disadvantage of using toxic solvents (e.g. methanol and acetone). Thus, 
there is a great interest in developing new processes based on the use of green solvents such as 
supercritical fluid extraction (SFE), a technology with the potential to obtain high quality yields, which 
increases the product added value. In this paper, supercritical CO2 extraction of mango leaves was 
investigated at temperatures of 313-333 K and pressures 15-25 MPa. The yield of the extract obtained was 
1,20% at optimal conditions. Regarding the kinetics of supercritical fluid extraction, the Sovová’s model 
was selected and successfully applied to the description of the extraction curves. The adjustable 
parameters of the model were determined using a local and a global optimization algorithm: Simplex and 
Simulated Annealing, respectively. As expected, the lowest deviation between experimental and 
correlated data was obtained by the global optimization technique. 
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Nanoemulsions and nanoparticles for non-melanoma skin cancer: effects of lipid materials 
Severino, P.; Fangueiro, J.F.; Ferreira, S.V.; Basso, R.; Chaud, M.V.; Santana, M.H.A.; Rosmaninho, A.; 
Souto, E.B. Clinical and Translational Oncology, 15 (2013), 417-424. ISSN: 1699-3055. doi:10.1007/s12094-
012-0982-0 
Basal cell carcinomas and squamous cell carcinomas are non-melanoma skin cancers reported to be among 
the most common malignancies, being responsible for high human morbidity. Conventional chemotherapy 
applied to these conditions shows non-specific targeting, thus severe adverse side effects are also 
commonly reported. New therapeutic strategies based on nanoparticulates technology have emerged as 
alternatives for site specific chemotherapy. Among the different types of nanoparticulates, lipid 
nanoemulsions and nanoparticles have several advantages for topical delivery of poorly soluble 
chemotherapeutics. These particles show sustained drug release and protection of loaded drugs from 
chemical degradation. This technology is promising to enhance the intracellular concentration of drugs 
and consequently reduce the cytotoxicity of skin chemotherapy. 
 
Adsorption/desorption of organic acids onto different adsorbents for their recovery from fermentation 
broths 
Silva, A.H.; Miranda, E.A. Journal of Chemical & Engineering Data, 58 (2013), 1454-1463. ISSN: 1520-5134. 
FI = 1.693. Qualis A1. doi:10.1021/je3008759 
Activated carbon and a weak base resin were used as adsorbents for organic acids of relevance in green 
chemistry. Equilibrium adsorption studies in single and binary systems of acetic, propionic and butyric 
acids were carried out using various solvents (water, ethanol, and n-propanol) and equilibrium isotherm 
models were tested. The resin had a higher adsorption capacity than the activated carbon (about 35 %). 
Data on adsorption of binary systems suggested competition between the acids and a chain size 
dependence. In the studies using organic solvents, the resin showed a higher adsorption capacity than the 
activated carbons. This work showed the importance of conducting a complete and integrated study of an 
adsorption process including both adsorption and desorption steps. The use of resin with n-propanol as 
eluent achieved the best recovery in the simulated purification of propionic acid. 
 
Interphase momentum study in a slurry bubble column 
Silva Jr., J.L.; Mori, E.D.; Soccol Jr., R.; d’Ávila, M.A.; Mori, M. Chemical Engineering Transactions, 32 
(2013), 1507-1512. ISSN: 1974-9791. Qualis B5. doi:10.3303/CET1332252 
Eulerian three-dimensional transient simulations have been conducted to study the hydrodynamics of 
three phase flow inside a slurry bubble column with intermediate and high concentration of solid 
particles. The present work evaluated the influence of interactions among phases, in the time-averaged 
numerical results. Predictions were compared with experimental data available in the literature. Analysis 
of drag models for the liquid-solid and gas-solid interactions plays an important role in the dynamic 
behavior of a gas-solid-liquid slurry bubble column. The CFD models simulated was capable to predict gas 
holdup and (gas velocity) x (gas holdup) profiles similarly to that found experimentally. 
 
Verification and validation in CFD for a free-surface gas-liquid flow in channels 
Soares, C.; Noriler, D.; Wolf Maciel, M.R.; Barros, A.A.C.; Meier, H.F. Brazilian Journal of Chemical 
Engineering, 30 (2013), 323-325. ISSN: 0104-6632. doi:10.1590/S0104-66322013000200010 
This work deals with experimental and numerical studies of a 3-D transient free-surface two-phase flow in 
a bench-scale channel flow. The aim was to determine how well the homogeneous model can predict the 
fluid dynamics behavior and to validate the model. The model was validated with experimental data 
acquired for two hydrodynamic situations. The mathematical model was based on the mass conservation 
equations for liquid and gas phases and on the momentum conservation equation for the mixture, 
assuming interpenetrating, continuum and homogeneous hypotheses. Turbulence has been considered for 
the mixture through the standard k-ε model. The numerical methods were the finite volume method with 
pressure-velocity coupling and a numerical grid on a generalized Cartesian coordinate system. Good 
qualitative and quantitative agreements were found for both cases, making the prediction of the fluid 
dynamics behavior quite robust. 
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Study of fatty acid and fatty alcohol formation from hydrolysis of rice bran wax 
Troni, K.L.; Silva, S.M.; Meirelles, A.J.A.; Ceriani, R. Chemical Engineering Transactions, 32 (2013), 1747-
1752. ISSN: 1974-9791. Qualis B5. doi:10.3303/CET1332292 
Rice bran wax is waste material of dewaxing process in oil refining. Dewaxing is accomplished by cooling 
and filtrating for separating wax from the oil to avoid turbidity in the final product. The dewaxing residue 
may have 20 up to 80 wt% of oil, followed by a main fraction of waxes, free fatty alcohols, free fatty acids 
and hydrocarbons. The wax fraction of the residue is composed by long-chain fatty alcohols esterified with 
long-chain fatty acids. Considering that rice bran oil has 4 – 6 wt% of wax, a large amount of this natural 
source of fatty compounds is undervalued. Noweck and Rider (1987) describe a process based on hydrolysis 
of waxes with sodium hydroxide, followed by distillation of fatty alcohols and soap. According to best of 
our knowledge no work has been reported on the formation of fatty acids and alcohols from the hydrolysis 
of the dewaxing residue using supersaturated stripping steam under high temperatures and high vacuum. 
Therefore, present research work was carried out for studying the decomposition of the dewaxing residue 
of rice bran oil in a mixture of fatty acids and fatty alcohols under low pressure, high temperatures and 
the injection of stripping steam. Experiments were carried out in laboratory-scale batch equipment, 
loaded with the raw material and placed in an oven with controlled temperature. The independent 
variables were final oven temperature (ºC), stripping steam flow (mL water/min) and time (h). Their 
effect on the production of fatty acids and alcohols were investigated following a simple factorial design 
(23 + central points). In each trial, samples were collected for the residue and distillate, and analyzed for 
acid value and Fourier-transform infrared (FTIR) spectra. The results showed that the formation of free 
fatty acids increased for higher temperatures and longer heating times. FTIR analysis evidence the 
occurrence of de-esterification reaction. 
 
An experimental liquid cooling system dynamic simulator for the evaluation of intelligent control 
techniques 
Vidal, S.S.; Fileti, A.M.F.; Silva, F.V. Chemical Engineering Transactions, 32 (2013), 1243-1248. ISSN: 
1974-9791. Qualis B5. doi:10.3303/CET1332208 
Refrigeration systems are required in most chemical industries in order to maintain the temperature in 
process equipments, production line, air-conditioned environments or rooms, etc. The main drawback of 
the refrigeration systems is the great energy requirement. Aiming at minimizing these costs, several works 
have been reported in the literature using variable speed compressors. This study applied the commercial 
software ASPEN PLUS® and ASPEN PLUS DYNAMICS® to simulate an experimental chiller prototype. The 
first software was used to simulate the steady state condition, while the latter one was used to evaluate 
the open loop and closed loop dynamics of the cooling process. The geometries of heat exchangers were 
obtained from the software EXCHANGER DESIGN AND RATING®, also included in the package ASPEN®. 
Once validated with experimental data, the simulator was used to the performance assessment of the 
classical control strategies application using variable speed compressor. It was also proposed the use of 
fuzzy logic-based control. It was used a two-term fuzzy control, that is suitable for nonlinear processes 
and is based on the plant expert knowledge. The fuzzy controller proved to be effective in controlling the 
system under different operating conditions. 
 
Study of volatiles from ‘pera’ sweet orange peel using Karl Fischer titration, GC-FID and GC/MS 
techniques 
Zanella, K.; Pinheiro, C.L.; Tomaz, E.; Taranto, O.P. Chemical Engineering Transactions, 32 (2013), 409-
414. ISSN: 1974-9791. Qualis B5. doi:10.3303/CET1332069 
Orange is a large cultivated fruit and worldwide studied. During its industrial processing it is obtained 
juice and essential oil as the main products and, d-limonene, pectin and citrus pulp as by-products, where 
the last one is dried, stored and commercialized. However, during the drying process, volatile organic 
compounds (VOCs) present in the orange peel (albedo and flavedo), are issued and released to become 
atmospheric pollutants, causing environment problems related to the formation of tropospheric ozone, 
photochemical smog, olfactory discomfort of local residents. Thus, this work aims: determine the 
moisture content from albedo and flavedo from ‘pera’ sweet orange (Citrus sinensis L. Osbeck), as well 
as, quantify and qualify the VOCs released during the drying process. For that, the following steps were 
taken: (1) determination of water and volatile contents via oven dryer at 378 K for 24 hours; (2) 
determination of water content via Karl Fischer titration at 378 K and nitrogen output at 90 mL/min; (3) 
determination of volatile content by the difference between (1) and (2); (4) collect and make the 
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qualitative and quantitative analysis of volatile compounds by gas chromatography coupled to mass 
spectrometry (GC/MS) and by gas chromatography with flame ionization detector (GC-FID), by using the 
response factor. The results shown that, in wet basis, the water content and the volatiles content were 66 
% and 11 % for the albedo and 67 % and 6 % for the flavedo, respectively. In addition, the volatile organic 
compounds identified were 2-methylene-1,4-dioxane, α-pinene, 3-carene and d-limonene and the VOCs 
quantified were α-pinene, 3-carene and d-limonene, both of albedo as flavedo. So, we conclude that the 
methodology adopted in this work is adequate to determine the volatile organic compounds released 
during the drying of orange peel, as well as qualify each chemical compound among the volatiles. 
 
Quality control of poly(methyl methacrylate) to medical purpose by multiple headspace extraction 
Zúñiga Liñán, L.; Bonon,A.; Lima,N.M.N.; Maciel Filho, R.; Manenti, F. Chemical Engineering Transactions, 
32 (2013), 1699-1704. ISSN: 1974-9791. Qualis B5. doi:10.3303/CET1332284 
The quality of polymers to be used for medical purposes is evaluated by the concentration of residual 
compounds in the polymeric matrix, especially by the amount of residual monomer. Residual components 
of the polymerization of monomer can cause allergies and biological complications (stomatitis, dermatitis, 
cheilitis, and irritability), also collateral effects for the patient which are evident from the first five years 
after implant placement and could remain for thirty years more. In dentures, for example, these 
components are dissolved by the saliva and are fixed to adjacent tissue causing allergic reactions, 
including burning. Multiple headspace extraction gas chromatography (MHS-GC) has been found to be an 
analytical technique particularly suitable for quantification of residual monomer in process samples with 
complex matrix, including solids. The major advantage of MHS-GC is that there is no need to pre-treat the 
sample prior to analysis. In this work, the methodology used to determine the residual monomer of Methyl 
Methacrylate (MMA) in a polymer of Poly(Methyl Methacrylate) (PMMA) is presented. The PMMA was 
produced in a controlled pilot plant scale laboratory, with rigorous experimental conditions to be used for 
medical purposes (artificial bone). The method includes the formulation of a calibration curve which was 
obtained by injecting different masses (0 – 30 mg) of a standard MMA solution in the Headspace sample 
vials and treated at ten extraction step in the HS-GC system. The results showed that through the present 
method it is possible to recover 98% of MMA from a solid matrix of PMMA. 
 
 



 

Página 22 Boletim da FEQ

 

Teses e Dissertações 
Abril - Junho 2013 

 
Mestrado: 
 
1018. Ruth Verónica Sierra Aristizábal. Produção de leveduras oleaginosas em meio de cultura contendo 
hidrolisado de bagaço de cana-de-açúcar. Orientadores : Profa. Dra. Telma Teixeira Franco e Dra. Cecília 
Sulzbacher Caruso (pesquisadora FEQ/UNICAMP). Defesa: 10/04/2013. 
 
1019. Micaela Tamara Vitor. Veiculação de mRNA de células tumorais em lipossomas catiônicos para 
imunoterapia do câncer. Orientadores: Profa. Dra. Lucimara Gaziola de La Torre e Dra. Patrícia Cruz 
Bergami Santos (pesquisadora ICB/USP). Defesa: 16/04/2013. 
 
1020. Patrícia Moraes Sinohara Souza. Estudo da influência de argilas organofílicas no processo de 
biodegradação de nanocompósitos de PLA e seus efeitos genotóxicos e mutagênicos. Orientadores: Profa. 
Dra. Ana Rita Morales e Profa. Dra. Maria Aparecida Marin Morales (UNESP Rio Claro). Defesa: 23/04/2013. 
 
1021. Sirlene Adriana Kleinubing. Liberação controlada da oxitetraciclina encapsulada em matriz de 
alginato/quitosana recoberta com Acril-EZE® MP em leito fluidizado. Orientador: Profa. Dra. Lucia Helena 
Innocentini Mei. Defesa: 22/04/2013. 
 
1022. Rodrigo de Lima Amaral. Efeito da auto calibração volumétrica para PIV tomográfica no campo de 
velocidade em uma seção de um riser de um leito fluidizado circulante. Orientador: Prof. Dr. Marco 
Aurélio Cremasco. Defesa: 25/04/2013. 
 
1023. Natália Garrote de Barros. Propriedades de Material Polimérico obtido da Reciclagem de Embalagens 
Multicamadas. Orientadores: Prof. Dr. João Sinézio de Carvalho Campos e Prof. Dr. Marco-Aurélio de Paoli 
(IQ/UNICAMP). Defesa: 08/05/2013.  
 
1024. Ana Beatriz Alves Borges. Prospecção tecnológica a médio prazo sobre pilhas a combustível e seu 
mercado. Orientador: Prof. Dr. Wagner dos Santos Oliveira. Defesa: 13/05/2013.  
 
1025. Thiago Bezerra Taketa. Obtenção e caracterização de recobrimentos de quitosana/ácido hialurônico 
e quitosana/alginato de sódio pela técnica layer-by-layer para aplicações antimicóticas. Orientador: 
Profa. Dra. Marisa Masumi Beppu. Defesa: 14/05/2013. 
 
1026. Bruno Guzzo da Silva. Modelagem e simulação do processo de secagem dos frutos de aroeira-
vermelha (Schinus terebinthifolius Raddi). Orientador: Profa. Dra. Ana Maria Frattini Fileti. Defesa: 
17/05/2013.  
 
1027. Ana Milena Torres Garavito. Determinação experimental do consumo de potência para impelidores 
âncora e helicoidal usando fluidos pseudoplásticos de alta viscosidade. Orientador: Prof. Dr. José Roberto 
Nunhez. Defesa: 21/05/2013. 
 
1028. Kaciane Andreola. Secagem de cenoura (Daucus carota L) assistida por micro-ondas. Orientador: 
Prof. Dr. Osvaldir Pereira Taranto. Defesa: 23/05/2013. 
 
1029. Cynthia Regina Albrecht Mahl. Atuação da quitosana como adsorvente de íons cobre em presença do 
peptídeo β-amilóide ou histidina. Orientador: Profa. Dra. Marisa Masumi Beppu. Defesa: 29/05/2013.  
 
1030. Kelly Lendini Troni. Estudo sobre o uso do resíduo da etapa de deceragem de óleo de farelo de arroz 
para a produção de ácidos graxos e álcoois graxos. Orientador: Profa. Dra. Roberta Ceriani. Defesa: 
20/06/2013.  
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1031. Alessandro Rodrigues Frias. Gestão de malhas de controle no processo de fabricação de papel – 
estudo de caso. Orientador: Prof. Dr. Flavio Vasconcelos da Silva. Defesa: 20/06/2013. 
 
1032. Bruno da Silva Cunha. Adsorção de íons cobre em esferas porosas de quitosana na presença de 
líquidos iônicos. Orientador: Profa. Dra. Marisa Masumi Beppu. Defesa: 28/06/2013. 
 
 
Doutorado: 
 
528. Marco Antonio Coghi. Plano diretor de automação e informática integrado à gestão do portfólio de 
investimentos de uma organização industrial química. Orientador: Prof. Dr. Flávio Vasconcelos da Silva. 
Defesa: 24/04/2013.  
 
529. Cristiane Zanutelo. Estudo da preparação de catalisadores de Ni e Ru suportados em carvão ativado 
para a hidrogenólise da sacarose. Orientador: Prof. Dr. Antonio Jose Gomez Cobo. Defesa: 27/05/2013.  
 
530. Renata dos Santos Souza. Avaliação da lama vermelha na remoção de derivados de petróleo - 
benzeno, tolueno e xileno (BTX). Orientador: Profa. Dra. Meuris Gurgel Carlos da Silva. Defesa: 
20/05/2013.  
 
531. Élida Castilho Bonomi. Aplicação da fração estearina como modulador de cristalização no 
fracionamento térmico de gordura de leite anidra na fabricação de chocolate. Orientador: Prof. Dr. Theo 
Guenter Kieckbusch e Dr. Valdecir Luccas (ITAL). Defesa: 27/05/2013.  
 
532. Aulus Roberto Romão Bineli. Projeto, fabricação e teste de um microrreator catalítico para produção 
de hidrogênio a partir da reforma a vapor do etanol. Orientadores: Prof. Dr. Rubens Maciel Filho e Dr. 
André Luiz Jardini Munhoz (pesquisador FEQ/UNICAMP). Defesa: 29/05/2013.  
 
533. Jacqueline Rêgo da Silva Rodrigues. Desenvolvimento de biodesemulsificantes para a quebra de 
emulsão água em óleo. Orientador: Prof. Dr. Elias Basile Tambourgi. Defesa: 03/06/2013. 
 
534. Júlio Pereira Maia. Simulação dinâmica, otimização e análise de estratégias de controle da torre de 
vácuo da unidade de destilação de processos de refino de petróleo. Orientador: Prof. Dr. Rubens Maciel 
Filho. Defesa: 26/06/2013.  
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Notas curtas 

O Ministério de Agricultura do Brasil publicou, em inglês, o livro Sugarcane: 
Bioenergy, Sugar and Ethanol - Technology and Perspectives (ISBN 978-857-99-
1058-6), editado por Fernando Almeida Santos, Aluízio Borém e Celso Caldas, 
todos da Universidade Federal de Viçosa. O livro conta com a contribuição da 
Profa. Dra. Aline Carvalho da Costa, do Departamento de Desenvolvimento de 
Processos e Produtos (DDPP), autora, junto com os colegas Sarita Cândida 
Rabelo e Carlos Eduardo Vaz Rossell, pesquisadores do CTBE, do capítulo 
“Industrial Waste Recovery”. O livro traça um panorama do estado-da-arte da 
tecnologia de produção do etanol de segunda e terceira geração, bem como das 
perspectivas a curto e médio prazo.  

 
 
Palestras na FEQ 
 

 
Dermot Walls 

 
Brendan O’Connor 

John F. Gallagher 

No dia 02 de maio, a FEQ 
recebeu a visita de uma 
delegação da Dublin City 
University (Irlanda), 
composta pelos 
professores Dermot Walls 
e Brendan O’Connor, 
ambos da Faculdade de 
Biotecnologia, e John F. 
Gallagher, da Faculdade 
de Ciências Químicas.  
A delegação irlandesa 
procura parcerias e 
intercâmbios de 
estudantes e 
pesquisadores entre 
Irlanda e Brasil. 
A visita for organizada 
pela professora Ângela 
Maria Moraes, do 
Departamento de 
Engenharia de Materiais e 
Bioprocessos (DEMBio) e 
assessora do Programa 
Ciência sem Fronteiras. 

 
 
 
 
 
 
 

No dia 22 de maio, o Prof. 
Dr. Argimiro R. Secchi, do 
Programa de Engenharia 
Química da COPPE/UFRJ, 
ministrou a palestra 
“Controle Avançado 
aplicado a Plataformas 
Offshore”. O professor 
Argimiro visitou a FEQ para 
participar de uma banca 
de concurso público e a palestra foi organizada 
pelo professor Flávio Vasconcelos da Silva, do 
Departamento de Engenharia de Sistemas 
Químicos (DESQ).  
 
Controlando vazamentos de gases 
Acidentes envolvendo vazamentos de gases em 
processos industriais podem ser trágicos em 
relação à perda de vidas e às consequências 
ecológicas. Na década passada, dois acidentes 
foram particularmente alarmantes. Em março de 
2001 ocorreram explosões na plataforma de 
petróleo P-36, operada pela Petrobrás na Bacia 
de Campos, que levaram ao afundamento da 
mesma; relatório da Agência Nacional do 
Petróleo (ANP) aponta, entre as principais causas 
do acidente, que deixou 11 mortos, a ausência 
de dispositivos de detecção e contenção de gases 
em uma área considerada de risco. Em abril de 
2010, uma plataforma operada pela British 
Petroleum no Golfo do México pegou fogo após 
explosão. Em decorrência, o sistema automático 
de controle da válvula instalada no fundo do mar 
falhou e permitiu um vazamento de petróleo, 
desencadeando um dos maiores desastres 
ecológicos de que se tem notícia. Estes dois 
exemplos mostram a importância de 
desenvolvimento de controles eficazes nos 
sistemas produtivos que envolvem risco. 
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É nesse contexto que a matéria publicada no 
Jornal da UNICAMP n 561 aborda a pesquisa 
desenvolvida pelo professor Sávio Vianna, do 
Departamento de Engenharia de Sistemas 
Químicos (DESQ), que desenvolveu a ferramenta 
denominada OPTIMI, um software que permite 
determinar o número mínimo de detectores de 
gases que deve ser utilizado em uma área 
industrial e em que locais devem ser colocados 
para garantir 100% de cobertura em relação à 
detecção de vazamentos. 
 

 
Prof. Sávio Vianna 

O professor Sávio explica que todas as unidades 
de processos precisam manter detectores de 
gases. Até algumas décadas, a localização desses 
instrumentos era feita de forma empírica e 
baseada em experiências de campo. Com o 
desenvolvimento, em décadas mais recentes, da 
modelagem computacional de escoamento de 
gases, consegue-se obter uma descrição melhor 
de como a nuvem gasosa se distribui 
espacialmente, o que facilita a decisão sobre a 
alocação dos detectores. 
Apesar dessa evolução, as decisões de onde 
colocar os detectores de gases resultam ainda de 
experiências de campo e de decisões pessoais 
dos técnicos e engenheiros. Com isso, não se tem 
garantia de que os detectores estejam em 
número e posições mais adequados e nem de que 
ofereçam 100% de cobertura. Outro problema é o 
da falha espúria, assim chamada quando o 
detector dispara mesmo na ausência de gases. 
Dispositivos em excesso facilitam essa ocorrência 
e desacreditam o sistema diante do número 
elevado de alarmes falsos, que não são mais 
levados a sério pelos operadores, que chegam 
até a desligar detectores. 

Esse quadro motivou o pesquisador a desenvolver 
um modelo de cunho matemático que permitisse 
determinar o número mínimo de detectores 
efetivamente necessários e sua melhor 
localização, de maneira a garantir uma cobertura 
de 100% de uma determinada área industrial. O 
estudo visou desenvolver um programa para 
juntar o melhor de dois mundos em uma nova 
ferramenta, que não tinha ainda sido 
desenvolvida em qualquer lugar do mundo com 
as características propostas. A ferramenta 
combina os resultados da simulação 
tridimensional da dispersão de gases via 
fluidodinâmica computacional (CFD) com 
técnicas de otimização. Fornece a localização 
espacial de detectores de gás combinada com o 
modelo 3D da planta do processo. O programa 
está customizado para resolução de problemas 
de cobertura de conjuntos e já foi testado no 
Brasil e na Europa.  
O processo de patente da nova ferramenta 
computacional já está em andamento junto à 
Agência de Inovação Inova UNICAMP. Nesse 
processo, o professor Sávio se deu conta de que 
havia inovação tanto no algoritmo utilizado na 
ferramenta quanto na metodologia em si, mesmo 
porque não existe ninguém trabalhando nessa 
direção, tanto no país quanto fora dele. 
Por ocasião de um congresso internacional em 
Roma, o pesquisador teve oportunidade de 
entrar em contato com um grupo norueguês que 
desenvolve um software de dispersão de 
vazamento de gases e ficou interessado em 
comprar a ferramenta de otimização para 
ampliar o atendimento a seus clientes. A 
empresa não dispõe de um link que permita 
utilizar as informações correspondentes à 
dispersão gasosa para determinar a posição dos 
detectores de gases. A constatação de que se 
trata de duas tecnologias inovadoras o leva a 
afirmar que “nesse campo, a UNICAMP está 
desenvolvendo uma tecnologia de ponta”.  
 
Atividades administrativas fora da FEQ 
Três docentes da FEQ assumem cargos 
administrativos na UNICAMP. São eles: 
 Profa. Dra. Ana Maria Frattini Fileti, 

Assessora da Pró-Reitoria de Pós-Graduação. 
 Prof. Dr. Milton Mori, Diretor Executivo da 

Inova - Agência de Inovação da UNICAMP. 
 Profa. Dra. Telma Teixeira Franco, 

Coordenadora do Núcleo Interdisciplinar de 
Planejamento Estratégico – NIPE. 

Boa sorte aos colegas nas suas novas 
responsabilidades! 
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Remoção de poluentes 
A humanidade ainda não encontrou uma forma 
de produzir e consumir sem gerar resíduos. Uma 
das maneiras de minimizar os impactos que esses 
resíduos, principalmente os de origem industrial, 
causam ao ambiente, é desenvolver técnicas e 
processos para imobilizá-los ou estabilizá-los. 
Nesse contexto, o Jornal da UNICAMP n 564 
publicou matéria sobre a pesquisa desenvolvida 
no doutoramento da engenheira química Renata 
dos Santos Souza, que utilizou a lama vermelha, 
um subproduto gerado na produção de alumínio, 
para remover resíduos derivados de petróleo 
(benzeno, tolueno e xileno - BTX) de meios 
líquidos. O trabalho foi orientado pela professora 
Meuris Gurgel Carlos da Silva, do Departamento 
de Desenvolvimento de Processos e Produtos 
(DDPP), cuja equipe vem utilizando materiais 
pouco convencionais, como algas e argila, para 
promover a remoção de contaminantes de 
efluentes. 
 

 
Dra. Renata dos Santos Souza 

A ideia de utilizar a lama vermelha foi de 
Renata, que é natural do Pará, onde a produção 
de alumínio é uma atividade importante. “Nós 
não tínhamos um indicativo de que o material 
serviria para esse propósito, mas sabíamos que 
ele já havia sido testado para remover corantes, 
o que nos fornecia uma pista. A opção pelo 
benzeno, tolueno e xileno, que nós chamamos de 
BTX, é porque eles são os compostos mais tóxicos 
presentes nos derivados de petróleo e 
potencialmente cancerígenos”, explica a autora 
do trabalho.  
Duas preocupações orientaram a pesquisa. Por 
um lado, na região Norte é comum a presença de 

postos de abastecimentos flutuantes nos rios e 
lagoas. Estes, a exemplo dos postos 
convencionais, apresentam problemas de 
manutenção em seus tanques, que não raro 
resultam em vazamento de combustíveis. Além 
disso, a lama vermelha, que é composta 
principalmente por ferro, sódio, alumínio, titânio 
e silício, é também um resíduo poluente que 
pode contaminar o solo e, consequentemente, o 
lençol freático. Hoje em dia, ela é aproveitada 
basicamente para a produção de cerâmica. “O 
que o estudo pretendeu foi justamente dar uma 
destinação mais nobre para esse material, que é 
abundante e barato, bem como propor uma 
solução inovadora para fazer frente à 
contaminação dos recursos hídricos por 
compostos orgânicos”, detalha a Dra. Renata. 
Em sua investigação, a pesquisadora teve que 
cumprir diversas etapas. Primeiramente, ela 
promoveu a caracterização da lama vermelha. 
“Esse trabalho foi feito tanto com a lama bruta 
quanto com a lama modificada por processos 
térmico e químico. A que foi submetida à 
ativação química não apresentou bons 
resultados, e nós a abandonamos. As demais, 
porém, demonstraram elevada capacidade de 
retenção dos compostos orgânicos”, relata a 
professora Meuris. 
Em seguida, a autora da tese dopou tanto a lama 
vermelha bruta quanto a calcinada com os 
compostos considerados, de forma isolada. Ao 
analisar os materiais constatou-se que eles foram 
capazes de adsorver, em valores máximos, 99% 
do xileno, 85% do tolueno e 60% do benzeno, que 
apresenta uma molécula menor, e por isso mais 
difícil de ser retida. Depois, a pesquisadora fez o 
mesmo com misturas binárias dos compostos 
orgânicos. Os resultados foram somente 10% 
inferiores ao alcançado nos modelos anteriores. 
“De modo geral, o que pudemos constatar foi 
que a lama ativada termicamente apresenta um 
desempenho ligeiramente superior, mas não o 
suficiente para eliminar a possibilidade do uso da 
lama bruta, que também se comportou muito 
bem”, esclarece a professora Meuris. 
Apesar de o estudo ter indicado que a lama 
vermelha tem potencial para ser empregada em 
métodos de remoção de compostos orgânicos de 
efluentes, a técnica ainda não alcançou o ponto 
de aplicação. “O próximo passo é ampliar a 
escala, sair da bancada e migrar para o estágio 
piloto. Ocorre que ampliar a escala não significa 
somente aumentar tamanho. Temos também que 
compreender melhor alguns parâmetros, 
principalmente a forma como ocorre a 
adsorção”, detalha a orientadora do trabalho. 
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Profa. Meuris Gurgel Carlos da Silva 

Após essa etapa, será preciso ainda averiguar 
como será o comportamento do material quando 
aplicado em condições reais, ou seja, no 
processo de descontaminação de um rio ou 
mesmo de uma faixa de mar. “Nesse caso, 
existem as correntes e o arrasto de materiais 
sólidos, que podem influenciar no desempenho 
da lama vermelha. São cenários que precisarão 
ser analisados. Nós acreditamos que futuramente 
esse material poderá ser usado em barreiras 
reativas. Isso poderá ser feito tanto de forma 
preventiva, isto é, em locais onde haja risco de 
contaminação, quanto de forma emergencial, no 
caso de uma contaminação séria, como a 
verificada quando ocorre vazamento de óleo”, 
explica a professora Meuris. 
 
Fórmula retarda embranquecimento 
do chocolate ao leite 
O chocolate ao leite pode ficar esbranquiçado, 
sem brilho, com aparência envelhecida e nada 
apetitosa. Este fenômeno, conhecido como fat 
bloom, ainda não é totalmente compreendido. O 
problema ocorre quando a gordura migra do 
interior para o exterior do chocolate e cristaliza 
na superfície, dando um aspecto ruim ao produto 
e interferindo na sua qualidade. Evitar ou 
retardar o fat bloom é do maior interesse dos 
fabricantes, sobretudo no Brasil. O clima tropical 
e o imenso território resultam em condições 
adversas de transporte e armazenamento que 
propiciam o fenômeno, já que o chocolate 
precisa ser mantido a uma temperatura estável 
de 20C. 
O Jornal da UNICAMP publica, na edição 566, 
uma matéria sobre a pesquisa de doutorado de 

Élida Castilho Bonomi, que, sob a orientação do 
professor Theo Guenter Kieckbusch, do 
Departamento de Engenharia de Materiais e 
Bioprocessos (DEMBio), estudou a substituição, 
na formulação do chocolate, da gordura integral 
do leite pela estearina, que é uma porção desta 
gordura, e que tem alto ponto de fusão. Esta 
fração precisa de temperaturas mais altas para 
derreter e, como deixa o chocolate mais 
resistente, retarda o fat bloom. 
 

 
Dra. Élida Castilho Bonomi 

O objetivo inicial da pesquisa foi o de obter a 
fração estearina por meio de um processo de 
fracionamento térmico baseado em um 
planejamento experimental, com a intenção de 
identificar quais as condições de processo 
adequadas. A estearina, que seria a fração mais 
‘dura’ da gordura, se separa da oleína, que é a 
parte mais ‘macia’. “A gordura de leite é 
considerada a mais complexa da natureza, sendo 
muito difícil trabalhar com ela. Alguns estudos 
sobre fracionamento térmico de gordura de leite 
são encontrados na forma de patentes e, muitas 
vezes, o processo exige equipamentos mais 
sofisticados e, consequentemente, mais caros. 
Ademais, o crescimento e a maturação dos 
cristais são lentos e o processo de fracionamento 
térmico requer um tempo muito longo”, justifica 
a Dra. Élida.  
Foram utilizados dois novos métodos de 
fracionamento da gordura, além do 
fracionamento tradicional. No método 
tradicional, a gordura foi aquecida a 60C e 
resfriada a uma taxa constante. A temperatura 
reduzida foi mantida por três horas, antes da 
filtragem. A estearina de melhor qualidade neste 
caso foi obtida a 27C. Para o ensaio foram 
utilizadas diferentes percentagens de estearina, 
1%, 5% e 10% em relação à massa total de 
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gordura de leite anidra. O que influencia no 
processo, além da temperatura de cristalização, 
é a agitação e a taxa de resfriamento.  
No primeiro método desenvolvido, a melhor 
estearina obtida no fracionamento convencional 
foi adicionada à gordura de leite logo no início 
do processo, aquecida a 60C e resfriada. “A 
estearina é caracterizada por ter triacilgliceróis 
de alto ponto de fusão, que começam a se 
cristalizar mais rápido. Os primeiros núcleos de 
cristais vão atraindo outros cristais que vão se 
juntando e crescendo, constituindo a estearina 
mais rapidamente”. Neste método, que foi 
denominado ‘formulação’, adicionou-se 1% de 
estearina e a fração foi obtida 22% mais 
rapidamente que do modo tradicional. 
O segundo método, conhecido como 
‘semeadura’, acelerou o processo em 37%, 
quando foi adicionado 1% de estearina 
cristalizada. A estearina foi acrescida ao 
processo quando a gordura de leite já estava 
resfriada a 27ºC. A pesquisadora então retirou 
uma quantidade de gordura de leite do sistema 
para servir de veículo para misturar a estearina 
de forma homogênea. Logo em seguida, a 
mistura retornou ao restante no reator. “O mais 
interessante foi ter conseguido obter uma 
estearina mais dura e de melhor qualidade que 
no fracionamento convencional e em um 
processo mais rápido. Para a viabilidade 
industrial seria preciso ainda fazer um cálculo 
entre o rendimento e a qualidade, mas já é um 
avanço”, assinala. 
A estearina assim obtida foi então utilizada na 
formulação do chocolate ao leite como uma 
aplicação prática. Segundo a Dra. Élida, “os 
chocolates foram submetidos a variações de 
temperatura, no período de 24 horas, de 20 para 
32C, durante cinco meses. As amostras com 
estearina demoraram mais 13 dias a apresentar o 
fat bloom, que começou nas outras amostras 
depois de 37 dias de condições adversas. Depois 
que inicia-se o fenômeno, a velocidade de 
recristalização da gordura na superfície é a 
mesma em ambas as amostras.” 
Enquanto as análises da pesquisa foram feitas na 
UNICAMP, os experimentos de fracionamento 
foram desenvolvidos no Instituto de Tecnologia 
de Alimentos (ITAL). A pesquisa integra o projeto 
temático “Modificação, controle e estabilização 
do comportamento de cristalização e 
polimorfismo em gorduras, com ênfase na 
manteiga de cacau e no óleo de palma”, 
financiado pela FAPESP, sob a responsabilidade 
do professor Theo. 
A investigação de alternativas envolve um grupo 
de pesquisa multidisciplinar formado por 

pesquisadores da FEQ, da Faculdade de 
Engenharia de Alimentos e do Instituto de Física 
da UNICAMP, da Faculdade de Ciências 
Farmacêuticas da USP, do Instituto de Tecnologia 
de Alimentos e da Universidade de Guelf 
(Canadá). As pesquisas do grupo serão discutidas 
no 3º Workshop “Avanços Tecnológicos na 
Qualidade e Estabilidade de Chocolates e de 
outros Sistemas Lipídicos”, que está previsto 
para ocorrer nos dias 2 e 3 de setembro no 
Centro de Convenções da UNICAMP. 
 


