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Αγαπητά Μέλη της Ελληνικής Χηµικο-Μηχανικής Κοινότητας: 
 
Εκ µέρους της Οργανώτριας Σχολής των Χηµικών Μηχανικών του Εθνικού Μετσόβιου 
Πολυτεχνείου, έχω την τιµή και τη χαρά να σας προσκαλέσω να συµµετάσχετε στο 9ο Συνέδριο της 
επιτυχηµένης σειράς των Πανελληνίων Επιστηµονικών Συνεδρίων Χηµικής Μηχανικής, το οποίο 
θα πραγµατοποιηθεί σε χώρους της Πολυτεχνειούπολης Ζωγράφου του ΕΜΠ, στο τριήµερο 
Πέµπτης 23/5 – Σαββάτου 25/5/2013.   
 
Όπως και στα προηγούµενα 8 Συνέδρια της σειράς, ο σκοπός του 9ΠΕΣΧΜ θα είναι η παρουσίαση 
των αποτελεσµάτων της έρευνας, που διεξάγεται σε Πανεπιστήµια, ερευνητικά κέντρα, επιχειρήσεις 
και άλλους οργανισµούς, κι εντάσσεται στις επιστηµονικές περιοχές του πεδίου της Χηµικής 
Μηχανικής. Όµως, η σηµερινή συγκυρία µας οδήγησε στην προσθήκη ενός δεύτερου στόχου, 
αυτού της συµβολής στην Αειφόρο Ανάπτυξη της πατρίδας µας. Εποµένως, θα θέλαµε οι ερευνητικές 
οµάδες να δώσουν κατά το δυνατόν προτεραιότητα στις εργασίες τους µε αναπτυξιακές προοπτικές 
κάθε είδους. 
 
Ένας άλλος τοµέας, όπου το 9ΠΕΣΧΜ θα προσπαθήσει να εκµεταλλευτεί την συσσωρευµένη 
εµπειρία των 8 προηγούµενων Συνεδρίων, είναι στην ενεργοποίηση της συµµετοχής όλων των 
κατηγοριών συνέδρων, και ειδικότερα: 

- στον εκπαιδευτικό χαρακτήρα της παρακολούθησης του Συνεδρίου για τους φοιτητές µας, 
π.χ. µέσω της ελεύθερης (δωρεάν) συµµετοχής τους στις συνεδριάσεις 

- στην αριστεία των εργασιών των νέων ερευνητών µας, π.χ. µέσω της θεσµοθέτησης 
βραβείων και διακρίσεων σε όλες τις κατηγορίες (∆ιπλωµατικές, ∆ιδακτορικά, poster, κ.α.) 

- στην ενίσχυση και αξιοποίηση της συµµετοχής των έµπειρων συναδέλφων µας, π.χ. ως 
ειδικών οµιλητών, σε ρόλους rapporteur, και ως µελών των επιτροπών βράβευσης του  
Συνεδρίου. 

Έτσι, ο τρίτος στόχος του 9ΠΕΣΧΜ είναι η δηµιουργία µιας ζωντανής και δηµιουργικής «κυψέλης» 
αλληλεπίδρασης ατόµων, θεωριών και εφαρµογών.  
 
Η επίτευξη των ανωτέρω στόχων θα εξαρτηθεί από τη συµµετοχή σας, αναλυτικά στοιχεία για την 
οποίαν θα βρείτε στην ειδική ιστοσελίδα του Συνεδρίου (http://9pesxm.chemeng.ntua.gr/). 
Ειδικότερα, καλούµε τις ενδιαφερόµενες για την ανακοίνωση των εργασιών τους ερευνητικές 
οµάδες να υποβάλουν περιλήψεις των εργασιών αυτών µέσω των ιστοσελίδων του 9ΠΕΣΧΜ, το 
αργότερο ως τις 28/2/2013. Η Επιστηµονική Επιτροπή του Συνεδρίου θα ενηµερώσει, το αργότερο 
ως τις 15/3/2013, τους συγγραφείς των εργασιών για την αποδοχή τους και τη θέση τους στο 
πρόγραµµα, δίνοντας οδηγίες για την συγγραφή των κειµένων τους. Ταυτόχρονα, καλούµε τους 
συγγραφείς των εργασιών που βασίζονται σε ∆ιπλωµατικές Εργασίες ή ∆ιδακτορικές ∆ιατριβές να 
δηλώσουν τις υποψηφιότητές τους για βράβευση στις σχετικές ιστοσελίδες.  
 
Ελπίζουµε, µε τη βοήθεια όλων σας, σε ένα Συνέδριο αντάξιο του δυναµικού και των επιτευγµάτων 
της Ελληνικής Χηµικο-Μηχανικής Κοινότητας. 
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EXTENDED ABSTRACT 
 

Two of the most basic environmental pollutants discharged to water or wastewaters are metals 
and dyes. Each of them has its own significant impact to the so–called term of “environmental 
pollution”. Amongst the numerous techniques regarding the removal of environmental pollutants, 
adsorption has been found to be a superior technique as compared to other methods of wastewater 
treatment in terms of cost, simplicity of design and operation, availability, effectiveness, and 
insensitivity to toxic substances. Adsorption, as one of the most promising techniques, can be used to 
remove different types of pollutants as dyes and heavy metals. 

Numerous works present results for the adsorption of either dyes or heavy metals onto various 
materials as activated carbons, natural and synthetic polymers, clays, zeolites, biomasses, agricultural 
and industrial by–products. However, these findings deal with single–component aqueous solutions. 
Going to more specific/complicated studies, limited works have been published dealing with the 
adsorption of either dyes or metals in multi–component aqueous systems (in each case two or more 
same–type pollutant). In those works, the interactions/mechanism (synergetic or competitive) among 
the same–type pollutants are attempted to be clarified. Other few works reported the simultaneous 
adsorption of dyes and heavy metals onto materials. However, there is no any general rule for the 
simultaneous adsorption of a heavy metal ion and a dye molecule. On the contrary, the mutual effects 
depend on the particular structure of the dyestuff, metal and adsorbent.  

In the current work, the co–existence of different–type pollutants (i.e. both dye and metal) in 
binary aqueous systems is under consideration. As adsorbent material, chitosan powder grafted with 
poly(ethylene imine) and cross–linked with epichlorohydrin (denoted hereafter as CSPEI) was used 
given its high adsorption capacity showed in our previous work. As heavy metal (ion), Cr(VI) was 
selected to be used because of its toxicity and widespread existence in aqueous media (effluents etc). 
As dye molecule, Remazol Red 3BS (reactive dye) was selected given its well–known toxicity and its 
already report to other previous works. In such case, many questions were generated as: (i) how does 
the nature of the dye molecule influence the ion adsorption onto material (and vice–versa)?; (ii) dyes 
and ions act synergetically or competitively during the adsorption phenomenon? (iii) which is the real 
effect of the binary mixture composition (in the case of non–molecularly equivalent binary mixtures)? 
(iv) is the equilibrium adsorbed amount of the two species determined by thermodynamic principles 
only or kinetics has also a role ? Those are some of the main topics discussed in the present study, 
which have not been commented in literature before, generating novel significant conclusions about 
the effect of each adsorbate components on the adsorption of the other from a binary solution. 

Based on the results, the multi–component adsorption studied was found to be of competitive 
nature. The data clearly suggests deviation from the usual approach of thermodynamic equilibrium 
dictating the adsorption isotherm. Having identified an asymmetry to the interaction on adsorption 
degree between the dye and the metal the new concept of irreversible equilibrium is introduced. The 
corresponding model is developed and it is shown that no one of the two extreme scenarios of 
thermodynamic equilibrium and irreversible equilibrium can fully describe the experimental data (Fig. 
1). A combination of the two phenomena is likely to occur but the identification of such a mechanism 
requires more sophisticated experimental campaigns including sequential adsorption experiments. It 
was shown that the Cr(VI) adsorption isotherms can be considered to be independent from the dye 
concentration, whereas the kinetics depends on it (Fig. 2). Based on the findings of the analysis semi–
empirical relations are derived for the dye adsorption isotherms in the presence of Cr(VI) and for the 
diffusion coefficients of each component in the presence of the other. 

 



 

 
 

Fig. 1. A simple schematic of two equilibrium scenarios examined in the present work (i) 

thermodynamic equilibrium (ii) irreversible kinetics dominated equilibrium. 
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Fig. 2. Effect of pH on adsorption of RR and Cr(VI) onto CSPEI from a binary dye–metal 

solution with different initial molar ratios. 

 



Experimental 

pH–effect: [RR]0=0.44 mmol/L or/and [Cr(VI)]0=0.44 mmol/L (MR=1:0, 1:1, 0:1); 

pH=2–6; m=0.05 g; V=50 mL; T=25 °C; N=160 rpm; t=24 h. 

 

Equilibrium – Isotherms: [RR]0=0–1.32 mmol/L and [Cr(VI)]0=0–1.32 mmol/L (MR=1:0, 

2:1, 1:1, 1:2, 0:1); pH=4; m=0.05 g; V=50 mL; T=25 °C; N=160 rpm; t=24 h. 

 

Kinetics: [RR]0=0.44 mmol/L or/and [Cr(VI)]0=0.44 mmol/L (MR=1:0, 2:1, 1:1, 1:2, 

0:1); pH=4; m=0.05 g; V=50 mL; T=25 °C; N=160 rpm; t=0–24 h (sampling at fixed 

time intervals). 
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(i) how does the nature of the dye molecule influence the ion adsorption onto 

material (and vice–versa)? 

(ii) dyes and ions act synergetically or competitively during the adsorption 

phenomenon? 

(iii) which is the real effect of the binary mixture composition (in the case of non–

molecularly equivalent binary mixtures)? 

(iv) is the equilibrium adsorbed amount of the two species determined by 

thermodynamic principles only or kinetics has also a role ? 

Queries 

pH-effect 

 

 

Adsorption Dynamics - Scenarios 

Conclusions 

Experimental results for the adsorption isotherms and adsorption kinetics of a specific 

dye (Remazol Red 3BS) and Cr(IV) on a chitosan derivative showing significant adsorption 

properties, are presented as prototype for dye adsorption hindering in the presence of 

heavy metal ions occurring in practice. The multi–component adsorption was found to be 

of competitive nature. The data clearly suggests deviation from the usual approach of 

thermodynamic equilibrium dictating the adsorption isotherm. Having identified an 

asymmetry to the interaction on adsorption degree between the dye and the metal the 

new concept of irreversible equilibrium is introduced. The corresponding model is 

developed and it is shown that no one of the two extreme scenarios of thermodynamic 

equilibrium and irreversible equilibrium can fully describe the experimental data. A 

combination of the two phenomena is likely to occur but the identification of such a 

mechanism requires more sophisticated experimental campaigns including sequential 

adsorption experiments. It was shown that the Cr(VI) adsorption isotherms can be 

considered to be independent from the dye concentration, whereas the kinetics depends 

on it. Based on the findings of the present analysis semi–empirical relations are derived 

for the dye adsorption isotherms in the presence of Cr(VI) and for the diffusion 

coefficients of each component in the presence of the other.  

 

The appropriate pH–conditions to study the adsorption from the present binary dye–metal solution 

were at pH=4, where RR presented the nearly greatest removal and Cr(VI) had its maximum 

removal. pH values higher than 6 were not studied avoiding possible precipitation of metal or 

aggregation of dye molecules. The main target of this work was the study of adsorption from binary 

dye–metal solutions. So, apart from the extreme cases of single–component dye or metal solutions, 

an intermediate condition was evaluated for the bi–component solution, using molar equivalently 

initial concentrations of RR and Cr(VI) ([RR]0/[Cr(VI)]0=1:1). In that case, the trend of pH–curves of 

RR and Cr(VI) was just the same as that of their respective single–component solutions. However, a 

significant experimental finding was the drastic reduction of RR removal in the co–existence of 

Cr(VI). At pH=4 (optimum pH value selected), RR removal was reduced from 97% (single–component 

RR solution) to 87% (binary dye–metal solution of MR=1:1). On the contrary, the respective change 

for Cr(VI) in the presence of RR molecules was only 1% (from 98% to 97%). This finding led us to 

study not only one intermediate condition (1:1) of the binary solution, but even more ranged molar 

ratios (2:1; 1:2). 
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Maximum removal at acidic conditions and 

lowest at alkaline ones. The latter was 

mainly based on the strong electrostatic 

interactions between cationic groups of 

chitosan (amino groups) and anionic groups of 

reactive dye (sulfonate groups). The above 

explanation was strengthened by the strong 

protonation of amino groups at acidic pH 

conditions, causing consequently stronger 

electrostatic bonding between dye and 

chitosan. Increasing the solution pH, the 

protonation is weakened and the 

electrostatic forces are diminished.  At pH=5, 

the RR removal was 90% (still in high levels), 

while with further increase at pH=6, the 

deprotonation of cationic chitosan groups 

(amino groups from chitosan backbone and 

imino groups from the grafting of PEI) was 

obvious causing reduction in RR removal 

(76%). 

Literature reports strong interaction between 

metal and chitosan at acidic pH values 

(pH≤4). At low pH values, the adsorbate 

species are negatively charged (chromium 

exists mostly as anions of HCrO4–), leading to 

the strongest electrostatic attraction 

between adsorbent and adsorbate. The 

decrease of Cr(VI) removal with the increase 

of pH could be explained by the rapid 

changes between protonated and 

deprotonated forms of the amino groups of 

chitosan. So, chitosan undergoes 

deprotonation and Cr(VI) adsorption becomes 

lower. The grafting of extra cationic groups 

(PEI) onto CS, forming the grafted derivative 

CSPEI, caused the total increase of the 

number of adsorbent’s cationic groups 

resulting in even stronger electrostatic 

interactions between Cr(VI) and chitosan. 

m m m

m m m
d d

m

m

m
d dd

CSPEI

CSPEI

CSPEI

m
m

m

m

m
m

m

d

d

d

d

d

d

d

d

Ther
m

odyn
am

ic

sc
en

ar
io

Irreversible

scenario

m Hexavalent chromium

d Reactive dye

The metal ion goes first inside the adsorbent particle (due to its higher 

diffusivity) and is bound to the adsorption sites. After some time, the dye 

arrives at the specific place. The thermodynamic equilibrium scenario states 

that dye molecules can replace metal ions at the adsorption sites according to 

an equilibrium relation. On the contrary, the irreversible equilibrium scenario 

states that dye molecules can be bound only to sites non–occupied by metal 

ions.  

The scenario of the irreversible metal adsorption has a limited success in 

predicting the isotherms. An observation of the behaviour of the kinetic curves 

reveals that this extreme scenario cannot be valid.  

It is obvious that there is a dependence of the metal adsorption kinetics on the 

dye concentration even though the isotherm does not depend on dye. The dye 

adsorption kinetics shows a significant variation with the metal concentration 

from the first stage of the adsorption process. Observations of the present 

study, which refers to the metal adsorption dynamics, reveals that the 

adsorbed metal quantity at the first stage of the process is almost the same for 

all experiments. This means that the initial stage variation of the dye 

adsorption rate from experiment to experiment is not due to the difference of 

the adsorbed metal quantity. The only way to explain the variation is to assume 

that the dye adsorption rate depends not only on the adsorbed metal quantity, 

but also on the bulk concentration of the metal, too (i.e. as it is suggested by 

the thermodynamic equilibrium hypothesis according to which the adsorbed 

quantity of one species depends on the bulk quantity of the other). 

Summarizing, it was shown that neither the conventional thermodynamic 

equilibrium approach nor the newly introduced irreversible adsorption 

approach can describe the data. Obviously both kinetics and thermodynamics 

contributes to the equilibrium through a complex way. The issue here is that 

the simultaneous adsorption data do not permit the identification of 

contribution of each factor. Tests with sequential adsorption experiments (dye 

adsorption up to equilibrium and then metal adsorption and vice versa) are 

needed in order to separate the contribution of kinetics and thermodynamics 

and to develop detailed models. 
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