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SUMMARY 

The changes in geometric and crystallographic structures of Polish diatom- 
aceous supports and Chromosorb P after washin, 0 with hydrogen chloride gas at 
elevated temperatures in connection with chemical composition changes were ex- 

amined_ The results of X-ray diffraction spectroscopy and microanalysis together 
with scanning electron microscopic and transmission ekctron microscopic investiga- 
tions are presented. 

INTRODUCTION 

The most important properties of gas chromatograaphic supports are adsorp- 
tivity and catalytic properties as well as chemical purity and homogeneity of the 
surface, all of which determine the ability of the support to achieve uniform coverage 
with liquid stationary phase with low mass transfer and good selectivity. 

In practice, ideal diatomaceous supports do not exist and much research has 
been carried out to improve their chromatographic performance. The presence on the 
surface of supports of metals such as aluminium, iron and titanium as well as their 
oxides causes adsorptive and catalytic activity_ In an earlier paper’ we concluded that 
the percentage of the metals removed from the supports is highly dependent on the 
chemical form of the metal, e-g. o-tide, silicate or halide. This depends on the origin of 
the deposits from which the raw material for the supports comes, as well as on the 
mineralogical form of that material. Therefore, it was interesting to determine how 
the mineralogical form of a support influences its cleaning-up~ability using the gas- 
phase method described by Aue ef af.’ and how this procedure influences the geomet- 
ric and crystallographic structure of the supports. Both these effects are clearly visible 
after bonding of Carbow~-c 20M and checking of the chromatographic properties of 
the support-bonded phase, described in the previous paper’_ 
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ESPERI\!EST.AL 

Polish diatomitc supports of the type Polsorb B and C’ (Pet-media. Lublin, 
Poland) and Chromosor b P (Johns-Manville, DenLer. CO. L.S.A.) were employed. 

To exrluate the surface propzrtiss of the supports the following methods \\eere 
used: S-ray dit:iaction sp2ctroscopy-_ microanalysis_ scanning electron microscopy 
(SE>I) and transmission electron microscopy (TEM). 

A Dron-l ditTractomst2r_ a JEOL JXA-5-CXfD microprobe_ ;! Cambridge SI- 
10 scanning electron microscope and a JEM 100 B transmission elsctron microscops 
Lvere employed_ 

Samples for S-ray microanalysis \\ere prepared using the follo~~ing procedure_ 
The support grains. submerssd in epoxy resin, Lvere polished \iith diamond po\\der 
and coLered with a gold laysr in a vacuum. SingIe grains \vere esamined for their 
homogenrous surfacr parts as ~211 as parts N ith various intrusions_ Linear and facial 
distributions of elements such as aluminium. titanium. iron and silicon \vere recorded 
usin? a photographic method. 

Changes in the shape of the support grains were studied using SE&l (ZOO x 
magification); the primar\- and secondan_ structure was observed using 1000 x 
mapnification3_ A relati\el? small magnification for surfxe research was used o\\-ing 
to the fact that spongs-like diatoms are particular?_ dilhcult subjects for SEM studies. 

These difficulties are connected with electrification of the electron beam exen 
after coverins the specimens \\-ith an insularin, u layer. To diminish this effect satur- 
ation ofthe sur%ce Lvith osmium tetraoside and coLering with carbon and gold layers 
\vas usxi. The Pt-C direct replica method using TEXI \vas employed \vhiIe studying 
the secondaT and tertiary structure of the diatom at magnilication 70.000 x _ After a 
fi\e-fo!d photographic blolv-up, the final magnification was 350.000 x _ 

RESULTS _&SD DISCUSSIOS 

The X-ray microanalyssr (rkctron microporob2) gis2s information about each 
chosen area of the specimen_ while X-ray diffraction makes confirmation of the pr2s- 
ence of particular crystaliographic phases possible. and X-ray slxctroscopy describes 
hew these c~stallographic phases are located in the single grain. It is also possible to 
determine the composition and size of the crystais. 

Both methods yieId useful information and supplement each other. We have 
found that in Polsorb C, silica is present in the form of r-quartz. after gas washing 
more than half of which is converted into z-crystobalite- In the case of Polsorb B and 
Chromoscrb P \ve have found two forms of silica. z-crystobalite and a-quartz_ Wash- 
ing with hydros2n chloride gas did not give any changes in this case. 

Amorphous silica. present in the diatom. chanses partially into cr-crystobalite 
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Fig. 1. Surface of commercial Polsorb C. large crystalline form of silica: topolo$zal picture (415 x ). 

Fig. 7. As Fig. 1: facial distribution of silica. 

(lo\v-temperature form. lSO-270-C) or into r-quartz (57%S70-C) in the production 
process of commercial supports. As a result of our investigations it may be concluded 
that commercial as well as gas-washed supports consist of silica in both amorphous 
and crystalline forms. These t\vo forms show different surface properties. The critical 
surface tension of the two forms traditionally coated by a liquid stationary phase may 
be different and may aiso influence the support bonding process due to a different 
distribution of OH groups on the surface. Pink supports such as Chromosorb P and 
Polsorb C, compared with white supports. contain more crystalline forms of silica. 
aluminosilicates. iron and titanium compounds as well as having larger crystals. The 

Fig 3. Surface of commercial Polsorb B. small crq;stalline form of silka: tofdogid picture (413 x )- 
Fig 4. -4s Fig. 3: linear distribution. 



I-?$. 7. Distribution of alumina in supports after gas \\ashing: fki;lf distribution. 

E’ip. S. As Fig. 7: 1inc.x dia-ibukx. 
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I-ig. 9. DisIribution of iron and titanium: topological picture (115 x 1. 

Fig. 10. As Fis. 9: ia&1 distribution of Ti. 

ditticulties in rorno\ ing the Polsorb C alumina comp:wd i\ ith Chromosorh I’ and 
I’olsorb 13. 

Elemental analyses arr‘ listed in Table I from ref. 1. from which it can be SCCII 
that ~a-\\ ashrd Polsorb C contains 6.61 ‘I(, 41. c’\ en more than commercial Polsorb B _ 
(5.5” ,, Xl). This rclati\ely high content in the g: Is-\i-ashed supports did not aIYect the 
bonding procedure of Carbo\\ax 2OM. unlike for commercial products such as Chro- 
mosorb P and Polsorb B and C. Commercial supports sho\v a higher contents 01 
alumina in crystalline intrusions (Figs. 5 and 6). 

Gas-\vashed supports generally she\\ a lo\\er alumina content (Fig. 71. Linear 
analysis of the concentration of this clement sho~cd ;I sharp peak only in places 

Fig. 11. As Fig. 9: facial distribution of Fe. 
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frig. 13. E~rcmaf ropolopy of commsrcid supports: ttxtcropores or s&dons of diatom (TE\l. SIOO x ). 

Fis 13. As Fig. f2r macropores creatrd by production process (SEX 5940 x ). 

Fig. 11. AS Fig. 12: ‘-tlat” surt%ce of support_ namely quartz (TEXI. 5940 x )_ 
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n here alumimt-silicate intrusions \\cre present ( Fig. S). This phenomenon clearI>- 
indicates that rem01 al of the aIuminium present in the supports as aluminosilicates is 
impossible u bile the other elements may be easily removed. Iron and titanium are 
present in commercial supports in crystalline forms (Fig. 9). e.g. rutile as a crystalline 
form of TiO, in Polsorb C. 

Figs. 10 and 11 shok\ an unequal distribution of iron and titanium. Such plases. 
as w 41 as aluminosilicate intrusions_ may disturb not only the bonding of C:trbo\\ ax 
20X1 but also. o\vins to their crvstallosraphic activity_ generally diminish the chroma- 
tographic performance of the support. After the gns+vashing procedure the iron and 
titanium content is lo\\-_ being undetectable e\en usins X-ray spectrometry. The gas- 
\\ ashed supports are thus silica ~1 ith small aluminosilicate intrusions. 

Xue and co-\vorket3+ ha\e stated that the chemical composition and the 
method of preparation of the supports play crucial roles in the bonding of the Car- 
boxva\ 2011 laker. Ho\\e\er it seems to be important to take into consideration tlx 
sternal topology of the support grains. The topology of the commerica! supports is 
sho\\n in Figs. I?- 1-l. It may be characterized by the presence in the diatom 
skeleton of micropores (Fig_ 12) and macropores created by the production process 
(Fig. 13)_ and ?lat” surfaces. namely quartz (Fig. Ia)_ 

Xfter gas-Leashing the surface appears different_ There is no diatom skeleton 
and the macropores and the surface ha\ e become fused and sponge-like (Figs. 15 and 
16). Xluminosilic;~tcs present on the surface are in macro-crlsttll forms (Fig. 17). 

Fi+ 15. Sponge-like surf&x of support after gas uashing (TEM 5910 x 1. 

Fip. 16. As Fig. 15. 
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Fig,. 97. hiacro-crystal forms of alu&iiosilicate on the surface of suppcrt after gas washing <SE&l, 5940 x )_ 

Even after gas-washing, the supports are chemically pure although their 5x- 
ternal topology is far from the ideal macroporous structure. Thus it can be concluded 
that the surface, after coating with a liquid stationary phase, representi a mean value 
for xhe structures of pifferent geometry and topology, with the additional itiuence of 
the spots with different chemical composition. It thus seems that the model assump- 
tions of Giddings’ and Sepine6 regarding distribution of the liquid stationary phase 
are of limited value, being applicable only to gas-washed and not commercial sup- 
ports. The phenomenon of statistkAy uneven coatings of the liquid stationary phase 
on the support grains. especially in the case of non-polar phases, may be of great 
importance. particularly with o&y low percentages of the stationary phase_ 
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