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ABOUT SOME POSITIVE ASPECTS OF APPLICATION
OF POLYMERS AS THE SURFACE LAYER SORBENTS
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Hocnioxnceno xpomamozpaghiuni  eracmueocmi noniMepHux mamepianie
Y eapianmi noeepxneso-waposux copbenmis. [loeedeno, wo eidcomox nanecenus
noniMepHo20 aocopbenmy (aKmueHo20 azeNma) Ha meepoull HoCil, a MaKoxc Ho-
20 OUCNEPCHICMb MAIOMb 3HAYHU 6NAUE HA XAPAKMEDP XPoMamozpagiunozo npo-
yecy.

Modenvni cucmemu cxradanucs i3 cymiuie apomMamuyHux 6yzne6ooHie i 0o-
Hoamomuux cnupmis. /{1 nokpawenns npoyecy xpomamozpaghiunozo ponodiny
nidibpano onmumanbHi YMoGU NPU2OMYEAHHA NOGEPXHEEO-UAPOBUX COPOeHmis.

" Busnaueno nepeeazu xpomamozpagiunux KonOHOK, 3anNOGHEHUX NOGEPXHEEO-
waposumu copbenmamu NOPIEHAHO 3 KONOHKAMU, 3ANOGHEHUMU YUCMUM QKMUG-
HUM azeHmom (nonimepom).

Hceneoosanwr xpomamozpaghuueckue ce0tcmea NOMUMEDHBIX MAMepuanos
a Bapuaume n'Oﬂ’t’erﬂ( MHO-C. -'IOHHHY (’()PU(’HHH)F II'IM{J’J‘{JH” umao "rnn!u KM MY
CeHUA NONUMEPHO20 aocopbenma (akmusHozo azenma) Ha meepduu HOocumens, a
MaKxce €20 OUCNePCHOCMb OKA3LIEAIOM 3HAYUMENbHOe GIUAHUE HA Xapaxkmep
xpomamozpaguieckozo npoyecca.

" Modenvnvie cucmemsl CoCmMOANU U3 cMeceil apoMamuYecKux yane6o00podos

u 0oHoamomuuix cnupmoe. J{na ynywwenus npoyecca xpomamozpaguyeckozo
pazoenenus nodobpansl ONMUMAnbHble YCI0GUA RPUZOMOGNEHUA NOBEPXHOCTIHO-
COuNbIX COpbeHmos.

Yemanoenenvt  npeumywyecmea xpomamozpaguyeckux KoroHox, 3anonven-
HBIX NOBEPXHOCMHO-CIOUHBIMU COPOEHMAaMU, NO CPABHEHUIO C KONOHKAMU, 3ano-
HEHHBIMU YUCTMBIM AKIMUSHHIM A2E€HMOoM (NOTUMEPOM).

Introduction

Surface layer sorbents developed and suggested first in 1959-62 [1, 2] were
applied in gas chromatographic analysis by K. Bombaugh for separation of air
[3]. The studies showed that application of surface layer sorbents containing
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28 % finely ground zeolite 5A on the solid support "Chromosorb" increases the
chromatographic columns efficiency six-fold and decreases to a great extent time
of analysis compared with the columns with volumetric filling.

In the practice of gas chromatography of the last years the variant of column
packing with surface-layer sorbents has been applied, that is, at this packing the
active agent (adsorbent) is homogeneously distributed only on the external sur-
face of solid support [4].

In our relatively earlier works [5, 6] on the example of synthetic zeolites used
as the surface-layer sorbents, marked advantage of this method of column packing
was shown compared with the columns, packed with the pure active agent (zeo-
lite).

Polymer porous sorbents are mainly used for chromatographic separation of
organic compounds (glycols, alcohols, amines, lower fatty acids etc [7, 8]). In the
principle at the application of these adsorbents the volumetric packing of chro-
matographic columns are performed.

The results of the paper published by us earlier [9] proved that introduction
of dust of polymer adsorbents into the pores of solid support exerts positive effect
on the process of chromatographic separation. Although in that work the role of
dispersity (particle size) of polymer material and its percentage composition in the
column packing on the character of chromatographic separation was not consid-
ered.

The goal of the present study is:

1) to establish the necessary amount of active agent (polymer) and its disper-
sion to achieve more efficient process of separation;

2) to carry out comparative analysis for determining a number of parameters
(retention time, asymmetry coefficient, separation criteria, time of analysis,
chromatographic column efficiency) for columns packed according to the variants
of surface-layer and volumetric (ordinary) filling.

Experimental

The porous polymers Chromosorb 103 (cross polystyrol) of Johns Manville
Corp, USA and Polysorb-1 (copolymer of styrol and divinyl benzene) of former
USSR were used in the present work.

The solid supports, characterized by highest retention capacity of the active
agent in the macropores were used. These were: Chromosorb W (USA), Celite
545 (USA) and Chromaton NAW DMCS (Czech. Rep.) [6]. Porous polymers,
prior to their packing on the solid support, were crushed in ball-mill to the powder
state and definite fractions were selected. As shown in the previous work [6] the
best separation was observed at the application of finest fractions (high grade of
dispersion) of the active agent. In our experiments we used just two fractions of
the following dispersity: 5-10 pm and 10-20 um. Dispersion of particles of active
agent was defined by means of microscope, equipped with special gauge scale.



+ Application of active agent (fine dispersion polymer) on the solid support was
performed by mechanical shaking in the cylinder form vessel for definite time, later
the surplus of polymer and solid carrier was separated from the main adsorbent.
Particle size of solid support was 0,16-0,20 mm. Amount of the active sorbent over
solid support was determined by the method of weighing. Surface-layer adsorbents
obtained in such a way were dried to the constant weight, placed in chroma-
tographic column and conditioned at 150 °C in the current of gas-carrier. Granula-
tion of the sorbent-polymer was similar to that of the solid support.

_ The following parameters were calculated for comparative evaluation of the
obtained experimental data:

t.—Retention time of definite components, s;

K, — Coefficient of peak asymmetry [6];

K, — Time characteristics for the criteria of separation of binary mixture;

K, = K/t,", the specific characteristic — the ratio of the separation factor (K)
to the mean retention time (") for the neighboring peaks.

This formula is most convenient for estimation of separative power of sur-
face-layer and volumetric sorbents at the similar length chromatographic columns
[9,°10].

For the comparison of efficiency of the columns packed with surface-layer
and volumetric sorbents, we used the formula N/t, — efficient number of theoreti-
cal plates per of the retention time of peak of suitable components. This charac-
teristic enabled us to compare the work of columns packed with different type
sorbents [9, 10]. Number of theoretical plates was determined according to the
formula:

N = S,SSQ,
) Mos
where |- is a distance on chart paper (mm) corresponding to time of exit of
maximum peak of the component;
1 o,s — width of peak on the half of its height.

Chromatographic studies were performed in isothermal regime on the chro-
matograph LKhM 8MD, with a detector of thermal conductivity. Length of the
column — 1 m, internal diameter — 3 mm; gas-carrier — He; consumption —
50—100 ml/min. Model systems:

. 1) mixture of aromatic hydrocarbons: benzene—toluene—ethylbenzene—
—cumene—pseudocumene;

2) mixture of monoatomic alcohols: methanol-ethanol-propanol-butanol-

pentanol-hexanol-heptanol—octanol.

Results and Discussion

As is seen from the previous paper [6] among the solid supports studied by
us Chromosorb-W, Celite 545 and Chromaton NAW-DMCS showed the highest
retention capacity to the active agent. Therefore in the present paper we studied



the retention capacity of the polymer sorbents in relation to the above stated solid
supports.

The data given in Table 1 show that quantity and axtent of retained of the ac-
tive agent (polymers) depends not only on the nature of a solid support, but on
dispersity of the adsorbent, which enables it to penetrate into macro pores of the
solid support. The data of the table show that Chromosorb-103 and Polysorb-1
with the particle sizes within the range 5-10 pm penetrate into the pores of solid
suport at 2 % more than the same sorbents of the fraction 10-20 um. The greatest
amount of active agent might be applied on the solid support Chromosorb-W, and
therefore the present experiment was performed on this solid support. On the
other hand, we showed that degree of dispersion of the active agent, zeolite taken
as the example, affects the efficiency of chromatographic column [6]. Such ex-
periment was carried out also with the polymer adsorbents. Polymer dust particles
of different dispersity, in the same amounts were applied on solid support.

Table 1
Amount of polymer sorbent (in wt %) * retained on the surface of solid support

s s o |
S Toeofaane |
Type area agent agent, 3 6 9 12 18
(BET), um
m?/g
Chromo- 1,25 | Chromosorb-103 5-10 11,20 | 20,14 2430 | 32,10 | 3240
(Sfjré’ AV;’ Chromosorb-103 | 10-20 | 9,80 | 1825 | 23,50 | 3080 | 31,10
Polysorb-1 5-10 | 1020 | 1980 | 2380 | 28,10 | 2835
Polysorb-1 1020 | 845| 1790 | 2230 | 2720 | 27.50
Celite 1,55 | Chromosorb-103 5-10 10,80 18,25 23,10 30,20 31,00
{58; ) Chromosorb-103 1020 | 890 | 1710 | 2220 | 2810 | 2830
Polysorb-1 5-10 | 9,10 | 17,00 | 2200 | 27,00 | 27.50
Polysorb-1 1020 | 825| 16,10 | 21.65| 26,10 | 2680
Chro- 1,00 | Chromosorb-103 5-10 9,80 13,80 14,80 16.50 16,80
] Chromosorb-103 | 10-20 | 9,10 | 12,10 | 1430 | 1570 | 16,10
DMCS Polysorb-1 5-10 | 850 | 1280 | 1315| 1550 | 16,00
:f;;f;"' Polysorb-1 1020 | 830 1170 | 1285 | 1500 | 1570

Note: The values correspond to the [(active agent) / support] « 100

Chromatography on such surface-layer sorbents of binary mixtures consist-
ing of various organic compounds showed that decrease of dispersity of the active
agent favors improvement of separation of the above stated mixtures (Table 2).




Table 2

Coefficients of separation of some binary mixtures (K4,") on Polyosorb-1 and
Chromosorb-103 of different dispersity, applied in the same amount on solid support ,

Chromosorb- W. Column temperature — 160 °C.

Polysorb-1, Chromosorb-W,
content ~27 % content ~30 %
Binary on solid support, % Binary on solid support, %
mixture Dispersity, pm mixture Dispersity, pm
10-20 5-10 10-20 5-10
Methanol—ethanol 1,32 1,43 Benzene-toluene 0,81 0,90
Ethanol-propanol 1,92 2,12 Toluene-cthyl- 0,59 0,68
benzene
Propanol-butanol Ethylbenzene—
1,75 1.81 e o 0,29 0,36
Butanol- pentanol 1.91 2.10 Cumene-pseudo- 0.30 0.35
cumene
Table 3

Retention times (tg, s) and coefficients of asymmetry* of some compounds on Chro-
mosorb-103 atf volumetric and surface-layer filling of columns, solid support — Chro-
mosorb-W. Granulation of Chromosorb-103 — 5-10 pum;

chromatographic column temperature — 160 °C

Volumetric Surface-layer sorbent
Sorbate filling of Contents of active agent, %

the column 11,20 20,14 24,30 32,10 32,40
Benzene 242 (1,53) 30 (1,00) 48 (1,00) 52 (1,00) 100 (1,03) | 105 (1,04)
Toluene 453 (2,29) 32 (1,00) 30 (1,00) 70 (1,00) 158 (1,10) | 160(1,5)
Ethyl benzene | 642 (2,81) 38 (1,00) 70(1,00) [ 100(1,00) | 240(1,12) | 245(1,2)
Cumene 902 (3,10) 50 (1,00) 100 (1,00) 130 (1,00) 323 (1,13) | 330(1.4)
Pseudocumene | 1370 (3,25) 60 (1,00) 120 (1,00) 170 (1,00) 482 (1,20) 4_‘92 (1.4)
Methanol 60(1,3) 5(1,00) 8 (1,00) 10 (1,00) 20(1,0) 22 (1,0)
Ethanol 91(1.4) 8 (1,00) 10 (1,00) 21 (1,00) 41 (1,1) 43 (1,1)
Propanol 144 (1,67) 15 (1,00) 30 (1,00) 70 (1,00) 100 (1,1) | 105 (1,1)
Butanol 381 (1,7) 20 (1,00) 50 (1,00) 90 (1,00) 150(1,2) | 155(1,2)
Pentanol 560 (1,9) 30(1,00) 70 (1,00) 120 (1,00) 180(1,2) | 187(1.3)
Hexanol 720(1,9) 45 (1,00) 90 (1,00) 131 (1,00) 241(1,3) | 250(1,3)
Heptanol 980 (2,1) 55 (1,00) 111 (1,00) 140 (1,00) 321 (1L,3) | 330(L3)
Octanol 1380 (2,7) 75 (1,00) 120 (1,00) 150 (1,00) 328 (1,3) | 330(L3)

Note:  Coefficients of asymmetry of corresponding compounds are given in brackets.

8




Table 4

Retention times (tg, 5) and coefficients of asymmetry* of some compounds
on Polysorb-1 at volumetric and surface-layer filling of columns,

solid support — Chromosorb-W. Granulation of Polysorb-1 — 5-10 ym;
chromatographic column temperature — 160 °C

Volumetric Surface-layer sorbent
Sorbate filling of Contents of active agent, %

the column 10,20 19,80 23,80 28,10 28,35
Benzene 541 (1,80) 400 (1,00) 670 (1,00) | 168 (1,0) 170 (1,1) 175 (1,1)
Toluene 751 (2,16) 30 (1,00) 78 (1,00) | 220(1,0) 240 (1,1) 240 (1,1)
Ethyl benzenc| 881 (3,51) | 35(1,00) | 110(1,00) | 300(1,0) | 300(1,0) | 310(LD)
Cumene 1180 (2,61) 45 (1,00) 128 (1,00) | 410(1,1) 420 (1,1) | 435(1,15)
Pseudocumeng 1678 (2,81) 70 (1,00) 141 (1,00) | 515(1,1) 538 (1,1) 545 (1,15)
Methanol 200 (1,5) 15 (1,00) 20 (1,00) 58 (1,0) 60 (1,0) 65 (1,0)
Ethanol 251 (1,7) 20 (1,00) 32 (1,00) 80 (1,0) 80 (1,0) 82 (1,0)
Propanol 300 (1,7) 28 (1,00) 50 (1,00) | 100 (1,0) 145 (1,0) 150 (1,1)
Butanol 410 (‘1,8) 40 (1,00) 65(1,00) | 130(1,0) 175 (1,0) 185 (1,1)
Pentanol 630 (2,0) 50 (1,00) 101 (1,00) | 202 (1,0) 210(1,1) 218 (1,1)
Hexanol 830 (2,1) 61 (1,00) 130 (1,00) | 270(1,1) 280 (1,1) 290 (1,1)
Heptanol 1110 (2,1) 72 (1,00) 145 (1,00) | 395(1,1) 410 (1,1) 425 (1,1)
Octanol 1500 (2.6) 83 (1,00) 161 (1,00) | 471 (1,1) 480 (1,1) 495 (1,2)

Note: Coefficients of asymmetry of corresponding compounds are given in brackets.

Table 5

Coefficients of separatiom (KA,") of some binary mixtures on the Chromosorb-103
in the variant of volumetric and surface-layer packing of columns, solid support —

Chromosorb-W. Granulation of Chromosorb-103 — 5-10 um,

column temperature — 160 °C

Volumetric Surface - layer sorbent
Binary mixture filling of the Contents of active agent, %
; column 11,20 20,14 24,30 32,10 34,40
Benzene—Toluene 0,6 0,05 0,28 0,71 1,10 1,15
Toluene-Ethylbenzene 0,3 0,07 0,15 0,40 0,71 0,73
Ethylbenzene—cumene 0,2 0,04 0,20 0,31 0,40 0,41
Cumene—pseudocumene 0,2 0,02 0,14 0,28 0,40 0,42




Table 6

Coefficients of separatiom (K/,") of some binary mixtures on the Polysorb-1
in the variant of volumetric and surface-layer filling of columns, solid support —
Chromosorb-W. Granulation of Polysorb-1 — 5-10 um, column temperature — 160 °C

L Surface - layer sorbent
Binary mixture ;ﬁiﬁ?ﬁ; Contents of active agent, %

column 10,20 1980 | 2380 | 2810 | 2835
Methanol - ethanol 1,01 0,05 0,20 1,52 1,50 1,52
Ethanol - propanol 1,51 0,10 0,25 2,31 2,20 2,30
Propanol - butanol 1,60 0,10 0,18 1,70 1,86 1,88
Butanol - pentanol 1,60 0,10 0,17 2,00 2,20 2,30
Pentanol - hexanol 1,73 0,15 0,20 2,10 2,23 2,85
Hexanol - heptanol 1,70 0,15 0,20 2,30 2,51 2,80
Heptanol - octanol 1,68 0,20 0,95 2,22 2,42 2,50

Table 7

Specific characteristics (N/1,) efficiency of chromatographic columns packed with
volumetric and surface-layer sorbents, column temperature — 160 °C

Chromosorb-103
Surface-layer sorbent
Sorbent Volumetric Contents of active agent, %
sorbent

24,40 32,10 33,40
Benzene 1020 920 1370 1350
Toluene 640 600 950 930
Ethyl benzene 320 280 650 625
Cumene 300 220 610 595
Pseudocumene 260 180 410 400
Methanol 284 250 648 630
Ethanol 322 307 756 740
Propanol 225 240 680 650
Butanol 248 230 710 690
Pentanol 250 210 770 750
Hexanol 238 200 800 780
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Table 7 (finishing)

Chromosorb-103
Surface-layer sorbent
Sorbent Volumetric Contents of active agent, %
sorbent

23,8 28,10 28,35
Benzene 1240 1 780 1 850 1 800
Toluene 780 1 100 1200 1250
Ethyl benzene 420 950 980 920
Cumene 400 900 960 910
Pseudocumene 380 850 910 875
Methanol 480 1 100 1130 990
Ethanol 421 998 1181 1151
Propanol 380 830 870 895
Butanol 400 981 1021 995
Pentanol 350 810 861 840
Hexanol 368 830 890 860

Apparently it is connected more with the homogeneous distribution of poly-
mer adsorbents on the surface of solid support.

Therefore our further experiments were carried out on the polymer adsorb-
ents of lower dispersity 5—-10 pm.

Limitations of application of gas-adsorption chromatography in volumetric
packing is conditioned by the fact that most of adsorbents are characterized by
nonlinear adsorption isotherm towards the adsorbed components, which in its turn
leads to appearance of asymmetric peaks on the chromatogram thus greatly dete-
riorating the process of separation. Application of surface—layer adsorbents in gas
chromatography enables us to remove this flaw [4].

To reach the optimal regime of separation in the variants of surface-layer
filling of chromatographic columns great significance is attributed to the selection
of amount of the active agent applied on the solid support, that is to achieve the
retention of different degree of the components of the separated mixture
and alongside with jt, to keep symmetry of separation curves.

As is seen from the Table 3, the retention ability of surface-layer sorbents
is exposed in the presence of Chromosorb-103 in the amount of 30-32 %, while
retention time decreases approximately 2,5-3 times compared with the volumetric
filling of columns, but simultaneously the peaks on the chromatogram are practi-
cally symmetrical for all components of the model mixture.

It should also be stated that Chromosorb-103 is characterized by higher re-
tention ability to aromatic compounds (possessing n—link) than to alcohols.
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Retention capacity of Polysorb-1 (Table 4) with respect to the compounds
subjected to chromatography is rather well exposed for a large range of amount
of active agents, applied on solid support in 24 to 28 % by obtaining more symmet-
ric peaks on the chromatogram. Elution time of some compounds on the columns,
filled with surface—layer sorbents and in the case of Chromosorb-103 too, is de-
creased two-three times compared with the volumetric filling of the column.
At this moment Polysorb-1 shows higher retention ability to alcohols than Chromo-
sorb-103. Apparently it is conditioned by the presence of more narrow pores
of Polysorb-1 compared to those of Chromosorb-103, and correspondingly by the
longer diffusion of straight-chain molecules of alcohols in the pores of Polysorb-1.

Although the real improvement of separation is explained not by the differ-
ence in retention time of separate components of a mixture, but by the coefficient
of separation of separate binary mixtures, which are one of the major characteris-
tics determining the expediency of application of various sorbents (in this case of
surface-layer ones) in gas chromatography.

To evaluate the separative power of polymer adsorbents in the variant of sur-
face—layer sorbents in the present experiment, we used K/t", characteristics
of the value of separation criteria. (Tables 5 and 6).

As seen from the data given in Table 5, separation of vapors of aromatic hy-
drocarbons is better realized on the surface-layer sorbent with Chromosorb-103
32,1-32.4 %, and this index is approximately twice higher than for the same pair
of hydrocarbons on the columns, filled with volumetric sorbent.

For mixtures of straight-chain alcohols on Polysorb-1,with the active agent
within 24-28 %, these coefficients 1,2—1,5 times exceede the coefficients of sepa-
ration of corresponding pair on sorbents of volumetric filling. At the lower con-
tent of active agent on the solid support the separation power sharply decreases
(Table 6).

The obtained data correspond to the efficiency of chromatographic columns
determined for some components of the separated mixtures, namely for those sur-
face-layer sorbents, where the best separation of mixtures was achieved. The
greatest efficiency of chromatographic columns was determined for columns with
surface layer sorbents, which in some cases is 2-2.5 times high than the efficiency
of columns with volumetric sorbents (Table 7).

All positive characteristics of surface-layer sorbents, shown on the example
of application of polymer adsorbents, should be connected with the fact that sorp-
tion-separation processes in such variants of column filling proceed only in the
surface layer of small depth, that equals to the thickness of the layer of active
sorbent (agent), somewhat of an analogue of stationary liquid in gas-liquid chro-
matography.

Resistance to the mass transfer for such type of filling, compared to the
volumetric filling — decreases, since the length of ways of diffusion into the depth
of particles of active agent decreases. Hence time of diffusion determined by the
depth penetration of fine dispersity particles of adsorbent into macro pores of
solid support decreases too.
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The obtained results show also that application of surface-layer sorbents
in gas-chromatography enable to decrease significantly the time of analyses com-
pared to the duration of analyses on the columns packed with volumetric sorbents.

Conclusion

Thus, application of polymer adsorbents as the active agents in the variant
of surface-layer packing of chromatographic columns is characterized with
a number of advantages, compared with the volumetric sorbents, and namely: de-
crease of time of analysis, higher separative power, more symmetric curves of
separation, possibility of carrying the analyses at lower temperature of heating of
chromatographic columns.

All the above stated enables us to recommend the surface-layer sorbents for
their wide application in the practice of chromatographic analysis.
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