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Influence of conditions at all stages of silica gel synthesis on the formation of structure with
molecular-sieve properties was investigated. It was shown that the conditions promoting formation
of such structure, are: the minimum rate of the reaction of silicon acid gel polycondensation,
minimum duration of recondensation processes, maximum value of capillary compression forces
at drying and constant dehydration speed.

Hocniooiceno enius ymos Ha 8cix cmaodisax cunmesy CiLliKaeento Ha OpMySaHHs CMPYKmMypu 3
MONeKYAApHO-cumosumu  eracmusocmamu. Ilokazano, wo ymosamu, AKi CNpusioms YMEOPEHHIO
makoi cmpyKkmypu, € MiHIMAIbHA WBUOKICMb peakyii NOAIKOHOeHCayii 2ent0 KpeMHIEBOI Kuciomu,
MIHIMAIbHA MPUBANLICMb NPOYECi8 NepeKoHOeHCayii, MAKCUMANbHA BelUYUHA CUL KANIAPHO2O
CMUCHEHHS Ni0 Yac CYWIHHA Ma Cmana weuoKicms oezciopamayii.

Hccnedosano enusanue yciogutl Ha 6cex CmMaousx CUHmMesa CUUKARENA Ha (hopMUpo8aHue CpyKmypbl ¢
MONEKYIAPHO-cumosvimu  céovicmeamu. Ilokazano, 4mo ycio8uamu, cnocooOcCmsyrouuMu 0opazoeanHuio
MAaKol CMpYKmypbl, AGIAOMCA MUHUMATLHAS CKOPOCHb PeaKyuy NOTUKOHOSHCAYUU 2ellsl KPeMHUegot
KUCTIOMbL, MUHUMATbHASL NPOOOIHCUMENLHOCTb NPOYECCO8 NEPEKOHOSHCAYUU, MAKCUMATIbHAS GeTUYUHA
CUJL KANWLTISPHO20 COHCAmuUsL NPU CYyUiKe U NOCMOSHHASL CKOPOCMb 0ecUuopamayuu.

Statement of purpose Origination of porous materials of different
atructure is a step to the expansion of branches

Adsorbents, blank substrates for catalyti thei tical in_adsorbtion technol
active substances and catalysts that have M§ttheir practical use in adsorbtion technology

only the definite chemical composition and th&nd catalysis.

surface nature, but also porous structure are Analysis

necessary for various industrial processes.
Efficiency of gas mixes adsorption

separation, as well as productivity an&‘dﬁ%rbents' ibiliti £i
selectivity of catalysts are appreciably e great possibilities of its porous structure

connected with character of porosity [1]. regulation have defined wide usage of micro-
Now the increasing attention is paid to th&nd macroporous silica gels in the processes of

elaboration of methods of porous material@dSOrption and catalysis [3; 4].

synthesis — carbon and zeolite molecular sieves P€spite a considerable number of the

with the developed specific  surfacel€searches devoted to the silica gel structure,

considerable sorption volume and uniformwnvestigation of st_ructurization mechanisms and
sized micropores [2]. influence of various factors on its porous

Interest to such materials is connected withgructure and adsorbtion properties, regular
problem of accumulation of hydrogen, naturdlesearches — devoted to the laws of
gas clearing, separation of gas mixes, drying dftramicroporous silica gels synthesis are
gases, etc. practically absent.

To solve these problems ultramicroporous Synthesis of silica gel is a multistage process
silica gels, possessing molecular-sievéhat includes formation of silicon acid sol and

properties and having diameter of pores le#s transition in hydrogel, hydrogel ripening and
then 0,7 nm may also be successfully used.  aging, washing out from reaction side products,
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Silica gel is one of the most studied
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removal of excessive moisture and hydrogel As it is shown from the table increasing of
transformation into xerogel, therefore porougH, concentration of SiPand temperature leads
structure of an end-product depends of the reduction of time of gel formation, but
conditions of carrying out of each stage. does not affect on the silica gel porous structure:
Purpos at different pH of sol in the acid medium,

The purpose of the given work was thgoncentratlons of SiDand temperatures silica

. T o I re receiv that hav roximatel
investigation of conditions at all stages Oges are received that have approximately

. . . Identical val f ifi rf r
synthesis on structure formation of silica gel dentical values of a specific surface areg S

. ) . fmiting sorption volume of pores & and
with molecular-sieve properties, and alsQ 9 P P o

clarification of the most important 1“actorspraICtically not adsorl"Cls vapour, that is they

. . o ... _have molecular-sieve properties. Silica gels,
promoting formation of silica gels with . : .
. received from sols wittpH > 5 which have
molecular-sieve structure.

pores with d > 0,69 nm make an exception to
Experimental what considerable sorption ofCl, vapour

Objects of research in the given work werlEStifies.
microporous silica gels which were obtained,
: : : Table 1
using the most conventional way which
included interaction of solutions of liquid glass I nfluence of gel formation conditions
and sulfuric acid with sol formation, transition on thesilica gel porous structure
of sol in gel, washing out from reaction side
product — sulphate of sodium and drying [in Conditions of | Time of CH;0H CCly

which result hydrogel passes in xerogel, and apel formation gel Sep Vs, Vs,
all stages of synthesis various conditiop#l,( formation,| m’/g | em®g | cm'/g
SiO, concentration, temperature, etc.) were h

changed. pH 1.0 26 590 | 0.22| 0.004

dC=8% | 2.0 22 630 | 0.24] 0.01
mass, 25 8 620 0.23 0.01
=293K) | 4.0 0.5 600| 0.24] 0.01
5.0 0.08 630| 0.24 0.04

Adsorbtion properties of samples we
investigated by the weight adsorbtion method iJP
the vacuum Mac-Ben-Bakr equipment with L
quartz spring scales. E6 0.03 520 025 018

Adsorption isotherms were processed by the 6.1 0 608 630 0.26 O-ZE)
equations of the BET theory and the theory "fC % 3:0 i90 640 0..23 o.'o4
micropores volume filling of Dubinin- m’ass 16 100 630 024 001
Radushkevich [5]. The diameters of a porespH=2, [ 5.2 72 640 | 023 002
were determined by the molecular probes=293K) 7.0 43 6101 022 0.03
method. As theadsorbatesH,O (diameter of 10.4 16 6301 024 001
molecules d = 0,32 nm{;H;0H (d = 0,44 nm),| T K 280 92 500 | 0.21] 0.03
CeHs (d = 0,57 nm)CCl4 (d = 0,69 nm) were| (pH=2, | 318 | 267 | 610| 0.22] 0.02

used. C=8% | 338 1.33 610 0.22 0.04

At the stage of gel formation value pifl of | mass) | 373 0.58 600 0.22 0.01
sol (from 1 to 7), concentration C of Si@ sol 453 0.2 630 0.23 0.07
(from 3,0 to 10,4 % mass), temperature T (froml, mm 3 — 1000| 0.50| 0.004
280 to 453 K) were varied and also gel(pH=2, 6 - 1010| 0.54| 0.002
formation in a thin layed (to 10 mm) was| T=293K, | 8 - 980 | 0.39] 0.003
studied. The results of research are presented 8% | 10 - 950 | 0.40| 0.005

tab. 1. mass)
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Some features are clarified during theadsorbtion of CCl,; vapoursand reduction of
process of gel formation in a thin layer. In thigharacteristic energy of adsorptidl testifies.
case the structure is formed that is characterise@an be connected with aging processes.
not only by molecular-sieve properties, but also For studying of influence on porous structure
a high specific surface areal000 nf/g) and of duration of aging the hydrogel received from
high enough sorption volume of poreso| withpH=2, before washing out left to age at
(0,40-0,50 criig). Possibly, in such conditionsa room temperature throughout different time
because of increasing of rate of formation qtil 33 days). The obtained results have shown
three-dimensional  structure of gel smalihat sjlica gels which aged till 20 days are
aggregates of primary parts of sol are formegicroporous, but their pores are accessible to
that are densely packed. molecules CCl, and only from not aging

At the stage of washing out of silicon acighyqgrogel silica gel with molecular-sieve
hydrogel from a reaction side product (SOd'urBroperties is formed.

sulphate) influence ofpH, washing water = The jmportant stage in the process of silica

temperature and washing out duration t (ﬁel s o : - .

) . < ynthesis is the drying stage during which
hydrogel received from sol W'ﬂpH.'Z’ under the influence of capillary forces the
xerogel porous structure were studied. Resu'lﬁ?/drogel is strongly compressed and final
are presented in tab. 2.

formation of silica gel structure takes place. At

Table 2 . .
N _ this stage influence of temperature and
Influence of conditions of washing out dehydration kinetics on porous structure was
on thesilica gel porousstructure studied. For research the hydrogel was used
Conditions of CH;OH ccl, | received from sol witlpH=2 and washed out by
washing out Vg, water withpH=2. Results are presented in tab. 3.
pH | T,K| th| §, Vs, = cm’/g
mé/g | em®g | kd/mol Table3
20| 303| 2 | 600| 0.25 14.6 0.01 Influence of conditions of drying
24 | 630| 0.21 — 0.01 on the silica gel porous structure
40| 303| 2 640 | 0.25 14.6 0.02 T K CH,OH ccl,
24 | 620| 0.22 15.5 0.01 s v W E vV
53| 303| 2 580 | 0.26 14.3 0.05 > 3 A ’ 3
=l m/g | cm’/g| cm’ /g | kd/mol | cm’/g
24 | 640 0.23 15.1 0.1
293 | 720 0.27] - - | o011
70| 303| 2 520 0.21 13.3 0.09
24 | 650 0.27 12.9 021 303 720 | 0.31 0.19 12.3 0.1p
20[303| 1 | 630 0.24 — | oof | 313 | 700] 029 - — | 018
5 1700 029 ~ 1 oo0a |_333 | 750| 032] 021] 12§ 0.1B
323 1 | 630| 0.25 — [ o003 | 358 | r40] 0.32] - - | 0.14
5 | 7000 0.26 _ 0.06 363 690 0.30 0.21 12.6 0.28
343 1 | 640 0.26 — 0.04 378 760 | 0.32 0.19 12.2 0.28
4 740 | 0.29 — 0.17 393 720 | 0.32 - - 0.19
423 700 | 0.29 0.18 13.0 0.19
It is shown from the obtained results that far 443 730 | 0.31 — - 0.2(
formation of silica gels with molecular-sievg 463 730 | 0.32| 0.20 12.6 0.19
structure it is necessary hydrogel washing opt 293, | 670 | 0.26| 0.19 145/ 0.01
by water withpH < 5 andT < 323 K. air
Increase ofpH, temperature and also of flow
washing out duration leads to more adsorbtion 303, | 650 | 0.23 - - | 0.004
capacious silica gels formation to Whjt arr
increasing of sorption volume of pores at flow
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It is shown from the table drying in the At the drying stage aging of hydrogel
interval of temperatures 293-463 K allows tgontinues and its contraction under the influence
receive microporous silica gels which poressf capillary forces proceeds. Thus influence of
however, is available to molecul€Xls. Only temperature on the porous structure of xerogel is
air flow drying leads to structure formation ofshown in the rate change of globules growth,
silica gels with molecular-sieve propertiesformation and fortifying of contacts between
Investigation of silica hydrogel dehydrationnem in result of recondensation processes, and

kinetics _has shown that at aI_I temperaturegsg in changing of capillary pressure forces
dehydration process has two periods on speed gf; .\, tighten the hydrogel skeleton.

moisture removal — constant and decreasing The dominant role in formation of silica gel
speed, and only drying in air flow occurs a\l}V

. . Hh molecular-sieve structure at this stage
constant dehydration speed. Possibly under SUl():elongs to the dehydration rate that defines

conditions uniform contraction of the gel " . .
skeleton in result of uniform removal ofunlformltycontractlon of hydrogel skeleton.

moisture from an evaporation zone is provided. Conclusion
The experimental data obtained during the

research of influence of various conditions at all '8 g€ls with molecular-sieve properties
synthesis stages on silica gels — molecul&f€ such microporous adsorbents which pores

sieves formation, it is possible to explain on théiameter is commensurable with diameter of
basis of silicon dioxide globular structure theorynolecules and does not exceed 0,7 nanometers.
and formation and rebuilding of its skeletorSuch structure may be formed from globules
mechanisms [3; 6-9]. with very small sizes if densely packed.
At the stage of gel formation the basicrherefore, synthesis of such silica gels is
chemical ~ process  is  reaction = Ohocessary to carry out under conditions which
polycondensation of the silicon acid, leading tgtre favourable to formation of small globules,

formation of hydrosol particles and conditions . .
of carrying out of this stage influence on théIO not promote their growth and provide strong

reaction rate, but do not affect on the size &nd uniform contraction of hydrogel at its
particles: in a wide interval gf (from 1 to 5), transition in xerogel. The general and necessary
concentrations of Siin sol (from 3,0 to 10,4 conditions of synthesis microporous silica gels
% mass) and temperatures (from 280 to 453 KWye the minimum rate of polycondensation
silica gels with molecular-sieve properties argeaction at all stages of silicon acid gel
received. _ N _existence and the maximum value of capillary
At a stage of washing out of silicon acidyomnression forces at drying. Thus for synthesis

hydrogel occurs not only removal of sodiu . . e X
sulphate, but also aging of hydrogel Whig@];f silica gels with molecular-sieve properties the

consists in rebuilding of hydrogel skeleton ipmportant factors are the minimum duration of
result of processes of carrying over Sighich Processes of recondensation and constant
lead to growth of globules. As in the basis of€hydration rate. Proceeding from the above-
recondensation processes reaction of siloxagtated, optimum conditions of formation of
bonds formation and decomposition lies processructure with molecular sieve properties are:
of rebuilding of a skeleton increases at duratigfH of sol no more than 5, concentration of $iO
and temperature increasing, and also f#bm 4,5 to 10 % mass, gel formation in a thin
dey'?t'ogfzfp}i of rﬁ.eﬂ'ut?]‘ from an |soeltfctr|cf layer, washing out hydrogel from a reaction side
point pH=2) to which the minimum rate of , 4.\ (sodium sulphate) at temperature no
formation of bonds Si—O and the least solubilit .
ore than 323 K, constant speed of dehydration

of silicon dioxide in water solutions 7 " AL
corresponds. which is reached by drying in air flow.
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On the basis of the revealed laws, silica gefs Keavyes H.B. OcHOBBI

aacopOLMOHHON

with molecular-sieve properties are synthesisegbxuuku / H.B. Kenbiies. — M.: Xumus, 1984, —
They are characterised by specific surface areggo.

Ssp= 950 — 1000 g,
adsorption volume of pores

Vs=0,21 — 0,27 crifg
and diameter of a pores

d, < 0,7 nm,

and also their high dividing ability concerningCI/Im/IKaremI
hydrocarbons — components of natural gas

shown.
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