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SUMMARY

- Thermal diffusion as a disturbing phenomenon in the measurement of small
surface areas by the dynamic desorption method is described. The origin of the blank

‘ response caused by thermal diffusion is described for the cooling of the measuring

~column containing the sample in a bath of liquid nitrogen. The influence of the

flow rate of the mixture of gases, dead volume of the column and composition of the .
‘gaseous mixture on the value of the blank response was studied.

INTRODUCTION

If changes in temperature occur in chromatographic systems, a base-line

" disturbance is noticed. The disturbance is often caused by the change in the mobile

. ly2-4,

_phase flow rate, and sometimes by a thermal diffusion process in which the fractiona- -
tion of the components contained originally in the mobile phase occurs. This phe-
nomenon is known in 11qu1d chromatography! and is sometimes utlllzed 1ntent10nal-’

o Dlsturbmg phenomena in the measurement of small surface areas in relat1vely

“large volumes of gases by the chromatograp]nc dynamic desorptnon method were
-studied in our work. The dynamlc desorption method, which is simple from the view-

;pomt of the. apparatus, precise and rapid, was used for the determmatlon of ‘the

a(_spec1f1c surface areas of flat materials, consisting in this work of metal plates from the
-tubes of boilers®, pieces of leather and wood or papers®. In' the measurement of ma-
‘terials with small surface areas, when adsorption tubes with relatlvely large volumes

,jmust be used as in our case, additional changes in the sorbate: concentration in- the
mlxture of gases""B occur owing to thermal diffusion; which increase the concentration. .
changes caused by the adsorptlon of the’ sorbate in the measured. sample In contrast
Vto prevmus papers7 8 in which a modification of the’ method for the: suppresswn of
the undesu'able ‘phenomena was selected, conditions. were found such' that the un-
desu‘able phenomena occurred to.the least extent and such that the contribution of
the blank response° could be detenmned When determmmg the contnbutlon of ihe,ﬁl:‘
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blank response, the specific surface area was assumed to be constant over the whole
area of the investigated material, and, as a result of this, the multiples of the area
studied are also multiples of the specific surface area of the material.

THEORETICAL

The origin of the blank response caused by thermal diffusion is described for
the cooling of the column in a liquid nitrogen bath. A radial temperature gra-
dient, variable with time, originates in the column at its immersion into the cool-
ing bath. A radial gradient of concentrations originates owing to thermal diffusion
in such a way that the concentration of a sorbate is higher than the original concen-
tration near the column wall in the region of the lower temperature, and lower than
the original concentration in the column centre. Also, the concentration gradient is
variable with time. Regarding the fact that the linear velocity of the flow of the mix-
ture is not constant over the whole column section, the concentration gradient is not
transferred into the detector with the same velocity. The composition of the gases
leaving the column changes with time. The longitudinal temperature gradient origi-
nates at the column outlet at the point of its immersion into the cooling bath, and
further separation of the components of the gaseous mixture owing to the thermal
diffusion takes place there.

- The magnitude of the thermal diffusion effect depends on the value of the con- -
centration gradient obtained and its transferinto the detector. The radial gradient of
concentrations caused by the column cooling, the probable profile of linear velocities
in the column and changes in the concentration of the gases in the mixture leaving the
column caused by the radial temperature gradient were calculated for a column with
a capillary inlet for the gaseous mixture at its centre, 1.D. 0.9 cm and length 10 cm,
and for the mixture containing 289, (v/v) of nitrogen and 729, (v/v) of hydrogen.

- The changes in the thermal conductivity of the gaseous mixture with temper-
ature were neglected in the calculations and the actual course of the temperature
gradient was replaced by a linear one. The radial temperature gradient, variable with
time, was replaced by its mean value in the limited time interval. Mean temperatures
near the column wall (T' = 149°K) and at the column centre (7’ = 212°K) were
determined experimentally and the mean temperature in the column (T' = 178°K)
was calculated?,"

The difference between the concentrations of the sorbate at the column wall

and centre, expressed in molar fractions, which is obtained in the equilibrium state,
was calculated from the relation!®:

4¢' = ka(T) In () (@)
where kp( T) is the thermal diffusion ratio for temperature T and nitrogen concen-

tration ¢ = 0.28. The thermal diffusion ratio was calculated!! to a first appfoximation‘ -
for the Lennard-Jones (6—12) potential, kr(T) = 6.72 x 10-2. By substituting .
kr(T) in eqn. 1, A¢c’ = 2.35 X 10~? is obtained. Assuming the temperature gradient
to be linear, the differences in the concentration of nitrogen between the column.
centre and various radial distances, 7, from it were calculated. The maximum devia-

tion from the linear course found was about 5%,. That is the reason for describing the
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concentration profile as a linear function of the radial distance:
Ac(r) = (6.77 — 1.845) 102 ) (2)

where dc¢(7) is the deviation of the nitrogen concentration from its original concen-
tration in the mixture at a radial distance 7.

The transfer of the radial cohcentration gradient into the detector is dependent
on the distribution of linear velocities of the mixture of gases along the column radius.
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Tig, 1. The profiles of linear velocitics in the column calculated according to eqn. 3. (1) 7 = o.125
ml/sec; (2) ¥ = o.250 ml/scc.

The flow is anticipated to be laminar ((R,) << 4.1) in our case (column with the
capillary inlet of gases in its centre, length 10 cm, I.D. 0.9 cm, flow rate of the mixture
of gases F = 0.06-1.25 ml/sec). The following relation!? holds for the distribu-
tion of the velocities at laminar flow of the fluid through the circular ring with dia-
meters R, kR: :

7\2 I — k? 4
o (&) e (7)
aRE (x — K2)? ' (3)

(r — k) — ——t

In (1/k)

The inlet length necessary for the establishment of a parabolic profile of the velocities
was calculated!® (L, == 0.13 cm). Linear velocity profiles of the given column at the
flow rates of the gaseous mixture, I = 0.125 and 0.250 ml/sec, calculated according
to eqn. 3 are shown in Fig. 1.

Since along the column cross-section the velocity of the gaseous mixture is not
constant, the concentration gradient is transferred into the detector with various
velocities. It is obvious from Fig. 1 that the same velocity #; is obtained at a radius
r¢ where the sorbate concentration is ¢¢ and at a radius »; where the concentration of

n(r) =
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the sorbate is ¢;. The molecules of the gaseous mixture from these regions will reach
the detector in time ¢

L
ti'—‘-"&'i‘f‘tk - (4)

where L is the column length and #; is the time in which the gaseous mixture passes
through the space between the column and detector. The mixture with the concen-
tration C¢, passes through the detector in time #;:

ct, = Cy + Ac;i

r |
Acy, = Rir J'“Ac(r)dr + 721— ) 7 dcrrar (5)
o 0

where the function Ac(?) is given by eqn. 2, »; and 7; are the radii, where % == w4
(r1 <7j). By substituting for ¢(») and integrating, the following expression is obtained:

Acy, = 0.022 (0.252 + 3.35 72 — 1.8457) (6)

Aey, were calculated for various #; and the graph of the dependence of A¢ = f(¢) was
plotted for a flow rate of the gaseous mixture of ¥ = 0.125 ml/sec (Iig. 2). The graph
in Tig. 2 shows the changes in the concentration of the gaseous mixture, which are
caused by the radial temperature gradient in the column during the cooling.

A longitudinal gradient, in addition to the radial temperature gradient, origi-
nates in the column at the point of its immersion into the cooling bath. Owing to this
gradient, further changes occur in the concentration of the mixture of the gases

ac10"

300 400 500 600
t (sec)

Fig. 2. The chaﬁgés in the concentration of the gasdous mixture caused by radial temperature
gradient in the column during cooling. FF = o0.125 ml/sec. ‘
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flowing to the detector. If the gaseous mixture flows along the temperature gradient,
then the nitrogen volume passing through the column cross-section is given by the
sum of the volume transferred by the flow, concentration and thermal diffusioni4,15,
Until the stationary state is established, the transferred volume is not constant along
the whole length of the column and also the composition of the gaseous mixture
entering the detector changes with time. The nitrogen concentration increases in the
region of lower temperature inside the column and decreases in the region of higher
temperature. At first, the mixture enriched with hydrogen and later with nitrogen
enters the detector. As soon as one equilibrium state is established, the mixture of the
gases with the original concentration passes through the detector and the longitudinal
concentration gradient, which was calculated!® for various flow rates of the gaseous
mixture and is shown in FFig. 3, originates in the column. The changes in nitrogen con-
centration in the gaseous mixture entering the detector before the establishment of
the equilibrium state are proportional to the magnitude of this gradient.

The resulting changes in the concentration of the gaseous mixture entering the
detector are given by the sum of the changes caused by the thermal diffusion origi-
nating as a result of the radial and longitudinal temperature gradients.

The response is obtained during the column cooling even if no adsorption occurs.
That part of the curve is designated as positive which corresponds to the decrease in
nitrogen concentration in the mixture of gases during the column cooling.

The phenomena taking place during the column heating are somewhat different.
If the stationary state is established during the column cooling, a longitudinal con-
centration gradient (IFig. 3) exists in the column. During the column heating, a radial
temperature gradient is established in the column which leads to the radial concentra-
tion gradient. In the column centre, in the region of lower temperature, the nitrogen
concentration increases; near the walls, in the region of higher temperature, it de-

aAc
6-10"

TK)

-2

Fig. 3. Longitudinal concentration gradient causecd ‘by longitudinal temperaturc gradient in the
column, (1) I = 0.06 mlfsec; (2) IF == o.125 ml/sec; (3) F = o.250 ml/sec; (4) F = tr.25 ml/sec.
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creases. At the same time, a decrease in the longitudinal temperature gradient occurs
and thus also a decrease in the longitudinal concentration gradient. At first, an in-
creased concentration of nitrogen and later of hydrogen exists in the mixture of
gases leaving the column.

Further, the effects of changes in the flow rate of the gaseous mixture, the dead
volume of the column-and the concentration of the mixture of gases on the magnitude
of the concentration changes caused by thermal diffusion were studied.

The changes in the concentration of the gases leaving the column will be in-
fluenced by the flow rate of the gaseous mixture. The magnitude of the concentration
gradient which is established along the column due to the longitudinal temperature
gradient increases with the decreasing velocity of the flow of the mixture of gases and
approaches the maximum value which would be obtained in the static system in the
equilibrium state. The dependence of the concentration gradient caused by the
longitudinal temperature gradient on the velocity of the flow is obvious from Fig. 3.
The changes in the concentration of the mixture of the gases entering the detector
will change in a similar way. The value of the radial concentration gradient will depend
also on the velocity of the flow of the gas. A certain timeis necessary for the establish-
ment of the stationary state described by eqn. 1. '

Also, the dead volume of the column affects the values of the concentration
changes caused by thermal diffusion. If the column radius changes, changes in the
radial temperature gradient take place. The value of the difference in the tempera-
tures between the column wall and centre and the velocity with which the temper-
ature of the bath is achieved in the column centre change. The following relation!¢

was derived for the dependence of the value of the temperature gradient on the
column radius:

=L . .

T vl (7)
where f is the linear velocity of the column cooling and y is the temperature chffusw1ty
(thermal conduct1v1ty/den31ty X specific heat).

The change in the concentration gradient occurs at the same time as the change
in the temperature gradient. The dependence is given by eqn. 1. The time necessary for
reaching the bath temperature in the column centre also increases with increasing
column radius.

The dead volume of the column is also changed when the amount of measured
material is increased.

The value of the concentration gradient caused by thermal diffusion also
depends on the original composition of the gaseous mixture. The graph of the depen-
dence is represented by the curve running through a maximum; for the mixture ni-
trogen-hydrogen the maximum is reached at a concentration of about 45% (v/v) of
nitrogen. The mixture with a concentration of 5-309%, (v/v) of nitrogen (the range of
the validity of the B.E.T. equation) is used for the measurement of surface areas. In
this range of concentrations the concentration gradient increases with 1ncreasmg
concentration of mtrogen

When measuring small surface areas in columns with relatively large dead
volumes, the total response during column cooling is the sum of the blank response
caused by thermal diffusion and the response proportlonal to the nitrogen adsorption
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on the measured material. Two cases may occur during the measurement: the value
of the response caused by thermal diffusion remains constant during the experiment
and the column dead volume changes only slightly with the change in the surface
area measured or the value of the blank response changes during the experiment and
the column dead volume also changes with the change in the surface area measured.
The determination of the contribution of the blank response in both cases and
the use of the method for the measurement of the surface areas of corroded layers,
chromatographic papers and pieces of leather were described earlier®.

EXPERIMENTAL

The measurement of the blank vesponse caused by thermal diffusion

The apparatus for the determination of specific surface areas of adsorbents,
manufactured in the Institute of Instrumental Analytical Chemistry??:'8, was used for
the measurement of the blank response caused by thermal diffusion durmg column
cooling or heating. Empty glass tubes of four types with different diameters, x (Fig. 4)

% 4 4 ‘

ALl

() (&) (c) ()

Fig, 4. Column types used for the measurement of the blank response. Dimensions in mm.,

were used in place of the columns packed with measured materials, Nitrogen was
used as a sorbate and hydrogen as carrier gas. Liquid nitrogen was used in the cooling
bath. The same procedure as in the measurement of the surface areas of adsorbents
by the dynamic desorption method was used for this measurement.

The measuvement of tempevatuve changes

For the column with the capillary inlet for the gaseous mixture in the centre
(d-type), the changes in the temperatures of the column wall and centre during cooling
and heating were measured as well as the course of the difference between the
temperatures of the column centre and wall. A dual thermocouple (copper-constan-
tan) was used for the measurement, and the thermoelectric voltage of the thermo-
couple was’ "measured by means of an EZ 3 recordmg millivoltmeter (Laboratory
Equipment, Prague, Czechoslovakia). :

When measuring the temperature of the column wall and centre, one contact
of each thermocouple was placed on the internal side of the column and in the centre of
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the column on the capillary inlet, and the other one in the bath of crushed ice and
water. When measuring the difference between the temperatures of the column
centre and wall, the thermocouple contacts were placed on the internal side of the
column and on the capillary inlet. The thermocouple calibration was carried out in
such a way that one contact was kept at 0° and the other at 100°, —78° or —195°.

RESULTS AND DISCUSSION

The change in the temperature near the column wall and centre and the course
of the difference between the temperatures of the wall and centre during cooling and
heating were measured for the column with the capillary inlet of the gaseous mixture

a7l -

10t

100

501

240 360 : 480

t (sec)

Fig. 5..The course of the difference of the temperatures between the wall and centre of the tube.
(1) column cooling; (2) column heating.

in the centre. The mean temperatures of the column wall and centre during the cooling
were discussed in the THEORETICAL section. During the heating the mean temperature
near the column wall is T = 177°K and in the centre 7’ = 166°K. The course of
the difference between the temperatures of the column wall and centre is shown in
Fig. 5. The maximum difference in the temperatures obtained on column cooling
(AT ¢max. = 125°K) is higher than that on heating (47 gpMmax. = 29°K) but the time
needed for balancing the temperatures is shorter during column cooling (¢ = 154 sec,
ty = 530 sec). The mean value of the temperature difference is AT = 5§3°K during
coolingand A7 = 10°K during heating. As relatively rapid changes in the temperature
were measured, the time constant of the thermocouple and recorder may dlstort the
results of the measurement.

It was found that the temperature difference d1d not change with the change in
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Fig. 6. The dependence of the ratio of the values of the negative and positive parts of the blank
response during cooling on the velocity of the flow of the mixture for a U-tube (V) = 0.6 ml),

the flow rate of the gaseous mixture in the region studied (FF = 0.06-1.25 ml/sec).
The time needed for balancing the temperatures between the column centre and wall
also did not change.

The value of the radial gradient of the temperature and the time needed for
balancing temperatures affect the value of the radial concentration gradient and its
transfer into the detector. The contribution of the radial concentration gradient to
the blank response was calculated with the aid of the relations presented in the
'THEORETICAL section. The result is shown in Fig. 2. The maximum decrease in nitrogen
-concentration is 1.1 X 10-2 molar fractions of nitrogen.

Owing to the longitudinal temperature gradient, an increase in the nitrogen
concentration occurs in the column which is cooled, while in the mixture of the gases
leaving the column the nitrogen concentration decreases. The decrease in the nitrogen
concentration in the gaseous mixture entering the detector is proportional to the
increasc in the nitrogen concentration in the column. The longitudinal concentration
gradient which is established in the column and inlet tubes in the stationary state is
shown in Fig. 3. The maximum nitrogen concentration occurs, according to Fig. 3, on
the column outlet, and the concentration decreases towards the column inlet and
acquires values lower than ¢, at higher flow rates of the gas. At first the mixture with
the decreased, and later with the increased, nitrogen concentration, and after the
establishment of the stationary state the mixture with the original composition, will
enter the detector. The maximum deviation of the concentration in the stationary
state from the original composition is dependent on the flow rate of the gas. d¢c =
6.2 X 10~? was calculated for the lowest flow rate used (F = 0.06 ml/sec) and
dc = 9.15 X 102 for F = o (static system). The contribution of the longitudinal

temperature gradient to the blank response will obviously predominate at low. flow

-4
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rates of the gas. The value of the concentration change caused by the longitudinal
temperature gradient will also be influenced by the volume contraction of the gas in
the column when it is immersed in the cooling bath, which will decrease the flow rate.
The maximum decrease in the nitrogen concentration, 4¢ = 8.7 X 10~2, was found
from the experimental curves measured during column cooling.

The dependence of the height of the positive part of the chromatographic
curve on the flow rate of the mixture of gases during column cooling and heating was
investigated for the column with the capillary inlet of the gaseous mixture in its
centre. The height of the curve was expressed relative to the height of the calibration
curve. The course of the dependence is different for column cooling and heating owing
to the different course of the thermal diffusion processes taking place in the column
during its cooling and heating. During column cooling, the height of the curve in-
creases with decreasing flow rate for ¥ > 0.2 ml/sec, passes through the maximum for
F = 0.2 ml/sec and decreases at lower values of . The decrease is obviously due to
the concentration diffusion which causes the decrease in the concentration gradient
caused by thermal diffusion, and its influence increases with decreasing flow rate. The
dependence may be described by the empirical equation:

- 3.65-0-20 F. 0. ®)

During heating, the height of the curve increases with decreasing carrier gas flow rate
over the whole range of the investigated flow rates. The empirical function was found
for the dependence:

5 = 0.066+F-0.7 L ' (9)

The dependence of the value of the positive part of the blank response, expressed
as the volume of the sorbate, on the flow rate of the gas was investigated for this
column (Vp = 4.6 ml), a-type column (Vp = 0.6 ml) and b-type column (Vp =
3.7 ml). The dependence has again a different course for column cooling and heating.
The dependence may be described during column heating for all the three columns by
the following relation:

Ry=a - F? : (10)

where a is the constant for a certain column and composition of the gaseous mixture:
a = 0.034 ml?/sec for an a-type column; @ = 0.042 ml?/sec for a b-type column; and
a = 0.058 ml%/sec for a d-type column.

The gaseous mixture containing 249, (v/v) of nitrogen in hydrogen was used
for the measurement in the first two cases, and the gaseous mixture containing 289,
(v/¥) of nitrogen in hydrogen in the third case.

The dependence of the blank response on the flow rate of the mixture of gases
durlng column coolmg was expressed by the functlon

Ro-—-b e"”F o ‘ (z1)

where b'and are the. constants for a particular column and composition of the
gaseous mixture. For an a-type column, & = 0.065 ml and »# = 1.6 sec/ml; and for
a‘b-type column b = 0.22 ml and # = 3.0 sec/ml. For a -d-type column, the depen-
dence again passes through a maximum at F = 0.2 ml/sec and can be descr1bed
by a similar function as in the case of the heights: '
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Ry = 4.46-¢~2.0 F. F0.5 (x2)

The ratio of the values of the negative and positive parts of the response were
investigated for all three columns during cooling. The ratio increases with increasing
flow rate of the gas in all three cases. The dependence for an a-type column is shown
in IMig. 6. For b- and d-type columns, the negative part of the response is too small
to register at low velocities of the flow of the gaseous mixture, for the b-type column
at I < 0.2 ml/sec, and for the d-type column at ¥ < 0.125 ml/sec,

The dependence of the blank response on the magnitude of the cooled dead
volume of the column was measured for all the column types at two flow rates of the
gaseous mixture, I = 0.06 and 0.250 ml/sec. Empty columns with different radii
were used for the measurements. Only positive parts of the responses were studied as
negative parts could not be measured in some cases. The value of the radial tempera-
ture gradient and the time needed for balancing the temperatures between the
column centre and wall increase and, at a constant volume velocity, the linear
velocity of the flow of the gaseous mixture also increases with increasing column radius.
The value of the blank response will therefore also increase.

The dependence of the blank response on the value of the cooled column volume
can be expressed for all the column types during cooling and heating, for the flow rate
F = 0.06 ml/sec, by means of the following relation:

Ro=m-V1] (x3)

where m and g are constants for a particular column type, with constant flow rate and
composition of the gaseous mixture. The values of m and ¢ for all the column types
during cooling and heating are shown in Table 1. The dependence of the blank response
on the column volume at a flow rate of the gaseous mixture ¥ = 0.250 ml/sec may be
described by the same relation only during column heating. The values of # and ¢ in
this case are also shown in Table I. The dependence has another course during col-
umn cooling.

The dependence of the blank response on the value of the cooled dead volume,
which was changed in that the column was gradually filled with glass tubes, was
determined for the column with the capillary inlet of the gaseous mixture in the

TABLIE 1

THE EFFECT OF COLUMN VOLUME ON THE MAGNITUDE OF BLANK RESPONSE
Values of constants s and ¢ in eqn. 13.

F(mllsec) Tube type Cooling Heating
m q m q

0,06 a 0.165 1.84 0.105 1.45

b o.108 0.90 0.155 1.31

c 0.047% 1.46 0,052 1.68

. d 0.014 2.71 0.015 2.60 b

0.25 a 0.080 4.32

b 0.031 1.41

c 0.018 1.23
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TABLE 11

THE DEPENDENCE OF BLANK RESPONSE ON THE COOLED DEAD VOLUME
Mixture: 229, N,, 78% H,, FF = o.125 ml/sec.

V]) (ml) RoC-‘ (Wll Na) Roll (ml Na)

4.0 0.981 0.840
4.0 0.718 0.612
3.6 0.603 0,406
2.7 0,288 0,201
1.8 0.090 0.057

centre. The response caused by the adsorption of nitrogen on the glass tubes is
negligible in comparison with the value of the blank response. Also in this case, the
dependence of the blank response on the dead volume of the column can be described
by the empirical equation 13. The results for the mixture of 229, (v/v) of nitrogen and
78%, (v/v) of hydrogen and F = o0.125 ml/sec are listed in Table II. In this case,
= 0.018 and ¢ = 2.6 during cooling, and m = 0.011 and g = 2.9 during heating.
‘In contrast to the case when the column radius changes with the change in the
column volume, packing with glass tubes changes neither the value of the radial
temperature gradient nor the time necessary for balancing the temperatures between
the column wall and centre. However, the profile of the flow in the column is disturbed
and the tubes hinder the thermal diffusion. The linear velocity of the mixture of gases
increases with decrease in the dead volume of the column at a constant flow rate. The
same decrease in the blank response also occurs in the case when the column is packed
with the material the surface of which is being measured. The contribution of the
blank response to the total response was determined by means of the glass tubes
which have a negligible surface area in comparison with that of the material mea-
sured.

. The dependence of the blank response on the composition of the gases was
determined for a tube with the capillary inlet in the centre, dead volume 4.0 ml at a
flow rate F = 0.125 ml/sec. From Table III it is obvious that the value of the blank
response increases, in agreement with the assumptions mentioned previously, with
increasing nitrogen concentration in the concentration range which was investigated.

From the results presented, it is obvious that in the cases when columns

TABLE I1I

THE DEPENDENCE OF THE BLANK RESPONSE ON THI SORBATE CONCENTRATION IN THLE GASEOUS
MIXTURE

Vp = 4.0ml F = 0,125 ml/scc.

¢ (%vlvNg) Ry(miN,y)

20 0.600
24 0.660
27 . , 0.680
3o o 0.715
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with relatively large volumes must be used for the measurements of surface areas by
the dynamic desorption method, the contribution of the blank response to the total
response measured must not be neglected. The dependence of the blank response on
the flow rate of the mixture of gases, the value of the cooled dead volume of the col-
umn and the composition of the gaseous mixture, which were found, were used for
the selection of suitable conditions for the measurement of small surface areas. The
method was used for the measurement of materials which were not powder-.
like®® (corroded layers on the walls of tubes, pieces of natural and artificial leather,
chromatographic paper). The tube with the capillary inlet for the mixture of gases in
the centre was used as the measuring column.

The wvalue of the blank response increases with decreasing flow rate of the
gaseous mixture, but the ratio of the values of the positive and negative parts of the
response increase at the same time. The highest flow rate at which the negative part
of the response is not measurable was selected for the measurement. In the investi-
gated range of flow rates, the blank response is lower during column heating than
during cooling if the column with the capillary inlet in the centre is used. That is the
reason why the desorption curves were selected for the calculations of the surface
areas measured.

The size of the column used is affected by the geometry of the material being-
measured. Measuring columns with relatively large volumes must be used for the
measurements described above. The contribution of the blank response would
decrease with the use of columns with smaller volumes but at the same time it would
be necessary to use smaller samples for the measurements and thus the contribution
of the response proportional to the adsorbed volume of nitrogen would also decrease.

The contribution of the blank response and of the response caused by the ad-

sorption also decreases with decrease in nitrogen concentration in the mixture of gases
used for the measurement.
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