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Gas-solid elution chromatography in a column
with surface-layer biporous packing
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The theory of gas-solid elution chromatography on surface-layer biporous packing was
examined. The explicit analytical expressions for the dependences of HETP and retention
time on the thickness of the surface porous layer were obtained. The use of the surface-layer
packing makes it possible to increase the separation efficiency as compared to the conven-

tional sorbents.
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Many works deal with the analysis of gas mixtures by
gas-solid chromatography.}—3 Uniform microporous sor-
bents, such as active carbons, silica gels, and zeolites,d
are used conventionally for separation of mixtures in
columns. Mass transter in pellets of these sorbents is
insufficiently intense, resulting in an incomplete separa-
tion of components of the sample. To increase the
efficiency of the chromatographic process, the size of
peliets is decreased, i.e., micropacking columns are used.
Accordingly, the chromatographic process shouid be
carried out under higher pressures. The absence of
micropores decreases the sorption capacity of these sor-
bents and restricts their use mainly to analysis of strongly
sorbing gases, which makes these sorbents almost un-
suitable for separation of light gases.

In this work, we studied chramatographic gas separa-
tion in a column packed with the surface-layer biporous
sorbent. The schematic structure of the sorbent is pre-
sented in Fig. 1. Along with micropores that are the
source of a high adsorption capacity of the sorbent, this
sorbent contains macropores (transport pores) penetrat-
ing the pellet of the sorbent, through which a sample of
separated substances is more intensely transported to
sorption sites, i.e., to micropores (or microzones). The
biporous structure can be observed in many kinds of
sorbents. For example, in the pellet composed of the
zeolite crystallites bound by an inert material, zeolite
crystallites are microzones and the space between them
form the transport system of pores.> In the case of
composite polymer materials, the dispersed phase plays
the role of sorbing microporous zones, and the matrix
itself acts as the transport system.5

Let us consider the mass transfer of the probe intro-
duced into the carrier gas flow in a chromatographic
column with a biporous packing. It is determined by the
transport through the sorbent pellets and the transfer in
the voids between the pellets.

The diffusion and sorption process in the pellet of
the biporous packing is described by the following sys-
tem of equationsS—3:

[
dafot = — —(r"Dga/or), 0 < r< r, 3
rvar

{3
e,00/81 + £2C,/at = RI 3R (DR%2C/0R), (2)

where a is the concentration of the sample in microporous
regions (zones); v is the index relating to the shape of
the microporous region (v = 0 is the plate, 1 is the
cylinder, and 2 is the sphere); D, is the diffusion coeffi-
cient in the microporous zone; ry is the pore radius in
the microporous zone; r is the current coordinate in the
microporous pellet (zone); C is the concentration of an

Fig. 1. Schematic view of the surface-layer of biporous packing
pellet: @, microporous zone with pores with radii r;; b. radius
of the impermeable pellet core; R, pellet radius.
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admixture in the system of transport pores; D, is the
diffusion coefficient in the transport porous system; R is
the current coordinate in the sorbent pellet; g, = V/V
and ¢, = V,/V are the volume fractions of the transport
porous system and microporous zoues, respectively; ¥,
V., and V are the volumes of the transport porous
system, microporous zones, and pellet, respectively;
Ry is the size of the sorbent pellet.

Equation (2) describes the transfer in transport pores
of the spherical pellet, and Eq. (1) describes the sorption
kinetics in the microporous zone. Assume that no sorbed
molecule is present in the pellet in the initial moment,
and the sorption is described by Henry’s isotherm and
occurs in microporous zones with v = 2 and on the
surface of transport pores. Then the initial and boundary
conditions take the form

C{r,R0) = 0; (R%BC/aR) g=q = O;

G(r, R0 = KLC(nh), (3)

a(z.r,R0) = 0; (aa/ar)m,0 =0
a(z,r, R0 = k, Gz R,0), )

where K, and &, are Henry's constants for adsorption on
the walls of transport pores and microporous zones; and
C(r,t) is the concentration of an admixture between the
adsorbent pellets.

The mass transfer of an admixture in the chromato-
graphic column is described by the equation

(1 — £)(8Q/3p + e(6C/31) + ev(9C/d2) =

L

- 8 ,,0C
= D@ C/ot) + D5

or

)]

where ¢ is the porosity of packing in the column; Dy is
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Fig. 2. Dependences of HETP (H/2R, = ) and retention time
on the porous layer thickness (8): J and /', surface-layer
biporous packing; 2 and 2°, volume biporous packing (b = R).

the molecular diffusion coefficient of the gas in the
column; Cis the concentration of the gas in the column;
D, is the longitudinal diffusion coefficient of an admix-
ture in the column; and Q = 3alDl(aC[/6R)R=,§O/(RO).
The corresponding boundary and initial conditions have
the form

Clz.1,0) = (go/ MB(D(H. Cltwt) = 0; 8C/oz)4,= 0, (6)

where gq is the amount of the sorbate introduced into
the column; &(») and 8(g) are Dirac delta-functions; and
W is the probe volume.

To determine the main parameters of gas chromato-
graphic separation, let us apply the Laplace transform to
the system of Egs. (1)—(6). Then multiply the equations
obtained by rz" and integrate with respect to dr and dz.
As a result, we obtain the system of recurrent equations®

SO(N(S) = VA1 () = Dpa(rn = Dijinmp(s) + mg,  (7)

where ¢(s) = [I + (1 = &)/e3(Bcthp — D],
B = [tpsw(s)]/% wls) = (1 + kth fo,s / Joos ); 1p = RY/D,
and 1, = ry¥/ D, are the characteristic times of diffusion
in the transport porous system and microporous zone in
the spherical form (v = 2); k = gk,/g; ﬁ,,(s) =
je~stu(r,)dt; s is the Laplace parameter; and p,(f) =
{1C(r,z,Hrr"dzdr is the nth moment of the chromato-
graphic peak.

From Eq. (7) we abtain the explicit expressions for
the first three moments (r = 0, 1, and 2) at high 7 (s —
0). For this purpose, assuming » = 0, 1, and 2 in Eq. (7),
we perform asymptotic expansions with respect to 5 of
the given equations and apply to them the inverse
Laplace transform. As a resuit, we obtain

pe = mp/(t + 1) My = /g = o/(1 + D)t + 24}, (8)

Mz = }Lz/po = 02/(1 + [‘)2(12 + GAY}, (9)

where A = tg(1 + £)MRx)/15 + [kt /1510 — x3; T = [(1
— g)/elk-(1 — 23, x = b/R; b is the radius of the
impermeable core of the surface-layer biporous sorbent;
k= (g 5, k) = &l + k); k =goho/e; ) = (1 — 5x¢°
+ 9x3 — 5x%). From where we find that at greater times

tg = L(1 + /v, (10)

H=2D/v+ 2v(1 — e)g/le(l + [)2]x
x{[tp(l + k)2/30} - fix) + [kz/15)(1 — &), (1D)

where fp is the retention time; I is the distribution
coefficient; H = o%/L is the height equivalent to the
theoretical plate (HETP); 62 = (12/1p = 1,2/nd); o is
the dispersion of the chromatographic peak; and L is the
column length.

Let us analyze the effect of the porous layer thick-
ness on the parameters obtained. It can be easily shown
that g, and ¢, are related by the correlation

g +e, =1 = (12)
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Fig. 3. Dependences of HETP (H/2R; = h) and retention time
on the flow rate of the carrer gas {v): J and I’, surtace-layer
biporous packing; Zand 27, volume biporous packing (6 = R;).

It follows from Eq. (12) that ¢, and g, depend on the
porous layer thickness. Let us introduce new quantities
of porosity of transport pores and microporous zones,
which are independent of the pellet core size: g, =
Vv~ Vy)and ¢, = V,/(V~ V,) (V, is the volume of
the peliet core). Evidently, the following correlations are
valid:

Gt e,=Lg =gl —x0); e, =gl — x3). (13)

ki

The results of analysis of the effect of the surface layer
thickness on the retention time and HETP are presented
in Fig. 2. As seen in Fig. 2, this parameter affects
substantially 15 and HETP. As Ry — b increases, the fg
and HETP values decrease. It follows from Fig. 3 that the
optimum HETP value for the surface-layer sorbent is
lower than that for the bulk (without an impermeable
core) biporous sorbent, and it is achieved at a higher
value of the flow rate of the carrier gas. Consequently,
chromatographic analysis on this sorbent can be accom-
plished with a higher efficiency, i.e., with a lower reten-
tion time and at a higher selectivity. The behavior of
these parameters (7p and H) are qualitatively confirmed
by the experimental data presented previously.1®

It is of interest that the use of the biporous sorbent
makes it possible to apply two possible methods of
chromatographic analysis. In conventionall® gas-solid
chromatography, macroporous sorbents are usually used;
they have an insignificant fraction of microporous zones
and are pre-modified by solvents, which efficiently sorb
gases, thus increasing the K value. However, these col-
umns lose their efficiency with time, because liquid
sorbents are gradually removed with a carrier gas. As the
analysis of the equations obtained shows, the use of the
biporous sorbent in the case where 1, ~ t, does not
involve modification of the surface of transport pores,
since microporous zones themselves (for example, fine
zeolite crystals) act as sorbing sities.
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