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ABSTRACT 

Aliphatic amines are used in the oil and chemical industries as solvents in 

absorbers for acid gas removal from process streams, Fugitive amine emissions from 

these units can overload biological treatment facilities. Since amines can form 

carcinogenic nitrosamines, it is important that they be removed from waste water before 

dischange. Amines in waste waters have been usually treated by activated sludge method 

(1). Amities are destroyed by bacterial oxidation. Ion exchange offers interesting 

possibilities for removing and recovering amines from waste waters. Ion exchange has 

both the advantages of amine recovery and higher removal efficiency. 

Macroreticular ion exchange resin (MR resin) has been used in the present study 

since it has several advantages in comparison with usual gel type resin. It is less 

contaminated by organic materials and physically stronger and it can be used in non-polar 

solutions, because non-polar solutions can penetrate it. The surface area of MR beads 
will be very much larger than the corresponding area for gel type of resins, For these 

reasons MR type resins are widely used in industrial Operations. 

MM AND SCOPE 

In the present study the primary aim is to study the kinetics of adsorption of 

amine from aqueous solutions by the macroreticular ion exchange resin and also the 

desorption of amine from the same. Sufficient equilibrium and kinetic data for adsorption 

and desorption need to be collected for a detailed analysis. Adsorption of diethylamine 

(DEA) on MR resin, TUESION T-42 (MP) has been carried out for this purpose. 

macroreticular resin is composed of numerous microspheres. A microsphere is similar 

to ion exchange resin bead of gel type. So it is very much desirable to carry Out studies 

with gel type exchanger to understand the behaviour of adsorption in microspheres, ft 

was therefore decided to carryout the following investigations. 

Objectives 

To study equilibrium and kinetics of adsorptionof an amine on a gel type ion 

exchanger. 



2. 'I"o carry out similar studies with a macroreticular ion exchanger. 

3. To study the kinetics of desorption of amine both from a gel type and the 

macroreticular type. 

4. To describe the above by appropriate mathematical equations. 

State of the art 

Yoshida and Kataoka have reported work on adsorption of different amines on 

two representative II* form strong acid ion exchangers (1). However no work is reported 

on the kinetics of adsorption of amines. 

MR resin bead is a biporous solid,It has small microspheres (with micropores) 

formed into macroporous heads. In addition to the external fluid film resistance, which 

may be minimised by the use of sufficient agitation, there are two distinct ditfusional 

resistances to mass transfer: the macropore resistance of the bead and the micropore 

resistance of the microspheres. Most of the earlier kinetic studies were conducted under 

conditions such that only one of these resistance wits significant. The physical picture 

given by such models may not necessarily old good though the data could be correlated. 

Apprehensions about concluding validity of a model from correlation of data alone have 

been expressed by research workers (2,3). The combined effects of both macropore and 

micropore diffusion were first considered by Sargent and Whitford, Ruckenstein et al, 

and Ma and Ho (4-6) Ma and Lee have considered the corresponding problem for a finite 

volume adsorption system in which boundary condition at the resin surface is time 

dependent (7). 1,ee and Ruthven have considered a system with rectangular isotherm 

(8,9). 

Present work 

Gel and macroreticular type ion exchange resins in If form were employed and 

DEA was chosen as a representative amine. The kinetic data have been analysed With 

different approaches. A siluple approach to the kinetics of adsorption through the concept 

of an "adsorption shell" has also been developed ( I()) 



Experimental 

Macroreticular resin, TULS1ON T-42 (MP) (Thermax India Ltd.) and gel type 

resin INDION-225 (km Exchange India Ltd.) Diethylamine (99.5 w. %) (Qualigens Fine 

Chemicals, Glaxo, India) have been used 

Analysis 

(1) 	Adsorption 

Concentration of amine solutions was determined by neutralization titration with 

IICI. A mixed indicator containing 5 parts of 0.1% bromocresul green solution in methyl 

alcohol and 1 part of 0.1% methyl red solution in methyl alcohol has been used (II). 

(ii) 	Desorption 

Desorption of amine from ion exchanger was carried out by Na011 solution. 

Concentration of desorbed amine present in the solution along with sodium hydroxide 

solution was analysed by adding isopropyl alcohol to the sample containing both, Na011 

and DEA. The NaOil present in the sample is neutralised with hydrochloric acid using 

thymolphthalein indicator. An excess of CS2  in added. The dithiocarbamic acid formed 

in the reaction is then treated with NaOH using phenolphthalein indicator (12). 

( ) 	Studies with Gel type resin 

(a) 	Adsorption 

The capacity of the resin determined was found to be 4.8 equivalents per kg of 

dry resin. Thee equilibrium is of rectangular type, over a concentration range of 

0.01 to 0.2 N. 

Studies were carried out for the sorption (arid desorption) of DEA on (and 

from) gel type resin to understand the kinetics of sorption and desorption in 

microspheres of the MR resin. DEA solutions of different initial concentrations 

C„ ranging from 0.02 N to 0.2 N were used. In the experimental studies the rate 



of sorption showed a dependence on the solution concentration. The data were 

analysed with the help of shrinking core model, wherein the rate of adsorption 

depends upon the solution concentration. Also in ion exchange for completely 

ionised systems, it is well established that the rate of sorption is film diffusion 

controlled for dilute solutions and is independent of solution concentration for 

particle diffusion control. Hence the data were analysed with film diffusion 

control and particle diffusion control i.e. homogeneous sphere model. 

Niathei 	ical analysis 

(1) 
	

Film diffusion control: Finite solution volume condition 

For low solution concentrations, C0  < 0.06 N the data were analysed to calculate 

film thickness. Jeff above conditions the equation derived is 

1 	3C„X D 
In 

u(t) I 	tiLR 

The filet thickness was found to be in the range of 

Hon > 	S her* Model 

experiments with Co, > 0.0 ) N, the data were correlated by the homogeneous 

sphere model assuming that exchange takes place between protonated amine and 

hydrogen ions. This model is described by the equation given below (13,14). 

u(t) 6 
7r  

110 

L.. 
ft-o 

A 

exp 
2 as 

- 1)2  t-x4  

1 

For comparison studies were carried out 	 sorption of Na' from sodium 

hydroxide solution, since Na011 is a strong base it ionises completely and the mechanism 

of exchange is well establishek Results in the two  twei eases were similar. The value of 
diffusion coefficient D2 is 2 x 101' 

(b) 	 )rption 

Ion exchanger initially in 11' form was loaded with I)1. A. Equilibrium and kinetic 

studies for the desorption of amine from macroreticular resin, were 4arried out. The 



amine could be eluted by using aqueous NaOH solution which is more basic than the 

amine. The reaction may be described by 

R -NH; 	R-12  + Na011 	R Na+ R1.2  - NH + 1120 

where R - NI 	is the resin in amine form and R - Nil represents DM. 

For desorption of amine from gel type ion exchange resin, the mathematics used 

for the analysis of data is same as given for adsorption. This is made use of because the 

desorption of amine from the ion exchanger with MIMI occurs irreversibly. D value of 

4 x 10 m2  s' l  can be used to predict the behaviour of desorption of amine from gel 

resin. Concentration of Na011 used was 0.02 to 0.2 N. 

(ii) 	Studies with Macroreficular Resin 

(a) 	Adsorption 

The capacity of the resin determined was found to be 4.6 equivalents per kg of 

dry resin. the amine is picked up by the ion exchanger stoichiometricallly. The 

equilibrium is of rectangular type, over a concentration range of 0.01 to 0.2 N. 

Mathematical analysis of kinetic data 

A macroreticular ion exchange resin particle consists of a large number of 

microspheres of 1-10 on diameter each. When in contact with a liquid, the macropores 

(voidage in between the microspheres) will be filled with the pore liquid. The diameter 
of macropores is of the order of 1-2 pm. These macropores function as diffusion paths 

for adsorbate molecules from outside the resin particle to microspheres. The 

microspheres have micropores in them and the diameter of each micropore will be of the 

order of a few Angstroms (5). Adsorbents containing macropores and micropores are said 

to have a bi-dispersed' pore structure. Microspheres are treated as homogenous spheres. 

Development of the general differential equations governing transport of solute in 

biporous solids following rectangular equilibrium is outlined below (8,9). The analysis 

is for the case of a general biporous adsorbent. That is to say that there is a diffusional 

resistance term associated with both macropore diffusion and microsphere diffusion. 
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microspheres 

a o 	0 a 0 . 	P + 
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is accumulation in the macropores and 
a0 

is accumulation in the 
a 

The final equation in dimensionless form is 
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is accumulation in individual tnicrospheres 
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where 0, (n, 7) is the average fractional saturation of individual microspheres, at radial 

position 77 of the bead. 

..... 
u(r) == 3 0 (ii , r) 	dr) 

The numerical solution of the above equations of transport was carried Out by the explicit 

finite difference method, to determine. 0, and 0 at different values of rl and r and hence 

different values of u. R is the radius of the resin bead. D1, is the diffusion coefficient 

in the macropores which was taken as the bulk diffusivity of DEA-1-120 divided by the 

tortuosity factor taken as 2.5 (15). e is the voidage of the bead and was taken as 0.4 (as 

mentioned by the manufacturer). The diffusion parameter values for microspheres 

were obtained by matching the computed results with the experimental data for fractional 

uptake. The values of Djr: lie in the range of 0.01 to 0.1 s and the values of li  lie in 

the range 100)0 to 20,000. 

1. 'he computed results for real time values gave profiles of O and 0, which 

indicated the presence of three well defined regions of microspheres, 

1. An outer shell of microspheres which are completely or altttost completely 

saturated. 

2. Shell of microspheres where sorption is actually taking place. 

3. A core of M icrospheres which is yet to be exposed to the pore solution. 

Fire thickness of saturated shell increases with time. An approximate analysis 

been proposed the essential feature of which is a thin adsorption shell separating shell of 
saturated microspheres and the innercore of microspheres yet to be exposed (sore 

shell model). 

Approximate Analysis 	— 00) Sorption  SorptitrrIS l Model 

a) 	for infinite solution volume 

i) 	saturated .v/tell 
o 

12, 	 (quasi steady slat 



30 
(saturated microspheres) 

T 

Therefore 

d 0 
vi 	-.- () 
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ii) 	Adsorption shell 	 < 	< n, 4  

where 7/ is radius of inner core. (7): -) is thickness of adsorption shell. 

a 
a r 
	0 	(quasi steady state and sorption in microspheres is finite) 
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(17.)  

Solving the equation above, the solution is given by 

1 	d 
11' 

or 

6K 
5 3 

u (1-0 	1 - 

From the numerical results obtained by rigorous computations from plots of 
function (lb)! - I) vs time the values of K were obwined. An empirical relation between 
K and /3 may be expressed as 



log K = 1.357 exp (0.207 log 3) 

for 6 < 3 < 10,00,000 40 < K < 50,000. 

(b) 	for finite solution volume condition, it can be shown that according to sorption 
shell model, core radius 	will vary with time as per the equation given below 

    

2 
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(c iii, Y (c' -+ 1) 
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c 1 - tan 	 tan 
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where 

1K 	1) 
.

3
(1 -X) 	t 

5  

(1/X - 1) 	and 	1 	u(t) 

Total sorption capacity of adsorbent 
loud adsorbate initially present in solution 

For an experimental run values of LI I.S. of above equation were computed from the 

values of u, and plotted against time. A straight line would obtained passing through 
K origin from the slope of the plots, values of 	—1) /r were obtained. Expanding (3, 

3(1-0% 1),/r,2. 
weere 

	

	is   , K was calculated. From the empirical relation between 
€Cu Dp  

K and (3 given above 3 is calculated and hence them diffusion parameter, 1),/r =  was 
obtained. K is the accumulation parameter. The values of t),/r obtained from the 

above analysis are fairly close to the values which correlated the sorption data by 

rigorous analysis thus indicating the validity of the analysis of hatch kinetic data by 
sorption shell model. 

Desorption 

The dc sorption of DEA from MR ion exchange resin has been studied 

experimentally by following the uptake of Na+ ions from Na011 solution in a batch 

system. The desorption Of amine from the ion exchanger with Na011 occurs irreversibly. 

D,/r". of 0.(X)3 s I  can be used to predict the behaviour of desorption of amine from 

MR resin. The concentration of Na011 useed was 0.02 to 0.17 N. 



Conclusions 

The adsorption of DEA from dilute aqueous solutions on IV form gee! and MR 

type ion exchange resins has been studied. The equilibrium data indicate that the 

adsorption is highly favourable. The equations describing kinetics of adsorption on 

biporous solids were solved numerically and diffusion parameter for microspheres was 

estimated. The computed results showed that at a given in other adsorption is taking 

place in a thin shell of microspheres. The kinetic data could also be correlated 

satisfactorily in terms of "sorption shell incixiel". The diffusion coefficient for 

microspheres can be determined with this approach without the rigorous computations. 
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