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Abstract: The cement slurries used in well casing should ensure the tightness of the lining and protect the casing from aggres-
sive formation fluids. At the same time, cement and water based solutions are used for cementing, with a water-cement ratio of
0.45-0.9, which predetermines their high porosity and low corrosion resistance.

The technologies for increasing the durability of concrete used in con-struction practice when fixing wells are not acceptable.

One of the most aggressive components of reservoir fluids is hydrogen sulfide, depending on thermodynamic conditions, can
be both dissolved and gaseous.

The analysis of various types of corrosion of cement stone shows the ki-netics is determined by the diffusion of aggressive ions
into the stone.

To reduce the porosity of the cement stone, calcium polysulfide has been proposed, which can precipitate in the pores of the
stone during hardening of the cement slurries, clogging the pores, reducing their size, slowing down the diffusion rate of aggres-
sive ions into the cement stone. In addition, calcium polysulfide adsorbing in the pores on cement hardening products will ensure
the inhibition of pore space.

Three methods of calcium polysulfide injection into the cement slurries were tested: into the tempering fluid (water), directly into
the prepared cement slurry and dry method, through cement powder, which was subsequently subjected to disintegrator treatment.

The results of the experiments showed calcium polysulfide make an impact on the rheological properties and pumpability of
cement slurries, increasing the strength of the obtained stone and reducing its permeability.

The stability of a stone in an acidic environment was estimated by its corrosion by one molar hydrochloric acid. The depth of
stone corrosion with increasing concentration of PSS decreased from 30 to 6 mm in 21 days.

When testing the cement stone under the action of dissolved hydrogen sulfide for 45 days, it was shown that the increased
concentration of calcium polysulfide from 0 to 5% reduced the corrosion depth from 5.0 to 0.3 mm, depending on the technology
of adding the reagent.

Micrographs of cement stone samples proved that calcium polysulfide, being distributed in the pore space, blocks the surface
of the cement stone, limiting the contact of aggressive ions with hardening products.
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Pe3tome: LlemeHTHbIe pacTBOPbI, MPVYIMEHSEMbIE NMPY KPEMNIEHNN CKBAXKVH, AOMKHbI 06eCrneunTb repMeTUYHOCTb Kpenu 1 3a-
WUTUTb 06CAZIHYIO0 KOMTOHHY OT arpeccrBHbIX MAcTOBbIX GnongoB. [py 3TOM Ans LeMeHTUPOBaHKA UCMOJb3YIOTCA PAaCcTBOPbI HA
OCHOBe LieMeHTa 1 BofAbl, Npy BOAOLEMEHTHOM OTHowweHuun 0,45-0,9, uTo npepgonpenenaeT Ux BbiICOKYO MOPUCTOCTb Y HU3KYIO
KOPPO3MOHHYI0 CTONKOCTb.

TexHONOrvvi NOBbIWEHNs AOJITOBEYHOCTN GETOHOB, NMPUMEHSIEMbIE B CTPOUTENIbHOM NPAKTUKE, MPY KPEMIEHUN CKBAXWNH He
npuemnembl.

OfHUM 13 Hambornee arpeccMBHbIX KOMMOHEHTOB MIACTOBbIX GNIOUAOB ABMSETCS CEPOBOAOPOS, KOTOPbIN B 3aBMCUMOCTU
OT TEPMOANHAMUNYECKUX YCJIOBUI MOXET HaXOAUTbCSA Kak B PaCTBOPEHHOM, TaK Y ra3006pa3HOM COCTOSHMM.

AHanu3 pasnnyHbIX BULOB KOPPO3MM LIEMEHTHOTO KaMHS MOKA3bIBAET, YTO KMHETNKA MHOTUX U3 HUX onpeaenseTtca auddy-
311el arpecCcUBHbIX MOHOB BHYTPb KaMHS.

[ns CHUXKEHUS MOPUCTOCTY LIEMEHTHOTO KaMHsA NPeASIOXKEHO NPUMeEHEHWE NoAncynbduaa KanbLus, KOTOPbIA MOXET OCaX-
[aTbCA B NOpax KaMHA Npu TBEPAEHUN LLeMEHTHOFO PacTBOPa, KOJIbMaTUPYA NOpPbl, yMEHbLIAA UX pa3mep, 3aMmefnas CKOpoCTn
Andody3nn arpeccuBHbIX MOHOB BHYTPb LIEMEHTHOTO KaMHsA. Kpome Toro, nonucynbdup Kanbuuns, ancopbrpysacb B mopax Ha
npoAyKTax TBepAEeHUs LieMeHTa, OyaeT obecneunBaTb MHIMOMPOBAHVIE MOPOBOrO NPOCTPAHCTBA.

Bbi1o onpo6oBaHo Tpu cnocoba BBeAeHUst NONUCYNbOUAa KanbLus B LLEeMEHTHbI PacTBOP: B XKUAKOCTb 3aTBOPeHNUs (Boay),
HEenocpeACTBEHHO B NMPUIOTOBJIEHHDBIN LIEMEHTHbIV PAacTBOP U CYXOW CMocob, uepes NopoLIOK LieMeHTa, MoABEPraeMblil BMO-
CNeACTBMM fe3UHTErpaTopHol obpaboTke.

Pe3ynbTaTbl 3KCNEPVMEHTOB MOKasanu, YTo Nonucynbdua KanbLus He OKa3blBaeT BAUSAHUS Ha Peosiormyeckne CBOMCTBa
1 MPOKaYMBaeMOCTb TaMMOHaKHbIX PaCTBOPOB, MOBbILIAA MPOYHOCTb MNOYYEHHOTO KaMHA 1 CHUXKaA ero NPoHMLAaemMoCTb.

CTOMKOCTb KaMHs B KACJIOM cpefie OLleHUBanach Nno ero Koppo3snv OAHOMOJIAAPHON CONsiHOM KucsnoTe. My6uHa Koppo3unn
KaMHA ¢ noBblleHnem KoHueHTpauum MNCC cHusmnnacb ot 30 fo 6 Mm 3a 21 cyTKM.

Mpw NCNbITaHNY LEMEHTHOTO KaMHs NMof AeNCTBMEM PACTBOPEHHOTO CEPOBOAOPOAA B TeUeHUe 45 CyTOK OblsIo MOKa3aHo, uTo
yBenMUYeHne KoOHUeHTpauumu nonucynbduga kanouus ot 0 go 5% cHu3uio rny6buHy kopposuu ot 5,0 o 0,3 MM, B 3aBUCMMOCTU
OT TEXHOJIOTMM BBOJA 10OaBKN.

MukpodoTorpaduy 06pa3LoB LEMEHTHOIO KaMHsA NMOATBEPAWUN, YTO Nonucynbdua Kanbuus, pacnpeaenssacb B NOPOBOM
NPOCTPaHCTBe, BNIOKMNPYET VX MOBEPXHOCTb, OFPaHNUYNBasA KOHTAKT arpecCMBHBIX IOHOB C MPOAYKTaMy TBEPLAEHNS.
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INTRODUCTION

ggressive effects on cement stone exhibit, without
xception, acids and numerous salts. Formation
waters of many deposits contain various dissolved salts
and are extremely aggressive with respect to the cement
stone [1, 2].

The analysis of various types corrosion of cement
stone [3—8] shows the kinetics is determined by the dif-
fusion of aggressive ions into the stone. This refers to cor-
rosion under the action of acidic environments, sulfate,
magnesia corrosion. During leaching corrosion, the ki-
netics of diffusion of calcium ions from the cement stone
also has diffuse control.

The dense aggregate concrete with a low water-ce-
ment ratio (W/C) or im-pregnation of products with
special compositions [9—11] is known to be used to in-
crease the durability of structures in industrial and civil
construction.

In the construction of wells, these technologies are
unacceptable, since cement and water-based solutions
are used for cementing with W/C = 0.45—0.9, sometimes
containing modifying additives. Reducing the water-ce-
ment ratio of cement slurries leads to an increase in the
density of the solution and can cause complications or
accidents when cementing. In addition, a decrease in the
W/C solution leads to a loss of mobility, and the use of
plasticizers can cause sedimentation separation of the
cement solution [1, 12].

The application of impregnating materials to improve
the durability of cement stone in downhole conditions is
impossible, because the cement-water slurry used in ce-
menting wells is pumped for 1—4 hours inside the casing

and in the annulus with small diameters of pipes and small
(15—20 mm) annular gaps at depths a few kilometers away.

For timbering of the wells that consist of a casing and
a cement sheath of small thickness, the most weak ele-
ment is a cement stone that works in constant contact
with aggressive formation fluids and is vulnerable to their
effects.

The article presents the results of a studies of the influ-
ence of nanosized particles of calcium polysulfide on the
properties of cement stone used in the timbering of oil
and gas wells. As part of the research, experiments were
conducted to assess the effects of calcium polysulfide on
cement slurries and the resulting stone, its durability in a
hydrogen sulfide environment. Electron microscopy made
it possible to evaluate the role of nanosized particles of
calcium polysulfide to increase the corrosion resistance
of cement stone.

MAIN PART

Theoretical aspects of hydrogen sulfide corrosion the
cement stone

Hydrogen sulfide, the amount of which in gas reservoir
can reach up to 25% is the most aggressive component of
reservoir fluids [13, 14, 15]. The mechanism of damage
and the factors determining the kinetics of the process
are described in detail in [1, 2, 7, 13—15]. The conditions
for the destruction of the stone during gas hydrogen sul-
fide aggression are the high porosity of the stone, which
ensures the penetration of the aggressor deep into the
stone, and the high pH of the hardening products, ensur-
ing the formation of slightly soluble calcium sulfide. The
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accumulation of the latter leads to the development of
tension stresses in the cement stone. A secondary factor
in the appearance of tension stresses may be the forma-
tion of ettringite during the transition of sulfide sulfur to
sulfate. The most vulnerable to hydrogen sulfide gas is
the stone from Portland cement, whereas stone samples
with pH < 11, obtained from scoriaceous binders at high
temperatures, proved to be resistant [14, 16].

Under the action of dissolved hydrogen sulfide on
cement stone, corrosion of the first type is observed (ac-
cording to V.M. Moskvin) [3, 4, 13, 14], and sam-ples of
stone from all types of binders, with the exception of acid-
resistant cement, are destroyed, and that concerns only
rate of the process. At the same time, the defeat process
is stratified inherent in acid corrosion.

The kinetics of the corrosion process is determined by
the concentration of the corrosive medium at the border
with the cement stone, the composition and density of
the corrosion product layer, the reaction capacity of the
cement stone, and can be described by various Kinetic
curves [17].

For cement stones in deep wells, when the rate of sup-
ply of an aggressive agent to the sample surface is greater
than its diffusion in the pores of the stone, the most effec-
tive way to slow down corrosion is to control the structure
of the pore space, which has become the main task of
research.

Unfortunately, the technological methods widely used
in construction are practically impossible to use when
cementing casing strings in deep wells, although work has
been done in this direction. In particular, it is possible
to note the work [18], which describes the experience of
using the method of chemical condensation of micro-
disperse particles in stone pores. A similar effect is also
observed when using nanosilica additives [19].

To reduce the porosity of the cement stone, we have
proposed the use of calcium polysulfide, solutions of
which are successfully used in construction as an im-
pregnation, and acting as a protective film. Calcium poly-
sulfide in the processing of concrete products reduces

permeability, increases the strength of concrete and frost
resistance, which is convincingly shown in [20, 21].

The idea of using calcium polysulfide in cement slur-
ries was that when depositing in the pores of the stone,
it forms a protective coating of hydrophobic sulfur
nanoparticles, which will ensure the inhibition of pore
space. In addition, the rate of diffusion of aggressive ions
inside the cement stone will slow down.

During the experiments, three methods were tested
to introduce liquid calcium polysulfide into the cement
slurries: into the tempering fluid (water), directly into the
prepared cement slurry and dry method, through cement
powder, which was subsequently subjected to disintegra-
tor treatment.

The effect of calcium polysulfide on the rheological
properties of cement slurry and stone

At this stage of the study, calcium polysulfide at a con-
centration of 0—5% by weight of cement was injected
directly into the cement slurry prepared from the plugging
Portland cement PCT-I-50, with a water-cement ratio of
0.45. To determine the rheological properties of cement
slurries (plastic viscosity 1 and dynamic shear stress to),
the atmospheric OFITE Model 900 viscometer was used.
In addition, taking into account the technological features
of cement slurry injection, they determined the static
shear stress (SNS) after 10 seconds and 10 minutes [1,25].
The spreadability of the cement slurry (2R), measured by
the AzNII cone, was also monitored (Table 1).

Experiments show of that calcium polysulfide has no
significant effect on the rheological properties of cement
slurries.

Since the time of the moveable state of the cement
slurry during the ce-menting of wells can reach up to
4—5 hours, for these systems the most important indica-
tor is the pumpability determined by the consistometer
[1]. In this case, the effectiveness of various methods for
the input of calcium polysulfide into cement slurries were
tested (Table 2).

Table 1
The effect of calcium polysulfide on the rheological properties of cement slurry
Weight indices
Ne Calcium
0 polysulfide, % | 1 mpa-s . dPa Gel strength ;. | Gel strength .. 2R. em
i o dPa dPa ’

1 0 68,5 10,0 8 10 22

2 1 63,5 10,8 9 12 22

3 3 63,1 10,5 9 14 24

4 5 62,6 10,6 8 15 24
http://nanobuild.ru 311 info@nanobuild.ru
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Table 2
The effect of calcium polysulfide on the pumpability of cement slurry
The pumpability of the cement slurry, hour,
. Calcium with the input of calcium polysulfide
o
B polysulfide, % i i i
it (b (i | into the cement slurry through cement powder
(water)
1 0 4 4 3
2 1 5 5 4
3 3 5.9 6 4,5
4 5 6,4 6,5 5

Increased concentration of calcium polysulfide in ce-
ment slurry rises the time of its pumpability. When the
additive is introduced into the tempering fluid or in the
cement slurry, the allowable pumping time the solution is
almost the same, but when input the reagent through the
disintegrator, this value is already 1—1.5 hours less. The
processes occurring with cement during its disintegrat-
ing treatment play an important role in accelerating the
structure formation of solutions [22].

The effects of calcium polysulfide on the strength
characteristics of cement stone are given in table 3.

Introduction of the calcium polysulfide to the com-
position of the cement slurry increases the strength of
the cement stone. Moreover, with increased concentra-
tion of it in the solution, the compressive and flexural
strength becomes significantly higher. For example, in the
sample with a 5% additive, the flexural strength increased

Table 3

by 2 times compared with the original sample, and the
compressive strength increased by 1.23 times. The reason
for increasing the strength of cement stone, perhaps, is
the clogging of its pores.

This assumption was proved by the results of the evalu-
ation of the permea-bility of cement stone at the age of
three days, given in Table 4.

When calcium polysulfide was added to the cement
mortar, the permea-bility of the cement stone dropped
sharply (more than 2 times for the sample from 5%) com-
pared to the control sample, which proves a change in the
structure of the pore space of the cement stone.

Since most types of corrosion of cement stone under
the action of aggressive fluids are controlled by the diffu-
sion of the aggressor deep into the stone, the change in
the structure should significantly affect the rate of cor-
rosion processes.

The effect of calcium polysulfide on the strength of cement stone

The strength of the stone, MPa, with the addition of calcium polysulfide, %
Weight indices
0 1 3 4 5

Flexural 1,16 1,16 1,29 1,41 2,14 2,32
strength

Compressive 20,9 212 21,8 24.5 25,0 25,6
strength

Table 4

The effect of calcium polysulfide on the permeability of cement stone

The permeability of cement stone, mD, with the addition of calcium polysulfide, %

1

3

0,34

0,2

0,18

0,14
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Effect of calcium polysulfide on acid corrosion of ce-
ment stone

In the experiments, the aggressive medium was rep-
resented by a one-molar solution of hydrochloric acid
(HCl) with a ratio of the volumes of the acid so-lution
to the volume of cement stone samples 10: 1. The water-
cement ratio of the solution is 0.4, the cement grade
PCT-I-50, the age of the samples prior to installation
in an aggressive environment is three days. Replacement
of the corrosive medium was carried out in three days
with the duration of the experiment of 35 days. Every 7
days from the corrosive environment there were selected
samples for research.

It was also assumed as the temperature of sample
formation increases, calcium polysulfide may melt and,
spreading, will cover a large surface of the pores, increas-
ing the degree of their inhibition. For this, a part of the
samples with the concentration of the additive of 3% and
5% were subjected to boiling in water for two hours. This
experiment partially modeled the working conditions of
cement stone in wells at bottomhole temperatures close
to 100°C, corresponding to depths of more than 4000 m.

After the end of the experiment, the following results
were obtained.

1. Samples of additive-free cement during the test com-
pletely collapsed.

Fig. 1. Cement stone samples after acid corrosion:
a — the content of calcium polysulfide — 3%;
b — the content of calcium polysulfide — 5%

2. Samples of cement with the addition of 1% calcium
polysulfide were almost completely destroyed during
the test.

3. Samples of cement with the addition of 3% calcium
polysulfide during the experiment were partially de-
stroyed (Fig. 1a). The corner of on one sample a «cor-
roded» layer broke off.

4. Samples of cement with the addition of 5% calcium
polysulfide were practically not corroded during the
test, except for the breakaway angle (Fig. 1b).

5. Samples of cement with the addition of 3% calcium
polysulfide, subjected to two-hour boiling, after
35 days of testing did not collapse and practically did
not undergo corrosion. Cracking and delamination
were not observed (Fig. 2a).

6. Samples of cement with the addition of 5% calcium
polysulfide, sub-jected to two-hour boiling, after
35 days of testing did not collapse and did not undergo
corrosion (Fig. 2b).

Prior to placing the samples in an aggressive environ-
ment, the permeability of the cement stone was measured,
and during the experiment the corrosion depth of the test
samples was determined (Table 5).

The experiments carried out confirmed both the posi-
tive effect of calcium polysulfide on the kinetics acid cor-
rosion of cement stone. And the assumption of inhibition
of the surface of the pores with molten sulfur.

Fig. 2. Cement stone samples boiled after acid corrosion:
a — the content of calcium polysulfide — 3%;
b — the content of calcium polysulfide — 5%
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Table 5
Summary of acid corrosion research
No Calcium Permeability of the stone Depth of corrosion, mm through, days
polysulfide, % at the age of 2 days, mD 7 14 21 35

1 0 0,35 5 8 30 -
2 1 0,2 5 10 18 30
3 3 0,18 3 5 6 10
4 5 0,14 3 5 6 9
5 3 + boiling 0,14 2 3 5 7
6 5 + boiling 0,12 2 3 5 6

The effect of calcium polysulfide on hydrogen sulfide
corrosion of cement stone

The final stage of the experiments was the studies
of corrosion of a cement stone when exposed to hydro-
gen sulfide dissolved in water with a concentration of
3000 mg/1.

In the experiment, seven cement slurries were used:
without additives; with calcium polysulfide at a concen-
tration of 1%, 3%, 5% input method — in the ce-ment
slurry; with calcium polysulfide in the same concentra-
tions, the input method is through the cement pow-
der. Cement grade PCT-1-50, W/C = 0.4, sample size
40x40x40 mm.

Fig. 3 and 4 show photos of the samples after 45 days
in an aggressive environment.

In tab. 6 the results of hydrogen sulfide corrosion of
cement stone samples are summarized.

The results of the experiment, confirmed that calcium
polysulfide has anti-corrosion properties against aggres-
sive media. With an increase in the concentra-tion of
the additive in the solution, the penetration depth of ag-
gressive components decreases, therefore, the corrosion
process is significantly slowed down.

Micrographs samples of cement stone, presented in
Fig. 5. It was shown that calcium polysulfide, being dis-
tributed in the pore space, blocks their surface, limiting
the contact of aggressive ions with hardening products.

Micrographs clearly show that calcium polysulfide fills
the pore space of the cement stone during its hardening
and does not allow components of the corrosive medium
to penetrate into the stone and destroy it.

Fig. 3. Samples of cement stone after corrosion in dissolved hydrogen sulfide:

a — a sample of additive-free cement;

b — a sample of cement with 1% calcium polysulfide, input additives in the solution;
¢ — a sample of cement with 3% calcium polysulfide, input additives in the solution;
d — a sample of cement with 5% calcium polysulfide, input additives in the solution

http://nanobuild.ru

314

info@nanobuild.ru



Nanotechnologies in Construction: A Scientific Internet-Journal
HaHoTexHonorny B CTpouTeNbCTBE: HayuHbI IHTepHeT-KypHan

2019; 11 (3):
308-324

Nanob

CONCRETE AND MORTARS MODIFIED BY NANOSIZE ADDITIVES « BETOHbI U PACTBOPbI, MOAN®ULNPOBAHHbBIE HAHOPA3SMEPHbIMU JOBABKAMU

Fig. 4. Samples of cement stone after corrosion in hydrogen sulfide dissolved in water:

a — a sample of cement with 1% calcium polysulfide, the input of the additive through a disintegrator;
b — a sample of cement with 3% calcium polysulfide, the input of the additive through cement powder;
¢ — a sample of cement with 5% calcium polysulfide, the input of the additive — through cement powder

Table 6

Generalized data on the study of hydrogen sulfide corrosion

Calcium polysulfide, % Input method of calcium Depth of corrosion, mm Volume of corrodegl cement
polysulfide stone, mm
0 — 6 324
1 in cement slurry 5 270
3 in cement slurry 4 216
5 in cement slurry 4.5 243
1 through cement powder 3 162
3 through cement powder 2 108
5 through cement powder 0,3 16,2

Fig. 5. Micrographs

of cement stone samples:
a — pore space near the
grain of cement x 500;

b — time of cement stone
x 2000;

¢ — pore space filled with
calcium polysulfide x500;
d — calcium polysulfide
crystals x 2000
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CONCLUTION

1. The use of calcium polysulfide in cement slurries is an
effective way to increase the durability of cement stone
when exposed to aggressive fluids, due to clogging of
the pores and inhibiting their surface.

2. Calcium polysulfide does not impair the rheologi-
cal properties of cement slurries and their pump-
ability, allowing for normal casing cementing pro-
cesses.

BBEJEHUE

A;pecanHoe BIMSTHUE Ha IIEMEHTHBIN KaMeHb IIPO-
BIISTIOT BCe 0¢3 MCKITFOUCHMST KUCIIOTHl 1 MHOTO-
qurcjieHHBIe coiu. IlmacToBbie BOOBI MHOTUX MECTO-
POXIECHUI comepsKaT pa3IMIHBIC PACTBOPEHHBIC COJIN
W SIBIISIFOTCS KpalfHe arpeCCUBHBIMU IO OTHOIICHUIO
K TaMITOHaXKHOMY KaMHIo [ 1, 2].

AHaJm3 pa3INnIHBIX BUIOB KOppo3nu [3—8] moka-
3bIBAaCT, YTO KMHETHKA MHOTUX X HUX OIIPEACIISICTCS
nnddy3ueit arpecCUBHBIX MOHOB BHYTPb KaMHS. DTO
OTHOCHUTCSI K KOPPO3UU IO NEUCTBUEM KUCIBIX CPEN,
cynb(haTHOI, MarHe3UaIbHOM Kopposun. [1pn Koppos3nm
BBIIIEIAYNBAHNS KMHETUKA TUDDY3UN MOHOB Kajlb-
us U3 IIEMECHTHOTO KaMHS TakxKe mMeeT Tudy3HbII
KOHTPOJTb.

W3 mpaKTUKH MPOMBIIIVIEHHOTO W TPasKIaHCKOTO
CTPOUTEILCTBA IIJIST TTOBBIIICHUS JOJTOBSYHOCTH KOH-
CTPYKIMI U3BECTHO MPUMEHEHNE TUIOTHBIX OETOHOB
C TIOHIKECHHBIM BOIOIIEeMEHTHBIM oTHOIIeHreM (B/11)
VUTU TIPOTIMTKA M3IEINI CIICIINAIbHBIMHI COCTaBAMU
[9—11].

[Tpu cTpouTenbCTBE CKBAXWH NaHHBIE TEXHOJIOTUHT
HEIMpUEeMJIEMBI, TTOCKOJIbKY I HEMEHTUPOBAHUS UC-
TIOJTE3YIOTCSI PACTBOPHI HA OCHOBE IIEMEHTA W BOIBI, TIPU
B/11 0,45—0,9, mHorma comepxKamiye MOTU(UITNPYIOIIIe
nmo0aBky. CHIDKEHIE BOIOLIEMEHTHOTO OTHOIIICHUS TaM-
TIOHAXXHBIX PACTBOPOB BEIET K MTOBHIIIICHUIO IUNIOTHOCTH
pacTBOpa ¥ MOXET IIPUBECTH K OCTIOXKHCHMSIM WJIU aBa-
pUSIM TIpU IIEMEHTUpOBaHUM. KpoMe Toro, cHIDKeHUe
B/LI pacTBOpa IPUBOIUT K TTOTEPE €TO IMOABIKHOCTH,
a MpUMEHEHUE TUIACTU(PUKATOPOB MOXKET BBI3BATh CEI-
MEHTAIlMOHHOE pacciaoeHue pactopa [1, 12].

Hcronp3oBaHMe TPOMUTOYHBIX MATEPUAJIOB JIJIST TI0-
BBIIICHUSI JOJTOBCYHOCTH IIEMECHTHOTO KaMHS B CKBa-
KITHHBIX YCIIOBUSX HEBO3MOXHO, TTOCKOJIBKY HCTIONB3Y-
eMasl TIpYA [IEMEHTUPOBAHNH CKBaXKWH IIEMEHTOBOIHAS
CYCITeH3UsI B TeUeHNE 1—4 9acoB IMPOKAYNBACTCS BHYTPHU
00CagHBIX TPYO M MO 3aTPyOHOMY IIPOCTPAHCTBY IIPHU

3. The addition of calcium polysulfide to cement mortars
increases the strength and reduces the permeability of
the resulting cement stone.

4. The most effective is the technology of introduction of
calcium polysulfide into dry cementing material with
its subsequent disintegrator processing.

5. The revealed features of the change in the properties
of the mortar and stone based on the Portland cement
show the prospect of using calcium polysulfide nano-
additives to obtain durable concrete structures.

HEOOIBIINX TUaMeTpax Tpyo 1 Maitbix (15—20 MM) KOJTb-
LIEBBIX 3a30pax Ha MIyOMHAX HECKOJIBKO KUJIOMETPOB.

Jns Kpenu CKBaXXWH, COCTOSILIEN M3 00camHOoil
KOJIOHHBI U LIEMEHTHOTO KOJIbLIa HEOOJIBILION TOJIIIM -
HbI, HanboJjiee caa0bIM 3BEHOM SIBJISIETCS LIEMEHTHBIIA
KaMeHb, KOTOPbIii pabOTaeT B IIOCTOSIHHOM KOHTaKTe
C arpeCCUBHBIMHU ILJIACTOBBIMU (DJIIOUIAMU U YSI3BUM
K MX BO3[EHCTBUIO.

B cratbe npeacTaBiieHbl pe3y/IbTaThl UCCIIEI0BAHMS
BIUSTHUS HAaHOPa3MEPHBIX YaCTHUII TTOJIMCYIb(HIA Kalb-
IIMST Ha CBOIMCTBA IIEMEHTHOTO KaMHSI, TIPUMEHSIEMOTO
IpU KpeIieHUU HeTIHBIX U Ta30BbIX CKBaXKUH. B pam-
Kax MCCJIeIOBaHUIi ObLIM IIPOBEAEHBI DKCIIEPUMEHTBI
10 OLICHKE BO3IEMCTBUS MOJUCYIbdUAA KaabLins Ha
LIEMEHTHbIE PACTBOPBI U MOJIYYCHHBI KaMEHb, €ro
CTOMKOCTb B CEPOBOJOPOIHOM cpede. DIeKTPOHHAs
MMKPOCKOIIMS IT03BOJIMIA OLEHUTD BIMSIHUE HAHOPA3-
MEPHBIX YACTHULI IIOJIUCYIb(KUIA KAaTbLIKS HA ITOBBIIEHKE
KOPPO3MOHHOU CTOMKOCTH IIEMEHTHOTO KaMHSI.

OCHOBHAA YACTb

TeopeTnuecKne acmeKThl CEPOBOAOPOTHOIN KOPPOIUH
LHEMEHTHOIr0 KaMHS

CepoBoa0opo, KOJUYECTBO KOTOPOTO B ILJIACTO-
BOM Ta3e MOXET JOXOIUTh 10 25%, siBisieTcss Haubo-
Jiee arpeCCUBHBIM KOMITOHEHTOM IUIACTOBBIX (DIIIOMIOB
[13, 14, 15]. Mexanu3m nopaxkeHus 1 (haKTOPbI, OIIpe-
IeJISTIoNIe KMHETUKY TIpoliecca, IMOIpOOHO ONMCaHbI
B pabotax [1, 2, 7, 13—15]. YcnoBusaMu pa3pyiieHUs
KaMHSI [IpU Ta30BOI CEpOBOAOPOIHOIM arpecCuu sIBIsieT-
Cs1 BBICOKAsI TIOPUCTOCTDh KAMHSI, 00eCIeYrBaloliasi Ipo-
HUKHOBEHUE arpeccopa B IIyOb KaMHsI, U BbICOKuUit pH
MIPOAYKTOB TBEPAEHHUsI, 00ECIICUNBAIOLINIA OOpa30BaHLe
MajIopacTBOPUMOroO cyibduaa Kanblius. HakorieHue
IMOCJIEAHEr0 U IMPUBOAUT K Pa3BUTUIO PACTSITUBAIOLINX
HaMpsKeHU B LIEeMEHTHOM KaMHe. BTopuuHbIM hak-
TOPOM IIOSIBJIEHUSI PACTSATUBAIOIIMX HAIIPSKEHUI MO-
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JKET SIBUTbCSI 00Opa3oBaHUE ITTPUHIUTA MPU TTepexXoae
cyab(puaHON cepnl B cyabdaTHyo. Hanbonee ys13Bu-
MBIM K Ta3000pa3HOMY CEpPOBOAOPOY SIBISIETCS Ka-
MEHb U3 MOPTIaHALEMEHTA, TOra Kak 00pa3ibl KaMHS
¢ pH < 11, nojsiyueHHbIE U3 1UIAKOBBIX BSLKYILIUX MPU
BBICOKHIX TEMITEpaTypax, OKa3aJnch CTOMKUMH |14, 16].

[Tpu Bo3neiicTBMU paCTBOPEHHOTO CEPOBOOPOIA HA
LIEMEHTHBIM KaMeHb HabJI0IaeTCsl KOPPO3US TIEPBOTO
truna (mo Mocksuny B.M.) [3, 4, 13, 14], mpuueM 006-
paslibl KAMHS U3 BCEX BUAOB BSIXKYIINX, 32 UCKITIOUEHU -
€M KHCJIOTOYIIOPHOTO LIEMeHTa, pa3pylualTcs, U pedb
WIIET TOJILKO O CKOPOCTH mpoliecca. [1pu aTom npoiiece
MOpaXeHUs UMEET ITOCIOMHBIN XapaKTep, IMIPUCYILIAA
KMCJIOTHOM KOPPO3KH.

KuHeTuka nipoliecca KOppo3uu orpeaessieTcst KOH-
LIEeHTpalLel arpecCUBHON Cpelibl HA TPAHULIE C IEMEHT-
HBbIM KaMHEM, COCTaBOM U IIJIOTHOCTBIO CJIOSI IPOAYKTOB
KOpPPO3WH, peaKIIMOHHOM eMKOCTBIO IIEMEHTHOTO KaM-
H$1, U MOXET OMUCHIBATLCS Pa3IMYHBIMU KUHETUYECKM -
MU KpuBbiMu [17].

JI1sl IeMEHTHOTO KaMHS$I ITyOOKUX CKBaXKMH, KOTAa
CKOPOCTb IMOJIBO/IA arPECCUBHOIO areHTa K MOBEPXHO-
ctu obpa3sia 0oJiblie, yem ero Auddys3ust B mopax KaM-
H, Hanboee 3(PPeKTUBHLIM CIIOCOOOM 3aMeIJICHUS
KOPPO3UHU SIBJISIETCS YIIpaBJIeHWE CTPYKTYPOIi TIOPOBOTO
MPOCTPAHCTBA, YTO M CTAJI0O OCHOBHOM 3a1ayueil uccie-
NOBaHUI.

K coxaneHuio, TeXHOJIOTMYECKUE MTPUEMBbI, IIH-
POKO MPUMEHSIEMbIE B CTPOUTENILCTBE, TTPAKTUYECKHU
HEBO3MOXHO UCMOJIb30BaTh MPU LIEMEHTUPOBAHUU 00-
CaIHBIX KOJIOHH B ITyOOKMX CKBaxKMHax, XoTs1 pabo-
Thl B 9TOM HampaBjJeHUU MPOBOAUINUCH. B yacTHOCTH,
MOXHO OTMETHUTH padboTy [18], B KOTOpOIi OIMMcaH OMbIT
MPUMEHEHMST METO/Ia XMMUYECKOTO KOHIEHCUPOBAHMST
MUKPOAUCIEPCHBIX YaCTHUIL B Mopax KamHs. [TonoOHbIi
a3 dexT HabM0IaeTCs U IIPU UCTIOJIb30BaHUU 100aBOK
HaHOKpeMHe3eMa [19].

Hamu 11 cHU>KeHUsT TOPUCTOCTY IEMEHTHOTO KaM-
HSI IPEIOXKEHO MTPUMEHEHUE MOJUCYIb(PrIA KaTbLIUS,
pPacTBOPbI KOTOPOTO YCIEIIHO MPUMEHSIOTCSI B CTPOU-

TeJbCTBE B KAUECTBE MPOMUTKHU, NIEUCTBYIOLIEH B pOJIU
3alIMTHOM ruieHKU. [Tonucynbdun Kaabiuys npu oopa-
00TKe OCTOHHBIX M3ICIINI YMEHBIIIACT IIPOHUIIACMOCTb,
TTOBBIIIACT IIPOYHOCTH OETOHA Y MOPO30CTOMKOCTD, UTO
yoeInTeTbHO J0oKa3aHo B padotax [20, 21].

Wnes mpuMeHeHUS TONUCYIbMUIA KaTbIMS B TAM-
IMTOHAXHBIX PacTBOPaX COCTOUT B TOM, YTO OH, OCaXK-
Iasich B MOpax KaMHsI, 00pa3yeT 3alllUTHOE ITOKPHITHE
13 TUAPODOOHBIX HAHOYACTHUI Cephbl, KOTOPHIC OYIyT
o0ecIreunBaTh MHTHOMPOBAHME TTOPOBOTO TIPOCTPAHCTBA.
Kpowme Toro, Oynet 3amMemIsiTbCsl CKOPOCTh UM dy3un
arpecCMBHBIX MOHOB BHYTPh IIEMECHTHOTO KaMHS.

[Tpu mpoBeneHNN SKCIIEPUMEHTOB OBIJIO UCTIONB30-
BaHO TPU CIIOCO0A BBEIECHUS KUIKOTO IMOJUCYThduIa
KaJIbILINS B IIEMEHTHBIN pacTBOP: B XKUIKOCTH 3aTBOpE-
HUs (BOMY), B IIPUTOTOBJICHHBIN IIEMEHTHBII pacTBOP
U CYXOIi CIT0Cc00, B ITOPOIIIOK IIEMEHTA, TTOIBEPTacMbIii
BIIOCJICICTBMY Ie3MHTETPaTOPHOIT 00paboTKe. Pesyib-
TaThI 9KCIIEPUMEHTOB ITOKA3aJIH, YTO IMOCICTHUMA CITIOCO0
okazajcs caMbIM 3(p(PEeKTUBHBIM.

Bimsinne nonucyabhuna Kauabnyus HA PeoJornyecKue
CBOIICTBA IEMEHTHOTO PACTBOPA ¥ KAMHS

Ha sTom 3Tare rccireqoBaHUM TOIUCYIbGUI KaTh-
uust B KoHueHtpauuu ot 0 10 5% ot Macchl LieMeHTa
BBOIMJICST HETIOCPEICTBEHHO B IIEMCHTHBIN pacTBOP,
TIPUTOTOBJICHHBIN M3 TAMIIOHAXKHOTO TTOPTIAHALIEMEHTA
T T-I-50, mpu BomoniemeHTHOM oTHOIIeHWHN 0,45. JTisa
OIIpEICIICHNST PEOJIOTMIECKIX CBOMCTB TaMIIOHAKHBIX
pacTBOPOB (ITaCTUYECKAsT BSI3KOCTh 1) U IMHAMIYECKOE
HaIpsDKEHME CIBUTA TO) MCITOIb30BAJICS aTMOC(HEPHBIN
pucko3umetrp OFITE Model 900. Kpowme Toro, ¢ yde-
TOM TEXHOJIOTMIECKNX OCOOCHHOCTEH 3aKaUKN TaMIIO-
HaXXHBIX pACTBOPOB, ¥ HUX OIIPEIEIISIIOCh CTATUICCKOE
HanpspkeHue casura (CHC) gepes 10 cexynn u 10 mu-
HyT [1, 25]. Takke KOHTPOJUPOBAJIACH PACTEKAEMOCTh
IIeMeHTHOTo pacTBopa (2R), 3aMmepsieMast 110 KOHYCY
A3HHMU (1abm. 1).

Tabauya 1
Bausinue nomcyib(huaa Kaabius Ha PeoIOrHIecKHe CBOMCTBA IEMEHTHOTO PACTBOPA
IToka3arenn
N | & CHC,, | CHC,,
’ n,mllacc T, alla nH‘;m HHI;M"" 2R, cm
1 0 68,5 10,0 8 10 22
2 1 63,5 10,8 9 12 22
3 3 63,1 10,5 9 14 24
4 5 62,6 10,6 8 15 24
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Tabauya 2
Bausanue nonucyasguaa Kaabus HAa POKAYMBAEMOCTh IEMEHTHOTO PACTBOpa
IIpokaunBaeMoCTh HEMEHTHOIO PACTBOPA, YaC, MPH BBO/E MOIUCY.Ib(HIA KAJbIHUA
Ne JobaBka, %
B XKHIKOCTb 32TBOPEHHS B IIEMEHTHBI PacTBOP yepes Ae3UHTErpaTop
1 0 4 4 3
2 1 5 5 4
3 3 5,9 6 4,5
4 5 6,4 6,5 5

DKCIepUMEHTBI TTOKa3aJIr, YTO TTOJIUCYIb(hUI KaTh-
s He OKa3bIBaeT CYIIICCTBEHHOTO BIMSTHUS Ha PEOJIO-
TUYECKIE CBOMCTBA TAMITOHAXXHBIX PACTBOPOB.

ITockoIBKY BpeMsI IIOABIKHOTO COCTOSTHUS IIEMEHT-
HOTO pacTBOpa MpU KPEIUICHUN CKBaXKH MOXKET I0-
XOIUTH 10 4—5 9acoB, TO IJIST 3TUX CUCTEM BaXKHCUIITNM
TIO0KAa3aTeJIeM SIBJISIETCSI IIPOKAYMBAEMOCTh, OIIpeIeIIsie-
Mast KoHcuctoMeTpoM [1]. I[Ipu 3Tom OblIa TpoBepeHa
3((PEKTUBHOCTD Pa3IMIHBIX CITIOCOOOB BBOIIA ITOJINCYITh-
(rma KambLus B LIEMEHTHBIC PACTBOPHI (TAOII. 2).

[NoBbIIIcHNE KOHIICHTPAILINH TTOJIUCYTh(MDHUIA Kalh-
1S B IEMEHTHOM PacTBOPE YBEJIMUMUBAET BpeMsI €TO
npokauynBaeMocTH. [1pu BBome m00aBKM B KMIKOCTh
3aTBOPEHUS WU B LIEMEHTHBIN pacTBOP AOMYCTUMOE
BpeMsI TIPOKAYMBAHUS pacTBOpA MPAKTUICCKU OIMHA-
KOBO, HO IIPY BBOJIE pearcHTa uyepes3 Ie3MHTEerpaTop 3TO
3HauyeHue yxe Ha 1—1,5 yaca MeHbIlle. MBI mojiaraem,
YTO B YCKOPEHUM CTPYKTYPOOOPa30BaHUSI PACTBOPOB
BaXKHYIO POJIb UTPAIOT IIPOLECCHI, IIPOUCXOISIIINE C IIe-
MEHTOM IIPH €TO Ie3MHTEeTPaTOPHOI 06padoTke [22].

Bnustnure monvcynbbuna Kaabliys Ha TPOYHOCTHBIE
TOKa3aTe/iv IIEeMeHTHOTO KaMHSI TIPUBENIEHBI B Ta0I. 3.

BBeneHue B cocTaB IIEMEHTHOTO PAacTBOPA IOJIH-
cynb(una Kaiblys TOBBIIIAET POYHOCTD IMOJTyYCHHOTO
kamHs. bosee Toro, ¢ yBennmueHreM ero KOHIIEHTPpaIuu
B pacTBOpE MPOYHOCTh HA CKaTWE W M3TUO CTAHOBUT-
¢ cyniectBeHHO Bbilie. K nmpumepy, y obpasia ¢ 5%
00aBKOM MPOYHOCTh HA U3TMO BO3pocya B 2 pasa Io
CPaBHEHUIO C UCXOMHBIM 00pa3iioM, a IPOYHOCTH Ha
cxarue yBennumiach B 1,23 pasza. [IpuunHoit moBbI-
IIEHUS TIPOYHOCTHU IIEMEHTHOTO KaMHSI, BO3MOXHO,
SIBJISIETCST KOJTbMATAIIUsI €TO0 TIOpP.

[MonTBep:kaeHreM NaHHOTO TTPEATIONOXEHUS SIBU-
JINCH PEe3yIbTAThl OIIEHKW TTPOHUIIAEMOCTH IIEMEHT-
HOTO KaMHS$I B BO3pacTe TPEX CYTOK, MPUBEJACHHBIC B
Tabm. 4.

IMpu nobaske monucyrbdumaa Kaablus B IIEMEHT-
HBII PacTBOP MTPOHUIIAEMOCTh IIEMEHTHOTO KaMHS$T PE3KO
cHU3WIAch (6osiee yeM B 2 pasa st obpasua ¢ 5%) 1o
CPaBHEHWIO C KOHTPOJIbHBIM 00pa3IoM, 4TO J0KA3bI-

Tabauya 3
Bimsinne nomucyabguaa Kagabiys HA MPOYHOCTb IIEMEHTHOTO KAMHS
IIpenen npounocTu Kamus, MIla, npu 1o0aBKe noMCyIb(hUAA Kaablus, %
IToka3aTenu
0 1 2 3 4 5
ITpu nzrutde 1,16 1,16 1,29 1,41 2,14 2,32
[Tpu cxatum 20,9 21,2 21,8 24,5 25,0 25,6

Tabauua 4

Biugnue l'lO.]'ll/leJ'll)(l)l/l,Ila KaJIbIIMA HA MPOHUIIAEMOCTDh IECMEHTHOI0 KaAMHA

IIpoHunaemMocTh HEMEHTHOTO KaMHs, M/, ipyu 100aBKe cyabhuaHoii cepbl, %

1

3

0,34

0,2

0,18

0,14
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BaeT M3MEHEHME CTPYKTYPHI ITOPOBOTO IIPOCTPAHCTBA
IEMEHTHOTO KaMHSI.

ITockobKY OOJBITMHCTBO BUIOB KOPPO3WH IIEMEHT-
HOTO KaMHSI ITPU ICHCTBUY arpeCCUBHBIX (hTIOMIOB KOH-
Tpoaupyetcs nuddy3uei arpeccopa B I1yOb KaMHSI, TO
W3MEHEHME CTPYKTYPHI TTOCIICIHETO TOJIKHO CYIIIeCTBEH-
HO TIOBJIMSITh Ha CKOPOCTh KOPPO3MOHHBIX MPOIIECCOB.

Bimsiaue nomcyibhuna Kajublysg Ha KUCJIOTHYIO KOP-
PO3HUI0 IEMEHTHOI0 KaMHA

B skcriepmMeHTax arpeccuBHasI cpena OblIa Ipe-
CTaBJICHA OITHOMOJISIPHBIM PACTBOPOM COJISTHOI KUCIIOTBI
(HCI) mpu cooTHOIIEHNN 00BEMOB pacTBOPa KHUCIOTHI
K 00peMy 00pa3moB memMeHTHOTO KaMHs 10:1. Bomo-
IeMEeHTHOe OTHOIIIeHMe pacTBopa 0,4, MapKa IIeMeHTa
TTLT-I-50, Bo3pacT 06pa311oB 10 YCTAHOBKY B arpeCcCUB-
HYIO Cpelly — TPOe CYTOK. 3aMeHa arpecCUBHOM CPEIbl
TIPOBOAMIIACK UePe3 TPOE CYTOK ITPH IIPOIOJKUTEITBHOCTH
aKcrieprMeHTa 35 cyTok. Yepes Kaxaple 7 CYTOK U3 arpec-
CUBHOI Cpeibl OTOMpPAIMCh 00pa31Ibl 1JIs1 UCCeTOBAHUIA.

[Ipenmonaramrock TakKe, 9TO TP TOBBIIICHUH TEMIIC-
paTypbl (hOpMUPOBaHUST 00PaA3LIOB MOJUCYIb(MUIL KaTbLIUS
MOKET PaCIUIAaBUTHCS 1, PACTEKAsICh, TTOKPOET OOJIBIIIYIO
TIOBEPXHOCTB ITOP, YBEIMIMB CTETICHb X MHTOMPOBAHMSL.
JLts1 3TOr0 YacTh 00pa3IioB ¢ KOHIIEHTpalnei 100aBku 3%
1 5% ObUIMA NOABEPrHYTHI KUIISIYEHUIO B BOJE B TEYEHUE
IBYX 4acoB. JIaHHBIN SKCITEPUMEHT YaCTUIHO MOMICITH-
pOBaJI yCIOBHS PabOTHI LIEMEHTHOTO KaMHS B CKBaXKITHAX

Puc. 1. O6pa3ubl IEMEHTHOTO KAMHSI OCJIe KMCJIOTHOI
KOpPPO3UH:

a — cozepxanue noaucyibhuaa kaapuus — 3%;

0 — comepxaHue NOIMCYTb(UAA Kaablusa — 5%

MpU 3a00IHBIX TeMIlepatypax, onmm3kux K 100°C, coort-

BETCTBYIOINX ImyomHaM 6oee 4000 M.

[Tocte oKOHYaHMS KCIICPUMEHTA OBIIN TTOJTYyICHBI

CJICIYIOIINE PE3YIBTATHI:

1. OOpasibl n3 6e3700aBOYHOTO IIEMEHTA B XOIE UC-
ITBITAHUS TIOJTHOCTHIO pa3pyIIIINCh.

2. OO6pas3Lbl U3 LieMeHTa ¢ 100aBKoii 1% noucyabduaa
KaJIbLIMS B XOI€ UCTIBITAHUS Pa3pyIIINCh ITPaKTH -
YeCKH ITOJTHOCTBIO.

3. OOpa3sipbl 13 LieMeHTa ¢ 1o6aBKoii 3% nonucyibbhuna
KaJIBbIINS B XO/I€ SKCIIEPUMEHTA YACTUIHO Pa3pyIIIm-
qmch (puc. 1a). Ha omHOM 00pa3siie B yIiIy OTKOJIOJICS
«IIPOKOPPOAVNPOBAHHEBIN» CITON.

4. OOGpas3Lbl U3 LIeMeHTa ¢ 100aBKoii 5% noucyabduaa
KaJIBIIAS B XOJI¢ MCIIBITAHUS MMPaKTUUECKU He T -
BEPIIINCH KOPPO3UH, 32 NCKITIOUEHUEM OTKOJIOBIIIE-
rocs yria (puc. 10).

5. OO0pa3sipl U3 LeMeHTa ¢ 100aBKoi 3% monucyabdu-
ITa KaJbIUs, IIOOBEPIHYTHIC IBYXYACOBOMY KHITSI-
YEeHUIO, TTociIe 35 CYTOK MCITBITAHWI HE pa3pyIim-
JIVCh M TIPAKTUYECKU He MOABEPIINCH KOPPO3UHU.
PactpeckuBanus 1 pacciianBaHusl He HAOII0IAJIOCh
(puc. 2a).

6. OO6pasLpbl U3 LieMeHTa ¢ 100aBKoit 5 % nonucynbduaa
KaJIBLIVST, TIOOBEPTHYTHIC IBYXYaCOBOMY KUTISTICHUIO,
rmociie 35 CYyTOK MCITBITAHWA He pa3pyIIMINCh U He
TTOABEPIIINCH KOPPO3uH (puc. 20).

Jlo ycTaHOBKM 00pa3loB B arpeCCUBHYIO Cpey Oblia
n3MepeHa IMMPOHUIIAeMOCTh IIEMEHTHOTO KaMHS, a B XOJIe

Puc. 2. O6pa3npl HeMeHTHOTO KaMHsl, IIOBEPTHYThIE
KUINSYCHUIO MOCJIe KUCJIOTHOWH KOPPO3HH:

a — comepxkanue nomcyabhuna kaapiusa — 3%;

0 — comepkaHue NOMUCYIb(UIA Kaabuusa — 5%

http://nanobuild.ru

info@nanobuild.ru



Nanotechnologies in Construction: A Scientific Internet-Journal
HaHoTexHonorny B CTpouTeNbCTBE: HayuHbI IHTepHeT-KypHan

2019; 11 (3):
308-324

Nanob%

CONCRETE AND MORTARS MODIFIED BY NANOSIZE ADDITIVES « BETOHbI U PACTBOPbI, MOAN®ULINPOBAHHbIE HAHOPA3MEPHbIMU JOBABKAMU

Tabauya 5
O0001IeHHbIE TAHHBIE 110 HCCIEI0BAHUIO KUCIOTHOM KOPPO3HH
No Ho6aska nomucynbguna| IlponuuaemMocTh KaMHs Liyouna Koppo3uu, MM yepes, CyT
Kasibius, % B Bo3pacre 2 cyT, M/I, 7 14 21 35

1 0 0,35 5 8 30 -
2 1 0,2 5 10 18 30
3 3 0,18 3 5 6 10
4 5 0,14 3 5 6 9
5 3 + KunsiueHue 0,14 2 3 5 7
6 5 + kunsyeHue 0,12 2 3 5 6

9KCTIEPUMEHTA OTIpeeIsijiach TyOnHa KOPPO3UU UC-
TBITYEMbIX 00pa31oB (Tabir. 5).

[MpoBeneHHbBIE IKCTIEPUMEHTHI TTOATBEPAUIN T10-
JIOXKUTETbHOE BIWSIHUE MONUCYIb(uaa Kaabiusl Ha
KUHETUKY KUCJIOTHOW KOPPO3UM IIEMEHTHOTO KaMHsI.
Taxoke Moy4usao NoATBEpKACHUE MPEANOI0XeHUE 00
WHTUOUPOBAHWY MTOBEPXHOCTH TIOP PACTIABOM CEPHI.

Bamsinne noymcyib(uaa Kaabiysa Ha cepoBOIOPOTHYIO
KOPPO3HIO IIEMEHTHOT0 KAMHS

3aBepIIaloIINM 3TAlIOM SKCIIEPUMEHTOB CTaJIO MC-
CJIeIOBaHNE KOPPO3UH LIEMEHTHOTO KaMHS TP BO3-
JENCTBUY PaCTBOPEHHOTO B BOIE CEPOBOIOPOA C KOH-
nenTpaumeit 3000 mr/m.

B sxcriepuMenTe OBIUTO UCITONB30BAHO CEMb PElLIeTT-
TYp LEMEHTHOTO pacTBopa: 6e3 106aBOK; ¢ TIOIUCYIIb-
dumoM KajabLud Ipy KoHueHTpaunu 1%, 3%, 5% me-

TOX BBOJA — B LIEMCHTHBIN PAacTBOP; C IMTOJIUCYIbMUIOM
KaJIbIINA B TEX XK€ KOHIICHTPAIMSIX METO BBOJA — Yepe3
nme3mHTerpaTop. Mapka mementa — [1LT-1-50, B/Ll =
0,4, pa3mep 0b6pas3nos — 40x40x40 MM.

Ha puc. 3, 4 ipencrasieHbl (OTO 00pa31oB ITOCIIe
45 cyTOK TIpeOBIBaHMS B aTpECCUBHOM cperie.

B Tabi1. 6 npencraBieHbl 0000LIEHHBIE PE3YJIbTATh
10 MCCJIEIOBAHUIO CEPOBOIOPOTHON KOPPO3UU 00pa3-
IIOB IIEMEHTHOTO KaMHS.

Pesynpratel 3KcIiepuMeHTa TTOATBEPAIIN, YTO T10-
JIMCYAbGUI KaTbIINS 00J1agacT aHTUKOPPO3MOHHBIMU
CBOIICTBaMH IT0 OTHOIIICHMIO K arPECCUBHEBIM CpeIaM.
C yBenueHHEM KOHIICHTPAIIMU T00aBKU B pacTBOpE
CHMXKAETCS TIIyOMHA TMTPOHNKHOBEHUSI arpeCCUBHBIX
KOMITOHEHTOB, CJIEIOBATEIbHO, CYIIIECTBEHHO 3aMe/I-
JISICTCST TIPOIIeCC KOPPO3UH.

Muxkpodororpaduu 00pa3loB LIEMEHTHOTO KaMHSI,
MIpeACTaBICHHBIC HA pUC. 5, TOKa3aJIy, YTO ITOJIUCYIIb-

Puc. 3. O6pa3iupl IeMeHTHOTO KaMHS ocJie KOPPO3HH B PACTBOPEHHOM B BOJIE CEPOBOIOpOIE:

a — o0pasen U3 0e3100aBOYHOrO IIEMEHTA;

0 — obpa3sen u3 nemenTa ¢ 1% noaucyab(huaa Kaubiys, BBOJ J00aBKH B PACTBOD;
B — o0pasell u3 neMeHTa ¢ 3% noucyIb(uaa Kajablius, BBOA J00aBKU B PACTBOP;
r — o0pasell u3 HeMeHTa ¢ 5% nomcyab(uaa Kajablins, BBOI 100aBKH B PACTBOP
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Puc. 4. O6pa3mpl IeMEeHTHOr0 KaMHS IOcJie KOPPO3HH B PACTBOPEHHOM B BOZIE€ CEPOBOIOPOIIE:
a — obpasen u3 nemeHTa ¢ 1% no/ucyib(huaa Kaabius, BBOJ A00aBKH — Yepes Je3MHTerpaTop,
0 — obpa3sen u3 nemenTa ¢ 3% noMcyIb(huaa Kaubliys, BBOJ J00aBKH — Yepe3 Je3MHTerpaTop,
B — oOpas3ell 3 ieMeHTa ¢ 5% nomcyab(uaa Kajbius, BBOI J00aBKH — Yepe3 JIe3UHTErpaTop

Tabauuya 6
O0001IeHHbIE TAHHBIE 110 HCCIEI0BAHUIO CEPOBOIOPOIHOI KOPPO3HHU
Konnentpauus noaucyian- | MeTon BBoaa NoIMCyIbhuaa 7). O0bem NPOKOPPOTMPOBAHHOTO
duna kanapuusa, % KaJbIust LEMEHTHOI0 KaMHs, MM>
0 — 6 324
1 B LIEMEHTHBII pacTBOP 5 270
3 B LIEMEHTHBI pacTBOP 4 216
5 B LIEMEHTHBII PacTBOP 4.5 243
1 yepe3 Ie3NHTETpaTop 3 162
3 yepes Ae3MHTerpaTop 2 108
5 yepes Ie3UHTErpaTop 0,3 16,2
a 0

Puc. 5. MuxpodoTtorpa-
¢uu o6pasnon
1eMEHTHOTO KaMHSI:

a — mopoBoe
MPOCTPAHCTBO OKOJIO
3epHa nemenTa x 500;

0 — mopa eMeHTHOTro
KamHsa x 2000;

B — NIOPOBOE MPOCTPaH-
CTBO, 3aM0JTHEHHOE
NOJUCYJIb(PUIOM KaTbIMs
x 500;

I' — KPHCTAJLIBI
NOJUCYJIb(PHUIA KaTbIMs
x 2000

WDEmm §549

B

SEI 20kV'

SEl ZBI:V

WD8mm  §S49

N

B,

WD11mm  §848 x2,000 10pm
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2. Tlomucynbdun Kanbiys He YXYILIAeT PEOJIOTMUECKIE
CBOMCTBA TAMITOHAXKHBIX pACTBOPOB U MX ITPOKAUM-

U KanpIms, pacupeaeisisich B TOPOBOM IIPOCTpaH-
CTBe, OJIOKUPYET MX ITOBEPXHOCTh, OTPAHINYNBASI KOHTAKT
arpeCcCUBHBIX MOHOB C MPOAYKTAMU TBEPACHUSI. BacMOCTb, TTO3BOJISISI HOPMAJIBHO OOCCITEUYNUTh TIPO-
Ha muxpodororpadusix 94eTKO BUTHO, UTO ITOTH- IIeCCHI LIEMECHTUPOBAHUS OOCATHBIX KOJIOHH.

CyTbGhUI KaJTBIINS 3aTI0THSIET COO0I TTOPOBOE TIPOCTPaH- 3. JlobaBKa MoIMCYIb(hraa KaJbIMs B IIEMEHTHBIC pac-
CTBO LIEMEHTHOTO KaMH$ MIPY €ro TBEPAEHUU U HE TaeT TBOPHI TTOBHITIIACT ITPOYHOCTD M CHIDKACT IPOHUIIAC-
KOMIIOHEHTaM arpeCCUBHOM cpeabl IPOHUKATh BHYTPh MOCTB ITOTYy9aeMOTO IIEMEHTHOTO KaMHSI.

KaMHsI ¥ pa3pyliaTh ero. 4. Hawmbomee 3¢ (PeKTUBHOI ABIISICTCS TEXHOJIOTHSI BBO-
Jla moucyIbduaa Kaabliys B CyXOi TaMITOHAKHBI
MaTepuaj ¢ eTo MOCIEeIyIOIIeH Te3MHTerpaTOPHOM
00pabOTKOM.

3AK/IIOYEHUE:

[MpumeHeHMe TTOMUCYTh(hHIA KATbIINS B TAMITOHAXK-
HBIX pacTBOpax ABISICTCS 3P (PEKTUBHBIM CITIOCOOOM
TIOBBIIIICHUST TOJITOBEYHOCTH 1IEMEHTHOTO KaMHSI TIPH
BO3IECTBUU arpeCCUBHBIX (DITFOMIOB, 3a CYECT KOJTb-
MaTaluy MOop ¥ MHTHOMPOBAHUS X TTOBEPXHOCTH.

BrIsiBIeHHBIC OCOOCHHOCTH U3MEHEHHUSI CBOVCTB
pacTBopa 1 KaMHS Ha IIOPTIAHAIIEMEHTHOM OCHOBE
ITOKAa3aJIi IIEPCIICKTUBY IIPUMEHEHUSI HAaHOT00aBOK
ITOJTACYTb(UIA KATBIIUS IS TIOTYICHUST TOITOBEY -
HBIX 3AJIMBHBIX OCTOHHBIX KOHCTPYKITUIA.
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