
jotcrizai oji‘ikrowaiograpiky, 77 j1973j x31--13.+ 

Q JClscvicr Scicutific Publishin !: Companv. Xmstcrdwn - Printed in The Scthcrlamls _ 

CHROY. 6295 

Natural convection in a granular bed is generally caused by a high-density 
gradient in the gaseous or liquid medium that fills the bed’. Convection currents 
in a granular bed filled with a gas and heated either from below or from one side 
and also a strong influence of such convection on the effective thermal conductivity 
have been observed. It has been slro\vn that convection cmrents are also caused by 
the dissolution of the granular bed material in the liquid that flows through the bed. 
It has recently been observed that natural convection has an appreciable effect on 
heat-exchange processes in granular beds2 and in totally or partially closed cavitiesa. 

NATURAL CONVECTION IN CHROM.i\TOGRAPHIC COLUMNS 

A. v. :\LJ:l<SEE~A ISD ?rI. Ii. :U:W\ 

The generation of convection currents in a granular bed is determined by t!:e 
following modified criterion”: 
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.ic = V/DC; == Scimiidt criterion 
ti,fc = _+e/n = effective diameter of the granular bed 

tl : grain diamctcr 

n = the surface area of a granular bid volume wit 
E = bed voidage 
lz = ;he height of the bed in which convection current may occur 
0 = 9.8 m/sec- b 
Y = kinematic viscosity 

Do = diffusion coefficient 
y = average specific gravity of the gas (or liquid) 

v = specific graviry of the gaseous (or liquid) bed of a higher 01 lower density. 

Considerable concentration gradients, as well as gas-flow specific gravity 

gradients in gas chromatography when the carrier gas and the eluting component 
have different specific gravities, led us to look for natura! convection phenomena 

in chromatograpl~ic columns. Small packing grain diameters that reduce convxtion I 
currents may be compensated by a substantial value of yz- y and by high ratios 
of h/d,n. Natural convection must cause the component volume in the chromato- 
graphic peak zorw to acquire a velocity of its own with respect to the carrier gas 
stream in a vertical column. Consequently, if yz > y, the retention time t, for the 
upward carrier gas flow must be greater tltan the corresponding value t, for the down- 
ward gas flow. In all instances, additional peak spreading should be expected. 



I32 A. V. ALEKSEEVA, MI. I?. AEROV 

I 
2 

: ‘ 

I jc 
1 

.? 

c 



NATURAL CONVECTION IN CHROMATOGRAPHIC COLUMNS 133 

Elution characteristics were measured on a specially designed chromatograph 
with a thermal conductivity detector in order to detect the natural convection 
effect. The experiments were carried out under conditions that excluded all possible 
changes in retention time, caused by a difference in the values of dead space, sample. 
volume, carrier gas velocity, etc. The column used was a vertically mounted tube, 
I m long and 4 mm I.D., packed with 0.3-0.4 mm grain diameter Spherochrom-2 
containing 20 :& of bis-2-methoxyethyl adipate. The column was conditioned at 30” 
with a temperature tolerance of not more than 0.10~. The temperature gradient of 
the conditioning liquid along the column did not exceed 0.10~. The carrier gas 
flow-rate wa.s maintained at 20 tnl/min, accurate to within I 26. The samples were 
injected with a syringe directly int.o the packing through a sealed inlet. 

At equal sample volumes, the average weight concentrations of the components 
in the peak zone w:re IO-I 7; for nitrogen and +--S 96 for helium. The direction of 
the eluting component flow was changed by introducing the component into the 
column either from below or from above. ht the same time, the positions of the 
sample iulet and the detector were altered by turning the whole assembly through 
I&I". Thus in each set of runs, identical hydrodynamic conditions of the component 
zone flow through the column in hot11 directions were obtained. 

The results of the measurements of elution parameters for two carrier gases, 
nitrogen and helium, with different masses, MC: are given in Table I. The retention 
times for C,-C, hydrocarbons and air, and the half-widths, ,u, are average values 
of ten replicate tests. The standard deviations, (r, for the retention times t, and 
t, are calculated from the formula: 

where Ii is tllc retention time, i tile serial number of the measurement,? the arithmetic 
mean retention tune and IZ the number of measurements. 

The tabulated results show the manner in which the residence times ot the 
components in column depend on direction of their movement, 
which changed by the gas. the sample is from above, 
all compounds whose gravities greater than that helium or 

emerge faster f;om column. In the 

t, 
and In one instance only, when the masses of the eluting ethylene and of the 
carrier gas were essentially the same, was the difference in retention times within 
the required accuracy of measurement. 

In all the experiments, except for the elution of ethylene with nitrogen, the 

criterion value calculated from eqn. I was much greater than the critical Value, 
thus permitting natural convection to develop in the granular bed of the column. 

Fig. I shows rel&Ve differences in retention times, dt == &/[(tl -I- t2)/2j, 
as functions of differences in molecular weights of the eluting component and of 
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Fig. 1. Relative differences in retcction times (dr) as functions of differences in mdecular weights 
of the eluting component and of the carrier gas (-11~ - -11~). 

the carrier gas (Xc - MC). X linear dependence of At on MC - do is apparent both 

for the light and the heal-y carrier gases (helium and nitrogen). 
The effect of natural convection on retention times is also observed in columns 

with different lengths of the ascending and descending sections of the packing (e.g., 
in an S-m coiled tube) (Table II). The residence time of components in the coiled 
section of the column is one order of magnitude greater than that in its vertical 
section. Therefore, when Jfc > 31~. the retention time of tl.2 elutlng component 
was always greater xhen the carrier gas in the coiled section of the column moved 
upwards. This also caused a peak-broadening effect (Tables I and 11). 

It will be noted that for heavier components the peak half-width, ,M, is always 
much greater when the eluting component moves uptvards, ix., against the force 
of gravit!.. Hence, natural convection may be one of the factors ‘hat causes hydro- 
dynamic mising phenomena in a granular bed;*” and the broadening of a chromato- 
graphic peak. 


