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The conditions of quantitative dynamic sorption of organic solvent vapours from inert gases 
on a column (6 mm diameter) of granulated (1·0-1·2 mm) active charcoal were investigated. 
The dependence of the time of quantitative sorption on the height of the sorbent column, on phy­
sico-chemical properties and the concentration of adsorbate, and on the flow rate of the analyzed 
gas was followed by recording breakthrough curves. For the evaluation of the efficiency of sorbent 
columns the equation of dynamic inefficiency of the column was proposed by means of which 
Mecklenburg's equation was extended to the form enabling the calculation of minimum height 
of the sorbent bed for the required time of sampling at a given flow rate of the analyzed gas, 
maximum permissible flow rate of the analyzed gas for the required time of sampling by a column 
of a given height, and maximum permissible times of the sampling by a column of a given height, 
for a given flow rate of the analyzed gas. 

Maximum permissible times of vapour sampling of some organic solvents are calculated for 
concentrations C g ~ 1O- 2

C gO ' where CgO is the concentration corresponding to the saturated 
vapour pressure, a column 2 em high (225 mg of active charcoal) for flow rates 50, 250, 500, and 
1000 cm3 min -1 and minimum height of the sorbent column for vapour sampling for the periods 
of] 0, 20, 40 and 60 min for a flow rate of 500 cm3 min -1. Conditions are given for the determina­
tion of the vapours by sampling through a column 2 em high. 

Quantitative dynamic sorption of organic vapours from inert gases and from the atmosphere 
has already been used for the purposes of gas-chromatographic analysis by a number of authors. 
Among granulated sorbents mainly active charcoal l - 9 , silica gel lO and also organic polymers1

! 

and chromatographic supports with stationary phase12 were used . The proposed adjustment 
of the sampling columns of active charcoal for the sorption of va pours of the concentrations 
C g ~ ] 0 - 2 egO differs considerably from author to author, especially in the shape and the internal 
diameter of the sampling tubes, granulation of the sorbent, height of the bed, and the prepara­
tion of active charcoal. Only a few authors free active charcoal of moisture before sampling 
using desorption with a stream of inert gas at an elevated temperature 7 , achieving thus an increase 
in the amount of the sorbed vapours per unit of mass of the sorbent. West and coworkers 1 re­
commend for a 20 minutes' sampling of va pours U-tubes with 200 mg ofsorbent and a 1000 cm3 

• 

. min -1 flow rate. Reid and Halpin9 sorb the organic vapours from 4 to ]0 I of air with columns 
6 em high (600mg of active charcoal), at a 1000-2000 cm3 min- 1 flow rate. For a one hour's 
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sa mpling of hydrocarbons from the air Herbolsheimer3 recommends columns 5 em high and 
a 400 cm3 min - I flow rate. Only some of these authors have discussed the theoretical and ex­
perimental substantiation of the proposed adjustments from the point of view of quantitative 
retention of the vapours. For example Fraust and coworkers6 , 8 used the method of analysis 
of breakthrough curves for the study of the effect of the flow of the gaseous mixture, concentration 
and the physico-chemical properties of the adsorbate on the ability of the column to sorb quantita­
tively, and formulated some empirical relationships. Cropper and Kaminski l2 evaluate the 
ability to sorb quantitatively in cases of short chromatographic columns with a support and 
st a tionary phase on the basis of the maximum permissible volume of the analyzed gas. They 
express this volume as 4/ 5 of the retention volume of the carrier gas for a given substance on a gi­
ven chromatographic material, calculated from the tabulated values of specific retent ion volumes 
of the temperature of 25°C. Other authors circumvent this problem by inserting the control 
column of active charcoal behind the sampling column, thus ensuring the sorption of unretained 
vapours, if any. Thus, for example, White and coworkers2 put another equally large control 
column behind the sampling column 2 em high (I 80 mg of active charcoal) and recommend 
for the analysis of 101 of air a 500 - 2500cm3 min- J flow rate. Mueller and Miller4 sorb the 
va pours of organic compounds from 10 I of air by commercially produced tubes (Mine Safety 
Appliance Co., Inc .) with two columns, a sampling one with 100 mg, and a control one with 
50 mg of active charcoal , using a 1000 cm3 min -1 flow rate. All these authors trap the organic 
vapours on active charcoal from a gas from which water va pours were not previously elimi nate d. 
The sorption of organic va pours on silica gel, after preliminary retention of water vapours 
by means of the molecular sieve 5A, was described by Whit mann and Johnstonl3

. The sampling 
of organic vapours on small columns with supports and stationary phase from pre dried air 
was described by Eggertsen and Nelsenl4 who used Askarite as dessicant in the determi nati c n 
of hydrocarbons, and by Farrington and coworkers 15 who recommended anhydrous potassium 
carbonate as dessicant in the determination of va pours of polar and non-polar substances in the air. 

The results of the study of the effect of the physico-chemical properties of ad­
sorbate, its concentration and the flow rate of the analyzed gas on quantitative dy~;~a- ­
mic sorption through a column of granulated active charcoal are the subject of this 
communication. Its aim is the elaboration of objective bases for the proposal of the 
most suitable conditions of the sampling of gaseous mixtures for gas-chromato­
graphic analysis. 

THEORETICAL 

During forced axial convection of the carrier gas with a low concentration of organic 
vapour Cg through an active charcoal bed of height X, continuous decrease of the 
sorbate concentration takes place in consequence of dynamic sorption until the con­
centration of sorbed vapours is achieved in the direction of the gas flow in the unit 
weight of the sorbent, which corresponds to the equilibrium state. The time after 
which the concentration Cg i = iCg , where 0 < i < 1, appears at the end of the column 
in the carrier gas, is usually calIed breakthrough time tgb in the ref.19 "8" service 
life of filter. The dependence of the breakthrough times on the column height, 
t@i = f(X), so-calIed Shilov's curve16 represents the picture of axial velocity of the 
concentration point Cgi through the column at constant flow rate and adsorbate 
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concentration. The dependence of the adsorbate concentration in the gas on time 
at the column outlet can be recorded as the breakthrough curve. According to Ra­
chinski l7 the dynamic sorption of organic vapours with a convex type of adsorption 
isotherm can be characterized, till the equilibrium state is attained, by a stage of the 
formation of the adsorption wave with a subsequent so-called stage of the transfer 
of the stationary adsorption wave. In the first stage, taking place very shortly after 
the beginning of the dynamic sorption, the dynamics of the sorption is controled by 
the distribution of the velocities of the concentration points Vgi' (origin allyl 8 labelled 
as "vc"), formulated in a general way by Wicke18 ; the relationship when adjusted for 
experimental application has the form: 

(1) 

For this stage the time dependence of the shape of the adsorption front on the sorbent 
column is characteristic, while the function fgi = JeX) has a general non-linear 
character. In the second stage, taking place on the column from the moment of the 
termination of the first stage up to the equilibrium attainment, the dynamics of the 
sorption is controlled by the uniform velocity of all concentration points, the so-called 
rate of transfer of stationary adsorption wave Vg (in ref. 18 labelled as "v"), which 
can be expressed for experimental purposes by the relationship: 

(2) 

A t this stage the shape of the adsorption front passing in the direction of the gas flow 
through the column is independent of time, while the function tgi = J(X) has a linear 
character which can be described by the adjusted Mecklenburg's relationship l9: 

(3) 

where Ko can be indicated as the efficiency coefficient of the dynamic sorption (ac­
cording to the original referencel 6 it is indicated as "k" and called "coefficient of 
service life of the filter") and Xgi represents the non-efficient height of the column 
(in ref.19 indicated as "h" and called "dead layer"). The interpretation of the para­
meters of Mecklenburg'S relationship 19 on the basis of the analysis of the break­
through curves has been given by Zikanova 20. The amount of vapour sorbed at 
equilibrium, expressed as the adsorbate concentration in unit weight of the sorbent, 
C., can be evaluated with sufficient accuracy from the adjusted Dubinin-Radushke­
vich ~quation21, 

(4) 
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using the procedure discussed in our preceding paper22. Dubinin-Radushkevich's 
and Mecklenburg's equations were used by Nelson and Harder23 .24 for the study 
of the service life of respirator cartridge. 

EXPERIMENTAL 

Chemicals and Apparatus 

Active charcoal (Moravske chemicke zlivody, Ostrava), carbon disulfide a.g., organic solvents 
a.g., molecular sieve 3A, were treated and purified as in the preceding communication22 . The 
apparatus for continuous preparation of defined concentrations of organic vapours, with an in­
-built chromatograph Argon Pye, type 12103 was from Pye Unicam, Great Britain. The scheme 
description, calibration of the apparatus and operation conditions of gas chromatographic 
analyses are also given in the preceding paper22. 

Preparation of Adsorption Columns 

Active charcoal (fraction 1·0-1'2 mm), freed from dust and dried, of a weight preliminarily 
calculated from the required column height and the bulk density 0'4 g . em - 3, was put into 
a weighed adsorption glass tube22 of 6 mm J.D. A stream of dry nitrogen was then passed through 
the tube (flow rate about 1000 cm3 

• min-I) at 250-300°C until constant weight has been achieved 
(10 - 15 min). Then the tube was weighed and the accurate mass of the degased active charcoal 
determined. Then the settling of the active charcoal particles was homogenized with a vi orator, 
until the bulk density · of the sorbent was 0·4 g . Cm - 3 ± 5%, and the prepared column was 
firmly fixed with brass rings with a net. 

Measurement of Adsorption Data ....... 
The gaseous mixture of nitrogen with a defined concentration of organic vapours was passed 
through the tube with the prepared column, placed in a thermostated jacket. During the measure­
ment the concentration of adsorbate in the gaseous mixture was recorded before the inlet and 
at the outlet of the column. From the recorded peaks breakthrough curves were constructed 
by plotting the Cg;/Cg ratio versus time. From the increase of the weight of the adsorption tube 
the equilibrium concentrations of the adsorbed vapours in the weight unit of the sorbent Cs were 
determined and then compared with the values calculated according to (4) and (6). All measure­
ments were carried out at 20 ± 0·2°C. 

RESULTS AND DISCUSSION 

From the constructed breakthrough curves the time tgi was estimated, during which 
the outlet concentration attained one tenth of the inlet concentration, Cgi = O·lCg• 

In further text it will be referred to only as breakthrough time tgi • 

For the estimation of the measured data from the analytical point of view, this 
moment (in the ref. 23 indicated as "tb'" 10% breakthrough time) was considered 
as the end of the quantitativeness of the sorption. Further the time was determined 
from the breakthrough curves within which the concentration of the adsorbate at 
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the column outlet attained half of the value of the inlet concentration (Cgi = 0·5Cg). 

This time was labelled tgi + L1tgi , where L1tgi is the breakthrough time increment. 
The construction of Shilov's curves from these data is shown in Fig. 1. At an axial 
flow of the gas mixture with the adsorbate concentration Cg, the flow rate w through 
a column of X I height and cross-section 5, the detector located at the column outlet 
records the concentration Cg1 = 0·1 Cg at the moment t Igi (point HI). During a dy­
namic sorption under the same conditions, through a column of height X 2 , where 
X 2 > X I' the detector records concentration Cgi = 0·1 Cg at the time t2gi (point H 2), 

and the concentration Cgi = 0·5Cg at the time t2gi + Llt2gi (pdint 52). Under the 
assumption that the second stage of the dynamic sorption is achieved it applies that 
Llt lgl = Llt2gi = const., i.e. the breakthrough time increments are not a function of 
the column height. For Lltgi the relationships (5) and (6) apply 

(5) 
and 

(6) 

These relationships were used for the evaluation of the non-effective height of the 
column X gi and of the coefficient of efficiency of dynamic sorption Ko, while the rela­
tionship (6) may also be used for the determination of the concentrations of the sorbed 
vapours in the weight unit of the sorbent at equilibrium Cs • 

The effect and the physico-chemical properties of the adsorbate and the effect of 
the flow rate of the gaseous mixture was studied. In a general case Xgi is also depen-

o·s 

0 ·1 

oL-~~--------~~--~t-__ --~ 

FIG.! 

Evaluation of the Breakthrough Curves 
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dent on temperature , area and the shape of the perpendicular cross-section of the 
column, and the fraction of the granulated sorbent used. These . parameters were 
kept constant during the measurements, and therefore their effect is not discussed. 

Effect of the Adsorbate Type on the Value of Xg; 

A set of adsorption tubes containing columns of active charcoal of 2 cm height 
(225 mg) was prepared. At 500 cm3 

• min- 1 flow rate the breakthrough curves for 
CH 2 CI 2 , CHCI3 and CCl4 were recorded at a 2.10- 7 g. cm- 3 concentration of 
adsorbate. From the breakthrough curves represented in Fig. 2 the breakthrough 
times tgi = 22 min (CH2Cl2), tgi = 115 min (CHCI 3), and tgi = 250 min (CCI4) 
were determined, and further the breakthrough time increments Lltgi = 9 min 
(CH 2CI 2), ~tgi = 52 min (CHCI 3), and ~tgi = 112 min (CCI4). The equilibrium 
concentrations of the sorbed vapours in weight unit of the sorbent were determined, 
Cs = 1'32.10- 2 g. g-1 (CH 2 CI 2), Cs = 7'47 . 10- 2 g. g-1 (CHCI 3) and Cs = 
= 1,62.10- 1 g. g-1 (CCI4)' According to the relationship (5) the values of the non­
-effective column height, X gi = 0·61 cm (CH2 CI 2), Xgi = 0·62 cm (CHCI 3), and 
Xgi = 0·61 cm (CCI4) were determined . It was also chec~ed that in the above experi­
mental conditions the value of X g i is independent of the physico-chemical properties 
of the adsorbate. For a 500 cm3 

• min- 1 flow and the adsorbate concentration 
2.10- 7 g. cm- 3 the breakthrough curves for various heights of the columns were 

a 100 200 300 m in 400 

FIG. 2 

Breakthrough Curves of Adsorbates of Equal 
Concentrations 

Column height X = 2 em, flow rate = 

= 500 cm3 .min - 1, Cg = 2.10- 7 g.cm- 3 ; 

breakthrough curve of 1 dichloromethane; 
2 trichloromethane; 3 tetrachloromethane. 

1501 ?~ / t" m rn I~. 

100 ~ / 
I • 

50 r t.! 
'i j. 

O LO--~~---L----3~x-,c-m-4~ 

FIG. 3 

Dependence of the Duration of Quantitative 
Sorption Igi on the Column Height for 
Equal Concentrations of Adsorbates 

Cg = 2.10- 7 ; flow rate OJ = 500 cm3 • 

. min - 1; 1 dichloromethane, 2 trichloro­
methane; 3 tetrachloromethane. 
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also recorded, and Shilov's curves (Fig. 3) were constructed from the measured data. 
Using the method of least squares the values of the slopes of the curves were determi­
ned, further the coefficients of efficiency of the dynamic sorption Ko = dtgddX = 
= 15·3 min. cm- 1 (CH2CI2), Ko = 82,2 min. cm- 1 (CHCI3) and Ko = 180·5 min . 
. cm -1 (CCI4), and it was confirmed that the value X gi determined by extrapolation 
of Shilov's curves for tgi = 0 is in agreement with the values calculat~d from the 
equation (5), and hence, that the relationship 20 Ko = l/vg is fulfilled. Analysis of the 
measured values showed that at constant flow rate and equal concentrations of ad­
sorbates the ratio of the breakthrough times is equal to the ratio of the equilibrium 
concentrations of the sorbed vapours in the weight unit of the sorbent, i.e., e.g., 
tgi (CHCI3)/tgi(CH2CI2) = Cs(CHCl3)/Cs(CH2CI2) = 5·7. The vapours of trichloro­
methane of 2.10- 7 g. cm- 3 concentration can be sorbed quantitatively with a co­
lumn 2 cm high almost 6 times longer than the same concentration of the vapours of 
d ichloromethane. 

Effect of Concentration of Adsorbate on the Value of X g ; 

A set of adsorption tubes was prepared, containing sorbent columns 1·5 cm high 
(170 mg). At a flow rate of 500 cm3 

. min -1 the breakthrough curves were gradually 
recorded for the concentrations of benzene CgI = 2-4.10- 7 g. cm- 3

, Cg2 = 7·7 . 
. 10- 7 g. cm- 3 and Cg3 = 1'17.10- 6 g. cm- 3. The obtained breakthrough curves 
are represented in Fig. 4. Under the mentioned conditions benzene can be sorbed 
quantitatively (as evident from Fig. 4) in 104 min if the concentration is CgI' at con­
centration Cg2 in 44 min, and at concentration Cg3 in 30 min. For the breakthrough 
time increments L\tgi = 67 min (CgI), L\tg; = 31 min (Cg2), and L\tgi = 22 min (Cg3) 
the following values of Xg; were found: for (Cg1)Xg; = 0·62 cm, for (Cg2)Xg; = 

= 0·62 cm, and for (Cg3) Xgi = 0·61 cm. It was checked that the differences in the 

FIG. 4 

Breakthrough Curves of Adsorbate (Benze­
ne) for Various Concentrations 

Column height X = 1'5 em, flow rate co = 

=500cm3.min- 1 ; 1 Cg=2·4.1O- 7 g . 

. cm- 3 ; 2 Cg = 7'7.10- 7 g.cm- 3 ; 3 Cg = 
= 1'17 .10- 6 g.cm- 3 
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geometric arrangement of the column bed, i.e. its cross-section, size and shape of the 
particles of the sorbent, for quantitative sorption of vapours at a given flow rate. 
Putting the relationship (7) into the relation (5) Mecklenburg's equation was extended 
to its final form: 

(8) 

The validity of this relationship was checked by a number of measurements during 
which the breakthrough curves of some adsorbates were recorded in the concentra­
tion range Cg ~ 10- 2 Cgo at various flow rates. The breakthrough time fgi' estimated 
from the breakthrough curves, was compared with the value calculated from the 
relationship (8). It Was checked that the mean error of the calculation of the break­
through time using relationship (8) is 10%. The 'equation (8) permits the characte­
rization of the moment of the termination of the quantitativeness of the dynamic sorp­
tion in columns up to 30 cm high, at flow-rates 40-4000 cm 3 

• min-I. 

Analytical Applications 

The relationship (8) was applied to three types of analytical calculations: 1) Calcu­
lation of the maximum permissible time of vapour sampling by dynamic sorption 
through a bed of active charcoal of a given height, X, and at a constant flow rate w, 
during which the quantitative retention of the organic vapour of maximum 10- 2 Cgo 

TABLE 1 

Calculated Maximum Sampling Times fgi for Flow Rates ro = 50-1 000 cm3 .min- 1 

X = 2 cm, 225 mg of active charcoal. 

C a fgi' min for ro, cm3.min- 1 

Adsorbate Ilg.c~-3 50 250 500 1000 

Dichloromethane 16·0 53'5 9'3 4· \ 1·8 
Trichloromethane 10'0 138'1 24'0 10·7 4'7 
Tetrachloromethane 7·5 234'4 40'7 18'1 7·9 
Benzene 3'2 300·4 52'2 23·3 10·1 
Toluene 1·1 1006·0 174·8 77-9 33·9 
Diethyl ether 18'0 46'4 8' 1 3·4 1-6 

n-Pentane 17·0 42·8 7'4 3·3 1·4 
n-Hexane 5·7 153'5 26'7 11·9 5·2 
n-Heptane 1·9 467·2 81'2 36·2 15-8 

a C
a 

= 1O-2 Cgo . 
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concentration is ensured. 2) The calculation of maximum permissible flow rate of the 
analyzed gas for which a quantitative sorption of organic vapour of a concentration 
not exceeding 10- 2 CgO' on columns of height X, is ensured for the required time fgi . 
3) The calculation of the minimum heighfofthe sorbent bed X , for which the quanti­
tative sorption of vapours of a concentration not exceeding 10- 2 CgO and at flow rate 
w is still ensured for the required time t gi . 

]n Table I a review is given of maximum permissible times of the sampling of some 
vapours in columns 2 cm high (225 mg of active charcoal) at four flow rates. These 
values were calculated from the relationship (8), while the necessary values of equi­
librium concentrations of the sorbed vapours in a weight unit of sorbent Cs for ad­
sorbates of concentration 10- 2 CgO were calculated using equation (4) and the pro­
cedure employed in the preceding paper22 . An example of the second type of calcu­
lation is given in Table JI. For columns 6 cm high (676 mg of active charcoal) the 
maximum permissible flow rates of the analyzed gas have been calculated for various 
times of vapour samplings. The values were calculated using the relationship (9), 
obtained from equation (8) by explicit expression of the flow rate 

w = {[(Cgtgi - CsSXQQ + CsSXgiOQQ)2 + 4CgCSSXQtgiQ]1 /2/2CgQfgi} + 

+ (CsSXQQ - CsSXgiOQQ - Cgtgi)/2CgQtgi. (9) 

In Table III the minimum column heights of active charcoal have been calculated 
that guarantee a quantitative sorption for various sampling times at a 500 cm3 

• 

TABLE II 

Calculated Maximum Flow Rates (J) for Sampling Time fgi = 20-120 min 
X = 6 cm, 675 mg of active charccal. 

Adsorbate 
20 40 60 

Dichloromethane 16·0 355 182 123 
Trichloromethane 10·0 875 452 307 
Tetrachloromethane 7·5 1450 748 509 
Benzene 3·2 1 840 948 644 
Toluene 1·1 5960 3030 2050 
Diethyl ether 18·0 310 159 107 
n-Pentane 17·0 287 147 99 
n-Hexane 5·7 967 500 343 
n-Heptane 1·9 2820 1440 981 

a C
g 

= 1O-2 Cgo. 
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. min - 1 flow rate. The values of the column heights were calculated from equation 
(10) obtained from equation (8) on expressing the column height explicitely: 

(10) 

The values presented in the Tables I, II and III are calculated for the analyzed gas 
in the absence of water vapours. 

The water vapours present in the analyzed gas are sorbed simultaneously with the 
vapours of organic solvents, thus decreasing the equilibrium concentrations of the 
sorbed vapours in the mass unit of sorbent Cs significantly, and hence also the efficien­
cy coefficient of the dynamic sorption Ko. 

Since in a real analyzed gas a certain amount of humidity is always present, it was 
necessary to predry it with a molecular sieve. For the determination of the vapours 
of organic compounds listed in Tables I, II and III the molecular sieve 3A is suitable, 
because this type of sieve does not significantly sorb the organic vapours analytically. 

Determination Procedure 

The data in Table I were used for the proposal of the determination of organic solvent 
vapours based on sampling by dynamic sorption in a column of active charcoal, 
2 cm high. About 250 mg of active charcoal is introduced into a glass tube of 6 mm 
internal diameter and 6 cm length and the settling of the particles is homogenized 

TABLB III 

Calculated Minimum Column Heights X for Sampling Time t~i = 10-60 min 
co = 500 em3 min -1, X = 1 em = 113 mg of active ehare~al. 

Adsorbate C a X, em for tgi , min 

J..lg.e~-3 10 20 40 

Dichloromethane 16'0 4·9 7'7 14-8 
Trichloromethane 10'0 1·1 3'3 6·1 
Tetrachloromethane 7'5 1-3 2'2 3-8 

Benzene 3'2 1'2 1·8 H 
Toluene 1'1 0-7 0-9 1-3 
Diethyl ether 18-0 4-6 8-8 17-0 
n-Pentane 17-0 5-0 9-4 18-4 
n-Hexane 5-7 1-8 3-0 5-5 
n-Heptane 1'9 0-9 1-3 2-2 

a Cg = 1O-2CgO_ 

60 

21'4 
8·8 
5'4 
4·3 
1-7 

25-2 
27-3 

8-0 
3-0 
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with a vibrator so that eventually a column 2 cm high is obtained. The column is 
then fixed with brass rings and nets. Active charcoal is degassed with a nitrogen 
stream at 250-300°C for 15 min. An allonge of 1'5 cm internal diameter, containing 
the molecular sieve 3A, is connected with the adsorption tube, and the analyzed gas 
is sucked through at a selected flow rate for maximum permissible time tgi , or shorter 
(Table I). The quantity of the molecular sieve is selected according to the volume of 
the analyzed gas, 100 mg of the molecular sieve per 1000 cm3 of gaseous mixture 
being satisfactory (the equilibrium concentration of the water vapour sorbed in the 
sieve is 1'94.10- 1 g H20. g-l for 90% relative humidity). The desorption of the 
retained vapours of higher-boiling solvents is carried out with carbon disulfide at 
room temperature, and of the vapours oflower-boiling solvents with a stream of inert 
gas at an elevated temperature. The desorbed vapours are determined gas chromato­
graphically. The operation procedures for desorption and chromatographic analyses 
are given in the preceding paper22. 

We thank Dr E. Smolkova, Department of Analytical Chemistry, Charles University, for her 
constant interest in the solution of the problem of analytical application of the adsorption of organic 
vapours by granulated sorbents. Her remarks and suggestions contributed considerably to the greater 
accuracy of our formulations and the evaluation of our results. 

UST OF SYMBOLS 

constant (K - 2) 

concentration of a,dsorbate in gas phase (g.cm - 3) 
concentration point in gas phase (g.cm - 3) 
concentration of adsorbate in gas phase corresponding to the saturated vapour pressure 
at temperature T (g.cm - 3) 

concentration of adsorbate in weight unit of sorbent (g.g -1) 
density of liquid adsorbate at temperature T (g.cm - 3) 
efficiency coefficient of dynamic sorption (min.cm -1) 
constant of non-efficiency of the column (min.cm - 3) 
cross-section of the sorbate column (cm2

) 

adsorption temperature (K) 
breakthrough time (the moment when CgdCg = O·l) (min) 
increment of the breakthrough time (min) 
uniform rate of movement of the concentration points C gi at the stage of the transfer 
of the stationary adsorption wave (cm.min -1) 
rate of movement of the concentration points Cgi at the stage of formations of adsorption 
wave (cm.min- 1 ) 

limit adsorption space of sorbent (cm3.g -1) 

height of the sorbent column (cm) 
non-efficient height of the sorbent column (cm) 
limit non-efficient height of the sorbent column (cm) 
affinity coefficient (1) 
bulk density of sorbent (g.cm - 3) 
flow rate of the gaseous mixture (cm3 .min -1) 
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