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Synopsis 

The kinetics of the adsorption of various dyestuffs onto chitin have been studied. The dyes- 
tuffs used are Neoland Blue 2G, Eriochrome Flavine A, and Solophenyl Brown 3RL and a 
number of process variables were considered, such as adsorbent mass and dye concentration. 
The mass transfer model is based on the assumption of a pseudoirreversible isotherm and two 
resistances to mass transfer. These are external mass transfer and internal pore diffusion 
mass transfer. The rate of adsorption of dyestuffs onto chitin can thus be described by an 
external mass transfer coefficient and a pore diffusion coefficient. The external mass transfer 
coefficients are 5.0 x 5.0 x and 1.0 X me-' and the pore diffusivities are 
3.0 x 10-lo and 4.0 x lo-'] m%-' for Neolan Blue 2G, Eriochrome Flavine A, and Solophenyl 
Brown 3RL, respectively. 

INTRODUCTION 

The equilibrium 
isotherms for the adsorption of a prematallized acid dye, a mordant dye, 
and a direct dye onto chitin have been reported.1° Furthermore single re- 
sistance mass transfer models were developed" and external mass transfer 
coefficients and intraparticle diffusion rate parameters were determined. 
These mass transfer terms were correlated with experimental results but 
could only be fitted over a limited range of the adsorption period. Conse- 
quently, a two resistance model was required to describe the rate of ad- 
sorption of dyestuffs onto chitin. A two resistance model was developed12 
based on the assumption of a pseudoirreversible isotherm and external mass 
transfer and internal pore diffusion mass transfer. The model was tested 
initially for the adsorption of Telon Blue ANL (Acid Blue 25) onto chitin. 
Provided that the operating lines for the adsorption systems terminate on 
the saturation monolayer, the agreement between experimental data and 
theoretically predicted concentration decay curves was good. 

The purpose of this paper is to test the mass transfer model for a number 
of other dyestuffs, namely, Neolan Blue 2G (Acid Blue 158), Eriochrome 
Flavine A (Mordant Yellow 51, Solophenyl Brown 3RL (Direct Red 84), and 
to assess if it may be applied to a wider range of chitin adsorption systems. 

Chitin has the ability to adsorb various 

EXPERIMENTAL 

Experimental details were reportedlOJi together with a detailed descrip 
tion of the agitated batch adsorber. The structures of the dyestuffs and 
details of the chitin used in the studies were given previously.10 
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THEORY 

A mass transfer model was developed12 to explain the adsorption of Telon 
Blue (Acid Blue 25) onto chitin. The model was based on two resistances, 
namely, external mass transfer and internal pore diffusion mass trans- 
fer-Furthermore, the model is restricted in its application to those exper- 
imental conditions in which the operating line and all tie lines terminate 
on the saturation monolayer of the isotherm. All the equations were de- 
veloped in a previous paperI2 therefore only a brief review of the essential 
steps are presented. 

The mass transfer rate, N is related to the external mass transfer coef- 
ficient K, and the internal mass transfer coefficient 5, by the following, 

0 

The differential mass balance is related to the adsorption rate, based on 
dye removal from the aqueous phase equal to the dye accumulation (ad- 
sorption) onto the chitin. 

The solution of these equations using the assumption of a pseudoirrev- 
ersible isotherm indicates the adsorption rate is a function of the dye liquid 
phase concentration C; the dye solid phase concentration q, and the Biot 
number Bi. 

C ; = -  ct 
CO 

(3) 

In addition, by incorporating a capacity factor +, the adsorption rate can 
be expressed12 as follows: 

where 
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and the dimensionless time T is 

Since the operating line and all tie lines must terminate on the monolayer, 
an analytical solution of eq. (6) is derived: 

(2E  - 1/J) 
T = - l n (  1 U 3  + J 3  ) + 

G+ 1 + J 3  

2-J 

1 E = 1 - -  
Bi 

0.33 

J= (y) 

arctan (yo, ___ J ) ]  

Using equation a computer program enables all the necessary data, to 
describe the system, to be predicted, e.g., q, e, k,, and 7. Equation (9) is a 
function of Biot number, which in turn depends on kf  and 0, the effective 
pore diffusion coefficient. These two parameters are sufficient to describe 
the adsorption system and kf  can be determined graphical using eq. (1). The 
pore diffusivity is then found using a best fit procedure by comparing the- 
oretical concentration decay curves with experimental data. 

RESULTS AND DISCUSSION 

The equilibrium relationship for the adsorption of the three dyes onto 
chitin are correlated by Langmuir adsorption isotherms according to the 
following equations. 

For Acid Blue 158, 

4.17Ce Ye = 
1 + 0.Ol9Ce 

and the saturation monolayer capacity is 165 mg dye/g chitin. 
For Mordant Yellow 5, 

16.7Ce 
1 + 0.328Ce Ye = 

(13) 

(14) 

and the saturation monolayer capacity is 50 mg dye/g chitin. 
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For Direct Red 84, 
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re = 
1 + 0.068Ce 

and the saturation monolayer capacity is 40 mg dye/g chitin. 
The adsorption isotherms are shown in Figures 1-3 together with a num- 

ber of operating lines for contact experiments in which the operating lines 
terminate on the monolayer. 

The mass transfer model has been used to predict theoretical concentra- 
tion decay curves which are then compared with experimental data. By 
varying the theoretical pore diffusivity different concentration decay curves 
can be generated using a computer or microprocessor. These curves are 
compared with the experimental results and using a “best fit” procedure, 
the most suitable effective pore diffusion coefficient for a particular system 
can be predicted. Consequently, a series of pore diffusivities are obtained 
for each dye-chitin system using one or two variables, for example, the 
effect of initial dye concentration or the effect of chitin mass. For each 
system the mean pore diffusion coefficient is taken and all the concentration 
decay curves are generated, and compared with experimental results in the 
figures, using this single diffusivity value. In the literature the limits on 
the diffusion coefficient are always stated and a summary of the experi- 
mental runs which have been modelled is given in Table I. The external 
mass transfer coefficients and the effective pore diffusion coefficients which 
fit the various dye-chitin systems are shown. The appropriate capacity 
factor and experimental conditions for each run are shown in the table. 

Figures 4 and 5 show the effect of initial dye concentration and chitin 
mass for the adsorption of Acid Blue 156. The comparison between the 
experimental points and the theoretical concentration decay curves in Fig- 
ure 4 is excellent for the two lower concentrations. At the higher concen- 
trations correlation is reasonable for short times, but for higher times the 

zoo , 

c I on 200 100 400 

C, (mo/dm’) 

Fig. 1. Langmuir isotherm and operating lines for chitin-AB15B; variation of mass. 
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Fig. 2. Langmuir isotherm and operating lines for chitin-Mordant Yellow 5; variation of 
concentration. 

theoretical curves decay much faster than experimental data. A comparison 
of theoretical and experimental results shows good agreement for all mass 
runs shown in Figure 5. A summary of experimental runs and results is 
presented in Table I. 

Figures 6 and 7 show the influence of initial dye concentration and chitin 
mass respectively for the adsorption of Mordant Yellow 5. All results show 
reasonable agreement. Figures 8 and 9 show the effect of initial dye con- 
centration and chitin mass for the adsorption of Direct Red 84. All exper- 
imental and theoretical results correlate well, and again at the highest 
concentration after the initial few minutes the theoretical concentration 
decays faster than experimental data. 

Fig. 3. Langmuir isotherm and operating lines for direct red&-chitin; variation of concn. 
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100 
0 10 20 30 40 50 

Time (mins) 

Def f  = 3 . 0  x 10-l' m2 s - ' ,  k f  = 5 . 0  x m s - ' ,  Mass = 1.0 n 

Fig. 4. Variation of concentration in AB158-chitin system: Deff = 3.0 x 
k, = 5.0 x 

m2.s-1, 
m-s-l, mass = 1.Og; (-) exptl; (---) theory. 

200 

150 

1 2 5  
\a 10 20 30 

Time ( m i n s )  

Fig. 5. Mass variation ( g )  in AB158-chitin system: Deff = 3.0 x 10-lo m2.s - I ,  k, = 
5 x 10-5 m-s-'; (-1 exptl; (---I theoretical. 
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300 1 
t 

0 5 10 1 5  20 25 

T i m e  ( m i n s )  

Fig. 6. Concentration variation in MY5-chitin system: DeR = 10 x m2.s-l, k, = 5.0 
x m-s-1, mass = 5; (-) exptl; (---)theoretical. 

300 

200 

100 

n "I 5 10 T i m e  ( m i n s )  1 5  20 25 

Fig. 7. Mass variation in MY5-chitin system: Den = 10 x 10-lo 
mas-'; (-) exptl; (- - -) theoretical. 
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Lt  
(mq dm3) 

300 

250 

200 

150 

120 

T ime  (mins)  

Fig. 8. Variation in concentration for DR84-chitin system: Den = 4.0 x lo-" m2-s-l, 
&,= 1.0 X m-s-l, mass = 5 g; (-) exptl; (---) theory. 

The variation between theoretical and experimental results may be due 
to a number of reasons. The assumptions in the model may not be strictly 
valid over the entire adsorption region, for example, all tie lines may not 
terminate on the monolayer. Another effect, namely, the phenomenon of 
branched pore diffusion has been reported in the literature.13 In this model 
the internal mass transfer rate was controlled by a single effective pore 
diffusion coefficient. In the branched pore diffusion model the adsorption 
period is divided into two regions of internal mass transfer controlled sorp 
tion. Initially, a pore diffusivity is selected to give a reasonably rapid con- 
centration decay curve for adsorption in the macropore structure. In the 
later stages a second modified diffusivity is used for micropore soprtion, 
and this decreases the rate of concentration decay significantly. To apply 
this branched pore model to the current theory requires substantial mod- 
ifications to the mass transfer equations and is not dealt with in this paper. 
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215 I 
L 

150 I I 
0 5 16 15  2d 2 5  

T ime (mins)  

Fig. 9. Variation of mass for DR84-chitin system: Den = 4.0 x lo-" rn2.s-', K, = 
mwl; (-1 exptl; (---) theory. 1.0 X 

CONCLUSION 

Three adsorption systems have been used to test a mass transfer model 
developed to predict concentration time dependence. The dyes used were 
Acid Blue 158, Mordant Yellow 5, and Direct Red 84 and the adsorbent was 
chitin. Two system variables were studied, namely, initial dye concentration 
and adsorbent mass. The model correlated well with experimental data over 
most of the adsorption period using a single constant external mass transfer 
coefficient and a single constant pore diffusion coefficient for each system. 
It would therefore appear that the model can be applied to a range of 
dyestuffs adsorbing onto chitin providing the operating lines for the systems 
terminate on the monolayer. 

APPENDIX; NOMENCLATURE 
Bi Biot number kfR/De 
ce 
G 
c* 
c* * 
De 
E 
J 

equilibrium liquid phase dye concentration (mg.dm-3) 
initial liquid phase dye concentration (mg.dm-3) 
liquid phase dye concentration at time t 
equilibrium liquid phase tie line dye concentration after time 2 
effective pore diffusion coefficient (m2-s- l) 

term used in integration of eq. (91, 1 - 1/Bi 
term used in integration of eq. (9). [(1-+)/+]o.33 
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kP 
N 
R 
SA 

t 
U 
V 
W 
Y 
- Ye 
Y 
YY 

k f  

4 
P 
77 + 
7 

internal mass transfer coefficient (mes-') 
adsorption rate (mg.m-2.s-1) 
chitin particle radius (pm, cm, m) 
chitin particle surface area (m2) 
external mass transfer coefficient (m-s- 9 
time (min, s) 
term used in integration of eq. (91, 
liquid volume(dm3) 
chitin adsorbent mass (g) 
solid phase dye concentration (mg dye-g-' chitin) 
equilibrium solid phase dye concentration (mg dye-g- l) 
mean solid phase dye concentration (mg dyeog-') 
equilibrium solid phase tie line dye concentration after time t 

Greek Symbols 

dimensionless liquid phase concentration, C,/ C, 
chitin particle density ( g . ~ m - ~ )  
dimensionless solid phase concentration, Y / Y,  
capacity factor, Ye W/Co V 
dimensionles time. C a e t /  YeR2 
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