This article was downloaded by:

On: 25 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Pt e STEVEN 4, CRANTR Separation Science and Technology
Publication details, including instructions for authors and subscription information:
SEPARATION SCIENCE

http://www.informaworld.com/smpp/title~content=t713708471
AND TECHAOLOGY Some Remarks on Application of Gas-Adsorption Chromatography Data
b s | for Investigations of the Adsorptive Properties of Adsorbents

M. Jaroniec®; R. Leboda?; S. Sokolowski?; A. Waksmundzki®
* Department of Physical, Chemistry Institute of Chemistry, Umcs Nowotki, Poland

To cite this Article Jaroniec, M. , Leboda, R. , Sokolowski, S. and Waksmundzki, A.(1976) 'Some Remarks on Application of
Gas-Adsorption Chromatography Data for Investigations of the Adsorptive Properties of Adsorbents', Separation
Science and Technology, 11: 4, 411 — 415

To link to this Article: DOI: 10.1080/01496397608085332
URL: http://dx.doi.org/10.1080/01496397608085332

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conmplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmges whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713708471
http://dx.doi.org/10.1080/01496397608085332
http://www.informaworld.com/terms-and-conditions-of-access.pdf

14: 14 25 January 2011

Downl oaded At:

SEPARATION SCIENCE, 11(4), pp. 411-415, 1976

NOTE

Some Remarks on Application of Gas-Adsorption
Chromatography Data for Investigations of the Adsorptive
Properties of Adsorbents

‘M. JARONIEC, R. LEBODA, S. SOKOEOWSKI,*

and A. WAKSMUNDZKI

DEPARTMENT OF PHYSICAL CHEMISTRY
INSTITUTE OF CHEMISTRY UMCS
NOWOTKI 12, POLAND

Abstract

The consequance of assuming Jovanovié local adsorption model are discussed
on the basis of integral equation for total retention volume for heterogeneous
surfaces.

In our previous paper (I) we discussed the expression for the total
retention volume and a method for determining the energy distribution
function. It was shown that, assuming Jovanovic (2) behavior for the
adsorbed phase, the total retention volume may be expressed as a Laplace
transform. In this note we discuss another solution of this problem.

Assuming Jovanovi¢ local behavior, the total adsorption isotherm on a
heterogeneous surface ©,(p) may be written as follows (3):

4

-7 7 £
t—0p) = [ e ~Boww (75 [ro M)
where yx(g) is the energy distribution and X is a constant. Using the sub-
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stitutions x = ¢/RT; p = exp (—y) from Eq. (1), we obtain

1 -0, w 1
Y() = ‘—RT(—p) = L P [“1?“" (= y)}"(") @

Multiplication by the intergrating factor e¢™* and intergration over
(— o, ) yields

P(s) = I'(s)K* r exp (—sx)x(x) dx 3)
0

where I'(s) denotes the gamma function and P(s) is the bilateral Laplace
transform of the ¥(y):

¥6) = [ ew(-mr0r @

The analytical solution of Laplace transform (3) may be found from the
following rule

(x) 1 B+ i ( )
7 exp (%) =——; oK ds (5)

where 8 is any point of real positive semiaxis. Expanding 1/I'(s) into a
series

a,s’ 6

r(S) 121 i ( )

and substituting this expansion into Eq. (3), we obtain a general equation
for analytical solution of Eq. (5) with respect to x(e).

(&) =§1 o g—;{— @,[exp (m k- —)]}(RT)J 1 7

The coefficients o;’s can be evaluated from the following system of suc-
cessive equations

a; =1 Oy = k + 1';0( )’H Ot 1%—rt1 ®

8, =7y S5y = {(r)

where 7 is Euler’s number, and {(r) denotes the Weierstrass function.
According to

ON,(p)

Vip) = FRT 05

®
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where N, is the total amount adsorbed, V), is retention volume, F denotes
the James-Martin compressibility factor, the expression for x(¢) may be
rewritten as

@ Jj—1 R -3
x(e) =j§laj %—I{VN[eXp <ln K- R—Z—,)] exp (—%)}(—lp)j— K
(10)

As it was shown, the total retention volume as a pressure function may
be described by the following equation (4)

Vi(p) = exp (.Zo B.‘p*) an
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F1G. 1. The retention volume as a pressure function for hexane on silica gel
modified with n-octanol at 376°K. The solid line denotes the Va{(p) function
calculated according to Eq. (11), and the circles denote the experimental data.
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where B,’s are constants. Thus, from Egs. (10) and (11), we have

x @y n . ek e \)(RTY™?
10 = £, o {nn |t e = 7) Joso (57—
(12
The above result is in excellent agreement with our previous investigations

4).

In order to illustrate the use of the above-described procedure in
evaluating the energy distribution function, we have carried out chroma-
tographic measurements and numerical calculations for hexane on silica
gel modified with n-octanole in an autoclave at 523 °K (the pressure of the
n-octanole vapor was 25 atm, the time of modification was 6 hr). The
surface area of the adsorbent determined by using the thermal desorption
of nitrogen method was 151.9 m*/g. The granule size was 0.15 to 0.20 mm.
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Fi1G. 2. The energy distribution functions for hexane on silica gel modified with
n-octanol at 376.4 °K. The solid line denotes the x(¢) calculated by summing up
Eq. (12) to j = 3, and the dashed line is for a summing up to j = 1.
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The hexane and silica gel were produced by POCh, Gliwice, Poland.
Hydrogen was used as carrier gas, passed over 4A and 5A molecular
sieves. The flow rate was 45 ml/min, the chromatographic column 2 m x
4 mm contained 16.79 g of the adosrbent. The temperature was 376.4°K.
The apparatus used was Giede 18.3 (GDR). The results of our measure-
ments are presented in Fig. 1.

In accordance with Eq. (11), the experimental data were approximated
by polynomial In Vy(p) = Yr., B.p* using the method of least squares.
The best polynomial was that of the third degree, the sum of square
deviations was 1.2837 x 1077, and the mean standard error was
The constant X was used 312.1 x 10* Torr (I, 4). The solid line in Fig. 2
denotes the energy distribution function calculated according to Eq. (12)
by using j = 3, whereas the dashed line was evaluated from Eq. (12) for
j=1
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