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NOTE 

The Efficiency of the Dynamic Tests Used to Evaluate 
the Adsorbents Used for Separation of Isomers 

MIROSLAW MILEWSKI, ELZBIETA BRZOSTOWSKA, 
and JOZEF M. BERAK 

RYDYGIERA a. 01-793 WARSAW. POLAND 
INSTYTUT CHEMll  PRZEMYSLOWEJ 

Abstract 

Results of liquid chromatographic tests used to screen zeolitic adsorbents for 
resolving xylene isomer mixtures are presented. The performances of two tests (pulse 
test and breakthrough test) were studied. The selectivities and standard deviations 
obtained, showing that the pulse test is less sensitive, are presented. 

INTRODUCTION 

The interest in the use of adsorptive techniques for separating and 
purifying organic congeners, amplified in the 1960s by the advent of 
processes for making highly efficient zeolite adsorbents, has given strong 
impetus to the development of new testing techniques in which the actual 
process conditions are adequately reproduced. Reasons for this tendency are 
quite obvious-investment risk and prestige jeopardized if an unsuitable 
adsorbent is put on the market are rather high. Hence the companies leading 
in the design of continuous adsorption processes are among those actively 
developing new testing procedures. 

This also holds true for processes used to separate xylene isomers. The 
present version, involving simulation of the adsorbent bed movement, was 
introduced by the Universal Oil Products Company in the 1970s (I). In 
numerous references the UOP has also described the methods for selecting 
adsorbents and the techniques for testing the quality of adsorbents (2, 3),  
e.g., Ref. 4, published in this Journal, was concerned with UOPs dynamic 
tests. 
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In this Institute practical application studies have been conducted for 
several years, preceded by basic research concerning the process for 
isolating pxylene from C8 isomers and terminated by the development of 
selective adsorbents (5, 6), a mathematical model of the process (7), and 
pilot plant studies (8). Adsorbent quality problems were also included. 

It is the purpose of the present study to check, with the above-mentioned 
process in mind, the reproducibility and eficiency of UOP's dynamic tests 
reported for relatively low-selective adsorbents (separation coefficient 2.3). 

CHARACTERISTICS OF THE DYNAMIC TESTS 

The dynamic tests available for column chromatography are of two types: 
column breakdown and pulse. The former test is continued until the column 
breaks down; the test involves contacting the adsorbent with the feed (a  
mixture to be separated) until the mass transfer process is completed, i.e., the 
concentrations at the inlet and outlet of a column are identical, and the 
components taken up are desorbed. 

Elution curves are analyzed and the selectivity of the adsorbent is 
evaluated. The desorbate usually contains a small proportion of a nonad- 
sorbing component, the presence of which allows the dead volume of the 
column to be evaluated (in full analogy to gas chromatography). The principle 
of the test is evident from Fig. 1 in which the method for evaluating the 
selectivity is also presented. 

The pulse test employs the principle which has long been used to 
determine the adsorptive properties of sorbents applied in gas mixture 
separation processes. The test involves saturating the adsorbent with a 
desorbent, feeding a feed pulse, and after desorbent dosing has been restored, 
recording the variation of the composition with time. The principle of the test 
and a method for evaluating the adsorbent quality are given in Fig. 2. 

EXPERIMENTAL 

In the present investigation the zeolite used was a BaKNaY zeolite 
granulated into spheres 0.4-0.8 mm in size with a composition warranting its 
low selectivity. 

The testing apparatus (Fig. 3), analogous to UOP's, consisted of a 
thermostated column packed with the adsorbent, a pressure control system, 
feedstock supply, desorbent supply, and analysis systems. A Chromatron 
(GDR) model GChF-18.3 gas chromatograph was used for analysis. It was 
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FIG. 1 ,  Column void volume = OT. Capacity for u = TT’ A’A = C,. Capacity for 
b = B’B = cb. Selectivity ( N u )  = cb/c,. 
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equipped with a 2-m long Chromosorb WAW DMCS/l.5% di-n-nonyl 
phthalate 4- 1.5% bentone 34 column. The column and the injection 
chamber were kept at temperatures of 353 and 473 K, respectively. 

The tests continued until the breakdown point of the column was reached. 
They were carried out with a feedstock composed of isooctane 75, ethylben- 
zene 6.25, m-xylene 6.25, o-xylene 6.25, andp-xylene 6.25 vol%. The de- 
sorbent contained isooctane 73, n-octane 2, and toluene 25 ~01%. The desor- 
bent and the adsorbent were supplied by means of a nonpulsating pump to a 
1200 X 10-mm column at a rate of 1 mL/min. The column was maintained 
at a temperature of 423 K and a pressure of 0.7 MPa. 

RESULTS AND DISCUSSION 

Selectivity of the adsorbent was characterized in terms of the separation 
coefficient evaluated from the experimental data according to the procedures 
presented in Figs. 1 and 2. Results of the determinations are summarized in 
Tables 1 and 2. 

Table 1 presents the results of selectivity determinations obtained in the 
test continued until the breakdown point of the column was reached. As is 
evident from Table 1, the least-scattered data are those obtained with the 
isomers closely related in sorptive capability (pxylene and ethylbenzene). 
As the sorptive capabilities diverge, the error of the determination increases 
owing to the fact that diverse-sorbed components produci elution curves 
following disparate curves and thus the maxima in the curves are less 
precisely determined. 

TABLE 1 
Breakthrough Test Results 

Selectivityu 

Experiment Bplm BpletB BPI0 

1 1.76 1.16 1.67 
2 2.40 1.44 2.39 
3 1.93 1.25 1.71 
4 2.56 I .27 I .89 
5 1.61 1.21 I SO 
6 1.99 1.08 I .65 

Mean value 2.04 1.80 1.23 
Standard deviation 0.368 0.314 0.121 

~ 

up, m, o, and etB are para-, merha-, ortho-xylenes. and ethylbenzene, respectively. 
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TABLE 2 
Pulse Test Results 

Experiment 

I 
2 
3 
4 
5 
6 
7 
8 

Mean value 
Standard deviation 

Selectivity 

B p l m  

2.52 
2.51 
2.08 
2.00 
2.70 
2.04 
2.34 
2.40 
2.3 1 
0.25 

BpletB 

1.25 
1.29 
1.30 
1.18 
I .60 
1.45 
1.40 
I .44 
1.36 
0.18 

BPI0 

2.52 
2.57 
2.08 
2.00 
2.70 
2.04 
2.34 
2.40 
2.3 1 
0.26 

Table 2 summarizes the pulse test data. The separation coefficients for p-  
xylene relative to those for the meru and ortho isomers are identical (maxima 
in the elution curves for these isomers overlap). The former test revealed no 
such coincidence. Therefore, the tests were checked for correlation by using 
a modified statistic procedure (6)  to establish whether or not the results of the 
tests differ significantly. The check showed the results of the tests to 
correspond with each other with a small error. Therefore, to determine the 
selectivity of adsorbents, each test may be used alternatively, except that 
UOPs original pulse test is the least sensitive. For industrial practice, this is 
of negligible importance because m- and o-xylene. .are received as a single 
stream (raffinate), hence the minor differences in their sorption capabilities 
need not be determined and knowledge of these data are important only for 
basic research work. 

To improve the precision of the dynamic test, we suggest phase-shifted 
tests be carried out. Preliminary results indicated a considerable increase in 
the precision of the test with only a minor protraction ( ~ 2 0 % )  of the 
experimental time. The procedure applied, the apparatus, and the results 
obtained will be reported in detail in a forthcoming paper. 
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