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THE EFFECT OF DIFFERENT COMPOSITION SOLS ON CHANGE
OF STRUCTURE AND PROPERTIES OF CEMENT STONE

EXTENDED ABSTRACT:

One of the most rapidly developing directions in science of structur-
al materials is the application of nanotechnology for development of new
generation concrete. To date, nanodispersed additives were widely used in
technology of concrete, because they allow increasing its main physical-
mechanical properties. The use of effective additives contained nanopar-
ticles in its composition allows to optimize structure of concrete, and also
to reduce a consumption of the most expensive component — cement. The
need to make new available and rather inexpensive modifiers of cement
and concrete products is due to the resource intensive, difficulty of its re-
ceiving, therefore, high cost and, respectively, a market price.

The article discusses the production of additives in the form of sols
on the basis of the chemical elements of VI group of the periodic system
of D.I. Mendeleev, in particular of sulfur and chromium, and its use for
modification of cement stone. The main characteristics of aqueous solu-
tions of sols were defined by physical and chemical methods of researches
and calculation. The content of the colloid additives in cement stone was
optimized as a result of the conducted experimental studies, it was deter-
mined that the kinetics of cement strength setting depends on the type and
amount of sols. The content of sols in cement stone is about thousand frac-
tions of binder mass, i.e. its strength increases at the microlevel. That gives
significant saving of the presented additives when they are introduced into
cement and concrete compositions. The use of additives of sols on the basis
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of compounds of sulfur and chromium not only accelerated hydration and
hardening of cement in the early period, but also significantly improved
the strength characteristics of cement stone. The received nanodispersed
additives can be included in group of hardening-accelerating admixes of
cement. The increasing of strength of a cement stone modified by sols of
various compositions is a result of change of its structure. Electronic and
microscopic analysis showed that use of sols of different composition as
modifiers leads to compaction of microstructure of cement stone and for-
mation of difficult compounds of sulfur and chromium with hydrated cal-
cium silicates.

Key words: sulfur sol, chromium hydroxide sol, barium chromate sol,
hydration, hardening, cement stone, compressive strength.
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oday there is an increasing interest attracted by use sol-gel tech-

nology in cement compositions and concrete for increase its main
structural and technical properties: frost resistance, durability, water re-
sistance, reduction shrinkage strains [1]. So far there was the significant
amount of additives on the basis of silica acid sol, iron hydroxide sol, alu-
minum hydroxide sol which used for obtaining high-strength concrete due
to structural change of material. The great contribution to studying of this
direction was made by such scientists as M.M. Sychev, P.G. Komokhov,
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L.B. Svatovskaya, N.P. Lukutsova and etc. which received generally one-
component sols and applied them for modification of cement and concrete
[2—-17]. Authors[18—21]received the sols included in its composition at the
same time silica acid sol, iron hydroxide sol, aluminum hydroxide sol. They
developed methods of receiving sols through exchange reactions between
salts of multivalent metals.

The analysis of the periodic system of D.I. Mendeleev showed that
to date there are a few studies focused on the production of sols based on
chemical elements of VI group. The VI group contains chemical compounds
which form sols of different composition and stability at hydrolysis or as
a result exchange reactions. Authors of article conducted researches of
cement stone modification by sols of different composition. Among them
chemical compounds of sulfur and chromium are of interest because they
are available and rather cheap.

The sulfur sol is a nanodispersed colloidal system which receiving is
possible by two methods: redox reaction and solvent substitution method.
By the last method the fat solution of sulfur is added gradually to liquid
which well mixes up with solvent, for example, with acetone or ethanol, but
it doesn’t mix up with water.

Receiving of sulfur sol occurs at interaction of the strong acids with
sodium thiosulfate by method of redox reaction. Free thiosulfuric acid
breaks down with formation of elemental sulfur:

2HCl + Na,S,0, — 2NaCl + H,S,0.,. (1)
H,S,0, - S +H,0+S0,T. (2)

The formation of hydroxide of chromium (III) sol occurs as a result
complete ion-exchange reaction — the irreversible hydrolysis proceeded at
mixture of solutions of two salts reinforced hydrolysis of each other. Sedi-
mentation with emission of carbon dioxide gas leads to formation turbid-
green hydroxide of chromium (III) sol:

2Cr[((NO)],), + 3Na,CO, + 3H,0 — 2Cr(OH),} +3CO,T + 6NaNO,. (3)

The barium chromate sol was received as a result of ion-exchange reac-
tion; it is a dispersed system in which the yellow fine-crystalline sediment

1))
http://nanobuild.ru



2016 - Vol.8 - no. 6 /2016 - Tom8 - N26 Nanobm

THE RESULTS OF THE SPECIALISTS’ AND SCIENTISTS’ RESEARCHES

precipitates. This sediment is soluble in the strong acids and insoluble in
acetic acid:

2BaCl, + K,Cr,0, + 2CH,COONa + H,0 — 2BaCr0,{ + 2KCl+  (4)
+ 2CH,COOH + 2NaCl.

The main characteristics of aqueous solutions of sols were defined by
physical and chemical methods of researches with use of conductometer,
areometer, rotational viscometer and calculated methods (tab. 1). Dynamic
viscosity of objects in time was investigated for definition of rheology type
of aqueous solutions of sols: the Newtonian — value of viscosity does not
change in time, the non-Newtonian — value of viscosity changes in time: in-
creases — rheopectic, decreases — thixotropic. The studied objects Ne 2 and

Table 1
The main characteristics of aqueous solutions of sols
Content of
colloidal
Hydrogen | Density of Density . . particles in
Type of colloidal ion sol by cal- of sol by (E)llf:;flrcltc:‘vl. ‘]r)izzl:sl?tlc the material
additive exponent, |culation, p,| areometer, it S <Pz ¥ precipitated
pH g/em? p,, g/cm? VoL from the sol,
% (calcula-
tion)
Sulfur sol S,
Zif;‘g:ﬁgg;owent 5-6 0,9875 0,99 202 1,18+0,118 | 4,25x10*
method (Ne 1)
Sulfur sol S,
received by redox 1 0,976 0,98 >1000 1,53+0,015| 1,06x107
reaction (Ne 2)
Chromium
hydroxide sol
Cr(OH),, received 10-11 1,0945 1,084 >1000 5,75+0,058 | 2,74x1073
by ion-exchange
reaction (N2 3)
Barium chromate
sol BaCrO,,
received by ion- 5 1,0065 1,006 >1000 1,72+0,017 8,5x107*
exchange reaction
(& 4)
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Ne 3 are non-Newtonian liquids. Object Ne 2 exhibits properties of rheopec-

tic systems, object Ne 3 exhibits thixotropic properties. Exemplars Ne 1 and

Ne 4, most likely, fall into to the Newtonian liquids which are not chang-

ing the properties at the application of loading. Difference in rheological

behavior of the studied objects is explained by their chemical composition.

Analyzing the received characteristics, it is possible to conclude:

—  the density of chromium hydroxide sol and barium chromate sol ex-
ceed the value of density of water. It means that colloidal solution con-
tain nanoparticles. Density of sulfur sols is less than 1 g/cm3 because
sulfur particles in the colloidal solution are easier than water;

— high electrical conductivity of sols demonstrated active surface of
nanoparticles that probably promotes formation of additional struc-
tural component.

The optimum dosage of sols of various composition and methods of re-
ceiving were evaluated the compressing strength of specimens 2x2x2 cm of
plastic forming with W /C = 0,26. For comparison there were tested speci-
mens on the basis of cement without additives — control specimens. The
analysis of results of researches on optimization of the colloid additives
dosages and kinetics of hardening of cement stone with their application
showed that the optimum content of additives are: 0,8% for sulfur sol re-
ceived by solvent substitution method and for chromium hydroxide sol;
1% — for the sulfur sol received as a result of redox reaction; 0,1% — bari-
um chromate sol (fig. 1, tab. 2).

The specimens with sulfur sol at the age of 7 days received by solvent
substitution method were exposed to drying at t = 150°C during 2 hours for
imitation of cement stone hardening at the age of 28 days (tab. 2).

The analysis of received results showed that the optimum content
of barium chromate sol is 0,1%. It is equal 8,5x107%% of dry matter
equivalent(tab. 1, tab. 2).

At the same time it should be noted that effect of additives begins in
early periods of hardening (1, 3 days) with increase of compressive strength
from 14% to 45%, therefore, all studied additives can be included in group
of hardening-accelerating admixes of cement stone. The most effective ad-
ditive is chromium hydroxide sol Cr(OH), at the dosage of 0,8% . Increase
of strength of cement stone at the age of 3 daysis 45%.

Drying of cement specimens with modifying additives at t = 150°C
during 2 hours accelerates process of crystallization of gel which becomes
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http://nanobuild.ru



2016 - Vol.8 - no.6 /2016 - Tom8 - N26

THE RESULTS OF THE SPECIALISTS’ AND SCIENTISTS’ RESEARCHES

Nanob

o 90 o 140
% gg | —t—1 day E_ 120 /‘\ —t—1 day
£ £ 100
® g0 & / \
o =13 day o =3 day
£ so g a0 \
o 40 o 60 2
g 7 day 4 =7 day
g = 2 a0
= 10 day g day
8 O | T T T T T 1 o O T T T | T } 1
pC 0,1 0,2 0406 08 1 1,2 pC 0,1 02 040608 1 1,2
(0) (0)
a Dosage of sol, % of cement b Dosage of sol, % of cement

PC 0,1 02040608 1 12
(0)

Dosage of sol, % of cement

© 80 « 100

o 70 a

% e 1 clay E_‘ —t 1 day

-F;n 60 ﬁ

S 50 il 3 lay 5 =13 day
e

40 7

.GZJ 30 w7 day _g w7 day

a a

] 20 U

e —28 4 28

g 10 day £ day

o =]

() 0 T T T T T T ] o

PC 0,1 02 040608 1 12
(0)

Dosage of sol, % of cement

Fig. 1. The effect of type and dosage of sols on compressive strength of cement stone:
a— sulfur sol (solvent substitution method); b — sulfur sol (redox reaction);
¢ — chromium hydroxide sol; d — barium chromate sol.

additional structural component of cement matrix. It allows reducing time
of hardening of PC.

The results of researches showed that sulfur sol received by redox re-
action is the most effective additive. The optimum dosage of sulfur sol is
1% of cement mass. It is equal to 1,06x1072% of dry matter equivalent.
Increase of strength of cement stone at the age of 28 days is 79% . Hence,
strength of cement stone increases at the microdosage of different compo-
sition sols.

The use of sols as modifying additives leads to change of cement stone
structure (fig. 2).
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The kinetics of strength setting of cement stone
at the optimum content of different composition sols

Table 2

Time of hardening (t), days

Data
1 3 7 28

Control specimens Compressive strength Re, 31,4 46,5 55,5 66

MPa

Compressive strength Re, 383 55 1 745 79

MPa b ’ b
Specimens with 0,8% Rc at the age of 7 days in
of the_ sulfur sol (solvent conditions of imitation of 82,3>179
substitution method) hardening at the age of 28 - - (Rc -

days(t = 150°C, 1 =2 hours), 28 days)

Rc, MPa
Additive effect Rc/Rc cont. 1,22 1,18 1,34 1,2
Specimens with 1% of the Compressive strength Re,
sulfur sol (redox reaction) | MPa 45 56,6 72,5 118
Additive effect Rc/Rc cont. 1,4 1,22 1,3 1,79
Specimens with 0,8% of the | Compressive strength Rc,
chromium hydroxide sol MPa 39,3 67,4 70,5 75
Additive effect Rc/Rc cont. 1,25 1,45 1,27 1,14
Specimens with 0,1% of the | Compressive strength Rec, 40.8 58.1 74.1 92.1
barium chromate sol MPa ’ ’ ’ ’
Additive effect Rc/Rc cont. 1,3 1,25 1,33 1,4

The structure of control specimen at the age of 3 days has significant
amount of pores, there is a portlandit in the form of large smooth surfaces,
the crystals of ettringite in the form of long and short needles are visible
(fig. 2, a). The microstructure of cement stone with sulfur sols received
by solvent substitution method and method of redox reaction is more com-
pact (fig. 2, b, c). The crystals of ettringite have form of needle. They are
formed both near the surface of grains of tricalcium aluminate hydrate,
and in intergrain space. The process of hardening and compaction of ce-
ment stone with sulfur sols is caused by formation of calcium aluminate
sulfate hydrateat early stages of hardening [22]. Besides, compounds of
sulfur disappear from liquid phase completely at hydration of tricalcium

—2él
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Fig. 2. The microstructure of cement stone (CS):
a— CS without additives (control specimen); b — CS with sulfur sol (solvent
substitution method); ¢ — CS with sulfur sol (redox reaction);
d — CS with chromium hydroxide sol; e — CS with barium chromate sol.

silicate and tetracalcium aluminaferrite in suspension at ratio of solid and
fluid phases 1:3. The reduction reactions proceed on surface of solid phase
that leads to formation of crystal sulfur and the difficult compounds of
calcium containing sulfur [23—-24].

The microstructure of cement stone with the additives contained chro-
mium is also much more compact than microstructure of control specimen

http://nanobuild.ru
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(fig. 2, d, e). Sols of barium chromate and chromium hydroxide activate
hydration of cement stone and change of phase formation, influencing hy-
drogen ion concentration, i.e. they are acting on the hard acid principle.
The ability of some substances to be an acceptor of electron pair and respec-
tively proton donor or hard acid is reason of increasing of hydrogen ion
concentration. Eventually this process in cement pastes is leveled due to
hydration of silicates [25].

Thus, the use of sols on the basis sulfur and chromium compounds leads
to compaction of cement stone structure that is why strength characteris-
tics are improved. With that strength of cement increases at the microdos-
age of additives. The presented methods of receiving of different composi-
tion sols are available, simply in realization and rather cheap. It is possible
to use these technologies in practice.
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BNUAHUE 30J1EA PA3JINYHOIO COCTABA HA U3MEHEHUE
CTPYKTYPbI U CBOUCTB LJEMEHTHOI0 KAMHS

AHHOTAHI/IH K CTATBHE (ABTOPCKOE PE3IOME, PE®EPAT):

B crpouresrHOM MaTepuaiOBedeHHHM OJTHHM K3 CTPEMHUTEJIbHO Pa3BHBAIO-
IUXCA HANPABJIEHUN ABJISETCA NMPUMMEHEeHHEe HAHOTEeXHOJOTHMM IS Pa3spadoTKu
0eTOHOB HOBOIO NMOKoJIeHus. K HacTosameMy BpeMeHH INPOKoe IPUMeHeHne B TeX-
HOJIOTUM 0eTOHA MOJYYHJIU HAaHOIUCIIEPCHBIE TO00ABKH, IMO3BOJIAIONINE MTOBBICUTH
e€ro OCHOBHBIE (hM3UKO-MexaHuYecKue cBoicrBa. Mcnoab3oBanue 3(p(peKTUBHBIX
I00aBOK, CONEepP:KAIINX B CBOEM COCTaBe HAHOYACTHIIBI, ITO3BOJIAET ONTUMHUIUPO-
BATh CTPYKTYPY 0O€TOHA, a TAKKe CHU3UTH PACXO0/ CAMOIO0 JOPOTOCTOAIIEr0 KOMIIO-
HeHTa — neMeHTa. Heo0X0auMOCTh CO3aHUA HOBBIX JOCTYITHBIX M OTHOCUTEJIBHO
HEeJOPOruX MOAN(PUKATOPOB IIEMEHTHBIX U 0ETOHHBIX U3/IeJIHl 00yCJIOBJIeHA 00JIb-
IIUMHA 3aTPaTaAaMH PECypPCOB, CIO0KHOCTHI0 MX IOJYYEHHUS, CIET0BATEIHHO, BHICO-
KO# ce0eCTOMMOCTHIO M, COOTBETCTBEHHO, I[EHOI HA PhIHKE.

B craTtbe paccMoTpeHBI BONPOCHI MOJYUYeHUS TO0OABOK B BHUAE 30Jieil HA OcC-
HOBEe XMMHWYECKUX COeJUHEeHUN 31eMeHTOB VI rpynnbl nepuogniecKoi CUCTEMBbI
.. MeHaeseeBa, B YaCTHOCTH CEPHI M XpOMa, a TAKKe MX MCIIOJb30BaHUE IJIA
Moau(UKAIMY IIeMeHTHOT0 KaMHA. C moMonb0 (PpU3UKO-XUMUYECKHX METOI0B HC-
cJIeJOBAaHUM U PACUETHHIX CIIOCO00B OBLIIN OIIPeieJIeHbI OCHOBHBIE XaPAKTEPUCTHKHA
BOJAHBIX PACTBOPOB 30Jieil. B pe3yibTaTe MpoBeeHHBIX dKCIEPUMEHTAJIbHBIX HC-
cJIeIOBAHUH OBIJIO ONITUMHU3MPOBAHO CO/IePKaHue KOJJIOMTHBIX T00ABOK B IIEMEHT-
HOM KaMHe, yCTaHOBJIEHA KHHETHKA HAa00Pa ero MpoYHOCTH B 3aBUCHUMOCTH OT BUIA
M Kom4decTBa 30iieii. Comepskanue 30Jieil B IEMEHTHOM KaMHe COCTABJIAET ThICAY-
HbIE TIOJIM OT MaCChI BAKYIIET0, TO €CTh IIOBBINIEHNE ero IPOYHOCTH IIPOMCXOAUT HA
MHKPOYPOBHE. ITO IPEICTABJIAET CO00I CYNIECTBEHHYIO SJKOHOMUIO IOJYYEHHBIX
I00aBOK IMPH UX BBEIEHUU B I[eMEHTHbIE U 0eTOHHbIe KomMmo3uiuu. Mcmoab3oBa-

3]
http://nanobuild.ru



2016 - Vol. 8 - no. 6 /2016 - Tom 8 - N26 Nanobm

PE3V/IbTATbI HCCJIEQOBAHNI YYEHBIX H CEYHAJTUCTOB

HUe JO00ABOK 30JIeil HA OCHOBE COeTMHEHUN cephl U XpoMa He TOJIbKO YCKOPUJIO I'u-
IpaTanuio ¥ TBepAeHUe I[eMeHTa B PAaHHUE CPOKH TBepPAEeHUS, HO ¥ 3HAUYUTEJIHHO
YIIYyYIINJIO IIPOYHOCTHBIE XapPaKTEePUCTUKHU I[eMeHTHOro KaMHsA. IlosyuenHbIe Ha-
HOTHCIIEPCHbIE JO0OABKH MOJKHO OTHECTH K IPyIIie J00aBOK-yYCKOPHUTeJIel TBep/e-
HUA neMeHTa. [IoBpIlIeHNe IPOYHOCTH IIEMEHTHOTO KaMHSA, MOTU(UIIUPOBAHHOTO
30JIIMM PA3JIMYHOTO COCTaBa, CBI3aHO C M3MEHEHNEM €ro CTPYKTYPhI. JJIEKTPOH-
HO-MUKPOCKOIIMYECKNH aHAJINU3 IIOKA3aJl, YTO IPUMeHeHHNe 30J1eil Pa3JIuIHOrO0 CO-
cTaBa B KayecTBe MOAU(PUKATOPOB NMPUBOAUT K YILIOTHEHUI0 MUKPOCTPYKTYPBI
IIEMEeHTHOTO KAaMHA ¥ 00Pa30BAHUIO CJIOKHBIX COeIUHEHHUN cephl U XpoMa ¢ THAPO-
CHJIMKATaMM KaJbIUA.

KaroueBsie ci1oBa: 30716 cephl, 30JIb THAPOKCHUIa XPOMA, 30JIb XpomMaTa 6apud,
ruapaTanusa u TBepAeHue, MUKPOCTPYKTYpa, IeMeHTHbIN KaMeHb, IPOYHOCTh IIPU
coKaTUU.
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a CeTONHSAINHNN AeHb BCe OOJIBIINI MHTEePEeC BhISBIBAET MCIIOJIb30-

BaHlEe B I[EMEHTHBIX KOMIIO3UIIUAX M OeToHAaX 30JIb-TeJb TEeXHO-
JIOTUH NJIS IIOBBLIIIIEHUS X OCHOBHBIX CTPOUTENIHHO-TEXHUUYECKUX CBOMCTB:
MOPO30CTOMKOCTH, IIPOYHOCTU, BOJOHEIIPOHUILAEMOCTH, CHUKEHUA ycaa0u-
HbIX nedopmanuii [1]. K HacToAmeMy BpeMeHU MOABUJIOCH 3HAUUTEIBHOE
KOJINYECTBO JOOABOK Ha OCHOBE 30JI KPEMHMEBOM KHCJIOThI, 30JId M'IIPOK-
cuja xejiesa, TUAPOKCHUIA aTIOMUHNUSA, IPUMeHEeHNEe KOTOPBIX ITO3BOJISIET I10-
JIy4aTh BEICOKOIIPOYHEIE OETOHBI 32 CUET MBMEHEHUA CTPYKTYPhI MaTepuaJa.
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BoubImoit BKJIaa B nsdydyeHre JAHHOTO HAIIPpaBJIeHUs BHECJIU TaKUe YUeHbIe,
kKaxk M.M. Csrues, II.I'. Komoxos, JI.B. CBaTtoBckas, H.II. JIykyrmoBa u ap.,
KOTOPBIE ITOJIyUYaJ B OCHOBHOM OJHOKOMIIOHEHTHBIE 30JI U IIPUMEHAIN UX
I moguduranum neMmenTa u 6erona [2—17]. ABropamu [18—21] 6b11u 110-
JIyYeHBI 30JI1, BKJIIOUAIOII[e B CBOM COCTaB OMHOBPEMEHHO 30JIb KPeMHEKHC-
JIOTHI, 30JIb TUAPOKCHUAA JKejie3a, 30JIb TUAPOKcHuaa amdoMuHuA. Ilpu aTom
MU ObLIN pa3paboTaHbl CIIOCOOBI ITOJYUYEHU 30JIeH 3a cueT OOMEHHBIX pe-
aKIUi MEeXIY COJIAMU MHOTOBAJIEHTHBIX METaJIJIOB.

IIpu amanuse mepuommueckoin cucrembl I[.M. MeHgenaeeBa OblJIO BBI-
SIBJIEHO, YTO HA CETOAHSAINMHUWHN AeHb MAaJI0 MCCJIEIOBAHUM ITOCBSAIIEHO II0-
JIYUYeHUIO 30Jieli Ha OCHOBe XUMHUYecKux sjgemMeHToB VI rpynnsl. B cocraBe
VI rpynmsl uMeoTcAa XUMUUYeCKHe 3JIEMEeHTHI, COeINHEHNA KOTOPBIX IIPU T'U-
IPOJIN3€e UJIX B Pe3yabTaTe 0OOMEHHBIX PeaKIIuil 00pas3yioT 3011 PA3JIUUHOTO
cocTaBa U CcTabMJIBLHOCTU. ABTOPaAMHU CTAThU IPOBEAEHBI MCCJEIOBAHUS II0
MOIM(PUKAIINY IIeMEHTHOTO KaMHA 30JIAMU Pa3JINYHOTO COCTaBa, CPeaun KO-
TOPBIX UHTEPEC IIPEACTABIAIOT XUMUUYECKIIE COeINHEHUA CePhbl U XpoMa, I10-
CKOJIbKY OHU ABJAITCA JOCTYITHBIMU Y OTHOCUTEJIBHO JEeIIeBbIMU.

30JIb cepbl IIpeACcTaBJIAEeT cO00 HAHOAMCIIEPCHYIO KOJIJIOUIHYIO CHU-
cTeMy, MOJyUYeHHe KOTOPOA BO3MOXKHO ABYMS METOJaMU: OKHCJIUTEIbHO-
BOCCTAHOBUTEJIBHON peaKImell U MeToJoM 3aMeHbI pacTBopuTeisd. Ilo mo-
cJaeqHEMY METONY HACBIIIEHHBIN PacTBOP Cepbl IMPUOABIAIT TOHEMHOTY
K JKHJIKOCTU, KOTOPas XOPOIIIO CMEIIINBAETCA C PACTBOPUTEIEM, HAIIpUMeED,
C aIleTOHOM MJIY 9TUJIOBBIM CIIMPTOM, HO IIJIOXO C BOIOIA.

ITonryueHue 30151 cEpbl METOIOM OKMCJIUTETHbHO-BOCCTAHOBUTEJIBHOM pe-
aKIUU ITPOUCXOAUT IIPU B3BAUMOIENCTBUU CUJIbHBIX KUCJIOT C TUOCYJIb(AaTOM
HaTpusd, B pedyJabTaTe 00pasyeTcs cBOOOIHAA THOCEPHAA KUCJI0Ta, paciaaa-
IOITasACsA C BhIIEJIeHEM dJIEMEeHTapHOM Cephl:

2HCl + Na,S,0, — 2NaCl + H,S,0.,. (1)
H,S,0, - S+ H,0+S0,T. (2)

O6pasoBanue 3014 rugpokcuga xpoma (III) mpoucxoauT B pesyibTaTe pe-
aKI[UY MOHHOT'0 00MeHa IIOJTHOTO — HeoOpaTUMOTO TUAPOJIN3a, IIPOTEKAIOIIETO
IIPU CMENIeHU PACTBOPOB ABYX COJIell, YCUJINBAIOIINX M'IAPOJIN3 APYT Apyra.
Breinmazenue ocajgka IIPONCXOAUT C BbIAeJeHNeM YIJIEKUCJIOTO ra3a, B pe3yJib-
TaTe odpasyeTcsa MYTHOBATO-3€JIEHbIN 30JIb TUApPoKcuga xpoma (I1I):
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2Cr[((NO)L,), + 3Na,CO, + 3H,0 — ZCr(OH)si +SCOZT + 6NaNO,. (3)

30J1b XpoMaTa 0apus ObLI IMOJYUYEH B Pe3yJIibTaTe PeaKIu NOHHOI'O 00-
MeHa, OH IPeICTaBJsAeT cO00ii AUCIEePCHYIO CUCTEMY, B KOTOPO BBIIaIaeT
JKEJITHIN MEeJIKOKPUCTALINYECKUHA 0CaI0K, PACTBOPUMBIH B CUJIbHBIX KHCJIO-
Tax, HO He PACTBOPUMBIN B YKCYCHOI KICJIOTE:

2BaCl, + K,Cr,0, + 2CH,COONa + H,0 — 2BaCr0,{ + 2KCl+  (4)

+ 2CH,COOH + 2NaCl.

C momonbio GUBUKO-XUMUYECKUX METOJOB MCCJIEJOBAHUH C UCIIOJIH30-
BaHMEM KOHIYKTOMETpPAa, apeoMeTpa, POTAIlMOHHOTO BUCKO3UMeTpa U pac-
YEeTHBIX CIIOCO00OB OBLIM OIIpeieIeHbl OCHOBHbBIE XapPaKTEePUCTUKU HUCCIeaye-
MbIX 30Je (Tabs. 1). [lya onpenesieHUsA TUIIA PEOJIOTUY BOOHBIX PACTBOPOB

Taobnuua 1
OcHOBHBIE XapaKTepPHUCTUKU BOTHBIX PACTBOPOB 30JI€it

Conep:xanue
IInotHOCTS | IlMOTHOCTS | YHenbHass | JIuHAMM- KOJLTOMAHEIX
. Bomopon- YaCTHIL B
Bup KoxmoumHOM ., 307151 IO 30014, P, | 9IEKTPO- yeckas
HBIH ITOKAa- o e MaTepuaJe,
I00aBKH pacuery, p,| r/cm3, mo IIPOBOI- BA3KOCTb,
sy, r/cm® ; apeoMeT HOCTB, 1S cll3 OcAK/ICHHOM
p py i u3 3015, %
(pacuer)
30J1b CcephI S, TTOJIyYeH-
HBII METOJ0M 3aMeHbI 5—6 0,9875 0,99 202 1,18+0,118 | 4,25x10*
pactBopuTesisa (Ne 1)
30J1b CephI S, TTOJIyUYeH-
FBLH METOZOM OFHCIH™ 1 0,976 0,98 >1000 |1,53+0,015| 1,06x10°3
TeJIbHO-BOCCTaAHOBU-
TeJbHOU peakmuu (N2 2)
30J1b TUPOKCUIA XPO-
ma Cr(OH),, noxryuer- 10-11 1,0945 1,084 >1000 | 5,750,058 | 2,74x10°
HBII METOJOM PeaKIIuu
noHHOTO 0OMeHa (Ne 3)
3o0J1b XpoMaTa bapus
BaCrO,, noxyuennpiit 5 1,0065 1,006 >1000 |1,72+0,017| 8,5x10*
METO/IOM PeaKIIuU UOH-
HOrOo oOmeHa (Ne 4)
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30JIeli ObLIa MccaefoBaHa JUHAMHYECKasa BA3KOCTH O0bEKTOB BO BPEMEHH’:

HbIOTOHOBCKAs — 3HAUEHME BA3KOCTU He U3MeHAETCs BO BpeMeH!, HeHbIOTO-

HOBCKAas — 3HAUEHNEe BA3KOCTH M3MEHSETCS BO BPpEMEeHU: YBeJINUNBAETC —

peomexcHasa, YMeHbIIaeTca — TUKcoTponHasa. MceciaenyeMmble 00BeKTHI No 2

1 Ne 3 OTHOCATCA K HEHbIOTOHOBCKUM KUAKOCTSIM: Ne 2 IPOSIBJISIET CBOICTBA

PEOMEKCHBIX CUCTEM, a oOpaserr Ne 3 — THKCOTpoIHbIe cBoiicTBa. OOpasIibl

Ne 1 u Ne 4, BeposiTHee BCero, OTHOCSATCS K HbIOTOHOBCKHUM KUIKOCTSIM, He

M3MEHSAIOIIM CBOMX CBOICTB IPHU MPUIOKEHNN Harpy3ku. Pasiuune B pe-

0JIOTUYECKOM IIOBeJeHNHU HNCCIeyeMbIX 00pas3ioB 00bACHAECTCA UX XUMUIUe-

CKIIM COCTaBOM.

Ananusupys moJayueHHbIe XapaKTePUCTUKM, MOXKHO CIeJaTh BEIBOJ:

—  ILJIOTHOCTH 30JI THAPOKCHUIA XpoMa 1 XpoMaTa 0apus IpeBLIIIaeT 3Ha-
YyeHMe ILJIOTHOCTH BOAbI, UTO O3HAUAET IIPHUCYTCTBIE HAHOUACTHUIL B KOJI-
JIONAHOM pacTBope. B ciyuae 30jeii cepbl MJIOTHOCTH MeHbIIe 1 r/cm3,
IIOCKOJIbKY CaMU YaCTHUIILI CePhI, PaciIpeeieHHbIe B KOJJIOULHOM pac-
TBOpeE, Jierye BOALI;

—  BBICOKAs yJeJbHAas 3JIEKTPOIIPOBOAHOCTh 30JIeli CBULAETEJILCTBYET 00
AKTHUBHOM IIOBEPXHOCTH HAHOUYACTHIL, UTO IPEAIOJOKUTEIHLHO CII0CO0-
CTBYET CO3JaHUIO JOIOJHUTEILHOTO CTPYKTYPHOT'O 3JIeMeHTa.
OnTuMaJbHYIO JO3UPOBKY 30JI€H Pa3JIMYHOIO COCTaBa U CIIocoba IIoay-

YeHUS OIeHUBAJH II0 Ipeaeay IPOUYHOCTH IPHU CIKATUI 00pasIoB 2x2x2 cM

miractTuuHoro ¢opmoBanuda ¢ B/1 = 0,26. [Iina cpaBHEHUA UCIBLITHIBAJINCH

o0pasibl Ha OCHOBe 0e3mM00aBOYHOIO IIeMEHTAa — KOHTPOJIbHBIE 00pasIlbl.

Ananus pe3yabTaTOB MCCJESOBAHUKI IO ONTHUMM3AINU SO3UPOBOK KOJLJIO-

UIHBIX J00ABOK M KMHETUKU TBepAeHUA [[eMEeHTHOTO KaMHS ¢ UX IIPUMeHe-

HMeM II0Ka3aJl, YTO OIITHMAJbLHEBIM coZeprKkaneM 100aBok ABasaorca: 0,8%

IS 30JIsI CePBI, MOJYYEHHOT0 METOIOM 3aMeHbI PACTBOPUTENIA, U AJISI 30JId

ruapokcuga xpoma; 1% — mJis 3071 cephl, IOJYUYEHHOTO B Pe3yabTaTe OKMC-

JUTEeJbHO-BOCCTaHOBUTEIbHONI peaknuu; 0,1% — maa 3o0aa xpomaTa 6apus

(puc. 1, Tadi. 2).

I UMUTaAIMN TBePAeHUA IIEMEeHTHOT0 KaMHs B Bo3pacTe 28 CyTOK 00-
PasIbl C 30JIEM CEPhI, MOJYUEHHOT'O METOJOM 3aMeHbI PACTBOPHUTEJSA, B BO3-
pacte 7 cyTOK mmoaBeprajauchk cyiike mpu t = 150°C B reuerne 2 yacos (TabJ1. 2).

Ananus moayYeHHBIX Pe3yIbTaTOB IIOKAa3aj, UTO B CJIyUae MCIIOJIb30Ba-
HUSA 30JId XpoMaTa 0apus OIITUMAJIbHOE COAep KaHe KOJJIOUIHONI J00aBKU
cocrasisier 0,1% , uTo B ImepecueTe Ha Cyxoe BelllecTBO paBHO 8,5x107%%
(rabu. 1, Taba. 2).
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BOCCTAHOBUTEJHLHOM PeaKI[un);B — 30JIb TUAPOKCHUIA XPOMa; I'—30JId XpoMaTa 6apus

Puc. 1. Binanue BUaa U KOJIUUYECTBA 30JIei Ha MPOYHOCTH I[EeMEHTHOTO KaMHS:

IIpu sToMm ciiemyeT OTMETUTh, YTO 3(P(PeKTUBHOCTh AeficTBUA T00aBOK
HauYMHAeTCsA B PaHHUE CPOKU TBepaeHus (1, 3 CyTOK) ¢ yBeJIUUYeHUEM IIPOU-
Hoctu ¢ 14% 1o 45% , ciemoBaTesIbHO, BCE HCCIAEeAYeMbIe J0OaBKH SABJISIOTCS
YCKOPUTEJSIMU TBEPAEHNUA IleMeHTHOTro KaMHsA. Haubosiee appekTBHAA 00~
6aBKa — 30s1b rugporcuna xpoma Cr(OH), mpu mosuposke 0,8% . IIpupoct

npounoctu IIII B 3 cyTok cocraBaser 45% .

Cymgka o0pasmoB IleMeHTa ¢ MOIU(PDUIUPYIOMIMMU J00aBKaMMN IIPU
t = 150°C B Teuenue 2 yacoB YCKOPSET IIPOIECC BEIKPUCTAJIIN3AIINY T'eJid,
KOTOPBIHI CTAHOBUTCSA JOIIOJHUTEJLHBIM CTPYKTYPHBIM 3JIEMEHTOM Iie-
MEHTHOII MaTPUIIbI, UYTO B I[€JIOM II03BOJISIET COKPATUTh BPEeMs TBEPAEHUS

TI11.

http://manobuild.ru

@



2016 - Vol.8 - no.6 /2016 - Tom 8 - N2 6

Nanobuli

U

PE3V/IbTATbI HCCJIEQOBAHNI YYEHBIX H CEYHAJTUCTOB

Tabauua 2

Kunetnka HaGopa MPOYHOCTH IEMEHTHOTO KaMHS

P ONITUMAJBHOM COAEPsKaHNU 30JIeil Pa3JIMYHOTO COCTaBa

Bpewms (T)TBepaeHNsI, CyTKHI
IToxazaTemu
1 3 7 28

IIpouHOCTS IPU CIKATUU
KoHTposbHBIE 00pa3ITh Rex, MITa 31,4 46,5 55,5 66

IIpouHOCTH IPU CIKATUU

Resx, MITa 38,3 55,1 74,5 79
O6pasuet ¢ 0,8% 3071k CEPBI | Resx B 7 CyT. B yCJI. MMATA- 5
(3amMeHa pacTBOPHUTEJIS) 1M TBepa. 28 CyT. ~ ~ 82, [3{’ =79 -

(t=150°C, © = 2 uaca), g )

Rcesx, MIla v
AbheKTUBHOCTD TOOABKU Rexen/RexKOHT. 1,22 1,18 1,34 1,2
Oo6pasi1ibel ¢ 1% 30416 cepbI ITDOIHOCTE TDH CRATIIN
(OKMCIUTETBHO-BOCCTAHO- p P 45 56,6 72,5 118

Reox, MIla
BUTEJbHASA PEAKIINA)
AbhHeKTUBHOCTD JOOABKU Rexen/RexKOHT. 1,4 1,22 1,3 1,79
Oo6pasier ¢ 0,8% 30J1b IIpouHOCTH TIPU CIKATUU 39.3 67 .4 70.5 75
TUAPOKCHAA XpoMa Rex, MIla ’ ’ ’
OPPEeKTUBHOCTD JOOABKU Resxen/RexKoHT. 1,25 1,45 1,27 1,14
O6pasmer ¢ 0,1% 3016 IIpouHOCTH IIPU CIKATUU 40.8 58.1 74.1 92.1
xpomara 6apus Reax, MIla ’ ’ ’ ’
AbheKTUBHOCTD TOOABKU Rexen/RexKOHT. 1,3 1,25 1,33 1,4

Ilo pesynbTaTaM HCCJIEIOBAHUN IIOJYUEHHBINM METOAOM OKUCJIUTEJIh-
HO-BOCCTAHOBUTEJIBHON PeaKIMU 30JIb CEePhl C ONTUMAJbHON TO3UPOBKOM
1% saBasierca camoii apPeKTUBHON MogupUuIIpyoIei fo6askoii. IIpu co-
Iep:kaHuu H00aBKU B IeMEHTHOM KaMHE B IiepecueTe Ha CyXOe BeIeCcTBO
1,06x1073% mnpupoct npouHocTu B 28 cyTok cocrasua 79% . CiaemoBaTeb-
HO, IIPUPOCT IPOYHOCTHU IIPU CKATUU IIEMEHTHOTO KaMHA HAUMHAETCA MPU
MHKPOJ03UPOBKAX 30JI€H pa3IMUHOTO COCTaBa.

Wcnoab3oBaHue 30Jiell B KauecTBe MOAUPUIIUPYIONINX T00aBOK IIPUBO-
IUT K UBMEHEHUIO CTPYKTYPHI IleMeHTa (puc. 2).

B cTpykType 6e3100aBOUYHOTO II€MEHTHOTO KaMHsA (KOHTPOJIBHOTO CO-
cTaBa) B Bo3pacTe 3 CYTOK IIPUCYTCTBYET 3HAUUTEJIbHOE KOJMUYECTBO IIOP,

1 O
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Puc. 2. MukpoctpykTypa nementHoro kamusa (ITK):
a — 6esgobaBounbIil IIK (koHTpOIBHBIN 00paselr); 6 — IIK ¢ 3oem cepsl (MeTO R 3aMEHbBI
pactBopuress); B — IIK ¢ 3osem cepbl (MeTOA OKUCIUTETIHHO-BOCCTAHOBUTEILHOM
peaknumn); T — IIK ¢ 3omem xpomara 6apus; x — IIK ¢ 3o1em rugpokcuga xpoma

MMOPTJIAHAUT B BUJIe MACCUBHBIX TJVIAAKUX MOBEPXHOCTEH, BUAHBI KPUCTAJLIIEI
STTPUHTHUTA PA3HOMN (POPMBI: AJMHHBIE M KOPOTKNE UT0JbUYaThble KPUCTAJI-
JblI (puc. 2 a). MEUKPOCTPYKTYypa IIEMEHTHOTO KaMHSA C 30JIAMHU CEPhI, IIOJY-
YeHHBIMU METOJaMI 3aMeHBLI PACTBOPUTEJA U OKUCJIUTEJTbHO-BOCCTAHOBU-
TeJbHON peaKmnuu, 6ojee miaotHas (puc. 2 6, B). Kpucranasl sTTpuHTHUTA
MMEIOT UT0JIbYATYIO (hopMy 1 00pa3yioTcsa KaK BOJIM3U MOBEPXHOCTU 3€PeH
TPEXKaJbIIMEBOT0 TUIPOATIOMIUHATA, TAK U B MEK3€PHOBOM IIPOCTPAHCTBE.

http://manobuild.ru
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IIpo1iecc yrrpouHeHUs 1 YIJIOTHEHUS IIEMEHTHOTO KaMHs ¢ ToOaBKaMU 30JIs
cepbl 00yCJIOBJIEH (DOPMUPOBAHNEM HA PAHHUX CTAAUAX TBEPAEHUSA TUIPO-
cyab(poamroMuHaToB [22]. KpoMme ToT0, IpU r'uapaTaiiu TPeXKaJabIIeBOTO
CUJIMKATa 1 YeThIPEeXKaJbIIEeBOTr0 aIloMo(epprTa B CYCIIEH3UU IPU COOTHO-
IIIeHU T TBePIOH U KUAKOU Pas 1:3 coemnHeHNs cephbl MCUe3aloT U3 JKUIKOM
(haswr mosrHOCTHIO. Ha moBepxHOCTH TBEPAOi (ha3hbl IPOTEKAIOT BOCCTAHOBH-
TeJIbHBbIE PeaKInM, UTO IIPUBOAUT K 00Pa30BAHUIO KPUCTAIINUYECKON CepPhI
U CJIOYKHBIX COeIUHEHUN KaJbIIUA, coaepKaIux cepy [23—24].

MukpoCcTpyKTypa IIEMEHTHOTO KaMHs ¢ mJo0aBKaMU, COAepPIKallliu-
MM XPOM, TaK:ke 3aMeTHO 0oJjiee ILJIOTHAs, YeM Y KOHTPOJBHOTO 00pasIia
(puc. 2 r, x). 3oam xpomara 0apusa U 'UAPOKCHUIA XPOMa aKTUBUPYIOT T'H-
IpaTamuio IeMeHTHOTO KaMHsS M MeHSAT (padooo0pasoBanme, BO3AEHCTBY I
Ha KOHIIEHTPAIIUIO MOHOB BOJIOPOIA, T.€. IEMCTBYIOT II0 IIPUHITUITY TBEPABIX
KUCJIOT. [IpuunHOIi TOBBIMIIEHNU S KOHIIEHTPAIIUY NOHOB BOJOPOJa B HAYAb-
HBIII MOMEHT MOJKET CJIYKUTDH CIIOCOOHOCTH HEKOTOPBIX BEIIECTB ObITH aKITell-
TOPOM 3JIEKTPOHHBIX IIap U COOTBETCTBEHHO JOHOPOM IPOTOHA WJI TBEPIOI
KucaoToii. Co BpeMeHeM B IIeMEeHTHBIX IJIACTaX 9TOT IIPOIlecC HUBEJINPYeTCs
Osaromapsa rugpaTanuu CUINKATOB [25].

Takum o0pasoM, MCIIOJNbL30BaHIE 30Jieil Ha OCHOBE COEIMHEHUI CephI
1 XpoMa IPUBOAUT K YILJIOTHEHUIO CTPYKTYPHI IeMEHTHOTO KaMHs, BCJIE-
CTBUE Uero yJIy4IIaloTcsA IIPOUYHOCTHBIE XapaKTepPUCTUKU. [Ipu 9TOM MMOBBI-
IIIeHre MMPOYHOCTHU IIeMeHTa IPOUCXOIUT IIPU MUKPOJO3UPOBKAX N00ABOK.
IIpencraBiaeHHbBIE CIIOCOOBI ITOJYUYEHUSA 30J1€i PA3JINUYHOTO COCTABA SIBJIAIOT-
CA TOCTYIIHBIMU, IIPOCTBIMU B BBITIOJTHEHUY ¥ OTHOCUTEJIBHO JeIeBbIMU, UTO
IIPeACTaBJISAET BOBMOKHBIM IIPUMeHeHe JaHHbIX TeXHOJIOTUHA Ha IpaKTUKe.
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