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NONTRADITIONAL METHOD OF CHEMICAL MODIFICATION
OF THE SURFACE OF POROUS SILICA

T. 0. KAMALYAN *
Chair of General Chemistry ANAU, Armenia

The main results obtained in the study of the possibility of low-temperature
chemical modification of porous silica, applying various nanodispersed substances
to their surface are given. It has been shown that the use of the chemical transport
reaction (CTR) H202/Zn0 for this purpose with the participation of H202 vapors at
room temperature makes it possible to apply a number of oxides, sulfides and
metal halides to the surface of various sorbents. An important advantage of the
proposed modification method is that changes in the original texture parameters of
the substrate are minimized. Using the example of modifying the behavior of highly
pure SiOz with zinc oxide, it was shown that the decomposition of gaseous intermediate
products of CTR H202/Zn0O occurs mainly in pores with a diameter of more than 6 nm.
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sorbents.

Introduction. The problems of chemical modification of the surfaces of
various sorbents with the purpose of giving their surfaces this or that desirable
property have recently been in the centre of attention of many researchers [1-4].
This is explained by the fact that the need for effective sorbents used in sorption,
chromatography, contact catalysis and other fields, where strict requirements are
set on the mentioned materials, has increased. First of all, it is a high sorption
selectivity and capacity, temperature and chemical stability, unwashability of the
modification layer, that is especially important when using these materials as
chromatographically stationary phases and also availability of modification process
and its controllability.

Among the sorbents used as initial substrates for obtaining surface-modified
materials, silicon dioxides of various genesis take a special standing. According to
some estimations, 60 to 80% publications on the chemical modification of surfaces
are devoted to sillicagels as materials, satisfying the indicated requirements to the
greatest degree [5].

It is known, that chemical modification of a surface, especially if it is carried
out with the replacement of surface silanol groups by various organic fragments,
results in essential changes in its texture parameters: specific surface, specific
volume of pores and pore size distribution, that is basically connected with a major
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change of the surface chemistry [6-8]. In addition, it is often difficult to track the
course of the modification and, therefore, to obtain repeatable effects at transition
from one batch of sorbents to another. That is why the search for new methods of
chemical modification of sorbents surfaces is a problem of current importance.

In the present work the results of investigations of the possibility of chemical
modification of the surface of special purity SiO, by zinc oxide with the help of
chemical transport reaction (CTR) with the involvement of H,O, vapours,
described in [9, 10] for the first time, and studies of the influence of modification
on the texture parameters of the initial sorbent are presented. The essence of this
CTR is that at contiguity of H.O, vapors with metal oxides, halogenides and sulfides,
gaseous complexes are formed, which transporting from one site of the system to
another and at contiguity with a solid contact decompose, forming the mother substance.

An important feature of this reaction is that it proceeds at room temperature,
and, no less important, it can be controlled by varying the rate of H.O, vapor
supply, and it is possible to regulate the degree of sorbent surface modification,
where the decomposition of the gaseous complex takes place by changing the
sorbent maintenance time.

Materials and Methods. Experiments were carried out in a low-pressure
flow setup providing gravimetric measurements during the course of the process.
The setup is depicted schematically in Fig. 1. The mixture of hidrogen peroxide
and water vapors (H202: H,O = 1 : 1) from ampoule 1 was passed under a pressure
of ~80 Pa through reactor 2 with a pellet of fine disperse powder of zinc oxide
99,999% pure (“Aldrich”). The ratio of the outer geometrical surface of the pellets
to the free volume of the reactor was equal to ~2 cm™. The gas flow from the
reactor was supplied to the gravimetric unit (a McBain balance) with silica gel
pellet 4 mounted on thin quartz helix 5 (sensitivity 0.55-10 g/cm). Silica gel pellets
(~0.1 g; 1x1x0.1 cm?) were prepared by pressing special purity SiO, under a pressure
of 1500 kg/cm?. The specific surface area of silica gel was equal to 240 m?g and
the specific pore volume was equal to 0.690 cm®/g.
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Fig. 1. Schematic representation of
true low-pressure flow setup:

1 — H202 vapor supply unit;

2 — reactor with a ZnO pellet;

3 — heater;

4 — silica gel pellet;

5 — quartz spring;

6 — ampoule with the adsorptive;
7 — oil-column manometer.

In the setup, provision was made for the regulation of pressure, flow rate,
and temperature of the reactor and SiO: pellet. The concentration of ZnO in the
flow was determined using an atomic absorption spectrometer AAS-30 as follows.
After 1 h of condensation of the gas flow at 77 K, the complex of ZnO with H2O;
(~10"° mol) was accumulated in amounts sufficient for its analysis. Then the
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condensate was heated to room temperature. Under these conditions the condensate
transformed into a liquid, and the complex decomposed ready to yield initial ZnO.
Since zinc oxide is poorly soluble in water, using a chemical reaction it was
transformed into a soluble salt, which was then analyzed. This was accomplished
as follows. A dilute hydrochloric acid aqueous solution of known concentration
was added to the receiving flask with the accumulated solution to a combined
volume of 3 mL. Accumulated ZnO reacted with HCI to yield ZnCl, readily
soluble in water. The amount of substance transported in the course of the
experiment was determined from the concentration of Zn in the obtained solution
measured using an AAS-30 spectrometer. Then, given the gas flow rate and the gas
pressure, the concentration of the complex in the gas flow was calculated.

Results and Discussion. The chemical transport of ZnO was carried out
under conditions required in modifying the silica gel surface with zinc oxide. The
contact time was equal to ~107 s, the vapor pressure of an equimolar mixture of hydro-
gen peroxide and water was equal to 80 Pa, the temperature of reactor was equal to
373 K, and s/V = 2 cm™L. In the steady-state chemical transport, the concentration of the
intermediate (substance carrier) in the gas mixture was equal to ~3-10% molecule/cm?,
and the transport rate was equal to 4-10'2 molecule/cm?-s. In this case, the amount
of substance transported with the gas flow for 1 h was as large as ~10~° mol. Under
these conditions, the gas flow containing the intermediate was passed over the
silica gel pellet. As a result, the silicagel surface was modified. The adsorption
properties of silica gel surface modified with zinc oxide were studied by measuring
adsorption isotherms of benzene. Benzene vapors from ampoule 6 were supplied at
a given pressure to the modified surface of SiO,. The adsorbed amount of benzene
on the SiO; pellet was determined using a McBain balance.
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Fig. 2. Isotherms of adsorptions of benzene:
1 1 — the initial SiO2 sample;
0 & ' ' ' ' ' 2 — the sample modified with gaseous

02 04 06 08 10 plps products of the CTR H202/ ZnO.

The adsorption of gaseous products of CTR H.0./ZnO with their subsequent
decomposition on the surface of SiO,, preliminarily thermovacuumated at 300°C
for 2 h, results in changes in the sorbent texture parameters to which the isotherms
of benzene adsorption testify (Fig. 2).

Thus, if on the first stages of modification (up to 20 h) the specific surface
(s) noticeably increases (up to 280 m?/g), later on it gradually decreases reaching
up to 240 m?/g after 40 h of modification (Fig. 3, a).

As can be seen in Fig. 3, b, the position of the maximum on the pores
distribution curve by sizes essentially shifts to the side of smaller sizes on the first
stages of modification, and then this change almost stops.
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Fig. 3. Dependence of specific surface area (1) and position of maximum in pore size distribution
curve by diameters d (2) from modification time of SiOz, CTR H202/Zn0O.

Fig. 4 shows the pores distribution curves by the sizes of initial and modified for
40 h SiO». From this it is evident that the processing of SiO; surface by gasous products
of CTR H20,/Zn0O results in a shift in the maximum of pores distribution by diameters
from 120 to 60 A. It is worth mentioning that a remarkable change in both the specific
surface and distribution of pores by sizes is observed in the first stages of modifica-
tion. Then these changes take place more smoothly, and further on they stop at all.
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Fig. 4. Pore size distribution curves for: the fact, that despite the circumstance

1 — the initial silica gel sample; that the increase in modification time

2 —the sample modified with zinc oxide. does not essentially affect the distri-

bution of pores by sizes, it results in a decrease in the specific surface, which is
probably a consequence of the subsequent “smoothing” of the surface.

Received 25.07.2019
Reviewed 20.02.2020
Accepted 10.04.2020

REFERENCES

1. Modification of Silica in Sorption, Catalysis and Chromatography (ed. by G.V. Lisichkin). M.
(1986), 248 p. (in Russian).



NONTRADITIONAL METHOD OF CHEMICAL MODIFICATION OF THE SURFACE... 37

2. Bardina ILA., Kovaleva N.V., Nikitin Yu.S. The Adsorbtion Properties of Initial and Modified
Silica Gels. Russ. J. Phis. Chem., 74 : 3 (2000), 421-425 (in Russian).

3. Nasuto R., Rozilo J.K., Mushegyan A.V., Kamalyan O.A., Grigoryan G.G. Silica Gel Modified
by Styrene a Pacing for Gas Chromatography. Chem. Anal., 39 (1994), 309-317.

4. Kamalyan O.A. Gas-Phase Cloranation of SiO2 Surface. The XXVII Symposium “Chromatographic
Methods of Investigating the Organic Compounds”. Poland, Katowice-Szczyrk (4-6.06.2003).

5. Chemistry of Grafted Surface Compounds (ed. G.V. Lisichkin). M. (2003), 592 p. (in Russian).

6. Kamalyan O.A., Mushegyan A.V., Grigoryan G.G. Adsorption of Styrene and Isobutylene on the
Surface of Silica Gels of Different Genesis. Abstracts of Papers VII Transcaucasian Conference
on Adsorption and Chromatography. Armenia, Yer. (26-28.11.1984) (in Russian).

7. Kamalyan O.A., Mushegyan A.V. IR Spectral and Gravimetric Studies of Vapour Phase
Modification of Silica Gel. Arm. Khim. zh., 42 : 4 (1986), 215-220 (in Russian).

8. Grigoryan G.L., Kamalyan T.O. et al. Modification of the Pore Surface of Silica Gel by the
Chemical Transport of Zinc Oxide. Russ. J. Phys. Chem. A., 79 : 10 (2005), 1695-1697.

9. Grigoryan G.L., Nalbandyan A.B. Radical Decomposition of Hydrogen Peroxide on Solid
Surfaces. Dokl. Akad. Nauk SSSR, 235 : 2 (1977), 381-383 (in Russian).

10. Grigoryan G.L. Chemical Transfer of Solid Compounds with Hydrogen Peroxide. Khim. Zh.
Armenii, 60 : 4 (2007), 636-647 (in Russian).

S. 0. LUUUL3UL

ouuNSuGL UhLhuULNAh UUUGLGUNR3Oh
LhUubhULUL SULUONLUTL N9 UJULAULUUL UGONY

Udthnthnid

Uhpuwjugywo Gl guwon 9tpdwumhdw(itpnid owlnunytl uhthjwhnnh
dwlytplnyphlG ny wjwlnuiwl dtpnngny wmwpptp Gmptph Guwinnphuytipu
hwdwlupqtph Gunbtigdwl hGwpuynpnipjuwl nmuniGuwuhpmpjnGitph wprynGp-
Gtpn: 8nyyg £ npjwo, np wyn Guuwumwyny H2O02-h gninpphGtph dwulwygnpjudp
plpwgnn guonetipiwuwmphdwlwjhl phihwiwl npwiuynpuwjhG nwlghwbtph
(£S1) dhongny Yunptijh L unppliGunbtph dwytiplingphl Gunbglb th pupp Guin-
nhuybinu opuhnltp, unyybhnltp L pphnltp” vkGyuywihlG otpdwumhdwlnid:
Lwnnml Ywpnpnipjul SiOz-h dwiybtiplinyphG ghGyh opuhnh GuintigiwG ophGuiyny
gniyg £t wpyty, np H20-/ZnO LS(-h thowlljw] wpquuhplGtph pwjpwjnudp,
nph wpyniipmd vnwgynd GG ZnO-h Gwlnghuybpu dwuGhyltp, mbnh E
niGtGmyd hhdGuwlnd 6 Gd-hg dho swthubpny dwynunhGtpnud:
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HETPAIULIMOHHBIN METOJ] XUMUYECKOI'O
MOANOUITNPOBAHU A [TIOPUCTOI'O KPEMHE3EMA

PesomMme

IpuBenieHB! OCHOBHBIE PE3YIIBTAThI, TOTyYEHHBIC IPH N3YYCHHN BO3MOXKHOCTH
HHU3KOTEMIIEPaTyPHOTO XUMHUYECKOTO MOTM(UIMPOBAHNS TOPUCTOTO THOKCHIA KPeM-
HUS C HAHECEHHEM Ha €r0 MOBEPXHOCTh PA3IMYHBIX HAHOAMCIIEPCHBIX BElecTB. bbuio
MOKa3aHO, YTO HKCIIOJb30BaHHE JUIs 3TOW 1M HU3KOTEMIEPaTYpHOH XMMUYECKOil
tpaHcnoptHoi peakiuu (XTP) H20./ZnO mo3BonseT HaHOCHTH S OKCHIIOB,
CyJb(QHIOB U TAJIOT€HUIOB METAIJIOB HA MOBEPXHOCTH PA3IMYHBIX COPOCHTOB MPH
KOMHaTHOH Temmepatype. Ha mpumepe Hanecenuss ZnO Ha MOBEPXHOCTH 0C000
gucroro SiOz BBISICHEHO, YTO Pa3IOKEHHE ra3000pa3HbIX MPOMEKYTOUYHBIX IPO-
nyktoB XTP H02/ZnO ¢ obpasoanneM HaHOAMCIEPCHOr0 ZNO IPOHMCXOIUT B
OCHOBHOM B IIOpax IuaMeTpoM Oosee 6 Hm.



